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PREFACE.

THis Treatise was commenced to supply a course of Practical
Chemistry to my own classes. I wasencouraged to proceed
with it by finding that the want of a sufficiently systematic
and explanatory Laboratory Text-Book was very widely felt.

It has been my aim throughout to give all necessary
directions so fully and simply as to reduce to a minimum
the assistance required from a teacher. The language
employed has, I trust, been rendered simple and intelligible,
by avoiding the unnecessary use of scientific terms, and
by explaining or paraphrasing in ordinary words any such
terms when they are introduced for the first time.

The directions for working, and the descriptions of the
preparation and use of apparatus, have been given more
fully than is usual. My own experience, which is con-
firmed by that of other teachers, convinces me that one of
the most serious hindrances to the utility of many of the
smaller Text-Books on Practical Chemistry is the conciseness
of the language employed ; on this account it is unintelligible
to the student unless it is supplemented by very copious
verbal explanation from the teacher,

‘Whilst the very desirable amplifications above referred to
have been made, all such instruction as does not directly
bear on the ordinary requirements of the laboratory student
have been omitted, and the supplementary and explanatory
portions have been inserted in smaller type.

I 'have also thought it best to avoid ente'ring into anv
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lengthy theoretical explanations, The modern teaching of
chemistry is in practice very appropriately divided into
two departments; namely, theoretical instruction imparted
by classes and lectures, or by the study of text-books of
theoretical chemistry; and practical experience acquired in
a chemical laboratory by working according to the direc-
tions of a Practical Text-Book. Since by this system the
student has time and opportunity afforded him elsewhere
for the study of the theoretical and deseriptive portions
of the science, it is unnecessary and undesirable that his
Practical Text-Book should templ him to bestow valuable
time in the laboratory upon the consideration of matters
which do not directly bear upon his experimental work,

The analytical reactions and methods have been carefully
worked through from the text by myself and by the mem-
bers of my classes: the accuracy and intelligibility of their
description have thus, I hope, been secured. Only those
reactions and methods, which are commonly employed for
analytical purposes, have been described. In selecting
analytical methods, I have felt it desirable that those
chosen should be as simple and easy of execution as pos-
gible. In some cases, however, the methods which are most
eligible on these grounds have proved on trial to be unsatis-
factory in accuracy and delicacy. They have therefore
been abandoned in the Analytical Tables, and other methods,
which are recommended by their trustworthiness rather than
by their simplicity, have been entered. Tnsuch cases, how-
‘ever, I have described the more simple methods also, since
they may be omployed in analyses in which minute quantities
of substances have not to be tested for.

I have felt it advisable to introduce reactions which
are useful in general analysis rather than those which claim
to be merely interesting and instructive; and I have nat
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hesitated to adopt methods which are not quantitative, if
they are easy and accurate for qualitative analysis.

The book is intended to give a course of instruction,
which is suited to the general requirements of laboratory
students. Those who are using the book for any special
purpose, or who wish to preparethemselves for any particular
examination, should note that it has been divided into seven
Sections. The objects of these Sections are stated below
and their Contents are given in detail on pages xi~xxii,

The first six Sections, omitting the Fifth, contain a good
practical course for senior students, This course may, how-
ever, be somewhat modified and amplified to suit junior
students, who will also possibly substitute the Fifth Section
for the Sixth.

The Fifth Section has indeed been inserted for the use of
medical, pharmaceutical and engineering students, and for
those who are preparing for practical examinations in which
proficiency in the analysis of a simple salt only is required
of the candidate. This is the standard fixed for some of
the medical examinations and for some of the more
elementary examinations in analytical chemistry.

The Sixth Section supplies a full set of Tables, which
are suited for the analytical work of advanced students, and
will be found sufficient to qualify a student for the higher
University examinations and for the examination of the
Institute of Chemistry in qualitative analytical chemistry.

The Seventh Section of the book contains suggestions re-
garding the fitting and furnishing of the laboratory, together
with full lists of all the apparatus, reagents and chemicals
which are required in working through the different Sections
of the book. There is added a list of general apparatus,
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with a description when necessary of its construction
and use,

In this Section there will also be found full and systematic
descriptions of the most simple methods for preparing the
different solutions which are required in analysis, with a
statement of the strength which is most appropriate for
each. Experience has proved that this information is not
only very convenient, but tends largely to secure economy of
time and money in the preparation for laboratory work,

This Section concludes with Tables of Atomic Weights,
and of French and English Weights and Measures.

Symbolic notation has been employed throughout the
Sections on analytical chemistry. In its most concise form,
this chemical shorthand conduces so much to brevity in
writing down results, that no other plea is required for its
use. The simple plan of entering upon the label of each
bottle in the laboratory-not only the chemical name but also
the chemical formula of its contents, will prevent the general
use of chemical formuls from causing perplexityto beginners.
A reference to the lists of chemicals in Section VII, will also
fornish the formula which corresponds to the name of any
substance. It has, however, been thought well to insert the
chemical name of each substance together with its formula,
when the substance is first referred to in the text.

The only point in nomenclature worthy of note is that the
hydroxides of the metals are frequently referred to by their
less modern designation of hydrates.

The arrangement of all Tables across instead of along the
pages renders the turning of the book unnecessary, a con-
veniencewhich will be appreciated by all laboratory students,

The ¢ Tables of Differences” contain a summary of the
differences of behaviour of the members of each Analytical
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Group with reagents. These Tablesserve as useful guides to
elementary analytical work, and furnish explanations of the
Analytical Tables.

It is almost superfluous to mention that free use has been
made of the older standard treatises on Chemical Analysis ;
and my work has partly consisted in remodelling and com-
bining the information, which they furnish, in a systematic
and convenient form. My acknowledgments are also due
to many contemporary experienced teachers who have made
valuable suggestions of addition and emendation.

The book is intended to furnish a course of general
laboratory instruction in practical chemistry and qualitative
analysis, Such a course should precede the higher training
of the professional and pharmaceutical chemist and of the
medical man, and the more special training of the technical
chemist and of the chemical engineer. Sound elementary
instruction in practical science is now, however, generally
valued not unly as a preparation for a professional career, and
for many branches of manufacturing industry and enterprise,
but also as an important branch of general mental training.

The present Edition has undergone revision mainly in
Section II. on the preparaticn and detection of gases
and in Section IV, Part IV., and the latter part of
Section V1., which deal with the reactions and detection of
organic substances,

I have again to thank Professor Coleman, A.R.C.Sc.,
F.I.C., for suggestions in connection with this revision.

F. C.
Loxpon, 1908,
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BENCH APPARATUS. xxiii

APPARATUS FOR EACH BENCH-LOCKER.

1 Bunsen’s-burner with tubing (I).

1 Test-tube stand, with twelve holes.
12 Test-tubes.

1 Test-tube brush (13).

2 Boiling-tubes.

2 Round glass plates.

2 Porcelain dishes.

2 Watch-glasses.

1 Four-ounce conical flask.

1 Pestle and mortar.

1 Iron tripod-stand.

1 Piece of coarse iron wire-gauze.

8 Glass funnels, and some cut filter-papers.

3 Small beakers.

8 Glass rods (10).

1 Piece of platinum-foil,

2 Pieces of platinum-wire (g).

1 Mouth-blowpipe (6).

1 Pipe-clay triangle (fig. 81, 1076).

1 Wash-bottle (12).

1 Retort-stand.

1 Wooden filter-stand (fig. 49, 92).

1 Pair of brass crucible tongs.

1 Small horn or vuleanite spatula.

1 Wicker draining-basket (15).

A fuller description of this apparatus will be found in paragraph
112X, Most of the apparatus may be seen on the bench in the
Frontispiece illustration. The reference numbers in brackets refer
to paragraphs in which the apparatus is described.






SECTION 1.

PREPARATION AND USE OF APPARATUS.

General Remarks.—A student who is commencing work in a
general laboratory will find on the preceding page a list of the
apparatus which should be contained in his private locker. This
apparatus should be looked through, fitted, and cleansed, as is
directed in this Section.

Inthe Seventh Section will be found particulars of other apparatus,
which may be used by many students in common ; also lists of the
various reagents, and the methods of preparing them.

For convenience 1n reference, paragraph numbers are printed in
the text in black type, and in square brackets at the top of each
page.

Paragraphs which are printed in small type may be passed over if
the student’s time is limited.

FramMes ror HEATING,

1. The Bunsen Burner (fig. 1) is generally employed in
the laboratory for heating purposes. It is so constructed
that coal-gas, entering near its base, is Fia. 1.
mixed with a proper proportion of air
before it is burnt. The air is drawn
in through holes at the lower part of ﬁa
the burner, and the mixture of gas and
air is burnt at the top of the upright
tube. The oxygen of the air, which is
thus mixed with the gas, burns the car-
bon in the body of the flame. Accord-
ingly the luminosity, which depends
upon the existence in the flame of TUNSE
unburnt carbon or carbon compounds, is destroyed.

The Bunsen-flame is therefore mainly useful, because it

X

N-BURNER.



2 THE BUNSEN BURNER. i,

deposits no particles of soot when it is in contact with any
surface. Its high temperature and non-luminosity also
render it very valuable for producing flame-colorations.

The burner should be provided with some means for
partly or entirely closing the air-holes when requisite. This
is usually effected by turning round a loose perforated ring
outside the holes. If the flame is reduced to small
dimensions, the supply of air should be partly shut off, else
the flame is apt to recede.

‘When the burner is to be used, it is connected by means
of a piece of tightly-fitting rubber tubing, about 5-16ths of
an inch in internal diameter, with the tube which supplies
gas to the working-bench. The tap is then turned on,and
in a few seconds the gas is lighted. The flame should be
almost perfectly colourless and non-luminous.

Occasionally the gas will burn below, that is, at the
bottom instead of at the top of the burner. This usually
happens when the flame is small and the quantity of air
admitted through the holes is too great. It also occurs
when the burner is lighted too soon after turning on the
gas-tap. A luminous flame may then be seen through the
holes near the base of the burner, burning from the small
gas-jet inside. The flame at the top of the burner will also
be long and somewhat luminous, and will emit a very un-
pleasant smell, which is due to the incomplete combustion
of the gas. In such a case the flame should be at once
extinguished by pinching the rubber tubing close to the
burner, and the gas should be relighted after it has escaped
for a few seconds.

The above statements should be proved by trial, and the
effect of partially or entirely closing the air-holes of the
burner should be observed.

The Rose-top (fig. 1 a) is employed for diffusing the heat of the
flame over a large surface. It is a small perforated metal cap which
1s placed upon the top of the burner, and yields a circle of flames.
The rose-top is put on the burner and removed from it by means of
crucible-tongs. It isof course very hot after being used, and should
never be handled, or placed upon wood or glass, until it is cool.



2,3.] FLETCHER BURNER, SPIRIT LAMP. 3

2. Fletcher’s Solid-flame Burner is most convenient and satis-
factory for heating large vessels, In its smallest size (figs. 2, 3) this
burner is also very convenient on the student’s working.bench. The
burner shown in the figures is the Bunsen-Argand. It furnishes a

Fic. 2, Fi1a, 3.

FLETCHER’S BURNERS

short, compact, and hot flame, and it presents the advantage that the
air-supply is self-adjusting. The form of this burner, shownin fig. 3, is
furnished with supports for flasks and dishes which are being heated.

3. The Spirit Lamp is occasionally employed instead of a gas-
burner ; but for general purposes it should only replace the gas-
burner when coal-gas cannot be obtained.

The spirit-lamp (fig. 4) consists of a glass vessel containing methy-
lated spirit, into which dips a cotton wick supported by means of a
brass or stoneware wick-holder, When the lamp is not in use the
upper end of the wick should be always
covered with the glass cap, in order to ¥ig. 4.
prevent evaporation of the spirit. If
the spirit is tolerably free from resin-
ous mattey, its flame will be non-
luminous and will deposit no soot. In
this lamp the spirit is vaporised as it
comes into contact with the flame.

Other Special Burners for consnm.
ing a mixture of air with vaporised
methylated spiritor petroleum,or with
acetylene gas, are now obtainable,
and may be used in laboratories where
a supply of coal-gas is not available.

A burner similar in form to the Bunsen-burner (1) for burning a
mixture of vaporised methylated spirit with air, and a metal lamp
which furnishes a smokeless, non-luminous flame with vaporised
petroleum oil, are described in paragraph 1119. A modified Bunsen-
burner, suitable for burning acetylene, may now be purchased ; and

SPIRIT-LAMP.



4 CUTTING GLASS. [4, 5,

since acetylene can be prepared with great ease from calcium carbide,
and then stored in a small gas-holder, such burner can be used in
laboratories which are situated at a distance from gas-works, and
an ordinary laboratory attendant may readily perform the duties of
gas-maker

CuITING AND BENDING (GLASS.

4. Glass Tube or Rod is Cut by laying it upon a flat sur-
face, and making a deep scratch with the edge of a three-
cornered file av the point to be cut. The glass is then held
with both hands, one on each side of the scratch and close to
it, and a gentle pressure is exerted upon the glass as if trying
to break it across (fig. ). 1f the file-mark has been made
sufficiently deep, the glass will readily break at this point.

The sharp edges of a freshly-cut rod or tube should always
be at once rounded. This is effected either by holding
the end of the tube in the Bunsen-flame or blowpipe-flame
until the edges are
partly melted (fig. 8,
p- 6), or by rubbing
off the sharp edge
with the face of a file,

¥ia b.

Select a length of

hard - glass tubing,

CUTTING THIE GLASS. which is about one-

eighth of an inch in

internal diameter. Cut from it one piece about ten inches

and two pieces about five inches long, and carefully round

off their sharp freshly-cut edges. Also cut off three pieces

of glass rod, respectively seven, six, and three inches in
length. Keep these for future use.

5. Glass Tube is Bent by holding it in the upper edge
of a common fish-tail gas-flame, so as to heat at least two
inches of the glass (fig. 6). The tube is supported by both
hands, one on either side of the flame; and is constantly
turned slowly round on its axis, in order to heat all sides
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equally. As soon as the glass is felt to be soft and pliable,
it is taken out of the flame and is at once quickly bent to
the required angle. The heated part must not be allowed
to touch anything untilit iscold. The soot is then removed
from it by a cloth or by a piece of paper.

If a bend is properly made, it should be a curve and should
not alter the bore of the tube (fig. 7 @). If a sharp angle

FIa. 6,

BENDING GLASS.

Goop BEND (a), BAD BEND (b).

is made, the bore will be narrowed (fig. 7 ), and the bend
will be unsightly and weak, and liable to break under
a small strain.

Bend the longest piece of glass tubing (4) at right angles,
so that the shorter part is about two inches in length.
Keep this for future use.

The Bunsen-flame is not suitable for bending ordinary glass
tubing ; its shape is inconvenient, and the flame is so hot that it
softens the glass too much and causes it to get out of shape.

Glass rod, hard glass tube, and tube with thick walls or small
bore, however, may be bent in the Bunsen-flame, or even in the
blowpipe-flame.

Tue Browripg, AND 118 USE.

6. The Blowpipe is used for producing a small but very
hot flame, which can be made to assume any desired
direction. This is effected by blowing a fine stream of air
from the mouth through a gas-flame. The blowpipe is held
in the right hand, with its finely pierced tip resting on the



6 THE MOUTH BLOWPIPE. (s,

edge of the burner, and just inside the flame (fig. 8). The
mouthpiece is then taken between the lips; and after the
cheeks have been blown out to their full extent, the air con-
tained in them is forced out through the jet. This produces
a small pointed conical flame in the direction of the blast.
The chief difficulty in using the blowpipe properly is expe-
rienced in maintaining the blast of air uninterrupted by the
breathing. Patient trial will,however, remove this difficulty.
It must be borne in mind that the cheeks are to be kept
constantly inflated with air, and that the air must be forced
through the blowpipe by the pressure of the cheeks, and not
by the action of the lungs. Breathing is carried on through

Fi1a. 8. Fia. 9.

RoUNDING END OF GLASS ROD, DRAWING OFF GLASS TUBE.

the nose ; and the mouth is occasionally replenished with
air from the throat, the blast being meanwhile maintained
by the cheek-muscles only.

It is frequently necessary to have both hands free while
the blowpipe is being used, This may be secured by resting
the blowpipe-jet upon the top of the gas-burner and support-

«ing the mouthpiece by the lips alone, as is shown in fig. 9.
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A small flame, made luminous by nearly closing the air-
holes of the Bunsen-burner, is better suited for most blow-
pipe-work than the ordinary non-luminous flame.

It is important that the hole in the nozzle of the blow-
pipe should be small, else a good flame will not be obtained,

and it will also be found difficult to maintain a continuous
blast.

The student should, as soon as possible, acquire dexterity
in the use of the mouth blow-pipe, since its lame serves for

many of the shorter heating processes of the chemical
laboratory.

7. A Fletcher-Bunsen blowpipe (fig. 10) which is fed with air from
the Fletcher foot-bellows (fig. 11), or from a mechanical or water
blower, is often advantageously employed for maintaining a high
temperatureinfusion processes,or forextensiveglass-working orglass-
blowing. It will also be found convenient for many other purposes.

This specialform of Bunsen-burner blowpipe (fig. 10) is suitable for
many purposes. It consists of a somewhat large Bunsen-burner (1),

Fi1a. 10.

Foor-BrLLowS.

BuNseN Browplrn.

which is furnished with two taps. One of these taps controls the
gas-supply, the other controls the air-blast from the bellows.

When a Bunsen-flame is required, the gas is supplied to the
burner, and the air-supply is adjusted at the base of the burner by
the ring D.

When the blowpipe-flame is to be used, the metal ring B is placed
upon the top of the burner so as to reduce the aperture, and the
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supply of gas and the air-blast are regulated until a flame of the
necessary character is obtained.

The Bunsen Gas-blowpipe (1118) will be found better adapted than
the Fletcher-blowpipe for more elaborate glass-blowing and working.

The Herapath Gas-blowpipe (1118) is convenient for smaller heat-
ing purposes. It can, if desired, be readily blown by the mouth. It
may be purchased without the foot and the tap, the upright tube
being then slipped down the tube of a Bunsen-burner.

A Petroleum, or 8pirit, Blowpipe (1119) may be used where coal-
gas is not available. It possesses the advantage of being portable
and of requiring no bellows or air-blast.

8. Small Ignition-tubes.—One of the pieces of hard-
glass tubing, about five inches in length (4), is drawn out at
its middle point by heating it strongly in the blowpipe-flame
(g. 9). While the tube is being heated, it is held in

Fia. 12!

) R —— = -

%
GLASS TUBE DRAWN OUT.

both hands, and is constantly turned round upon its long
axis in order to secure uniform heating. As soon as the
glass is softened, it is gradually drawn out by pulling the
ends of the tube in opposite directions. The narrowed
portion of the tube (fig. 12) is then cut across (4) at its
middle point. By heating the conical part () in the blow-
pipe-flame, the narrow tubemay then .

) F1g. 13. —, be drawn off, and a small closed’
( tube is obtained (fig. 13). If the
IGNITION-TUBE. closed end is heated to redness in

the blowpipe-flame, it may be ex-
panded into a small bulb by gently blowing down the tube,

Small test-tubes, three inches long by half an inch in
diameter, will also serve for ignition-tubes,

9. Mounted Platinum wires.—Select a length of platinum
wire about as stout as an ordinary pin. Ascertain that the
wire does not permanently impart colour to a Bunsen-flame
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when it is heated to bright redness in the flame. Cut off
two pieces of this wire, each about two inches in length, and
proceed to fix them in glass handles in the following way, in
order to prevent them from being lost and to facilitate their
being held in the fingers,

Draw out at its middle point (fig. 12) the piece of glass
tube (4) about five inches in length, and cut it across at
the middle of the narrow portion. Each of the pieces of
tube thus obtained serves for the handle of a wire.

Break off the narrow part of the tube until it extends only
about a quarter of an inch from the shoulder, ¢ (fig. 12).
Insert the end of the platinum wire into this narrow opening.
Then hold the end of the tube, containing the wire, in the
blow-pipe flame, until the glass melts and thickens around the
end of the wire, fixing it firmly when cold (fig. 14). The

F16. 14.

MoUNTED PLATINUM WIRE.

free end of the wire may then be rolled round a stout wire
into a loop about an eighth of an inch across.

10. Glags Stirring-rods.—Remove by a file any small
projections from the ends of each of the glass-rods, which
were made (4) by cutting some solid glass-rod into lengths of
about three, six, and seven inches. Then heat both ends of
each rod to rednessin the tip of the blowpipe-flame, the
rod being meanwhile constantly turned round on its long
axis (fig. 8, p. 6). The sharp edges of the glass are thus
rounded by fusion. Theend of the rod must not be allowed
to touch anything until it is cool.

Sometimes a very slender glass rod is required. This may
be obtained by heating a suitable point in an ordinary rod
with constant rotation in the blowpipe-flame until the glass
is well softened, and then drawing the glass out to the
requisite fineness. See fig. 9 (p. 6) and fig. 12.
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Boring Corxks.

11, A Cork may be Bored, for the insertion of a glass
tube, by gradually pushing through it asharply pointed and
slender round file with a constant twisting movement, and
then enlarging the hole with the file to the necessary size.

The Cork-borer, which is a brass tube sharpened at one
end, is, however, more commonly used.

A borer must be selected which is rather less in size than
the glass tube which is to be inserted into the cork. The
cork is then pressed against a wooden surface or grasped
firmly in the hand, and the perforation is made by gently
pushing the borer through it with a constant movement of
rotation backwards and forwards upon its axis (fig. 15).
Caution and practice will enable the student to make a clean
straight hole without
damaging the sur-
rounding parts of the
cork.

In making a single
central holethrougha
cork, it is well to bore
fromthecentre of one
end of the cork half-

BORING A CORK way towardsthe other

end, and then reverse

the cork and bore a hole to meet this from the centre of

the opposite end. In this way a hole which is central in
position throughout the cork is most easily obtained.

A slender round file is used for smoothing the sides of a
hole which has been made by a cork-borer, or for slightly
enlarging it. Great care must be taken to leave the hole
round in shape, and not to enlarge it so much that the glass
tube fits loosely.

The cutting edge of the cork-borer is sharpened by rubbing
its inner surface with a round file, and then rubbing the

Fie. 15,
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outer surface obliquely with the face of a flat or triangular
file.

Rubber Stoppers are perforated in a similar manner by a sharp
borer which 1s either partly filled with water, or is moistened with
alcohol or glycerine.

Firrine THE WASH-BOTTLE.

12. The Wash-bottle.—A thin,flat-bottomed, conical flask,
about eighteen ounces in capacity, and not less than an inchin
diameter in the neck, should be fitted as is shown in fig. 16.

For this purpose a sound cork isselected which is slightly
too large to enter the neck of the flask. The cork is softened
by rolling it backwards and forwards
under the foot with gentle pressure ; Fra 16.
it must now fit tightly into the neck
of the flask.

Two pieces of glass tubing, rather
longer than the tubes (@, b), are
then bent (5) into the form shown
in fig. 16. Their ends are cut off
to the right length, and the sharp
edges are rounded by holding them
in the Bunsen-flame, or by rubbing
them with the face of the file.

Two parallel holes are then bored
through the cork, with a proper
sized cork-borer (II) or by means TurE WASH-BOTTLE.
of a round file. The holes must be
somewhat smaller than the glass tubes, and must not run
into one another or to the outside of the cork. They are
smoothed, and slightly enlarged if necessary, by means of
the round file.

Into these holes the tubes (a, b) are then gently pushed
with a twisting motion. They must enter somewhat stiffly,
but without requiring much pressure. If the holes have
been carelessly made too large, the tubes may often be made
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to fit by slipping upon them little pieces of wetted narrow
india-rubber tubing, or by putting the wotted pieces of
india-rubber tubing into the holes in the cork before the
glass tubes are pushed in.

A Rubber Stopper is much more durable than a cork for this and
for most other chemical purposes. It may be purchased with two
holes already made, or may be perforated by a sharp well-wetted
cork-borer (11), or.by a wetted round file, Both the glass tubes and
the inside of the holes should be well wetted before the tubes are
pushed in, since water serves as a lubricant for glass against india-
rubber.

Before the further fitting of the wash-bottle is proceeded
with, the cork with the tubes is inserted into the neck of
the flask. One tube is then closed with the finger, and air is
blown through the other tube into the flask, so as to produce
pressure in its interior. The cork is meanwhile carefully
watched in order to ascertain whether there is any escape of
air. A leakage is as a rule easily heard : but if the outside
of the cork is wetted with water, any escape of air-bubbles
will be readily seen.

If the cork is air-tight, a piece of rubber tubing, about
an inch in length, is pushed upon the upper end of the
tube (a). A short jet (c), which has been made by drawing
out a piece of glass tubing in the flame (figs. 9, 12, pp. 6, 8),
is fitted into the other end of the rubber tube. The narrow
opening of the glass jet may be contracted, if necessary, by
holding it in the flame for a short time and slightly fusing
the edges of the glass.

If the wash-bottle is to be heated, the neck of the flask
should now be bound round with twine like the handle of a
ericket bat, or tightly covered with a folded strip of flannel,
The neck, when thus protected, can be grasped with com-
fort even after water has been boiled in the flask and the
neck has become heated by steam.

The wash-bottle is now filled about two-thirds with dis-
tilled water, and is ready for use.

Tap-water should never be kept in the wash-bottle.

A fine stream of water may be obtained from the jet (c),
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by blowing down the tube (5). This stream serves for wash-
ing precipitates and for other purposes. A larger stream
may be obtained by inverting the flask, when the water will
flow out from the end of the tube (b), air entering mean-
while by the tube (a): this stream can be made to issue
with greater force and speed by blowing down the tube (a).

When hot water is required, the wash-bottle is supported
on a tripod-stand upon a piece of coarse iron-wire gauze,and
is heated by the Bunsen-flame : or it may be heated by the
small Fletcher-burner (fig. 3, p. 8).

When Boiling Water, or a Liquid which gives off Vapour or Gas,
is used in the wash-bottle, a special stopper, shown 1n fig. 17, should
be fitted into the neck of the bottle, 1n order to pre-
vent the vapour of gas from entering the mouth. ¥ie 17.

The stopper is perforated with three holes.
Through the centre hole is pushed a short glass
tube («), which terminates just above and just below
the stopper.

The other holes carry the jet-tube (5) and the blow-
tube (¢), as 1n the ordinary wash-bottle. The lower
end of the blow-tube, however, is fitted with a valve,
which is formed by slipping over it a piece of rubber
tube with a slit cut 1n it (c) and closed below by a
piece of glass rod. FITTING FOR

While the wash-bottle is being used the tube («) is HOT-WATER
closed with the finger, and air is blown in through BOTTLE.
the valve (¢). The valve prevents air from return-
ing through the blow-tube and introducing vapour or gas into the
mouth. When the stream is to be stopped, the finger is removed
from the tube («) and the pressure of air in the interior of the flask
is thus released.

CLEANING APPARATUS.

It is indispensable that all glass and porcelain apparatus
should be kept scrupulously clean, and before the student
begins his work, he will do well to clean his set of apparatus
as is directed below.

13. Test-tube Brush,—This brush is constantly in use for
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cleaning glass and porcelain apparatus. The piece of sponge,
which is ordinarily fastened on the end of the brush (fig. 18a),
does not adapt itself well to the bottom of test-tubes and
boiling-tubes. A much more efficient end is given to the
brush by removing the sponge and then bending back the
end of the wire stem sharply upon itself at a point just above
where the hairs commence (fig. 18 4). By slightly curving
the part of the stem carrying bairs, the brush will better

adapt itself to curved surfaces such as those

F1¢. 18, of porcelain dishes.

14. Test-tubes, Beakers, Funnels and
Porcelain-dishes are washed in a stream of
tap-water, their surfaces being rubbed mean-
while by the test-tube cleaner (fig. 18 b&).
The brush must be cautiously moved as it
approaches the bottom of a test-tube or boil-

* b ing-tube, since the glass is very thin, and is
TEST-TUBE therefore easily broken by undue pressure,
CLEANER. Glass funnels should have their stems

cut off to within about an inch from the
shoulder (4), and the sharp outer edge thus produced should
be at once removed by rubbing it with the face of a triangu-
lar file. The inside of the shortened neck can then be easily
cleaned by rubbing it with a strip of wood; or by inserting
an ordinary tobacco-pipe cleaner from the shoulder of the
funnel so as not to cut the hairs.

Occasionally the cleaning brush fails to remove strongly
adhering stains. Hot dilute hydrochloric acid will remove
most such stains ; but it is sometimes necessary to heat a
little strong sulphuric or nitric acid in a vessel in order to
cleanse it. Hot solution of caustic potash or of ammonia
may also often be used with advantage to remove grease,
In fact, when a substance is being removed from a vessel
to which it strongly adheres, it is well to consider what
the substance is, and then remove it by a liquid in which it
is easily soluble.

Apparatus should be washed as soon as possible after it
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has been used, since it is usually more difficult to cleanse
the surface after the apparatus has stood aside for some time.

Each article, after it has been carefully washed, and then
repeatedly rinsed out with tap-water, should be placed upside
down in the small wicker-basket to drain. If it is required
for immediate use for analysis, it should be rinsed out with
2 little distilled water. The removal by these means of
washing-water is necessary, because tap-water usually con-
tains dissolved impurities.

Theinteriorof flasksandbottlesisoften most conveniently cleansed
from adherent matter mechanically byshaking waterand sand round
in the interior. Sawdust or shreds of paper may replace the sand.

15. Draining-Bagket.—Before apparatusis placed in the
locker, it should be made a rule to wash all glass and porce-
lain which is not in actual use, and then to place it in a wicker
basket to drain. The basket is then put away with its con-
tents. Dirty apparatus should never be kept in the basket.

All iron apparatus should be carefully dried, and must
be kept in a dry place to prevent it from rusting. Metal
apparatus must never be put into the wicker draining-basket.

16. Platinum foil and Platinum wire are cleansed by
boiling them in hydrochloric acid, and then rinsing‘oﬁ’ the
acid with water. The wire should then be strongly heated
for some time in the blowpipe-flame, until, when it is wetted
with pure strong hydrochloric acid and held in the Bunsen-
flame, it no longer persistently colours the flame. If the tip
of the wire cannot be cleansed in this way, it should be cut
off. Commercial platinum sometimes persistently colours
the flame : wire made from such platinum is useless for flame-
coloration tests and for spectrum analysis.

Platinum-foil and wire should be kept in a small beaker
containing strong hydrochloric acid, which has been diluted
with sufficient water Lo prevent it from fuming. When the
platinum is removed from the acid and has been rinsed
with water, it will usually be found to be clean ahd' to give

no colour to the flame.
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HEATING GLASS AND PORCELAIN.

17. A few general Precautions should be observed in
heating glass and porcelnin vessels, in order to guard against
cracking them. The two following rules apply to both glass
and porcelain :—

A vessel containing a liquid must never be heated by the
flame above the level of the liquid inside.

A hot dry vessel must be allowed to cool before any liquid
is poured into it, and before it is placed upon a cold
surface.

18. Porcelain Vessels withstand higher temperatures than
glass vessels, and are not so liable to be cracked by being
suddenly heated or cooled.

Porcelain Dishes are generally used for the purpose of
evaporating liquids to dryness, or for concentrating them.
They are supported on a pipe-clay triangle, which is placed
upon a tripod-stand or a retort-stand. Porcelain dishes may
be safely heated by a small naked flame.

Porcelain Crucibles are used for strongly heating solid
bodies. Crucibles are supported in the same way as porcelain
dishes. The flame should not be allowed to play steadily
upon the bottom of the crucible so as to heat it suddenly,
but the burner should be constantly moved slightly from side
to side until the porcelain is hot. The crucible should also
be allowed to cool slowly on the triangle, since contact with
a cold body is very apt to crack it. The hot crucible and
cover are handled by the crucible-tongs.

19. Glass Vessels require to be Heated more.cautiously
than porcelain vessels. A large naked flaine must never be
allowed to play for any length of time on one part of the glass
surface. 'When a test-tube or boiling-tube is being heated,
this local heating is prevented by holding the tube obliquely
with the lower part in the flame, and either moving the tube
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slowly up and down, or constantly turning it round on its
axis (fig. 19).

Test-tubes and Boiling-tubes.—Ordinary test-tubes are too
narrow to hold safely a large quantity of boiling liquid, since
the upper portion of the liquid is liable to be projected
from the tube during ebullition. A small quantity of liquid
may be boiled, and a larger quantity may be heated short of
boiling, in a test-tube. But the broader boiling-tubes are to
be preferred when a liquid is to be boiled.

Test-tubes, or boiling-tubes, which are not full of liquid,
can be held by the neck while they are being heated. They
should be supported in an oblique position, so that the fingers
are not over the flame
(fig. 19). If steam or
vapour is emitted in
quantity,all risk of burn-
ing the fingers is avoided
by bending round the
neck of the tube a strip
of folded glazed paper,
or of leather, and pinch-
ing the ends of the strip
together close to the
tube, as is shown in the
figure. Thissimple de-
vice serves better than
any metal holder.

It is dangerous to use a strip of unglazed filter-paper, since
if it becomes wetted it breaks and allows the tube to fall.

Crucible-tongs must never be used for holding test-tubes.

HoOLDER FOR HEATING TUBE.

Qlass Flasks,such as the wash-bottle, are most safely heated
by placing them on a piece of wire-gauze on a tripod-stand
over the Bunsen-flame (I), or they may be heated over the
Fletcher flame (2, fig. 3). If alarge sand-bath, hot plate, or
water-bath (figs. 43, 45, 88) is available, the flask may be
heated on the hot surface or by the steam.



SECTION II.

PREPARATION AND PROPERTIES OF
GASES—IDENTIFICATION OF GASES.

General Remarks.—In this Section full directions are given for the
preparation of some of the more important gases, and for certain
experiments which may be made with them. The experience thus
gained enables the preparation of other gases to be carried out from
a brief description. If a student has already prepared any of the
gases the preparation need not be repeated.

Experiments which are described in small type may be omitted if
time is limited, but the description should be carefully read through.

After the various gases have been prepared and the methods of
detecting them have been tried, some mixtures of the gases should
be examined with the view of detecting their coustituents (73).

A full list of the apparatus and chemicals which are required for
this Section will be found in the Seventh Section. The description
of the fitting and of the use of the apparatus has been already given
in the preceding paragraphs [1-1g].

Directions for Working.—The student must carefully read through
the whole description of each experiment before he begins to perform
it. Immediately after the experiment has been successfully per-
formed, a brief description of it should be entered,in the Note-
Book. Two students may work together through this Section ; in
the subsequent Sections, however, each student should work inde-
pendently.

Caution.—Should any strong acid get upon the skin or the bench,
it must be at once washed off. If it should be spilt upon the clothes,
the part must be immediately wetted with ammonia solution : the
red stain produced by acid on cloth is removed by ammonia unless
it has been caused by nitric acid.
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I.~PREPARATION AND PROPERTIES OF GASES.
OxYGEN (as.

20. Preparation of Oxygen from Mercuric oxide.—
When iron is exposed for some time to moist air, its surface
becomes covered with rust. Many other metals undergo a
similar change in moist air, but the alteration thus produced
in their appearance is not usually as noticeable as in the case
of iron. The liquid metal mercury does not rust at ordinary
temperatures in air; but the metal becomes slowly covered
with red mercury rust, when it is strongly heated for some
time in a flask open to the air. This mercury rust has re-
ceived the name of mercuric oxide. The fact that metals
become heavier by rusting proves that something is added
to them during the process. This is contirmed by the fol-
lowing experiment.

ExpERIMENT 1.—Place in a small perfectly dry test-tube
sufficient mercuric oxide to cover the bottom. Heat the
powder in the Bunsen-flame (I), covering the end of the
tube loosely with the thumb, as is shown in fig. 20. As
soon as gmall drops of mercury begin to appear upon the
inside of the tube, remove the thumb, and quickly insert
into the tube the burning end of a thin slip of wood. The
flame will be seen to burn more brightly.

Heat the powder again for some time in the way just
described, and then introduce the glowing end of the slip
into the tube immediately after the flame has been blown
out. The glowing end will burst into flame This behaviour
with a glowing slip of wood is one of the most remarkable
properties of oxygen gas, and is frequently used as a test for
its presence. It is commonly known as the ¢ spark test.”

The small globules of mercury on the inside of the tube
tmay be made to unite into larger ones by rubbing the surface
with a glass rod.
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Both the globules of mercury, and any red oxide which
remains, should be preserved.

The chemical change which has occurred is thus repre-
sented by a chemical equation : HgO=Hg+O0.

Since heat can separate mercuric oxide into mercury and
oxygen, the rusting of mercury evidently consists in the
metal taking oxygen gas from the air. This accounts for the
increase of weight which the metal undergoes while 1t is

F1a. 20.

PREPARATION OF OXYGEN.

rusting. If all metal-rusts could be decomposed by heat,
oxygen might be obtained in the manner just described from
any one of them,

The above method of making oxygen is instructive, and it
is interesting because it was the first means known of pre-
paring the gas, The method is, however, never used for the
preparation of large quantities of oxygen, since other sub-
stances are known which contain a larger proportion of oxy-
gen, and which give it off when they are heated move easily
than mercuric oxide does. These substances are also preferred
on account of their greater cheapness,
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2I. Preparation of Oxygen from Potassium chlorate.—
Potassium chlorate is usually employed for the preparation
of small quantities of oxygen. If this salt is heated until no
more gas is given off, it parts with the whole of its oxygen,
as is shown by the following equation: KC10,= KOl + O,

ExpERIMENT 2.—Heat a few crystals of potassium chlorate
in a clean dry test-tube. Thewhite salt decrepitatesor crackles,
and then fuses or melts. When the liquid salt is further
heated it appears to boil. The small bubbles which are
given off consist of oxygen gas. This may be readily proved
by holding in the mouth of the test-tube a burning or glow-
ing splinter of wood.

22, Preparation of Oxygen from Oxygen-Mixture.—
Oxygen gas is much more readily expelled by heat from
potassium chlorate than from mercuric oxide. But if the
chlorate is mixed with a small quantity of some other
suitable substance, its oxygen is driven off by heat with
extreme facility. Manganese dioxide, or black oxide of
manganese, is usually chosen for mixture with the chlorate,
The manganese oxide does not itself seem to undergo
any permanent change in the process.

ExperiMENT 3.—Powder finely in a mortar sufficient
potassium chlorate to fill a watch-glass, Mix the powder
in the mortar with about one-fifth as much powdered man-
ganese dioxide. Heat a small quantity of this mixture in
a test-tube. A comparatively gentle heat will cause the
oxygen to be rapidly evolved, and the gas may be readily
detected by the “ spark-test ” in the upper part of the test-
tube.

23. Preparation and Collection of Oxygen.—In the
preceding experiments the oxygen has been detected in the
test-tube in which it was prepared, and has been allowed
to pass away freely into the air. When the gas is to be
collected in a vessel, the air is first removed from the vessal



22 PREPARATION AND [23,

by filling it with water, and the gas 1s then allowed to dis-
place the water.

In ordertocollectihe gas,a bent-glassdelivery-tube isfitted
by means of a cork into the mouth of the test-tube (fig. 21).
The end of this delivery-tube is immersed in water imme-
diately beneath the mouth of the collecting-vessel, which has
also been inverted with its neck in the water. When the
test-tube is heated, the oxygen escapes from the end of the
delivery-tube and passes as bubbles into the collecting vessel,
gradually displacing the water from it.

This process of collecting oxygen is fully described 1n the
following experiment.

Fia, 21.

PREPARATION AND COLLECTION OF OXY(EN.

ExpERIMENT 4.—Select a sound cork which is somewhat
too large to fit the mouth of the test-tube to be used.
Soften it by squeezing it, or by rolling it on the floor with
gentle pressure from the foot. The cork should now fiv
tightly into the mouth of the test-tube.

Then bend (5) a piece of glass tubing, about fourteen
inches in length, into the form shown in fig. 21. The
bends should be so made, that when the apparatus 1s fitted
together the test-tube is at a convenient height for being
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heated by the flame, while the end of the delivery-tube dips
about an inch under the water contained in the glass or
stoneware vessel.

Now make a hole through the centre of the cork (1I) of
such a size that the glass tube fits tightly intoit. Then push
the glass tube into the cork and the cork into the test-tube,
and test whether the apparatus isair-tight by blowing down
the open end of the delivery-tube. No air must be heard to
escape, or must be seen to bubble out on moistening the cork.
If air does escape, a fresh cork must be prepared.

Now transfer the oxygen-mixture (Exp. 8) into the per-
fectly dry test-tube, either by pouring it off a piece of paper
folded into a trough, or by scooping it up from the mortar
with the mouth of the test-tube. Then fit in the cork with
the delivery-tube.

Before the test-tube is heated, fill the jar, in which the
oxygen is to be collected, with water. Close its mouth with
a ground-glass plate. Then invert its mouth in water, three
or four inches in depth, contained in the stoneware or glass
vessel, and carefully remove the glass plate. If thisoperation
has been performed with proper care, the jar will be entirely
filled with water, and no air-bubble will remain.

Next proceed to heat the front part only of the oxygen-
mixture, gradually extending the heating towards the hinder
portion as the evolution of gas slackens.

The test-tube may either be held in the hand or may be supported
by a clamp in an almost horizontal position. The end containing the
mixture should be somewhat raised, so as to prevent any condensed
moisture from trickling back upon the heated portion and cracking
it A small flame only should be used, in order to prevent any part
of the glass from bejng too suddenly and strongly heated, which
would be liable to crack or melt it. The flame should also at first
be slowly moved from side to side for the same reason.

Oxygen gas will soon be evolved, but it will not at once
appear at the end of the delivery-tube, since it has first to
drive out the air which filled the apparatus. As soon as the
glowing end of a slip of wood is kindled, when it is held at
the mouth of the delivery-tube, the oxygen has driven out,



24 COMBUSTION OF CHARCOAL. [24,

the air and is beginning to escape. The end of the delivery-
tube is then at once dipped under water beneath the mouth
of the jur, and the stream of bubbles will rapidly rise in the
jar and displace the water.

A stoneware beehive-shelf will be found convenient for supporling
the jar 1n the bowl, as1s shown in the figure, but the jar may instead
be simply held in the hand.

As soon as the jar is full of gas, its mouth is closed under
water with the glass plate, and it is removed for experiment.
The jar may also be removed by slipping under its mouth a
small dish or saucer; the water which is taken out in the
saucer will then gerve to close the mouth of the jar.

Three jars should be filled with oxygen for the following
experiments. One vessel may, however, be refilled with the
gas after the completion of each experiment, if a number of
jars are not at hand.

If at any time the gas should be given off too 1apidly, the lame
must be removed until the current of gas slackens. The hinder por-
tions of the mixture should be heated only after the part in front
refuses to yield any more gas. When the process is to be stopped,
the end of the delivery-tube must be removed iromthe water before
the gas has ceased to bubble out. The hot test-tube must not be
allowed to touch cold or wet objects, which would crack the glass.

24. Combustions in Oxygen.—Oxygen gas is remarkable
for the energy with which it combines with or burns many
heated Substances. Three examples of this property are
given in the following experiments.

ExpreriMENT 5.—Select a piece of wood-charcoal about
the size of a hazel-nut. Place this in a metal deflagrating-
gpoon. Then adjust the wire handle in the brass cap, so
that when it is held beside the jar of oxygen with the cap
on a level with its mouth, the spoon is about an inch from
the bottom of the jar (fig. 22).

Now heat the charcoal in the Bunsen-flame or the blow-
pipe-flame (6) until a part of its surface glows. Then quickly
place it in the jar of oxygen with the brass plate of the spoon
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covering the mouth (fig. 22). The charcoal will burn much
more brilliantly and rapidly than it does in air, and will
convert the oxygen into carbon dioxide
gas: C+0,=C0, F1a. 22,
When the combustion ceases, pour
into the jar some clear lime-water from
a small beaker or test-tube. Then
quickly close the jar and shake the
liquid inside it. The clear lime-water
will become milky. This indicates the
presence of carbon dioxide gas, as will
be hereafter explained.

ExpeErIMENT 6.—Remove the char-
coal from the deflagrating spoon, and
replace it by a piece of sulphur aslarge
as a pea. Heat the spoon in the flame
until the sulphur melts and begins to
burn with a pale blue and almost in-
visible flame. Then place the spoon in COM(;*USTION IN

. XYGEN.
a fresh jar of oxygen. The sulphur
will at once burn with a much brighter flame, converting
the oxygen into sulphur dioxide gas: S+0,=80,. The
presence of this gas in the jar, after the combustion has
ceased, is proved by its suffocating smell.

Pour a little water into the jar and shake it round ; sul-
phurous acid will at once be formed. This acid may be
recognised by dropping into the water a piece of blue litmus-
paper, which is immediately reddened ; also by pouring ina
Jfew drops of red potassium dichromate solution, the colour of
‘which will be changed to green.

ExperiMENT 7.—Kindle any sulphur, which may remain
in the deflagrating spoon, by holding the spoon in the Bunsen-
flame. As soon as the spoon is free from sulphur, and is
again quite cold, place in it a small piece of carefully dried
phosphorus not larger than half a pea.

The phosphorus may be cut with a knife. It must be touched only
with the bras. tongs or with wet fingers. Phosphorus should be’
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handled as little as possible, since it is liable to be kindled by the
heat of the hand, and it then causes dangerous wounds. This sub-
stance should always be kept under water, and should only be dried,
immediately before it is used, by pressing it between filter-paper or
blotting-paper or with a dry cloth,

Set fire to the phosphorus by holding the spoon in the
flame, and notice that it burns brilliantly in the air. Then
place the spoon in a jar of oxygen. The phosphorus will
burn much more brilliantly, A white substance, called
phosphoric oxide, is the product of combustion both in air
and in oxygen: P,+0,=P,0,.

When the phosphorus has ceased to burn, pour a little
water into the jar and shake it round. The white substance
will dissolve in the water, yielding solution of phosphoric
acid: P,0,+8H,0=2H,PO,. The water may be proved to
contain the acid by dropping into it a piece of blue litmus-
paper, which will be immediately reddened.

25. Tests for Oxygen,—Unless oxygen is largely diluted
with other gases, it is easily detected by introducing into it
a slip of wood with a spark at the end ; the spark bursts
into flame. This test only serves for the detection of oxygen
in a mixture when its proportion in the mixture is large.
Nxtrogen monoxide gas also kindles a spark into flame, but
this gas is readlly distinguished from oxygen by a greenish
halo appearing round the flame thus preduced. (Exp. 50,

p. 52.)

Another test for uncombined oxygen, when it occurs alone
or in gaseous mixtures, depends upon its power of colouring
nitric oxide gas reddish-brown (Exp. 27, p.40). The test
serves to distinguish oxygen from nitrous oxide gas, which
gives no colour when it is mixed with nitric oxide,

A freshly made mixture of solutions of potassium hydrate
and pyrogallol absorbs oxygen and is coloured brown by it.

NoTe.—The above tests for oxygen are also yielded by ozone,
but methods of distinction are given in par. 46.
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NITROGEN Gas.

26. Preparation of Nitrogen from Air.— Atmospheric air
consists mainly of a mixture of oxygen with nitrogen. In
order to remove the oxygen and obtain the nitrogen, phos-
phorus may be burnt in some air confined over water. The
phosphoric oxide thus formed is allowed to settle down and
dissolve in the water. The volume of nitrogen which re-
mains will be found to amount to four-fifths that of the air
employed. The gas may be shown to have the property of
extinguishing a flame,

F1a. 23,

PREPARATION OF NITROGEN FROM AIR.

ExreriMENT 8.—Place a small piece of well-dried phos-
phorus in a little drg porcelain dish and float the dish upon
some water in a pan. Then place an open bell-jar asa cover
over the floating dish, immersing the mouth of the bell-jar in
the water, and allowing it to rest on two strips of sheet-lead
which have been laid upon the bottom of the pan (fig. 23).

Kindle the phosphorus by touching it with the end of a
long piece of wire, or of a glass rod which has been heated
in the flame and then pushed down through the neck of the
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bell-jar. Immediately insert the cork or stopper, and hold
down the jar until it stands steadily by itself.

When the phosphorus has united with all the oxygen of
the inclosed air, it ceases to burn. Water will then gradu-
ally rise in the bell-jar, as the heated residual gas contracts
by cooling. The water will ultimately rise in the bell-jar
and fill one-fifth of the space which was previously occupied
by the air.

Now pour water into the pan, until it stands at the same
level both inside and outside the bell-jar. Remove the cork

¥i1G. 24.

PREPARATION OF NITROGEN FROM AMMONIUM NITRITE.

or stopper and introduce a burning taper or strip of wood.
The flame will be at once extinguished by the nitrogen.

27. Preparation and Properties of Nitrogen.—It has been recently
shown that atmospheric nitrogen contains a small proportion of
argon, and minute proportions of other gases. Pure nitrogen may
be prepared by heating a solution of sodium nitrate and ammonium
chloride. The chemical change is as follows :—

NaNO, + NH,Cl=N, + NaCl + 2H,0.

EXPERIMENT 9.—Fit a four-ounce flask with a doubly perforated
cork (11). Pass a thistle-funnel through one hole in the cork, letting
it reach nearly to the bottom of the flask. Through the other hole
pass a delivery-tube bent (5) to the shape shown in fig. 24, and
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prove the apparatus to be sound by closing the end of the delivery-
tube and blowing down the thistle-funnel Arrange this apparatus
for collection of the gas as is shown in fig, 24.

Introduce about 5 grams of sodium nitrite and 5 grams of
ammonjum chloride into the flask, add 50 c.c. water, and gently
heat the mixture. When the air has been expelled from the
apparatus, invert over the beehive cell a glass cylinder, which has
been previously filled with water and closed with a glass plate, and
remove the plate.

'The gas will gradually displace the water. As soon as the jar
is full of gas, slide a glass plate over its mouth while it is immersed
in the water and remove the jar. Fill two more jars, and use one
jar for each of the following tests.

28. Tests for Nitrogen.—Notice that the gas is colourless,
and possesses no smell; that it at once extinguishes a
lighted taper ; and that when lime-water is shaken in the
jar, the liquid remains clear.

HyYDpROGEN Gas.

29. Preparation of Hydrogen from Hydrochloric acid.
—Water consists of oxygen combined with another gas called
hydrogen. Several processes are known for preparing
hydrogen from water. Hydrogen is, however, also a con-
stituent of all acids, and it is most readily obtained from
certain acids by the action of metals upon them.

ExpERIMENT 10.—Fit the necks of a two-necked Woulffe’s
bottle with perforated corks, one of which bears a thistle-
funnel whose end reaches nearly to the bottom of the bottle,
and the other a bent tube terminating just below the cork
(fig. 25). Then attach a bent delivery-tube to this tube by
means of a short pieee of tightly-fitting rubber tubing.

A wide-necked bottle, fitted as is shown in fig. 29 (p. 34), may be
used instead of the Woulffe’s bottle.

Put into the bottle sufficient granulated zinc to cover the
bottom, and replace the cork. Then ascertain that the
apparatus is air-tight by closing the end of the delivery-tube
and blowing down the thistle-funnel. Now pour water in
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through the funnel, until the zinc and the end of the funnel-
tube are covered ; then add pure strong hydrochloric acid
gradually (see Caution, p. 18). Hydrogen will be seen
rising from the zinc in numerous small bubbles : Zn + 2HCI
=H, + ZnCl,.

30. Collection of Hydrogen.—Dip the end of the
delivery-tube under water contained in a pan, and allow
the gas to bubble out through the water for at least five
minutes. This delay in collecting the gas is necessary in
order to give the hydrogen time to remove the air which

filled the bottle,
Fia. 25

PREPARATION AND COLLECTION OF HYDROGEN.

It should be remembered that a mixture ‘of air with
hydrogen burns explosively when it is kindled. The freedom
of the escaping gas from air should therefore be ascertained
as follows. Invert a test-tube filled with water over the end
of the delivery-tube. 'When the test-tabe is full of gas close
its mouth with the thumb, and remove the tube from the
water. Then hold its open mouth to«a flame. If the gas
burns with a slight explosion, the tube must be filled again
with the gas and the experiment repeated.

As soon as the gas burns quietly within the test-tube, a
small glass cylinder may be filled with water, then inverted
in the pan of water and filled with hydrogen (fig. 25).

During the further preparation of gas for the following
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experiments, it will be found occasionally necessary to pour
in a little strong hydrochloric acid through the funnel-tube,
in order to render the evolution of hydrogen more rapid.

31. Hydrogen is lighter than Air.—It is easy to show
that hydrogen rises in the air in the following way,

ExperIvENT 11.—Hold a jar of hydrogen for a short time
with its mouth open and directed upwards. Then introduce
a lighted taper into the vessel. No hydrogen flame will be
seen, and no explosion will occur. This proves that the
hydrogen has entirely escaped from the jar.

Then fill the eylinder once more with hydrogen, and hold
it for a short time with its mouth downwards. Now push up
a lighted taper into the jar. The hydrogen will burn with a
pale flame. Note, however, that the gas burns in this case
with a slight report ; this is due to air having mingled to
gome extent with the hydrogen by spontaneous difusion.

Since hydrogen has not escaped downwards, while it has
rapidly escaped upwards, it is proved to be lighter than air.

32. Collection of Hydrogen by Displacement.—Advan-
tage is often taken of the lightness of hydrogen to facilitate
the process of its collection. The gas is allowed to directly
replace the air from the vessel in which it is to be collected.
For this purpose a straight delivery-tube from the hydrogen-
apparatus is passed up to the top of the inverted vessel.
The hydrogen then collects in the upper part of the vessel,
and gradually pushes out the heavier air,

ExpERIMENT 12.—In order to fill a jar with hydrogen by
this process of direct displacement, quickly replace the bent
tube in the cork of the hydrogen generator by a straight tube
eight or nine inches in length (fig. 26). Then causea brisk
effervescence of gas to take place by pouring some strong
hydrochloric acid down the funnel-tube, and pass the de-
livery-tube up to the top of an inverted jar. Allow the jar
to remain in this position for several minutes.
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The mouth of the ja1 may be loosely closed by a piece of perforated
metal or cardboard, which rests upon a small piece of india-rubber
tubing pushed on the delivery-tube. This will hinder the spontaneous
mixture with the air, or diffusion, which occurs when the hydrogen is
in contact with the air.

33. Hydrogen is Combustible but Extinguishes Flame.
—Prove this by means of F1a. 26.
the jar which has just
been filled by displace-
ment.

ExpERIMENT 13.—Re-
move the jar (fig. 26),
keeping it inverted, and
push up insideitaburning
wax taper, five or six
inches in length. The
hydrogen will be kindled,
and will burn with a pale
flame at the mouth of the
jar, but the flame of the
taper will be seen to be extinguished by the gas. The
taper may, however, be rekindled by holding its end in the
hydrogen flame which is burning at the mouth of the jar.

COLLECTION BY DISPLACEMENT

34. Hydrogen forms Water when it is Burnt in Air.— .
This is proved by burning the hydrogen as it escapes from
the apparatus, and then condensing the steam which is
formed by the combustion as it escapes from the flame.

ExpERIMENT 14.—Cover the generating bottle and funnel-
tube with a cloth in order to prevent danger in case of an
explosion, and light the hydrogen at the end of the delivery-
tube (fig. 26). Then hold over the flame a tumbler or beaker,
which is perfectly clean, dry, and cool. The inside of the
glass will become dimmed with moisture. This shows that
when hydrogen burns in the air, it is uniting with oxygen
and .producing water: H, + O=H,0.
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Inorder to make the above result conclusive the hydrogen should
be dried before it is burnt, since it will always contain more or less
vapour of water derived from the liquid in the generator. The gas
may be dried or desiccated by passing it through some substance which
readily absorbs moisture, such as strong sulphuric acid or fragments
of solid calcium chloride. A straight tube containing fragments of
calcium chloride (fig. 27 @), ora U-tube filled with pieces of pumice-
stone moistened with strong sulphuric acid (fig. 27 b), may be con-
nected with the hydrogen-apparatus for the purpose of drying the gas.
A more convenient form of U-tube is shown in fig, 28,

F1a. 27. Fi1a. 28.
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DIFFERENT FORMS OF DRYING-TUBES.

35. Explosion of a Mixture of Hydrogen and Oxygen.—A mixture
of hydrogen with half its volume of oxygen burns with violent
explosion when it 1s kindled.

EXPERIMERT 15. —F1ll a short thick-glass cylinder with water,
then 1nvert 1t in a pan of water. Displace one-third of the water in
the cylinder with oxygen (23, Exp. 4), and the remainder with
hydrogen (29, Exp. 10). Let the jar stand with its mouth under
water for five or six minutes in order to allow the gases to mix, Then
raise the inverted jar and apply a lighted taper to 1ts mouth The
mixture of gases will burn rapidly with a loud explosion,

36. Tests for Hydrogen.—Hydrogen gas is recognised by
burning with a pale flame when it is kindled in air or in
oxygen. The flame of the dried gas deposits water on the
inside of a clean cold glass vessel. No carbon dioxide is
formed during the combustion of the gas (39).

When hydrogen is mixed with half its volume of oxygen,

3
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or with a corresponding volume of air, and the mixture is
kindled, it burns explosively with formation of moisture.

CarBoN D10oxIDE, oR CARBONIC ANHYDRIDE Gas,
37. Preparation of Carbon Dioxide from Marble.

When carbon is burnt in oxygen (24, Exp. 5) carbon
dioxide gas remains in the jar, mixed with nitrogen. This
gas is easily obtained, unmixed from nitrogen or other gases,
by pouring hydrochloric acid upon some pieces of marble :

CaCO, + 2HCl = CO, + H,0 + CaCl,.

Chalk or limestone may be substituted for marble, but it will
usually froth and give off gas too rapidly.

ExpERIMENT 16. — Rinseoutthehydrcgen apparatus(fig. 25,
p. 80), or fit up a special bottle (fig. 29),
and place in it some small pieces of
marble. Push into the rubber joint a
delivery-tube bent at right angles (5),
as is shown in fig. 29. Then pour
through the funnel-tube sufficient water
to cover the marble and the end of the
funnel-tube, and add strong commercial
hydrochloric acid until the gas comes off
with brisk effervescence. Place the de-
=" livery-tube inadry jar,with its end nearly
PrEpAraTION or bouching the bottom, and allow the gas
CArBON DIoXIDE. to pass into the jar for several minutes.
Carbon dioxide is much lLeavier than
air, and it will therefore soon fill the jar by displacement ;
that is to say, the gas which passes constantly to the lower
part of the jar will remain there, and will gradually lift out
the air.
This gas has the property of extinguishing a flame, and
it is, therefore, easy to ascertain when the jar is full, by
holding a lighted taper just inside its mouth: if the flame

Fia 29.
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18 extinguished, the carbon dioxide is shown to have reached
the top of the jar. -

It is well to prevent diffusion by covering the mouth of
the jar with a small disc of cardboard, which has had a slit
or hole cut in it for the delivery-tube.

Carbon dioxide is largely dissolved Ly water, hence the
process of collecting it by direct displacement is preferred to
collection over water, which would entail some loss of gas.

38. Carbon dioxide is Heavier than Air. Prove that it
tends to fall in the air in the following manner.

ExperIMENT 17.—Allow a jar of carbon dioxide to stand
uncovered with its mouth upwards for a few minates. Then
introduce a burning taper into the jar: the flame will be
immediately extinguished. This proves that the carbon
dioxide is stall present in the jar.

Now hold the jar for several minutes with its mouth
downwards, and test with a lighted taper; the flame of the
taper will continue to burn inside the jar, showing that the
carbon dioxide has been replaced by air.

These experiments prove that carbon dioxide is heavier
than air, since it has remained in the vessel which is open
above and has fallen out of the one which is open below.

ExpERIMENT 18.—As this gas is much heavier than air, it

can be poured like water from one Fra. 30.
vessel into a second vessel which ,
is full of air. ‘ “
A jar full of carbon dioxide is V'
gradually tilted a little beyond the
horizontal position, with its mouth

over that of a small beaker (fig.

30). After the jar has been held POURING 0UT CARBON
in this position for a short time, Droxrp.

it may be shown by means of a lighted taper that the gas
has left the jar and is present in the beaker.

39. Carbon dioxide ‘turns Lime-water milky,—This is
the usual test for detecting the presence of the gas.
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ExpPERIMENT 19.—Pour some lime-water from a test-tube
or small beaker into a jar of carbon dioxide, and shake the
liquid round in the jar. The lime-water will at once become
milky.

The lime, which was dissolved in the water and was there-
fore invisible, has been converted by the carbon dioxide into
chalk or calcium carbonate; and this, being an insoluble
substance, remains mixed as a white powder or precipitate
with the water : CaH,0, + CO,=CaCO,+ H,0.

40. Carbon dioxide dissolves in Cold Water, and is
removed by Boiling the Water. The solution of the gas
probably contains carbonic acid : CO, + H,0=H,CO,.

The solubility of the gas in water, and its removal from
solution by boiling the water, may be proved as follows.

“ExperiMENT 20,—Carbon dioxide is made to displace the
aiv from a jar which has been previously half filled with
cold water (fig. 29). The mouth of the jar is then tightly
closed with the wetted palm of the hand, and the gas and
water are shaken together vigorously for a short time. The
mouth of the jar will now firmly adhere to the hand, owing
to the reduction of the pressure of the gas caused by its
absorption by the water.

ExpERIMENT 21.—A further proof of the sqlubility of
carbon dioxide is afforded by dipping the end of the delivery-
tube (fig. 29) to the bottom of a small beaker containing
water, 50 as to cause the gas to bubble through the liquid.
After the bubbles have passed through the water for several
minutes, a few drops of the liquid may be poured into a test-
tube containing lime-water ; the lime-water will immediately
become milky.

If a little blue litmus solution, or a piece of blue litmus-
paper, is dropped into another part of the carbonic acid solu-
tion, the litmus will become red, indicating the presence of
an acid. Preserve this portion of the liquid for Exp. 22,

The liquid which contains carbonic acid will be found to
possess a taste resembling that of soda-water. In fact,soda-
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water is merely water which has been made to dissolve a large
quantity of carbondioxide, by shaking up the water with the
gasunderpressure, By testingsoda-water withlime-waterand
with litmus, it may be readily shown to contain carbonic acid.

ExrerIMENT 22.—Heat some of the water which contains
carbonic acid (Exp. 21) in a test-tube until it boils, As soon
as the heat is applied, bubbles of gas will rise in the water;
and after it has been boiled briskly for several minutes, the
liquid may be proved to be free from carbonic acid by test-
ing it with lime-water and with litmus.

The reddened litmus in the carbonic acid solution, which
was put by from a previous test (Exp. 21), will also become
blue when the solution is boiled.

These experiments prove that carbon dioxide may be
completely expelled from water by boiling the liquid for
some time.

41. Calcium carbonate dissolves in Carbonic acid solu-
tion, and is Precipitated by Boiling the liquid.

ExpERIMENT 23.—Dilute some lime-water in a small
beaker with about an equal measure of distilled water, and
allow carbon dioxide gas to bubble through the liquid.
Milkiness will be produced at first, owing to the formation
of calcium tarbonate. But if the gas isallowed to pass for
several minutes through the liquid the milkiness will
gradually disappear, showing that calcium carbonate is
soluble in carbonic acid.

When this clear liquid, however, is boiled for a short
time, it will become milky again, because the chalk can no
longer remain dissolved after the carbonic acid has been
removed (Exp. 22).

When the water is poured out, part of the calcium car-
bonate will be seen adhering to the inside of the tube; it
may be readily removed by rinsing out the tube with a little
hydrochloric acid.

The above experiment explains the origin of the coating
or incrustation which may be seen inside kettles and steam-
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boilers, in which hard chalk-water has been boiled for some
time. Such water contains chalk dissolved by carbonic acid ;
this acid is removed when the water is boiled, and a great
part of the chalk is deposited upon the inside of the vessel.

42. Tests for Carbon dioxide.—The presence of carbon
dioxide gas may be detected by its power of extinguishing
a burning taper, and of turning lime-water milky. The
latter test distinguishes it from nitrogen and from certain
other gases which extinguish flame.

Detection of Carbon dioxide in the Breath, from
a Flame, and in the Air.—The above tests may be em-
ployed to prove that carbon dioxide is evolved from the
lungs during the process of respiration, and also that it is
produced by an ordinary flame. The gas is, therefore, being
constantly introduced into the air, and it may always be
detected in the air by the lime-water test.

ExpERIMENT 24.—Invert a jar filled with water in a pan
of water, and blow the breath up into the jar through a glass
tube, one end of which is dipped beneath the mouth of the jar.

In order to obtain air from the lungs, take a full breath ;
then expel the greater part of the breath, so as to replace the
air contained in the windpipe and mouth by air from the
lungs. Allow the remainder of the breath to bubble np into
the jar.

Now close the jar, remove it from the pan, and introduce
into it a lighted taper: the flame will be immediately
extinguished.

Fill another jar in the same way and shake up lime-water
in it. Also blow the last part of the breath through a glass
tube into lime-water contained in a small beaker, The
lime-water will become milky in each case.

ExpERIMENT 25.—Light a small piece of candle or wax-
taper upon a deflagrating-spoon, and place it in a bottle of
air, the mouth of which is closed by the brass plate of the
spoon (fig. 31).
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The flame will burn for a short time and will then be extin-
guished. If the candle is relighted and replaced in the bottle,
the flame will be immediately ex-
tinguished. The extinction of the F1a. 31.
flame is due to the presence of
carbon dioxide, and to the reduction
of the amount of free oxygen in
the air, which result from the com-
bustion of the candle.

Now pour some lime-water from
a small beaker into the bottle and
shake the liquid round. It will
become milky.

A similar experiment may be
performed by inverting the bottle
over a small gas-flame, closing the
mouth of the bottle with a glass :
plate as soon as the flame is ex-  CANDLE IN CLOSED
tinguished, and then shaking lime- BorrLk.
water in the bottle. The lime-water will become milky,
proving that carbon dioxide is produced by the combustion
of coal-gas.

— m—_‘

ExpERIMENT 26.—Pour some clear lime-water into a watch-
glass or cleck-glass, and allow it to stand for a few minutes
exposed to the air. A film of calcium carbonate will gradu-
ally form on the surface of this liquid and render it dull:
the film will be broken up into white flakes when the water
is stirred. This proves the presence of carbon dioxide in
the air.

NITRIC OXIDE GAS.

43. Preparation of Nitric oxide from Nitric acid.—This gas
may be prepared by the action of diluted nitric acid on copper :
8Cu +8HNO;=2NO + 8Cu(NOy),+4H,0.

EXPERIMENT 27,—Cleanse the apparatus which has been already
used for the preparation of hydrogen (29, Exp. 10), place some copper
clippings or turnings in it, and pour in water until the end of the
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funnel-tube is covered. Then add stiong commercial nitric acid
gradually (see Caution, p. 18), until a reddish-brown gas appears
inside the bottle. Allow this gas to bubble off through water. After
a short time the colour will almost entirely disappear, and a colour-
less gas may then be collected over water in the same way as
hydrogen gas was collected (30).

44. Tests for Nitric oxide.—Nitric oxide is colourless ; but when
it is mixed with free oxygen, nitric oxide is con\erted into reddish-
brown nitrogen peroxide

EXPERIMENT 28.—Invert a jar filled with water in water, and fill
it with nitric oxide gas. Then either pass oxygen up into it, or
remove the jar from the water and allow it to stand with its mouth
open to the air The entrance of the oxygen, or of the air, into the
nitric oxide will at once produce a reddish-brown colour.

The origin of the coloured gas which was seen in the preparation-
bottle in Exp. 27 is now explained. The bottle was at first filled
with air ; as soon as the first portions of the nitric oxide gas were
produced, they therefore mingled with the free oxygen of the air
and formed nitrogen peroxide.

This coloured gas is produced as long as any free oxygen remains
in the bottle. The coloured gas is rapidly dissolved by water.

OzZONE GAS.

45. Preparation of Ozone from Air.—Oxygen 1s converted by the
influence of electricity into a gas known as ozone. When certain
processes of oxidation are being effected by free oxyger, the oxygen
is also partially converted into ozone. Ozone hasa peculiar smell, and
possesses other properties which distinguish it from oxygen. Since,
however, ozone can be made from oxygen and can be reconverted
into oxygen without any change of weight occurring, ozone is only
altered or allotropic oxygen. The preparation of ozone by the spon-
taneous oxidation of phosphorus in the air is described below.

The student may save time by reading through Exp. 29 and trying
the test for ozone by placing phosphorus in a flask (Exps. 30, 31).

EXPERIMENT 29.—Cleanse the apparatus which was used for pre-
paring nitric oxide (44, Exp. 27), and replace the rubber joint and
the bent delivery-tube by a test-tube, the bottom of which has been
drawn out into an open nozzle (fig. 32). The joint may be made
by a piece of rubber tube or by a perforated cork.

Now place in this tube a stick of phosphoius, about an inch in
length, and pour water slowly in through the funnel-tube 8o as to
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drive the air from the interior of the bottle over the phosphorus and
out through the nozzle,

The escaping air will be found to have the peculiar smell of ozone,
showing that the oxygen of the air
has been partly converted 1nto ozone
by contact with the phosphorus.

F1a. 32,

46. Tests for Ozone —Ozone an-
swers to the tests for oxygen (25),
but 1s distinguished by its smell and
by separating 10dine from potassium
iodide. The presence of the iodine
thus liberated is confirmed by its
power of turning starch solution
blue.

EXPERIMENT 30.—Stir a little
starch-powder with some cold water
and pour this gradually into some water which 1s boiling briskly in
a small porcelain dish * then cool the liquid. Mix a few drops of
potassium iodide solution with part of this starch-solution in the
porcelain dish, and moisten a strip of filter-paper with the hquid.
"The paper thus prepared will serve to detect ozone, since the 10dine
which 1s separated by this gas from the potassium 10dide, will strike
an intense biue colour with the starch. Prove this by letting the
stiecam of ozonised air, prepared as 1s directed above (Exp. 29)
impinge upon this test-paper. If the air fails to turn the paper
blue, repeat the experiment according to the directions given below
(Exp. 31).

EXPERIMENT 31.—Occasionally it will be found difficult or 1m-
possible to obtain the ozone reaction with the apparatus described
in Exp. 29. The method of experiment should then be modified
by placing a few pieces of phosphorus at the bottom of a small glass
flask, and hanging a strip of the moist ozone test-paper (Exp. 30)
inside the flask. The neck of the flask is then closed by a watch-
glass, and the test-paper 1s observed at intervals. Ina period, which
may vary from about five to twenty minutes. the change of colour
indicative of the production of ozone will take place in the test-paper.

PREPARATION OF OZONE.

HYDPROGEN SULPHIDE GAS.

47. Preparation of Hydrogen sulphide.—This gas is often called
sulphuretted hydrogen.

EXPERIMENT 32.—It may be prepared in the apparatus which
was used for the preparation of carbon dioxide (37, Exp. 16), and
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may be collected by downward displacement. Small pieces of
ferrous sulpbide are introduced into the cleansed apparatus, and
diluted hydrochloric acid is poured upon them through the funnel-
tube . FeS+2HCI=H,S + FeCl,.

The gas is very poisonous and has a foul smell, it must therefore
be prepared in the draught-closet. A mixture of this gas with air
burns explosively when it is kindled.

The gas should if possible be collected fromthe general laboratory
apparatus, .which is placed in a suitable draught-closet

48, Tests for Hydrogen sulphide.—Hydrogen sulphide is recog-
nised by its peculiar and offensive smell, by its power of converting
a colourless sait of lead into brown lead sulphide, and by forming
pungent sulphur dioxide when it is burnt.

EXPERIMENT 38 —Moisten a piece of filter-paperwith lead acetate
solution, and expose the paper to the gas - it will become dark brown.

Burn the gas in a glass cylinder and at once close the cylinder with
a glass plate. Note the deposition of yellow sulphur on the inside
of the glass; this is due to the supply of oxygen being insufficient
to secure the complete combustion of the gas. Slip aside the glass
plate for a moment, and pour n quickly some water, which has
been faintly coloured with potassium dichromate solution. Shake
this liquid about in the jar. The colour of the liquid will change to
green, showing that sulphur dioxide is present. This gas is thus
proved to be a product of the combustion of hydrogen sulphide.

AMMONIA Gias.

49- Preparation of Ammonia from Ammonium chloride.
—The pungency of common Smelling-Salts is due to the
ammonia gas which is constantly escaping from solid Car-
bonate of ammonia,

The gas is evolved much more rapidly if either Carbonate
of ammonia or Sal ammoniac is mixed with slaked-lime,
and the mixture is then gently heated.

ExpErtMENT 34, —Powder a little ammonium chloride or
Sal ammokiac in a mortar, and mix with it about an equal
quantity of\ finely powdered slaked-lime. Ammonia gas
will be evolyed from this mixture, and may be readily
detected by it pungent smell :

2HN {1+ CaH,0, = 2N H, + CaCl, + 2H,0.
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50. Preparation of Ammonia from Solution of Ammonia.
— Ammonia gas is readily expelled from its solution in water
by means of heat. This forms a convenient method of
obtaining the gas.

ExperiMeNT 35.—-Pour some strong solution of ammonia
(Ligquor Ammoniae Fortissima) into a small flask (fig. 33),
until the flask is about one-quarter filled. Close the neck
of the flask with a tightly-fitting perforated cork, into which
a straight piece of glass
tube, eight or nine inches F1c. 33.
long, has been fitted. Then
place the flask upon a piece

of wire-gauze on a tripod- =
stand, and heat it gently by Jr
a small flame. :

Ammonia gaswill at once
escape from the liquid with
effervescence, and will issue
from the end of the tube.

Since ammonia is much
lighter than air and is very
soluble in water, it should
be collected in a perfectly
dry jar by the direct dis-
placement of the air.  The ypyprpariox anp Corrrcrion
jar is conveniently sup- OF AMMONIA.
ported over the delivery-
tube by passing it through the ring of a retort-stand, and
allowing its mouth to rest upon a cardboard disc, which is
supported on a rin} of india-rubber tubing slipped upon the
delivery-tube (fig. 83).

In order to ascertain when the vessel is filled with the
gas, it is only necessary to hold at the mouth of the jar
a piece of red-litmus or yellow turmeric-paper. If the
ammonia has filled the jar, it will change the colour of
the litmus to blue and that of the turmeric to reddish-
brown,
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5I. Combustion of Ammonia.—Ammonia gas does not
burn continuously in cold air, but it burns readily in strongly
heated air or in oxygen gas.

ExpErIMENT 86.—Bring a Bunsen gas-flame close to the
end of the delivery-tube (fig. 83), from which a stream of
ammonia isissuing. A pale yellowish-green flame of burning
ammonia will be seen at the end of the tube as long as the
air around is heated by the flame.

If the ammonia is kindled, as the end of the delivery-tube
is pushed up into a jar of oxygen, the ammonia will also
continue to burn in the oxygen.

52. Solubility of Ammonia in Water..—Ammonia is
extremely soluble in water, and must therefore be collected
either by displacement or over mercury. For this reason the
ingide of a vessel in which ammonia is to be collected should
always be perfectly dried, in order to prevent lossof the gas
from occurring by its absorption by the moisture. The
solubility of ammonia in water may be proved by the follow-
ing experiments.

ExpERIMENT 37.—Place a jar filled with ammonia mouth
downwards in a vessel of water, and gently shake the jar so
as to agitate the water at its mouth. The liquid will rapidly
absorb the gas, and will rise in the jar until it fills the space
which was occupied by the ammonia. A small part of this
space, however, frequently remains filled with air which
had become mixed with the ammonia during the process of
charging the jar.

ExperMENT 38.— Pour a little water rapidly from a small
beaker into a jar of ammonia gas, and at once cover the jar
with a glass plate or with the hand. Then shake the water
round in the jar and pour it out. The liquid will be found
to have acquired the pungent smell, and the action upon
litmus-paperand turmeric-paper, which characteriseammonia

This lignid is in fact weak Liquor Ammoniae, a solution
which is prepared commercially in large quantities by passing
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2mmonia gas for some time into cold water. Even at ordi-
nary temperatures this solution slowly gives off a portion of
the gas which it contains, and it furnishes ammonia gas
readily when it is heated (Exp. 85).

53. Ammonia gives White Fumes with Hydrogen
chloride gas.—These fumes consist of particles of solid
ammonium chloride.

ExpERIMENT 39.—Pour a little strong hydrochloric acid
into a glass jar (see Caution, p. 18); close the mouth of the
jar with a glass plate, and shake
up the acid. Hydrogen chloride gas
will thus be liberated, and will
mingle with the air contained in the
jar. Allow the liquid to run out of
the jar by slipping aside the glass
plate for a moment.

Place this jar in an inverted posi-
tion over another jar, which contains
ammonia gas and is also covered
with a glass plate (fig. 34 a).

Then withdraw the glass plates,
so that the mouths of the jars are
in contact (b) and the hydrogen
chloride and ammonia gases can
freely intermingle. Dense, opaque,
white fumes of solid ammonium , o o
chloride will immediately be formed: GEN CHLORIDE.
NH,+HCI=NH,CL

These fumes may also be obtained by dipping a glass rod
or a strip of ﬁlter-paper into some strong hydrochloric acid,
and then holding it'in the ammonia gas as it issues from the
delivery-tube of the apparatus (fig. 83). The wetted rod or
paper may also be pushed up intoan inverted jar previously
filled with the gas, or may be held at the mouth of a bottle
containing strong solution of ammonia,

Fie. 34.

54. Tests for Ammonia gas.—Ammonia gas may be
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readily recognised by its pungent smell ; by turning
moistened red litmus-paper blue; by turning moistened
turmeric-paper reddish-brown ; and by giving opaque white
fumes when it is brought into contact with a surface which
has been moistened with strony hydrochloric acid.

CARBON MoNOXIDE GAS.

This gas is produced when carbon dioxide is passed over
red-hot charcoal: CO,+ C=2CO. Itisoften formed in this
way in open grates, and is therefore seen burning with its
characteristic blue flame at the upper surface of the glowing
fuel. The gas is poisonous when it is breathed in any
quantity.

Two methods for preparing carbon monoxide are described
(55, 56). The gas is most easily made by heating sodium
formate with sulphuric acid (56); but the preparation from
oxalic acid (55) is also described, because it furnishes a good
illustration of the ordinary method of purifying a gas by
washing it with a suitable liquid, or by passing it over frag-
ments of a suitable solid.

55. Preparation of Carbon monoxide from Oxalic acid.
—A mixture of carbon monoxide with an equal ineasure of
carbon dioxide may be prepared by heating crystals of oxalic
acid with strong sulphuric acid :

H,C,0,.2H,0 + H,;80,=C0+CO, + H,80,.3H,0

ExperMENT 40.—Pour upon a few crystals of oxalic acid,
contained in a boiling-tube, about twite their volume of
strong sulphuric acid, and heat the mixture (see Caution, p.
18). In a short time effervescence will commence, showing
that gas is being evolved.

Introduce into the mouth of the boiling-tube a glass rod,
which has been freshly dipped into lime-water ; the drop of
lime-water hanging upon its end will become milky, proving
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that carbon dioxide is present in the escaping gas. Hold the
mouth of the boiling-tube against a Bunsen-flame, a blue
flame will appear at the mouth of the tube, showing that
carbon monoxide gas is also being evolved.

In order to remove the carbon dioxide and to obtain pure
carbon monoxide, the mixture of gases is either washed with
solution of caustic soda, or is passed over pieces of solid
caustic soda or soda-lime. Caustic soda absotbs the carbon
dioxide readily, but it does not affect carbon monoxide and
allows it to pass on:

CO + CO, + 2NaHO = C0 + Na,C0, + H,0.

Fia. 35.

PREPARATION AND COLLECTION OF CARBON MONOXIDE.

ExpeErIMENT 41.—Heat a mixture of oxalic acid crystals
and strong sulphuric acid in a flask fitted as is shown in
fig. 35. Remove the flame as soon as effervescence com-
mences, else the acid will froth over; then heat gently.

Allow the gases which are evolved to pass through a wash-
bottle containing caustic soda solution, or through a suitable
tube filled with fragments of soda-lime or with fragments of
pumice-stone moistened with strong caustic soda solution.
The bulbed tube (a) or the U-tube (b),shown in figs, 27, 28
(p. 83), are commonly employed as receptacles for the solid
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reagents. If the carbon dioxide isto be completely removed,
the gases must be passed through two or more such tubes or
bottles, and the stream of gas must be slow.

The carbon monoxide gas may be collected over water.
It will produce no milkiness when it is shaken with lime-
water, unless the stream of gas has been so rapid that the
caustic soda has not been able to absorb the carbon dioxide
completely.

56. Preparation of Carbon monoxide from Sodium for-
mate.—When sodium formate is heated with strong sul-
phuric acid, carbon monoxide alone is given off :

NaHCO, + H,S0, = 00 + NaHSO0,. H,0.

Carbon monoxide is thus readily obtained free from carbon
dioxide. The preparation may be carried out in the appa-
ratus shown in fig. 35, but the washing bottle may be dis-
pensed with.

57. Carbon monoxide Burns in Air, forming Carbon
dioxide.—Carbon monoxide resembles hydrogen by being
inflammable and by extinguishing flame. It also burns
explosively, when it is mixed with a suitable proportion of
oxygen or of air and is then kindled. Hence, before this
gas is collected in any quantity, it should be proved to be
free from air by filling a small test-tube and seeing that the
gas burns quietly when it is kindled.

ExPERIMENT 42.—Push a burning taper up into an in-
verted jar filled with carbon monoxide. The gas will burn
with a blue flame at the mouth of the jar, but the flame of
the taper will be extinguished.

As soon as the gas has ceased to burfl inside the cylinder
pour in a little lime-water and shake it about. The liquid
will become milky, showing that the combustion of carbon
monoxide in the oxygen of the air has produced carbon
dioxide gas : CO+ 0=CO,.

58. Test for Carbon monoxide.—Carbon monoxide is
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recognised by burning with a pale blue flame in the air, pro-
ducing carbon dioxide, which renders lime-water milky.

CHLORINE GAS.

59. Preparation of Chlorine from Hydrochloric acid.—This gas may
be made in the apparatus which has been employed for the prepara-
tion of carbon monoxide (fig.

35, p. 47). The washing-bottle F1G. 36

may elther be dispensed with,
or 1t may be partly filled
with water 1n order to free
the chlorine from hydrogen
chloride gas : and the de-
livery-tube should not be
curved round at the end, as
it is not to be passed under
water (fig. 36).

EXPERIMENT 43.— Place
some small pieces of manga-
nese dioxide 1n the cleansed
flask (fig. 36). Pourin strong
hydrochloric acid which has
been mixed with about one-
third its measure of water,

PREPARATION AND COLLECTION OF
and heat the mixture gently CHLORINE.

in adraught closet. A green-
ish-yellow gag will be evolved. Collect the gas by displacement
(Exp. 16, 37), since it is much heavier than air

MnO, + 4HCl=Cl,+ MnCl, + 2H,0.

This gas has a very destructive action on the lungs, and must'on
no account be inhaled in any quantity.

60. Tests for Chlorine.—Chlorine is usually recognised by its
yellowish-greenish colour, by its peculiar smell, and by its property
of bleaching moist vegetable colours.

EXPERIMENT 44 —The bleaching-power of chlorine is shown by
placing a piece of moistened litmus-paper, or of Zurkey-red fabric
dyed with madder, in a jar of the gas. The colour will be destroyed.

When a burning candle is plunged into a jar of chlorine, it con-
tinues to burn with a very smoky flame. A strip of filter-paper wetted
with hot turpentine catches fire spontaneously in chlorine, and
gives rise to dense smoke. The hydrogen only of these combustible

4
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substances combines with the chlorine forming hydrogen chloride,
and the carbon separates in the free state giving 1ise to the smoke.

A piece of dutch-foil or of copper-leaf al<o burns spontaneously
when it is dropped into chlorine, the metal being converted iuto
its chloride with production of heat.

If chlorine is allowed to bubble through a little water, the water
will acquire the colour, the smell, and the bleaching-power of the
gas. This shows that chlorine is soluble in water, and explains
why the gas cannot be collected over water without loss.

When chlorine is brought into contact with hydrogen sulphide
(fig. 84, p. 45), hydrogen chloride is formed and sulphur 1s deposited
on the inside of the vessel.

HYDROGEN CHLORIDE, OR HYDROCHLORIC ACID GAS.

61. Preparation of Hydrogen chloridée —When sodium chloride
and sulphuric acid are heated togetherin a glass vessel, they furnish
hydrogen chloride and sodium hydrogen sulphate :

NaCl+ H,80,=HCl + NaHSO0,,

EXPERIMENT 45.—Cleanse the flask which was used for the pre-
paration of chlorine (fig. 36, 59), and place in it several lumps of
rock salt (sodium chloride). Pour in some strong sulphuric acid
which has been diluted with an equal volume of water, and heat
gently. Hydrochloric acid gas will be evolved. Its escape will be
rendered evident by the fumes which it produces in ordinary moist
air and by its pungent smell, also by its power of turning blue lit-
mus-paper red. This gas is heavier than air and should be collected
by displacement (fig. 36), since it dissolves largely in water.

62. Tests for Hydrogen chloride.—This gas may be recognised
by its pungent smell, by fuming in the air, by turning blue litmus
1ed, and by giving opaque white fumes with ammonia gas or with
strong ammonia solution (53). A still more characteristic test
depends upon its power of rendering silver nitrate solution turbid
by the formation of insoluble silver chloride.

EXPERIMENT 46.—Introduce some silver nitrate solutiom, which
has been acidified with nitric acid, into the gas: the liquid will
at once become turbid. The experiment may be tried by pouring
some of the silver'solution into a jar containing the gas; by allowing
the gas to pass into the solution ; or by dipping a glass rod into the
silver solution, and then introducing the rod, with a drop hanging
upon its end, into a jar of the gas.



63, 64, 65.] SULPHUR DIOXIDE, NITROGEN MONOXIDE. 51

SULPHUR DIOXIDE, OR SULPHUROUS OXIDE GAS,

63. Preparation of Sulphur dioxide from Sulphuric acid.—This
gas hasalready been made by burning sulphur 1n oxygen (24, Exp. 6).
It may also be prepared from strong sulphuric acid by heating this
acid with copper.

EXPERIMENT 47.—Cleanse the preparation flask (fig. 36, p. 49), and
place some copper turnings 1n it. Then pour in strong commercial
sulphuric acid and heat the mixture. Sulphurous oxide will be
evolved when the acid has been heated nearly to boiling:

Cu +2H,80, =80, + CuS0, + 2H,0.

The gas may be cooled and washed by passing it through a Lttle
water., It 1s then collected by displacement, since it is much
heavier than air and is extremely soluble in water.

64. Tests for Sulphur dioxide. —This gas possesses an extremely
pungent smell, and is identified by the following tests, of which the
first is the most characteristic.

EXPERIMENT 48.—Pour into a jar of the gas some dilute solution
of potassium dichromate and shake it round; also hang paper
moistened with the dichromate solution in the iar: the reddish

Page 51, par. 65, should read as follows :

65. Preparation of Nitrogen monoxide.—When solid ammonium
nitrate isheated, it melts; and when it is further heated, it decom-
poses into steam and nitrogen monoxide : NH,NO;=N,0 + 2H,0.
Care must be taken to regulate the heat as soon as the effervescence
of the melted salt commences, else the nitrogen monoxide gas and
steam may be evolved with dangerous rapidity.

EXPERIMENT 49.—iCleanse the flask (fig. 36, 59), and close it with
a singly perforated cork bearing a delivery-tube which has been
bent twice at right angles. Replace the washing-bottle by a flask
which is closed by a doubly perforated cork, bearing tubes which
pass just through the cork ; and weight the flask by pouring shot
Into it, so that it may be sunk into a pan of cold water and serve
to condense the steam which escapes with the gas, and to cool the
gas. Now heat the nitrate in the flask ; and collect the nitrogen
monoxide, which is much heavier than air, by displacement.
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66. Tests tor Nitrous oxide.—This gas has a sweet taste; it is
detected by the “ spark-test,” and by not colouring mtric oxide.

EXPERIMENT 50.—Show that nitrous oxide kindles a spark on a
splinter of wood into flame, but that it differs from oxygen by
producing a greenish halo around the flame. Show further that
nitrous oxide gives no red colour with nitric oxide, as oxygen does
(25, 44) for this experiment the gas should be collected over water,
since it way contain air if it has been collected by displacement.

ETHENE, OR ETHYLENE GAS.

67. Preparation of Ethene from Alcohol.—Ethene may be pre-
pared by heating alcohol with strong sulphuric acid :

C,H,0 + H,80,=C,H, + H,80, H0.

EXPERIMENT 51.—The apparatus shown in fig. 35 (55) may be
used. The flask should, however, be round and not conical in shape,
and must not be less than fourteen ounces in'capacity, since the
preparation-mixture froths considerably.

A mixture of one volume of alcohol, of 0-83 specific gravity, with
five volumes of strong sulphuric acid,1s made by shaking the liquids
together in the generating-flask. This mixture must not be more
than half an inch in depth in the flask. A solution of sodium hydrate
is placed in the two-necked washing-bottle, and serves to absorb
the sulphur dioxide which escapes during the preparation.

The mixture in the generating-flask is heated carefully with con-
stant watching, since it is apt to froth.

Ethene when mixed with air may burn explosively,and care must
therefore be taken to expel the air from the preparation vessels com-
pletely before any quantity of the gas is collected and burnt. Two
cylinders should be filled with the gas by collecting it over water,
and another dry jar should be filled by direct displacement of the air,

68, Tests for Ethene.—Ethene may be recognised by the character
and products of its flame, and by its combination with bromine.

EXPERIMENT 52.—Burn the ethene in ong of the wet jarsand note
its very luminous flame. Then burn the gas contained in the dry
jar and close the jar with a glass plate as soon as the combustion is
ended : note that the inside of the jar has become dimmed with
moisture : now shake up the products of combustion with lime-water,
the lime-water will become milky proving that carbon dioxide is
also a product of the combustion of ethene

Open the second wet jar containing ethene for a moment, pour
into it a little bromine-water and shake the liquid with the gas,
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The colour of the bromine will disappear and a colourless fragrant
liquid, ethene dibromide, will be formed

This power of decolourising bromine is a characteristic property
of ethene and of certain allied gases.

METHANE GAS, OR MARSH GAS.

69. Preparation of Methane from Sodium acetate.—This gas

may be prepared by heating an intimate mixture of dried sodium
acetate with soda-lime ;

NaC,H,0,+ NaOH = CH, + Na,CO;.

EXPERIMENT 53.—Heat some crystallised sodium acetate in a
shallow iron sand-bath over the Bunsen-flame, until steam is no longer
given off. The salt will set into a white mass as it cools. Mix one
part of this dry salt with four parts of dry soda-lime, then reduce the
mixture to fine powder, and heat the powder to redness in an ap-
paratus such as that shown in fig. 21 (p. 22). It is necessary to
substitute a hard-glass tube for the test-tube, since an ordinary
test-tube would be softened by the heat which must be applied for
the above decomposition. As soon as the air has been expelled
from the apparatus, fill two cylinders with methane over water in
the usual way, and fill another dry cylinder by direct displacement
of the air by the light gas.

70 Tests for Methane.—Repeat with this gas the tests which have
been described under ethene (68, Exp. 52). The flame of methane
will be found to be less luminous than that of etbene but it will
yield the sare products. Bromine water willi not lose 1ts coiour
when it is shaken with the gas, showing that bromime does not
combine with methane.

ACETYLENE.

71. Preparation of Acetylene from Calcium carbide —When
calcium carbide is dropped into water, acetylene gas is rapidly
given off : a

CaC, + H,0=C,H,+ Ca0.

EXPERIMENT 54.—Fill a small cylinder or a boiling tube with
water ; close themouth and invert 1t, mouth downwards, in a vessel
of water, so as to retain the water in the cylinder. Drop into the
vessel a piece of calcium carbide about the size of a hazel-nut, and
collect the gas by shifting the tube until its mouth is over the
piece of calcium carbide.
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When the tube is full of gas remove it from the water and ignite
the gas. It will burn with a luminous and very smoky flame.

EXPERIMENT 55.—This gas may be prepared in larger quantities
by an apparatus similar to that shown in fig. 24 (p. 28). The calcium
carbide is placed in the dry flask fitted with a dropping funnel
containing water and a delivery-tube for gas. When the water is
allowed to drop slowly on the carbide, a rapid evolution of acetylene
takes place. The gas may be collected over water in the usual way.

72, Properties and Tests.—Notice that acetylene as thus pre-
pared is a colourless gas, and possesses an offensive smell which
is due to the presence of impurities Prove that it burns with a
very luminous and smoky flame. Also that it forms a white pre-
cipitate when it is brought nto contact with ammoniacal solution of
silver nitrate and a red precipitate of cuprous acetylide with
ammoniacal cuprous chloride The formation of the copper pre-
cipitate is a delicate test for acetylene.

II.—DETECTION OF GASES.

73. Certain Properties of the Gases, which have been already
described, enable these gases to be detected when they occur alone
and frequently when they are in a state of mixture. These pro-
perties, which serve as tests for the presence of each gas, are stated
below, and are given in greater detail under the preceding descrip-.
tions of the individual gases.

The student may proceed to apply these tests to the detection of
gases occurring singly and in a state of mixture.

When a mixture of gascs 1s being examined, it should be remem-
bered that those which act chemically upon one another cannot be
simultaneously present. Such mutually exclusive pairs of gases
are —O and NO ; HCl and NH;, 80,and H,S; Cland H,8, NH,
and SO, ; H and Cl1n daylight.

In testing for the constituents of a mixture, a brief exposure of a
part of the mixture to air would detect N@®; shaking another por-
tion with water, followed by examination of separate portions of
this solution, would detect HCI, NH,, 80, H,S, Cl, CO,; applica-
tion of a flame to another portion of the mixture would detect O,
H, N, H,8, CO, CH,, C,H, and C,H, Spccial confirmatory tests
should be applied, when possible, to support the conclusions drawn
from the above general tests.

Some gases are difficult to detect when certain other gases are
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mingled with them in large proportion. Advantage may frequently
be taken of their solubility in water or in solution of caustic alkali
to remove these interfering gases and to facilitate the detection of
insoluble gases.

Oxygen : kindles a glowing splinter into flame, and gives reddish-
brown gas with nicric oxide (25), it is not soluble in water.

Nitrogen : is incombustible, extinguishes a flame (28), and gives
negative results with all the tests which are mentioned for
other gases.

Hydrogen: burns with a non-luminous flame, which deposits moisture
and forms no carbon dioxide (36) , it is not soluble in water.

Nitrogen monoxide: is colourless ; is unchanged by contact with
air ; has a sweetish taste ; does not colour nitric oxide ; kindles
a glowing splinter mnto flame, producing a pale yellowish green
halo around the flame.

Nitric oxide : is colourless, but becomes reddish-brown when it is
mixed with air or with oxygen (44).

Carbon dioxide: extinguishes flame; is incombustible; makes
lime-water milky ; dissolves shightly in water, and the solution
renders lime-water milky (42).

Hydrogen sulphide : possesses a foul smell ; burns with a blue flame,
yielding water and sulphur dioxide ; dissolves in water ; the
aqueous solution blackens a drop of lead acetate solution (48).

Ammonia : possesses a pungent smell ; gives dense white fumes with
hydrogen chloride gas (53); dissolves in water ; the aqueous
solution tuins red litmus blue and turmeric brown.

Carbon monoxide : burns with a blue flame, forming no water ; after
the combustion carbon dioxide is found by shaking the product
with lime-water (57); is not soluble in water.

Chlorine: possesses a peculiar smell, and causes coughing ; a taper
burns in the gas with a red and smoky flame ; dissolves slightly
in water : the aqueous solution bleaches litmus (60) ; both the
gas and 1ts solution turn paper, soaked in solution of starch
and potassium iodide, blae.

Hydrogen chloride : fumes in the air ; gives dense white fumes with
ammonja gas ; dissolves in water ; theaqueoussolution reddens
blue litmus, and gives a white curdy precipitate when it is
mixed with silver nitrate solution (62).
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Sulphur dioxide: possessesa pungentsmell, dissolves1in water , the
aqueous solution turns blue litmus red, and changes the red
colour of a drop of potassium dichromate solution to green (64).

Methane : is free from smell, burns with a shightly luminous flame,
producing water and carbon dioxide; does not decolourise
bromine water (70) * is not soluble in water,

Ethene: has very faint smell ; burns with a very luminous and somne-
what smoky flame, producing water and carbon dioxide ; de-
colourises bromine water (68) ; is slightly soluble in water:

Acetylene: has an offensive smell as ordinanly prepared; burns
with very luminous and smoky flame, producing water and
carbon dioxide ; produces with ammomacal cuprous chloride
solution a red precipitate (72).



SECTION III
ANALYTICAL OPERATIONS.

Introductory Remarks.—Before the student tries the analytical
reactions, he should become familhiar with the operations which are
commonly employed in chemical analysis. The processes will be
easily understood by reading through the following descriptions, and
then performing the illustiative experiments.

Caution.—In all analytical work the water used must be distilled
water (81, 82, 83), and this only should be kept 1n the wash-bottle.

DisrinvaTioN, DisTILLED WATER.

81. The Process of Distillation is often used to purify
a liquid from solid substances which it contains in solution
(84). The process consists in boiling the liquid and cooling
or condensing the vapour. The solid substances are left
behind in the vessel in which the liquid is boiled, and the
condensed vapour forms the liquid distiliate.

The purification of spring water from the salts dissolved
in it is an‘example of this process.

82. Tests for Salts dissolved in Tap-water.—Certain
salts which are ordinarily present in spring water may be
tested for as is directed below. But it must be understood
that all the results which are described may not be obtained,
since the soft water supplies of some of our large towns are
almost free from dissolved solids. Rain water or soft water
which gives no results with these tests may be employed in
qualitative analysis without previous distillation. A sample
of water which contains saline impurities must be vbtained
for the following tests,

ExperiMENT 59.—Make each of the following tests on a
separate portion of the water contained in a test-tube,
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Add to some of the water several drops of dilute nitric
acid and of silver nitrate solution, and notice whether the
water becomes turbid. Turbidity shows the presence of
chloride in the water.

A separate portion of water in another test-tube may
be found to become turbid on the addition of some solution
of ammonia and of ammonium oxalate. Dissolved calcium
salts produce this turbidity.

The presence of sulpkate would be indicated by & tur-
bidity being caused by the addition to another portion of
the water of a few drops of hydrochloric acid and of barium
chloride solution.

Ascertain also whether precipitation of soap is caused by
the water, owing to the presence in it of certain dissolved
solids. For this purpose dissolve a small shaving of soap by
warming it in a little distilled water. Add a drop of this
soap-solution to some of the water, which half fills & test-
tube. Close the mouth of the test-tube with the thumb, and
shake the water well. If Aardeningsalts are present no lather
will form, but the water will be rendered more or less turbid
by the separation of soap. By the gradual addition of more
soap-solution, the initial turbidity may be increased, and a
lather may be produced when the water is shaken.

83. Tests for the Purity of Distilled water.—Distilled
water is made in large quantities for use in various chemical
processes. It must be substituted for ordinary water in
the process of analysis, if the water-supply contains dis-
solved solids. The student may use a glass retort and cooled
flask (fig. 37) to produce a little distilled water for the fol-
lowing tests, or he may use some of the distilled water sup-
plied to the laboratory. An apparatus for preparing
distilled water in large quantity is described in Section VII.

ExpERIMENT 61.—Distilled water when examined by the
tests described in paragraph 82 should remain perfectlyclear.
Solution of ammonium oxalate, of silver nitrate, of barium
chloride, or of ammonium sulphide when separately added
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to a fresh portion of the water should produce no precipi-
tate. These tests prove the absence of calcium salts, of
chloride, of sulphate, and of lead and iron salts respectively,

Fia, 37.

DISTILLATION OF WATER.

any or all of which have been removed by distillation,
Prove also that distilled water at once gives a lather with
soap-solution, and leaves no residue when it is evaporated
to dryness (87).

SorLuTION.

84. The Process of Solution.—Many solid substances
gradually dissolve in water, when they are stirred or shaken
with thate liquid. Salt and alum may be mentioned as
examples, Certain otherliquids may be employed instead of
water ; and if they cause solid substances which are immersed
in them to become partially or entirely liquid, and to mingle
uniformly with the liquid, they are said to dissolve the solids.

The liquid thus obtained is called a solution of the solid,
and the liquid which dissolves the solid is termed the solvent.

Further, a solid Which dissolves in a liquid is said to be
soludle in that liquid ; if it does not dissolve, it is said to be
insoluble.

Thus when water is shaken with sodium chloride or com-
mon salt it dissolves the salt, yielding solution of sodium
chloride ; water is therefore called a solvent for sodium
chloride, and this salt is said to be soluble in water.
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The process of solution proceeds most rapidly when the
solid substance is finely powdered before it is stirred in the
liquid, since the largest possible surface of the substance
is thus brought into contact with the solvent.

The process is also much hastened by keating the solvent,
partly because heat causes a rapid circulation of the liquid
over the solid, and also because a solid substance is usually
much more soluble in the hot liquid than in the cold one.

Two kinds of solution may be distinguished, namely simple
solution and chemical solution.

85. Simple Solution occurs when a substance is dissolved
by a liquid without undergoing alteration in its composition.
A simple solution generally possesses the taste, colour, and
other general properties of the solid which it contains. It
also yields the solid substance again when the solvent is
removed by evaporation. The solution of potassium nitrate
or of copper sulphate in water is an example of a simple
solution.

ExperiMENT 63.—Place a piece of potassium nitrate in a
small clean beaker. Partly fill the beaker with water, and
stir the solid about with a glass rod. The potassium nitrate
will slowly dissolve in the water, and the solid will diminish
in amount.

Now heat the liquid by placing the beaker on wire-gauze
over a small flame ; the solution will proceed much more
rapidly.

Powder another piece of potassium nitrate by erushing it
in a mortar, and then rubbing it round with the pestle.
Place this powder in a beaker, pour in water, and heat the
bottom of the beaker on wire-gauze by % small Bunsen-flame
(fig. 38a). The potassium nitrate will dissolve much more
rapidly than before, showing that the process of solution is
accelerated by powdering the solid and by employing heat.
Mix these solutions, and preserve the liquid for future use.

The forms of apparatus which are used for dissolving substances
in larger quantities are.represented in figs. 38 A, B. Two devices for
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preventing the loss of the boiling liquid by spirting, and for checking
loss by evaporation, are seen in these figures, The beaker is covered
with a clock-glass, and the neck of the flask is partly covered by
inserting a funnel. These precautions against loss are not usually
necessary.

ExpErRIMENT 64.—Powder a little copper sulphate in a
mortar, and transfer it to a small porcelain dish. Half fill
the dish with water, support it upon a pipe-clay triangle
placed on a tripod or retort-stand, and heat it with a small
flame. The dlue copper sulphate will dissolve, yielding a
blue solution, Keep this solution for future use.

A Fic. 38. B

APPARATUS FOR SOLUTION OF A SOLID.

These experiments (63, 64)are examples of simple solution,
The first shows that a colourless solid gives a colourless solu-
tion, and the second’ that a coloured solid gives a coloured
solution. This is generally true, and hence the presence of
a coloured substance in a solution may be inferred if the
liquid itself is coloured.

Moreover if a drop of the potassium nitrate solution is
tasted, it will be found to possess the same taste as the solid.

When a simple solution is being analysed its colour is
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usually noted, and its taste is occasionally tried with proper
precautions.

86. Chemical Solution differs from simple solution by
producing a chemical change in the substance which is
undergoing solution. The solution therefore contains a sub-
stance which differs in composition from the undissolved
solid. Accordingly when the solvent is removed by evapo-
ration the original substance is not obtained.

ExpERIMENT 65.—Place in a test-tube a small piece of
marble or of calcium carbonate, pour upon it a little water
and heat the tube, The calcium carbonate will be found to
be insoluble in water,

Now add to the water some hydrochloric acid: ¢ffer-
wescence, or escape of numerous small bubbles of gas, will
occur. The piece of calcium carbonate will meanwhile

F1a. 39. sl?wly diminish in size and
will at last entirely disappear
in the liquid, if sufficient acid
is added.

ExpERIMENT 66,.—Place in
a test-tube a small piece of
copper, and warm it with a
little water : the copper will
remain undissolved. Now
add to the water some nitric
acid and heat: the copper
will slowly dissolve, yielding
a reddish-brown gas. The
metal may be entirely dis-
solved, if sufficient nitric acid
is employed.

These are two examples
of chemical solution. The
calcium carbonate is changed by the hydrochloric acid into
calcium chloride, and this substance, not the calcium car-
bonate, remains in solution, The copper is changed into

SOLUTION OF A SOLID.
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copper nitrate, which is then dissolved by the water. These
solutions would therefore furnish on evaporation calcium
chloride and copper nitrate respectively, and not marble
or metallic copper.

It will be noticed that in each of these cases a gas is
given off. This is a very usual, but not a universal effect
of the process of chemical solution, The distinguishing
fact is that the solid substance has undergone a change in
composition in the act of passing into solution.

Usual methods of effecting chemical solution are shown in
figs. 38 and 39.

It is sometimes necessary to dissolve a substance without exposing
it to contact with the air during the process. This may be effected by
passing a stream of carbon dioxide through the vessel in which the
solution is proceeding ; or theair may be displaced from the flask by

F1a. 40, F16. 41.

SOLUTION OF SOLID OUT OF CONTACT WITH AIR.

carbon dioxide, and then a perforated cork may be at once fitted into
the neck of the flask. The perforation carries either a bent tube with
its end just immersed in a small quantity of distilled water (fig. 40),
or a short tube surmounted by a piece of rubber tube, which is closed
with a solid glass stopper : the rubber tube has a slit cut in it by a
sharp knife (fig. 41), and this slit gives egress to any gases from
within, but excludes the entrance of air from without.
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EvAPORATION AND CRYSTALLISATION.

87. The Process of Evaporation.—When it is necessary
to separate a solid substance from the liquid in which it is
dissolved, the liquid is boiled away as vapour or evaporated.
The solid substance is then left behind in the vessel. The
liquid is usually evaporated by heating the solution in an
open porcelain evaporating dish
over the Bunsen-flame.

Fia. 42,

ExpERIMENT 67.—Pour the
potassium nitrate solution (Exp.
63) into a porcelain evaporat-
ing basin, and heat it over the
Bunsen-flame until the water
has been nearly boiled away.
Then make the flame smaller,
and continue heating until the
water has disappeared. Solid
potassium nitrate will be left
in the dish.

EVAPORATION IN DISH. Towards the end of the pro-

cess of evaporating a solution,

a small flame should always be used : and in order to pre-

vent the substance from spirting out of the dish, the flame is

moved about, or the dish may be covered with a funnel
(fig. 42) or with a round filter-paper.

The process of evaporation over a naked flame is shown in fig. 42,
and the covering of the liquid during the latter stage of the process is
indicated. Fig. 43 illustrates another method of evaporating on a
heated iron plate, the liquid being contained in a beaker instead of 1n
a dish : the nearer the beaker is placed to the part of the plate which
is over the flame, the more rapid will be the evaporation.

88. Evaporation at Steam-heat.—It is often necessary to
evaporate more slowly at steam-heat, in order to prevent the
&pirting of the liquid or the over-heating of the solid. For
this purpose the dish is placed over boiling water upon a
water-bath, steam being in this case the heating agent.
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A simple form of water-bath is shown in fig. 44. It con-
sists of a copper vessel which is rather more than half-filled

- Fra. 43.

EVAPORATION IN BEAKERS,

with water, and is heated by a Bunsen-burner. The upper
portion is fitted with flat sheet-copper rings of gradually

diminishing diameters, and
the top of the bath can
thus be made to support
vessels of various sizes.

A more complex formn of
water-bath is shown in fig.
45, In the upper surface
of this bath there are holes
of various sizes, designed
to fit vessels of qifferent
dimensions.
holes are not in use, they
are covered by lids as is
shown in the figure. This

‘When these &

SINGLE WATER-BATH,

water-bath may be fitted with a constant water supply by
the automatic arrangement represented in fig. 58 (98).

3
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A simple water-bath may be improvised from a beaker
4partially filled with water and heated by a Bunsen-flame

Fia. 45.

MULTIPLE WATER-BATH.

(fig. 46). A fow small pieces of paper may be thrown into
the water in order to prevent it from bumping during the
boiling.

‘When the evaporating dish
is placed on the top of the
beaker, it may possibly prevent
the escape of the steam. If this
should be the case, some strips
of paper may be inserted be-
tween the bottom of the dish
and the edge of the beaker.

89. Concentration and Crys-
tallisation.—Sometimes only a
part of the liquid is evaporated
for the purpose of concentrat-
ing the solution. 'When a hot

S1MPLE F%’ﬁn?F WATER-  oolution has been sufficiently

concentrated, it will frequently
deposit crystals of the dissolved substance as it cools,
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Soluble substances are frequently dissolved, and then crys-
tallised from their solution in this way, in order to free
them from impurities,

ExperiMENT 68,—Concentrate the copper sulphate solu-
tion which was prepared in Exp. 64, and allow the liquid to
cool. If sufficient water has been evaporated, crystals will
form. Keep the copper sulphate in the dish for future use.

PRECIPITATION,

00. Precipitation by a Liquid.—When two clear and
transparent solutions are mixed together, they frequently
become more or less turbid or opaque, owing to particles of
a solid substance being formed in the liquid. A solid sub-
stance thus produced is called a precipitate, and the process
of producing a precipitate is termed precipitation.

A substance is frequently removed from solution by caus-
ing it to form an insoluble compound or precipitate. The
substances which are added for this purpose are termed
reagents or precipitants : they are commonly liquids.

In producing a precipitate, care must be taken that the
two solutions are well mixed. Mixture may be effected by
warming .the bottom of the test-tube in the flame, by
stirring the liquid with a glass rod, or by pouring the liquid
from one vessel to another.

A vprecipitate often appears more rapidly when the liquid
is vigorously shaken, or when it is warmed.

ExpERIMENT 69.—Pour some barium chloride solution into
a test-tube, and add ammonium carbonate solution. A white
precipitate of barium carponate will form. Keep the precipi-
tate and liquid in the test-tube for future use.

In this instance barium chloride and ammonium carbonate
may be readily dissolved in separate portions of water.
But if these solutions are mixed, two different substances,
ammonium chloride and barium earbonate, are produced.
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The former of these remains dissolved in the water; but the
latter is insoluble, and therefore separates as a fine powder
in the liquid.

Precipitates differ much in colour and in general appear-
ance and properties; they are therefore frequently pro-
duced, by the addition of suitable reagents, in order to show
the presence of a substance. Precipitates are also produced
for the purpose of separating one substance from another,

The appearance of a precipitate is usually described by its
colour and by its condition. It is flocculent, if it forms in
flock-like masses ; crystalline, if it consists of small particles
which are seen to be crystals under a lens or microscope;
gelatinous, if it is jelly-like in its consistency. The formation
of a slight precipitate may cause only a turbidity in a liquid.

The colour of a precipitate is often falsified by gaslight.
If the colour is to be seen at night, it should be examined
by the light produced by the electric are, or by a piece
of burning magnesium ribbon.

9I. Precipitation by a Solid Reagent is occasionally
resorted to, Thus a metal is not unfrequently precipitated
from the solution of its salt by the immersion in it of
another metal.

ExpERIMENT 70.—Dip a clean penknife-blade into some
of the copper sulphate solution (Exp. 68), to which a few
drops of sulphuric acid have been added. After a short
time metallic copper will be precipitated from the solution
and covers the iron as a red film.

FILTRATION.

The Processes of Filtration and of Decantation (94)
serve to separate a precipitate from a liquid in which it is
suspended.

92. Filtration.—The liquid containing the precipitate is
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poured upon the porous paper. The liquid itself runs through
the pores of the paper, but the solid particles of the preci-
pitate are retained upon the surface of the paper.

The paper employed is called filter-paper. The liquid
which has passed through the filter is termed the filtrate. A
filtrate may frequently be coloured by some substance dis-
solved in it, but it should be perfectly free from turbidity
caused by solid particles suspended in it.

The ordinary process of filtration, as it is employed in chemical
analysis, is described below : methods of filtration on a larger scale
are described in paragraphs 1144, 1145.

Prepare a filter for filtration as is directed below.

ExPERIMENT 71.—Measure a glass funnel (fig. 47) along
its sloping side from shoulder to rim. Select a circular filter-
paper, the radius of which is somewhat less than this in
length : fold it across into a semicircle, then fold
it again at right angles into a quarter of a
circle ; now open out either of the sides, so as
to form a little conical bag (d, fig. 48). This
forms an ordinary filter.

Fi1a. 47.

If ready-cutfilters of suitable size are not athand, cut
from a sheet of filter-paper a square piece, the edge of =~ FUNNEL,
which is rather less than double the length of the side
of the funnel. Fold 1t over along the dotted line (g, fig. 48) ; then
again along the dotted line (). This gives a square (¢) which at
one angle has four free corners ; theseare removed by cutting with
a pair of scissors along the curved dotted line shown in (c).

The filter 1s now made and only requires to be opened. By sepa-
rating the curved edges so that they form a circle, three remaining
on one side of thecircleand one on the other, a little closed pointed
paper bag 1s formed (.d).

A filter of the same shapg, but of uniform thickness, may be made
from half an ordinary circular fiiter-paper, or from half of the circular
flat paper formed by opening out the filter (d). This semicircular
paper 1s folded into a quadiant shape, and the two radial edges are
doubled over together several times, the fold being pressed down
with the finger nail. The unused half of the filter (fig. 48. d) is
absent in the filter which is formed by opening out this paper, and ,
filtration is more rapid in consequence.
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The folded filter is now gently pressed with dry fingers
into the dry funnel, and the folding is altered if necessary
until the paper fits the glass closely. It is then moistened
all over with water from the wash-bottle and is ready for
use.

This prelimipary moistening of the filter-paper must not be
neglected ; since if the liquid which contains the precipitate is
poured upon a dry filter, some particles of the precipitate may get

Fic. 48.

[

FoLpiNG AND CUTTING FILTER.

between the fibres of the paper ; the paper then shrinks on being
wetted, and thus incloses the solid particles which choke the pores
of the filter. Filtration may in this way be seriously rétarded.

Daring the filtration of a liquid the funnel may be placed
with its neck in a test-tube, which is supported in the test-
tube stand. Care must, however, be taken that the inside
of the upper part of the test-tube is dry, and that thereis a
space between the neck of the funnel and the inside of the
tube ; since, if the egress of air from the test-tube is pre-
vented, the filtration will be stopped.

The funnel is therefore preferably supported upon the ring
of a wooden filter-stand (fig. 49) ; and the filtrate is received
in a small beaker standing beneath the funnel, instead of in
a test-tube.

As has been already stated, the upper edge of the filter
must alwuys be below the rim of tha funnel : and when tha
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liquid, which is to be filtered, is being poured into the filter,
great care must be taken not to let it reach the upper edge
of the filter-paper.

The precipitate should not more than half fill the filter,
else it cannot conveniently be washed.

ExPERIMENT 72.—Pour the liquid containing the preci-
pitate of barium carbonate, from Exp. 69, through the
filter. If the above directions have been carried out, and
no hole has been made in the F

e s . 16, 49.
paper, while it is being prepared or )
fitted into the funnel, the filtrate
will run through perfectly clear,
leaving the barium carbonate on
the filter. Keep the filter and pre-
cipitate in the funnel for future use.

Sometimes the filtrate passes away
from the filter in a turbid condition.
In order to remove this turbidity,
the turbid portion of the filtrate
must be poured once or twice
through the same filter. Or the
turbidity may be prevented by
pouring the liquid at first through
a double filter, which is prepared
by folding two filter-papers to-
gether as one : a double filtration is thus secured in one
operation,

FILTER-STAND.

It should be borne in mind that a hot liquid passes
through the filter more quickly than a cold one. Hence, if
it is not inadmissible for other reasons, a solution should
always be heated before it is filtered.

Common filter-paper may contain a little calcium carbonate. This
is of no importance in an ordinary analysis, and is only objection-
able when an acid solution has to be examined for traces of calcium
after filtration. Inorder to remove this impurity, the filter is fitted
into the funnel in the usual way and is moistened with dilute ,
hydrochloric acid; it is then well washed with distilled water.
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This process of treatment is, however, seldom necessary, since
filters may be obtained at small cost, which are practically free
from all matter which is soluble in acids.

03. Accelerated Filtration —Methods for expediting the filtration
of Jarge quantities of solids from liquids are described in paragraph
1143. But it is often desirable to hasten the process of filtration of

F16. 50,

Fia. 51,

GEISSLER-
ASPIRATOR.

FILTER-TUBE.

small quantities of solid from a liquid in any ordinary fuhnel, more
especially when a flocculent precipitate is being separated from a
liquid. This may be effected either by attaching a suitable tube to
the funnel, or by means of a filter-pump or an aspirator.

(1) One of the simplest means of increasing ghe rate of filtration is
to attach to the funnel a glass tube, bent as is shown in fig. 50. As
soon as the filtrate has filled this tube, the weight of the column of
liquid tends to draw the liquid through the filter, and the rate of
filtration is accordingly increased.

Another simple method is to attach to the funnel a straight piece
of glass tube about 2 feet in length and 1 millimetre in bore. The
liquid column which is suspended in this tube acts in the way just

« described.
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(2) 4 Fulter-pump, or Aspurator, which appliessuction tothe neck
of the funnel, is frequently useful to hasten the process of filtration.

Theaccompanying illustration (fig. 52)shows a convenient arrange-
ment for this purpose. The glass Geissler-aspirator (fig. 51) is shown
over the sink, connected by stout rubber tubing, inclosing canvas, with
the high pressure water-tap. When the water is turned on and flows
through the aspirator, air is sucked from thethick-glass conical tubu-
lated filter-flask ; and the atmospheric pressure, acting on the liquid
in the funnel, is thus utilised for forcing the liquid through the filter.

Al

p

WATER FILTER-PUMP, OR ASPIRATOR.

The two-necked Woulffe’s bottle is interposed between the
aspifator and the filter-flask in’ order to prevent the water in the
aspirator from entering the flask.

The neck of the funnel is fitted by a rubber cork into the neck of
the conical filter-flask ; and in order that the pressure which is
exerted on the point of the filter-paper may not burst it, either
toughened filter-paper may be used, or the ordinary filter-paper may
be supported beneath by a small filter-cone of muslin or platinum.
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The platinum cone is cut from a piece of platinum foil measuring
about 14 x 1} inch (fig. 53). A hole is pierced by a pin near themiddle
of the foil. The foil is cut through from the edge to this hole. The
corners are removed by cutting round ina circle which has the pin-
hole for its centre. The spring is then taken out of the foil by heating
it to redness and cooling it slowly, and the foil 1s shaped into a cone

(fig. 48, d, 92), which must be fisted exactly

Fia. 53. into the bottom of the funnel After the plati-

num cone has been placed in the funnel, a dry

filter-paper is folded as usual and is fitted
\ closely into the dry funnel.

Before the filter is used for filtration it is
moistened with water, and is then gently
pressed, where necessary, with the fingers until

PLATINUM it adheres perfectly to the funnel ; the upper
FiLTER-CONE. edge of the filter especially requires to be care-
fully pressed against the glassin thisway. The
filter is now tested, by filling it with distilled water and setting the
pump in action. If the paper fits properly and has been pressed
into contact with the funnel, no air-bubbles will be sucked down the
neck of the funnel until the whole of the water has passed through
the filter. Any air-leakage must be
stopped by pressing the paper against
the funnel where such leakage occurs.

Besides expediting the filtration and
washing of precipitates, such an arranga:
ment also enables the precipitate to
be dried to a great extent by sucking
air through it after the liquid has passed
away.

The aspirator may bereplaced by other
forms of apparatus for producing suction.
A common hand-syringe may be used,
but this is liable to be attacked by acid
vapours if it is made of brass.

- ~..

A Special Morm of Receiver is repre-
sented 17 fig. 54 to serve as a substitute
for the conical flask. It consists of an
ordinary separating funnel, #, which is

SPEOIAL RECEIVER FOR closed with a doubly perforated rubber
THE FILTRATE. stopper. One perforation carries the
funnel, which is used for filtration. Into

the other is inserted a branched tube, one limb of which () is con-
nected with the filter-pump, while the other (a) can be opened to
the atmosphere by turning the stopcock, The use of this receiver
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renders it possible to withdraw a portion of the filtrate during the
process of filtration, by opening simultaneously the stopcocks at
and at ¢ and stopping the action of the filter-pump.

DECANTATION FROM A PRECIPITATE.

04. The Process of Decantation serves to separate
precipitates, which settle rapidly from the liquid, without
the use of a filter.

For this purpose, the vessel containing the liquid and pre-
cipitate is allowed to stand until the precipitate has settled.
The liquid is then carefully poured off, or decanted, by
gently inclining the vessel. A wetted glass rod, pressed
against the edge or lip of the vessel (fig. 55), helps to pre-
vent the precipitate from being disturbed while the liquid
is flowing away from it.

The process of decantation, if it is carefully performed,
will gerve to separate the liquid in a clear condition almost
completely from a heavy precipitate.

ExpeEriMENT 73.—Add boiling dilute sulphuric acid to
some boiling solution of barium chloride. A heavy precipi-

Fia. 55.

DECANTATION OF A LIQUID.

tate of barium sulphate will be formed. This precipitate
may be readily separated from the liquid by decantation.
Keep the precipitate in the test-tube for future use.
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WASHING THE PRECIPITATE,

05. The Washing of a Precipitate, which has been
separated from the liquid in which it was suspended, is
usually necessary in order to free the precipitate from the
adhering solution,

If the precipitate has been filtered, it is washed upon the
filter (96) ; if it has been separated by decantation, it is
usually washed by decantation (97).

06. Washing the Precipitate on the Filter.—The fol-
lowing directions will serve to explain how this process is
carried out, and will indicate what precautions should be
observed in order to secure success. The washing process
may be hastened by employing the devices which have been
already described in par. 93.

EXpERIMENT 74.—Support the funnel, which contains
the filter and the barium carbonate precipitate from Exp.
72, in a filter-stand above a beaker or flask (fig. 49, p. 71).
Blow into the filter a fine stream of hot distilled water
from the wash-bottle (12), so directing the jet as to stir yp
the precipitate. Fill the paper with water to within a short
distance from its edge. Let this water run through perfectly.
Then nearly fill the filter again in the manner just described.
Repeat this process three or four times, letting the water
run through completely each time before adding a fresh
quantity.

The precipitate and the filter will probably now be free
from everything soluble in water, and the water which
passes through the filter will therefore be tasteless. Ascer-
tain whether the washing is complete, by collecting the last
Jew drops of the washing-water in a clean test-tube, and
testing whether it contains any chloride by adding to the
liquid a drop of silver nitrate solution. No turbidity must
be produced. If turbidity appears, the washing must be
continued, and the washing-water must be tested again.
The process of washing must be continued, until silver
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nitrate prodlices no turbidity when it is added to the last
portions of the water running from the funnel,

07. Washing the Precipitate by Decantation.—This
method is a quick and easy one with a suitable precipitate.

ExperimENT 75.—The precipitate of barium sulphate
from Exp. 73 may be washed by decantation as follows,

Hot water is poured into the vessel containing the pre-
cipitate, and the water is shaken, stirred, or boiled with
the precipitate, which is then allowed to settle. As soon as
the water has become clear, it is poured off as completely as
possible in the way shown in fig. 55 (94).

By repeating this washing process several times, with the
addition of fresh portions of boiling distilled water, the pre-
cipitate may be entirely freed from the adhering solution.

‘While the washing-water is being poured off it should be
occasionally tested with blue litmus-paper, in order to ascer-
tain when it ceases to redden the paper and is therefore
proved to be free from acid. Assoonasthe washing-water
is quite free from acid, the precipitate may be considered to
be thoroughly washed.

It is usual to Ascertain when the Washing of a Pre-
cipitate is Complete, by testing the washing-water for
some soluble substance which is being removed by the
washing. That substance is usually tested for which is most
readily detected. Experiments 74 and 75 serve to illustrate
this statement.

DRYING THE PRECIPITATE.

08. A Precipitate may be dried by placing the funnel
in a hollow tin cone or cylind8r, called a filter-dryer (fig. 56).
The filter-dryer is then either supported on a piece of iron
wire-gauze upon a tripod-stand over the flame of a rose-
burner turned very low, or it is placed upon a heated iron
plate or sand-bath.
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The funnel is thus exposed to a current of hot air, which
rapidly dries the filter and the precipitate. Great care must
be taken so as to regulate the heat as not
to char the filter.

Fia. 56.

The risk of charring the paper may be
woided by placing the funnel, in a per-
forated shelf, in the steam-oven. This
oven is shown in the separate form in
fig, 57, and is seen combined with a
water-still in fig. 92, par. II3I.

Fig. 58 shows, in section, the arrange-
ment for maintaining the water in the
jacket of the steam-oven at a uniform
level, A further description of the steam-oven is given in
paragraph 1132. :

Fra. 57.

FILTER-DRYER.

CONSTANT
WATER-FERD,

WATER-OVEN,

The air-oven (fig, 59) may be employed instead of the



98.] DRYING THE PRECIPITATE. 79

steam-oven, the temperature of the interior being suitably
adjusted by noting the thermometer and properly regulating
the flame.

A precipitate may be more rapidly dried by first draining
it in the funnel, and then removing the filter and spreading
it upon a piece of wire-gauze which is supported on the ring

F1a. 59.

AIRr-OVEN.

of a retort-stand or upon a high tripod-stand. A small
flame from a rose-burner is then placed beneath the gauze, at
a sufficient distance to prevent any risk of charring the paper.

A precipitate may be partially dried by opening out the
filter, which contains it, upon several dry filter-papers, and
allowing these papers to absorb the water. This process
may precede those which have been already mentioned.
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REMOVING THE PRECIPITATE FROM THE FILTER.

99. Removal of Part of the Precipitate from the Filter.
—A small quantity of a moist precipitate may be taken
from the filter by dipping the end of a glass rod into it. If
a watch-glass, or the interior of a test-tube, is then touched
with the end of the rod, a portion of the precipitate is
deposited upon the surface of the glass, and may be subjected
to further test or examination.

A larger quantity of the precipitate may be taken out of
the filter by means of a glass spatula, made by flattening out
the end of a glass rod which has been softened in the flame.

100. Removal of the Whole of the Precipitate from the
Filter.—If the precipitate is to be removed from the filter
as completely as possible, several methods are available. One
or other of those described below under a, b, ¢, d, e, and f,
must be chosen according to circumstances.

(a) Washing down the Precipitate through the neck
of the Funnel.—A hole may be made in the bottom of the
filter by means of a glass rod, which is pushed down through
the neck of the funnel. The precipitate is then easily
washed down into a vessel, placed beneath the funnel, by a
fine stream of liquid from the wash bottle,

(b) Washing out the Precipitate from the .Rim of the
Funnel.—The funnel may be held with its neck horizontal,
F1a. 60. and with its rim just inside the edge of

a porcelain dish (fig. 60). The precipi-
tate is then washed out of the funnel
by directing a fine stream of water from
a wash-bottle against the inside of the

WasHING THE Pre-  filter.
CIPITATE OUT OF
THE FUNNEL.

(c) Removal of the Filter with the
Precipitate from the Funnel, followed by rinsing off the
Precipitate.—The precipitate is allowed to remain in the
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filter in the funnel for some time, in order to permit as much
water as possible to drain away. The filter is then care-
fully taken out of the funnel and is further dried if neces-
sary, by laying it upon several folds of filter-paper. After
the portions, which contain no precipitate, have been re-
moved, the filter is spread out inside a porcelain dish.

The liquid, with which the precipitate is to be treated, is
then poured into the dish ; and this liquid is shaken round
in the dish, and the filter is carefully rubbed with the
rounded end of a glass vod, until the precipitate has been
removed from the paper. With a little care this may be
effected without tearing the paper. The filter-paper is then
removed from the liquid by means of a glass rod.

(d) Removal of the Filter with the Precipitate, fol-
lowed by Scraping off the Precipitate,—If it is undesir-
able to add a liquid to the precipitate upon the filter, the
precipitate is allowed to drain for a short time, and is then
further drained, if necessary, by removing the filter from
the funnel and laying it upon several dry filter-papers.

The filter is then spread out upon a flat piece of glass, and
the precipitate is carefully scraped off with a glass rod
which is pressed flat upon the paper, or with a small glass
spatula (99).

This method is usually the most imperfect, but is fre-
quently the best for other reasons.

(e) Removal of the Precipitate by Dissolving it in the
Filter.—If a precipitate is to be dissolved off the filter, the
liquid, which is to be used as a solvent, is heated, and is
then poured upon the precipitate. The solvent will run
through the filter into & vessel placed below the funnel, and
will take with it the precipitate in solution.

After the liquid has passed through the filter, it should
be heated again and once moro poured upon the precipitate
if the latter is not entirely dissolved. The liquid is reheated
and returned to the filter in this way as long as anything
remains undissolved. If any portion of the precipgiate still
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remains, it must be removed by using a fresh portion of the
solvent.

ExpERIMENT 76.—Remove in this way the precipitate of
barium carbonate (Exp. 74) from the filter, by means of hot
dilute hydrochloric acid.

(f) Removal of the Precipitate by Rinsing it through
the Filter with the Solvent.—A precipitate may also be
removed from the filter, by means of the liquid with which
it is to be treated or dissolved, in the following manner.

The funnel is supported over a suitable vessel. The liquid
is poured in and is quickly stirred up with the precipitate by
means of a thin glass rod. The bottom of the filter is then
pushed out through the neck of the funnel by the glass rod.
The liquid will now flow through the neck of the funnel,
carrying the precipitate with it.

If some of the precipitate remains on the filter, the liquid
must be poured again through the funnel, and by repeating
this process all the precipitate may be removed.

Use or TEST-PAPERS.

101. Litmus and Turmeric Test-papers.—The twp vege-
table colouring substances, litmus and turmeric, undergo
marked changes of colour when they are acted upon by
certain substances, These changes serve to indfcate whether
a liquid or gas is acid, or alkaline : if no change occurs, it
may be inferred to be neutral.

The analyst is usually provided with slips of paper which
have been stained with solutions of these colouring sub-
stances. These slips of paper are krtown as test-papers. The
different papers are easily distinguished by their colours. The
following experiments will explain their use.

102, Acid, Alkaline, or Neutral Reaction in a liquid is
ascertained by the behaviour of the liquid with these test-

papers.
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ExperiMENT 77.—~Dip a clean dry glass rod successively
into dilute hydrochloric acid, into ammonium hydrate solu«
tion, and into barium chloride solution. After each immer-
sion of the rod, draw its end, wetted with the solution,
successively across blue litmus-paper, red litmus-paper, and
yellow turmeric-paper. The following results will be ob-
tained.

. Hydrochloric acid will redden blue litmus, but will not
alter the colour of red litmus or of turmeric; it possesses
an acid reaction.

Ammonium hydrate solution will not affect the colour of
blue litmus, but will turn red litmus blue and turmeric
brown ; it shows alkaline reaction.

Barium chloride solution will not affect the colour of any
one of the test-papers: it is neutral.

Each of these liquids is typical of a large class of sub-
stances, in so far as its behaviour with these test-papers is
concerned.

103. Neutralisation : Addition of Acid or of Alkali in
*Excess.—It is occasionally necessary to exactly neutralise
an acid liquid by means of an alkaline liquid or vice versd.
The acid or Alkali must also often be added in excess. The
following experiment explains how these processes are
effected.

ExpERIMENT 78.—Pour some dilute hydrochloric acid into
a porcelain dish. Add solution of ammonium hydrate drop
by drop, constantly stirring the liquid with a glass rod and
touching the wet end® of the rod asainst a niece of blus
litmus-paper.

By proceeding cautiously, & point may be reached at
which the liquid does not affect the colour of either blue
or red litmus-paper ; the acid is then said to have been
neutralised by the alkaline liquid, The latter part of the
process of neutralising the acid liquid should be completed
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by the addition of the alkaline solution in a very dilute
condition, since the addition of an excess of the alkaline
solution is thus more readily avoided.

Add another drop of ammonium hydrate: the liquid will
now have acquired an alkaline reaction : the alkaline solu-
tion is accordingly said to have been added in excess.

It will be easily understood from the above description
how an alkaline solution may be neutralised by the addition
of an acid, and how it may be acidified by the addition of
an acid in excess.

104. General Remarks on Test-papers.—In selecting
between red litmus and turmeric test-papers for the detection
of alkaline reaction, it should be remembered that turmeric-
. paper is usually more sensitive than red litmus-paper, since
red litmus-paper frequently contains an excess of acid.

A turbid liquid will often form a deposit when it is placed
upon the test-paper, and this may conceal the colour of the
paper. The colour will, however, usually be visible on the
back of the paper if it is unglazed. If the paper is glazed,
the colour will be easily seen after the deposit has beent
washed off by a stream of distilled water from the wash.
bottle.

Test-papers must always be kept in a stoppered bottle, in
order to guard them against undergoing change by the action
of gases contained in the laboratory air. The bottle should
be shielded from light as much as possible, since these
vegetable colours fade under the action of strong daylight :
this is especially the case with turmexjc paper.
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SiMpPLE IGNITION.

105. Solid Substances are Heated strongly, or Ignited,
in order to study the effect of heat upon them, since by this
means their composition or nature is frequently revealed more
or less completely. Ignition also serves to remove volatile
from non-volatile substances.

It is a necessary condition of the process of simple tgnition
that the substance, which is being heated, shall suffer change
only by heat. It must not undergo chemical alteration by
contact either with the flame, or with the substance of the
vessel or support, or by admixture with chemical reagents.

ExpERIMENT 79.—Heat some white zinc oxide in a small
ignition-tube (8). The hot substance will be lemon-yellow,
but the colour will change to white again as the oxide cools.
These changes of colour are characteristic of zine oxide.

In the early stage of the heating, drops of water will
probably condense in the upper part of the tube: this proves
that moisture was present in the oxide. Ignition in a tube
is often employed to detect the presence of water in a sub-
stance.

ExpErIMENT 80.—Heat a little mercuric oxide in a small
test-tube or ignition-tube. After a short time minute shining
drops of the metal mercury will be seen in the upper part of
the tube, If g splinter of wood with a spark at its end is
now held in the tube, it will burst into flame. The behaviour
of this red powder, when it is ignited, shows that it contains
the elements mercury and oxygen (25).

ExperiMENT 81.—Heat* a few particles of charcoal
powder on platinum foil, by directing the tip of the blow-
pipe-flame against the under surface of the foil. The
charcoal will slowly burn away., This behaviour shows
that the black substance consists of carbon.

Exprrimext 82.—Heat a small piece of ammepium
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g¢hloride in an ignition-tube. The ammonium chloride will
pass off as vapour or volatilise, and the vapour will cool in
the upper part of the tube forming a coating or sublimate.
This proves that the salt is volatile.

ExpERIMENT 83.—Heat in the same way a small piece of
potassium chloride. This will melt, but will not pass off as
vapour. It will become solid again on cooling. Potassium
chloride is only very slightly volatile.

Hence if a mixture of ammonium chloride and potassium
chloride is heated on platinum foil, the potassium chloride

Fia. 61. Fi¢. 62.

IGNITION OVER THE WALLACE-BURNER.

alone will be left in the residue, since the ammonium chlo-
ride’will be removed as vapour.

If the quantity of the substance to be ignited is large, it
is usually heated in a porcelain or platinum vessel over the
Bunsen- or Fletcher-flame (fig. 80, 1076).

Small quantities of substance may be conveniently ignited
in little porcelain or platinum capsules over a Wallace-
Argand burner from which the gauze top has been removed
(figs. 61, 62).

The luminous flame must not be allowed to touch the
capsule,
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TREATMENT WITHH FUSED REAGENTS.

106. A Substance is often Heated with certain Solid
Reagents until they fuse, in order to cause chemical changes
to oceur between the substance and the reagents.

ExpERIMENT 84.—Mix a little barium sulphate, which is
insoluble in water and in acids, with sodium and potassium
carbonates, and heat the mixture on platinum foil until the
alkaline carbonates fuse. Maintain the salts in a fused
condition for several minutes. The following change will
have taken place :—

BaSO, + Na,C0, = BaCO, + Na,80,.

Now treat the cool product of the fusion with water.
Sodium sulphate will be dissolved. Separate the residual
barium carbonate by filtration, and wash it. Then treat it
with dilute HCI: the insoluble carbonate will dissolve as
chloride. The original barium sulphate is thus obtained in
solution as chloride.

Substances which cannot be dissolved in water or in acids
ray frequently be obtained in solution in a similar way to
that just described. The mixture of alkaline carbonates,
which is used for the purpose, is generally known as ¢ fusion:
mixture.”

Sometimes the treatment with fused reagents yields a
characteristic result, which serves to detect the presence of
a substance.

ExpreriMENT 85.—Place a little powdered sodium car-
bonate and potassium nitrate on a piece of platinum-foil,
and then add a minute quantity of manganese dioxide,
Hold the foil with crucible-tongs in the top of the Bunsen-
flame, or heat the under surface of the foil with the point of
the blowpipe-flame. The mass will soon melt or fuse. Keer
the substances in a melted state for a short time, and th
allow the mixture to cool.
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A bluish-green mass will remain upon the foil, the colour
of which is due to the sodium manganate which has been
formed by the fusion. This colour is produced only when
manganese is present, and the above process therefore serves
as a test for that metal.

In the above experiments (79-85) the gases of the flame
are not allowed to take any part in the change which is
described. In other cases of ignition, which immediately
follow, the flame gases aid in producing the reaction.

FraME REACTIONS WITH REAGENTS.

107. The Gases of the Blowpipe-flame (6) or of the
Bunsen-flame may play the part of Reagents in affecting
the composition of the substance which is being heated. In
order to understand the nature of these changes the structure
of the flame must be carefully observed.

In a well-formed blowpipe-flame or Bunsen-flame two
parts may be distinguished : the inner-flame, which is blue
and pointed ; and around and beyond this an almost colour-
less flame, which is commonly known as the outer-flame.

The Inner-flame is often called the reducing or the de
oxdising flame, because it separates or reduces metals from
their oxides and from many of their compounds, and in
general deoxidises substances. This deoxidising power is
due to the action of the hot but incompletely burnt com-
bustible matter, which is present in this part of the flame.

The inner flame is obtained of large size by placing the
tip of the blowpipe nozzle only in thg very edge of the flame,
which has been made somewhat luminous by partially closing
the air-holes of the Bunsen-burner.

The Outer-flame is also known as the oxidising-flams,

ecause it changes metals into their oxides, and oxidises

ny other substances, by supplying them with oxygen at a
temperature.
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The size of the outer-flame is increased by pushing the
nozzle of the blowpipe into the interior of a Bunsen-flame,
which has been rendered partially luminous by properly
adjusting the air-supply.

In the following processes the results obtained will usually
vary when the substance is heated in the inner-flame or in
the outer-flame.

108. The Borax-head—Fusion with Borax.-—When cer-
tain metals and their compounds are fused with borax, they
are converted into coloured borates. The colour of each of
these borates is characteristic, either in itself or in the
changes which it undergoes in the outer and inner flames.

The method of making the borax-head is explained in
Exp. 86. Its use for testing is illustrated by Exp. 87.

ExperIMENT 8G.—Place a little powdered borax on a
watch-glass. Moisten the loop of a piece of mounted
platinum-wire (9), and dip it into the borax. Then hold
the loop with the adhering powder in the outer blowpipe-
flame until the borax melts.

If the bead thus formed does not fill the loop, dip the
melted bead again into the borax ; more powder will adhere
and may be melted in the flame. In this way powder is to
be constantly added, until a drop or bead is obtained which
completely fills the loop. This bead must be perfectly
colourless and transparent when it is cold.

If the melted bead easily drops from the wire, either the
loop or the bead is too large. A loop which is somewhat
less than an eighth of an inch across answers well ; it may be
made by rolling ths tip of the wire round a piece of stout
wire. If the bead is top large, remove a portion of it by
giving the wire a slight jerk while the borax is in a fused
eondition.

If the bead thus formed shows any colour, it is jerked off
while it is in a fused condition, and another bead is made
from fresh borax., This process is repeated, if necessary,
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until a bead is obtained, which is colourless after it has
been heated in the outer blowpipe-flame.

ExreriMeNT 87,—Moisten the clear cold borax-bead, and
dip it into some finely-powdered manganese dioxine; a few
minute particles only are to be thus attached to the bead.
Then fuse this substance into the bead, by heating it for a
short time in the tip of the outer blowpipe-flame. Examine
the colour of the bead at once by looking through it at a
piece of white paper, or at a window-light or bright flame.
It will be purple or amethyst-red while hot, and the colour
will not alter when the bead has cooled.

Now heat the bead again for some time in the tip of the
inner blowpipe-flame. Its colour will vanish. The colour
will, however, reappear when the bead is heated at the tip
of the outer blowpipe flame, These changes of colour in the
borax bead characterise the metal manganese.

General Remarks on the Borax-bead.—A beginner often obtainsan
opaque bead in the above experiment. This is caused by the use
of too much manganese oxide. If this shonld hsppen, the bead
should be fused again, and a portion of 1t should be shaken off and
replaced by fresh borax.

When the test with the borax-bead is finished, the bead is de-
tached, while it is still fused, by giving the wire a sudden jerk. The
bead may also be removed, after it has cooled, by crushing it on a
hard flat surface by a sharp blow with the pestle. )

Two mounted platinum-wires should be kept, and their loops
should always be immersed in dilute hydrochloric acid®when the
wires are not in use. They will then onlyrequire to be washed with
water before they are employed for the above test.

109. The Microcosmic-bead.—Certain substances give more decisive
colorations toa fused bead of microcosmic salt (NaNH,HPO,.4H,0) in
the platinum-wire loop than to a bead of borax prepared as has been
described in the preceding paragraph. ,The platinum-wire loop for
this test must be made smaller than for borax, else the bead drops
out of the loop.

110. Ignition on Charcoal in the Blowpipe-flame.—
Wood charcoal is often employed as a support for sub-
‘stances which are to be strongly heated in the blowpipe-
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flame. It possesses the advantage of being cheap and in-
fusible, and of being a very poor conductor of heat.

Charcoal is often, however, selected for this use on account
of the reducing or deoxidising power which it can exert at a
high temperature. This renders it entirely unsuitable for
oxidising processes such as that described in Exp. 85 (106).

Ignition on charcoal, therefore, serves chiefly to detect the
presence of the heavier metals in their compounds. These
are smelted out by the reducing action of the inner blowpipe-
flame, aided by that of the red-hot charcoal. The assistance
of fused reagents is, however, often necessary or at least
advantageous.

The vapours of some metals, which have been thus smelted
out, burn as they leave the charcoal and the metallic oxides
thus formed are deposited as incrustations. The white ash,
which is left by combustion of the charcoal, must not be
mistaken for such an incrustation.

ExpERIMENT 88.—Choose a piece of wood-charcoal which
is free from large cracks, and which does not crackle or spit
when it is heated in the blowpipe-flame. Scoop out a small
hollow near one end of it, with a knife or with a charcoal-
oorer.

Place in this cavity a little powdered lead acetate and
sodium carbonate, and mix the powders together in the
cavity with the point of a penknife.

Heat this mixture in the inner blowpipe-flame, holding
the charcoal in such a way that the flame plays over its
surface (fig. 63). '

Bright globules of lead will soon be visible in the cavity ;
and when the charcoal is removed from the flame, the sur-
rounding surface will be found to be coloured with a yellow
incrustation.

Take one of the little globules of metal frcm the charcoal
with the point of a penknife, and strike it smartly with the
pestle on the bottom of the inverted mortar. It will flatten
out into a cake, showing that the metal is malleadble and not
brittle
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Detach another metallic globule, cleanse it from charcoal
by rolling it between the moistened finger-tips, transfix it on
the point of the penknife blade, and rub it on some paper.
It will be found to mark paper as black-lead does.

Lead compounds are characteristic by giving a yellow
incrustation,and malleable globules which are soft enough to

F1a. 63.

IGNITION ON CHARCOAL,

mark paper, when they are subjected to this test on charcoal.
The test therefore serves to detect the presence of lead in its
compounds,

111, Washing and Levigation of the Residue left on
the Charcoal.—Metallic globules, which have been obtained
according to the directions given in the preceding experi-
ment, are usually visible, at least with the aid of a lens.
They are also easily detached from the charcoal.

But fine metallic particles of scales can often only be
detached and separated, after the fused residue has cooled
and has been detached from the charcoal with the point of a
penknife, and has then been washed by levigation.

‘With this object, the residue is crushed in a mortar, orin a
porcelain dish, with alittle water. The water is then quickly
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decanted down the wet pestle, which is pressed against the
edge of the vessel (fig. 64). The light suspended particles
of charcoal, together with soluble substances, are thus poured
off; while the heavier and insoluble metallic particles are
left in the vessel. By repeating this process of levigation,

F16G. 64.

WASHING BY LEVIGATION.

the metal may be obtained free from soluble substances and
from charcoal ; it may then be further examined by a lens,
or may be tested with a magnet or by other means.

It may be noted that the addition of a piece of potassium
cyanide to the mixture, before it is heated on the charcoal,
,will usually much facilitate the process of smelting out the
metal, and will assist in bringing it into the globular condi-
tion.

ExperiuzNT 89.—Fuse some sodium carbonate with a
little copper sulphate on charcoal in the inner blowpipe-flame,
and levigate the residue as is directed above. Little red
scales of copper will be obtained.

ExpPERIMENT 90.—Treat in the same way a mixture of
ferrous sulphate and sodium carbonate. A grey powder, con-
sxstmg of metallic iron, will remain. When this powder
is touched under water with the point of a magnetised pen-
knife, it will attach itself in the form of a tuft.
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FLAME-COLORATIONS.

112. Characteristic Colours are imparted to a Non-
luminous Flame by the vapours which many substances
emit at a high temperature.

The blowpipe-flame may be employed to obtain these
colorations, A Bunsen-flame also answers the purpose
well, but on account of the lower temperature cf this flame,
many colorations are not obtained with promptness or
intensity.

When the Bunsen-flame is used for this purpose, it may be
partly surrounded with a conical chimney, which steadies
the flame considerably (figs. 65, 66, 67). The supply of
air, entering by the air-holes, should be so regulated that a
small luminous point appears near the top of
the flame. The platinum wire is held either
in this luminous point or just below it.

Fi1a. 65.

ExrerIMENT 91.—Heat a platinum wire
loop, which is not more than an eighth of an
inch in diameter, in the inner blowpipe-flame.
If the wire is clean, it will become red hot
without colouring the flame. f
Buﬁggggim If the wire colours the flame, it must be

Crmngy,  boiled with hydrochloric acid in a test-tube

and then rinsed well with water. Or it may
be wetted with strong hydrochloric acid, and then heated
strongly in the blowpipe-flame until it no longer colours
the flame, If the loop cannot be cleansed in this way, the
end of the wire must be cut off, and a fresh loop must be
formed.

Now dip the wire-loop into a little sodium chloride solu-
tion on a watch-glass. When the loop is removed, it must
remain filled by a drop of the solution. Then hold the loop
at the tip of the'inner blowpipe flame. The outer flame
will be coloured bright yellow.

Repeat the experiment, placing the loop containing the
solution in the outer part of the Bunsen flame, about half-
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way between its base and top. The same yellow tint will
be seen above the loop.

This yellow coloration is given to the lame only by sodium
and by its volatile compounds. On looking at it through
the indigo-prism, no yellow coloration will be visible.

ExperiMENT 92.—Remove all sodium chloride from the
platinum wire loop by heating it strongly in the tip of the
blowpipe flams as long as it imparts any colour to the flame,
Then dip the wire-loop into some solution of pure potassium
nitrate. This will impart to the flame a pale lilac colour,
which is characteristic of potassium and its compounds.
When this coloration is viewed through the indigo prism it
will appear crimson.

ExrerimeNT 93.—Now dip the wire loop into a mixture of
a few drops of the sodium chloride solution with a few drops
of the potassium nitrate solution, which has been made on a
watch glass, When the loop is held in the flame the sodium
coloration only will be seen. But if this coloration is then
viewed through the indigo prism, the crimson potassium
coloration will be seen distinctly. By means of the indigo-
prism the potassium coloration is therefore discoverable, even
when it is concealed by that of sodium.

THE SPECTROSCOPE,

113. The Spectra furnished by the Spectroscope afford
the most certain means of detecting substances by means of
their flame colorations, more especially when the colorations
due to several substances are mingled in the flame.

‘When the coloured light from the flame coloration passes
through the spectroscope it is separated into its constituent
colours by traversing a glass prism. The coloured lines,
which are seen as the result of this separation, are termed
the spectrum: of the substance. By their colours and relative
positions they serve to identify the substance with certainty.
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This is equally true whether the flame-coloration is pro-
duced by one substance only, or by several; since the
constituent colours are in any case seen without interference
one with another,

Two forms of spectroscope are in common use for
chemical analysis. Z%e Direct-vision Spectroscope, which is
shown ready for use in fig. 66, is recommended by its com-
pactness and its portability. In its smallest form it can be
carried in the waistcoat pocket. 7%e Bunsen or Tuble

F1a. 86,

THE DIRECT-VISION SPECTROSCOPE.

Spectroscope, shown in fig. 67, is to be preferred tor general
use as a stationary piece of apparatus in the laboratory.

The light enters each of these instruments through a slit,
the width of which can be adjusted to suit strong or feeble
colorations. The rays of light, after passing the slit, are
rendered less divergent by traversing aslens, and then pass
through one or more prisms. The rays are finally focussed
by means of a sliding eye-piece, 8o as to give a sharp image
of the slit.

114. The Direct-vision Spectroscope is arranged for use
by supporting it in a clamp in front of the flame (fig. 66).
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The slit is then slightly opened, and the eye-piece is adjusted
so as to sharply focus the vertical yellow line, which is
due to the sodium compounds present in the atmospheric
dust.

Instead of supporting the instrument by a clamp, it may
be held in the hand and directed on the flame. It is then
most readily focussed, before it is'directed on the flame, by
rendering sharp the dark Fraunhofer lines, which are seen
on looking through a window at ordinary daylight.

Proceed to Exp. 94.

115. The Bunsen or Table Spectroscope (fig. 67) has
usually three brass tubes. One of these carries the adjust-
able slit, another the eye-piece, and the third a transparent
photographic scale. '

The instrument is brought into adjustment by placing a
Bunsen-burner with closed air-holes in front of the slit.

Fia, 67.

THE TABLY SPECTROSCOPE.

On looking through the eye-piece at this luminous flame, a
continuous spectrum of unbroken colours will be seen. The
upper and lower edges of this spectrum are sharply focussed
by moving the eye-piece, and the two tubes are arranged

7
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at such an angle as to give the longest complete spectrum
possible. The tubes must either be permanently clamped in
this position, or they must be so marked that they can at any
time be brought readily into the same position with certainty.

Airis then admitted into the Bunsen-flame by opening the
holes of the burner, and the yellow sodium line, which is
always visible, is arranged in a vertical position by rotating
the slit-tube, and is then sharply focussed. The bright flame
is now lighted opposite the end of the scale-tube; the scale
is focussed ; and the scale-tube is shifted until the yellow
sodium-line stands at a particular graduation, the fiftieth being
selected for the special chart in the figure. This yellow line
will usually beseen in all the following experiments, since it
isderived from the atmospheric dust, which enters the flame:
it may be produced, if necessary, by introducing a platinum
wire, moistened with sodium chloride solution, into the flame.

ExpERIMENT 94.—When the spectroscope has been brought
into adjustment, the student should proceed to introduce a
mounted platinum wire (9) into the front of the Bunsen-
flame, at a level just below the slit of the spectroscope.
The platinum wire loop should be moistened successively
with solution of sodium chloride, of potassium chloride, of
barium chloride, of strontium nitrate and of calcium chloride,

The wire may be conveniently supported in the flame by
slipping its glass handle upon a horizontal wire arm, the
height of which is adjustable on a stand such‘as is repre-
sented in figs. 66, 67.

Coloured vertical lines will be seen when these flame-colora-
tions are observed through the spectroscope. These lines will
always be the same in colour and position for the same
flame-coloration. They will vary, however, in these respects
with the colorations of different substances. A particular
line-spectrum is therefore characteristic of each of the
vapours which give rise to the above flame-colorations.

116. The Spectrum-Chart.—The pocket-spectroscope is
not usually furnished with a graduated scale for measuring
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the position of the spectrum-lines. In the ahsence of a scale
the relative positions of the lines of any particular spectrum
may, however, be jotted down or remembered with approxi-
mate accuracy. Since the yellow sodium line is never
#bsent, it will furnish a useful landmark in the spectrum.

The scale of the larger spectroscope, however, enables the
position of the spectrum-lines to be noted down on a chart,
and they are thus eusily identified if the instrument is
always brought to the same adjustment. The instrument
must always be brought to precisely the sameadjustment as
it poscessed when the lines were mapped down in the
spectrum-chart, if the chart is to be of any use.

The spectrum-lines will vary in position in different
instruments, owing to variation in adjustment, and to differ-
ence in the material and angles of the prisms. Hence it is
necessary to make a separate chart for each spectrescope.

The accompanying spectrum-chart (fig. 68) indicates a
convenient method of mapping the lines, but the positien
of the lines on the scale only applies to the spectroscope
from which the chart was made.

In this chart the relative intensity of the spectrum-lines
may be inferred from their varying thickness, while the
relative intensity of the lines in each spectrum is indicated
by the Greek letters applied in the order of decreasing in-
tensity. The colour of each line is shown by the name of
the colour which is placed at the top of the chart, over the
region in waich the line occurs, The position of each line
is indicated by placing beneath it the number of the scale-
graduation at which it stands. The position of the yellow
sodium-line is marked in each spectrum by a dotted line:
this line is usually seen in every test which is made, for
reasons which have been already stated, and it therefore
serves as a landmark.

A chart of this kind must be at hand for reference when
the spectroscope is used for analytical work. Thespectrum-
lines may be marked in with pen or pencil on a white ground,
but they are more striking if eoloured, The chart may con-
veniently be suspended near the instrument.
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The spectrum of an unknown substance may be identified,
even when the instrument has not been carefully adjusted,

F1d. 68.

THE SPECTRUM-CHART.

and in the absence of the charte For this purpose the position
of the lines is noted on the scale and the flame-coloration
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of a known substance, which is believed to correspond to the
spectrum which is under observation, is then thrown into the
spectroscope. Jf the spectrum-lines of the unknown substance
are identical in colour and in position with those given by the
known coloration, the two spectra must be due to the same
substance, and the unknown substance is therefore identified.

ExperiMENT 95.—The student should carefully observe
and map the spectra of several of the metals, which are
mentioned in the spectrum-chart (fig. 68). He should then
proceed to examine some of the mixed spectra, which are
obtained from solutions containing the salts of two or more
of these metals. The ease with which many metals can be
found by means of the spectroscope, even in the presence
of one another, will thius become evident.

The Delicacy of this Method of detecting certain metals is extreme.
Thus it is only in air which has remained undisturbed for a long time
and is almost absolutely free from dust particles, that the sodium
spectrum is not obtained from a Bunsen-flame. By using extremely

_dilute solutions of metallic salts, the delicacy of the method has been

proved in the case of other metals. Bunsen states that one three-
thousand-millionth of a grain of sodium can be detected by the
spectroscope.

In the more Powerful Modern Spectroscopes several prisms are
used, and the lines of the spectra become moie widely separated.
Their relative positions may then be noted with great precision by
moving the observing-tube until each line in succession is brought
into the middle point of the cioss-wires in the eye-piece. The
position of the eye-piece is then read off on the graduated edge of
the circular table on which the prisms stand, and registers the
position of each line. Instruments of great power and precisiou are
however not requisite for ordinary analytical work, and the simple
form of table spectros®ope which has been already described will
be found to be sufficient for the purpose.

117. Use of the Spectroscope in Chemical Analysis.—
The spectroscope is of special use in chemical analysis for
the following purposes.

1. For readily detecting metals when their flame-colora-
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tions are concealed by that of sodium; and generally for
detecting metals, when their colorations are mixed in the
flame.

2. For distinguishing similar colorations from one another.
Thus the red coloration of strontium is easily distinguished
from that of calcium, by the strongest red linein each of the
spectra being at a different distance from the sodium line;
these very similar flame-colorations are further distinguished
by the appearance of a characteristic blue line in the spec-
trum of strontium, and by a characteristic green line in the
spectrum of calcium,

3. For detecting minute traces tof many metals, which
could scarcely be discovered by other means. The metals
lithium, indium, thallium, rubidium, and cwsium were dis-
covered by their spectra ; and as these metals usually occur
in minute proportion only, they are most conveniently de-
tected by the spectroscope.

It is by no means a matter of indifference which compound
of a metal is selected for obtaining the flame-coloration or
spectrum of the metal. The most volatile salts are generally o
the chloride, the nitrate, and the chlorate ; these accordingly
give the most vivid but the least durable spectra. The
coloration is increasingly feeble with the sulphate, the car-
bonate, and the phosphate; and the silicate doessnot usually
give any coloration at all.

The coloration becomes more intense when the finely
powdered substance is moistened with strong hydrochloric
acid. But in the case of a silicate it js usually necessary to
moisten the powder with hydrofluoric acid, or to mix it
with pure ammonium chloride and calcinm carbonate, before
it is introduced into the flame,

Some very volatile substances give only a momentary
flash of colour in the flame ; while others, which are far less
volatile, coldur the flame only at the highest temperature
bbtainable. Hence careful observation of the flame colora-
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tion through the spectroscope is necessary, from the moment
that the substance is introduced into the flame, until the
wire-loop has been heated to whiteness for some time.

The width of the slit of the spectroscope should be
regulated according to the intensity of the lines to be looked
for. A bright line can be observed with a narrow slit, and
its position is thus noted with great precision. The slit
must, however, be opened much more widely to see a faint
line, such as KB (fig. 68). Great breadth of the line is
objectionable, since it prevents its position on the scale
from being accurately noted, and often causes the edges of
neighbouring lines to overlap.

The background of the flame should be absolutely black,
in order to prevent admission of stray light into the slit.
A piece of black velvet hung bekind the flame gives a good
background.



SECTION 1IV.

ANALYTICAL REACTIONS.

PART I.—INTRODUCTION TO THE ANALYTICAL
REACTIONS.

Some paragraphs in this Section are marked with an asterisk (*)
These may be omitted, if the analysis of simple salts only is to be
learnt. These paragraphs will, however, require the careful atten-
tion of the general analyst.

Reactions printed in small type are of minor importance only, and
may be passed over, or simply read through, if time is limited.

INTRODUCTORY REMARKS,

126. Object and Method of Chemical Amnalysis.—The
study of chemistry has revealed the fact that every substance
consists either of one kind of matter only, or of two or more
different kinds. Those substances which contain only one
kind of matter are called Chemical Elements. Their number
at present amounts to about seventy. A list, which com-
prises most of them, is given at the end of the book (1173).

These elements do not usually otcur singly. Two or
more of them are commonly fourld together either in a state
of mere Mixture,or united in a much more intimate manner
in a Chemical Compound.

It is the object of analytical chemistry to discover what
slement, elements, or sometimes what groups of elements or
Radsicles, any substance of unknown composition contains.
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But an analysis may also be undertaken in order to ascertain
whether any particular element or group of elements is
present in a given substance.

An analyst should be acquainted with the properties of
each element and of the compounde which it forms with
other elements. Efficiency in analysis therefore depends in
a large measure upon the knowledge of what is usually
termed Theoretical Chemistry, but may be more appropriately
styled Descriptive Chemistry.

For ordinary analytical purposes, however, certain marked
properties or changes of each element, or group of elements,
are selected ; and by these properties, called Z'ests or Reac-
tions, its presence is detected.

The tests or reactions which are most frequently selected
depend upon the behaviour of a substance when it is heated
under various conditions (105-117), and upon its behaviour
when it is mixed with certain liquid or solid substances (90).

Such substances, when they are added for analytical pur-
poses, are called Reagents. Some reagents serve for detect-
ing one element or compound only, and are therefore called
Special Reagents: others separate or detect a group of
elements or compounds, and are called Group Reagents or
General Eeagents.

127. Analytical Groups.—The metals are separated, by
their behaviour with certain general reagents, into five prin-
cipal Groups. Two of these Groups are further subdivided
into two Subgroups.

Each Group receives a distinctive name, which is derived
either from its place in the system, or from some conspicu-
ous or important member of the Group, or from the general
reagent which is used to precipitate the Group. Thus we
speak indifferently of the Fourth Group, of the Barium
Group, or of the Ammonium Carbonate Group.

It is perhaps well to avoid referring to a Group by its
number, since different analysts number the groups differ-
ently, and the number is therefore apt not to denote the
Group with certainty.
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At the beginning of the Fifth Section of this book (931)
the Analytical Groups of the metals are tabulated ; and the
distinctive number, name, and reagent, which are char-
acteristic of each Group, are placed at the head of its
column. The names and symbols of the metals contained
in the Group are arranged vertically beneath this heading.

128. Analytical Classification.—The chemical elements
are frequently divided into two classes, Metals and Non-
metals. These classes, with the following modifications,
form convenient divisions for analytical purposes :(—

'

I. With the metals must be classed the hypotheticél
metallic-radicle Ammonium, and the element Hydrogen.

II. The non-metals, either singly, or in groups formed by
their combination inter se or less frequently with a metal,
unite with hydrogen forming acids, and with metals forming
salts. The acids may be looked upon as the hydrogen salts
of these non-metals or of these radicles.

Thus Cl, 8O,, PO,, MnO,, form the hydrogen salts or
acids, HCl, H;S0,, H,PO,, HMnO, ; and the metallic salts,
KCl, MgSO,, Na,PO,, KMnO,. Metal-hydrogen salts cr
Acid salts, such as NaHSO,, Na,HPO,, are also known.

The general name Acid-radicle is conveniently applied to
Cl, 80, PO,, MnO,, and to similar elements or radicles.
Some of these acid-radicles are elements, but inost of them
are unisolated Compound-radicles. The property which
they possess in common is that of forming acids when they
are combined with hydrogen, and of forming salts when
they are combined with a metal.

[

For analytical purposes, then, substances may be separated
into the groups of Metals and Acid-radicles ; although certain
elementary and compound substances cannot be included in
this generally useful classification ; and certain non-metallic
or metalloidal substances, as well as certain acid-radicles, are
for analytical purposes conveniently classed with the metals.
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THE ANALYTICAL REACTIONS,

129. Trying the Analytical Reactions,—In order to
become fully acquainted with the behaviour of different
substances with Reagents, and thus to be able to detect
these substances by their Reactions, each of the reactions
should be tried with the substance itself or with one of its
compounds. The appearances which are presented are
carefully observed and remembered, and the substance may
then be easily recognised in a body of unknown composi-
tion by means of these reactions or tests.

The addition of a reagent to a substance causes some
important and visible change to occur. This may be simply
a change of colour, but it very usually consists in the
formation of a precipitate. The colour, the appearance, or
the behaviour of this precipitate with other reagents, is
characteristic of a particular element or compound-radicle.

As soon as a reaction has been satisfactorily performed,
it should be briefly described in the note-book in a neat
and concise manner. The nature of the chemical change
which has occurred should then be explained by means of a
chemical equation.

130. Chemical Notation and Chemical Equations.—The entry in
the note-book cf the chemical change, which occursin an analytical
reaction, involves the correct use of chemical symbols and formule,
and a right cenception of the meaning of a chemical equation For
full information on these matters a treatise on theoretical chemistry
should be consulted, The few hints which follow will, however,
serve to guide and guard a student, who has not had much experi-
ence in the use of formul= and of equations,

Chemical Notation.—Each element is represented by a Symbol,
which consists of either one or two letters. Thus S stands for
salphur, Cl for chlorine. The 8ymbol also represents one Atom of
each element. When symbols are written one after another, they
give the Formula of a compound substance. A correct formula
shows what elements, and how many atoms of each of these elements,
the compound molecule contains.

Thus KCl stands for one molecule of potassium chloride, a com-
pound of one atom of potassium and one atom of chlorine. PtCl,
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stands for one molecule of platinic chloride, which consists of one
atom of platinum combined with four atoms of chlorine ; since the
small figure, placed delow a symbol to the right, denotes how many
atoms of that element are present.

A number placed before a formula multiplies each symbol in that
formula. Thus 2PtCl, signifies two molecules of platinic chloride,
containing altogether two atoms of platinum and eight atoms of
chlorine. If two or more symbols are included in brackets, any
number placed outside the brackets, and either defore or after them,
multiplies each symbol which is contained in the brackets.

Thus both 8r(NOy), and Sr2(NO,) are equal to SrN,0,. This may
also be written Sr2NO,, since the multiplication by 2 extends to
each symbol which follows, until a break occurs in the formula.
Thus 8r2NO;.4H,0 would denote SrN;0g HgO,, if the multiplication
were carried out.

In the Seventh Section of this book (1173) there will be found a
list of the names of the Chemical Elements, with their symbols and
atomic weights ; also lists of the names and the corresponding
formule of most of the compound substances which are referred to
in the text (1160=1167).’

Symbols and formule are always used in the text instead of names.
The corresponding names are entered when the symbol or formula
is used for the first time. These names may also be found by re-
ferring either to the lists mentioned in the preceding paragraph, or
to the labels on the laboratory bottles.

Rules for Drawing out a Chemical Equation.—The student will
understand that a chemical equation is a Sshort statement of ascer-
tained chemical facts, and that every equation which conforms to
the general rules stated below is not necessarily true. For the
special purposes for which equations are used in analytical reactions,
however, the following rules will generally furnish true equations.

Write down the formule of the substances which are mixed to-
gether, with the sign of addition (+) between them. Then write
the sign of equality (=), followed by the formula of the precipitate
or product formed.

In most analytical reactions, a mutual eychange of certain elements
or groups of elements, or a dowble decomposition, occurs between the
two compounds which are mixed. A little consideration will there-
fore'usunally:show how many molecules of these substances are re-
quired to yield the formula for the precipitate or principal product.
It will also be seen whether any other substance is formed at the
same time ; and if ¢ is formed, its formula may be easily deduced.

The number of atoms of any one element must always be the
same on both sides of a correct equation.
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Applying the above rules to the first test for potassium (141), we
get :—

KCl + PtCl,=K,PtCl,,

This statement is obtained by merely placing together the formule
ot the substances mixed and of the precipitate formed.

It is evidently not correct, since there are two atoms of K on the
right-hand side, and only one on the left ; also six atoms of Cl are
found on the right, and only five on the left. But this inequality is
at once removed if we place 2 before the KCI, thus —

9KC1+ PtCl, = K,PiCl,.

Evidently if the above equation is correct, the precipitate is the only
substance formed, since the number of atoms in the substances on the
left-hand side is exactly equal to that in the substance on the right.

Take now the first test for Ba (170). Our tentative statement is :—
BaCl,+ Am,CO =BaCO0; +
But here the left-hand side contains Am, and Cl, more than the right.
The equality is easily restored thus :—
BaCl + Am,CO, = BaCO; +2AmCl.

This equation states that when barium chloride (BaCl,) and
ammonium carbonate (Am,CO,) are mixed together, barium car-
bonate (BaCO,) and ammonium chloride (AmCl) are obtained.

I31I. Abbreviations employed for Entry in the Note-
book.—For convenience in hasty writing, it is not uncommon
to employ abbreviated formuls for the compound radicles.
This is more especially the case with those radicles which are
constantly met with, and with those which have a complex
composition.

Only such abbreviations are employed in the text as save
the use of brackets or of numbers. Thus Am, is a short
rendering of (NH,),, and Ho, of HO, or of (HO),.

The following abbreviations may be used :—

Am for (NH,), the metallic-radicle ammonium,
7, (CH,0,), the acid-radicle of tartrates.

4 ,, (CH,0,), the acid-radicle of acetates.

Cy , (ON), the acid-radicle in cyanides,

Cfy) » (FeCy,), in ferro- and ferricyanides.

Ho ,, (HO), the radicle occurring in hydroxides.
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”»

The “hydrate ” of a metal is preferred to *hydroxide
for reasons of brevity rather than for theoretical correctness.

The formule K,FeCy, FeCl, As,0, are frequently em-
ployed in place of the more compllcated formulae K (FeCya),,
Fe,Cl;, and As,O,.

The following contracted words are also used :—

expt. for experiment. wsol.  for insoluble.
PP, »  precipitate s0l”, »  solution.
pp*. ,  precipitation. crystne . erystalline,
pp% 5  precipitated. col”, »  coloration.
sol. s  soluble,

132. Entry of Analytical Reactions.—An example is
given below of the entry of the reactions in the Note-book.
It will be seen that a systematic method is observed in writ-
ing out the equations. On the left-hand side of the equation
the formula of the substance upon which the reaction is being
tried is written first, then follows the formula of the reagent
which is added. On the right-hand side of the equation,
the formula of the precipitate or principal product is entered
first, with a line drawn over it by way of distinction ; then
follows the formula of each substance which is formed at

the same time,

In the subsequent reactions, the formul® of the sub-
stance used, of the reagent added, and of the precipitate
produced, will always be given. These data are generally
sufficient to enable the student to form the equation. The
equation will only be given in full when it is exceptionally
difficult or complicated.

The following example of the brief entry of reactions in
the Note-book has been selected from paragraphs 141-144.

PoTASSIUM (K).-—Used KCl,

1. PtCl,: stirred on watch-glass: yellow crystze pp.,sol in much water
and in KHO, insol. in alcohol : 2KCl + PtCl, = K, t1Cl,.

2. NaIi7: well shaken in a test-tube : white crystt® pp.. sol. in
water, in KHO, and in HCI : KC1+ NaHl'=KHT + NaCl.
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8. Flame colr.: pale lilac, crimson through the indigo-prism ; a red
and a faint violet line at the extreme ends of the spectrum.

4. Heated vn tube oron platinum fol . solid KCl melted, but gave no
fumes : hence 1t was not volatile.

133. Directions for Trying the Analytical Reactions.

1. A solution of the substance, the reactions of which are
to be tried, must always be employed, unless it is specially
stated that the solid is required. This liquid is often called
the original solution. The solid substance is usually only
required for blowpipe reactions.

A solution may be kept in readiness, or it can be easily
made by warming the solid with water or with dilute acid

(1163, 1164).

2. Pour into a test-tube or small beaker about twenty cubie
centimetres of the solution of the substance : this constitutes
the “original solution.” If thesolid substance is also required,
take some of it upon a watch-glass and powder it finely.

3. Pour a little of the original solution into a perfectly
clean test-tube and add the first-mentioned reagent toit. A
fbw drops only of the reagent should be added at first;
more can be gradually added afterwards if necessary.

The habit of working with small quantities both of solu-
tions and of reagents must be acquired from the first.

In trying each of the reactions a separate portion of the
original solution is to be taken.

4. Before trying a reaction, the student should carefully
read through the whole of the description of the results to be
obtained. The experiment is then to be performed, literally
following out the directions given.

It is a necessary condition of after success that each
result should be obtained precisely as is stated in the text.
The student must never on any account pass on without
being satisfied that the statements of the book are true, and
that he could at any time repeat the test successfully.
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5. The water used for the tests and reactions must
always be distilled water. '

Theacids are to be used in a dilute condition, unless it is
stated that the strong acid is to be employed.

In all cases KHO and NaHO may be used indifferently
the one for the other.

GENERAL RULES FOR WORKING.

134. The student should attend carefully to the following
rules. Their observance will materially aid the progress
and accuracy of his work.

1. Before commencing work, look through the reagent
bottles belonging to the working bench (1160). Replace
any which are absent, and see that the bottles are arranged
in the order shown by the numbers on the labels. Then
proceed to fill any which are empty, and to relabel any
whose labels are imperfect or loose. Also filter any of the
liquid reagents, which are not quite clear when they are
shaken up.

2. Arrange the apparatus, which is required for use, on
the back part of the bench, so as to leave the front of the
bench free to work upon. This will lessen the risk of up-
setting anything. (See Frontispiece.) ‘

3. All dirty glass and porcelain, which is not‘in use, should
then be carefully cleansed. This ought to be unnecessary,
since apparatus should never be put away dirty.

4. 'When areagent-bottle is to be used, take it in the right
hand ; remove the stopper by graspiag it between two of the
fingers, or between the fourth finger and palm of the left
hand ; hold the stopper in this way while the bottle is being
used; then replace it immediately, and return the bottle
to its place,

5. Pour a liquid reagent out of the side of the bottle
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opposite to that which bears the label ; and prevent the last
drop of theliquid from running down the outside, by touch-
ing the lip of the bottle either with the stopper, or against
the clean edge of the vessel.

6. Solid reagents should be taken out of the bottle on a
clean knife-blade or horn spatula, or with a slip of clean
card-board or paper.

7. Each bottle must be restoppered and replaced on the shelf,
in its proper place and with the label outwards, immediately
after use ; it must never be left standing on the working-bench.

8. If a solution or precipitate has to be put by for some
time before it undergoes funrther examination, it should
always be labelled a piece of gummed paper may be
attached to it, bearing either an inscription, or a reference
number which is explained in the note-book and which is
sufficient to recall to mind what the solution or precipitate
consists of. 1t is well never to trustto memory in this matter.

It will be found to be unadvisable as a rule to leave a pre-
cip.tate thus, since it is apt to dry or to undergo oxidation.

9. It should be remembered that if brass crucible-tongs
are employed for holding hot evaporating basins containing
acids, some of the brass is apt to be dissolved and thus
introduced into the solution. A hot dish may be moved
either by holding it with a cloth, or by lifting the stand
upon which the dish is placed.

10. Ligquids only should be poured down the sinks. All
solid vefuse, such as soiled filters, broken glass, and pieces of
charcoal, should be thrown into a receptacle which is placed
in an accessible positiop.

11. When a substance is being examined in order to find
out its composition, the student should fully write down in
the note-book each test or process, with the result obtained,
as soon as it 18 completed. The analysis is thus written out
gradually as it progresses. On no account must the entry of
the results be left until the completion of the analysis.

8
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This rule cannot be too strongly enforced, as neglect of it
always causes uncertainty and confusion. The most con-
venient form of entry is that of the Analytical Tables.

12. Cleanliness and neatness in analytical work cannot be
too carefully attended to. More confusion and error may
be caused by using dirty test-tubes, beakers, dishes, and
funnels, than would be thought possible by the beginner.
Work should also be rendered as systematic as possible, in
order to economise time and thought.



SECTION IV.—PART IL

ANALYTICAL REACTIONS FOR METALS.

In trying through the reactions for the Metals the usual order of
the Analytical Groups has been reversed, because the most simple re-
actions occur in the last Groups and these are therefore better
suited for a beginner.

Occasionally non-metallic or metalloidal elements are associated
with Metal Groups for the purposes of analytical classification.

The reactions of the Rarer Metals belonging to each Group are
entered in small type at the end of the Group.

Reactions printed in small type may be omitted, but they should
be carefully read through.

A Table will be found in paragraph 1172, which contains the names
and chemical formule of the more commonly occurring natural
minerals, in which the different metalsand acid-radicles are present.

GROUP V.—THE POTASSIUM GROUP.

140. This Group includes K, NH,, Na, Mg, together with
the rarer wetals Li, Rb, Cs (164-168).

The members of this Group are not precipitated from their solu-
tions by any Group-reagent.

Porassium (K).—Use Potassium chloride, KOl

I41. Platinum chloride, PtCl,, if it is added to some of
the KCl solution on a watch-glass, and stirred gently but
persistently with a glass rod, gives a yellow crystalline
precipitate (K,PtCl;); this precipitate forms first along the
lines where the rod has rubbed the glass.
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Stir up the precipitate and pour off the liquid with the
precipitate into three test-tubes.

To one of these portions add much dlstxlled water and
heat, the precipitate will dissolve. To another part add
aleohol, the precipitate will not dissolve. Hence this preci-
pitate is soluble in water and insoluble in alecohol,

By warming the third portion with solution of potassium
hydrate (KHO), the precipitate is shown to be soluble in
that liquid.

Remarks. —Since this precipitate 1s soluble in alkalies, a liquid, to
which this test has to be applied, should always be made neutral or
faintly acid before PtCl, is added. It is always well to acidify the
liquid with dilute HC], and to make sure by test-paper that it is
slightly acid in reaction (102).

Further, since the precipitate is less soluble in alcohol than in
water, the addition of alcohol often hastens the formation of the
precipitate in dilute soliitions.

Owing to the solubility of the precipitate in water, very dilute
solutions must be evaporated nearly to dryness and cooled before
the test is applied.

142. Sodium hydrogen tartrate, NaHT, if it is added
to some of the KCI solution in a test-tube, gives a white
crystalline precipitate (KHT). The precipitate usually
appears only when the tube is well shaken for some time,
after the mouth of the test-tube has been closed with the
thumb.

Shake up the precipitate, and pour it off with the liquid
into four test-tubes.

Add to three of these difterent portions, water, KHO,
and HCI respectively; on being shaken or warmed with
each of these liquids, the precipitate will dissolve.

To the fourth portion add alcohol; the precipitate will
not dissolve,

Remarks.—When the above test is used for the detection of potas-
sium, the precipitate will not be obtained at once in dilute solutions ;
but its formation is mnch bastened by the addition of alcohol.
Very dilute solutions must first be concentrated by evaporation.

The solution to be tested should be neutral or feebly alkaline in
reaction. If it is strongly acid in reaction, the free acid should be
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neutralised by the addition of sodium carbonate (Na,CO;) solution ;
or, if the acid is volatile, it may be removed by evaporation.
Feebly-acid solutions may be at once mixed with NaHT. To an
alkaline solution, tartaric acid (H,I) should be added until the
reaction of the liquid is strongly acid.

143. Flame-Coloration (112).—Dip a loop of platinum
wire, which gives no colour to the flame, into some strong
KOl solution ; or moisten the wire, and dip it into some
finely powdered KCl: then hold the loop in the flame.
A pale-lilac or lavender coloration will be seen, if the KCl
is pure. Even if the flame appears yellow to the naked eye,
it will always become deep crimson when it is viewed
through the thicker parts of an indigo-prism (Exp. 93, 112).

The flame-coloration, due to potassium, shows in the spec-
troscope a red line («) and a faint indigo-blue line (3) at the
extreme ends of the spectrut (fig. 68, 116). A faint con-
tinuous spectrum is also visible,

144. Heat a little Solid KCl in a small dry test-tube;
or powder it finely, and heat it on a piece of platinum-foil.
The KCl will melt, but 1t will only produce slight white
fumes when it is heated very strongly. This proves that
potassium sults are very slightly volatile even at a bright
red heat.

The fused residue is often transparent and invisible ; but
its presence may always be detected by a slight crackling
being heard, during the cooling of the foil or of the test-tube.

Ammovnium (NH,).—Use Ammonium chloride,
NH,C1 or AmCl.

145. Potassium hydrate, KHO, if it is poured in excess
into some of the solution, or upon the solid, and heated,
causes ammonia gas to be given off :

NH,Cl+ KHO=NH, + K0l + H,0,
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The ammonia is recognised :

(8) By its pungent smell, which is that of common smell-
ing salts,

(b) By turning moistened red litmus-paper blue, or tur-
meric-paper brown.

‘Wet a small piece of the test-paper with distilled water,
and place it upon the end of a glass rod. Then hold the
rod in the test-tube, taking great care not to bring it into
contact with the liquid or with the sides of the tube. The
change of colour mentioned above will take place.

(¢) By yielding white fumes with an acid gas or vapour.
Hence if a glass rod or stopper, wetted with strong HCI,
HNO,, or HA, is held over the mouth of the test-tube,
dense white fumes will be seen.

146. Platinum chloride, Pt€l, when it is stirred on a
watch-glass with some AmCl solution, gives a yellow
crystalline precipitate (Am,PtCl,).

This precipitate is soluble in water and in KHO solution,
but is insoluble in alecohol. If it is boiled with KHO,
NH, is evolved, and it is distinguished in this way from
the similar potassium precipitate, K,PtCl,. The remarks
in small type in paragraph 141 apply to this reaction also.

147. Sodium hydrogen tartrate, NaHT, when it is
shaken for some time in a test-tube with AmCl solution,
gives a white crystalline precipitate (AmHT).

This precipitate is soluble in water, in KHO, and in
HCI, but is insoluble in alecohol. The remarks in small

type in paragraph 142 apply to this reaction also.

148. Flame-Coloration.—Pur® AmOl gives no flame-
coloration. But since ammonium salts almost invariably
contain a trace of sodium, they usually impart a yellow
colour to the flame.

149. Heat a little Solid AmCI on a piece of platinum-
foil. Tt will be cqnvemd into vapour and will produce
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copious white fumes. These fumes are best seen when the
foil is removed for a moment from the flame. The solid
at last entirely disappears, showing that AmCl is completely
volatile,

Repeat the experiment by heating a small piece of solid
AmCl in a dry test-tube. The solid can be completely
volatilised, and its vapour condensed as a white coating or
sublimate on the upper part of the tube.

Some ammonium salt-, such as the carbonate and the nitrate, are
decomposed by heat into gases ; they are therefore volatilised with-
out producing white fumes or a sublimate,

Soprum (Na).—Use Sodium chloride, NaCl.

150. Flame-Coloration.—NaCl gives an intense yellow:
colour to the flame. The colour is either invisible, or appears
only pale blue, when it is viewed through the indigo-prism ;
it never shows the slightest tinge of red when it is seen
through the thicker parts of the prism.

When the sodium coloration is examined by a small
spectroscope, it gives a single yellow line q (fig. 68, 116).

The yellow coloration of the flame which is produced by sodium is
usually readily seen, even in the presence of other flame-colorations,
since it is not, easily masked. In any case the yellow spectrum line
may always be detected, even when mere traces of sodium are present.

1f both potassium and sodium are present, the potassium colora-
tion is usually unseen, and the yellow coloration of sodium alone is
visible. But when the flame is viewed through the indigo-prism, the
crimson coloration of potassium is at once seen (112, Exp. 93).
The lines of Na and K may also be distinctly separated from one
another by means of the 8pectroscope.

151. Heat a little 8olid NaCl in a dry test-tube or on
platinum-foil. It will melt without producing white fumes,
and will give slight fumes only when it is heated very
strongly, showing that NaCl is very slightly volatile even
at a bright red heat.
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Maanesium (Mg).—Use Magnesium sulphate,
MgS0,.7H,0.

The 7H,0 in this formula represents the water of crystallisation,
which is always present in the solid state in the crystallised salt.
Water of crystallisation is entered in this way throughout the book,

152. Add Ammenium chloride (AmCl), then Ammonium
hydrate (AmHO), and then S8odium phosphate, Na,HPO, : a
white crystalline precipitate (MgAmPO,.6H,0) will form:—

MgSO0, + AmHO + Na,HPO, = MgAmPO, + Na,S0, + H,0.

If much water is present this precipitate will form only
when the liquid is warmed, or is well stirred or shaken.
It is soluble in HCl and in other acids, but is insoluble
in AmHO.

153. Potassium hydrate, KHO, gives a white precipitate (MgH,0,),
which is readily soluble in acids.

154. Ammonium hydrate, AmHO, gives a white precipitate
(MgH,0,) : but if AmCl is added before the AmHO, no precipitate
is produced,

155. Ammonium carbonate, Am,C0; gives a white precipitate
(MgCO,), but only in strong solutions and on standing for some
time. The previous addition of AmCl prevents ther formation of
this precipitate.

156. Flame-Coloration.—Pure Mg80, solution gives no colour to
the flame,

157. Blowpipe-test.—If a little solid Mg80,7H,0 is
placed in a small cavity on a piece of wood-charcoal, and is
then heated in the tip of the outer‘blowpipe-flame (110),
it will shine brightly and will give a white unmelted mass
of MgO. No white fumes will be given off, since MgO is
not volatile.

If this white mass is allowed to cool and is moistened
with several drops of cobalt nitrate solution, and is then again
heated to whiteness for some time in the outer blowpipe-
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flame, it will assume a delicate pink colowr. This colour will
be readily seen when a piece of white paper is held near the
cold residue on the charcoal.,

DEetECTION OF ONE METAL IN GROUP V., WHEN IT
OCCURS ALONE,

The Detection of a Single Metal leads the beginner by easy stages
to the detection of metals in the presence of one another. But the
directions for the detection of a single metal, which follow the re-
actions in each Group, and the whole of Section V. which is con-
cerned with the Analysis of Simple Salts, may be omitted if time
must be saved.

After the student has carefully worked through the re-
actions for the metals in the Fifth Group, he should proceed
to apply the experience, which he has thus acquired, to the
detection of one metal belonging to this Group.

For this purpose a salt which contains only one of these
metals should be supplied; and separate portions of the
salt, or of its solution in water, should be subjected to the
tests which are given in the first column of the following
Table of Differences (160).

158. Explanation and Use of the Table of Differences.—
A glance at this Table (160) will show that those tests have
been selected, which serve to distinguish the metals of this
Group from one another. Theorder in which the tests are
placed is that which will best serve this object.

It will be evident that it is never necessary to try the
whole of the tests upon any one substance. The presence
of the metal, when it has been detected by one test, should
however be confirmeds by another test selected for that
purpose. The third and fgurth tests are also manifestly
alternative ones, the use of NaHT being generally preferred
to that of PtCl, for economical reasons,

A selection is made from the first four tests in examining
a liquid. A solid substance should be first subjected to the
fifth and sixth tests; and a portion of the solid should then
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be dissolved in water and the solution examined by the
earlier tests.

As each test is made, the result which it yields is care-
fully observed. Occasionally no change is noticed ; this is
indicated by a blank in the column to the right. If any
result is noticed, it; is looked for in the columns to the right ;
it will indicate the presence of that metal, which heads the
column in which the result stands. -

Sodium is seldom entirely absent from any substance.
The quantity present may be judged from the intensity of
the yellow flame-coloration. Unless the coloration is very
intense, the presence of a trace of sodium should be noted
down, and another metal should be looked for.

The student will naturally take advantage of the aid
afforded by the spectroscope in examining the flame-colora-
tion (113-117).

Several simple unknown selts of the metals of Group V.
should be examined by the Table (160), and the results
obtained, together with the inferences drawn, should be care-
fully entered in the note-book.

159. Example of Entry in the Note-Book :—

A solid white substance was given to be tested for one metal in
Group V.

Test, Observation. Interence

]
1 Heated in an ignition- | Substance fused, but did | Absence of I Hy
tube. not volatilise.

2. Heated op charcoal in | Substance fused, aund | Presence of K or Na '
the blowpipe-flame sauk into the churcoal

| Dissolved part of the sub- .
stance wn water o
8. Held a drop on a plat- | A pale lilac flame colora- | Presence of K.,
fnum-wire loop in tion, which appeared
the tlame. crimson through the
indigo-prism.

4, Stirred a little of the | A yellow precipitate | Presence of K.
:io!utlm; %‘tg'l a few formed.

rops of ona
w-tgh-gl-u. ‘ Found K.




1601 GROUP V.—TABLE OF DIFFERENCES, 123
160. Grour V.—TaBLE oF DIFFERENCES,
Tests. K~salts, NH —salts. Na—salts. Mg—salts.

For solutions,

L. Boll with KHO — NH gas given — Whltepreclplme.
solution:: known by

iu ‘smelland by Confirm
turning motst addin AmC’l,
barmeri brow, AmHO,

also  glves N HPO,, to
dense  white freah % o.
fumes  with the  solution
strong HCI (162)

9. Heat iIn the|| Pale lilac fame, —_— Intense  yellow —
Bunsen - fiame || which appears flame, which
on a clean pla-|| crimsonthrough shows no tinge
tinum wire: the indigo- of red through

the indigo-
prism.

8, Add PtCl|| Vellow erystal-| Yellow erystal- — —
make slightly || llne precipitate,| line precipitate,
acid with di-!! forms only In| forms only in
lute HCl, and || strong  solu- strong  solu-
stir vigorously: | tlona. tions, o

4. Add NaHT and!| White crystalline | White crystalline — -—
shake well precipitate in | precipitate in

strong  solu.| Strong  solu-
tions. tions.

| Forsolids only.

5. Heat to red-|| Non-volatile, ua- | Volatile; thesub. | Non-volatile, un- | Non-volatlle.
ness in & dry|| less heated to| stance passes | l¢ss heated to
test-tube, oron || bright redness | at least partial.| Lright redness

| platioum foll ly, into vapour

) It usually gives

white fumes,
and forms a
sublimate  in
the upper pait

! of the tube,

6 Heat strongly || Easlly  fusible, | Volatile, ghing| Easfly fusible, | White infusible
on charcoal n|| sinking intothe off white fumes | sinkingintotho | residue is left,
the outer blow-|| charcoal, und' charcoal, and [ which if molst-
plipe-flame: colouring  the colouring the | ened with

flame gﬂel!ho. . ;:E: (stn;:) Co(NO:)n,d solu-
Bee 2. w. ! re-
{ heated becomes

pink.
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DerecTioN oF METALS IN GrOUP V., WHEN
THEY OCCUR TOGETHER.
Paragraphs, the numbers of which are marked with an asterisk (*),

may be omitted by students who are learning the analysis of Simple
Salts only.

I6I.* When more than One Metal of the Fifth Group is
present in the substance to be examined, the possibility of
interference in the reactions arises. It should be remem-
bered, however, that—

1. NH, may always be detected by the evolution of NH,
when the substance is boiled with KHO solution.

2. Na can always be found by its yellow flame-coloration.

3. Mg is indicated with certainty by its precipitation by
KHO solution, and by Na,HPO in the presence of AmCl
and AmHO.

4. K may always be found by the flame-coloration appear-
ing crimson when it is viewed through the indigo-prism, or
by the red line in its spectrum.

5. The test for K by means of PtCl, or NaHT is only
conclusive in the absence of NH,. If NH, is present, its
salts must be removed by ignition, before K can be tested
for by precipitation.

162.* The student should proceed to examine by the
following Table (163) several solutions of unknown com-
position, containing two or more metals of this Group.
Only one of the observations which are recorded against each
test will be made. In future Tables the bracketed para-
graphs, which concern the absence ’of the metals, will be
omitted ; hut the student should invariably enter his nega-
tive resul together with the inferences which he draws
from them. \

The experiments, observations, and inferences should be
entered in the note-book fully in the form shown in the
Table (163).
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GROUP V.—ANALYTICAL TABLE.

163.* TABLE FOR TESTING FOR Mg,
SOLUTION WHICH MAY CONTAIN ALL OF

K, Na, NH,, Iv a
THEM.

Experiment.

Observation

Inference,

1. Add to a small pait of
the solution Amcl, then
AmHO and Na,HPO,,
shake well and allow
to stand if no piecipitate
appears at once

forms

1 A white precipitate

{2 No precipitate appears ]

Piesence of Mg.

[Absence of Mg ]

II. Dip a small loop of
clean platinum wire into
the solution, and hold it
near the top of the
Bunsen-flame.

through

pearing

1 A yeliow flame.

Look at the yellow flame
the
psm, a ciimson red
colou is seen,

2. A pale lilac flaine, ap-
crimson
when seen thiongh the
indigo-prism

(8 No colour {8 {mparted
to the flame ]

Presence of Na, possibly
also of K.

indigo-

Presence of K.

Pregence of K and absence
1ed | of Na.

{Absence of K and Na.]

III Boil some of the solu-
tion in a test-tube with
KHO solution, and ti)
whether NH, is given
off by smelling; or if it

1. NHg gas s smelt, or
the turmeric
brown,and white fumes
are obtained with HCL

Presence of NH,.
ecomes

cannot be smelt, by test- | [2 No NH, Is smelt, and | [Absence of NH]
i1.g with moistened tur- the turmet le-paper does
meric-paper or stiong nct  become biown,
HCQL reithel a1e white fumes
obtained with HC)

IV. A confirmatory test for K may be made by sdding PtCl, or NaHT If
Exp III has shown that NH, is present, proceed to test for K by column A ¥
NH, is absent, test for K by column B (1b, 5).

»
A
Boll some more of the solution down
to dryness in a pqreelain dish, scrape
out the white substance left in the dish,
and heat it strongly on a plece of plati-
num-foil as long as any white fumes are
seen to be given off when the foll is
taken out of the flame for an instant.
Place the foil when cold in a test-tube,
and boil 1t with very léttle water, to
which a diop of dilute HCl has been
added, and evaporate to seveial drops;
cool the liquid, and pour it out ypon a
wa{.lch-gm, add a little PtCl,, and stir
well i~
A yellow precipitate .—Presence of K.

B

Pour a little of the solution upon a
watch-glass, add PtCl,, and stir weil: a
yellow precipitate -— Presence of K.

If no precipitate forms, K may never.
theless be piescnt, the solution being too
dilute to allow the precipitate to form;
therefore pour some of the solution into
a porcelain dish, bofl down nearly to dry-
ness, cool and test this liquid by stirring
it with PtCly on & watch-glass, adding
alcohol if the piecipitate does not appear
u} c;;\w: a yellow precipitate :—~Fresence
0 .

Note—Addition of alcohol requently
produce the precipitate without eva-

poration. .

125
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Reactions oF THE RARER METALS IN GRoOUP V.
The rarer metals included in this Group are Li, Rb, Cs.
LiTHIUM (Li).—Use Lithium chloride, LiCl

164. Li occurs frequently in mineral waters and in the ashes of
plants, also in small quantities in the minerals lepidolite, triphane,
and petallite )

It is allied to the metals of the Barium Group by the difficult solu-
bility of its carbonate and phosphate ; and 1t differs from K and
NH, by not being precipitated by PtCl, or by H,T ; from Na it is
readily distinguished by its flame-coloration and spectrum.

LiCl may be separated from KCl and NaCl by its insolubility in a
mixture of absolute alcohol and ether.

165. S8odium Phosphate, Na,HPO,, if it 1s added to the solution,
which must not be too dilute and must be made strongly alkaline
with NaHO, will give, on boiling, a white crystalline precipitate
(Li;PO,) which settles quickly. Traces of Li may be precipitated by
adding Na,HPO,, and then NaHO until the liquid remains alkaline,
evaporating to dryness and washing the residue with dilute AmHO.

This precipitate may be distinguished from the phosphates of Ba
Sr, Ca, and Mg by heating it on charcoal in the blowpipe-flame,
when it will readily fuse and be absorbed by the charcoal support.
The diluted cold solution of Li;PO, in HCI also gives no precipitate
when AmHO is added in excess, but a white crystalline precipitate
forms when the liquid is boiled.

v

166. Flama-Coloration : this is carmine-red ; the spectrum (fig. 68,
116) consists of an intense carmine-red line (a).

The flame-coloration is concealed by that of Na,but the presence
of Na does not interfere with the spectrum. The Na-coloration is
removed if the flame is viewed through the thinner parts of the prism.

The lithium flame-coloration differs from that given by K by
being either unable to penetrate the thick layers of indigo-solution,
or by being much lessened in intensity by passage through the indigo.

Lithium silicate only gives the flame-coloration after it has been
fused with CaS80, ; lithium phosphate requires to be first moistened
with HOL

RusIpIUM (Rb), C2s81UM (Cs).—Use RbCl and CsCl.

167. The metals Rb, Cs occur in small quantities in some mineral
waters and in a few minerals,
The compounds of Rb and Cs resemble those of K by being
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precipitated by PtCl, and by H,T, and by giving a flame-coloration
similar to that of K

These metals differ from K by the greater insolubility in water
of their platino-chlorides. K PtCly can be dissolved away from
Rb,PtCly and Cs,PtCl; by boiling the precipitates with successive
small quantities of water The alums also show a similar difference
in solubility in cold water.

168. Flame.Colorations.—The flame-colorations given by these
metals are not distinguishable from that given by K. Cs and Rb
are, however, readily distinguished from one another and from
other elements by their spectra (fig. 68, 116). The blue hnes (a, 8),
given by Os, are especially distinct and characteristic. In the Rb-
spectrum the indigo-blue lines (a, B) are very distinct, but the red
lines (v, §) are most characteristic. The chlorides are the most
suitable salts for the spectroscope test.

DEerectioNn or L1, RB, Cs IN ANALYSIS.

The metals Li, Rb, Cs are most readily detected in this Group by
means of their spectra.

¥or the detection of these metalsin the o1dinary course of analysis
refer to the fifth column of the Table 1n paragraph rogo.
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GROUP IV.—BARIUM GROUP.
169. This group includes Ba, Sr, Ca.

These metals differ from those of Group V. by being precipitated
from their solations as carbonates by ammonium carbonate, and as
oxalates by ammonium oxalate, in the presence of ammonium
chloride. They are not precipitated by any other Group-reagent.

Barium (Ba).—Use Barium chloride, BaCl,.2H,0.

170. Ammonium carbonate, Am,CO,, added after AmCl,
causes a white precipitate (BaCO,). This precipitate is at
first flocculent ; but it slowly shrinks in volume and becomes
crystalline, if the liquid which contains it is gently heated
and is then allowed to stand. Prove that this precipitate is
soluble in acetic acid (HA).

171. Calcium sulphate, Ca80,, or Sulphuric acid, H,80,,
causes a heavy white precipitate (BaS0,), which is insoluble
in HCI even when the liquid is boiled.

172, Potassium chromate, K,Cr0,, added after some
HA, produces a yellow precipitate (BaCrQ),) which is
goluble in warm HCI, but differs from SrCrO, by being
insoluble in warm HA.

173. Hydrofiuosilicic acid, H,8iF;, produces a semi-transparent
precipitate (BaSiFg). The precipitate does not appear in dilute
solutions until after some time ; its formation is hastened by boiling,
shaking, or stirring the liquid, or by adding alcohol. H,SiF, yields
no precipitates with solutions containing Sr or Ca.

174. Ammonium oxalate, Am,C,0,, produces a white precipitate
(BaC,0,).

175. Flame-Coloration: BaCl, gives a yellowish-green
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colour to the flame, which is visible through the indigo-
prism.

The barium-spectrum (fig. 68, 116) consists of a number
of lines, the most characteristic of which are three green
lines, a, B, 7.

SrroNTIUM (Sr).—Use Strontium nitrate Sr(NO,),.4H,0.

176. Am,CO,, added after some AmCl, gives a white pre-
cipitate (SrCO,), which is soluble in HA. This precipitate
is flocculent at fivst ; but it gradually becomes crystalline and
shrinks very considerably at ordinary temperatures, and
more rapidly when it is heated.

177. Ca80,, or H,80,, gives a white precipitate (SrSO,).
This precipitate does not usually form in a cold solution at
once, but only after some tlme The precipitate, however,
appears at once when the liquid is boiled.

178. K,0r0,, added after some HA, causes no precipitate, since
S10rQy is soluble 1n HA.

179. Am,C,0, produces a white precipitate (8rC,0)).

180. Flame-Coloration: crimson-red ; this colour appears
intense red through the indigo-prism, unless the flame-colora-
tion is very faint.

The strontium-spectrum contains many lires (fig. 68, 116).
The most characteristic are the orange line (a), the red lines
(8, 7), and the blue line (3).

CaroioM (Ca).—Use Calgjum chloride, CaCl,.6 H,0.

181. Am,00,, added after AmCl, givesa white precipitate
(CaCO,) which is soluble in HA. Thisprecipitate is floccu-
lent at first ; but it shrinks considerably and becomes crystal-
line after a time, more rapidly when it is gently heated.

9
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182. 0a80,: no precipitate, even when the liquid is
allowed to stand, or is boiled.

183. H,80, : a white precipitate (CaSO,) forms at once in
strong solutions, and often in weak solutions when they are
boiled ; but some CaSO, will always remain dissolved, since
it is not quite insoluble in water.

Prove this by boiling the liquid which contains the preci-
pitate, and then filtering it. Then keep adding AmHO to
the filtrate and stirring it, until a drop of the solution turns
turmeric-paper brown and the liquid smells of NH,, Then
add Am,C,0,; awhite precipitate will form, showing the p1e-
sence of Ca (185) which must have been dissolved as CaSO,

184. K,Cr0,: no precipitate.

185. Am,C,0,: white precipitate (CaC,0,), soluble in most
acids, but insoluble in HA and in oxalic acid (H,C,0,).

186. Flame-Coloration: yellowish-red. When this colora-
tion is viewed through the indigo-prism it does not appear
red, and differs in this respect from that given by Sr.

In the calcium-spectrum (fig. 68, 116) the most character-
istic lines are the green line (8) and the ihtense orange
line (a).

DEerecTioN or ONE METAL 1IN GRouPr IV., WHEN IT
OCCURS ALONE.

187. The following Table of Differences will serve to
detect a single metal in Group IV., when all other metals
areabsent. For an explanation of the method of using the
Table, the remarks on the use of the corresponding Table
for Gr P V. may be consulted (158).
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DETECTION OF THE METALS.
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Group 1V.—TaABLE oF DIFFERENCES.

The first three tests only need be used for the detection of a member:
of this Group when it occurs by 1tself in solution : the fitst test se1ves

also for solids.

The flame-coloration obtained in Exp. 1 should be examined by the

spectioscope.
Tests | Da —salts Sr—salts. Ca—salts
1 Flame-colora- {| Greemsh-yellow. Intense  cuumson, | Yellowish-red,
tion: appearing e not appearing

2 CaS04 added

An immediate pre-

son through the
wdigo-prism,

A precipitate ap-

1ed  through
the  indigo-
prsm

No precipitate

to the cold cipitate. peaing only afser | even on boil-
solution : a short time, or| ing
wmmediately on
bolung.
3 KyCrO4 added Light yellow pre- _— —_——
after HA : cipitate
[4 HoSiFgadded || White precipitate —_— ]
5. He80; added || Entirely precipi- | Enturely  precipi- | Partially pre-
in excess and || tated as BaSO,. tated as 8r39, cipitated as
boiled : CaS0y4 (183)

SEPARATION AND DETECTION OF THE METALS IN GROUP IV,
WIIEN THEY OCCUR TOGETHER.

188.* The following Differences presented by the solu-
tions of these metals are made use of :—

1. Their different flame-colorations, which are examined
if necessary through the indigo-prism and by means of the

spectroscope.

2. The difference in the behaviour of their solutions with
CaS0, solution, which at once indicates the presence or
absence of Ba, or of Sr in the absence of Ba,
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3. The insolubility of BaCrO, in HA, and hence the
possibility of separating Ba, if present, by adding HA and
then K,CrO,.

4. The fact that Sr, but not Ca, can be precipitated by
Ca80, on boiling. This reagent will therefore indicate the
presence of Sr in the absence, or after the separation, of -Ba.

5. The complete precipitation of Sr, if present, by boil-
ing the solution with 1,80, ; sufficient CaSO, still remain-
ing in the filtrave, to give a precipitate on the addition of
Am,C,0, and of AmHO in excess.

189.% A Solution which has to be Examined for Ba, 8r,
and Oa, and which can contain only these substances, is first
made alkaline, if it is not already so, by the addition of
AmHO in excess (103).

Am,CO, is then added, ard the addition of this reagent
is continued as long as it causes any further precipitate
after the liquid has been warmed, stirred well and allowed
to settle. The liquid is then filtered. A little more Am,CO,
is added to the clear filtrate, and if this causes any further
precipitate more Am,CO, is added, and the liquid is again
poured through the same filter.

As soon as the filtrate gives no further precipitate with
AmCO,, all the metals of this Group, which were present
in the solution, will have been precipitated as carbonates,
and will remain on the filter after the filtration of the liquid.

The precipitate is then examined by Table IV. (1032,
1033), or by the simpler Table IV.A. (1034).
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GROUP III.—IRON AND ZINC GROUPS.

The Group includes Al, Fe, Cr, Zn, Mn, Ni, Co, together
with the rarer metals U, In, Be, Ti, V, Zr, Ce, Ta, Nb, La,
Di, Y, E, Th. Itis conveniently subdivided into Groups
ITI.A. and I1l.B.

The reactions of the rarer metals are given in paragraphs

243-276.

GROUP IILA.—IRON GROUP.

190. This Group includes Al, Fe, Cr.

The members of this Group differ from those of Groups III.B., IV,
and V. by being precipitated from their solutions by AmHO after
the addition of AaCl. They are not precipitated, however, by the
group-reagents for Groups II.and I. This Group isalso precipitated
by Am,S, or by H,S added to the alkaline solution.

Group III. A, further differs from Group IILB. in being completely
precipitated by adding BaCO, shaken up with water. This reagent
affords the most peifect means of separating these two Sub-groups

irom one another.
The members of Group III.A. show no characteristic flame-colora-

tions ; but, with the exception of Al, they impart a characteristic
colour to the borax-bead.

Avvuminiom (Al).—Use Aluminium sulphate, Al,(SO,),.

10I. AmHO: white flocculent precipitate (Al,H,0,), which
is seen best after the quid has been boiled. It is soluble in
HCI and in HA, and is slightly soluble in AmHO in the

absence of AmCl : —
Al(80,),+ 6AmHO = AL,H,O, + 3Am,SO,,

192. KHO added in very small quantity: white floccu-
lent precipitate (Al,H,0,), soluble in excess of KHO, Add
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dilute HCI gradually to part of the KHO solution of the
precipitate until the liquid is neutral, the A, H,0O, is repre-
cipitated. If more acid is added the precipitate dissolves,
but it reappears when AmHO is added in slight excess.

From another portion of the KHO solution of the preci-
pitate the AL, H O, may be reprecipitated by the addition of
sufficient AmOCl solution.

103. Ammonium sulphide, Am 8 : the same precipitate
(ALH,0,), HS gas being evolved, or remaining dissolved in
the liquid :—

AL(80,), +3Am S + 6H,0 = AL,H,0, + 3Am SO, + 3H,S.

194. Blowpipe-test.—Heat some solid Al,(SO,), on char-
coal in the outer blowpipe-flame; then moisten it, after
cooling, with Co(NO,), solution and again heat it in the
outer flame; a fine blue mass will be obtained.

Iron (Fe).—Use Ferric chloride, Fe,Cl;, and Ferrous
sulphate, FeSO,.7H,0.

Ferric salts are usually yellow or reddish-yellow in colour!
Ferrous salts are usually pale green if they are hydrated, but white
if they are perfectly anhydrous.

Use Fe,Cl, solution and FeSO, solution for reactions 196
198, and solid FeSO,.7H,0 for 199 and 200. In pre-
paring FeSO, solution, crush a crystal of the solid substance
and shake it in a test-tube with cold water.

195. Two classes of Iron compounds are known, which differ in
appearance and in properties and behave differently with reagents.
They are distinguished as ferrous and ferric compounds respectively.

In the former class the metal ma§y be termed serrosum (¥e’), and
in the latter ferricum (Fe’’), The dashes following the symbol
denote the number of Cl atoms, or their equivalent, which are com-
bined with one atom of Fe in its compounds.

It is usual in stating analytical results to mention in which state
of combination the iron exists, and therefore some distinctive tests
are described below.
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The whole of the reactions of ferrous compounds are not given,
because Fe 18 always separated and detected in the course of
analysis as a ferric compound, and ferrous compounds are subse-
quently tested for by trying special tests upon the original substance.

Ferrous compounds are readily converted into ferric compounds
by boiling them for a short time with a little strong HNO;, or with
HCl and a crystal of KC10,.

Both classes of compounds give the same results in the blowpipe-
reactions (199, 200).

196. AmHO, or KHO : with ferric salt a reddish-brown
flocculent precipitate (Fe,H,O,), insoluble in KHO, soluble
in HCI: with ferrous salt a dingy green precipitate, ulti-
mately turnmg to brown Fe,H O, on exposure to the air.

197. Am,S : a black precipitate (FeS), which is mixed
with white sulphur in the case of ferric salts :—

Fe,Cl, +3Am,S=2FeB + S+ 6AmCl.

FeS is soluble in boiling acids, but is insoluble in KHO.

In very dilute iron-solution a green colour only is pro-
duced at first by Am,S, but black FeS separates after the
liquid has stood for some time or when it is boiled.

198. Hydrogen sulphide, H 8, either passed as gas into
the solution, or added as H,S water, gives a black precipitate
(FeS) when the iron-solution is subsequently mixed with
excess of alkaline hydrate.

In neutral or acid solution of ferric salt, sulphur is preci-
pitated and the ferric salt is converted into ferrous salt; the
colour of the solution therefore changes from yellow to pale
green : this change of colour is visible in a strong solution,
after it has been boifed and filtered :—

Fe,Cl, + H,S = 2FeCl, + 2HCI + 8.
109. Heated with Solid Sodium carbonate (Na,CO,) on

Charcoal in the inner blowpipe-flame, a solid iron compound
leaves a grey powder of metallic iron (110). This is sepa-
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rated by levigation (I111), and is shown to be magnetic by
being attracted when it is touched under water with the end
of a magnet, or with the point of a magnetised knife-blade.

200. A Borax-bead (108) containing Fe is reddish-brown
while hot and yellow when cold, after it has been fused in
the outer blowpipe-flame ! after fusion in the inner-flame it
is olive-green,

FurTHER DisTiNcTiVE TESTS FOR FERROUS AND FERRIC
SarTs.

201. For these tests the Fe solution should first be acidified by
the addition of several drops of dilute HCI.

Ferric-salts Ferious-salts

Reagents to be added. (Use FegClg solution ) (Use FeSOy solutfon )

1, Potassium ferrocy- (| Dark blue preciprtate, ** Prus- | Light blue precipitate,

anide (K¢FeCyp) : sian blue”, insoluble in HCI, becoming dark blue
and turned biown by KHO m the al1, or on addi-
tion of HNOg or of

Br-water.

8. Potassium ferricy- || No precimtate the solution | Dark blue precipitate,

amde (K3FeCyp) . darkens, but 15 seen to con- *Turnbull's  blue”;
tain no piecipitate when it insoluble in HCl In
has been diluted with water. very dilute solution
only a daik bluish-
grey colour is pro-

uced,
8. Potassium sulpho- || Blood-red coloration . no precl- | Nored coloration unless
cyanide (KCy8): pitate is produced, the liquid small quantities of
. belng perfectly clea1 on dilu- ferric-galts a1e pre-
tion, the colour is immedi- sent,

ately destroyed when seveial
drops are poured into some
HgCl, solution {ts produc-
tion hindered by HNOg

and by HA

* Nore.—This solution must be made immediately bifore 1t 1s used, by dfssolving a
small piece of solld potassium ferricyanide, about the size of a pin's head, in a few
drops of water,

It will be seen that the addition of KOH or of AmOH (196) also
serves to distinguish ferrous from ferric salt, when these salts are
not present together.
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OnromiuM (Cr).—Use Chrome-alum, CrK(80,),.12H,0,
which contains Cry(S0,),.

Chromic salts are usually bluish-green or violet in colour.

Remarks,—Chromium forms two classes of compounds. In one
class chromium in combination with oxygen acts as an acid-radicle.
This class includes the chromates, which are usually yellow or
reddish in colour.

But chromium also forms a series of salts in which it acts asa
metallic radicle ; these are usually greenor violet, and give the
following reactions for Cr

The chromium salts pass by oxidation into chromates inreactions
204, 206, where the oxidation is caused by PbO, and by KNO,
respectively.

Chromates, on the other hand, pass by reduction into green
chromic compounds ; examples of this change will be found under
the tests for chromates (592).

202. AmHO: pale bluish-green or purple precipitate
(Cr,H,0,). If AmHO is added in large quantity and the
liquid is heated, some of the precipitate will dissolve, pro-
ducing a beautiful violet-red solution. The colour of the
liquid is best seen after the precipitate has been removed
from it by filtration. From this red solution the Cr,H,0,
is reprecipitated when the liquid is boiled for several
minutes in a porcelain dish.

203. KHO,if it is added in small quantity, gives the same
precipitate (Cr,H,0,). If more cold KHO is added, the
precipitate is entirely dissolved to a green fluid. 'When this
liquid is diluted with water and then boiled for several
minutes, the Cr,H,O, is reprecipitated and the liquid
becomes colourless, When AmCl is added to the KHO
solution, the Cr,H,0O, i$ also reprecipitated.

L]

204. Lead peroxide (Pb0,), or Red lead, may be added to the green
liquid which has been obtained by adding KHO in excess to the
chromium solution (203). When this liquid is boiled with the lead
oxide, its colour changes to yellow ; a yellow precipitate (PbCrO,)
may then be thrown down from this yellow solution by adding to it
HA in excess,
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205. Am,8 also precipitates Cr,Hy04 H,S gas being given off or
remaining dissolved. See the equation in paragraph 193.

200. A Solid substance containing Cr, if it is heated
with fused (Na,CO,) and potassium nitrate (KNO,) on
platinum or porcelain, yields yellow sodium chromate
(Na,CrO,). See Exp. 85 (106). When the cold product is
dissolved in boiling water, a yellow liquid is obtained. If
this solution is acidified with HA, and is then boiled for a
few minutes in order to drive off CO,, it gives with solution
of lead acetate (PbA,) a yellow precipitate of PbCrO,.

207. A Borax-bead containing Cr (108) is green after it
has been fused either in the outer or in the inner blowpipe-
flame.

DerecrioN oF ONE MEeTAsL IN Group III.A., WHEN IT
OCCURS ALONE.

208. The following Table of Differences will serve to
detect one metal in Group I1I.A., when all other metals are
absent. Refer to the remarks on the corresponding Table
for Group V. (158), for an explanation of the method of
using this Table.
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CGroup III.A,—TaBLE oF DIFFERENCES,
Tests. Al—salts Te”—salts Fe/— salts. Cr—salts
For hquids
1. Add AmHO, || Whte flocculent | Reddsh  brown | Dingy green pre- | Pale green floccu
precipitate flocculent pre- | cipitate, rapidly [ lent precipitate
cipitate turning brown| colour unal
when left ex-| tered by expo
posed tothealr | sure to air
2. Add KHO. Whate flocculent | Reddish  brown | The same precl- | Pale green preci-
precipitate,| flocculent pie-| pitate as with| pitate, solublc
easilysoluble n | cipitate, nso- | AmHO, nso-| tn excessof cold
excess of KO | Iuble wn excess | luble wn excess HO, but re-
not 1eprecrpy | of K110 of KHO precipilated on
tated on dilut- duuting  and
ing and bor/mng borlsng for some
Jor some time {ume.
8, AddKCySand Deep blood red | Nocolorattonun- —
8 [ew drops of colotation, de-| less Fe' is alao
HCL: stxoyedbﬂ)our- present.
ing into HgClp
solution
Blowpipe tests
Jor solwds
4, Vuse with —_— On  cooling, a |Same a8 Fe/ On cooling, 8
Na,CO;  and wiite mass of yellow  mass
mfo, on pla- Na,C0, 1¢- remains ; the
tinum fofl mains,  with solution In HX,
datk  brown gives a yellow
l;}lén(;clcs of precipltate with
' 23 PbA,
8 Heated on | Ifmolstencdwith In inner fiame | Same as Fe®, —
charcoal : Co(NOg); solu-| mixed  with
| tlon and re-! Na,COz givesa
heated strongly | @mey wagnetic
gives a fine blue | powder.
mass,
6. Fusod in borax D — Reddish  wellow | Smne a8 Fe” Oreen both in
bead: § in outer flame outer and inner
Greensh yellon flames.
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SEPARATION AND DETECTION oF THE METALS IN GROUP
‘I1.A., WHEN THEY OCCUR TOGETHER,

209.* The following Differences are utilised :—

1. The solubility of ALH O, in boiling KHO, in which
Fe,H.O, and Cr,H,O, are insoluble.

2. The conversion of Cr,H O, by fusion with Na,CO, and
KNO, into soluble NaCrO,* Fe,HO, when it is thus
treated, remaining as Fe,0, which is insoluble in water.

3. Cr is then detected by the yellow colour of the
aqueous solution of the resulting Na,CrO,, and by the
formation of a yellow precipitate when this solution is
acidified with HA, and PbA, solution is added to it.

4. Fe is found by the blood-red coloration which is
obtained, when KCyS is added to the solution in HCI of the
Fe,0, resulting from (2).

210.* A Bolution which may contain Al, Fe, Cr, is
examined in the following manner :—

(a) To a few drops of the liquid, acidified with HCI, a
little K, FeCy, is added : if a blue precipitate is produced,
Fe is present : proceed to (b): if no blue precipitate forns,
proceed to (¢). This portion of the liquid is rejected.

(b) Two other small portions of the acidified solution are
then tested ; one with freshly made solution of K,FeCy,,
which, by giving a dark blue precipitate, would show the
presence of Fe”; the other with KCyS, which may cause a
blood-red colour, proving the presence of Fe”’. These por-
tions of the liquid are rejected. Proceed to (c). '

(c) The rest of the original solution is boiled, after a few
drops of strong HNO, have been added if ferrous salt is
present. Some AmCl is added ; then AmHO is gradually
added, with constant stirring, until the liquid is just alkaline
and smells faintly of NH,. The liquid is then boiled and
filtered, and the precipitate is examined by Table IIL.a.
(1027), all the appended Notes being disregarded.
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GROUP IIl.B.—ZINC GROUP,
211. This Group includes Zn, Mn, Ni, Co.

Compounds of these metals differ from those of metals of Groups
1V. and V. by being precipitated from their neutral or alkaline
solutions by ammonium sulphide (Am,S), and from their alkaline
solutions by H;S They are not precipitated by the Group-reagents
for Groups I11.A., II., and 1. Mn 1s, however, gradually precipi-
tated by oxidation, 1f 1ts solution 1s mixed with AmCland excess of
AmHO and 1s then exposed to the air.

The compounds of the metals of this Group show no characteristic
flame-colorations ; but, with the exception of those of Zn, they give
characteristic colours to a borax-bead.

Finely powdered barium carbonate (BaCO,) does not precipitate
the metals of this Group from their solutions, as it does the metals
of Group IILA., unless they are present as sulphates.

Note.—The wellow ammonium gulphide, which is repeatedly
referred to in the tests for Ni and Co, is the reagent which 1s
ordinarily found in the laboratory. It is a polysulphide, and is
represented by the general formula Am,Sn. The monosulphide,
Am,S or AmHS is coloutless.

Z1N¢ (Zn).—Use Zinc sulphate, ZnS0,.7H,0.
Zinc salts are usually colourless.

212. Ammonium sulphide, Am,8: white precipitate
(Zo8). This precipitate often appears yellow, owing to
the presence of excess of yellow ammonium polysulphide
(Am,8,) in the liquid. The true colour is evident, as soon
as the precipitate, produced by Am,S,, has been separated
from the liquid by settling or by filtration.

"The colour and the solubility of this precipitate is proved
in the next paragraph.

213. Hydrogen sulphide, H,8: white precipitate (ZnS).
Zn is only partly precipitated from the neutral solution by
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H,S, since H,S0,,in which ZuS is soluble, is formed during
the reaction :
ZnS0,+H,S=Zn8 + H,S0,.

If, however, NaHO or AmHO has been added in sufficient
excess to the zinc solution, it will form a clear solution
(214, 215) ; and since free H,SO, cannot exist in this alka-
line liquid, the Zn may be entirely precipitated from it as
sulphide by H,S.

The addition of a sufficient quantity of solution of sodium
acetate (NaA) to the zinc solution also enables H,S to effect
complete precipitation of the Zn as sulphide, since acetic
acid (HA), in which ZnS is insoluble, is produced in the
solution :

ZnS0, + H,S + 2NaA = ZnS + Na,80, + 2HA.

Add to some ZnSO, solution AmC], then AmHO until it
is alkaline, and then H,S. White ZnS will be precipitated.
Add to separate portions of $his liquid HCl, HA, and Am,S
respectively ; ZnS will be found to be soluble in HOCI, but
insoluble in HA and in Am,S,

Note.—'he tests which show the solubility of the sulphides of the
metals of this Group are best tried on the precipitate which is
obtained by the addition of AmCl, AmHO in excess, and H,8 to the
solution of the metal, unless freshly prepared colourless Am,S can
be obtained , since the yellow polysulphide solution causes sulphur
to precipitate together with the metallic sulphide :*

ZnS0,+ Am,S,=7ZnS + 8§ + Am,SO0,.

The sulphur, thus precipitated, is not dissolved by vne solvents of
the metallic sulphide

214. KHO, added in small quantity, gives a white pre-
cipitate (ZnH,0,). The addition of more KHO causes this
precipitate to dissolve, but it is formed again when much
water is added and the solution i Js boiled. The Zn may also
be precipitated from the KHO Solution as ZnS by the addi-
tion of HS.

215. AmHO, 1f added in small quantity, also yields a precipitate,
which is soluble in excess. The formation of this precipitate is
prevented by the previous addition of AmCl.
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216. Blowpipe-test on Charcoal. — Mix some finely
powdered ZnSO,.7H,0 and Na,CO, in a small cavity on
wood-charcoal, and heat the mixture in the inner blowpipe-
flame. An incrustation will be obtained on the charcoal,
which is yellow while hot and white when cold. This deposit
cannot be driven away by the outer blowpipe-flame, but it
is easily removed when it is heated in the inner flame.

Moisten the cold incrustation with cobalt nitrate solution
and heat it strongly in the outer blowpipe-flame; it will
become green.

Note.—The above changes of colourare more distinctly seen when
a little zinc oxide (ZnO) 1s heated 1n an ignition tube, or in the
outer blowpipe-flame on charcoal. The oxide will be yellow while 1t
1s hot and white when 1t has cooled. If the oxide 1s moistened on
charcoal with Co(NO;), solution, and is then reheated in the outer
blowpipe-flame, it will become green.

ManGaNESE (Mn).—Use Manganese chloride (MnCl,), or
Manganese sulphate (MnSO,).

Manganous salts are usually of a pale pink colour. Alkaline
manganates are green, permanganates are purple,
1

21%7. Am,8 : flesh-coloured or pale pink precipitate (MnS).
The true colowr of this precipitate is only seen after it has
been separated by filtration, if the ammonium sulphide was
yellow. The precipitate occasionally becomes dark green after
standing for some time. The colour of the moist filtered
precipitate always changes by oxidation to dark brown, when
it is allowed to stand in contact with the air. For the solu-
bility of this precipitate, refer to paragraph 218.

218. H,8 precipitates pale pjink Mn§, partially from neutral
solutions and entirely from alkaline solutions, but it pro-
duces no precipitate in the presence of HCl or of HA.

Add to some MnCl, solution AmCl, AmHO in excess,
and then H,S; and show with separate portions of the
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precipitate that MnS is soluble in HCland in HA, but is
insoluble in Am,S.

219. KHO: white precipitate (MnH,0,), insoluble in
excess, and quickly turning brown by oxidation in the air.
This change of colour is most rapid after the precipitate has
been filtered off, since it is then exposed more fully to oxida-
tion by the air.

220. AmHO gives the same precipitate (MnH,0,). If
sufficient AmCl is first added, however, AmHO produces no
immediate precipitate ; but if this alkaline liquid is exposed
to the air, it gradually turns brown by oxidation, and the
Mn is ultimately precipitated as a brown hydroxide.

221. Blowpipe-test by Oxidation.—When any solid sub-
stance containing Mn is heated upon platinum foil in the
outer blowpipe-flame, in contact with a fused mixture of
Na,CO, and KNO,, the product yields a bluish-green mass
when it cools. The mixture of the substance with the alka-
line salts should be heated by allowing the tip of the blow-
pipe-flame to touch the under surface of the foil, and the
flame must not be allowed to come into contact with the sur-
face of the mixture (106, Exp. 85).

The test may also be made by fusing a mixture of
Na,CO, and KNO, into a bead in a loop of platinum wire,
then taking up a little of the manganese compound upon the
surface of the moistened bead, and fusing it inte the bead by
heating it in the extreme tip of the outer blowpipe-flame.

This reaction is a very delicate test for the presence of
manganese.

222. Blowpipe-test on Charcoal.—When any manganese com-

pound is heated with fused Na,CO, on charcoal in the inner blow.
pipe-flame it yields a grey magnetig powder of Mn (110, 111).

223. A Borax-bead (108), which contains very little Mn,
will be violel-red whilst hot and amethyst-red when cool, after
it has been fused in the outer blowpipe-flame. When the
bead isheated in theinner blowpipe-flameit becomescolourless.
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This reaction is very delicate, and yields a result with
even minute quantities of manganese compounds. Larger
quantities of manganese render the bead opaque, after it has
been heated in the outer blowpipe-flame.

Nicker (Ni).—Use Nickel sulphate, NiSO,.7H,0.
Nickel salts are usually bright green in colour.

224. Am8: black precipitate (NiS).

Add yellow ammonium polysulphide in excess, boil and
filter. The filtrate will be coloured brown by NiS, which
has been dissolved by the excess of the polysulphide.

Pour this dark-coloured filtrate into a porcelain dish and
boil it for some time, adding distilled water if necessary in
order to prevent the liquid from evaporating to dryness.
The dissolved NiS will be repredipitated, and when it has
been filtered off, the filtrate will be colourless.

If HA is added in excess to the dark-coloured filtrate,
the dissolved NiS will also be reprecipitated.

For the solubility of NiS, refer to the next paragraph,

225. H8: black precipitate (NiS) in a neutral solution,
or in a solution which contains no free acid except HA,
(213). HCl and other acids prevent the precipitation.

Add to NiSQ, solution AmCl, then AmHO in excess and
then H,S; and show with the precipitate thus produced,
that NiS is insoluble in cold HCl and in HA, but is
dissolved when it is heated with HCI and a crystal of
potassium chlorate (KCI10,).

226. KHO : light green preeipitate (NiH,0,).

227. AmHO, added in very small quantity, gives a bluish-
green precipitate (NiH,0,). This precipitate is soluble in
excess of AmHO to a violet-blue liquid: it is also soluble
in AmCl.

10
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If AmOl is first added to the NiSO, solution, the addition
of AmHO causes no precipitate.

228, Bolution of Potassium cyanide (KCy), if it is
freshly-prepared by dissolving a fragment of solid KCy in
water, and is added in small quantity to the nickel solution,
gives a yellowish-green precipitate (NiCy,). The further
addition of the KCy solution dissolves this precipitate, but
the precipitate appears again when sufficient HCl is added
to this solution.

229, Precipitation as Ni,HO, from NiCy,2KCy.—
Acidify some NiSO, solution with several drops of HA;
then add freshly-made KCy solution gradually, while
stirring or shaking the nickel solution, until the precipi-
tate, which forms at first, is just redissolved.

Boil this solution for a short time: then cool it, and
divide it into two parts.

The addition of HCI in excess to one part will produce a
precipitate of NiCy,, which often appears only after a time.

A black precipitate (Ni,H,0,) will be formed on the
addition to the other part, either of sodium hypochlorite
solution (NaClO), or of potassium hypobromite (KBrO).
The hypobromite is conveniently prepared by adding to the
nickel cyanide solution first KHO in excess,and then bromine
water (Br) until the liquid remains yellow. The black pre-
cipitate forms more rapidly if the liquid is Warmed.

230. Blowpipe-test on Charcoal.—When a mixture of hnely-
powdered Ni8O,7H,0 and Na,CO; is heated on charcoal in the
inner blowpipe-flame, a grey powder of N1 will remain, which may
be separated by levigation and shown to be attracted by the
magnet (110, 111),

231. A Borax-bead containing Ni is violet or reddish-
brown immediately after it has been fused in the outer
blowpipe-flame, and it becomes pals yellow on cooling.

If the bead is heated for some time in the inner blowpipe-
flame, it becomes black and opague.
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Cosart (Co).—Use Cobalt nitrate, Co(NO,),.6H,O.

Hydrated cobalt salts are usually reddish-pink in colour ; in the
anhydrous condition they are usually dlue or purple.

232, Am8: black precipitate (CoS). If much yellow
ammonium polysulphide is added, and the liquid is then
boiled and filtered, the filtrate is coloured yellow by Am,S,, ;
it is not dark coloured, since CoS, unlike NiS, is insoluble in
yellow Am,S,. For the solubility of CoS refer to the next
paragraph.

233. H,8: black precipitate (CoS), forming only in alka-
line solutions, or in solutions which contain no free acid
except HA (213). The presence of HCl prevents the pre-
cipitation.

Add AmCl, then AmHO in excess, and then H,S to
some Co(NO,), solution, and pour into two separate portions
of this liquid HCl and HA ®respectively; the precipitate
will not dissolve. To the portion containing HCl add a
crystal of KClO, and heat; the precipitate will dissolve
readily.

234. KHO: blue precipitate (CoH,0,). The colour of
the precipitate changes by oxidation on exposure to the air,
also when the liquid containing the precipitate is heated.

235. AmFO : bluish-green precipitate, having the same
properties as that produced by KHO. The precipitate is
soluble in excess of AmHO and in AmCl, and is therefore
not formed if AmCI is added to the cobalt-solution before
AmHO, or if AmHO is added in excess.

236. Freshly-prepared KCy solution, if it is added in
small quantity, gives a reddish-brown precipitate (CoCy,).
‘When more K Cy solution is added slowly and while shaking
the liquid, the precipitate dissolves ; but it reappears when
HCl is added to the solution.

237. Cobalticyanide reaction,—Acidify some Co(NO,),
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solution with a few drops of HA; then add freshly-made
KOy solution slowly, until the precipitate which forms at
first is just redissolved.

Boil this liquid, then cool it and divide it into two parts.
Add to one of these portions HCI; and to the other either
NaClO solution, or excess of NaHOQ solution followed by
sufficient Br-water to render the liquid permanently yellow ;
no precipitate will appear in either case, even when the liquid
is warmed. Refer to 229.

The difference in behaviour of solutions of N1 and of Co, which
have been boiled with excess of KCy, 1s due to the fact that NiCy,
forms with KCy a compound (N1Cy, 2KCy) which is easily decom-
posed : whereas CoCy, forms with excess of KCy, in the presence of
atmospheric oxygen, the very stable compound K,;CoCy,, potassium
cobalticyanide, which resists decomposition by acids and by alkaline
oxidising solutions —

2CoCy, +8KCy +2H,0 + 0 =2K,CoCy; +2KOH + H,0.

238. Blowpipe-test on Charcoal.—When a solid cobalt compound
is mixed with Na,CO;, and the mixture is fused on charcoal in the
inner blowpipe-flame,it yields a grey magnetic powder of Co(110,111).

239. A Borax-bead, which has been dipped into a strong
solution of Co(NO,),, assumes a fine blue colour when it is
fused in either the inner or the outer blowpipe-flame,
This colour is produced even by minute quantities of cobalt
compounds,

DerEcrioNn o ONE METAL 1IN Grour III.B.,, WHEN IT
OCCURS ALONE.
240. The Table of Differences on pp. 150-1 will serve
to detect one metal in Group III.B. when all other metals
are absent,

The distinction between Ni and Co in the Table depends
upon noting the presence of NiS in yellow ammoniam poly-
sulphide; this is proved by a dark filtrate being obtained
when the precipitated sulphide is warmed with excess of the
yellow polysilphide and the liquid is filtered.
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SEPARATION AND DETECTION OF THE METALS IN GROUP IIL.B.,
WHEN THEY OOCUR TOGETHER.

241.* The following Differences are made use of :—

1. The solubility of NiS in yellow ammonium poly-
sulphide, in which ZnS, MnS§ and CoS are insoluble.

NiS may then be reprecipitated by boiling this solution, or
by the addition of HA, and the presence of N1 may be con-
firmed by heating the NiS in a fused borax-bead (231).

2. The solubility of ZnS and MnS in cold dilute HCI, in
which NiS and CoS are almost insoluble.

3. The solubility of ZnH,0, in cold KHO, in which
MnH,0, is insoluble.

White ZnS may then be precipitated from this alkaline
solution by the addition of H,S : and the MnH,0, may be
heated in a fused mixture of Na,CO,and KNO,, when it
will yield a bluish-green mass (22I).

4. The difference in behaviour of the solution of NiCy,
and of CoCy, in excess of KCy solution, when the liquid
is warmed with NaClO, or with NaBrO (229, 237).

5. The marked difference in colour of the borax-bead con-
taining Ni from that containing Co is a further means of
detecting these metals.

Mn may be separated from Zn, Ni, and Co by passing H,S into
the neutral solution which has been saturated with NaA (213); Mn
alone remains in solution (218), and the other metals are precipi-
tated as sulphides,

Another method for separating Ni and Co depends upon the fact
that while Co is precipitated as Co,(HO) from its solution by BaCO,
in the presence of Br, N1 is not precipitated by this means and
remains in solution.

242.* A Solution is Examined for Zn, Mn, Co, Ni,
by adding AmCl, then AmHO in excess, and then yellow
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This Table runs
across both pages Grove IILs
Tests. Zn—salts. Mo—salts.
For liguids,

1, Add Am,8; or better | Whiteprecipitate: solublein | Pink precipitate: soluble in
AmCl, AmHO in excoss i cold dilute HCL: ingoluble( cold dilute HCl: goluble m

and Hy8-water. m B4, A,
. AddKHO: White precipitate: soluble in | Whate preciprtate: turning
! a;e:f;f I\% l}{rown m the air: ngoluble
3. Add KCy solution : 1 — D e—

This test need only be tried
when & black precipltau'
has been obtained by Test ,

Blowpipe tests for solids.

¢, Fused with Na,CO; on | A whiteincrustation, which, | A grey powder.
charcoal in the inner blow- l it moist ‘net‘aflwnth Co(NO3), Jhe substance, if fused with
pipe flame. in the outer and KNO, on plati-
ﬂame, turns green num il in outer flame,
The substance itself, when | gives a blussh green mass.
strongly heated after hav-
mg been mostened with
Co(NO;); also  becomes
greer.
. Outer flame —Amethyst red.
b, borax head: {lnner flame —Colourless.
i

L .

Am,S, until the liquid smells of the sulphide after it has
been well stirred or shaken.

The liquid is then heated, and a few drops of it are
poured upon a filter. If the filtrate is colourless, sufficient
Am,S, has not been added; more Am,S, must then be
poured in, the liquid must be once yiore filtered, and the
colour of the filtrate must be aggin observed.

As soon as the filtrate is brown or yellow in colour,
proving that Am,8, has been added in excess, the whole of
it is heated and filtered, and the precipitate is examined by
Table ITL5. (1028).

If the filtrate is yellow it is rejected, if it is brown it
must be examined for Ni according to paragraph 1020.
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TABLE oF DIFFERENCES,

Ni—salts,

Co—salts,

Dlack precipiate: soluble in boing yellow
Am,S toadark solution : insoluble n cold
dilute HCl and in HA,

@reen precipitate, insoluble in KHO.

Added in slight excess to the feebly acid
solution anﬁ boiled for some time, then
Br-water and excess of NaHO added, gives
a black precipitate on heating

Black precipitate* imnsoluble in boing yellow
Am,8 ,m cold dilute HCI, and m HA,

Blue preaymtate: insoluble in KHO,

Added in s]lght excess to the feebly acid
solution and boiled for some time, then
Br-water and excess of NaHO added, givea
no precipitate on heating.

A grey magnetic powder.

Violet or yellow while hot.
{ Outer flame. 3 yliou when cold,
Inner flame,~Grey or opaque bead.

A grey magnetic powder,

Outer and inner flames.~—Fine dlus bead,

ReacrioNs or TuE Rarer ELEMENTS 1N Group III.

243. In this Group are included U, In, Ti, Be, T1, [V], (Zr, Ce

Ta, Nb, La, Di, Y, E, Th),

244. Tl is often partially precipitated as chloride in Group I., and
its reactions are given under that Group. V is not precipitated
unless acid is added in excess, after Am,S has becn added.

URANIUM (U).—Use Uranyl nitrate, (U0,)”(NO,),

U oceurs in nature principally as pitchblende, an oxide ; also as
uranite, a hydrated uranium calcium phosphate ; and as chalcolite,
hydrated uranium copper phosphate.
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245. AmHO, KHO, or NaHO: yellow precipitate of uranate,
insoluble in excess.

246. Am 8 gives in reutral solutions a dungy yellow or brown preci-
pitate of uranium oxysulphide, which differs from ZnS, MnS, and
FeS by being soluble in Am,CO, The precipitated oxysulphide
settles slowly, unless AmCl is added, it 1s soluble in acids, even in
HA ; when it is heated with Am,S in excess, it is changed into
uranous oxide and sulphur.

247. H,8 produces no precipitate in acid solutions.

248. Am,C0;. KHCO, or NaHCO,: yellow precipitate of double
carbonate, easily soluble in excess ; from this solution the uranium is
reprecipitated by the addition of NaHO or KHO, or by boiling the
liquid; it differs in this respect from the corresponding iron
precipitate.

249. K FeCy, gives in acid solutions a reddish-brown precipitate,
which differs from the similar one produced in a copper solution,
by dissolving in excess of AmHO to a yellow hquid.

250. BaCO0; causes complete prscipitation even in the cold.
251. Zn changes the yellow colour of acid solutions to green.

252. Borax and Microcosmic beads: after being heated in the
outer flame, yellow ; inner flame, green,

INDIUM (In).—Use Indium sulphate, Iny(8O,),.

Indium occurs in zinc-blende and in wolfram

233. Alkaline hydrates precipitate a hydrate'resembling ALH,O,,
which is insoluble in excess. Indium solutions are also precipitated
by alkaline carbonates, by Na,HPO,, by boiling their neutral solutions
with excess of NaA, by BaCO,, and by alkaline oxalates.

254. H,8 gives no precipitate in strong and acidified solutions ; in
dilute and feebly acid solutions a little sulphide separates; in a solu-
tion containing no free acid but HA the metal is entirely precipitated
as yellow sulphide. This precipitate is insoluble in cold Am,S, but
dissolves when the Am,S is boiled : white indium sulphide separates
as the hot solution cools.

255. Am,8, added after H,T and excess of AmHO, gives a white
precipitate, which becomes yellow when it is treated with HA.

256. Flame-Coloration: bluish-violet. The spectrum shows a very
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characteristic blue line ; when indium chloride is introduced into
the flame this line is brilliant, but it very rapidly disappears (fig. 68,
116).

BERYLLIUM (Be).—Use Beryllium sulphate, Bey(SO,);.

Be occurs as silicate in phenakite, and as silicate with alumi-
nium silicate in beryl and in emerald.

257. Am,8, AmHO, KHO, or NaHO precipitates the flocculent
hydrate, which resembles, Al,H O, in appearance and in being
solublein KHO : it differs fiom Al,HgOq 1n being precipitated from
its solution in KHO by dilution and long boiling, and by the freshly
precipitated hydrate being dissolved when it is boiled for some time
with AmCl solution.

258. Alkaline carbonates precipitate a carbonate, which is soluble
in excess of the reagent ; the carbonate is reprecipitated when this
solution is diluted and boiled for some time ; the solution and re-
precipitation are most easily effected when Am,CO; is used as the
reagent. (Difference from Al,HgOs.)

259. BaCO; precipitates Be solutions completely.
260. H,0,0, and Alkaline oxalates produce no precipitate.

261. Moistened with Co(NO,), solution and heated on charcoal
in the outer blowpipe-flame, a grey mass is obtained. (Difference
from Al.)

T1TANIUM (T1).—Use Titanium oxide, TiO,.

Ti occurs as Ti0, with traces of Fe, Mn, Cr; also in rutile,
anatase, and brookite. TiO, occurs also in combination with Fe in
titaniferous iron ore.

262. Ignited Ti0, is insoluble in water and in most acids : it is
easily soluble in HF, less readily in boiling strong H,80,: it also
becomes soluble in cold water after it has been heated with fused
KHSO,. TiO, differs from SiO, by not being volatilised when it is
heated in a platinum dish with HF and strong HySO,.

263. By Dilution and long Boiling, white flocculent hydrated
TiO, is precipitated from solution in H,SO, or in HC], and from the
aqueous solution prepared after treatment with fused KHSO,: the
precipitate is metatitanic acid : it cannot be filtered off until either
an acid or AmCl has been added.
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264, AmHO, KHO, NaHO, Am,8, or BaCO,, white flocculent pre.
cipitate, insoluble in excess ; 1f the precipitation and washing have
been carried out in the cold, the precipitate dissolves in HCland in
dilute H,80,.

265. Zn or Sn gives in strong acid solutions a dlue coloration ; if
the solution is dilute, a rose-red coloration is produced.

266. Na,8,0, precipitates Ti solution entirely when the liquid is
boiled. (Difference from Fe.)

267. Microcosmic-bead : in the outer flame yellow while hot, colour-
less when cold : in the inner flame yellvw while hot, t:0let when cold.

The production of these colours is promoted by introducing a
fragment of Sn into the fused bead. The addition of a small quan-
tity of FeSO, causes the bead to become blood-red, when it is heated
in the inner blowpipe-flame,

VANADIUM (V).—Use Sodium vanadate, NaVO,.

V occurs in vanadinite [8Pby(PO,),.PbCl,], and in certain Fe-ores
and Cu-ores. Vanadium is known in several stages of oxidation ;
it usually occurs in analysis as vanadic acid or a vanadate, which
in acid solution is of a yellow or reddish colour.

271. H.8, H,80, or H,C,0, reduces an acid solution of a vanadate,
and causes the colour of the solution to change to dlue ; with H,S a
deposit of sulphur is also formed.

272. Am,8, if added 1n excess, gives a brown liquid ; the addition
of an excess of acid to this brown hiquid produces a brown precipi-
tate of V,8;; the brown precipitate is redissolved by an excess of
Am,S, yielding a reddish-brown hiquid

273. Zn, when introduced into a very dilute solution, which is
acidified with H,80, and is then gently svarmed, causes the liquid
to change in colour to &le, then toggreen, and then to latender-blue.

274. Solid AmCl, 1f 1t is added to the solution until it is saturated,
precipitates Am,VO,, which is insoluble in saturated AmCl solution.

275 H,0, when shaken up with an acid solution, imparts to it a
red colour; the colour is not removed by shaking the liquid with
ether. This is a very delicate test.
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276. Borax-bead : in the outer flame colourless, or yellow if much
V is present ! 1n the inner flame green hot and cold, or, if much V
is present, drown hot and green cold.

DerecrioN ofF THE RArer EreMeaTs IN Grour I1I.

For the Detection of these Rarer Elements of Group IIL in the
ordinary course of analysis, refer to the third and fourth columns
in Table 1090, and to Table 1091.
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GROUP II.—COPPER AND ARSENIC GROUP.

This Group includes the metals Hg, Pb, Bi, Cu, Cd, As,
Sb, Sn, together with the rarer elements Pd, Os, Rh, Ru,
Au, Pt, Mo, Se, Te, Ir.

Group II. is subdivided into Groups IL.a. and II.B.

The Reactions of the Rarer Elements are given in para-

graphs 348-378.

GROUP IL.a.—COPPER GROUP.
277. This Group includeg Hg", Pb, Bi, Cu, Cd, (Pd).

The compounds of these metals differ from those of the metals in
Groups IIIA., IILB,, IV., and V. by being precipitated as sulphides
by H,S fiom their acid solutions. With the exception of Pb, which
is partially precipitated from strong solutions as chloride, these
metals are not precipitated from their solutions by HCl or {by
soluble chlorides.

The precipitated sulphides of the metals of Group II.A. differ from
those of Group II.B. by being insoluble both in Am,8 and in KHO.

H,8 does not precip:tate the members of this Group from strongly
acid solution readily or completely, until the sqlution has been
suitably diluted with water.

The Rarer Metal, Palladium (Pd), belongs to this Group; its re
actions are given in paragraphs 348-351.

Mercuricun (Hg").—Use Mercuric chloride, HgCl,.

278. Mercury forms two series of compounds, which are distin-
guished as Mercur.c and Mercurous compounds, These two classes
of compounds behave differently with reagents, and the metal present
in them may be distinctively called Mercuricum and Mercurosum.
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As Mercuricum the metal is classed in this Group, but as Mercuro-
sum it 18 classed in Group I. In paragraphs 386 and 387 tests are
given, which serve to distinguish mercury as Mercurosum from
mercury as Mercuricum.

279. Hydrogen sulphide, H8: black precipitate (HgS).
If the H,S solution is added slowly, the precipitate is first
white, then brown or orange, and ultimately black. The
occurrence of these changes of colour, during the addition of
H.S8, is characteristic of mercuric salts.

Filter off the precipitate of HgS, and wash it free from
dissolved chlorides; then place portions of it in two test-
tubes,

Boil one of these portions with strong HNO,, the precipi-
tate will not be dissolved ; now add HOI and warm again,
the precipitate will dissolve.

Boil the second portion with AmS, the precipitate will
not dissolve,

Hence HgS isinsoluble in ho? strong HNO,, and in Am,S.
It is, however, easily soluble in a mixture of HNO, and HC],
which is known as aqua regia.

280. Stannous chloride, 8nCl,; white precipitate
(Hg,Cl,): if an excess of SnCl, is added, the white pre-
cipitate becomes grey : the grey precipitate consists of fine
particles of Hg :—

« 2HgCl, + SnCl, = Hg,Cl, + SnCl,
Hg,Cl, +SnCl, = 2Hg + SnCl,,

Boil the liquid, and decant it from the grey precipitate.
Then heat the precipitate with strong HCI ; the Hg-particles
will usually unite to globules, which are visible through a
lens and are frequently seen even by the naked eye.

»

281. Copper, Cu : cleanse a small strip of copper sheet,
or a copper coin, by rubbing it with sand-paper, or by dip-
ping it into strong HNO,. Immerse it in some HgCl, solu-
tion, which has been acidified by the addition of a few drops
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of HCl. The Cu will become coated with a grey film of
Hg :—
HgCl, + Cu=Hg+ CuCl,

Allow the Cu to remain immersed in the liquid for several
minutes, then remove it, dry its surface, and rub it with a
cloth or with a piece of wash-leather. The Cu will appear
more or less whitened like silver, since the mercury has
formed an amalgam with it.

The Hg may be readily driven off from the copper by
heating it strongly. If the copper strip is heated in a test-
tube, or better in a small hard-glass tube sealed at one end,
a sublimate of globules of Hg will form upon the cool sides
of the tube.

282. Heating with Sodium carbonate, Na,CO,—Dry
some sodium carbonate perfectly by heating it strongly on
platinum foil or in a porcelgin dish. Also dry the interior
of a small test-tube by heating it in the flame, and then suck-
ing out the moist air by a glass tube. Mix a litle finely-
powdered HgCl, intimately with about four times its measure
of the dry and finely-powdered NaCO,. Then transfer the
mixture into the tube and cover it with a layer of the dyy
Na,CO,.

Now cleanse the inside of the tube perfectly, and proceed
to heat the upper layer of Na,CO, strongly: gradually
extend the heat to the mixture below, while the upper layer
is maintained at a high temperature. Hg-vapour will be
evolved, and will condense in globules on the inside of the
tube.

Sometimes the globules of metal are so small that they
appear as a grey film only, or they are few and scattered
and are not easily visible. In either case the minute globules
may usually be detected by means of a pocket-lens, or they
may be united into larger and visible globules by rubbing
the inside of the tube witha glassrod. Even every minute
globules may be seen, when they have been flattened by
pressing them with a glass rod against the inside of the tube.
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Remarks.—The powder is most easily transferred to the tube, by
alternately scooping it up with the mouth of the tube, and tapping
the tube upon the table so as to shake the powder to the bottom.

Or the powder may be poured upon a narrow strip of notepaper,
which has been folded over into a trough, and the paper may be
then pushed into the horizontal tube ; 1f the tube 1s now held erect
and tapped, the powder will be easily transferred to the bottom of
the tube without soiling the glass.

Both the inside of the tube and the powder must be perfectly dry,
else particles will obstinately adhere to the inside of the tube and
interfere with the detection of the metallic globules.

The heating must never be commenced until the inside of the
tube is perfectly clean. It is cleansed, i1f necessary, by means of a
twisted slip of filter-paper or with a wooden match.

If any drops of water condense on tne 1nside of the tube during
the first stage of the heating, they must be removed by a piece of
tilter-paper. If, however, proper care has been taken in drying
the powder, no moisture will be evolved from it. The escape of
steam or gases from the powder is very undesirable, as it is likely
to sweep uncondensed mercury vapour out of the tube.

283. Heat a little Solid IIgCl, in a tube closed at one
end; the substance will sublime in white fumes, showing
that mercury compounds are volatile.

Leap (Pb).—Use Lead acetate, PbA,.3H,0, dissolved
in dilute HA.

284. H,: black precipitate (PbS). This precipitate is
often red if much hydrochloric acid is present in the solu-
tion; but the red colour changes to black when water is
added and H,S is passed, or when H,S-water is added.

Filter, and show with separate portions of the precipitate
that PbS is insolublg in KHO and in Am,S8, but is soluble
in boiling dilute HNO,, ; also that it is conv erted by boiling
strong HNO, into white insoluble PbSO,.

285. HO1: white precipitate (PbCl,), which forms only in
cold and strong solutions, Boil the precipitate with suffi-
cient water: it will dissolve: but the PbCl, will separate
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again in slender crystals, when the hot solution is slowly
cooled.

286. H,80,: white precipitate (PbS0O,). This precipitate
is much less soluble in dilute H,SO, and in alcohol than it
is in water ; hence the dilute H,SO, should be added in
excess to a pretty strong solution of the lead salt.

Shake up the liquid, and pour it off into two test-tubes ;
let the liquid stand in each of these tubes and decant it
from the precipitate. Show that the precipitate may be
dissolved by pouring upon it HA, or H,T solution,and then
udding AmHO in excess and boiling; show also that it
dissolves in boiling strong HCL.

287. K,Cr0,, or K,0r,0,: yellow precipitate (PbCr0,).
Pour off the liquid with the precipitate into two tubes, and
show that the precipitate is soluble in KHO, but insoluble
in HA.

[ 3

288. Blowpipe-test on Charcoal.—Mix some powdered
PbA,.8H,0 with about twice as much Na,CO,in a cavity on
a piece of charcoal, and heat the mixture in the inner
blowpipe-flame (Exp. 88,110). A yellow incrustation will
form upon the surface of the charcoal around the mixture,
and small lustrous globules of Pb will be seen within the
cavity. The incrustation is readily removed by heating it
in the inner blowpipe-flame, and it colours the flame pale
blue, ‘

Detach one of the metallic globules with the point of a
knife, place it on the flat bottom of the inverted mortar,
and strike the globule a smart blow with the pestle. It
will flatten out without cracking or breaking into powder,
showing that Pb is malleable and not brittle.

If one of the cleansed globulessis fixed upon the point of
a penknife, and is then rubbed with gentle friction on paper,
it will mark the paper as a blacklead pencil does,



289-291.] REACTIONS OF THE METALS, 161

Bismurit (Bi).—Use Bismuth nitrate, Bi(NO,),.5H,0,
dissolved in dilute HNO,,

289. H;8: brownish-black precipitate (Bi,S,) :—
2Bi(NO,), + 3H,8 = Bi,S, + 6HNO,,

Decant most of the liquid from the precipitate; then
shake up the precipitate with the remainder, pour some of
the liquid with the precipitate into three test-tubes, and
show that the precipitate is insoluble in Am,S and in KHO,
but soluble in strong HNO,,

200. AmHO, or KHO: white precipitate (BiH,0,), in-
soluble in excess of the reagent. Pour off a small quantity
of the liquid and precipitate into a test-tube, add much
AmHO and warm : the precipitate will remain undissolved.
Filter off the rest of the precipitate, and keep it for the
reaction described in paragraph 291,

2g9oa. KHO and 8nCl,. add KHO solution to SnCl, solution until
the precipitate which forms at first is just redissolved, then add a few
drops of Bi(NO;); solution : a black precipitate (BiO) will be formed.

291. H,0.—Pour a few drops of boiling dilute HCl upon
the precipitate which remained in the filter from par. 290,
and allow the acitl solution to drop from the funnel into a
large quantity of distilled water. A milkiness will appear,
which is due to the formation of BiOCl:—

BiCl, + H,0 = BiOCl + 2HC,

Pour some of the milky liquid into two test-tubes; add
to one portion a little strong HCl and warm it, the precipi-
tate will dissolve ; to the other portlon add H,T and warm,
the milkiness w1ll remain, differing in this way from that
caused by SbOCI (328).

If Bi is present in small quantity only, this milkiness
will often not appear until the liquid has been stirred and
then allowed to stand for a few minutes,

11
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A similar precipitate may be obtained by allowing the original
bismuth nitrate solution to fall drop by drop into much water, but
the nitrate is less completely precipitated than the chloride by mix-
ture with excess of water.

292. K,0r0,, or K,Cr,0,, added after some strong NaA
golution, gives a yellow flocculent precipitate, Bi(CrO,),.
‘When KHO isadded, the precipitate will not dissolve, differ-
ing in this way from PbCrO,; it will dissolve, however,
completely when HCI or HNO, is added in excess.

The addition of NaA in the above reaction is necessary in order
to replace the nitric acid in the original solution by HA, since the
precipitate is readily soluble in HNOg, but is insoluble in HA:

Nad +HNO,=NaNO,+ HA.

293. H,80,: no precipitate: difference from Pb.

v

204. Blowpipe-test on Charcoal.—Heat a mixture of
powdered Bi(NOy), and Na,CO, in a cavity on charcoal in the
inner blowpipe-flame. There will be seen around the cavity
an incrustation which is orange-red while hot and yellow
when cold. 'White globules of Bi will also be seen within,the
cavity ; they are very brittle and will be easily crushed to
powder by a sharp blow with the pestle; they are too hard
to mark paper (288).

CorrER (Cu),—Use copper sulphate, CuS80,.5H,0.,

]

Two classes of copper salts are known, which are commonly dis-
tinguished as cupric and cuprous salts respactively,

Cupric salts are usually blue, but some are green ; their colour
commonly becomes very pale, or disappears, when the salts are
thoroughly freed from water of crystallisation,

Cuprous salts are usually white or colourless. Their acid solutions
become coloured in the air; they yield a precipitate of white Cu,l,
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when they aie mixed with KI solution, and yield red Cu,0 when
they are mixed with KHO
Cupric oxide 1s black, cuprous oxide is red.

205. H.8: brownish-black precipitate (CuS).

Filter, keeping the funnel carefully covered with a glass
plate, since air quickly oxidises CuS to CuSO, and the
CuS0, dissolves and runs through in the filtrate,

Place some of the precipitate in five test-tubes and show
that it is insoluble in KHO, in Aw,S and in boiling dilute
H,S0,, but that it is soluble in boiling HNO, and in
KCy solution.

206. AmHO, if it is added in a diluted state and in very
small quantity, gives a greenish-blue precipitate. If more
AmHO is added this precipitate dissolves, yielding an
intensely blue liquid. The solution becomes light blue again
when an acid is added in excets.

297. KHO produces a pale blue flocculent precipitate, which be.
comes black when the liquid is heated.

297a. H,80,% no precipitate: difference from Pb.

298. Potassium ferrocyanide, K,FeCy,: reddish-brown
precipitate (Cu,FeCy,), insoluble in HA ; the colour of ‘this
precipitate is best seen when the reaction is tried in a white
porcelain dish. In a wery dilute copper solution only a red-

dish colour is seen at first when the ferrocyanide solution
is added.

299. Fe.—Polish a piece of steel or iron wire or sheet, or
the blade of a penknife, by rubbing it with sand-paper, re-
move all grease by boiling it in a little dilute KHO ; then
dip it into OuSO, solution, which has been acidified with a
few drops of H,80,; the immersed surface will be gradually
covered with a red film of Cu.

300, Zn and Py.—Place a piece of platinum foil or wire in
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some CuSO0, solution, which has been acidified with H,80, in
a porcelain dish or in a watch-glass, then drop a small piece
of Zn upon the platinum : ared film of Cu will be deposited
upon the platinum.

30I. Blowpipe-test on Charcoal. — If finely-powdered
Cu80,.56H,0 and Na,CO, are mixed in a cavity on charcoal,
and the mixtureis then heated in the inner blowpipe-flame,
red scales or globules of Cu are obtained. These are best
seen after they have been washed by levigation (111). The
addition of solid KCy facilitates the smelting process and
enables globules of copper to be obtained.

302. A Borax-bead containing Cu is green while hot and
blue when cold, after it has been fused in the outer blowpipe-
flame.

Fusion in the inner blowpipe-flame causes the bead to
become red ; it may even become colourless, if very little Cu
is present and the bead is long heated in a good reducing
flame; the introduction of a small fragment of Zn or Sn into
the bead aids this change,

303. Flame-Uoloration.—If a loop of platinum wire is
dipped into CuSO, solution and is then held in the inner
blowpipe-flame or in the Bunsen-flame, it imparts a green
coloration to the flame.

The flame coloration shows a blue centre after the loop has
been moistened with HCI, or if CuCl, solution was originally
used.
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Capmivm (Cd).—Use Cadmium sulphate, CdSO,.4H,0.
304. H,8: bright yellow precipitate (CdS).

Boil off the H,S and pour the liquid containing the pre-
cipitate into five tubes,

Show with these separate portions that the precipitate
is insoluble in Am,8, in KHO and in KCy solution, but
is soluble in boiling dilute HNO, and in boiling dilute
H,80,.

Dilute the H,SO, solution of the precipitate with much
water and pass H,S for a short time: yellow CdS will be
reprecipitated.

305. AmHO, if it isadded in a very dilute condition and in
small quantity, gives a white precipitate (CdH,0,); when
more AmHO is added, the pzecipitate will be readily dis-
solved.

306, H,80,: no precipitate : difference from Pb.

307. Blowpipe-test on Charcoal,—If powdered CdSQ,
is mixed with Na,CO, in a cavity on charcoal, and the
mixture is then heated in the inner blowpipe-flame, a brown
incrustation will be seen on the surface of the charcoal
around the cavity.

Derecrion oF ONE METAL IN Grour II.A,, WHEN IT
OCCURS ALONE.

308. The following Table of Differences serves to detect
a single metal in Group ILa., when all other metals are
absent.
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This Table runs
across both pages, Group IT.A—
Tests. Hg—salts. Pb—salts.
For hquids

1, Pass Hg3, or add HS.
water:

2. Add F1,80:
8 Add AmHO:

Black precipitate ; when fil-
tered and well washed, in-
soluble 1 boiling strong
HNOg,and unchanged by 1t

Coufirm by (a8s) in solution,

Whte preapitate, insoluble
m excess, 18 usually ob-
tained.

Black precipitate; almost
insoluble 1n boiling strong
HNQ;, changed by it into
whute PLSO4

White precipitate.

White precipitate, insoluble
1n excess

Blowprpe 1eactons for
solvds,

4 Hented with NagCO3 on
charcoal in the inner
blowpipe-flame

Test for Hg by (282)

Yellow merustation white
malleable globules.

SEPARATION AND DETECTION OF THE METALS IN
Group ILA., WHEN THEY OCCUR TOGETHER.

300.* The following Differences are utilised :—

1. The solubility of Bi,$,, CuS, and CdS in strong boiling
HNO,, in which HgS and PbS are insoluble. HgS and
PbS remain as HgS and PbSO, respectively after the treat-
ment with hot strong HNO,.

2. The solubility of PbSO, in a mixture of H,T with
excess of AmHO, Hg8 being insoluble in this mixture,

8. The solubility of CuH,0, and GdH,0,, and the insolu-
bility of BiH,0, in excess of AgHO,
4, The solubility of CdS, and the insolubility of CuS in
boiling dilute H,SO,,
The insolubility of CdS in KCy solution, in which CuS
easily dissolves, furnishes another means of separating Cu

from Cd,



in excess. uble in excess to a deep [ soluble in excess.
Confirm by (291). blue liquid.
Orange red 1incrustation; | Noincrustation ; red metallic Brg:ln incrustation ; no glo-
es.

|
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TanLE oF DIFFERENCES,

Bi—salts,

Cu—~ salts

Cd—salts.

Black precipitate; soluble
in boiling stiong HNO,
ttf form a colourless solu-

on.

Whte precipitate, insoluble

Black precipitate; soluble in
boiling concentrated HNOg
to form a blue solution;
insoluble in boiling dilute

H,80,.

Blue precipitate, easily sol-

Yellow precipitate 3 soluble
in boiling HNOQ,, and in
boiling dilute HzS0,.

White precipitate, ecasily

whute bruttle globules.

scales
Confirm by (302, 303).

After each metal has been separated, its presence is then
confirmed by some special test.

310.* A Solution which may contain the Metals of
Group IILaA. is first made acid, if it is not already so, by
adding to it HCL. Whether the liquid is clear or not, H,S
is then passed through it for about five minutes, and the
precipitated sulphides are filtered off.

The clear filtrate is either mixed with H,S-water, or it is
diluted with a little water and H.,S is passed through it
again for a short time, in order to ascertain whether the
metals have been completely precipitated from the original

solution.

If no further precipitate is produced, the filtrate may be
rejected, But in case H,S causes further precipitation, the
gas is passed for some time longer and the liquid is then
poured again through the filter. The filtrate is rejected
only when H.,S no longer produces any precipitate in it.



168 GROUP 11.B.—ARSENICUM. [311, 812,

The precipitate is then examined by Table II. (1024)
commencing at Group 1Ia. Copper Group (1025), and using
only the left-hand side of the Table.

GROUP ILe.—ARSENIC GROUP.
311, This Group includes As, Sb, Sn.

The metals of this Group differ from metals of Group IILa,
IILB., IV., and V., by being precipitated as sulphides by H,S from
a solution which has been acidified with HCl. They differ from
metals of Group I. by not being precipitated by HCI.

The sulphides of the metals of this Group differ from those of the
metals in Group II.A. by being soluble in Am,S, and in KHO.

t

Each metal of this Group forms two series of compounds. These
compounds resemble each other in many reactions, but they present
certain differences which serve to distinguish them. The two classes
are conveniently distinguished by the terminations -ic and -ous, asin
the two classes of mercury and copper salts : thus we speak of arsenic
acid and arsenious acid, and of stannens and stann:c chloride

The Reactions of the Rarer Elements of this Group, Au, Pt, Mo,
Se, Te, are given in paragraphs 352-378.

ARrsENICT Use Arsenious oxide, 45,0, and
Sodium arsenate, Na,HAsO,.12H,0.

The Arsenious compound, As,O, is dissolved by boil-
ing it for some time with water; the Arsenic compound,
Na,HAs0,.12H,0, is also dissolved in water.

312, The tests described in paragraphs 313-321 give the same
ultimate results with an arsenic compound as with an arsenious com-
pound. As a rule, however, the reactions proceed slowly with an
arsenic compound, since the first stage consists in the conversion
of the arsen:c compound into an arsenious compound.

An arsenic compound is converted into an arsenioxs compound by
boiling it with H;SO; solution, with strong HCI, or with some other
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reducing agent. An arsenious compound is converted into an arsenzc

compound by heating it with HNO,, or with some other oxzidising
agent.

313. H,8 produces only a yellow coloration in neutral
solution of an arsenious compound. But if the solution is
acidified with a few drops of HCI, a light yellow flocculent
precipitate (As,S,) will form immediately even in the cold.

Filter off some of the As,S,, and show that it is insoluble
in boiling strong HCI.

Pour some of the liquid containing the precipitate into
two test-tubes, and add gradually KHO and Am,S respec-
tively ; each of these solutions will completely dissolve the
Ag;S,. The As,S, may be reprecipitated from these solu-
tions by the addition of HCI in excess.

In cold acidified solutions of arsenic compounds H,S pro-
duces no precipitate. But it strong HCl is added and the
solution is boiled, H,S will produce a precipitate of white S
and then one of yellow As,S,, when it is passed for some
time into the boiling liquid.

The complete precipitation of arsenic solutions by H,S is
most rapidly effected, if they have been first converted into
the arseniows state. This may be effected by adding H,SO,
to the boiling arsenic solution until it smells persistently of
S0,, and thén boihng the liquid until SO, is no longer
smelt. The arsenious compound thus produced may then be
readily and completely precipitated by H S inthecold solution.

314. Reinsch’s Test.—Several narrow strips of sheet
copper are cleansed by means of sand-paper, or by dipping
them into strong HNO, They are then boiled in the
arsenious solution, which has been previously acidified by
dilute HCl. The surface &f the copper will soon be coated
with a dark grey film of As,Cu,.

The strips are carefully removed from the liquid, rinsed,
and gently pressed between filter-paper ; they are then dried
by heating them in the steam-oven, or by holding them
in the fingers and heating them gently over the flame. The
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dry strips are then gradually heated over a very small flame
in a warm and dry test-tube. A white sublimate of As,0,
will form on the upper part of the tube.

A much more characteristic sublimate will be obtained, if
moisture is entirely removed from the copper strips and from
the tube, and if the sublimation
is then effected very slowly, and
while the sides of the tube are hot.
This sublimate will be sparkling
and crystalline; and if thecrystals
are examined under the micro-
scope, they willbeseen tobetrans-
parent, colourless, regular octahe-
dra and tetrahedra (fig. 69). The
formation of these crystals under
the above conditions is a most

ARSENIOUS OXIDE valuab]e confirmation of the pre-
CRYSTALS, sence of As.

The sublimate of As,O, may

be dissolved in a little boiling water, and the presence of

As may be confirmed by applying tests 313 and 323 to this

solution.

0

The presence of Asin the original grey deposit upon the Cu should
always be confirmed by one of the above methods, since other
metals may be deposited as grey films on Cua.

Reinsch’s test will serve for the detection of arseméc compounds,
-after their solutions have been reduced to arsenious compounds by
being mixed with strong HCl or with H,SO; solution and boiled.

TEsTS WHICH DEPEND UPON THE FORMATION OF ARSENIC
HYDRIDE (AsH,).
The following tests (315-319), which depend upon the formation
of very powsonous AsH; gas, should be performed in a closet provided

with a good draught : this precaution is necessary in order to guard
against any of the gas being inhaled.

315. Hofmann’s Test.—Pour dilute HCl upon some
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Zn in a small hydrogen-flask, fitted as is shown in
fig. 70,

The hydrogen may be washed, as it escapes, by letting it bubble
through some water contained in the second flask, but this is not
necessary.

Allow the hydrogen to pass through some AgNO, solution
contained in a test-tube. If the Zn and acid are free from

Fic. 70.

HOFMANN'S ARSENIC APPARATUS.

A%, as they should be, no precipitate or colour will be pro-
duced in the AgNO, solution.

Now pour a ILittle As,0, solution down the funmel into
the hydrogen flask ; a black precipitate of Ag will form in
the AgNO, solution.

"This precipitate is produced by the AsHj, which is formed by the
action of the nascent hydrogen upon the As,0;:—
As,0;+12H =2AsH; 4 3H,0.
The AsH;, on passing info the AgNO, solution, reacts thus ;—
AsH, +6AgNO; +3H,0% 6Ag + H,As0, +6HNO,.

It will be seen that Ag is precipitated, while Hy;AsO, remains in
solution.

As soon as a copious precipitate has been obtained, the
test-tube is removed,
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It will be best to set aside the test-tube with its contents to be
examined afterwards, and to proceed at once to use the gas, while
it is being briskly evolved, for reactions 316 and 317.

The liquid in the test-tube is filtered ; the precipitate is
rejected, and several drops of AgNO, solution are added to
the clear filtrate. Some very dilute solution of ammonia
is made by pouring several drops of AmHO solution into
a test-tube, then nearly filling up with distilled water and
inverting the tube. When this solution is mixed drop by
drop with the filtrate, a light yellow precipitate (Ag,AsO,
or Ag,HAsO,) will be obtained.

In order to explain the formation of this precipitate, it must be
remembered that the solution contains H;AsO; in the presence of
AgNO; and of HNO;: and further that AgNO, forms a yellow preci-
pitate with HyAsO; if no free acid is present in the hqud (323).
The formation of this precipitate is prevented by the HNOy; but
when sufficient AmHO is added to neutralise the free HNO; which
is already present, as well as that which is formed by the action of
AgNO; on H,As0,, the yellow brecipitate will appear :

H,As0,+3AgNO, + 3AmHO = Ag,As0, + 3AmNO; + 3H,0

This precipitate (Ag;AsQ;) is, however, readily soluble m AmHO ;
hence it is necessary to use tery dulute AmHO and to add 1t gradually
in order to avoid excess, since if excess of AmHO were added the
precipitate would be prevented from forming.

316. Marsh’s Test.—Disconnect the flasks (fig. 70), and
slip into the rubber joint a tube of hard-glass about four
inches in length, supporting it on the ring of a retort-stand
(fig. 71). Then pour in a little strong HCl through the
funnel-tube.

Caution.—If the experiment is performed as is here directed, the
hydrogen will have been already evolved for some time for the pre-
vious test (315), and will have expelled all the air from the flask.
There will therefore be no risk of an esplosion occurring when the
gas is lighted.

But if the hydrogen is being produced for the first time, or if the
flask has been opened or recharged, allow the gas to escape briskly for
four or five minutes ; and then ascertain that a test-tube, filled with
the gas, burns quietly, before proceeding to kindle the gas at the jet.
In any case it is well to cover the flask with a cloth before the hydro-
gen is kindled, in order to guard against any risks from an explosion
(34).
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Now light the hydrogen as it escapes from the jet (fig. 71).
The flame will be seen to differ from that of pure H by its
livid blue colour, and by its evolution of white fumes of
As,0,. If these appearances are not noticed, there is not
sufficient arsenic solution in the flask. A httle more of the
solution must, therefore,
be poured in through the Fie, 71.
funnel-tube, '

Press down upon the
flame the inside of a porce-
lain crucible lid or of a
porcelain crucible or dish.
A dusky black film of As
will be deposited upon the
cool surface. Two porce- =5
lain surfaces should be thus =
stained with As. MARSH’S ARSENIC MIRROR,

Pour upon one of these
stains some freshly made solution of bleaching-powder; the
stain will be rapidly dissolved.

Warm the second stain of As with Am,S. It will dis-
solve, and the solution will leave yellow As,S, when it is
slowly evaporated.

317. Decomposition of AsH, by Heat.—Pour a little
more strong HOl into the flask (fig. 71), if necessary, in
order to causg the hydrogen to come off rapidly. Light the
gas at the jet, and heat a point near the middle of the tube
strongly (fig. 71). A black mirror of As will form just
beyond the part which is heated by the flame. The flame
burning at the jet will meanwhile become colourless, showing
that the arsenic has been removed from the hydrogen

Heat another point In the tube, so as to producea second

umirror; then divide the tube between the mirrors.

Dissolve one mirror, when it is cold, by warming it with
some fresh solution of bleaching-powder in a test-tube.

Heat the other mirror gently in a test-tube held obliquely
in the flame; if the sides of the tube have been first heated,
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a crystalline sublimate of As,O, will be obtained (fig. 69, p.
170). Dissolve the cold sublimate in a little hot water and

confirm the presence of As by trying reactions 313 and
323 on the solution,

318. HgOl, solution is coloured by contact with AsH,.

Remove the cork from the larger flask (fig. 70, p. 171) and
push a plug of cotton-wool intoits neck, in order to stop any
spirting frem the liquid in the flask. Then cover the mouth
of the flask with a small piece of filter-paper, which has
been moistened with HgCl, solution ; the paper will become
coloured, first yellow and then brown.

If paper moistened with AgNO, solution is substituted
for the above paper, it will be blackened (315).

319. Fleitmann's Test.—Boil some pieces of Zn in KHO
solution : H will be slowly evolved, and will be free from
odour. If a little As,0, splution is now added and the
liquid is again boiled, a garlic odour will be perceptible;
the odour will be caused by the evolution of AsH,:—

Zn +2KHO=H, 4+ ZnK,0,.
As 0, +12H =2AsH, + 8H,0.

If a small piece of filter-paper, which has been moistened

with AgNO, solution, is placed on the mouth of the tube

while the liquid is being boiled, the paper will be stained
black by the separation of Ag (315).

An arsenic compound must be reduced, by being boiled with
H,80,, before the above test is applied.

8b compounds do not give the above result; the test therefore
serves to distinguish between As and 8b.

REeAcrioNs oF SoLip ArseNic CoMPOUNDS,

320. Mirror of As by Reduction.—Dry some finely-
powdered substance containing As thoroughly in the steam
pven, and mix it intimately in a mortar with about four
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times its measure of a freshly ignited mixture of KCy and
Na,C0,. Heat this mixture in a little bulb-tube of hard
glass (fig. 72), or in a narrow test-tube about three inches in
length, carefully observing the precautions mentioned in

F1a4. 72,

ARSENIC MIRROR FROM SOLID ARSENIC COMPOUND,

paragraph 282, A black mirror of As will form on the
cooler part of the tube (b), and a smell of garlic may
usually be detected at the mouth of the tube,

If the bulb is cut off and the mirror is gently heated in
a test-tube, the Aswill be converted into a white sublimate
of AsO, or into tmnsparent octahedral crystals of the
oxide (fig. 69, p. 170).

321, Blowpipe-reaction on Charcoal.—Mix a solid sub-
stance, containing As, with Na,CO, and KCy, and heat the
mixture on charcoal in the inner blowpipe-flame. The flame
will be coloured livid blue, unless this tint is overpowered
by the yellow sodium coloration. A smell of garlic will be
noticed when the charcoal is removed from the flame,

322, Heat a little Solid As,0, in a small ignition-tube ;
it will be readily sublimed. If the As,O,is perfectly dry
and it is sublimed very slowly after the upper part of the
tube has been first heated in the flame, the sublimate will
sparkle, and when i is examined under the microscope, it
will be seen to consist of ectahedral crystals (fig. 69, p. 170).
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[323—826,

DISIINCTIVE TESTS FOR ARSENIOUS AND ARSENIC COMPOUN DS,

Reagent.

Arsenious compound
Use As,0g3 dissolved in H,0.

Arseme compound
Use NagHA804,12H.0
dissolved in HyO

323. AgNOQ,;
several drops

only are added.

Light yellow precipitate
(Ag,HAsO; or AggAsO,):
this  precipitate foims
ouly when a lhittle dilute
AmHO 1s added carefully
drop by drop * show
that it 1s dissolved by
AmHO and by HNO;.

The precipitate 1s also ar&pre-

clably soluble in AmNO3
hence, if too much AmHO
has been added, the precipi-
tate will not always form
when the liquid 18 neutral-
ised with HNO;

324. CuS0,; | Yellowish-green precipitate| Pale green precipitate
several diops | (Cu”HAsO,): this preci- | (CuHAsO,): soluble
only are | pitate forns only when | 1 AmHO and
added. dilute AmHO 18 added | HNO,,

carefully, diop by diop: *
show that 1t 1s soluble 1n
AmHO and in HNO;.

325. CuS0,; | The above yellowish-gieen | No clear blue solu-
two drops precij}ltate is first pro- | tion is obtaned,
added, and | duced, but when more | and no Cu,0 is
then some | KHO is added the preci- roduced when the
KHO. pitate dissolves to a clear | liquid s boiled,

blue liquid, and this de-
posits red Cu,O when 1t
15 boiled,

326.  AmCl, | No precipitate. Whitecrvstalline pre-
AmHO, and cipitate(MgAmAsO,):
Mg80,: if this 1s filtered oft,

Brown preapitate
AggAsO,):  show
that it 13 soluble
m AmHO and m
HNO;,

and then moistened
with AgNO; solu-
tion on the filter,
it assumes a brown

colour (323).

* When AsyOg is dissolved in water, it
give the AgsAsOg precipitate when Aj , because this decom-
Eosltion woufd lead to the formation of HNOj;, in which AgzAsOj; is soluble,

ence the addition of AmHO is necessary in order to prevent the formation
of nitric acid. But since the precipitate is also soluble in AmHo, this reagent
must be added carefully in quantity only just sufficient to neutralise the acid.
This is best effected by using very dulute AmHO, which has been made by
pouring a few drops of AmHO into a test-tube, then mlinﬁ the tube two-thirds
with distilled water, closing it with the thumb, and inverting it for a moment.
This dilute AmHO is to be added drop by drop, shaking or stirring the test
solution atter each addition, until the preeipitate is obtained.

ields HgAsO3; and this acid cannot
N Sty
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ANTIMONY (Sb).—Use Antimony chloride, SbCl,,
dissolved in dilute HCI.

Antimonic and antimonious compounds give results, which are
ultimately identical, in the following reactions (327-335), with the
exception of reaction 328. After these reactions, which are common
to Sb in both its sets of compounds, two are given which are dis-
tinctive of the two classes of compounds (336, 337).

327. H;S: orange-red precipitate (Sb,S,). Pour off the
liquid with the precipitate into three tubes, and show that
the precipitate is dissolved when it is warmed with pure
KHO or with Am,S, but is reprecipitated from these solu-
tions when HOI is added in excess. Show also that the
precipitate is soluble in boiling strong HCIL.

328. H,0.—When 8bCl, solution is poured into much
water, it yields a white precipitate or turbidity (SbOCI).
This precipitate is redissolved,%hen HCI is added to the
liquid and it is heated ; it is also readily soluble in H,T.
The solubility of SbOC! in H,T distinguishes it from the
similarly formed BiOCI precipitate (291).

©329. Zn and Pt.—I1f the acid solution of SbCl, is poured
upon sgome platinum-foil in a porcelain dish, and a small
piece of Zn is dropped upon the foil, the platinum will be
rapidly coated with a black deposit of Sb. If the foil is
rinsed with water and is then heated in boiling HC], the
stain will remain undissolved ; but it will be rapidly removed
by heating the foil in boiling HNO,.

The formation of a slight grey or brown stain on the Pt
is no evidence of the presence of Sb. The presence of Sb
in the stain may be proyed by dissolving it in a little boil-
tng dilute HNO,, diluting ethe cold solution, and then
passing H.8 through the solution and allowing it to stand
at rest for some time, when red Sbh,S, will settle down,

12
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TESTS WHICH DEPEND UPON THE FORMATION OF
ANTIMONY HYDRIDE.

SbH; may be generated by pouring Sb-solution into a hydrogen-
apparatus, as is directed in paragraphs 315-318 for an arsenic
solution. Antimony hydride (SbH,) is evolved. This gas differs
from AsH; by being free from smell and from poisonous properties,
and also in the respects mentioned in paragraphs 330-333.

330. If SbH, is passed into AgNO, solution (315), it
produces a black precipitate (SbAg;):—

SbH, + 3AgNO, = SbAg, + SHNO,.

Filter off this precipitate, and reject the filtrate, which
will contain no Sb.

Wash the precipitate of SbAg, four or five times with
boiling water upon the filter. Then pour upon it boiling
dilute H,T solution, which will dissolve the Sb. Receive
the liquid in a test-tube, boil it, and pour it once more
upon the filter. Now add HCI to the liquid, filter 1f neces-
sary from AgCl, and pass H,S into the acid solution ; orange-
red Sb,S, will be precipitated.

331. A Stain of 8b on Porcelain, which has been pro-
duced in the manner already described in paragraph 316,
differs from the As-stain by presenting a dead surface and
by being insoluble in solution of bleachmg powder. Also
when the stain is dissolved by warming it with Amn,S, and
the solution is evaporated by a gentle heat, a remdue of
orange-red Sb,S; is left.

332. The Sb-mirror, obtained as is described in para-
graph 317, differs from the As-mirror by being formed
much nearer to the flame and on Both sides of the heated
part of the tube. This provés that Sb is less volatile than
As. The mirror may further be distinguished by the test
which is described in paragraph 33I.

The sublimate of 8b,0,, which is produced by heating this
mirror in the air, differs from the corresponding arsenic
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sublimate (31%7) by being insoluble in boiling water. The
sublimate may, however, be dissolved in a little boiling HCI.
This acid solution yields an orange-red precipitate (Sb,S,)
when H,S is passed into it; whereas the solution of the
As,0, sublimate yields yellow As,S, under similar conditions.

333. HgOLl,—If SbH; is allowed to act upon filter-paper moistened

with HgCl, solution, as is described in paragraph 318, it produces
only a greyish-brown stain, and this is not a characteristic result.

334. Zn and KHO —If a solution containing Sb is boiled with Zn
and KHO, it does not evolve SbH;; hence the escaping hydrogen
does not stain paper moistened with AgNO, solution (319). This
test serves to distinguish As from Sb in its compounds.

Tests ror Sorip CoMPOUNDS OF SB.

335. Blowpipe-test on Charcoal,—Mix a little solid
substance containing Sb in a cavity on wood-charcoal with
Na,CO; and KCy. Heat the mixture in the inner blow-
pipe-flame. A white incruststion will be formed on the
charcoal ; and white globules of metallic Sb will be obtained,
which are extremely brittle (288). The flame will also be
coloured pale blue, unless this tint is concealed by the yellow
sodium coloration.

o When the melted Sb globules are withdrawn from the
flame, they will emit a white smoke and become coated with
sharp white crystals of Sb,0,. '

For the Distinctive Tests for Antimonious and Antimonic com-

pounds (336, 33%) use SbCl; solution, and solution of potassium
antimonate in water respectively,

Reagent, Antimonious, Antimonde.

3& Addexcess of | A dark-coloured precipitate | A brown precipitate, which
0, then AgNO,; | which when shaken after | dissolves entirely on ad-
solution; addition ©f AmHO leaves | dition of AmHO,

black Ag,0 undigsolved.

’ﬂ' Addeacess of | No fodine is set free; this is | Iodinels liberated, giving a
Cl and warm;| proved hy the liquid re. | brown colourto éleuquid
then pour in a| maining colourless, even | and ylelding a deep blue
little KI solution: | after it has been cooled | colour when starch solu-

and mixed with freshly. | tion is added to the cold
prepared starch solution. liquid.
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Ti~ (Sn)—Stannosum and Stannicum,

Use Stannous chloride,{SnCl,.2H,0, and Stannic chloride,
SnCl,, dissolving each of these salts in dilute HCL.

The reactions 338 and 339 give ultimately the same results with
both stannoeus and stannic compounds. Reactions 340, 341, and 342
serve to distinguish stannous from stannic salts, and to detect
stannous salts in the presence of stannic salts.

338. Zine, when it is immersed in the solution of a tin-
salt which has been acidified with HCI, becomes coated
with a spongy mass of Sn. Sn is often precipitated in thi
reaction in beautiful crystals.

The Zn should be allowed to remain for some timein the
solution, which is contained in a small porcelain dish; the
reaction is hastened by the application of a gentle heat.
The deposition of Sn from¢ SnCl, takes place much more
rapidly than from SnCl,.

If the Zn rests upon platinum-foil in the solution, the Sn
will be deposited in a spongy state on the Zn and will not
stain the platinum black. Sn differs in this way from Sb,

In general analysis the deposit on the Zn may consist of
other substances besides Sn. It should, therefore, be removed
by rubbing and washing the Zn in some water in the porce-
lain dish; and the deposit may then be rinsed into a narrow
test-tube, and dissolved in a little boiling strong HOCL
This solution will contain SnCl,, which will yield with
HgCl, solution a white precipitate of Hg,Cl, (280, 341).

Since the precipitation of Hg,Cl, depends upon the formation of
8nCl, and its presence in the acid solution, and since 8nCl, is
readily converted in the acid liquid imto SnCl, by oxidation, pre-
cautions must be taken against eyposing the acid solution freely to
the air. It will usually suffice to dissolve the deposit quickly in a
narrow test-tube, and to proceed at once to add the HgCl,.

339. Blowpipe-test on Charcoal.—Mix any solid com-
pound, containing 8u, with powdered Na,CO, and KCy, and
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heat the mixture on charcoal in the inner blowpipe-flame.
A slight white incrustation will be obtained, together with
white particles of metallic Sn which are with difficulty fused
into globules.

The globules of Sn are malleable ; they differ from those
of Pb by their greater hardness, which prevents them from
marking paper. Refer to paragraph 288 for a description
of the methods of testing these globules.

DisTiNcTIVE REACTIONS FOR STANNOUS AND STANNIO

Compounbs.
Stannous. nic.
Test. Use S0C1, 1,0 dsslved la | g SnCly 1 diate HOL,
0. Pass H,S: |Dark brown precipitate * Yellow precipitate *
3 : (Su8) : soluble 1n KHO| (SnS,), often form-
and in yellow Am,8 on| g only when the
heating ; re-precipitated | liquid is heated :
by HCl, from the KHO| soluble in AmgS
solution as brown SnS,| (both yellow and
from the Am,S solution | colourless) and in
as yellow SnS;, SnS| KHO on heating,
18 insoluble in colourless| re-precipitated by
AmS, HCl as yellow SnS,
from both solu.
tions.
341. HgCl,: | While precipitate (Hg,Cl,): | No precipitate,
turns grey on being boiled
if the SnCl, is in excess
(280)
342 AuCly: | Purple or dark brown preci- | No precipitate,
added after a| puate of *Purplo of Cas-
drop of Br-| sius.”
water:

Both SnS and 8n8, are readily soluble in boiling strong HCI,
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[343’

DerecrioN oF ONE METAL 1IN Group II.B., WHEN
IT OCCURS ALONE.

343. The Tests in the following Table of Differences answer for
these metals in both their sets of compounds: for distinctive tests
see the preceding reactions (323-326: 336, 337: 340-342).

No. 3 may be omitted, unless decisive results have not been
obtained by 1 and 2. No 4 is for solids only.

Grour II.B.—TABLE oF DIFFERENCES.

——

Tests. As, 8b. Bn. ]
For liquids.

1. Pass H,S into| Yellow precipi-| Orange redpreci-| Brown pre-
the solution tate, insoluble ?itat.e goluble cipitate  with
acidified with in boiling n boiling stannous:
HCI and heat ; strong HCl. strong HC1, Yellow pre-
if no precipi-| Arsenic  com; cipitate  with
tate forms heat pounds  givéd stannic*
to boiling, and thisprecipitat.e Both soluble in
again pass H,S only on boil- boiling strong

ing: arsenious HCL
in the cold.

2 BCldenon AsHjeovolved,no | Black stain of| Sn deposited on
platinum: stawn on the Sb on the pla- the zinc, mno

platinum, tinum. stain on the
platinum. ¢

8. Zn and HCl: AsH, SbH, ega Snlsde sited on

evo‘ved which evolv whlc.h the Strps:
ﬁ agsed into it passed into and if dissolved
AgNOgsolution AgNOgsolution in boiling HCI
gives a black ﬂ esa precipi- gives a white
preci itate of te of Ai'Sh' precipitate on
AsO; be- from which hot addition of
lnxlef’tin solu-|  H,T golution| HgCls
tion; on addin dissolves 8b;
dilute AmH H,S gives in
to this solu-|  this solution
ﬁonh o {:1;3: ;.incr adding
- orange-
clpitatea. red 8b,8;.
Ld
For solids. .

¢ Heat with]| No metallic glo-| Brittle metallic| Malisabi t
Ni 3 8D bules; smell of lobules, white lic nl:ul’:s.u‘\k
KCy on char- garlic. crustation, nllrx twhite in-
innerb}gwpgh. Co‘:gm by heat- tation.

pe same mix-
flame, ture in an
wﬁon tube
).
| -
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SEPARATION AND DETECTION OF METALS IN GROUP ILB.,
WHEN THEY 0CCUR TOGETHER.

344-* The following Differences are utilised :—

1. The solubility of Sb,S, SnS and SnS, in hot strong
HCI, in which As,S, is insoluble.

2. The difference in the reaction of Zn and HCl upon the
solutions, and of SbH, and AsH, upon silver nitrate solu-
tion (315, 330).

3. The difference in the products of fusion with Na,CO,
and KNO, (347).

4. The action of Zn and Pt in the presence of HCl upon
the solution, Sb staining the platinum and Sn being de-
posited upon the Zn (329, 338).

For the Separation and Detection of As, 8b and 8n,
when they are mixed, several methods are in use. The
most trustworthy are those introduced by Hofmann (346)
and by Fresenius (347). The method described in par.]345,
which is more simple and can be much more rapidly carried
out, may, however, be generally employed.

First METHOD.

345.* From a Solution which may contain As, Sb, and
8n, these metals are first precipitated as sulphides by passing
H,S into the acidified solution. The sulphides are then
filtered off, and the filtrate is again tested by passing H.S
through it and warming, in order to see whether the precipi-
tation has been comwplete. When no further precipitate is
produced by H.S the précipitated sulphides are examined
in the following manner, the procedure being based on
differences 1 and 4 (344).

The precipitate produced by H,8 is filtered off, and is then
allowed to drain for some time upon the filter in the funnel,
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[345.*

It is best to drain it still further; this may be effected by
the filter-pump, or by opening out the filter, and spreading it
upon a pile of three or four cut filter-papers. The precipitate
is then removed to a small porcelain dish, and is heated
for some time, nearly to boiling, with strong fuming HCI.
The liquid is then cooled and filtered : —

The Residue will
consist chiefly of
As,S;, which is
almost 1nsoluble
in strong HCL

Dry the washed re-
sidue on the filter
at a gentle heat,
then mix it with
threeor fourtimes
as muchpowdered
KCy and Na,CO,,
and heat the mix-
ture in a small
bulb-tube, remov-
ing any drops of
water inside the
tube by a twisted
piece of filter-
paper ; a black
mirror (320) :—
Presence of As.

Note.—The Aso83 may
also be dissolved by
heating with a lttle
tuminf HNO3. The ex-
cess of HNO;3 is boiled
off and As detected as
H3As0,4 by addingAmCl,
;:gcse:)s (o )Am b0 a‘:i[:id

26); or by -
ing Kg%o, and then
cautiously neutralising
with AmHO (323).

The Filtrate may be examined for Sb and Sn

by either I. or II. below :—

I. Place a piece of platinum-foil in a porcelain

dish and pour the acid filtrate upon it, and
touch the foil with a piece of Zn; H will
come off with effervescence, and if either at
once or after a few minutes a black stain
appears upon the platinum the presence of Sb
1s 1indicated.*

The platinum-foil 1s removed and pieces of
Zn are placed in the hquid ; as soon as the
bubbles of H cease to be given off, Zn still
remaining undissolved, remove the pieces of
Zn, rubbiny and rinsing any dark deposit
back nto the dish ; let this deposit settle,
decant the liqguid and heat the solid deposit
with strong HCl for several minutes 1n a
test-tube, dilute with a little water, filter 1f
necessary, and add a few drops of HgCl,
solution ; a white or grey precipitate (280
341) indicates :—Presence of Sn.

II. The acid filtrate is poured into a little

hydrogen flask (fig. 71, p. 173), in which H
has been coming off briskly fqr about five
minutes, being produced by the action of a
little strong HCl upon some pieces of Zu.
The H islighted at the jet, and theinside ot a
small porcelain dish or crucible 1id is pressed
down upon the flame ; a black stain, which
is not dissolved by solution of bleaching-
powder, shows :—Presence of 8b.

The residue in the flask is tested for Sn,
asis directed ip the latter part of I. (above).

* The Sb thus deposited on the Pt may berinsed and then dissolved
by heating the foil in a test-tube with a little very dilute HNO, ; if
this solution is cooled and diluted, and H,S is passed through it, an
orange-red precipitate will be formed, confirming the yresence of Sb,
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SEconp METHOD.

346.% Hofmann's Method.—The sulphides, which have been pre-
cipitated as 1s directed in paragraph 345, are warmed with a little
strong HCl, and a small crystal of KCIO; is occasionally dropped in
until solution is complete. The warming of the liguid is then con-
tinued until no smell of Cl is evolved.

This solution of the metals is then poured into a suitable flask,
in which H is being generated by the action of HCl upon pure Zn
(fig. 70, p. 171). Sn (Auand Pt) will be deposited upon the Zn, while
As and Sb will be evolved as AsH; and SbHy gases. These two
gases are passed 1nto AgNO, solution, and yield soluble H;AsO; and
insoluble Ag;Sh.

The AgNO; solution, containing the black precipitate, is filtered :-—

Precipitate : wash this well upon the | Filtrate: add to this some
filter, and pour upon it some boiling very dilute AmOH, drop
H,'I' solution. Boil this liquid again bydrop,with constant mix-
and pour 1t several times on the | 1ing by sturring or shaking ;
filter. Now add HCl and pass'| a pale yellow flocculent
H,3 : ared coloration or precipitate |  precipitate indicates :—
indicates :— Presence of As.

Presence of 8b.

The Deposit of 8n is removed from the Zn in the flask, and is
washed. It is then dissolved by boiling it with a little strong HCl
in a narrow test-tube. For the examination of any residue here,
refer to paragraph 1073 if Au and Pt have to be tested for. The
solution in HCI is at once diluted and is tested for SnCl, by the
addition of HgCl, solution: a white precipitate, possibly turning
grey (280, 341), shows :—Presence of 8n.

A further test is made, if necessary, upon the original solution
in order to ascertain whether the tin was present as stannous or as
stannic salt (340~-342).

THI)RD MEerHOD.

347.* This method depends upon the fact that fusion with Na,CO,
and NaNO; converts As,S; into soluble Na,HAsO, Sb,S; into in-
soluble Na,H,8b,0,, and Sn§, into insoluble Sn or SnO,.

The Sulphides, which have been precipitated as is directed in
paragraph 345, are dried on the filter, and the precipitate is well
mixed with equal weights of powdered Na,CO; and NaNO,.
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If the quantity of the precipitate is very small, the part of the
paper which contains the precipitate is cut up into small pieces,
and these are treated as is directed for the precipitate.

This mixture is dropped in small quantities at a time into some
NaNO,, which is fused in a small porcelain crucible over a Bunsen-
flame. When the powder has all been added, the crucible is heated
sufficiently to keep the mixture melted for a few minutes, and the
liquid mass is then poured into a small dry porcelain dish.

As soon as the substance has cooled, cold water is poured upon it
in the dish, and water is also poured upon the residue which adheres
to the inside of the crucible. The solid substance is allowed to soak
in both vessels for some time with occasional stirring, crushing it
by pressure with a pestle if 1t does not easily fall to pieces; the
liquid is then filtered :—

The Residue is washed on the filter with a

mixture of equal measures of water and
alcohol, in which Na,H,8b,0; 18 insoluble ;
the washings are rejected.

The precipitate is then rinsed into a small
porcelain dish, using as litt}e water as pos-
sible ; a few drops of strong HCl are added
and the dish is heated, more HCl being
added, if necessary, to make the liqmd acid
to litmus-paper.

Whether the residue has dissolved or not,
lace in the liquid a piece of clean platinum-
oil, and drop upon the foil a piece of pure

Zn, Remove the foil after a few seconds: a
black stain shows ,—Presence of 8b. See
foot-note (345%).

When the Zn ceases to be acted upon, Sn
if present will remain as a spongy deposit
This is to be washed by decantation, and
then dissolved by boiling with HC1*in a
test-tube : HgCl, is added immediately to
the solution: a white precipitate (341)
shows :—Presence of 8n.

Filtrate: HNO,; is
added until the
solution 1s just
acid after being
boiled; then
AgNO; solution is
poured 1n as long
as it causes any
precipitate, and
very diluteAmHO
is added little by
littlef; a brown
precipitate, read-
1ly dissolving® in
excess of AmHO
(323), shows :
Presence of As.

#* An insoluble residue may contain Au, Pt. See paragraph 1073.
1 Instead of mixing dilute AmHO with the liquid, AmMHO may be

carefully poured npon the top of the liquid ; a brown colour is then
seen at the surface of contact.
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REACTIONS OF THE RARER ELEMENTS IN GROUP IL

The Rarer Elements of this group are divided into two classes .
those belonging to Group IL.A. are Pd, Os, Rh, Ru ; those belonging
to Group II.B, are Au, Pt, Mo, Se, Te, Ir,

GROUP I11.A.—COPPER GROUP.

In this Group are included Pd, (Os, Rh, Ru); these metals are
precipitated as sulphides by H,S from acid solutions, and the sul-
phides are insoluble in Am,S and in solution of alkaline hydrate.

PaLLApIUM (Pd).—Use solution of Palladium chloride, PAdCl,.

Pd occurs as metal in native platinum, also in gold and in silver.
Palladium solutions are reddish-brown, and yellow if dilute : the
addition of water precipitates from these solutions a basic salt,
unless sufficient free acid is present to prevent the precipitation.

348. H,8: black precipitate in neutral, alkaline, and acid solu-
tions ; this precipitate 1s insoluble in Am,S, but soluble in boiling
HCl and in aqua regia.

349. AmHO : flesh coloured precipitate (PdC],2NH,); soluble in
excess of AmHO to a colourless liquid, from which HCl precipitates
ellow crystalline palladammonium chloride (N HgPd”’Cl,).

350. HgCy,: yellowish-white gelatinous precipitate (PdCy,),
slightly soluble 4in HCI, easily soluble in AmHO. This is a very
characteristic reaction.

351, KI: black precipitate (PdL) ; a very characteristic reaction.
GROUP 11.B.—ARSENIC GROUP.
In this Group are included Au, Pt, Mo, Se, Te, (Ir).
)
GoLD (Au).—Use solutjon of Gold chloride, AuCl,.

The solution is light yellow in colour. It yields a dark brown
sulphide, which is soluble in yellow Amg8;.

353. 8nCl, containing a little SnCl,: purple or dark brown precipi-
tate of Purple of Cassius, which is best seen when the test is made
in a white porcelain dish,
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353. Fe80, solution produces either at once, or when the solu-
tion is heated, a very finely-divided precipitate of Au: the liquid
usually appears bluish by transmitted light, and is always copper-
red and turbid by reflected light :—

2AuCl;+6FeS0,=2Au + 2Fe,(S0,); + Fe,Clg.

354. H,80; solution produces a similar precipitate of Au when
theliquid is boiled If theliquid is boiled for some time in a porce-
lain dish, the Au settles down in small black masses,' and the
solution loses its colour.

PrLATINUM (Pt).—Use solution of Platinic chloride, PtCl,.

The solution is reddish-yellow in colour. It yields a dark brown
sulphide, which is soluble in yellow Am,S,

355. AmCl, added to a strong solution, produces on standing for
some time, or more quickly on being stirred, a yellow precipitate
(Am,PtCl,), which is soluble in much hot water.

356. 8nCl, gives a reddish-brown colour (PtCl,) in the solution
acidified with HCl :—PtCl, + SnZl,=PtCl, + SnCl,.

The Method of Separating and Detecting Au and Pt 1s fully given
in paragraph 1073.

MoLYBDATE (MoO,) —Use Am,Mo0O, solution.

Mo occurs as molybdate : also as sulphide, which may be readily
converted into MoO; by heating it in the air or with HNO;. Un-
ignited MoOj, dissolves in acids ; ignited MoO; is insoluble in acids,
but is easily soluble in alkalies.

357. HCl, HNO,, or H,80,, if it is added in small quantify to an
aqueous solution of a molybdate, yields a precipitate, which is
readily soluble in excess of the acid.

358. H,8, added in 1ery small yuantity to the acidified solution,
gives a blue liquid ; if H,S is added in larger quantity, a drown pre-
cipitate (Mo8;) forms; the precipitation becomes complete only when
the solution is heated and H,S is passed for some time, This pre-
cipitate is soluble in solution of dlkaline sulphide or of alkaline
hydrate ; Mo8; is reprecipitated from this solution when acid is
added in excess.

359. Zn, or 8nOL, if it is added to the solution of a molybdate in
HOI, colours it brown, green, or blue, according to its state of con-
centration.
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360. KCyS8, if it is added to a solution acidificd with HC], gives no
coloration ; but if a piece of Zn is afterwards dropped into the
liquid, a beautiful ¢/umson colour 1s produced when this liquid is
shaken with ether, the colour is taken up by the ether.

361. Na,HPO,. if it is added in very small quantity to the solution
of molybdate acidified with HNO,, gives a yellow precipitate when
the liquid is gently warmed ; this precipitate is readily soluble in
excess of alkaline hydrate solution.

362. Borax-bead: outer flame, yellow ; inner flame, dark brown.

363 Microcosmic-bead : outer and inner flames, gseen.

SELENIUM (Se).—Use FeSe, K,8e0;, and K,Se0,.
Se occurs as selenide of Pb, Fe, Cu, Ag.
I Selenide (8e).—Use FeSe.

364. When a Belenide is heated in an open tube it evolves a smell

of decaying horse-radish, and prodices a grey or red sublimate of
Se - the smell is very charactenstic.

II. Selenite (8¢0;).—Use K,8e0; (369).

365. H,8 gives in an acid solution, if cold a yellvw, if hot a reddsh-
yellow precipitate this precipitate is soluble 1n Am,S.

366. BaCl, gives in a neutral solution a white precipitate : soluble
in HCl and in HNO,

367. 8nCl, or H,80, gives in the presence of free HCl a red, or in
warm solutions'a grey precipitate of Se,

368. Cu in a hot solution acidified with HCl becomes covered with

a black film : the liquid, on standing with the Cu for some time,
becomes coloured red by Se.

IIL Selenate (860,).—Use K,8e0,.
L]

369. HC1 produces no change,in the cold ; but on boiling, Cl is
given off and the selenate is reduced to selenite, to which the above
tests (365-368) may be applied.

370. BaCl, : a white precipitate (BaSeO,) ; insoluble in cold HCI ;

dissolved by boiling with HCl, with evolution of Cl and reduction to
BaBeO,.
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IV. 8elenium in any form of Combination.

371 When it is heated on Charcoal in the Inner Blovi‘;pipe-ﬂame a
solid selenium compound evolves a smell of rotten horsfe-radish.

372. When it is heated on Charcoal with Na,CO; in the Inner
Blowpipe-flame a selenium compound yields a fused m:iss, which
when cooled and moistened on Ag yields a black stain, anc1 on addi-
tion of HCI evolves H,Se, a badly smelling gas,

TeELLURIUM (Te).—Use PbTe, K,TeO;, K,TeO,, as is directe d below,

Te commonly occurs united with the metals Au, Ag, Bi, Cr‘u, Fe.
1. Telluride (Te).—Use PbTe.

373. When a Telluride is heated in an open glass tube tit gives
white fumes and a sublimate ; the sublimate differs from th’at given
by Sb, by being fusible before the blowpipe,

II. Tellurite (Te0,).—Use K,Te0; (377).

374. H,0: on dilution with water, tellurous acid is precipitawed
from the acid solution.

375. H,8: in acid solutions a brown precipitate (TeS,), easily
soluble in Am,S,

376. H,80;, 8nCl,, or Zn precipitates black Te,

III. Tellurate (Te0,).—Use KeTeO,.

377. HCL produces no change in the cold solution g1 a teiurate ;
but on boiling, Cl is evolved and the tellurate is reduced to tellurite -
the solution then gives the above reactions (374-376).

1V, Tellurium in any form of Combination.

flame, a tellurium compound gives sodiugg telluride, a soluftion of
which gives a black stain on Ag. Vhen this solution is acifdified it

378. If it is fused with Na,CO, on Charcoal in the Inner ml%wpxpe«
deposits black Te, and evolves H,Te,

For the Detection of the Rarer Elements in Group IL; see the
second column in Table, paragraph zo09o.
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GROUP I.—SILVER GROUP.

379. This Group includes Pb, Ag, Hg', together with the
rarer elements T1 and W,

The solutions of these metals differ from those of all other metals,
by being precipitated as chlorides by HCl or by a dissolved chloride.
Since, however, PbCl, and TICl are somewhat soluble in water, these
metals are not entirely precipitated in this Group as chlorides, and
they will also be found 1n Group ILA. as sulphides in the course of
analysis.

For the Rarer Elements in this Group refer to paragraphs 391-400.

Leap (Pb).

380. The reactions for Pb have been already given under
Group IL.A, in paragraphs 284-288.

SiLvER (Ag).—Use AgNO, solution.

381. HCL: white precipitate (AgCl), which becomes curdy
when it is shaken or heated.

Pour off the liquid with the precipitate into four tubes.
Filter one portion, wash the precipitate and let it stand for
some time exposed to sunlight or to common daylight ; it
will become blackish-parple.

Show with the other portlons that AgCl dissolves readily
when it is heated with AmHO or with KCy-solution, and is
precipitated again from these solutions when HNO, is added
in excess. Show also that AgCl is insoluble in HNO,, even
when the acid is boiled.
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382, H8 or Am,8: black precipitate (Ag,S), insoluble in Am,S
and in KHO, soluble in boiling dilute HNO,.

383. KHO : brown precipitate (AgHO), insoluble in excess.

384 AmHO: light brown precipitate, produced only when very
dilute AmHO is added drop by drop, since AgHO is very easily
soluble in excess of AmHO.

385. Blowpipe-test on Charcoal —If any solid substance contain-
ing Ag is mixed with powdered Na,CO; and the mixture is then
heated on charcoal in the inner blowpipe-flame, white malleable
globules or scales of Ag will be obtained, but no incrustation will
be formed on the charcoal.

Mercurosum (Hg').—Use Mercurous nitrate,
Hg',(NO,),.H,0, dissolved in dilute HNO,.

Reactions 279-283 for mercuric salts yield precisely similar results
with mercurous salts The two following reactions (386, 387), how-
ever, serve to distinguish mercuric from mercurous salts.

386. HCl1: a white precipitate (Hg',Cl,), insoluble in cold
dilute acids, but soluble when it is warmed with HNO, or
with a mixture of HCl and HNO,, which convert it into
soluble mercuric salt.

This precipitate becomes black when AmHO is poured upon
it, but does not dissolve. '

A solution of mercuric salt is not precipitated by HCI or
by solution of a chloride.

387. AmHO, or KHO: black precipitate, insoluble in
©XCesSs.

In a solution of mercuric salt AmHO usually causes a
white precipitate (NH,HgCl), and KHO precipitates yellow
HgO,
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DEetECTION OF ONE METAL 1IN GROUP I., WHEN IT OCCURS
ALoNE.

388. The following Table of Differences enables one
metal of this Group to be detected, when it is present

alone.
Grour T.-—TapLe or DIFFERENCES.
Tests. Pb. Ag He'.
For liquids.

1. Add HC1:

2. Add AmHO,

White prec)zntate
soluble i borling
water; AmH
nether dissolves
the c)prectmtate

hanges e
colour.

Whate prea{ntats,

Whate curdy pre-
cipitate, wnsolu-
ble wm  boling
water, easily
soluble in warn
AmHO.

Brown preapitate,

White precipitate,
wnsoluble n Loil-
® water, n-
soluble 1mn AMHO,|
btut blackened by
.

Black preciprlate,

blowpipe flame .

per, yellow 1n-
crustation on the
chaicoal

very dilute . insoluble in ex-| readily zolublein msoluble 1 ex-
cess. excess. cess.
8. Add K;Cr0,: Bnght ellow pre- | Chocolate red pre- | Scarlet red preci-
cipita cipitate. pitate.
For solids.
. with | White malleable | White  malleable | No metallic glo-
LO, on char-(f  globules of metal| globules or gcales| bules
coal m the inner which mark pa-| which do not|Confirm by heating

mark paper; no
mcrustation

with Na,CO; in
an iguition tube
(282).

'

SEPARATION AND DETECTION oF METALS IN'GROUP 1., WHEN
THEY 0CCUR TOGETHER.

389.* The following Differences are made use of :—

1. The solubility of PbC), in boiling water, in which
AgCl and Hg',C], are insoluble,

13
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2. The solubility of AgClin AmHO, in which Hg',Cl, is
insoluble.

After each metal has been separated, its presence is con-
firmed by one of its characteristic tests.

390.* A Solution which is to be examined for Pb, Ag,
and Hg' is precipitated by adding HCl 1n excess; 1t is
then filtered, and the clear filtrate is mixed with more HCI
in order to ascertain whether the metals have been com-
pletely precipitated. The precipitate is then examined by
Table I. (1022).

REACTIONS FOR THE RARER ELEMENTS IN GROUP L
391. The elements included in this Group are T1 and W.

The addition of HCI 1n excess partially precipitates Tl as chloride,
and completely precipitates tungstic acid from a tungstate

Since TICl is only partially precipitated in Group I., owing to its
being somewhat soluble in water, T1 1s also found in the ordinary
course of analysis in Group III B., where 1t is completely precipi-
tated as sulphide by Am,S.

THALLIUM (T1).—Use T1,S0; solution.

T1 occurs in small quantity in many natural sulphides, and occa-
sionally 1n the ashes of plants and 1n mineral waters. ‘Il yields both
thallic and thallious salts; but the formerare veryunstab'e, changing,
even when their solutions are heated, into thallious salts.

392. HCL. a white precipitate, which rapidly settles, does not
blacken in the light, and 1s soluble 1n aqua regia. It is soluble 1n
a large quantity of water, and therefore does not form in dilute
solutions.

393. KI a yellow precipitate, almost insoluble in water, more
soluble in KI solution. If ferric salt is present in the solution, 1t
must be reduced by H,SO; before KI is added.

304 PtCl, : orange-red precipitate, slightly soluble in water.
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395. Am,8 black precipitate, which is easily coagulated by heat
is 1nsoluble in AmHO, in alkaline sulphides, and in KCy-solution ;
1s readily oxidised by the air to T1,8O;, and 1s easily soluble 1n
mineral acids

Tl is completely precipitated by H,S from a solution in which HA
1s the only free acid present, but the presence of a free mineral acid
prevents the precipitation,

396. Flame-Coloration.—Thallium compounds impart to the
Bunsen-flame an intense green colour, which rapidly disappears.

The spectrum (fig. 68, p 100) consists of one bright emerald-green
line, and 1s very characteristic. Thalllum may be easily detected
by the spectroscope in solution, or 1n any of the precipitates which
are mentioned above.

TUNGSTATE (WO,).—Use Na,WO, solution.

W usually occurs in the form of a tungstate. An insoluble
tungstate yields a soluble alkaline tungstate when 1t 1s fused with
an alkaline carbonate. From the solution of an alkaline tungstate
HCI precipitates the tungstic acid entirely.

397. HClL, HNO, or HS80,' white piecipitate (H,WO,), which
becomes yellow when the hiquid 1s boiled 1t is insoluble 1n excess
of acid, but soluble in AmHO.

If a piece of Zn 1s dropped into the acid liquid containing the
precipitate, it yields a deep blue colour.

3g8. 8nCl, in neutral solution, made by dissolving SnCl, crystals
in water and nltering, gives a yellow precipitate, which becomes blue
when HCl1s added and the liquid is heated.

309. Am.8 yields no precipitate in the solution of an alkaline
tungstate ; but if Am,S 15 added, and the liquid is then made acid
with HCl, brown WS, 1s precipitated.

400, Microcosmic-bead : outgr flame, colourless or yellow. inner
flame, blue : if a little FeSO, 1s introduced into the fused bead, the
colour changes to blood-1ed. 'These colours are best teen when the
bead is perfectly cold.

For the Detection of the Rarer Elements of this Group, refer to
the first column in the Table (10go),
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DETECTION OF METALS BY THE ANALYTICAL TABLES

401. The metals are classified in Analytical Groups in
paragraph 931.

The more important tests for the metals are brought
together in systematic and tabular form in Sections V. and
VI

The scheme of analysis in Section V. serves to detect the
presence of one metal when all other metals are absent.
This Section is only employed for special purposes.

The fuller scheme of analysis in Section VI. serves to
detect metals when they are present together.

The General Table for the detection of the Rarer Elements
will be found in paragraph 1090, Thisissupplementary to
the General Table (1007).



SECTION IV.—PART IIL

ANALYTICAL REACTIONS FOR ACID-
RADICLES.

498. Introductory Remarks. —The Acid-radicles are
usually detected in the course of analysis by special tests.
They cannot advantageously be precipitated in Groups, from
which the members of each.Group are subsequently sepa-
rated and identified, as is the case with the Metals.

Accordingly the classification adopted for their reactions
consists in placing together in a Group those Acid-radicles
which somewhat resemble one another in their reactions;
and then stating at the end of each Group upon what differ-
ences the detection of its mémbers, when they occur together,
depends.

The reactions for Acid-radicles are worked through in the
same way rs those for the Metals, a salt or other compound
which contains the radicle being employed. At the end of
each Group the student may with advantage detect one or
more of its members, as was done with the Metals.

The systematic Tables of Differences, such as are given
for each Group of the Metals, are not drawn out for the
Acid-radicle Groups., The student should have no diffienlty
in constructing such Tables for himself, either mentally or
on paper, after looking through the reactions
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GROUP I.—SULPHATE GROUP.

499. This Group includes sulphate (SO,), fluosilicate
(SiF,), and selenate (Se0,).

These acid-radicles are distinguished by yiclding a precipitate,
when BaCl,1s added 1n the piesence of hydrochloric acid.

Sulphate 1s the only commonly occurring acid-radicle which gives
with BaCl, a precipitate 1nsoluble 1n boiling H('

Fluosilicate resembles sulphate in tlis respect, but differs from
sulphate 1n so many reactions that 1t 1s considered hereafter (610-
614) 1n connection with fluoride and silicate, to which 1t 1s analyti-
cally more closely related.

Selenate yields a precipitate of BaSeO, when BaCl, 1s added in
the presence of cold HCI ; but this precipitate differs from BaSO,
by being dissolved when 1t 1s boiled for some time with strong H('l
(370)

Surpnate (SO,).—Use Na,80,.10H,0.

§00. BaCl,, or Ba(NO,),; white precipitate (BaSO,); re-
mains undissolved when it is boiled with dilute HCl or HNO,,

Note.—BaCl, and Ba(NO;), are insoluble in strong HCl and 1n
strong HNO,. Care must be taken not to mistake the precipitates
which are caused by these acids for a precipitate of BaSO,. These
precipitates are readily distinguished from BaSO, by their solubility
in water,

Add BaCl; or Ba(NO,), solution to strong HCl or HNO; A
white precipitate will be produced, consisting of BaCl, or of Ba(NO;),,
which is insoluble in the strong acid. Now add much water : the
precipitate will dissolve readily and completely in the water.

501. Blowpipe-test on Charcqa.l.——.If a sulphate, or any
solid substance containing sulphur, is mixed with solid
Na,CO,, and the mixture is then heated on charcoal in the
inner blowpipe-flame until the Na,CO, fuses, Na,S will be
produced :—

Na, S0, + 4C=NaS + 4CO.

-
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The Na,S thus produced may be readily detected by detach-
ing the cold solid mass from the charcoal with the point of a
knife, placing a portion of it upon a bright silver coin, and
moistening 1t with a drop of water. After the moistened
mass has remained upon the coin for a short time, it is
rinsed off; a black stain (Ag,8) will then be seen upon the
part of the silver upon which the substance rested (5II).

Another portion of the cool mass may be moistened with
a drop of HCL. A fetid smell of H,S will then be observed ;
and a piece of paper, moistened with PbA,-solution and held
above the substance, will be blackened (510).

This test 1s evidently only of value for detecting a sulphate, when
it 1s known that sulphu 1s not present in any other form in the sub-
stance to be tested

It 15 also necessary that sulphur should not be introduced by the
Na,('0,, or by the flame. Since coal-gas may contain sufficient
sulphur to give the above reaction with pure Na;CO,, 1t 1s advisable
to employ the flame of a spiri'- or petroleum-lamp (3) rather than
that of a gas-buiner for this reaction.

502, Hydrogen sulphate, or Sulphuric acid (H,S0,),
even when 1t is dilute, may be detected by producing black
charred stains on paper, which has been dipped into the
liquid and has then been dvied by heat. Sulphuric acid has
astrongly acid reaction to litmus, and evolves hydrogen when
1t is diluted and warmed with Zn: these properties are,
however, shared by some metallic sulphates and by the acid
sulphates.

SELENATE (Se0,) *—The reactions for selenate have been already
given (369-372) 1n Group II. for the metals. Selenate is classed in
Group 1. because 1t gives a precipitate with H,S, after its solution
in hydrochloric acid has been boiled.

FLUOSILICATE (S1Fy) see reactions 610-614.
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DETECTION OF ACID-RADICLES or Group I,

503. After the acid-radicle has been precipitated by the
addition of BaCl,, it may be identified by noting the follow-
ing differences in the properties of the insoluble barium
salts.

The precipitate of BaSO, differs from that of BaSeO,
by being quite unaffected when it is boiled with HCI.

BaSeO, may be dissolved by being boiled with HCI, and
selenite may then be detected in the solution by the tests
given in paragraphs 365-368. When BaSeO, is heated on
charcoal, it gives the peculiar smell of rotten horse-radish.

BaSiF, is distinguished by heating 1t with strong H,S0,,
when HF is evolved, which etches glass (612). For other
differences, see paragraphs 610, 611.
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GROUP II.—CARBONATE GROUP.

504. This Group includes carbonate (CO,), sulphide (8),
sulphite (80,), thiosulphate (8,0,), hypochlorite (ClO), and
nitrite (NO,).

Salts which contain these acid-radicles evolve character-
istic gases when they are acted upon by HCIL.

Carponate (CO,),—Use Na,CO,, or CaCO,

505. HCl, HA, H,'i', and almost any other acid, when it is
poured upon a carbonate in a test-tube, causes colourless,
almost inodorous carbon dioxide gas (CO,) to escape with
effervescence. This gas is recognised by its property of
turning lime-water or baryta-water milky, owing to the
production of an insoluble carbonate.

The Lime-water Test may be tried in the several ways described
below, attention being paid to the precautions on page 202.

1. A glass rod which has been just removed from some perfectly
clear ime-water, and which has a small drop adhering to its end, 13
introduced into the test-tube 1n which the carbon dioxide has been
evolved ; the dxop will quickly become milky. Caie must be taken
not to allow the rod to touch the liquid or the 1nside of the tube
The milkiness is best seen when the rod 1s removed and the drop 1s
held above a dead black surface.

2. Since carbon dioxide gas 1s much heavier than air, 1t will
remain in the test-tube in which 1t has been liberated, 1f the tube1s
held erect and 1ts mouth 1s loosely closed with the thumb. If the
tube is then gradually inclined, the heavy gas may be poured into
another test-tube containing;lime-water, without allowing any higmd
to flow out. On closing this tubgwith the thumb, and shaking the
hime-water up with the gas, the iquid will become milky.

3. The acid may be poured upon the carbonate in a smalbéeaker,
which is immediately covered with a watch-glass the under surface
of which has a drop of clear lime-water adhering to the middle . the
drop will become milky,
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DETECTION OF ACID-RADICLES OF GRouP I,

503. After the acid-radicle has been precipitated by the
addition of BaCl,, it may be identified by noting the follow-
ing differences in the properties of the insoluble barium

salts,

The precipitate of BaSO, differs from that of BaSeO,
by being quite unaffected when it is boiled with HCI,

BaSeO, may be dissolved by being boiled with HCI, and
selenite may then be detected in the solution by the tests
given in paragraphs 365-368. When BaSeO, 1s heated on
charcoal, it gives the peculiar smell of rotten horge-radish.

BaSiF, is distinguished by heating it with strong H,SO,,
when HF is evolved, which etghes glass (612). For other
differences, see paragraphs 610, 61II.
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GROUP II.—CARBONATE GROUP.

504. This Group includes carbonate (CO,), sulphide (8),
sulphite (SO,), thiosulphate (8,0,), hypochlorite (ClO), and
nitrite (NO,).

Salts which contain these acid-radicles evolve character-
istic gases when they are acted upon by HCI.

CarponaTE (CO,).—Use Na,CO,, or CaCO,.

505. HCI, HA, Hz'i', and almost any other acid, when it is
poured upon a carbonate in a test-tube, causes colourless,
almost inodorous carbon dioxide gas (CO,) to escape with
effervescence. This gas is recogmised by its property of
turning lime-water or baryta-water milky, owing to the
production of an insoluble carbonate.

The Lime-water Test may be tried in the several ways described
below, attention being paid to the precautions on page 202.

1. A glass rod which has been just removed from some perfectly
cléar hime-water, and which has a small drop adhering to 1ts end, 18
troduced 1nto the test-tube 1 which the carbon dioxide has been
evolved ; the d:op.wxll quickly become milky. Care must be taken
not to allow the rod to touch the hquid or the nside of the tube
The milkiness 1s best seen when the rod is removed and the drop 18
held above a dead black surface.

2. Since carbon dioxide gas is much heavier than air, 1t will
remain 1n the test-tube 1n which 1t has been liberated, if the tube1s
held erect and 1ts mouth 1s loosely closed with the thumb. If the
tube is then gradually inclined, the heavy gas may be poured into
another test-tube containinglime-water, without allowing any ligmd
to flow out. On closing this tubgwith the thumb, and shaking the
hme-water up with the gas, the liquid will become milky.

3. The acid may be poured upon the carbonate in a small beaker,
which is immediately covered with a watch-glass the under surface
of which has a drop of clear ime-water adhering to the middle . the
drop will become milky.
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4. If the CO, is given off in considerable quantity, it may be con-
ducted into some lime-water contained in a separate tube. This 18
effected by either of the forms of apparatus which are shown in
figure 73

Precautions.—In testing for carbonate the following precautions
must be attended to.

The milkiness, which 1s at first pioduced 1n lime-water by CO,,
gradually disappears when more CO, is absorbed. Hence, 1f the ime-
water does not become milky at once, it must be
constantly watched, in order to avoid the 11sk of
the milkiness not being observed befoie 1t has

.~
been removed by the further absorption of CO,
&Rﬂ If the addition of the first few diops of acid

F1c. 73.

to the substance does not cause an effervescence

of CO, more acid should be added, since a car-

bonate may be simply converted into anacid car-

bonate by the action of a small quantity of acid,
If})ipélf;‘g;’; . and 1t will evolve no CO, during this change
Gas EVOLVED'. A powdered solid substance, which is being

tested for a carbonate by HCI, should te first
moistened in order to drive oht the air-bubbles entangled within 1t,
since 1f these escaped on the addition of the acid they might be mis-
taken for a shight effervescence of CO,

HypRi¢ CARBONATE, OR BICARBONATE.

506 Hydric carbonate, or Bicarbonate, is changed by heat into
normal carbonate with evolution of CO, and H,0:—2NaHCO,;=
Na,('0,;+CO0,+H,0. Prove this by heating some sodium bicai-
bonate (NaHCO,) 1n an 1gnition-tube , drops of water will condense
and CO, may be detected by hme-water (505). Also drop some
NaHCO, into boiling water 1n a test-tube ; effervescence will take
place, and the escaping gas will give rise to milkiness in lime-water,

507. Mg80,.—A solution of bicarbonate, which has been made
with cold water, gives no precipitate with MgS0,-solution ; but after
the solution has been boiled it will contain a normal carbonate, and
this will give a precipitate of white MgCO;.

[ ]
508. HgCl, yields with solution of bicarbonate a pale yellow pre-
cipitate ; solution of normal ca bonate yields an orange-red precipi-
tate with HgCl, solution.

509. Hydrogen carbonate, or Carbonic acid (H,CO,), can only
exist in dilute aqueous solution. The addition of sufficient lime-water
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to 1ts solution causes a permanent milkiness. Other substances in
golution, however, behave in a similar way ; hence the acid 1s best
found by boiling the liquid, and passing the mixture of steam and
CO, which 1s evolved into lime-water ; the lime-water will become
milky. Bicarbonates give the same resuls (506).

SuLpHIDE (S).—Use solid FeS, or solution of Am,S.

510. HCIL, or H,80,, when 1t is poured upon many sul-
phides, produces H,S, which may escape with effervescence
or may in great part remain in solution until the liquid is
heated. This gas is detected by its fetid smell, which re-
sembles that of rotten eggs; and by its property of darken-
ing PbA,-solution, owing to the formation of PbS.

The gas may be made to act upon the l’bﬁg-solunon by the
methods given for CO, (505, 1-4) ; or a small strip of filter-paper,
moistened with the solution, may be introduced 1nto the gas on the
end of a glass rod. The paper strip should be attached to the rod
by only half 1ts length, so as to expose both surfaces of the lower
part of the strip to the action of the gas.

Note.—'T'his test 1s made much more delicate, 1f the filter-paper1s
moistened with a solution, which 1s prepared by adding KHO to
bo." ing PbA,-solution, until the precipitate, which1s formed at first,
15 Just redissolved. The test-paper, which has been thus prepared,
becomes 1ntensely blackened by H.,S.

511, Ag—If solution of sulphide is dropped upon a
bright silver coin, it produces a black stain (Ag,S). This
stain may be removed by rubbing the coin with moist lime.

A solid sulphide, which gives off H,S on the addition of
HCI, produces a black stain when it is placed upon a silver
coin and is moistened with a drop of HCI.

512. Solution of PbA, gives with solution of sulphide a
black precipitate (PbS). The solution produced by adding
KHO in excess to PbA -solution (510, Note) is a more deli-
cate reagent for this test.

513. The formation of Sulphocyanide (650) may be
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employed as a very delicate test for a soluble sulphide. 1t
depends on the detection, by means of Fe,Cl, of the sulpho-
cyanide which has been formed by the action of KCy-
solution upon the sulphide.

514. Ignition —Free sulphur and many sulphides, when
they are strongly heated in a test-tube, give a sublimate of
sulphur in the form of brown drops or of yellow powder.

5I5. Ignition in the Air.—Free sulphur and many sul-
phides, when they are heated in a tube open at both ends
and held obliquely in the flame, produce SO, gas. This gas
may Be recognised by its pungent smell, and by causing the
colour of paper moistened with K,Cr,0,-solution to change
to bluish-green.

516, Insoluble Sulphide, when fused with Na,CO,in a
covered porcelain crucible or in a hard glass ignition-tube,
yields soluble Na,S, whicn may be detected by the above
tests (510-513).

517, Fusion with KNO,, or simply heating with strong
HNO,, converts a sulphide into a sulphate, which may be
detected in solution by BaCl, (500).

518. Hydrogen sulphide, or Hydrosulphuric acid (H,8),
in aqueous solution, is easily recognised by the tests described
in paragraphs 511, 512, Unless the solution 1s very dilute
it will emit S, which may be readily detected either by
its smell, or by suspending lead acetate paper over the liquid

(s510).

Svrpurte (30,).—Use NaHSO,,

519. HCL, or H,80,, when it is poured upon a sulphite
and warmed, evolves SO, gas: this gas may be recognised
by its pungent smell and by turning K,Cr,0,-solution green,

A drop of the K,Cr,0;-solution, hanging on the end of a glass rod,
may be exposed to the gas (505, 1); or a small strip of filter-paper
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may be wetted with the bichromate solution and then attached by
balf its length to the rod, the other half hanging freely in the gas.

520, BaCl,. white precipitate (BaSO,). The formation of this
precipitate is prevented by the presence of HCI, but a precipitate
usually forms owing to the presence of some sulphate in the salt
used When Cl-water or Br-water is added to the clear soluticn of
BaSO0, in HCl, BaSO, is formed and precipitated —

BaCl, + H,80, + H,0 + 2C1 = BaSO, + 4HCL.

521. Nascent Hydrogen.—The addition of sulphite solu-
tion to a mixture of HCl and Zn, which is giving off pure
H, immediately causes an evolution of H,S. The H,S is
detected by its smell, or by blackening a piece of filter-paper
moistened with solution of PbA,, or of PbO in excess of
KHO (510, Note).

522, Hydrogen sulphite, or Sulphurous acid (H,SO,)
can be detected in aqueous solutign by adding to the liquid a
drop of K,Cr,0,-solution : the reddish colour will at once
change to green. Strong aqueous solution of hydrogen
sulphite slowly evolves 80,, and dilute solutions evolve SO,
when they are heated . this gas may be readily detected by
its,smell and by K,Cr,0,-solution (519).

THIOSULPHATE, oR HyposuLPHITE (8,0,).
Use solution of Na,8,0,.56H,0.

523. HCI, or H,80,, causes no immediate change in the
cold solution ; but after a few seconds the acidified liquid
becomes turbid, owing to the separation of finely-divided
yellow 8, and it then containd H,80,:—H 8,0,=8 + H,S0,.
S0, from the H, SO, may be recognised by its pungent smell,
when the acidified liquid is heated ; and it may be detected
in the solution, by adding a few drops of K,Cr,0,-solution,
which changes colour to green.
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524. Fe,Cl; gives a reddish-violet colour with solution of thiosul-
phate. This colour disappears after a short time in the cold, and
immediately when the liquid is heated. The Fe,Clg-solution at the
same time loses 1ts yellow colour, since 1t 1s changed from Fe,Cl,
mnto FeCl,

525. AgNO; a white precipitate (Ag,8,0;), which becomes black
after standing for a short time, or immediately when the lhiquid is
heated, owing to the formation of Ag,S —

Ag,S,0; +H,0=Ag,S4 Hy,S0;

The above precipitate (Ag,S,0;) dissolves very readily in excess of
the Na,S,0;-solution, hence 1t 1s most easily obtained by dropping
the thiosulphate solution 1nto some AgNO;-solution.

526. Hydrogen thiosulphate, or Thiosulphuric acid (H,8,0,), 15
extremely unstable, rapidly separating into S+ H,S0; (523).

HyrocurorITE (Cl0).—Use solution of Bleaching-powder,
contaiging CaCl,0,.

527, HCIO is evolved from a hypochlorite when it is in
the solid state or in strong solution; it is probably liberated
by the action of the atmospheric carbon dioxide. The smell
of the vapour thus evolved resembles that of Cl, but is far less
irritant to the nose

528. HC1, or H,80,, if it is added in expess, sets free Cl
from hypochlorite in the cold. This gas may be recognised by
its smell, by its yellowish colour, and by its fower of bleach-
inga piece of moistened litmus-paper when the paper is held
for a short time in the gas. If the Cl is small in quantity
and remains dissolved, a piece of litmus-paper may be shaken
up with the solution.

CaCL0, + 4HCl = 4Cl +CaCl, + 2H,0.

The bleaching of htmus by solution of hypochlorite occurs slowly
even without the addition of acid, owing to the bleaching power of
the nascent oxygen liberated from the hypochlovite. When the
hypochlorite solution is heated, or the paper moistened with the
solution is exposed to the CO, of the air, the bleaching is hastened.
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On the addition of an acid, however, the bleaching of the litmus-
paper immersed 1n the solution is extremely rapid,

529 PbA,. lf solution of hypochlorte is added in large quantity
to beA._,;solutxon, 1t gives a white precipitate ; this precipitate be-
comes red and then dark brown (PbO,) when the liquid is boiled for
a short time.

When hypochlorite is heated with MnCl,-selution, it also gives a
dark brown precipitate (MnO,).

530. Hydrogen hypochlorite, or Hypochlorous acid (HC10), 1s a
yellow hiquid with sweetish smell, 1t 1s very unstable, unless 1t 1s
largely diluted This acid bleaches itmus, and evolves C1 when 1t
1s warmed with HCL.

Nirgite (NO,).—Use KNO,.

53I. H,80,, when it is warmed with nitrite, causes a
reddish-brown gas with a characteristic smell to be evolved.
The coloured gas is usually best <een by looking down the
test-tube at a white surface.

532, Cold FeS0,-solution, when it is added to solution of
nitrite, causes the liquid Lo assume a dark colour, The colour
becomes much more intense when cold dilute H,SO, is added.
The dark coloured substance which is producedis a compound
of NO with FeSO,; this compound is decomposed when the
liquid is boiled, and reddish-brown gas is evolved (53I).

533. Nitrous acid liberates Iodine from Potassium
iodide.—The nitrous acid may he formed by the addition
of acid to a nitrite.

Drop a little starch-powder into some cold water in a
porcelain dish, and stir and boil the liquid for a short time:
then cool the starch-solution, and add to it a few drops of
KI-solution. ! *

Add to this liquid some solution of nitrite, and then
several drops of HA. An intense blue colour will be pro-
duced. This is due to the combination of the starch with
the iodine, which has been set free by the HNO,.



208 GROUP IL.—DETECTION OF MEMBERS. [534, 535,

The liquid will often appear black at first, and the blue
colour will then only become visible when much water has
been added.

This is a most delicate test if the liquid is quite cold. But
the presence of a nitrite is not proved if the colour is pro-
duced before the HA is added.

534. Hydrogen nitrite, or Nitrous acid (HNO,), is extremely
unstable, and decomposes rapidly into HNO;, NO, and H,0. It
therefore evolves reddish-brown gas when its solution 1s heated in
the air (531). Nitrous acid also colours FeSO,-solution (532), and
liberates iodine from KI (533).

DETECTION OF THE AcCID-RADICLES IN Grour II.

535. The Detection of these Acid-radicles, when they
occur singly, presents no difficulty.

Their detection, when they occur together, is often com-
plicated, since most of thé acids, which are formed on the
addition of HCI to salts containing acid-radicles of this
Group, react upon one another. Thus HCIO oxidises
HNO, H,S, and H,80,; and H,SO, oxidises H,S.

The analyst may often succeed, by a skilful use of the
above reactions, in detecting these acid-radicles when tuey
are mixed. But their detection in certain mixtures is a
problem which is only soluble by careful eonsideration, and
is not unfrequently insoluble.

SO, may be detected by K,Cr,0,-paper * H,S by PbA,
paper: Cl by bleaching moist litmus-paper : nitrite by evolv-
ing reddish-brown gas. But CO, can only be detected in the
presence of much 80, by passing the gases through hot
K,Cr,0,-solution ; the SO will be absorbed, and the co,
which passes on may then be detected by lime-water.
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GROUP III.—NITRATE GROUP.
536. This Group includes nitrate and chlorate.

Salts, which contain these acid-radicles, resemble one
another in many respects, more particularly in the fact that
none of them are perfectly insoluble in water ; hence no
method of precipitating them is known

Ni11rATE (NO,).—Use KNO, and Pb(NO,),.

537. FeSO,-solution gives a dark brown colour with
Nitric acid (532). Nitric acid may be formed from a nitrate
by the addition of H,SO,.

Add to some solution of nitrate, contained in a rather
broad test-tube, about an equai volume of strong H,SO,,
Mix the liquids well, and then cool the mixture in a stream
of cold water.

Now pour some strong cold FeSO, solution in a gentle
stream down the inside of the tube, which is held in an
inclined position. A distinct Jayer of the FeSO, solution
should be formed on the surface of the acid liquid. A dark
coloured film orsring, which sometimes extends upwards,
will appear at the surface of contact of the two liquids.

The colour is most easily seen when a piece of filter-paper is held
between the tube and a bright flame or window, and when one
looks through the tube and paper at the light. A mere yellow colour
is often produced in the absence of a nitrate, and may be disre-
garded.

The test is made more delicate by cooling the liquid, since heat
prevents or removes the dark colour. For this purpose the tube
may be allowed to stand in a beaker of cold water for a few minutes,

If much nitric ncid is present, the dark colour extends upwards
as soon as the strong sulphuric acid is mixed with the FeSO, solu-
tion ; but the heat which is evolved by the dilution of the strong
H,80, soon causes the NO to escape and to form a reddish-brown gas
in the test-tube; the liquid at the same time loses its dark colour.

14
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538. Copper.—Drop a few small scraps of Cu into some
nitrate solution, and add strong H,SO,  Reddish-brown
gas will appear either at once or when the tube is warmed.
If; the colour is faint, it is best seen by looking down the
tube at a white surface.

The hquid at the same time becomes blue from the pro-
duction in it of copper nitrate :—

8HNO, + 3Cu=2NO + 3Ca(NO,), + 4H,0.

The NO which is evolved is a colourless gas, but it yields
reddish-brown NO, by oxidation when it mixes with the air
in the upper part of the vessel (44).

539. Indigo Solution,1f 1t 1s poured 1n a cold and dilute condition
mto cold nitrate solution, until the mixture becomes faintly but
decidedly blue, 1etains 1ts blue colour unchanged when 80, is
passed 1nto the liquid (see Note, 545), or when freshly made H,80,
solution is added. This reaction distinguishes a nitrate from a
chlorate. Compare with paragiaph 545

540. Ignition converts alkaline nitrate into nitrite . hence
if any sohd nitrate is heated to redness with fusion mixture
(Na,CO,+K,CO;) on platinum foil for several minutes, a
soluble alkaline nitrite is formed. If the foil is allowed to
cool and is then boiled in Water, the alkaline nitrite will be
dissolved.

A portion of the solution may be p‘roved to contain

,nitrite by the starch test (533).

Another portlon may be acidified with HNOS, and will

be found to give no precipitate with AgNO,. Compare

with paragraph 547.

541. The action of Hydrogen also reduces nitric acid to
nitrous acid.

Add dilute H,SO, to some nitrate solution, and then add
some freshly-made starch-solution containing KI: no colour
will be produced : but whena fragment of Zn is dropped in,
and hydrogen is evolved, the liquid will assume & deep blue

colour (533).
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542. Fusion of a Nitrate on Charcoal in the blowpipe-
flame causes deflagration, that is to say, the surface of the
charcoal burns rapidly with a slight hissing noise.

543. Ignition of a Nitrate of a Heavy Metal, in a glass
tube closed at one end, causes the evolution of a reddish-
brown gas with a characteristic smell (NQ,) and of oxygen :
PbN,0;=2N0,+0+PbO. The NO, is recognised by its
colour and by 1ts smell, and the O 1s found by inflaming
a glowing splinter of wood. Lead nitrate may be used in
trying this experiment.

544. Hydrogen nitrate, or Nitric acid (HNO,), has a
strongly acid reaction. Tt gives with FeSO, solution a
brown ring (537), and with Cu a reddish-brown gas and a
blue solution (538). When nitric acid is evaporated with
quill-clippings 1t stains them bright yellow.

Curoratk (C1O,).—Use KCIO,.

545. Indigo solution, if it is added in a cold dilute con-
dition to a cold solution of chlorate until the liquid is
coloured faintly but distinctly blue, loses its colour as soon
a8 80, is passed into the liquid, or when some fieshly-made
H,S0, solution is added and the mixture is shaken. Com-
pare with paragraph 539.

Note.—Since the presence of H,80, must be avoided in this re-
action, it 13 well to pass SO, gas into the iquid which is being tested.
The gas may be most readily obtained from a bottle of liquid SO,.

546. Strong H,80,, when it is poured upon a little solid
('hlorate, becomes orange-red in colour, and when the liquid
is shaken it evolves a bright Jellow gas (CLO,) :—

8KCIO, + H,80, = T1,0, + KCIO, + K,S0, + H,0.

This gas has a smell somewhat resembling that of chlo-
rine. It undergoes explosive decomposition readily when it
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is gently heated, and the acid mixture in the tube accord-
ingly crackles and even detonates when it is warmed by the
flame.

Caution.—This experiment may be dangerous, unless very little

chlorate is used, and the mixture 1s then heated gently with the
mouth of the test-tube turned away from the person.

547. Ignition of Alkaline Chlorate evolves Oxygen and
produces Chloride.

AgNO, solution produces no precipitate with solution of
chlorate if chloride is absent,

But if some solid potassium chlorate is heated in a test-
tube, it will fuse and give off oxygen with effervescence :
the chlorate is meanwhile converted nto chloride : —

KCIO,=KCl +O,.

The oxygen gas may be detected by holding in the tube a
slip of wood with a spark al its end; the spark will burst
into a flame,

If the tube is then allowed to cool, and the residue is
dissolved by heating it with water, a portion of the solution
will yield no evidence of the presence of a nitrite (533).

Another portion of the solution will yield a white pre~i-
pitate (AgCl) on the addition of AgNO,; this precipitate
will not dissolve in HNO, even on boiling, but will dis-
solve readily in AmHO (552): it is therefore produced by
the chloride which has been formed from the chlorate, and
indirectly proves the presence of chlorate.

A chlorate which does not yield a soluble chloride must
be mixed with fusion-mixture before it is heated for this
test.

This reaction readily distinguishes a chlorate from a
nitrate. Compare with paradraph 540.

548. When a Chlorate is heated on Charcoal in the
blowpipe-flame, it causes the charcoal to deflagrate.

549. Hydrogen chlorate, or Chloric acid (HC1O;), is an odourless
liquid, which first reddens and then bleaches litmus-paper. When
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it 13 kept for some time, 1t changes into O, Cl, HCIO, and H,0.
"T'he same change occurs rapidly when the acid 1s heated,

DEeTECTION OF NITRATE AND CHLORATE.

550. There is little difficulty in distinguishing nitrate
from chlorate.

Nitrate and chlorate, when they are present together,
more or less interfere with one another’s reactions. But
they may be detected 1n the absence, or after the removal of
chloride and nitrite, by heating the solid substance strongly
for a short time, and then testing for nitrite and chloride
(540, 547)-

The preliminary removal of nitrite may be effected by
boiling the substance with excess of acetic acid ; and chloride
may be removed by precipitation with AgNO,, which must,
however, not be added in excess, It is evident that the
portion of the solution, to which AgNO, has been added,
cannot be used for the test for nitrate,
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GROUP IV..—CHLORIDE GROUP.
55I. This Group includes chloride, bromide and iodide.

These Acid-radicles closely resemble one another in many
of their reactions. They are precipitated by AgNO, from
their solutions, after HNO, has been added in excess. In
this respect they differ from all acid-radicles except cyanide,
ferrocyanide and ferricyanide; and these are easily dis-
tinguished by other means.

CnLoripE (Cl).—Use NaCl.

552, AgNO,, when it is added to the solution of a chloride,
gives a pure while precipitate (AgCl).

This precipitate collects into curdy masses when the
liquid is heated or shaken: it rapidly turns violet in sun-
light, and slowly darkens even in diffused daylight.

Decant the water, and warm one portion of the precipitate
with HNO,: it will not dissolve. To another. portion of the
precipitate add AmHO: it will readily dissolve. AgCl is
also soluble in KCy-solution and in Na,S,0,-s8lution.

Decant the liquid and warm the precipitate with a little
strong H,80,: the acid will remain colourless, and no violet
vapour vrill be given off as is the case with AglI (562).

553. Stroag H,80,, when it is added to a solid chloride,
causes colourless HCI to be giveh off : this gas may be recog-
nised by fuming in the air, by reddening moistened blue
litmus-paper, and by making a drop of AgNO,-solution,
acidified with HNO,, milky (505, 1-4).

554. MnO, and H,80,—Mix together intimately some



555.] REACTIONS OF THE ACID-RADICLES. 215

finely-powdered chloride and MnO,, then add strong H,SO,
and warm the mixture : chlorine gas will be evolved :(—

2NaCl + MnO, + 3H 80, = 2C1 + MnS0, + 2NaHSO0, +
2H,0.

This gas is recognised by its power of bleaching a piece
of moistened litmus-paper, which is introduced into the tube
on a glass rod.

The most delicate way of making the test is to mix the
substances in a small beaker, and then cover this with a
watch-glass which bears on 1ts under surface a piece of mois-
tened litmus-paper ; the mixtureis then warmed and allowed
to stand for some time, and the test-paper is occasionally
examined in order to see if its colour has disappeared.

Moist starch is not coloured when it is held in the escaping
gas : this distinguishes chloride from bromide, when they
are examined by this test. Compare with paragraph §58.

Many samples of commercial MnO, evolve Cl when they are heated
with H,80,. Hence, unless the MnO, has been specially prepared
by precipitation, or 18 known to give no Cl when 1t 1s heated with
H,S0,, 1t must be heated with H,SO,aslong as any bleaching action
1s produced on moist litmus-paper held in the tube ; the substance
to be tested may then be added, and Cl may be again tested for
while the mixture is being heated

555. Formation of CrO,Cl, by the action of H 80, and
Chromate.—An intimate mixture is made of a solid chloride
with three or four times as much K ,Cr,0., by rubbing the
two substances together to a fine powder in a mortar. This
mixture is then heated with strong H,SO, in the tube or
flask represented in figure 73 (p. 202), or in a Clarke’s
retort (fig. 74, p. 216) Reddish-brown vapour (CrO,Cl,)
will be evolved :—

4NaCl + K,Cr,0, + 6H,80,=2Cr0,Cl, + tNaHSO, +
2KHSO0, + 3H,0.

If the vapour escaping from the delivery-tube is passed
into some water, contained in a test-tube or in the bend of
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the condenser of Clarke’s apparatus (fig. 74), the water will
become reddish-yellow in colour, owing to the formation of
HCrO, :—

Cr0,0], + 2H,0 = H,CrO, + 2HCI.

When excess of AmHO is added to the reddish-yellow

liquid the colour will change to pale yellow, since Am,CrO,

is formed : but the original

reddish-yellow colour will

be reproduced, when excess

/ of HA is added; and the

presence in this liquid of

H,CrO,, and therefore of

CLARKE'S RETORT. chloride in the original

substance, may be proved

by the formation of a yellow precipitate (PbCrO,) on the
addition of PbA,-solution,

Fia. 74.

Caution.—The detection of a chloride by this method depends on
the formation of H,CrO, by the action of the water in the tube on
the vapour of CrO,Cl,. Great care must therefore be taken that
none of the mixture containing chromate or chromic acid 1s allowed
to pass into the delivery-tube and thence into the water ; since if
this occurred, chromic acid would be found even when no chloride
was present. .

Care must also be taken that the water is not sucked back into
the hot strong H,80, when the apparatus shown in fig. 73 is used.
This is prevented by raising the delivery-tube out of the water as
soon as the heating is stopped.

556. Hydrogen chloride, or Hydrochloric acid (HC1), is a colour-
less gas, which fumes in the air, and dissolves very readily in water,
Both the gasand its solution render AgNO,-solution, which has been
acidified with HNO;, milky. The solution of the acid evolves
chlorine gas when it 1s heated with MnO,,.

Y

BroMiDE (Br).;-Use NaBr.
557. AgNO,, when it is added to solution of a bromide,
gives a yellowish-white precipitate (AgBr).
This precipitate is easily coagulated when the liquid con-
taining it is heated or shaken; it is insoluble in HNO,,
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easily soluble in KCy-solution and in Na,$,0,-solution, and
slightly soluble in AmHO. It resembles the precipitate of
AgCl in these respects; but it is distinguished from AgCl
by its yellowish colour, and by its slight solubility in AmOH.

If the liquid is decanted and the precipitate is heated
with strong H,SO,, no violet vapour will be evolved as is
the case with AglI (562).

558. Strong H,80,, if it is heated with a bromide, causes
the evolution of pungent acid fumes (HBr), which are
accompanied and coloured by reddish-brown vapour of Br.
This vapour somewhat resembles Cl in smell and by bleach-
ing litmus, but it differs from Cl in colour.

The bromine vapour may also be recognised by its power
of staining cold moist starch orange-red. The starch-powder
may be taken up on the wetted end of a glass rod, and then
moistened by breathing upon it several times.

If MnO, is mixed with tue bromide before H,SO, is
added, Br is evolved in greater quantity (554).

559. Chlorine-water, or solution of bleaching-powder
which has been acidified with HCI, if it is added carefully
drop by drop to solution of a bromide, liberates Br, and
this colours the solution orange-red.

The addition of Cl in excess must be carefully avoided, since Cl
combines with Br and destioys 1ts colour.

Warm a part of the coloured solution ; reddish-brown Br
vapour will be given off, and will stain cold moist starch
orange-red (558).

,Add carbon bisulphide (CS,) to another- portion of the
coloured solution, and mix the lijuids well by shaking them ;
the Br will be dissolved away from the water by the OS,.
1f the liquid is allowed to stand at rest for a short time,
the reddish-brown solution will sink beneath the colourless
water,

If a little KHO solution is now added and the liquids are shaken
up together, the colour of the Br will disappear from the C8, ; thisis
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due to the formation of the cclourless salts KBr and KBrO,, which
remain 1n solution in the water : —

6Br + 6KHO = 5KBr + KBrO, + 3H,0.

560. Evolution of Bromine on addition of H,80, and
Chromate.—If an intimate mixture of a solid bromide and
K,Cr,0, is heated with strong H,SO, in the apparatus
described in paragraph 555, reddish-brown bromine vapour
will be evolved.—

6NaBr + K,Cr,0, + 11H,80, = 3Br, + Cr,(80,), + 6 NalIS0,
+2KHSO, + TH,0.

The Br vapour may be passed into water, and it will
colour the liquid reddish-brown.

If O8, is then shaken up with part of this brown solu-
tion, it will dissolve away tlie Br and will settle beneath the
colourless water as a brown layer.

If another part of the brewn aqueous solution of Br is
shaken with AmHO or KHO, the colour of the solution
will be destroyed.

These reactions serve to detect a chloride in the presence
of a bromide. Compare with paragraph 5§55,

561. Hydrogen bromide, or Hydi'obromlc acid (HBr), is a colour-
less, soluble gas, which fumes 1n the air, and closely resembles HC1.
1ts solution differs from that of HCI by evolving cofoured Br vapour
when 1t 18 heated with MnO,.

Topipe (1).—Use KI.

562. AgNO,, when it is added to solution of an 10dide,
gives a yellow precipitate (Agl).

This precipitate is easily coagalated when the liquid con-
taining it is heated or shaken : it is insoluble in HNO,, very
slightly soluble in AmHO, but easily soluble in KCy-solu-
tion and in Na8,0,-solution.

The precipitate of Agl differs from the precipitates of
AgCl and AgBr by its colour and by its very slight solubility
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in AmHO; but it is distinguished with greater certainty
by its behaviour when it is heated with strong H,SO,.

If the liquid is decanted from the precipitate, and the
precipitate is then heated with strong H,S0,, the acid will
be coloured red, and violet vapour of iodine will be seen on
looking down the tube. The coloured vapour is most dis-
tinctly seen after the tube has been allowed to cool for a
short time.

If a merc trace of iodine vapour is evolved, it may be
detected by holding in the tube a glass rod which has been
dipped nto freshly-made starch solution ; the starch will be
coloured blue.

The starch solution 1s made by stirring a l1t¢le starch powder with
some water 1n a small porcelain dish, then boiling for a few seconds,
and cooling the solution,

563. CuBS0,-solution produces a white precipitate (Cu,I,)
in solution of iodide, and causes the separation of iodine,
which colours the liquid brown :—

KT + 2CuS0, = Cu,T, + 2K, 80, + 1,

If the copper sulphate solution has been mixed with solu-
tion of H,80, or of FeSO, befor2 it is added to the iodide, the
precipitate and liquid are not discoloured by free iodine :—

2CuS0, + 4KI + H,80, + H,0 = Cu,T, + 2K,S0, + H,SO,
+2HL

The formation of the precipitate is accelerated by warm-
ing the liquid.

Separate this precipitate from the liquid by decautation
or by filtration, and warm it with strong 1,80, ; the acid
will become red, and violet iodine vapour will be evolved.

Solution of chloride and of bromide differs from that of
iodide by not being precipitated by CuSO,-solution.

564. Strong H,80,, if it is warmed with a solid iodide,
causes the evolution of acid fumes (HI), accompanied by
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violet iodine vapour. If the iodine vapour is large in
quantity, it will condense on the inside of the tube as a
black solid.

The iodine vapour colours starch solution blue. This may
be proved by holding in the vapour a glass rod, or a strip of
paper, which has been moistened with freshly-made starch-
solution ; or by pouring out the heavy iodine vapour into a
white porcelain dish, the inside of which has been wetted
with the starch-solution.

Iodine is evolved in larger quantity, if MnO, has been
mixed with the iodide before it is warmed with H,SO, (554).

565. Chlorine-water, or solution of bleaching-powder
which has been acidified with HCY, if it is added carefully
drop by drop to solution of an iodide, sets iodine free. The
iodine dissolves in the water, colouring it brown : some of
the iodine may also separate as a black powder.

The addition of Cl in excgss must be carefully avoided, as
it would form colourless iodine chloride, which does not give
the following reactions.

Divide the brown liquid into three parts in three test-
tubes.

1. Heat one part ; violet iodine vapour will be given ofs,
and will be seen on looking down the tube ata white surface,
The colour is most distinctly seen if some strong H,SO, is
added to the liquid before it is heated. 1f a glnss rod is
dipped into starch-solution and is then held"in the iodine
vapour, the starch will become blue.

2. To another portion of the brown solution add starch-
solution ; an intense blue colour will be produced. The
colour often appears black, unless Jnuch starch-solution is
added and the liquid is largely.dlluted When the solution
is heated it becomes colourless, but it often regains its colour
on being cooled : the solution must be diluted, and the starch
must be added in excess, in order to ensure the removal of
the colour by heat.

8. To the third portion of the brown solution add a drop
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of C8, and shake well ; the CS, will dissolve the iodine, and
this solution will gradually settle down as a beautiful violet
layer beneath the water, when the liquids are allowed to
stand at rest.

Pour inalittle KHO solation, and shake the liquids together ; the
violet colour of the CS8, will disappear, owing to the formation of
the colourless salts KI and K10,.

566. Nitrous acid (HNO,).—If a little KNO, is dissolved
in solution of an iodide and a dilute acid is added, HNO, is
produced and liberates the iodine.

A solution of N,0, in dilute H,S0, also sets free iodine
from an iodide (1152).

The iodine thus hiberated may be identified by the three
methods which are described in paragraph §65 ; of these the
starch test and the CS, test are the most delicate.

When the two reagents, mentioned above, are used for
liberating iodine from an iodide, they present the advantage
over Cl that they do not hinder the detection of the iodine,
even when they have been added in excess. They also present
the advantage that they do not liberate Br from a bromide.

567. HgCL, solution gives with solution of an iodide a scarlet preci-
pitate (HgI,), which 18 easily soluble in excess of solution of HgCl,
or of soluble iodx.de. With a solution of bromide or chloride, HgCl,
gives no precipitate. .

568, PbA,-soiution gives with solution of iodide a bright yellow
precipitate (Pbly) if this precipitate is dissolved in the Jeast
possible quantity of boiling water, it separates again in the form of
beautiful golden yellow crystals when the liquid is cooled.

With solution of bromide or chloride, PbA,-solution gives a white
precipitate.

569 Hydrogen iodide, or Bydriodic acid (HI), is a colourless,
fuming, soluble gas, resembling HCl and HBr. Its solution differs
from solution of HC'l orof HBrby evolving iodine when it is heated
with MnO,.
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DerecTioN OF CHLORIDE, BROMIDE, OR IODIDE, WHEN IT
OCCURS ALONE,

570. Chloride, Bromide, or Iodide is easily detected by
the foregoing tests., The reactions given in paragraphs
554, 555 are perhaps the most characteristic tests for a
chloride ; and the tests described in paragraphs 558, 550,
560 distinguish a bromide ; an iodide is detected with the
greatest ease and certainty by the reaction described in 566.

The colour of the precipitate which has been produced by
adding AgNO, to the solution made acid with HNO,, and
the behaviour of this precipitate with AmHO, are less trust-
worthy indications than the above tests; but they often
serve to demonstrate which of thece acid-radicles is present.
AgCl is pure white and is very easily soluble in AmHO;
AgBr is pale yellow and is not readily soluble in AmHO;
while Agl is primrose- Jellow and is almost insoluble in
AmHO.

The action of hot strong H,SO, on the precipitate of Agl,
which is described in paragraph §62, is also distinctive of
iodide.

DETECTION OF CHLORIDE, BROMIDE, AND IopIDE, WHEN
THEY OCCUR TOGETHER.

The detection of these acid-radicles, whep they occur
together in solution, may be effected byeither of the methods
which are described in paragraphs 5§72, 573 The method
in par. 572 will be found to be the more rapid in practice.

If chloride is known to be absent, bromide and iodide may
be tested for by the method described in paragraph 574.

Insoluble salts must be treated as s directed in paragraph
571,* before they can be examined by the following
methods.

571." Insoluble Compounds must be decomposed by means of

Na,CO,, in order to obtain the chloride, bromide, and iodide in
solution,
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Bonlmg wnth Na,CO;-s0lution will eﬁ’ect this change 1n the case of
some substances, but heating the finely-powdered substance with
three times its weight of fusion mixture (Na,CO;+ K,CO;) on plati-
num foil or in a platinum capsule is a more certain and general
method.

The carbonates are fused for about ten minutes; the mass is
allowed to cool, and 1s then boiled with water and the filtered
solution 18 exawmined by one of the following methods (572, 573,

574)-
This treatment with fused alkaline carbonates may be employed

for rendericg the precipitate which has been produced by AgNO,
(552, 557, 562) suitable for the following examination.

572.* First Method.—The most convenient method of
examining for the presence of chloride, bromide, and iodide,
when they may be present together in an aqueous solution,
consists in testing for bromide and iodide in one part of the
liquid by the chlorine test (559, 565); then driving off bro-
mine and iodine, if they are present, from another part of
the liquid by means of acidified K,Mn,0, solution, and test-
ing for chloride by means of AgNO, (552).

The aqueous solution of the substance is referred to below as the
‘“original solution.” 1f the substance to be tested isinsoluble in
water, 1t must be treated with Na,CO, as 15 directed in paragraph
571*in order to obtain the acid-radicles 1n solution.

To a portion of the original solution, which is to be
tested, add a few drops of CS,: then add to it cautiously,
drop by drop, either chlorine-water or acidified solution of
bleaching-powder, and shake the liquid after each addition.

If the CS, does not become Coloured, bromide and iodide
are absent ; chloride may then be tested for, by adding to
another part of the original solution HNO; in excess and
AgNO; (552).

If the CS, becomes Colonred, note the colour which first
appears. If the CS, becomes brown at once, bromide is
present and iodide is absent ; if the C3, is coloured wviolet,
10dide is present, and the cautious addition of the chlorine
solution must be continued with shaking ; if the CS, turns
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brown, the presence of bromide is proved : if no brown
colour appears, bromide is absent.
Proceed to test for chloride as is directed below.

Remove bromine and iodine from another portion of the
original solution by acidifying with dilute H,S0,, adding a
little potassium permanganate solution, and boiling the solu-
tion in a porcelain dish until the brown colour of the liquid
disappears. Then add more permanganate solution cau-
tiously and boil the liquid, and continue these processes until
theaddition of permanganate no longer produces any brown
colour, and the liquid retains a pale pink colour for a few
seconds : this proves that all bromide and iodide have been
removed,

Now add AgNO,: the formation of a white precipitate
will prove the presence of chloride.

573.% Second Method.—The method of examination is varied
according as iodide 1s present or absent Since chloride cannot be
detected in the presence of iodide, the iodide must be separated
before proceeding to examine for the chloride.

To a small portion of the Original Solution, which has been made
just acid by the addition of dilute HyS0,, add a little cold freshly-
prepared starch-solution. Then add, drop by drop, either strong
HNO;,, or solution of nitrous acid (566). The appearance of a dark
blue coloration will show the Presence of Iodide.

Examine the remainder of the original solution for chloride and
bromide, according to the directions given under (@) or (), the
selection of the method depending upon whetker Sodide has been

found or not. e

(a) Todide i3 Present.—Add to the original solution a mixture of
CuS0,-solution with half 1ts measure of strong H,SO,-solution, and
warm gently for a short time ; Cu,l, will be precipitated (563).

In order to ascertain whether the iodide has been entirely precipi-
tated, filter a small quantity of the liquid and warm it with a little
more of the above reagent. If any further precipitate is produced,
return the filtered portion to tho unfiltered liquid. Then add more
of the reagent to the whoie of the fiquid, warm it again for a time
and test it again, in order to see if the removal of iodide is complete,
Repeat these \t;,gals until a small portion of the filtrate gives no
further precipitate, when it 1s warmed with more of the reagent.

Then filter the liquid until it is perfectly clear, add KHO in excess
to the filtrate, and boil the hiquid. Filter off the precipitate thus



574 %] REACTIONS OF THE ACID-RADICLES. 225

produced ; and test the filtrate, which 1s now free from 1vdide, for
bromide and chloride as 1s directed below ().

(b) Iodide s Absent —Make the solution alkaline, 1f it is not
already so, by the addition of pure KHO ; and evaporate it to dry-
ness in a porcelain dish Scrape the residue off the sides of the dish,
and mix it with three or four times as much powdered K,Cr,0; by
rubbing the two substances together in the dish with a pestle.

Trausfer this mixture to the tube or flask shown in figure 73 (505),
or to a Clarke’s retort (fig. 74, 555), taking the greatest care to let
none of the powder remain 1n the neck or in the delivery-tube.

Then pour in sufficient strong H,80, to cover the powder to the
depth of about a quarter of an inch, and mix the acid and powder
by cautious shaking. Dip the end of the delivery-tube into water
contained in a test-tube or receiver and warm the mixture gently,
carefully guarding against any of the mixture passing over into the
water 1n the test-tube or receiver.

As soon as no more reddish-brown vapour is visible in the delivery-
tube, discontinue the heating, and 1mmediately withdraw the tube
containing the water.

1f no coloured vapour has been evolved and the water in the tube
is colourless, chloride and bromide are absent.

If the water 1s coloured, pour into it sufficient CS, to form a layer
about half aninch in depth at the bottom of the test-tube. Close
the mouth of the tube with the thumb, shake the tube vigorously, and
then allow 1t to stand at rest. If the CS,, as it settles down, shows
a brown colour, the Presence of Br, derited from Bromade, is shown.

Separate the water from the CS, by pouring it through a wet filter;
add to the filtrate AmHO 1n excess, then HA in excess, and then
PbA,-solution. The formation of a yellow precipitate indicates the
presence of a chromate, and this proves indirectly that Chloride was
present (555) in the original substance.

574.* Jodide and Bromide may betested for in the solution as follows.

Pour sufficient CS, into the hiquid to form a large drop at the
bottom. Then add, drop by drop, either dilute chlorine-water or
acidified solution of bleaching-powder, shaking thoroughly after
each addition.

»
Iodine will be liberated and will colour the CS, purple if Jodide
18 Present.

Continue the addition of Cl-solution very cautiously: the violet
colour will disappear, and the appearance of a brown coloration in
the OS, will indicate the Presence of Bromide. The brown colour may
be destroyed by the further addition of chlorine-solution.

I8
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GROUP V.—-PHOSPHATE GROUP.
575. This Group includes phosphate and arsenate

Phosphate and Arsenate resemble one another closely in
many of their reactions. They present points of difference,
however, which render their distinction possible.

ProspaaTE (PO,).—Use Na,HPO,.12H,0.

576. Mg80,-solution, to which some AmCl has been
added and then a hittle AmHO, gives with solution of a
phosphate a white crystalline precipitate (MgAmPO,.6H,0.)

This precipitate is almost insoluble in AmHO, but is
easily soluble in acids. If very little phosphate is present,
the precipitate often appears only when the liquid has been
gently warmed, then well stirred or shaken, and then
allowed to stand for some time.

577. Fe,Ol-solution, if it is dropped into phosphate solu-
tion, to whlch a little HA and NaA-solution have been pre-
viously added, gives a yellowish-white precipitate (FePO,).

578. Ammonium molybdate (AmHMo0,).——When a drop
of phosphate-solution is added to a solution of AmHMoO,
in HNO,, it gives a yellow precipitate.

The formation of this precipitate is hastened by gently
warming, and stirring or shaking the liquid; but the pre-
cipitate appears only after a time in very dilute solution of
a phosphate. See Precautions on p: 227.

A part of the precipitate usually adheres firmly to the
inside of the tube; this may be removed by solution of
KHO, NaHO, or AmHO, in which it is readily soluble,
The precipitate is only slightly soluble in inorganic acids,
and is practically insoluble in HNO,, '
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Precautions.—This is a most delicate test if it is properly per-
formed. Itservestodetectthe presenceof mere traces of phosphate,
when careful attention is paid to the following precautions.

The AmHMoO,-solution must be prepared according to the direc-
tions given 1n paragraph 1162, Remark 40.

The solution to be tested must not be alkaline to test-paper It
should be made distinctly acid by addition of HNO,, and then
added i small quantity only to some of the AmHMoO,-solution in a
test-tube. More of the solution must only be added, if no yellow
precipitate forms after the liquid has been gently warmed and
stirred.

This last precaution is extremely important, since the presence
of an excess of phosphate altogether precents the formation of the pre-
cipitate.,

Show that thisis the case, by pouring a few drops of AmHMoO,-
solution into some Na,HPO,-solution which has been acidified with
HNO;. No precipitate will form even when the liquid is heated and
shaken, since the phosphate is present in large quantity as compared
with the AmHMo0O,. If afew drops of this hiquid mixture, however,
are now added to some fresh AmHMoO,-solution, the precipitate
will appear.

It must also be remembered that the presence of much HCl retards
or prevents the formation of this precipitate. A solution of the sub-
stance acidified with nitric acid alone, should therefore be used if
possible.

579. AgNO,: yellow precipitate (Ag,PO,): pour off a
porvion of the liquid with the precipitate and show that
the precipitate is soluble in AmHO and in HNO,,

580. Ignition wm; Mg or Na —A very delicate test for the presence
of P, occurring 1n the form of phosphate or otherwise, consists in
strongly heating the dry solid substance with Mg powder, or with a
small piece of Na, 1n a little tube of bard glass closed at one end.
‘When the cool tube is broken and the powdered substance is breathed
upon, a smell of onions will be perceived ; thisis due to the produc-
tion and escape of PH;, which has been formed by the action of the
moisture of the bieath upon the metallic phosphide.

?

581. Flame-Coloration.—If a phosphate is made into a paste with
strong H,80, and the mixture is then heated strongly at the tip of the
inner blowpipe-tlame, it gives a bluish-green colour to the flame.

582. Blowpipe-test.—Many phosphates, when they are moistened
with Co(NOy),-solution, and are then heated in tl e outer blowpiye-
flame, become biue,
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583. Hydrogen phosphate, or Phosphoric acid (H;P0,), 1s a colou1.
less crystalline substance Its solution 1s stiongly acid, and differs
from H,SO, by not charring paper which has been dipped into 1t
and then dried by heat. 'The presence of H;PO, may be detected
by reactions 576, 578.

ARSeNATE (AsO,).—Use Na,HAsO, 12H,0 solution.

584. The precipitates formed in reactions 576-578 by
a phosphate, are precisely similar in appearance and general
properties to those formed when the same reagents are used
with solution of an arsenate. But AmHMoO, givesa preci-
pitate with an arsenate only when the liquid is boiled, and not
when it is gently heated, as in the case of a phosphate.

Moreover, the precipitate which AgNO, gives with an
arsenate is brown, while that given by a phosphate is yellow

(579)

——

DETECTION AND SEPARATION OF ARSENATE
AND PHOSPHATE,

585. The following Differences serve to detect and
separate phosphate and arsenate :—

1. The fact that an arsenate yields a precipitate with
AmHMoO, only when the liquid is boiled, whereas the
corresponding precipitate is produced by a nhosphate when
the liquid is only gently heated.

2. Arsenate solution, which has been boiled with strong
HCI, gives, when H,S is passed into the hot liquid, first a
white precipitate of S and then yellow As,S,; phosphate
solution under the same cix.'cnmgtances gives no precipi-
tate.

3. In perfectly neutral arsenate solution AgNO, gives a
brown precipitate ; with phosphate it gives a canary-yellow
precipitate,



586, 587.%] DETECTION OF PHOSPHATE GROUP. 229

DETECTION oF PHOSPHATE OR ARSENATE.

586. The Simplest Method of ascertaining which of
these two Acid-radicles is present is to throw the pre-
cipitate, which has been produced by the addition of AmCl,
AmHO and MgS8O, (576) upon a filter; then wash it with
alittle cold water, and drop AgNO,-solution uponit. If the
precipitate consists of MgAmAsO, 1t will become brown ;
if it is MgAmPO,, it will become canary-yellow.

The precipitate, which has been produced by the addition
of AmCl, AmHO and MgSO,, may also be examined for
arsenate by dissolving a part ot it in dilute HNO,, adding
AgNO_-solution as long as it causes any white precipitate,
and then adding very dilut¢e AmHO gradually drop by
drop.

If arsenate is present, a brown precipitate will form just
before the liquid becomes alkaline to test-paper: a phos-
phate will give a yellow precipitate.

Instead of mixing the dilute AmHO with the acid liquid,
the AmHO may be gently poured in upon the top of the
liquid : the colour will then appear at the surface of contact
of the ammonia-solution with the acid liquid.

DETECTION OF ARSENATE, PHOSPHATE AND ARSFENITE,
WHEN THEY ARE PRESENT TOGETHER,

587.* A clear mixture of solutions of MgS80,, AmCl and
AmHOis added aslong as it causes any further precipitate :
the liquid is filtered and the €ltrate is preserved.

A small portion of the precipitate is then tested at once
for arsenate by dropping AgNO,-solution upon it. If the
precipitate turns yellow, Phosphate is present, and Arsenate
is absent. 1f the precipitate turns brown, Arsenate is
present, and Phosphate may also be present.
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The arsenate must be separated from the other part of
the precipitate before phosphate can be tested for.

The rest of the precipitate is accordingly dissolved in a
little boiling strong HCI, and H,S is passed for several
minutes into this hot solution ; the presence of an arsenate
will be confirmed by the precipitation of white S and yellow
As,S, (313).

This precipitate is filtered off and H,S is again passed
into the boiling filtrate. If any further precipitate is pro-
duced, the gas must be further passed until 1t no longer
causes a precipitate in the boiling liquid.

"The precipitation by H,S is 1endeied complete without delay, if
the original solution in HCl 1s first treated with H,SO,. See para-
graph 313.

The clear filtrate is then evaporated just to dryness, the
residue is dissolved in a little dilute HNO,, and this solu-
tion is tested for phosphate‘by adding a few drops of it to
AmHMoO, solution and gently waiming the liquid (578).

Avrsenite may be tested for by acidifying the filtrate, which
has been reserved from the original Mg precipitate, and
passing IS into it. Yellow As,S, will be precipitated at
once if arsenite is present.
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VI.—UNGROUPED ACID-RADICLES.

The following Acid-radicles are not included in any of the
preceding Groups :—Borate, Chromate, Silicate, Fluoride,
Fluosilicate, Permanganate, Phosphite, and Hypophosphite ;
together with the rarer Acid-radicles, Tungstate, Molybdate,
Selenite, Tellurate, Tellurite, Titanate and Vanadate.

These Acid-radicles present no marked resemblances to
one another or to other Acid-radicles in their reactions;
they are therefore usually detected by special tests. The re-
actions of the rarer acid-radicles have been already described
under the metals, since they are precipitated by Group-
reagents for the metals.

Borare (BO,).—Use Borax, Na,B,0,10H,0.

588. Turmeric-test.—Powder some borate finely, and
stir it with a little dilute HCl on a watch-glass. Immerse
the lower half of a strip of turmeric-paper in this liquid, and
ary it on a watch-glass in the steam-oven (98), upon a
water-bath (88), or above a small flame. The part of the
test-paper which was moistened will now appear reddish-
brown, and will become bluish-black when it is moistened
with AmHO.

589. Alcohol-flame Coloration.—Pour alcohol upon some
finely-powdered borate in a test-tube or porcelain dish: add
a little strong H,SO,; then heat the mixture, and kindle
the spirit. The flame will show a green edge, this is often
most clearly seen when the sapour is relighted after the flame
has burnt for a time and has then been extinguished.

This flame-coloration is similar to that which is given by
certain other substances; but its spectrum, consisting of
three or four equidistant green lines, is quite characteristic
(fig. 68, p. 100).
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590. Blowpipe-flame Coloration.—If a mixture containing CalF,,
KHSO0,,and a borate 1s finely powdered, then moistened, and heated
on a loop of platinum wire 1n the inner blowpipe-flame for a short
time, it will colour the outer flame momentanly grcen,

This test 13 not always decisive, since many phosphates and
copper salts give a similar result. The flame-coloration is also
liable to be masked by the colorations of other substances.

591. Hydrogen borate, or Boric acid (H;BO,), usually occurs com-
bined with 2H,0 as a crystalline scaly hydrate. When this substance
is strongly heated, it yields a fusible glass consisting of B,0;.

The solution of boric acid turns the colour of blue litmus-paper

to wine-red.

The reactions in paragraphs 588, 589, and 590 serve to detect
boric acid.

The acid is soluble both in water and in alcohol ; and when these
solutions are evaporated, the boric acid partially escapes with the
vapour of the liqmd.

CuroMATE (CrO,). —Use Putassium dichromate, K,Cr,0,.

All chromates are more or less yellow or red in colour. The yel-
low solution of a normal chromate becomes orange-red when an
acid is added, owing to the formation of a dichromate * while the
reddish solution of a dichromate becomes pale yellow when 1t is
mwade alkaline, owing to its conversion into a normal chromat..
See remarks under Chromium, p. '137.

592. Reduction of Chromate ta Chromic ‘salt.—Various
substances, which readily combine with oxycen, deoxidise
acidified chromate solution and produce a chromic salt; the
colour of the solution at the same time changes from orange-
red to bright green.

Add HCl or H,80, to some chromate solution, and
deoxidise separate portions of this liquid by each of the
following methods. In every gase the colour of the liquid
will change to bluish-green.

(a) Pass H,S into the hot solution; white S will separate
owing to oxidation of the hydrogen of the H,S,

(b) Add NaHSO, or H,;8O, and warm.
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(¢) Add alcohol and boil : the smell of aldehyde will be
noticed.

(d) Boil for some time, after adding much strong HCI :
Cl gas will be slowly evolved.

(¢) Add Zn and warm: the reducing action of the
nascent H will be slow.

The following equations show the reactions which occur with H,S
and with HC1 —

K;Cr,0; + 31,8 + 8HOL = Cr,Cl, + 2KCl + TH,0 +8,.
K,Cry0, + 14HCl = Cr,Clg + 2KC1 4 7TH,0 +3Cl,.

The equations representing the other processes of deoxidation may
be drawn ount by the student.

The green solution, which results from the above reactions, will
give all the reactions for a chromic salt (202-205) and since chromic
acid is reduced by boiling HCI and by H,S to chromic salt, the pre-
sence of a chromate will lead to the precipitation and detection of
Cr,HgOg 1n the ordinary course of analysis. This chromic hydroxide,
however, will be known from the colour of the original solution to
be the result of the reduction of chromate.

503. Hydrogen peroxide (H,0,) or Barium peroxide
(BaO0,), if 1t is added to a cold acidified solution of chromate,
produces an intense but evanescent blue coloration.

This colour.is far more permanent, if ether is first
added and the liquid is then vigorously shaken imme-
diately after the addition of the peroxide: the ether assumes
and retains a blue colour. The addition of a few drops of
strong HNO, is useful. This reaction is extremely delicate
and characteristic.

504. Pb.a yellow_ ,preclpxtate (PbCr0,): soluble in
KHO, msoluble in HA.

595. AgNO, : purple-red precipitate (Ag,CrO,) : soluble in AmHO
and in HNO,.

596. BaCl,: yellowish-white precipitate (BaCrQ,): insoluble in
HA, soluble in HCI,
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597. Hydrogen chromate, or Chromic acid, 1s present in the
reddish-yellow liquid which is produced by dissolving CrO, in water,
and by acidifying a solution of a chromate. Its solution evolves Cl
and becomes green, when it is boiled with HCl. When solution of
chromic acid is neutralised by an alkali 1t becomes yellow, and the
yellow solution yields the above reactions for chromate.

SiurcatTE (8i0,).—Use solution of Sodium silicate, Na,SiO, ;
and finely-ground sand, 8i0,, for a solid.

508. HCl, if it is added drop by drop to solution of a
silicate, which is meanwhile constantly stirred or shaken,
will give a gelatinous precipitate of orthosilicicacid (H,SiO,)
unless the solution is very dilute. Since the silicic acid may
remain in solution, the non-appearance of a precipitate is no
proof of the absence of a silicate.

The solution of silicate, which is used for these reactions (No. 146,
1164), is made of such strength #nat acids do not cause a precipitate
in it ; but 1f some of the solution is boiled down to a quarter of its
volume, the precipitate will usually be obtained on the addition of
an acid.

599. Separation of 8i0,—If silicate is present in small
quantity, or is in dilute solutiqn, it may be detected by acidi-
fying the solution with HCl and evaporating the liquid to
dryness in a porcelain dish, The evaporation is finished on
the water-bath, and the residue is heated on the water-bath
(88) as long as acid fumes are given off.

Insoluble SiO, is thus produced, and remains undissolved
as a white powder when the dry residue is stirred and
warmed with strong HCI.

During the last part of the evaporatign over a flame, after the
silica has separated as a gelatinous mass, spirting will occur unless
the heat is lessened and the residue is stirred with a glass rod.
This spirting may be also prevented by finishing the evaporation
upon a water-bath (88) as soon as the liquid thickens.

The 8i0,, which is left undissolved by HC], is invisible as long a8
the liquid remains in the porcelain dish. It is rendered visible by
stirring the liquid and at once pouring it out into a glass vessel.



600-605.1 REACTIONS OF THE ACID-RADICLES. 235

600. Microcosmic-bead.—When either a silicate or SiO,
is fused into a bead of microcosmic salt (NaAmHPO,.4H,0)
it is not wholly dissolved, but the 8i0, floatsabout in trans-
parent particles in the melted bead, and is visible as little
opaque masses when the bead is cold. The particles of SiO,
are usually most easily seen while they are in motion in the
fused bead.

6or1. Na,CO, i Blowpipe-flame,—If solid 8i0, ora silicate is heated
1n a fused bead of Na,CO,, 1t causes frothing : this 1s due to the
evolution of CO, —Na,CO,+810,=C0,4-Na,$10,

602, AmCl, or Am,CO,, causes a gelatinous precipitate of H,S10,,
which usually forms only after a time.

603. Certain silicates, if they are moistened with Co(NO,),and are
then heated on charcoal in the outer blowpipe-flame, become blue.

Go4. Hydrogen silicate, or silicic acid (H,S10,), can exist in
solution 1n water, and has a slightly acid reaction. It is ordinarily
met with, however, 1n the hydrated state as a colourless gelatinous
substance, which does not affect the colour of litmus.

In this gelatinous form silicic acid is insoluble in water, and is
only very slightly soluble in acids, but it dissolves as an alkaline
silicate 1n solution of caustic alkah or of alkaline carbonate.

When the gelatinous hydrated acid is strongly heated, it yields a
white insoluble powder, 8i0,, whi~h givesthe reactions in paragraphs
600, 6oI.

Fruonripe (F).—Use finely-powdered CaF,.

The ordinary tests for a fluoride depend upon the liberation of
hydrofluoric acid, which is then allowed to act upon a glass surface
and to etch or corrode it.

605. Strong H,80,, if it is warmed with a little finely-
powdered fluoride in a test-tube, liberates HF., This acid
etches the glass, and causes the sides of the tube to throw
off the liquid when it is shaken up, as a greasy surface
throws off water,

If the cooled mixture is washed out of the tube and the
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inside of the tube is peifectly dried, the glass will be seen to
be dimmed and roughened. Gentle friction with a glass rod
will often detect the roughness of the etched surface, even
when this is not perceptible to the eye.

606. Etching a Watch-glass.—The preceding test becomes
much more delicate if it is carried out as follows,

A watch-glass is carefully heated by holding it in crucible-
tongs at some distance above a flame. Itsconvex surface is
then rubbed with a piece of paraffin-wax, and is thus covered
with a melted layer. This layer is made uniform by once
more heating the glass, allowing any excess of wax to drop
off, and then keeping the glass moving while it cools. The
coating of wax is then finally hardened by immersing the
glass for a short time in cold water.

Lines or characters are now traced in the wax, near the
middle of the glass, by gentle pressure with the point of a
penknife ; the object being s'mply to remove the wax from
these parts, and not to scratch the glass.

‘When the glass has been thus prepared, it is placed, with
its coated surface downwards, as a cover to a platinum
crucible or small leaden cup, which contains a little finely-
powdered fluoride and strong H,S0,.

Some cold water is then poured into the glass in order to
keep it cool, and the bottom of the vessel is heated by a very
small flame; the covered vessel is thenallowed to stand for
about fifteen minutes.

The watch-glass is now removed, and is cleansed by hold-
ing it with crucible-tongs above the flame and quickly wiping
off the melted wax.

On the clean bright surface thus obtained, the traced lines
will usually be visible at once whenthe glass is held up to
the light; but if mere traces of fluoride were present, the
tracing may only become visible when the cold surface is
breathed upon, and is then examined by reflected light.

607. Formation of Silicon fluoride (8iF,).—The above
methods do not serve for the detection of fluoride in the
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presence of silicate or of silica, since under these circum-
stances the action of H,S0, liberates SiF, instead of HF.

S1F, possesses no power of etching glass. But it gives
rise to white fumes in moist air , and when it is passed into
dilute AmHO, it yields a colourless flocculent precipitate of
H,8i0,, and produces AmF in the solution,

The formation of the precipitate of silicic acid is sufficient
proof of the presence of a fluoride ; but after this precipitate
has been filtered off, the AmF may also be detected in the
filtrate. This is effected by adding CaCl,-solution to the
clear liquid, then filtering off the precipitate of CaF,, and
drying and examining it as is directed in paragraph 606.

The above method is employed for detecting fluoride in
minerals which contain silica or silicate. The method is also
sometimes utilised for the detection of fluoride in a sub-
stance, which has been previously intimately mixed with
Si0, so as to render 1t suitable for the above test.

In order to try the reaction, a mixture of CaF, and SiO,
may be heated with strong H,SO,. A small piece of marble
should be dropped into the tube in which the SiF, is being
produced: this evolves CO,, which carries the silicon fluoride
over into the AmHO solution. The changes which occur are
thus expressed by equations :>—

2CaF, + 8i0, + 2H,80, = SiF, + 2H,0 + 2CaS0,.
SIF, + 4AmHO = H,S8i0, + 4AmF.

608. CaCl,, when it is added to solution of fluoride, gives
an almost transparent gelatinous precipitate (CaF,), which
becomes more visible when the liquid is heated or when
AmHO is added: this precipitate is slightly soluble in HCI,
but is almost insoluble in HA. Difference from fluosilicate.

b

Solution of NaF' may be prepared for the above reaction, by fusing

a mixture of powdered CaF, and fusion-mixture on platinum foil for

several minutes * then boiling the cool mass on the foil in water,
filtering the solution, and acidifying the filtrate with HA.

6og. Hydrogen fluoride, or Eydrofiuoric acid, HF, is at ordinary
temperatures a colouiless gas, which fumes in theair, etchesa glass
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surface, and dissolves freely in water, The solution of HF is acid
in reaction, and differs from all other acids by decomposing and
dissolving SiO,.

Fruosiricat (SiF,).—Use Hydrogen fluosilicate, H SiF,.

610. BaCl,: white precipitate (BaSiF;). This precipitate
usually appears only when the solution is gently warmed,
and differs in this respect from BaSO,.

It differs from BaSe(, (370) by being only slightly
soluble in boiling HCI : it is insoluble in alcohol.

Allow this precipitate to settle and reserve it for the
reaction in paragraph 612,

The above precipitate shows some resemblance to BaSO, since 1t
is only slightly soluble 1n IICl, but 1t differs in appearance by being
more or less transparent and crystalline. Fluosilicates differ also
from sulphates by giving no precipitate with Sr(NO,), or with
Pb(NO,),, Further, when they are heated with excess of AmHO
they yield a flocculent precipitate of H,SiO,, and leave AmF in
solution (607).

Fluosilicates also differ from sulphates by the following very dis-
tinctive reactions.

611. KCl-solution, when it is warmed with solution of
fluosilicate, gives a very transparent gelatinous precipitate’
(K,SiF,) : this precipitate is only visible after it has been
allowed to settle for a time : it is insoluble in‘alcohol.

612, Strong H,80,, if it is heated with solution of fluo-
silicate, causes HF to be given off: this vapour may be
detected by its etching action on glass (606).

This reaction is especially useful for ascertaining whether a pre-
cipitate, which has been produced by BaClﬁ, consists of or contains
BaSiFy.

Theaprecipitate from paragraph 618 may be tested by this process.
The precipitate is allowed to settle: almost all the water is then
poured off : the remainder of the water is shaken up with the preci-
pitate and is at once poured into a watch-glass the rest of the water
is then decanted, and the precipitate which remains on the glass is
warmed for some time with strong H,80,.  After the glass hag been
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washed and dried, it will be found to be corroded where the preci-
pitate rested.

When the more delicate process described in paragraph 606 is
employed, the precipitate should be shaken up with the liquid and
poured off into a platinum crucible or leaden cup. The liquid is
then decanted, and the precipitate is warmed with strong H,SO,
as is described in paragraph 606.

The processes of filtering off and drying the precipitate may be
substituted for decantation, but they are less rapidly executed, and
are only suitable when the precipitate of BaSiFg has been obtained
in some quantity.

613. CaCl, gives no precipitate in fluosilicate solution, (Difference
from fluoride )

614 Hydrogen fluoslicate, or Fluosilicic acid, H,81F;, is a strongly
acid liquid, which volatilises entirely as 2HF + SiF, when it is heated
in a platinum vessel. Accordingly when this acid 1s evaporated 1n a
watch-glass, the glass 1s etched. The acid is precipitated by BaCl,
and by KCl (610, 611).

PuospuITE (PHO,).—Use solution of Na,PHO,.

615. AgNO; * black precipitate (Ag), when the liquid is allowed to
stand oris heated. Theaddition of AmHO in small quantity increases
the delicacy of this test, but it must be remembered that the original
precipitate is soluble in excess of this reagent.

616 HgOL,* white precipitate (Hg,Cl,), which becomes grey (Hg)
when the liquid in which it is suspended is heated.

617. PbA,: white precipitate (PbPHO,), which is insoluble in acetic
acid.

618, Reduction reactions.—Solution of phosphorous acid, or of a
phospbite which has been acidified with HA, acts as a reducing
agent : but its action is not so powerful as that of hypophosphorous
acid (623), as the following .*eacti;ms will show .—

(a) A drop of K,Mn,0,-solution is not reduced and decolorised
by phosphorous acid - but reduction, attended with loss of
colour, takes place when the liquid is heated.

(b) A drop of CuCly or of Cu80,-solution is not reduced and de-
colorised even when the liquid is heated.
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619. Solid Phosphite, when it 1s heated, gives off a mixture of
hydrogen and hydrogen phosphide : the latter gas is known by 1its
garlic smell : the mixture of gases is spontaneously inflammable in
contact with air, and burns with a bright white flame, emitting white
fumes . red phosphorus is usually deposited on the interior of the
ignition-tube during this combustion.

HyPoPHOSPHITE (PH,0,).—Use solution of NaPH,0,.

620. AgNO, white precipitate (AgPH,0,), which gradually be-
comes black ; the change 1s more rapid when the liquid 1s heated,
and is due to the formation of metallic silver.

621 HgCl, white precipitate (Hg,Cl,), which forms slowly on
standing, but more rapidly when the hiquid is heated.

622. PbA, : no precipitate. (Difference from phosphite )

623. Reduction reactions.—Solution of hypophosphorous acid, or of
a hypophosphite which has been acidified with HA, actsasa power-
ful reducing reagent . this is proved by the following reactions ~—

(a) A drop of K,Mn,0;-solution is reduced and decolorised, when
it 15 added to the cold solution.

(b) When the solution is mixed with a little CuS0,-solution and
the mixture is heated to 55° C., red copper hydride (CuHy,)
is precipitated, and this evolves H and leaves metallic
copper when the liquid js heated.

(c) When the solution is mixed with a little CuCl,-solution, the

copper salt is decolorised and white Cu,Cl, is precipitated ;
the Cu,Cl, then gradually changes to red metallic copper.
€

624. Solid Hypophosphite, when it is heated, gives off hydrogen
phosphide ; this gas may be recognised by its garlic smell, and by
kindling spontaneously in contact with the air: it burns with a
bright white lame which emits white fumes and usually deposits
red phosphorus on the interior of the ignition-tube.

PERMANGANATE (""Mn,0,).—Use solution of K,Mn,0q

Solid pe§ anganates are usually very dark red or purple in colour ;
their solutioni are usually purple or reddish-purple.

625. KHO, it.it is added in large excess, causes the purple colour of
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the solution to change to green - this is due to the conversion of the
permanganate into manganate

K,Mn,0,+ 2KHO =2K,Mn0, + H,0 + O,

The purple colour reappears when this alkaline green liquid is
acidified (629).

626. Reducing reagents.—The addition of SO,, H,8, acidified solu-
tion of nitrite, or of other reducing reagents, at once destroys the
purple colour of permanganate-solution, and a nearly colourless
manganese salt 1s formed. It follows that in the ordinary course of
analysis permanganate will be converted into a manganous salt,
which will be detected in Group III B.

627. Solid Permanganate, or permanganate 1n strong solution,
when it is mixed with dilute H,S0,, evolves oxygen gas: with dilute
HCI chlonne gas is evolved with strong acids, gas is evolved with
explosive violence.

MANGANATE (‘MnO,) —Use alkaline solution of K,MnO,,

Solid manganates aie almost black : their solutions are bluish-
green 1n colour.

628. H,0.—Manganates undergo decomposition 1n contact with
water with production of purple permanganate and MpO,, unless
much alkaline hydrate 1s present —

3K,MnO, + 2H,0 = K,Mp,04+ 4KHO + MnO,
629. An acid, if 1t is added in suftictent quantity, causes the green
solution of manganate to change to reddish-purple solution of per-

manganate . even CO, can produce this change, and it may therefore
be brought abow$ by exposure of the manganate solution to air:—

3K,MuO, + 3H,S0, = K,Mn,0; + 2K,50, + MnSO, 4+ 3H,0 + 0.

The above change is reversed when solution ¢f an alkaline hydrate
is added in excess to the red solution (625).

630. Reducing reagents decolorise an acidified solution of man-
ganate and produce mangenous salt (626).
J

PERSULPHATE (’8,0g).—Use Ammonium persulphate, Am,S,04,
Sissolved in cold water.
630a. When a strong cold solution is boiled it gives off oxygen gas
which may be collected and identified by causing a glowing wooden
16
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splinter to burst into flame. The persulphate is reduced and
sulphate remains in solution.

630b. BaCl, gives a precipitate only when the solution is boiled.
Since, however, persulphate almost invaiiably contains sulphate as a
product of decomposition, the test should be made by adding BacCl,
in excess, filtering off any BaSO, through a double filter paper, and
then boiling the clear filtrate - the formation of a white precipitate
will indicate the presence of persulphate.

630c. Mn80,-solution gives a brown precipitate of hydrated MnO,
when the liquid 1s boiled.

TUNGSTATE (WO,). —Paragraphs 397-400.

MoLYBDATE (MoO,).—Paragraphs 357-363.

SELENITE (Se0;).—Paragraphs 365-368, 371, 372
-

TELLURATE (TeO,).—Paragraphs 377, 378.

TFLLURITE (1e0y).—Paragraphs 374-376, 378.

TiTANATE (T10;).— Paragraphs 263-267.

VANADATE (VO,).—Paragraphs 271-‘276



SECTION IV.—PART IV.

THE DETECTION AND ANALYTICAL
REACTIONS OF ORGANIC SUBSTANCES.

Introductory Remarks.—Organic substances may be
defined as chemical compounds containing carbon.

Methods are desciibed below for detecting the presence
in organic substances of the elements carbon, hydrogen,
nitrogen, sulphur, phosphorus, chlorine, bromine, and iodine.

The processes of determining the melting-point of a
readily fusible solid and the boiling-point and specific
gravity of a liquid, and the separation of liquids of different
boiling-points by fractional distillation are also given.

The special analytical reactions for certain important
organic substances are ther. described in detail. These
include organic acid-radicles, alkaloids, hydrocarbons, haloid
compounds, alcohols and phenols, aldehydes and ketones,
amido-compounds, carbohydrates, albuminous substances,
and chemically related substances.

I.—DETECTION OF ELEMENTARY CONSTITUENTS
OF ORGANIC SUBSTANCES.

_—
DerecTioN OF CARBON.

631, Ignition of Substance.—The presence of carbon
in an organic substance is frequently indicated, by the sub-
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stance becoming charred or blackened, when it is heated
alone or with strong H,80,. Carbon is also evolved as
CO, when certain organic substances are heated either
alone or with strong H,SO, : the CO, thus evolved may be
detected by means of lime-water (505).

632. Ignition with Copper oxide.—A more certain and
general method of detecting carbon consists in mixing the
organic substance intimately with finely-powdered copper
oxide (Cu0), or with some other solid oxidising compound,

F16. 75.

DETECTION OF CARBON AND HYDROGEN IN AN
ORGANIC SUBSTANCE.

and heating the mixture strongly. The carbon is then
evolved as CO,, and this may be detected by passing it into
lime-water (505). <

The method may be tried by mixing a little sugar with
four or five Limes its measure of finely-powdéred CuO. This
mixture is then placed in the closed end of a &ard glass test-
tube, and the remainder of the tube is nearly filled with
granular CuO. The open end of the test-tubeis then fitted
with a bent glass delivery-tube, and the tube is heated in
a Bunsen-flame, care being taken that the granular oxide is
heated to redness before the mixture itself is heated. The
experiment may be made in a longe‘r tube, which is heated
by the Ramsay burner (fig. 75): the heat is first applied
to the granulated oxide, and when this is at a red heat the
mixture is gradually heated to the same temperature. The
delivery-tube dips into a vessel containing lime-water, which
serves to indicate the evolution of CO,.
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Note 1.—In the case of a volatile liquid the apparatus must be
modified so as to cause the vapour of the liquid to pass slowly over
the red-hot copper oxide, the products of combustion passing on
into the lime-water.

Note 2.—It must be remembered that many carbonates, and all
bicarbonates, evolve CO, when they are heated. Caibonates may
be distinguished from other organic bodies by evolving CO, when
they are acted upon by cold dilute acid (505).

DerEcTioN oF HYDROGEN.

633. Ignition of Substance.——Many organic substances,
which contain oxygen, evolve their hydrogen more or less
completely in the form of steam, when they are heated. If
the substance is heated in a test-tube, the steam con-
denses on the cooler part of the tube in the form of water
drops. ,

634. Ignition with Copper oxide.—The presence of hydro-
gen in an organic substance may, however, be detected with
greater certainty at the same time as the carbon, by the
method of oxidation with CuO at high temperature (632).
The hydrogen is converted b this oxidation process into
steam, which condenses in the form of water drops in the
cooler part of the test-tube, or in the delivery-tube. The
'bulb in the d-livery-tube (fig. 75) is of advantage, since
it reduces the velocity of the current of escaping gas and
vapour, and therefore promotes the condensation of the
steam.

The presence of hydrogen in sugar is proved by the pro-
duction of the water, which has condensed in the apparatus
during the test for carbon (632).

This test is rendered more delicate by placing some white
anhydrous CuS80, in the bulb ; the entrance of even a trace
of moisture turns the CuS0, blue.

Note.—Any moisture which is present in the substance or in the

copper oxide will be evolved as steam, and will be condensed as is
described above. Both the organic subatance and the CuO must there-
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fore be perfectly dried, in order to avoid a wrong 1nference being
drawn as to the presence of hydrogen in the organic substance itself.
A solid organic substance may usually be freed from moisture by
heating it 1n the steam-oven (g8) for about an hour, and the copper
oxide should be dried by igniting it to redness for an hour.

DEeTECTION OF NITROGEN.

635. Ignition of Substance.—Nitrogen is evolved from
many organic substances in the form of ammonia, or of
an organic derivative of ammonia, when the substance is
heated. The ammonia, or other alkaline substance, may be
readily detected by its pungent smell or by its alkaline
action upon moist turmeric-paper (145). See Note (636).

636. Ignition with Soda-lime —A more certain and
general method of detecting the presence of nitrogen
consists in mixing the organic substance intimately with
powdered soda-lime, and then heating the mixture strongly
in a hard glass test-tube. Either ammonia, or a basic sub-
stance containing nitrogen such as an amine, will be evolved,
and may be detected by turning moist turmeric-paper brown.

In trying the reaction urea or albumen may be employed.

This test is applicable to most organic substances which
contain nitrogen, with the exception of nitro-, nitroso-, azo-,
and diazo-bodies. ‘

Note —It must be remembered that many ammonium compounds
evolve NH, when they are heated, and that they all evolve NH; when
they are heated with soda-lime. Ammonium compounds, however,
evolve NH; when they are gently heated with solution of KOH ; they
may be distinguished in this way from most organic compounds con-

taining nitrogen, which require to be heated much more strongly
with solid KOH, or with soda-limey before they evolve NH;,

637. Ignition with Sodium and Production of Prus-
sian Blue.—Another general method for the detection of
nitrogen consists in converting the nitrogen of the organic

substance into a soluble cyanide, and then producing ‘ Prus-
sian blue” from this.
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Heat the mtrogenous substance (urea, oralbumen) strongly
with a small piece of sodium or potassium in a small hard
glass ignition-tube. Break up the tube in some water in a
mortar withthepestle. Transfer the liquid with the substance
to a boiling-tube, warm gently and filter. Then add a few
drops of solutions of Fe,Cl, and of FeSO,: and unless the
liquid is already strongly alkaline to test-paper,add KOH in
excess. Then warm the liquid, and add HCl in excess. The
formation of a dark blue precipitate, or of a blue or dark
green solution, indicates the formation of Prussian blue ; and
the nitrogen, which is a constituent of this Prussian blue,
must have been derived from the organic substance.

This reaction is more delicate than the preceding one
(636); and it serves for the detection of nitrogen in all
organicsubstances with theexception of thediazo-compounds.

Note.—If sulphur is present, the organic substance must be mixed
with iron filings, or better with ‘~educed 1ron,” before 1t 1s heated
with sodium.

The presence of ready formed cyanogen-compounds in the organic
substance may be ascertained by special tests (650 and .Vote).

DETECTION 9F SULPHUR,

The Presence of Sulphur in an organic substance may
be detected by converting the sulphur either into Na,S
(638) or into Na,S0, (639).

638. Ignition with Sodium, and Formation of Sulphide.
—Ignite the organic substance (albumen) with a small piece of
sodium : then extract the residue with warm water, filter the
solution, and add to the filtrate, made alkaline if necessary
with NaOH, solution df sodium nitroprusside : the presence
of sulphur will be indicated by a violet coloration.

Addition of lead acetate-solution will produce black PbS;
but this test is less delicate than the nitroprusside reaction.

639. Ignition with NaNO,, and Formation of Sulphate.
—Mix the solid organic substance (albumen) in a porcelain
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crucible with four times its measure of dry Na,CO, and its
own measure of NaNO,, and heat until the alkali salts are
fused. Dissolve the cool product in dilute HCI, and add
BaCl,: a white preciptate (BaSO,) shows the presence of
sulphate, which has been formed from sulphur in the organic
substance.

DETECTION OF PHOSPHORUS.

The Presence of Phosphorus in an organic substance may
be detected by converting it into PH,, or into phosphate.

640. Heating with Magnesium.—Carbonise the substance
by heat, then mix it with magnesium-powder and heat the
mixture strongly : now moisten the cold residue with water :
an onion-like smell of PH, will be observed, proving the
production of magnesium phosphide, and the presence of
phosphorus in the original substance.

641. Ignition with NaNO, and Formation of Phos-
phate.—Heat the solid substance with fused Na,CO, and
NaNOQ,, as has been described for the detection of sulphur
(639)- Then dissolve the resiaue in dilute HNO,, and add
a few drops of this liquid to some AmHMo0,-solution and
warm gently : the formation of a yellow precipitate proves
that phosphate has been formed, and indicates the presence
of phosphorus in the original substance (578).

DerectioNn oF CHLORINE, BROMJNE, AND IODINE.

The Presence of the Haloge; Elements in an organic
substance may be detected either by the flame-coloration of
their copper salts, or by converting them into sodium salts
and then applying the ordinary tests to the solution of
these salts.
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642. Copper Flame-coloration.—Fix a piece of CuO in a
loop of platinum wire, and heat it strongly in the outer Bun-
sen-flame until it gives no colour to the flime, Then dip
the CuO into the organic substance (chloral) and ignite it
again, first in the inner and then in the outer Bunsen-flame :
a green flame coloration with a blue centre will appear, and
will indicate the presence of chlorine in the organic sub-
stance. A similar result is obtained if the organic sub-
stance contains either bromine or iodine.

This test, therefore, only serves to indicate the presence of -
a halogen, and does not distinguish between the different
halogen elements,

643. Ignition with Soda-lime or with Sodium.—Mix a
little of the organic substance (chloral) with soda-lime free
from chloride, place the mixture in a hard glass test-tube,
and fill up the tube with soda-lime. ITeat the soda-lime to
redness (632, fig. 75), and then gradually extend the heat-
ing to the mixture. Dissolve the cold soda-lime in dilute
nitric acid, and test the clear solution for chloride, bromide
and iodide in the ordinary way (552, et seq.).

Or the substance may be ignited with a small piece of
sodium, and the clear solutionsobtained by extracting the
cold residue with water is then examined by 552, et seg. A
cyanide will be formed if nitrogen was present in the sub-

stance (637, 647, et seq.).

IL—DETERMINATION OF SPECIFIC GRAVITY,
MELTING-POINT, AND BOILING-POINT.

The Identification of a pure Organic Substance is fre-
quently aided Ly the determination of its specific gravity
and of its melting-point if solid, or its boiling-point if
liquid, since these are constant properties, These determi-
nations may take the place of analytical tests, but they are



250  DETERMINATION OF SPECIFIC GRAVITY. (614,

more frequently used with the object of confirming the
results which are yielded by analytical reactions.

The determination of the specific gravity of a solid sub-
stance involves accurate weighing on a chemical balance.
Directions for the process are given in Section I. in Cloues
and Coleman’s Quantitative Analysis.

The specific gravity of a liquud may be determined by
accurate weighing, but the determination by means of a
correct hydrometer (644) is much more rapid and con-
venient.

When a solid substance possesses a melting-point which
can be taken by a mercurial thermometer, the process de-
scribed in paragraph 645 may be employed, and will be
found to be rapid and simple in execution. The fusing-
points of most inorganic substances are, however, too high
to admit of being determined by this process.

The determination of thetboiling—pomt of a simple liquid,
within the range of a mercurial thermometer, is described
in paragraph 646 Mixed liquids may often be separated
by fractional distillation (646a), and then identified by their
boiling-points.
€ (

DETERMINATION OF THE SPECIFIC GRAVITY OF A LiQuib.

644. The Hydrometer serves to determine the specific
gravity of a liquid rapidly, since it enable$ the process of
weighing to be dispensed with. Theapparatus consists of a
glass or metal float (fig. 76), which is weighted below to
such an extent as to cause it to assume a vertical position
when it is floating in the liquid. The stem is so graduated
that the numbered mark, which is Jevel with the surface of
the liquid, when the hydrometer is floating freely, shows the
specific gravity of the liquid. The temperature of the liquid
must be adjusted to the temperature at which the hydro-
meter has been gkaduated : this is usually 15'5° C.

All specific gravities which are given in this book corre-
spond to the tempeyature of 15:5° C,
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DETERMINATION OF THE MELTING-POINT OF A SOLID.

645. The Method commonly in Use for determining the
melting-point of a substance is illustrated in fig. 77.

The solid substance is placed in a thin-walled glass tube,
which is about -% inch in diameter and is sealed at one end.

Fia. 76. ¥ia. 77.

LS R S W ST

HYDROMETER. DETERMINATION OF MELTING-PoINT.

Such a tube is readily made by drawing out, in the Bunsen-
flame, a thin-walled rarrow test-tube about 'y inch in
diameter. :

This tube is attached to the stem of a delicate thermo-
meter just above the bulb, by binding it by fine platinum
wire. If the thermometer is to be dipped into water only,
a little rubber ring, cut off some small rubber tubing, may
be slipped over the larger end of the tube and the thermo-
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meter stem (fig. 77), instead of binding it with platinum
wire.

The thermometer and tube are then placed in a beaker
containing a liquid which has a higher boiling-point than
the melting-point of the solid. Water, strong H,80,, or
melted paraffin-wax may be used in the beaker, according
to the temperature which is required.

The beaker is then gently heated until the solid melts, and
the temperature of liquefaction is accurately noted by the
thermometer.

The process should be repeated several times with fresh
portions of the substance, and the mean temperature, which
has been obtained from these experiments, should be taken
as the melting-point of the solid.

The following points require to be attended to.

If the mercury-thread of the thermometer extends above
the surface of the liquid, thn correction which is described
in the Notein paragraph 646 must be applied to the reading.

During the process of heating, the contents of the beaker
should be constantly mixed by means of a stirrer, which is
made of bent glass rod or stout wire in the shape shown at b
in fig. 77. This continuous stirring is necessary, in order +o
secure a uniform tempeiature thronghout the mass of the
liquid during the determination.

In the case of certain fats, and of some other substances,
it is diflicult to see the exact point of liquefaction. This is
facilitated by using a tube which is open at both ends.

1f there is any difficulty in introducing the substance into
this open tube, the fine end of the tube may be inseited into
the melted substance. A small quantity of the liquid will
enter the tube by capillary attractien. This is allowed to
cool and solidify, and the tube %s then attached to the ther-
mometer and immersed in the water as before.

At the moment of liquefaction, the substance will be
forced up the tube by the pressure of the liquid in the bath.
The temperature of the thermometer is noted when this
movemeny is seen to occur,
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It should be borne in mind that some substances, more
especially the animal fats, show a lower melting-point when
the process of fusion is repeated immediately after solidifi-
cation. In such cases the normal melting-point is regained
after the substance has remained in the solid condition for
a sufficient interval of time.

EXPERIMENT.—The melting-point of naphthalene may be deter-
mined, using a beaker which contains water for the bath. The
melting-point should be approximately 80° C.

DETERMINATION OF THE BOILING-POINT OF A LIiQuip.

646. The Boiling-point of a simple Liquid may be deter-
mined in the following way.

The liquid is placed in a flask (fig. 78), the neck of which is
closed by a perforated cork through which a thermometer
passes, the bulb of the thermometer being close to the sur-
face of theliquid. The liquid is then heated to boiling, and
the bulb and part of the stem of the thermometer are thus
surrounded by the vapour of the boiling liquid.

The neck of the flask has a side exit-tube, and if the liquid
has a low boiling-point this side-tube should be connected
with a cold-water condenser; but for less volatile liquids
a plain glass .tube, about thirty inches in length and
cooled only by the atmosphere, will suffice (fig. 78).

As soon as the reading of the thermometer remains con-
stant, the temperature is registered as the boiling-point of
the liquid.

Note.—This reading will; however, require to be corrected, if the
thread of mercury in the therinometer extends above the cork,
The following formula gives the correction to be added :—

N(T —¢) x 0°000143.

Here N is the number of degrees on the thermometer-stem which are
not heated by the vapour; T is the temperature indicated by the
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thermometer ; ¢ is the temperature taken by placing the bulb of a
second thermometer midway between the cork and the top of the

Fia. 78.

DETERMINATION OF BOILING-POINT,

mercurial column during the process, the second bulb being screened
from the direct heat of the Bunsen-flame; and 0:000143 is the
apparent coefficient of expansiont of mercury.

It should be remembered that considerable differences of atmo-
spheric pressure will cause appreciable variations in the boiling-
point. All the boiling-points, which are given hercafter, correspond
to the normal atmospheric pressure of 760 mm. of mercury.

EXPERIMENT.—The boiling-point of methylated spirit may be
taken by this method. It should be approximate}y 78° C.
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SEPARATION OF LiQuips BY FRACTIONAL DISTILLATION,

646a, Fractional Distillation may be employed to separate
two or more miscible liquids which differ in their boiling-
points by at least 20 degrees.

If a mixture of two such liquids is placed in a distillation
flask (fig. 78, p. 254), fitted with a thermometer and a
cold-water condenser, and the mixture is gradually heated,
the following results will be observed.

The liquid will begin to boil at about the boiling-point
of the more volatile liquid, but as the heating is continued
the boiling-point will gradually rise. After a time the
boiling-point will rise rapidly until it approaches the boiling-
point of the less volatile liquid, when it will again rise
slowly until the whole of the liquid has distilled.

If the volume of the distillate is measured from time to
time, it will be found that the two largest volumes have been
obtained while the thermometer indicates approximately
the boiling-points of the two liquid constituents of the
mixture; and a partial separation of the constituents has
therefore been effected.

If each of these two main ©fractions” is now separately
distilled, it may be separated in a similar manner; and a
fairly pure sample of each of the constituent liquids
may be obtainel by again collecting separately those frac-
tions of the distillate which pass over while the thermo-
meter registers the boiling-point of the particular con-
stituent.

By repeating this fractional distillation a pure specimen
of each of the original liquids may ultimately be obtained.

The following example will illustrate this method of
geparation by fractional distillation.

ExperiMENT.—Make a mixture of equal volumes of pure
alcohol and of water, Place 150 c.c. of this mixture in the
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digtillation flask fitted with a thermometer and a cold-water
éondenser (fig. 78, p. 254). Heat the liquid gently witha
naked flame, and receive the fractions which pass over
between 78°-835°, 85°-92°, 92°-98°, and 98°-100° sepa-
rately in four clean dry flasks.

‘When the volumes of these fractions A, B, C, and D,
are measured, fraction A will be about one-third of the
total quantity, and may be proved to contain the greater
part of the alcohol by its smell and by its ready inflam-
mability, The fractions B and C are smaller in amount,
and contain a mixture of alcohol and water, the proportion
of alcohol being so small that the mixture is not inflam-
mable. Fraction D will be found to consist almost entirely
of water by its tastelessness and freedom from smell.

A further separation may be effected by refraction-
ating ” the fractions already obtained, until eventually the
fraction with the lowest boiling-point will be almost pure
alcohol and that with the highest boiling-point almost pure
water.

It will be obvious that a separation has thus been effected,
and that special methods may now be applied for the iden-
tification of each of the liquids. This method of procedure
is often applicable to liquid mixtures.
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ANALYTICAL REACTIONS OF ORGANIC
SUBSTANCES.

III.—ACID-RADICLES.

CyaNiDE (Cy).—Use freshly-made solution of KCy.

The alkaline cyanides smell faintly of bitter almonds, owing to
the evolution of HCy : this acid is intensely poisonous.

647. AgNO,: white precipitate (AgCy).

This precipitate is most easily obtained by pouring a drop
of the KCy-solution into the AgNO,-solution.

Show with three separate portions of the precipitate in the
liquid, that the precipitate is soluble in KCy-solution when
it is added in excess, and in AmHO, but is insoluble in
dilute HNO,. ’

Filter off some of this precipitate, and wash it with hot water
until HCl causes no milkiness with the last few drops of the washing
water. Then dry 1t, scrape it from the filter into a porcelain cru-
cible, and heat it strongly ; metallic silver will remain. If the cool
residue is warmed with a little dilpte HNOj, it will dissolve, giving
off reddish brown gas, and when a drop of HCI is added to this
solution, a curdy precipitate (AgCl) will be produced.

This method of examining the precipitate which has been pro-
duced by AgNO; distinguishes AgCy from AgCl, AgBr, and AgI;
these are also precipitated by AgNO; and are insoluble in HNO, :
but when they are dried and strongly heated, they fuse without
undergoing decomposition. Hence, when HNO, is warmed with the
cool mass after fusion, 1t cannot dissolve out Ag; and when HCl
is added to the HNOQ, it either gives no precipitate, or it causes
only a slight milkiness, which is due to the precipitate not having
been perfectly freed from soluble silver salt.

This process is somewhat tedious and need seldom be used, since
cyanide is readily detected and distinguished by the following
reactions.

648. * Prussian Blue ” test.—FeSO,-solution and Fe,Cl,-
solution are added to solution of cyanide, and the liquid is

17
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then made strongly alkaline with KHO, and boiled ; it
is then cooled and acidified with HCl: Prussian blue
[Fe,”(FeCy,),] will be formed, and will appear as a deep
blue precipitate: or, if the quantity of cyanide originally
present was small, a bluish-green solution of the Prussian
blue will be obtained.

If no cyanide is present, the addition of HCI will produce
an almost colourless and perfectly clear liquid.

649. Formation of Sulphocyanide.—If dilute H,SO, is
added to a cyanide in a test-tube fitted asis shown in figure
78 (p. 202), and then a small piece of marble is dropped in
and the liquid is boiled, HCy will be carried over by the
CO, gas. If the gas is allowed to bubble through some
Am,S-solution, AmCyS will be formed.

If the solution is now boiled in a porcelain dish, and
acidified when cold with HCI in order to remove unchanged
Amn,S, the addition of several drops of Fe,Cl; will produce
a red colour (662). The colour will be easily seen against
the interior of the white dish. Thisresult proves that HCy
has passed into the Am,S, and therefore that cyanide was
present in the original substance.

A little of thisred liquid should be added to some Hg(!l,-
solution. If the red colour is destroyed, it was certainly
due to the presence of a sulphocyanide.

When HCl is added to the Am,S in the above reaction, white S will
separate. Ifthe yellow liquid has been previously boiled in a porce-
lain dish until it becomes colourless, filling in distilled water to pre-
vent evaporation to dryness, the separation of S on the addition of an
acidis prevented. But this separation of 8 is frequently advantage-
ous, since its whiteness helps to show up even a faint reddish tint in
the liquid. .

The marble is added in order to cause evolution of CO, gas: the
escape of the gas lessens the riskbf the Am,S being sucked back dur-
ing the reaction - it also helps to carry over the HCy into the Am,8
solution, and to prevent it from remaining behind in the test-tube.

650. The Formation of Sulphocyanide can often be
more simply secured, by boiling the solution of the eyanide
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in a porcelain dish with yellow Am,S. The Am,S must be
added until the yellow colour of the mixture remains after
the liquid has been boiled for a short time, If a dark-
coloured precipitate is formed, this must be allowed to settle,
or must be filtered off, before the yellow colour of the filtrate
can be seen.

The whole of the liquid is then filtered, if necessary, and
is acidified with HCI in the porcelain dish. Fe,(l, is then
added in small quantity: a blood-red colour will be pro-
duced, which will not be removed when the liquid is heated
or is mixed with a little dilute HCl. The colour will be at
once destroyed, however, when a few drops of the liquid are
added to some HgCl,-solution.

Note.—The methods described in paragraphs 648, 649, and 650
serve as exceedingly delicate tests for cyanide. The methods 1n 648
and 649 are often less readily performed than that in 650, but they
exceed 1t in delicacy The method in 650 1s only replaced by that
in 649 in cases where, after the sulstance has been boiled with an
excess of Am,S, the filtrate 1s dark coloured and therefore the red
coloration would be invisible.

The reactions in 648, 649 are given by many complex cyanides
(653-661).

651, HgCy, and AgCy do not show the Reactions for Cyanide by
methods 647, 648, 649, but when they are boiled with Am,S, accord-
ing to method 650, AmCyS will remain in the filtrate from the black
precipitate of suiphide, and will give the red coloration with Fe,Clg.

‘When solid HgCy, is heated in a small tube closed at one end, it
gives off cyanogen gas, which burns with a peach-blossom coloured
flame when it is kindled.

652. Hydrogen cyanide, Hydrocyanic acid or Prussic acid (HCy),
is a colourless, volatile, inflammable liquid which boils at 26° C. It
readily mixes with water, and the vapour emitted from the acid or its
solution smells like bitter a'monds. Theacid is highly poisonous when
it is inhaled as vapour or swalloved as liquid. Hydrocyanic acid is
easily detected by the tests which have been already given for a
cyanide.
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FERROCYANIDE (FeCy,)".—Use solution of K, FeCy,.3H,0.
The abbreviated formula, K,CEy.8H,0, is sometimes used (131).

653. Fe,Cl;: dark blue precipitate of Prussian blue
(Fe,Cty,) : insoluble in HCI, soluble in H,0,0, to a dark
blue liquid, and changed by KHO into brown Fe,H.O,.

The solubiity 1 H,0, and the isolubility 1n HCl, may be shown
by pouring off portions of the liquid containing the precipitate, heat-
ing them with HCI and with H,0 1espectively, then filtering and
noting whether the filtrate 1s rendered blue by the solution of the
precipitate.

654. FeS0,: light blue precipitate (Fe”K,Cfy), which
becomes darker in colour by oxidation on exposure to the
air, or on the addition of Cl- or Br-water, or when it is
warmed with HNO,: it is insoluble in HCI.

655. CuB0,i: a chocolate-soloured precipitate (Cu”,Cty),
insoluble in HA,

656. AgNO, : white precipitate (Ag,Cty), insoluble in
HNO,; and in AmHO. When the precipitate is heated
with HNO,, it changes to orange-red Ag,Cty which is
soluble in AmHO.

FERRICYANIDE (FeCy,)”".—Use freshly-made solution
of K ;FeCy,.

This formula is sometimes doubled and written as Kq(FeCyg)y. It
may be abbreviated to K;Cty.

657. Fe,Cl, : dark green or broyn coloration ; no preci-
pitate is formed, as may be seen when water is added to the
liquid until it becomes transparent.

658. FeBO,: dark blue precipitate of Zurnbull’s Blue
(Fe"Cfy,), insoluble in acids: its blue colour is destroyed by
KHO.
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659. CuS0,: yellowish precipitate.

660 AgNO,: orange-coloured precipitate (AgCty), in-
soluble in HNO,, soluble in AmIIQ. Frequently a white
residue of Ag,Ctyis left when AmHO is added ; this proves
that K,Cfy was present in the K Cty-solution.

661. Detection of Ferro- and Ferricyanide.—Ferro- and ferri-
cyanide can be found and distinguished by their first three tests, or
by the precipitate which has been given by AgNO, in the solution
acidified with HNO;  This precipitate will have a more or less de-
cided orange-red colour if a ferricyanide 1s present. If the preci-
pitate 1s separated from most of the liquid by filtration or decanta-
tion and 1s gently heated with AmHO, white Ag,Cty will be left
if a ferrocyanide was present, and when the filtered ammoniacal
liquid 1s acidified with HNO, orange-red Ag,Cfy will be repreci-
pitated.

3

SurpHocYANIDE (CyS).—Use solution of KCyS.

662. Fe,Cl, : blood-red coloration, but no precipitate : the
colour is weakened but not destroyed by HCI: it disappears
entirely when the liquid is dropped into HgCl,-solution,
and differs in this respect from the similar coloration which
is produced by certain other organic acid-radicles.

FormaTe.—Use Sodium formate, NaHCO,.

Formic acid and formates much resemble acetic acid and acetates.
A 50lid alkaline tormate fuses and chars and emits CO and CO, when
1t is strongly heated.

663. Fe,Cl, imparts  deep red colour to the solution of
a formate; the coloration is destroyed by the addition of
HCl. When the red liquid containing excess of formate is
boiled the Fe is completely precipitated as basic ferric
formate, and the liquid becomes colourless. This reaction
is precisely similar to that for acetate (672).
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664. AgNO, or Hg,(NO;), when it is heated with solution of
formate, 1n the absence of free acid or of alkali, yields with diffi-
culty a precipitate of black Ag or of grey Hg.

665. 8ilver Mirror.—When solution of formate is gently
heated with ammoniacal solution of AgNQ,, it gives no silver
mirror (Note, 694). But free formic acid, or sclution of
formate which has been acidified with HA, gives a silver
mirror when it is heated with AgNOQ;-solution.

666. HgCl,, when it is mixed with solution of formate
and heated to about 70° C., yields a white precipitate
(Hg,01,) if HCI and alkaline chlorides are absent,

667. Strong H,80,, when it is heated with a formate,
evolves CO gas, which burns with a blue flame. No char-
ring or blackening occurs, and no CO, is evolved as in the
case of an oxalate (675).

If a formate is distilled with dilute H,8O,, a distillate is
obtained which emits the pungent smell of formic acid.

668. Formic acid (H,CO,) is a colourless fuming liquid
with a pungent smell; it boils at 100° C., and is readily
miscible with water, with a]colrlol, and with ether. It is &
powerful reducing reagent.

Acerate (C,H,0,) or (A).—Use NaA.3H,0.

669. Ignition,—Many solid acetates, if they are strongly
heated, blacken and evolve the vapour of acetone; this
vapour possesses a peculiar smell, and burns with a bright
flame when it is kindled.

670. 8trong H,80, when it is heated with an acetate,
evolves vapour of HA, This vapour, if it is smelt in large
quantity, is very pungent ; in smaller quantity it smells like
vinegar.
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671. Formation of Ethyl acetate.—If an acetate is first
mixed with a little alcohol, and then with strong H SO, a
fragrant smell of ethyl acetate (C,H,A) will be emitted when
the mixture is warmed. The smell is most pronounced
when the liquid is allowed to cool for a short time, and is
then shaken up.

672. Fe,Cl,, if it is added in small quantity to solution of an
acetate, causes a deep red coloration.

If the red liquid containing an excess of the acetate 1s boiled, the
Fe 1s completely precipitated as light biown basic acetate. the
liquid therefore becomes colourless.

The red colour of the solution is changed to yellow by the addi-
tion of a few drops of dilute HCl; it 18 distinguished 1n this way
from the coloration which has been caused by sulphocyanide (662).

673. Cacodyl reaction.—This reaction must be carried out with
due cautlon, since the vapour of cacodyl is tery powsonous.

When a solid acetate 13 heated with a minute quantity of As,O;a
disgusting smell 1s produced, which 1s due to the evolution of the
vapour of cacodyl, As(CH,),.

674. Hydrogen acetate, or Acetic acid (H.C,H,0,), is known as
glucral acetic acid. At temperatures below 17° C 1t is a colourless
crystalline substance, which readily melts . it boils unchanged at
118° C., giving off a very pungent inflammable vapour. This acid
Coes not redden blue litmus test-paper until it 18 diluted. It 18
miscible with water, with alcoho), and with ether in all proportions.

OxALATE (C,0,).—Use Am,0,0,.2H.0.

675. Strong H,80,, if it is heated with a solid oxalate,
causes an effervescence, which is due to the evolution of a
mixture of CO and CO, :—

Am,C,0,+3H,80, = CO +§0, + 2AmHSO, + H,S0, H,0.

The CO may be detected by burning with a blue flame
when a light is applied, and the CO, is found by rendering
lime-water milky (505, 1, 3, 4).

No blackening or charring is caused by strong H,SO,.
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Oxalates difter in this respect from most other organic acids
and their salts.

676. Solution of CaCl, of Ca80,, or of CaH,0, when
it is added to solution of an oxalate, gives a white precipi-
tate (CaC,0,), which is insoluble in AmHO and in HA,
but soluble in HCI and in HNO,. Keep this precipitate.

677. Conversion into Carbonate by Ignition.—Filter
off the precipitate of CaC,0, (676), and pour upon part of it
some dilute HCI ; it will not effervesce. Dry the remainder
of the precipitate, and heat it for a moment to dull redness
on platinum foil ; it will be converted without blackening
into CaCO,, and this will effervesce when dilute HCI is
poured upon it,

This is a general test for oxalate of K, Na, Ba, Sr, or Ca ; since
each of these oxalates, when it is ignited, leaves a carbonate which
effervesces with an acid. Many other organic salts of these metals
undergo a precisely similar change when they are ignited, but the
change of these salts is usually attended by charring.

678. Evolution of CO, by Oxidation.——When an oxalate, either
in the solid state or in strong solution, is heated with MnO, and
H,80,, it evolves CO, *—

AmyCy04+ MnO, + 3H,80,=2CO0- + MnSO, + 2AmHSO, + 2H,0.

Note.—1f the MnO,, which is to be used in the test, is not known
to be free from carbonate, it is best to add a little Hy8O, to the MnO,
ina test-tube and then heat the liquid. If CO, is fgund in the tube
the heating should be continued, and the CO, should be removed
occasionally by sucking fresh air into the test-tube through a glass
tube which is pushed down near to the surface of the liquid.

As soon as no CO, can be detected in the tube after it has been
heated for a short time, the liquid being still distinctly acid, the
oxalate is added and the mixture is again heated. CO, will be
rapidly given off from the oxalate, and (nay be detected by the
ordinary methods (505, 1, 3, 4).

679, AgNO, gives a white precipitate (Ag,C,0,), which does not
darken in colour when the liquid is heated.

679a. KMnO-solution acidified with dilute H,80, is decolorised
in the cold by a soluble oxalate. (Diff. from other organic acids.)
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680, Hydrogen oxalate, or Oxalic acid (H,C,0, 2H,0), crystallises
in colourless rhombic crystals, which are soluble in water and in
alcohol, and slightly soluble in ether. The acid melts at 100° C.,
and at 150° C. it partly sublimes unaltered evolving vapour which
causes coughing, and 1s partly decomposed, H,C,0,=H.COOH + CO,.
It yields the reactions in pars. 675, 676, 678, and 679a. The crystals
dissolve readily 1n water, producing an acid poisonous liquid.

SucciNATE.— Use Ammonium succinate, Am,C,H,0,.
BenzoaTE.—Use Ammonium benzoate, AmC,H,0,.

681. Succinic acid and succinate frequently smell of amber, while
benzoic acid and benzoates commonly emit an aromatic smell of
gum benzoin.

Succinate and benzoate closely resemble one another 1n their ana-
Iytical reactions ; the following differences are therefore 1mportant.

682. Distinctive Properties.—Succinic acid crystallises
in monochinic prisms, which melt at 182° C.: it is readily
soluble in water,

Benzoic acid usually crystallises in lustrous flat plates,
which melt at 121° C. 1t is only slightly soluble in cold
water ; the acid is therefore partially precipitated trom its
solution in alcohol when watet is added, and when strong
HCI or any other strong acid is added to an aqueous solution
of a benzoate.

683. Ignition.—When succinic acid and benzoic acid are
heated they emit fumes, which are very irritating to the
throat, and which cause coughing when they are inhaled.
Benzoates, however, give off benzene when they are heated
with soda-lime : the benzene is recognised by its smell and
by burning with a smbky flame, and by the properties
described in paragraphs 789, 790.

684 BaCl,-solution, when it isadded together with AmOH
and much aleohol, precipitates succinates but not benzoates.
A similar difference is shown with CaCl,.
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68s. Fe,Cl, gives a reddish-brown precipitate with suc-
cinate, and a pale brown or buff precipitate with benzoate.

If the ferric benzoate precipitate 1s treated with strong
HCI, benzoic acid separates in crystalline scales.

MaraTe.—Use solution of Malic acid (C,H,0,) which has
been carefully neutralised by AmHO.

686. This acid is a colourless, crystalline, deliquescent
substance, having a pleasant sour taste : it is readily soluble
in water and in alcohol, but not in ether.

687. CaCl, : the addition of CaCl,, followed by boiling or
by the addition of alcohol, produces a white precipitate in a
neutral solution. This precipitate is soluble in AmHO.
(Difference from citrate.)

688. PbA, gives a white precipitate, which fuses and
then dissolves when it is heated with sufficient water. If
this precipitate is transferred to a piece of porcelain and
heated, it swells up into a light puffy mass.

689. AgNO, gives a white precipitate, which becomes grey
when it is heated.

690. 8trong H,80,, when it is heated ‘with a malate,
evolves CO and CO,, and the liquid gradually darkens.

Tartrate (CH,0,) or (T).—For g Neutral tartrate, use
KNaT; for an Acid tartrate H,T or NaHT.

691. Ignition.—When a solid tartrate is heated strongly
in a tube, it chars and gives off a smell of burnt sugar.

692. Strong H,80, when it is heated with a solid tartrate,
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causes rapid blackening and evolution of a mixture of CO,
CO, and 80, Accordingly if the mixed gases are'passed
successively through K,Or,0,-solution and through lime-
water, 80O, and CO, will be detected (505, 510); the resi-
dual CO gas may then be kindled, and it will burn with the
characteristic blue flame of CO.

603. AgNO, produces in the strong solution of a neutral
tartrate a white curdy precipitate (Ag,T), which is soluble
in AmHO and in HNO,, Keep this precipitate.

694. Production of a Silver Mirror.—Allow some of
the precipitate from the preceding reaction to settle in a
test-tube, and decant as much of the clear liquid as possible.

Then pour very dilute AmHO drop by drop into the tube,
until the precipitate, after it has been shaken up with the
liquid, is nearly but not quite dissolved.

Now place the test-tube in some cold water in a beaker,
and heat the water to about 60°. A brilliant mirror-like
JSilm of Ag will be deposited upon the interior of the tube.

Note.—If the original solution of the tartrate is dilute, the mirror
is most easily obtained as follows. Very dilute AmOH is added to
solution of AgNO; until the precipitate which forms at first is
newrly redissolved. This reagent is added to the neutral tartrate
solution. When the mixture is warmed, the mirror will be formed.

If the liquid is quickly boiled, the Ag will be deposited as a dull
black precipitate, which does not adhere to the glass and is not
characteristic.

695. CaCl, precipitates from the solution of a neutral
tartrate white or crystalline CaT : this precipitate often
separates only after the liquid has been shaken well, and
has then been allowed to stand for a time. It is soluble in
acids, and its formation i retarded by the presence of AmCl
or of an Am-salt.

When this precipitate is freshly formed, it is completely soluble
in strong cold KHO solution which is free from K,CO; If this
alkaline solution of the tartrate is boiled, the CaT is reprecipitated ;
but it dissolves again, more or less completely, when the liquid is
cold,
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Decant the clear liquid from the CaT-precipitate, and pour
upon the precipitate a hittle very dilute AmHO. Then drop
in a small crystal of AgNO, and heat slowly. A silver
mirror will form on the part of the glass on which the
crystal of AgNO, rests.

696. KCl, or better KA, if it is added to the solution of
an acid tartrate, or to solution of a neutral tartrate which
has been acidified with HA, gives a white crystalline preci-
pitate (KHT); this precipitate forms slowly unless the
liquid is vigorously stirred or shaken.

The precipitate is soluble in caustic alkalies and ih mineral
acids, but 1s almost insoluble in alcohol; hence alcohol is
often added to hasten the precipitation.

6g7. Fe,Clg-solution, 1f 1t is added in small quantity to solution
of a tartrate, undergoes no precipitation when the liquid 1s made
strongly alkaline by the addition of KHO or AmOH.

The precipitation of several diher metals (such as A), Mn and Cu)
from their solutions by alkaline hydrates, 1s similarly prevented by
the presence of a tartrate. This is owing to the formation of a
double tartrate, which 1s not decomposed by the alkal.

698. Hydrogen peroxide. If a few drops of the peroxide
are added to.a tartrate soluton, then some FeSO,-solution
and excess of KOH, a violet coloration will be produced.
(Difference from citrate.) TInstead of addihg H,0,, NaOCl
solution may be added to the tartrate-solation which has
been previously acidified with HA.

698a. Resorcinol and solid tartrate, when gently heated with a
little strong H,S80,, yield a dark red coloration. °

Tartar emetic answers to this test, but not to some of those which
are given above.

699. Hydrogen tartrate, or Tartaric acia (H,T), forms colourless
rhombic crystals, which are not altered by exposure to the air, It
melts at 170° C., bas a pleasantly sour taste, and 1s soluble in water
and in alcohol, but not in ether. It is detected by being heated
either alone or with strong H,SO, (601, 692, or 698a) ; and its solu-
tion, if neutralised, yields the reactions in paragraphs 693-698,



700-704.] REACTIONS OF ORGANIC ACID-RADICLES. 269

Crrrate.—Use Sodium citrate, Na,C;H,0,.2H,0.

200. A citrate much resembles a tartrate and an oxalate
in its reactions; it differs by emitting pungent acid fumes
when it is carbonised by heat, and by darkening when it is
heated with strong H,SO, only after the mixture has been
heated for some time and inflammable gases have escaped.

Citrate differs from tartrate by giving no precipitate with
KA-solution (696), and by yielding no violet colour in the
reaction in paragraph 698.

701. CaCl,, or Lime-water.—Calcium citrate is only
precipitated after long standing, or when the liquid is boiled,
after the addition of either a large excess of lime-water, or of
a mixture of AmHO, AmCl and CaCl,. This precipitate is
insoluble n KHO. (Difference from CaT.)

702. AgNO, gives a white precipitate, which becomes
grey when it is heated. Solution of citrate, if it is gently
heated with ammoniacal AgNO;-solution, causes either very
slight precipitation of Ag or none at all (694). (Difference
from tartrate.)

)

703. Hydrogen citrate, or Citric acid (H,CH,0,.H,0),
crystallises in transparent rhombic prisms. It is very
soluble in water, less soluble in alcohol, and only slightly
soluble in ether. It melts at 100° C. losing water and
forming acomtic acid, and finally blackens giving off irri-
tating fumes.

Savicynate.— Use Salicylic acid, C,H,0;.

704. Ignition.—Salicylic acid melts at 157°, and at a
somewhat higher temperature it decomposes into CO, and
phenol or carbolic acid (C;H 0). It is sparingly soluble in
cold water, but readily soluble in hot water.
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705. Ignition with Soda-lime.—The decomposition of
salicylic acid by heat is rapid and complete, if the acid has
been mixed with excess of soda-lime before it is heated;
phenol condenses as a white crystalline sublimate in the
cooler part of the tube.

706 Fe,Cl,.—The solution of salicylic acid becomes violet
when Fe,Cl -solution is added. This colour is destroyed by
HCI but not by HA. (Difference from phenol.)

707. Heated with H,S0, and Methyl alcohol, salicylate
gives a fragrant smell of methyl salicylate (oil of winter-
green).

708. H,80, and Nitrite.—The addition to salicylate of
strong H,8O,, which has been mixed with a small quantity
of 6 per cent. aqueous solution of KNO,, causes a permanent
red coloration. (Difference from phenol.)

TANNATE, GALLATE.—Use Tannic Acid, C, M, 0,, and
Gallic acid, C,H,0,.

709. These acids and their salts resemble one another in many
analytical reactions. Tannic acid is fairly soluble in cold water,
but gallic acid is only slightly soluble. The following differences
are important.

710. Feo,Cl, yields a bluish-black precipitate with each of
these acids. The precipitate which has been caused by gallic
acid disappears when the liquid is boiled.

711. Cu80,, in ammoniacyl soltition, gives a greenish-
coloured precipitate at once with a tannate.

With a gallate either the precipitate is not produced at all,
or it forms only after a time.

712. KON, if it is freshly dissolved, gives a red coloration
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with a gallate; the colour gradually fades, but it reappears
when the liquid is shaken,

No colour is produced when KCy-solution is added to
a tannate,

713. Strong H,80,, when itis heated with a tannate, gives
a brown coloration ; when it is heated with gallate a rich
red coloration is produced which changes to claret colour.
In each case 80, is eventually evolved.

714. Qelatine is precipitated from its solution by tannic
acid. Gallic acid does not precipitate gelatine.

MzconaTe.—Use solution of Meconic acid, C,H,0,.8H,0,
neutralising it with dilute AmOH.

715. Meconic acid 18 present in opium and in opium extracts It
forms colourless crystalline scales, which are slightly soluble in cold
water, and readily soluble in hot water and in alcohol,

716. Fe,Cl,—Meconic acid may be detected by the pro-
duction of a deep red coloration when it is mixed with
¥e,Cl;; this colour is with difficulty destroyed by HCI,

This coloration also differs from that caused by an acetate
or by a formate, by not disappearing when the liquid is
boiled : it may.be distinguished from ferric sulphocyanide by
not being destroyed when the liquid is dropped into solution
of HgCl,.

7147. PbA,-solution gives in solution of a meconate a
white precipitate of lead meconate.

3
718. CaOl,-solution gived in neutral solution of a meco-
nate a white precipitate [Ca,(C,HO,),].

719. AgNO, gives in strong solution of a meconate a white
precipitate of Ag,H,C,0,, which changes to bright yellow
Ag,HC,0, when a drop of AmHO is added.
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URATE.—Use Potassium urate, KC;H;N,0,.

720. Uric acid is a white crystalline powder, which is almost in-
soluble in hot and cold water.

721, HNO, dissolves the acid with effervescence : if this solution
is evaporated to dryness in a porcelain dish, and the residue is then
moistened with AmHO unless AmHO was originally present, bright
red murexide is formed ; this becomes purple when KHO is added.

722. HCI precipitates white uric acid from solution of a urate,

723. Ignition —When a urate is heated in an ignition-tube it
chars and gives off NH,

HIpPURATE.—Dissolve Hippuric acid, CgH,NO;, in very dilute
AmOH-solution, and neutralise 1f necessary.

724 This acid occurs in colourless prismatic crystals - it has a
bitter taste and a strongly acid reaction . 1t is only shghtly soluble
in cold water, but 1s freely solubf.e 1n hot water and in alcohol.

725. HCl causes a white crystalline precipitate of hippuric acid
in a neutral solution of a hippurate.

726. Fe,Cl; causes a flesh-coloured precipitate - this is decomposed
by HCl, with separation of crystalline needles of hippuric acid.

727. AgNO; gives a white preci;gltate.

728. Ignition with Soda-lime.—When a solid hippurate is heated
with soda-lime, it evolves NH, and benzene (CqHg),

PICRATE, PICRIC ACID OR TRINITRO-PHENOL, CgHy(NO,);0.

729. Picric acid is a yellow crystalline substance, which melts at
122°5° C It is intensely bitter and staips the skin yellow. It is
very slightly soluble in cold watew, but is soluble in hot water, in
alcohol, and in ether. The metallic picrates are very explosive.

730. Ignition.—When picric acid is heated in an ignition-tube it
fuses, and then explodes slightly giving off dense black fumes.

731 Bleaching-powder : when picric acid is heated with bleaching-
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powder-solution, it gives off a pungent odour resembling that of
mustard-oil ; this is due to the formation of chlorpicrin.

732. KHO and Glucose, when they are heated with picric acid,
yield a brown colour this 1s due to the formation of picramic acid.

733. Ammonia-copper sulphate solution, made alkaline with
AmHO, gives a bright green precipitate.

IV.—ALKALOIDS.

734. Most Alkaloids are basic substances, and resemble
NH, in their behaviour with acids. Their solutions are
alkaline to test-paper; the solutions of their salts are either
neutral or acid in reaction. The free alkaloids are almost
insoluble in water, hence solutions of their salts must be
employed for trying the liguid reactions: the following
reactions are generally given by these solutions.

735. Na,CO, precipitates the hydrated alkaloid from
strong solutions of its salts.

236. Phospho-molybdic acid causes a yellow precipitate
in the solution of an alkaloid

Wote.—This reagent is prepared as follows:—The solution of
ammonium molybdate in mitric acid (1162, 72) 1s precipitated by the
careful addition of sodium phospkate solution (1160, 14). The pre-
cipitate is well washed, and is then dissolved in Na,CO,-solution.
"This solution is evaporated to dryness and the residue is ignited.
Water 18 then added and waimed with the residue, which is finally
dissolved by adding considerable cxcess of HNO,.

#736a. PtCl-solution, aciditied with HCI, gives in solution
of an alkaloid salt a yellow crystalline precipitate, similar
to that obtained in solution of an ammonium salt.

#37. Iodine dissolved in XI-solution gives a reddish-
brown precipitate in the solution of an alkaloid.

738. Ignition.—When an alkaloid is heated on platinum

foil it burns with a bright smok
1 y flame: and when it i
heated with soda-lime it evolves NH,, vhen s

18
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QuININE. —Use Quinine sulphate, C,)H,N,0,.H,80,.8H,0.

CiwvcroNINe,—Use Cinchonine sulphate :—
¢, H,,N,0.H,80,.2H,0.

#39. HCl and Ignition,—Both quinine and cinchonine,
when they are mixed with HCI and evaporated to dryness,
leave residues, which, when they are ignited, evolve purple
vapour similar in appearance to iodine vapour.

740. Fluorescence.—When quinine sulphate is being dis-
solved in water, a few drops of dilute H,SO, should be
added ; the solution is intensely bitter, and gives a pale blue
fluorescence.

The similar solution of pure cinchonine sulphate is not
fluorescent.

741. Alkaline hydroxide or carbonate precipitates
hydrated quinine from fairly strong solutions of a quinine
salt; this precipitate disapp-ars when the liquid is shaken
with ether.

The corresponding cinchonine precipitate is not dissolved
by ether,

742. Br-water, or Cl-water, when it is added in small
quantity, does not colour a solt.tion of quinine : but if AmHo
is afterwards added, an intense emerald-green colour appears.

Cinchonine-solution under these condition: yields ayellow-
ish-white precipitate.

743. Br- or Cl-water and K FeCy,.—If the addition of
Br- or Cl-water to quinine solution is followed by the
addition of K FeCy,-solution and one or twe drops of KHO-
solution, a deep red tint is produced. This colour quickly
changes to dirty brown: it is destroyed by HA, but re-
appears when AmHO is cautii)usly added.

744. K FeCy, gives a yellow precipitate in cinchonine
solution : the precipitate is easily soluble in excess: it is
also soluble in hot water, and crystallises from this solution
as it cools.
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MorruINE.—Use Morphine hydrochlorate,
C,H,NO,HCL.3H,0.

745. 'This alkaloid is present in opium and in opium extracts : it
is prepared from opium.

#46. KHO or AmHO yields a white precipitate, which is
soluble 1n excess of the reagent.

747. HNO,.—The strong acid produces a yellowish-red
colour, which does not change to wiolet on the addition of
SnCl,. (Difference from brucine.)

748. Fe,Cl-solution: if the neutral solution is added
drop by drop to neutral morphine solution, it produces a dark
blue colour : this colour dissappears when an acid is added.

749 Iodic acid, when it is added to morphine and its
salts, yields free iodine. The reparation of jodine is shown
by the liquid becoming brown ; but the iodine is more cert
tainly and readily detected by adding starch-solution, or by
shaking the liquid with CS, (565, 2, 8). The brown colora-
tion of the solution becomes more intense on the addition of
AmHO.,

This test is very delicate and characteristic, if the solid substance
is moistened with a solution of one part of 10dic acid 1n fifteen of
water, and solution of one part of starch in four hundred of water
is then added ; when very dilute AmHO 1s poured upon the blue
solution thus obtained, a coloured ring is seen at the suiface of con-
tact of the two liquids ; the ring 1s blue below and brawn above,

This reaction :serves to distinguish morphine from other
organic substances which contain nitrogen.

%750. H,80, gives no colour,when it is added to a solution
containing morphine; but when a cpystal of K,Cr,0, is
dropped into the acid liquid contained in a white porcelain
dish, and the crystal is slowly moved about with a glass rod,
an intense green colour appears. Quinine gives a similux
reaction,
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751. H,80, and K,Cr,0,.—If solid morphine or any of
its compounds is dissolved by heating it with a few drops of
strong H,;80,, and a minute quantity of TINO, is added to
the cold solution, a deep red colour is produced. This colour
turns to a mahogany tint when a fragment of K,Or,0, is
dropped into the liquid.

752. AmHMoO,: solution of the molybdate in strong
H,S0, produces an intense purple coloration, which changes
to blue.

SrrYcuNINE.—TUse Strychnine, €, H,N,0,.

753. When strychnine is being dissolved in water, a drop of dilute
H,80, should be added. The solutions of strychmine are very
poisonous : they possess an intensely bitter taste even when they
are extremely dilute.

754. H,80, and K Cr,0,.—Strychnine dissolves in strong
H,80, to a colourless ligmid. When a fragment of K,Cr,0,
is added to this solution in a porcelain dish, and is slowly
moved about by pushing it with a glass rod, a bluish-violet
coloration is produced which gradually changes to red qv
yellow. ¢

The presence of morphine, or of a metallic chloride or
nitrate, interferes with this reaction. If any of these sub-
stances are present, the strychnine may be ‘precipitated by
the addition of solution of K,FeCy,, or of K,CrO,; the
precipitate is filtered off and slightly washed on the filter,
and is then stirred with strong H,80,.

755. HNO,—The cold strong agid dissolves strychnine
without becoming coloured, but the solution acquires a
yellow tint when it is heated.
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NarcoriNe.—Use Narcotine, C, H, NO,, or its sulphate,

756. Narcotine is present in opium, but it is not extracted from
opium by the processes usually employed for obtaining morphine.

757. H80, : the strong acid gives a bluish-violet colora-
tion, which changes to orange ; with some specimens a yellow
solution is produced at once.

‘When this liquid is gredually warmed, it becomes first
orange-red and then bluish-violet, or purple stripes proceed
from the edge of the liquid surface: when the liquid is cooled,
the colour changes to cherry-red. If the heating is pushed
to the initial evaporation of the acid, an intense reddish-violet
colour is produced.

758. H,80, and K,Cr,0, —If narcotine is subjected to
the reaction which has been already described for raorphine
in paragraph 751, an intense red coloration is produced.

759. HNO, : the strongacid produces a yellow coloration
in the cold liquid: this changes to red when the liquid is
heated, but fades to yellow again as the liquid cools,

BruciNe —Use Brucine, Cy;HyN.0,.4H,0, or its sulphate.

Tins substance may be dissolved in water to which a drop of H,SO,
has been added

780. HNO,: the strong acid yields an intensely red coloration,
which gradually changes to yellowish-red and yellow when the
liquid is heated. When SnCl, is added to this hot solution, it
assumes an intense ¢ wlev coloyr. (Difference from morphine.)

781, H,80, : the strongacid produces a rose-colou red solution, which
changes to ycllow.

782, H,80, and K,Cr,0,: if the reaction which has already been
described for morphine (751) is carried out with brucine, the liquid
becomes red but guickly changes to yellow.
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CAFFEINE, OR THEINE, C4H,(N,0,.H,0.

783. Caffeine is a colourless substance which forms needle-like
crystals. It melts at 225° C ,and sublimes unchanged. It isslightly
soluble in cold water, and readily soluble in hot water. It is fairly
soluble in alcohol and 1n ether.

784. Formation of Murexide.—If even a trace of caffeine is mixed
with strong HNO, and then evaporated, a yellow residue remains :
this assumes an 1ntense violet colour when AmHO 1s poured upon it.

785. Chlorine-water. —If chlorine-water is added and the mixture
is evaporated, a brown residue is obtained . this residue dissolvesin
AmHO and yields a violet-red solution.

V.—HYDROCARBONS.

Note.—All boiling-points are assumed to be taken under the
normal atmospheric pressure of 760 millimetres, and all specific
gravities correspond to a temperature of 15 5° C.

TurpENTINE, C, H .

786. Turpentine is a liquid which possesses a charac-
teristic smell, and boils at 156° (646); its specific gravity is
0876 (644). When it has been warmed it is easily kindled,
and burxs with a very smoky flame. It is not miscible with
water, buf readily dissolves in strong alcohol and in ether.

787. Strong H,S80,: when this acid is added in small
quantity to turpentine and the mixture is warmed, a peculiar
and very chavacteristic smell is evolved.

788. Br-water, when it is shaken up with turpentine, is at
once decolorised,
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BexzENE, or Bexzorn, C U,

789. Pure Benzene is a very mobile, volatile, strongly
smelling liquid, which burns readily with a smoky flame.
It boils at 80° C., and its specific gravity is 0-8839. It is
miscible with alcohol and with ether, but is insoluble in
water.

790. HNO, : 1f the strong fuming acid, or a mixture of
strong I, 80, and strong HNO,, is warmed with benzene,
nitro-benzene (C,H,NO,) is produced : this substance sepa-
rates as a reddish-yellow oil, simelling of bitter almonds,
when the acid liquid 1s largely diluted with water,

If this nitro-benzene 1s poured nto dilute HCI and pieces
of zinc are introduced, aniline is formed and may be detected
by the tests in paragraphs 847-851.

VI—HALOID COMPOUNDS.

CHrorordry, CHCI,

791. Pure chloroform is a colourless, mobile liquid, with
an ethereal smell. 1t boils at 61-4°, and hasa specific gravity
of 1'5. It is only shghtly soluble in water, but is miscible
with aleohol and with ether.

792. Formation of Phenyl isocyanide.—When chloro-
form is nmmxed with a drop of aniline, and with some solution
of KHO in alcohol, and the mixture is heated, an intensely
disagreeable smell of phenyl isocyanide is given off.

793. Fehling's-solution (864), when it is warmed with
chloroform, deposits red cuprous oxide after some time.

794. Phenol and KHO.—If a mixture of alcoholic solution
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of phenol with KHO is evaporated to dryness on the water-
bath, the residue assumes a beautiful purple colvur when
it is moistened with chloroform, (Difference from chloral.)

Iopororm, CHI,

795. Todoform is a bright yellow substance, which emits
a characteristic smell, and crystallises in hexagonal plates or
stars, It melts at about 117° (645), and then vaporises, evolv-
ing iodine and HI and leaving a residue of carbon. It is
insoluble in water and in acids, but dissolves in alcohol and
in ether. When it is boiled with KOH-solution it breaks
up into a mixture of potassium formate and potassium
iodide, which may be separately identified.

VII.—CERTAIN ALCOHOLS AND PHENOLS.

Mernyn Arnconorn, CH,0.

796. Pure methyl alcohol resembles pure ethyl alcohol
(800) in its general properties; it boils at 66° C., and has
a specific gravity of 0:7972. I burns with a pale blue flame
and is miscible with water and with ether in all proportions.

797. Oxidation to Formic acid. —If a mixture of methyl
alcohol with dilute H,SO, and K Cr,0, is distilled (83, 646a),
the distillate will contain formicacid : when this acid distil-
late is warmed with AgNO,, it will cause a brilliant silver
mirror to be deposited.

‘When ethyl alcohol is oxidised by similar treatment, it
yields aldehyde ; and this only depoits a silver mirror when
it is warmed with AgNO, in an «lhaline solution.

798. Formation of Methyl salicylate.—When methyl
alcohol. is heated with strong H,SO, and salicylic acid, a
fragrant smell of methyl salicylate, or oil of winter-green, is
evolved.
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299. Iodoform is not produced when pure methyl
alcohol is warmed with excess of iodine in the presence of
Na,CO, (801). (Difference from ethyl alcohol.)

Avconor, or Ernyr Anconor, C,H 0.—Use rectified spirit
diluted with four times its volume of water,

800. Pure ethyl alcohol is a mobile fragrant liquid : it
boils at 78° (646), has a specific gravity of 0:7038 at 15:5°
(644), and burns with a pale blue smokeless flame. It is
miscible in all proportions with water and with ether.

If much water is present with the alcohol, it may be
necessary to add dry K,CO,in excess to the liquid, and then
to distil over about one-third of it (83, 646a). The alcohol
is thus concentrated in the distillate: and it is much more
readily detected by the followirg tests in the distillate than
in the original dilute liquid.

801. Formation of Iodoform.—If Na,CO -solution is
added to water which contains a little alcohol, and the mix-
ture is gently heated for some time, small pieces of iodine
being occasionally added unti: the solution retains a brown
colour, golden yellow crysttls of iodoform will separate. 1f
very little alcohol was present, the liquid may require to
stand for ten or twelve hours before the crystals make their
appearance.

When these crystals'are examined under the microscope,
they are seen tn be hexagonal tablets or six-pointed stars.

This reaction is yielded by other substances besides ethyl alcobol,
and is therefore not altogether characteristic

802. Formation of Aldehyde and Acetic acid.—Alcohol
may be converted by oxidation into aldehyde and acetic
acid by heating it for some time with K,Cr,0, and H,SO,.
During the process of oxidation, aldehyde will be first smelt,
and then acetic acid, If the smell is not distinctly recog-
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nised, the liquid may be distilled and the first portion of the
distillate divided into two portions: one portion may then
be tested for aldehyde by paragraph 823, and the other may
be neutralised with Na,CO,, evaporated to dryness, and the
solid residue tested for acetate (670-672).

Acetic acid may result from the oxidation of other substances
besides alcohol.

803. Benzoic- and Acetic-ether.—When ethyl alcohol is
heated with strong H,S0, and a benzoate or an acetate, the
characteristic smell of benzoic ether or of acetic ether may
be recognised.

GrLyceroL, or GLYCERINE, C,IIO,

804. Pure glycerol is a colourless, viscous liquid, with
intensely sweet taste. It has a specific gravity of 1:27,a
melting-point of 20° C., and a boiling-point of 290° It
burns with a somewhat luminous flame, and is miscible with
water and with alcohol, but not with ether.

805. NaH80,—When glycerine is heated with NaHSO,
it evolves intensely pungent acrolein vapour, If this vapour
is passed into solution of rosaniline, which has been pre-
viously decolorised by 80,, it produces a red coloration :
other aldehydes produce the same result,

806. Phenol and H,80,.—If phenol, stropg sulphurie acid
and glycerine are mixed together in equal volumes, and the
mixture is heated to 120° C., and is then diluted and mixed
with excess of AmQOH, it becomes ¢rumson in colour,

.

Prexor, or Carsoric 4cin, CH,O.

807. Pure Phenol is a colourless crystalline substance ; it
is, however, commonly tinged with pink. Its smell is very -
characteristic. It melts at 41° C., and boilsat 182° C. Its
specific gravity is 10702, It is slightly soluble in water,
freely soluble in benzene, in alcohol, in ether, and in caustic
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alkali solution, but insoluble in solution of alkaline car-
bonate.

808 Fe,Cl,-solution gives with phenol a violet coloration, which
is destroyed by HA.

809. Bromine-water, or Bleaching-powder, when it is added to
phenol solution, which has been mixed with a quarter of its volume
of dilute AmHO, produces a blue coloration : this colour changes to
red on the addition of an acid.

810 Nitrous acid. —When a mixture of strong H,80, with a little
6 per cent. solution of KNO, is added to phenol, 1t produces a
1eddish-brown coloration, which changes to green and purple, acd
finally to blue.

811. Bromine-water, when it is added to phenol solution, gives a
pale yellow precipitate of tribromphenol bromide.

HyDROQUINONE, C¢HO,,.

812, Hydroguinone 1s a white cry talline substance which shows
a greenish tint. It melts at 169° C, and is soluble in water, in
alcohol, and in ether.

813. Ferric chloride, if 1t is added to a dilute solution of hydro-
quinone, gives a green coloration, which rapidly changes to reddish-
brown. If it is added to astrong solution, or to solid hydroquinone,
a dark green crystalline precipitate-is formed.

814. AgNO,-solution is reduded by hydroquinone, and metallic
Ag is precipitated.*

815. KHO-solution becomes brown when it is shaken with hydro-
quinone solution. '

815a, KMnO,-solution acidified with dilute H,SO,, when boiled
with hydroquinone_evolves the irritating odour of quinone.

PYRQGALLOL, OR’ PyrogaLLIC AcID, CgHyO,

816. Pyrogallolis a white crystalline substance: it meltsat 115° C.
and 1s 1eadily soluble in water, in alcohol and in ether.

817. KHO and other alkalis readily dissolve this substance ; the
solution rapidly becomes brown by exposure to the air, owing to the
absorption of oxygen.
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818. Fe80, colours pyrogallol solution dark blue
819. Fe,Cl; g1ves a fine red coloration to pyrogallol solution.

820. AgNO, is immediately reduced by pyrogallol with the pre-
cipitation of Ag,

VIII.—ALDEHYDES AND KETONES,

ALDEHYDE, oR AcETALDEHYDE, C,H 0.

821, Pure acetaldehyde is a very mobile liquid, possess-
ing a most characteristic smell : it boils at 21° C,, and hasa
specific gravity of 07876 unless it is partially polymerised.
Tt is miscible with water, with alcohol and with ether in all
proportions.

822, AgNO,: if AgNO -solution is mixed with very dilute
AmHO until the precipitate, which forms at first, just dis-
appears, and the solution is then heated with aldehyde, a
silver mirror is deposited on the glass. (Proceed as in 694.)

823. Magenta-solution, Uwhi.ch has been decolorised by
80,, produces a violet-red colour when,it is mixed with
aldehyde.

824. KHO-solution, when it is heated with aldehyde,
produces aldehyde-resin, a yellow substance with a peculiar
smell.

825, H.8, when it is passed info the aqueous solution of
aldehyde, produces an oily l&juid, which is changed by acids
into a solid polymer.

826. NaHS80, in saturated solution, gives a crystalline
precipitate (C,H,0.NaHSO,), which is decomposed by acids
and by alkalis with liberation of aldehyde.
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Curorar.—Use Chloral hydrate, C,HCI,0.H,0.

827. Pure chloral (C,HC1,0) is a colourless liquid, with a
pungent tear-exciting smell : it boils at 98°, and has a specific
gravity of 1'4. It unites with water, forming a crystalline
hydrate, which melts at 57° and boils at 97-5°, and has a
specific gravity of 0-848.

828. Phenyl isocyanide test.—When chloral is heated
with alcoholic solution of KHO and aniline, it yields phenyl
isocyanide, which is recognised by its extremely offensive
smell. (Refer to 792.)

829. Silver mirror.—When chloral is warmed with am-
moniacal AgNO -solution (822) and a diop of KHO solution,
a silver mirror 1s readily deposited on the interior of the glass
vessel. (Difference from chloroform.)

Chloral also reduces Fehling’s solution (864), yielding
red Cu,0.

830. Chloral gives the magenta reaction (823).

331. KOH.— Chloral is decomposed by aqueous KHO
solution : chloroform separates in minute drops, and potas-
sinm formate remains in solution.

BENZALDENYDE, OR OIL OF BITTER ALMONDS, C,HO.

832. This liguid is colourless and highly refractive: it has a
specific gravity of 1:05, and boils at 179° C. : it 1s sparingly soluble
1n water, and readily soluble in alcohol and in ether. On exposure
to the air it is slowly converted into benzoic acid (682, 683).

)
833. KHO ' when benzaldehyde is heated with solid KHO, benzy
alcohol and potassium benzoate are formed. If the resulting solution
is acidified with HCl, benzoic acid will be precipitated.

834. AgNO,, in ammoniacal solution, is reduced by this aldehyde
to metallic Ag.
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835. Na,80,-solution dissolves benzaldehyde: the careful addition
of dilute H,SO, to this solution precipitates crystalline flocks of
C,Hg0.NaHSO,.

Aceroxg, C,H,0.

836. Pure acetone is a mobile liquid, with a peculiar and
characteristic smell : it boils at 55.6° C., and has a specific
gravity of 0'7965. It is miscible with water, with alcohol
and with ether in all proportions.

837. Iodine: if iodine dissolved in AmI-solution is added
to dilute AmOH, it causes a black precipitate (NH, NT1)); this
precipitate disappears at first when the liquid is shaken, but
ultimately tends to become permanent. If acetone is present
in the dilute ammonia solution, iodoform separates, and this
is characterised by its crystalline appearance under the
microscope (80I). Acetone,is thus detectable in alcohol.

838. HgCl, -solution, if it is made strongly alkaline by
alcoholic solution of KOH, yields a precipitate of HgO -
when the liquid containing the precipitate is shaken with
acetone, part of the HgO 1s dissolved ; 1f the liquid is fil-
tered, the presence of Hg may be shown in the filtrate either
by adding Am,S (279), or by acidifying the hqmd with HCl1
and adding SnCl, (280).

<

839. Sodium nitro-prusside, if it is added to acetone solution
which has been previously mixed with twice 1ts volume of strong
NaOH-solution, produces a bright red coloration: this coloration
becomes bluish when HA is added. .

840. NaHS80,, in saturated solution, gives a crystalline
precipitate (C,H,0.NaHSO,), yghich®is decomposed by acid
or alkali with liberation of acetone.

840a. Parabromphenyl hydrazine, dissolved in glacial
acetic acid, then diluted and mixed with acetone, gradually
yields yellowish needles of bromphenyl hydrazone,
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IX.—AMIDO-COMPOUNDS.

UREA, or CarBamipe, CON,H,.

841. Urea resembles the alkaloids by combining directly
with acids to produce salts. It is a colourless crystalline
substance, and is very soluble in water. It meltsand begins
to decompose at 132° C., evolving NH,. Its specific gravity
is 1-323.

842. Strong HNO,, if it is added to solution of urea
causes the separation of the crystalline nitrate : under the
microscope these crystals are seen to be delicate rhomboidal
scales

Strong solution of H,C,0, also causes a precipitate, which
consists of needle-shaped crystals of oxalate of urea.

843. KHO, when it is heatea with urea solution, slowly
evolves NH,, and yields K,CO,; the carbonate is detected
by eftfervescing on the addition of an acid.

844. Hg(NO)), yields a white precipitate in urea solu-
tim.

845. KBrO-solution causes a brisk evolution of nitrogen
gas from urea #nd from compounds containing urea. The
KBrO-solution ‘must be freshly prepared, by adding Br-
water to KHO-solution until the liquid retains a yellow
colour after it has been thoroughly mixed.

A similar reagtion takes place when KBrO-solution acts
upon a urate or upon af ammonium salt,

846. Biuret-test,—If: solid urea is heated for some time
just above its melting-point, biuret is formed and NH, is
evolved. If the residue is then allowed to cool and is
extracted with water, and the solution is mixed with several
drops of CuSO,-solution, and then with NaOH-solution
added drop by drop, a wiolet coloration is produced.
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ANILINE, OR AMIDOBENZENE, C,H,N.

847. Pure Aniline is a colourless liguid of peculiar smell; it
usually becomes brown by exposure to the air, but this is due
to the presence of an impurity ; it boils at 184'5°, and has a
specific gravity of 1:0242. It isslightly soluble in water and
in alcohol, and is readily soluble in ether and in chloroform.

848. Salts of Aniline do not give the following reactions.
But the base may be hberated from the salt by treating
the aqueous solution with KHO. The anline will separate
in oily drops, and these may be dissolved by shaking the
liquid with ether. The evaporation of the ethereal solution
leaves the aniline in the free state, in a condition snited for
the following tests.

849. Bleaching-powder, if it is added in small quantity
to a very dilute solution of aniline, produces a mauve
coloration,

850. H,80, and K,Cr,0,-solution, when they are added
to aniline, produce a reddish coloration which changes to blue.

851. Chloroform and alcoholic solution of KHO, when
they are warmed with anilin¢, evolve the intensely offensive
smell of phenyl isocyanide.

X —SUBSTANCES RELATED TO THE FOREGOING.

Erngr, or Emnyr Erner, CH,0.

852. Pure ether is a very mnbile, volatile, fragrant liquid,
which burns with a bright lame. It has a boiling-point of
34:6° C., and a specific gravity of 0:'7201. Ether dissolves
in about ten times its own volume of water, and is miscible
with alcohol and with other organic liquids.



853-857.]  ACETIC ETHER, CS,, NITROBENZENE. 289

Aceric Eruer, or Eravi Acerare, C,H(C,H,0,).

853. Pure Acetic ether is a very mobile, fragrant liguid.
It bas a boiling-point of 77'5° C., and a specific gravity of
0-9072. It is somewhat soluble in water, and is readily
soluble in alcohol.

854. KOH.—Acetic ether is hydrolysed by KOH -in a
manner which is typical of similar organic bodies :—

C,H,(C,H,0,) + KOH =C,H,0 + KC,H,0,.

This change may be effected by simply warming the liquid
for some time with KOH. When the resulling liquid is dis-
tilled, alcohol may be detected in the distillate (80I), and
acetate may be found in the distillation flask (670, ¢ seq.).

Carsoxy Disurenive, CF,

855. Pure Carbon disulphideis a mobile, highly refractive
liquid with pleasant ethereal smell, but it usually emits an
extremely repulsive odour which is due to the presence of
impurity. CS, boils at 46° C., and has a specific gravity of
1292, Itis not miscible with water, and readily dissolves
fatty bodies and oils. CS, burns with a blue flame, pro-
ducing SO, (519) and CO, (505).

856. Format.on of Potassium xanthate. —If CS, is
heated with solution of KOH in alcohol, potassium xanthate
(C,H,KCOS)) is formed : the addition of CuSO,-solution to
this hiquid produces a yellow precipitate of copper xanthate:

NrrroseEnzeRe, CH(NO,).

857. Nitrobenzene is a pale yellow liquid smelling of
bitter almonds: its specific gravity is 1'2, and it bois at
205° ; it is insoluble in water, but is miscible with other
organic liquids. See reaction in paragraph 79o0.

19
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XI.—CARBOHYDRATES.

GrAPE SuaARr, DEXTRO-GLUCOSE,' or DEXTROSE, C;H 0,

859. Dextrose is a colourless soluble solid, with a sweet
taste. It crystallises from its solution in alcohol in the
anhydrous state, and these crystals fuse at 146°: from its
solution in water it crystallises in a hydrated form,
C,H,,0,.H,0, which melts at 86°. Dextrose chars readily
when it is heated ; its specific gravity is 1-538, and its
specific rotatory power is [a]p+52'8.

860. Strong H,80,.—Dextrose is distinguished from
other sugars by yielding only a yellow solution when strong
H,80, is added to its strong solution, if the mixture is kept
cool : other sugars become blackened by charring under
these conditions.

861. KHO.—When dextrose is warmed with strong
KHO-solution the liquid becomes &rown, other sugars
remain uncoloured by this treatment.

862. Reduction of Cu0.—If a few drops of CuSO,-solu-
tion are mixed with dextrose-solution and excess of KHO
is then added, no precipitate i3 formed; but when the
liquid is heated yellow cuprous hydrate is formed, and this
is converted into red Cu,0 when the liquid js more strongly
heated.

863. Fehling’s-solution (864) may be added with advan-
tage in applying the preceding test, instead of adding
Cu80, and KHO separately.

864. Fehling's-solution is prepared* as follows. Thirty-five
grammes of crystallised CuSO, 5H,0 are dissolved in one litre of
water, and ?he clear solution is kept in a stoppered bottle. 173
grammes of Rochelle-salt (KNaT), and sixty grammes of NaHO, are
dissolved in'a litre of water ; this solution is kept in a corked
bottle. Equa] volumes of these two solutions are mixed together
in order to prepare the Fehling’s-solution
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865. Fermentation.—If clean freshly-washed yeast is
added to dextrose-solution in the flask shown in fig. 73
(p. 202), and the temperature of the liquid is maintained at
about 25° for an hour or more, fermentation will take place
with the production of ethyl alcohol and carbon dioxide
gas.

The escaping gas may be shown to be CO, by letting it
bubble through lime-water (505, 4), and ethyl alecohol may
be found in the liquid which remains in the flask by the
reactions in paragraphs 801, 802.

This reaction by fermentation is given by other sugars.

866. Silver mirror.—If dextrose is gently heated with
ammoniacal AgNO,-solution (694, NVote) in a glass vessel, a
silver mirror will be produced on the interior of the glass.

867. Other Reduction Tests,.—Dextrose differs from
maltose and lactose by forming red Cu,0 when it is boiled
with CuA,-solution containirg HA. When dextrose is
heated with solutions of KOH and of basic bismuth nitrate
it yields a black precipitate.

868. When dextrose is boiled with KXOH-solution and
picric acid a red colour is produced.
3

LEyuLosE, or Frucrosg, C H,0,.

869. Levulos. is usually a colourless, difficultly crystal-
lisable syrup. It is sweeter than dextrose, and is also
more soluble in water and in aleohol. Its specific rotatory
power is [a]p - 102° - 0-56.t°). It is fermented by yeast,
but differs from dextrose by forming an insoluble com-

pound with lime, )

[]
CANE 8UGAR, or Sucrosg, C,H,,0,,.

870. Cane-sugar is a colourless erystalline substance, which
is easily soluble in water and is intensely sweet in taste. It
is only sparingly soluble in alcohol. Cane-sugar fuses at
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160°, and is readily charred by heat. Its specific gravity is
1-598, and its specific rotatory power is [a],+66'5. It is
not readily fermented by yeast.

871 Strong H,80, produces a deep brown coloration,
which becomes ultimately black owing to the separation of
carbon. The presence of much water prevents this change
from occurring at ordinary temperatures.

872. KHO produces no coloration (861), and no silver
mirror is produced (866). (Differences from glucoses.)

873. Conversion into Glucose.-—Sucrose solution, when
it is heated for a minute with a few drops of strong IICl,
yields a mixture of equal quantities of dextrose and levu-
lose: these glucoses may be detected by Fehling’s-solution
(864), after the acid liquid has been neutralised by KHO.

874. Citric acid in 5 per cent. solution, when boiled with
sucrose, hydrolyses it form#ag glucose. (Distinction from
maltose and lactose.)

Mavtosg, or Marr Svear, C,H,0,.H,0.

875. Maltose is a soluble sweet sugar, resembling tle
glucoses by readily reducmg Fehling’s-solution (864), but
differing from them by not reducing the acetic acid solution
of CuA,. It 1s readily fermented by yeast. Its specific
rotatory power is [a],+188. It differs from cane-sugar
by being converted entirely into dextrose when it is heated
with an acid, and by the reaction in paragraph 874.

Lacrosg, or MiLr-syear, C,H,,0,.H,0.

876. Lactose is much less soluble and less sweet in taste
sban the sugars which have been already described. It
reduces Fehling’s-solution (864), but does not reduce the
acetic acid solution of Cud,. It is not fermented by pure
yeast. Its specific rotatory power is [a],, + 52-5.
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877. When lactose is boiled with PbA -solution and
AmOH is added, a precipitate is formed which is first yellow
and then red in colour.

CeLLuLose (CH,,0,),.—Use Cotton-wool.

878 Cellulose is a colourless, insoluble, tasteless sub-
stance: it is unaffected by water and by most other solvents,
even when it is boiled with them.

879. Iodine reaction.—Cellulose gives no reaction with
iodine. After it has been treated with one of the following
mixtures («, 0), however, iodine produces a blue colour with
the product.

(#) A mixture of 90 parts of ZnCl,-solution of 2:0
specific gravity, with ¢ parts of KI and 10 parts of water.

() A mixture of 3 parts of strong H SO, with 2 parts
of glycerol and 1 part of water. This mixture is rubhed
with the cellulose in order to effect the necessary change.

880. Cuprammonium hydrate, made by dissolving freshly-
precipitated Cu(OH), in sfrong ammonia solution, dissolves
cellulose : the cellulose is reprecipitated when an acid is added
in excess to the solution.

Srarcu.—Use Potato or Rice starch in powder (C,H,0,),.

881. Starch is insoluble in cold water, but it yields a
transparent liquid when it is boiled with water ; this liquid
becomes gelatinous as it cools, if much starch is present.

882. Starch granules may be identified by their appear-
ance, when they are examined by a quarter-inch object-glass
under the microscope : when they are viewed as transparent
objects they usually appea? round or oval, but they are
occasionally irregular in shape. They usually show dark
rings which are more or less concentric. Many kinds of
starch-granules show a cross when they are examined by
polarised light. These appearances are not visible in starch
which has been exposed to heat,
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883. Iodine reaction.—If starch is boiled with water,and
a drop of iodine-solution is added to the cold liquid, it will
assume an intensely bluisk-black colour.

This colour disappears when the liquid is heated, but it
frequently reappears when the liquid is cooled.

The colour is destroyed by the addition in excess of a
reducing agent, such as H,SO,, NaS8,0, or H,S- it is
therefore prevented from appearing if any one of these
substances is present in the starch-solution, until the iodine
has been added in excess.

884. Conversion into Glucose.— When it is heated with
dilute H,SO, for some time, starch is converted into a
mixture of dextrin and glucose, and finally into glucose alone.
The glucose may be detected by means of Fehling's-solution,
after the liquid has been neutralised (863).

Dextrivy (CH,0,),.

885. Dextrin is a white powder, which is soluble in
water, but is insoluble in strong alcohol. It is therefore
precipitated from its aqueous solution by the addition of
much aleohol. Its specific rotatory power is [a], +200-4.

886. Fehling’s-solution. — Dextrin is converted into
glucose by being heated for some time with diluted
H,80,; when this solution is neutralised and heated with
Fehling’s-solution, red Cu,0 is precipitated (863).

887. Iodine-solution produces a red colour in the solution
of most forms of dextrin.
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XII.—ALBUMINOUS SUBSTANCES.

ArLBuMEN.—Use White of egg.

Solution of Albumen is readily obtained by stirring or shaking
the fresh unboiled white of egg with water, and then straining the
solution through linen or allowing it to settle.

888. Ignition with Soda-lime.—Albumen evolves NH,
when it is strongly heated with soda-lime; the NH, may
be detected by the methods described in paragraph 145.

889. Albumen is readily Coagulated and precipitated as
white flocks from its solution in water, either by boiling the
solution, or by adding it to strong HNO, or to solution of
HgCl,. Albumen is less completely precipitated from its
solution by solutions of CuSO,, of alum and of certain
other salts, than by solution of HgCl,.

890. Millon’s test.—Solutivn of Mercurous nitrate, pre-
pared by dissolving 2 parts of mercury in 4 parts of HNO,
(sp. gr. 1+4), imparts a bright red colour to albumen.

GELATIN,

891. Gelatin is readily.sol.uble in hot water, and a hot
strong solution “sets” on cooling. 'When solid gelatin is
heated, it chars and produces an unpleasant smell. When
it is heated with soda-lime it evolves NH,,

892. Tannic acid solution precipitates gelatin from its
solution (714).

Note.—Provision is made in the ordinary Analytical Tables
in Sections V. and VL. for,the detection of some of the
more common Organic Acid-radicles. A further special
Scheme for the Detection of Organic substances will be found
in paragraphs 1093-1106. Many organic substances, how-
ever, must be tested for by special reactions (647-892).




SECTION V.

ANALYSIS OF A SIMPLE SUBSTANCE
CONTAINING ONE METAL AND ONE

ACID-RADICLE.

This Section may be passed over by a student who is learning
the full analytical course. and the full course of analysis in Sec-
tion VI. may be taken up at once.

Examples of Substances for Aaalysis by this Section are given
in paragraph 1169

The Numbers in the Text which are Inclosed in Brackets refer to
the paragraphs 1n which tests or processes to be employed by the
student are fully described.

—

INTRODUCTORY REMARKS.

030. Preliminary Examination.—Before proceeding to
detect the Metal or Acid-radicle in a Simple Substance by a
Systematic Analysis of its solution, it is best to make a few
Preliminary Experiments upon the substance in the solid
state (936-941). These will generally give some idea as
to what substance is present, and Jwill occasionally detect
with certainty the Metal or the®Acid- radlcle, or possibly both
of them.

Systematic Examination for the Metal.—Even if the
composition of the substance has been proved by this Pre-
liminary Examination, it is usually best to proceed to the
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Systematic Analysis in order to confirm the results
obtained. This must be preceded by the process of dis-
solving the substance in water or in acid (935), if it is not
already in the liquid form. To the solution thus obtained,
the Group-Reagents are then added in a suitable order.
The Analytical Group to which the metal present belongs
(931, 942) will thus be determined.

In the following Table (93I) the metals are classified in
their Analytical Groups. Each Group is headed not only
by its distinctive number and by its distinctive name, but
also by the name of the Group-Reagent which serves to
precipitate its members and to separate them from those
of the succeeding Groups.

When the Group to which the Metal present belongs has
been ascertained, the metal is identified by the properties
or appearance of the Group-precipitate. Its presence is
then confirmed, if necessary, by special tests which are
applied either to the precipitale itself or to another portion
of the original solution * (947-95I).

If the Acid-radicle has not been detected during the
examination for the Metal, it must be specially tested for.
With this object a few preliminary experiments are first
performed (938-941). If these do not serve to detect the
Acid-radicle, it must be looked for by the application of

special tests (952-961).

Entry of Results.—While the analysis is progressing,
each result must be fully entered in the note-book as soon as
the experiment has been performed ; the form of entry is the
same as that which is adopted for the directions in the text
and for the Analytical Tables,

In these Simple Analyses, One Metal and One Acid-
radicle only are to be looked for. The examination for the

* By the original solution is meant the solution of the substance,
or the substance itself if a liquid is under analysis, to which no
1eagent has been added.



298 ANALYSIS OF A SIMPLE SALT. [930,

Metal is therefore carried no further, when one metal
has been detected with certainty ; and the examination for
the Acid-radicle is similarly at an end when the presence
of one such radicle has been satisfactorily proved.

Two Metals may occasionally be present, as when an
alum [e.g., KAI(SO,),] or tartar-emetic [K(SbO)T] is given
for analysis.

Two Acid-radicles may also occasionally be present in the
liquids which are given for analysis, since a salt which is
insoluble in water may be dissolved in an acid.

But the student should always be informed of the pre-
sence of two Metals or Acid-radicles, if it in any way com-
plicates the analysis. This will not usually be the case,
since in the most commonly occurring instance, that of a
phosphate dissolved in HCI, the PO, is detected in Group
III. and accordingly no other Acid radicle is looked for.

It must also be remembe.ed thal the substances which
are given for analysis are liable to contain impurities; these
impurities will, however, usually yield only slight indications,
which will not mislead the analyst. If in the course of
analysis only « slight result is obtained, it is well to proceed
until some substance is detected in larger quantity : agairst
the slight result, Z'race of , is then entered.

The separation and washing of a precipitate by decantation
(94, 97) is recommended whenever it is possible.



931,

CLASSIFICATION OF THE METALS.

T

03I. ANALYTICAL CLASSIFICATION OF TIIE METALS,

GROUP L

GROUP II,

Metals whose chlorides
are msoluble 1n water
and m dilute acids,
and which are therefore
precipitated from thewr

Metals whose sulphides are insoluble in dilute
acids, and which are theiefore precipitated from
actd solutions by hydrogen sulphide

solutions by hydro-
chlorie acid.

Hydrochloric acid,
or Silver Group,

Hydrogen sulphide Group.

Grour II A
{Gopper Group.
Sulphides mnsoluble in
NallO and in AmgS

{ GRoUP II B.
A

rsenic Group.

Sulphides soluble in
NaHO and in AmyS

[Lead Pb} Mercuricum . Hg” | Tm . Sn
Silver Ag ' [Lea Ph] | Arsenic As
Mercurosum Hg' | Bismuth Br | Antimony . . 8b
Copper . Cu
Cadmium Cd
GROUP III. GROUP 1IV. GROUP V.

Metals which are precipitated by
NH40H as hydrates from theyr
solutions containing ammonium
chloride, or as sulphides or hy.
diates when ammonium sulphide
or h drogen sulphide 1s subse-

Metals whose car-
bonates ate pre-
cipitated by ad-
dition of ammo-
nium carbonate
i the presence

Metals whose solu-
tions are not pre-
cipitated by any
of the foregoing
Group - reagents
m the presence

Barium Group.

quently added. of ammonium| of ammonium
chloride, chlonde.
Ammonium hydrate and Ammonium car- Potassium
Ammonium sulphide Group. bonate, or Group,

GRrOUP ITLA, Grovp III B,

Ammonium Ammoninm

hydrate, or sulphide, or |#

Iron Group, Zinc Group,
Aluminium . Al|Zinc . Zn |Barium . . Ba|Ammonium NHy
Iron . . Fe|Manganese . Mn|Strontium . 8r | Potassium . K
Chromium . Cr|Nickel . . Ni | Calcium . Ca | Sodium Na

Cobalt Co Magnesium Mg
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DIRECTIONS FOR THE ANALYSIS OF A
SIMPLE SUBSTANCE.

The substance given foranalysis may be either a solid or a
liquid. If it isa solid examine it by paragraphs 932, et seq.,
or by paragraph 969 if it is metallic in appearance, omitting
paragraph 937. If a liquid is to be analysed begin at para-

graph 937.

THE SUBSTANCE IS A SOLID.

The Appearance and General Properties of the substance
must be carefully observed and noted down.

032. Note its Colour. The following are some of the
most commonly occurring coloured substances .—

Blue - hydrated cupric salts, ;nd anhydrous cobalt salts.

Yellow . normal chromates, precipitated HgO, CdS, Ar,S; SnS,.
Browmsh-yellow ferric salts, PbO

Orange-red . certain dichromates, Sb,S;.

Red : HgO, Hgl, HgS, Pb;0,.

Green. Cry,0; CuCly, salts of N1 and Cr. Lule green : ferrous sglt.
Reddish-pink : hydrated cobaltzalts., Pale pink : manganous sa?ts.
Dark brown . PbO,, Fe,0;. Taght brown: Pb0O, B1,0,, CdO.
Black : 8b,S;, CuO, MnO,, FeS, Co,0,

Wlite : anhydrous salts of Cu and Fe”, and many other powdered
substances.

Colourless. a large number of colourless crystalline bodies exist.

033 Any characteristic Smell of the substance is noted,
Observe also whether. it is in powder, crystals, or non-
crystalline pieces, examining the substance with the assist-
ance of a lens if necessary. Note wlso metallic appearance,
hardness, or attraction by magnet.

934. Powder the substance as finely as possible (988),
before subjecting it to systematic analysis. Then ascertain
its solubility and examine the substance further, as is
directed in paragraph 935.
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PROCESS OF SOLUTION OF SUBSTANCE. 301

DETERMINATION OF THE SOLUBILITY OF THE SUBSTANCE,

035. Since the Method of Examination of a solid sub_
stance depends upon whether it is soluble or insoluble in
water or in acids, the following experiments are tried before
the analysis is commenced.

Place a small quantity of the finely-powdered substance
in a broad test-tube or in a boiling tube; then fill the tube
about one-third with water, and heat the liquid to boiling.

Refer to figure 38 (85) for other methods of dissolving
a substance.

1, The Substance
solves,

After examining
a portion of the
solid substance
by the prelimi-
nary tests (936
and  938-941)
proceed to exa-
minethe colour
and reaction of
the liqud to
Itmus by I,
I (937), and
1efer to para-
graphs g42 and
953 for direc-
tiuns for analy-
sis,

The Substance does not dissolve : heat a fresh portion with dilute HCI to
boiling . 1f 1t does not dissolve, decant and boil the 1esidue with strong

HCL —

2. The Subst:

The Subst does not dissolve : put aside the test-

dissolves,

Absence of Group
I, except pos-
s1bly Pb,

After exanmning
a portion of the
solid substance
by the prelimi-
na(riy tests (936
an 938-941
note the co?‘dm)
ot] tthe (}iCl
solution (937,
I)and prooesgd
to examine 1t
for the metal
by paragraph
943, and for the
acid-1adicle by
PAIs. 9sa et seq.

tube ¢o wumng the substance with HCL, and stn a
fresh poition of the substance with a little dilute
HNO;, 1f 1618 not dissolved, boil If dilute HNO;
does not dissolve 1t, heat with a little strong HNOg —-

3. The Substance
dizsolves.

After examiming
a port wn of the
solid substance
by the prelimi-
naty tests (936

and  ¢38-941)
note the colour

of the solution
m HNOj3 (937,
I )and examine
it for the metal
by paiagraph
943, and for the
acid-radicle by

par gsa,

Note. — Before
testing for
Grovp IL., add
strong HCi and
boil down con-
eiderably, in
ordertoremove
the excess of
HNOg.

The Bubstance does not dissolve:
mix together the contents of the
two tubes 1n which the substance
was heated with HCl and with
HINO;, and heat the mixture .—

4, The Substance | 5. The Substance
dissolves does not dis.
solve,
After examining
a portion of the | Examine a fresh
solid substance | portion of the
by the prelimi- | substance by
naty tests (936 | Paragiaphsgro-
and 938-941) | 974
examine the so-
lution in the
mixture of
HNOg and HCL
for the metal
by paragiaph
o43. Ses Note,
column 8.

Examne for the
acid-1adicle by
par. gsa.
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[9386,

PRELIMINARY EXAMINATION OF A SIMPLE SOLUBLE SoLib

FOR THE METAL.

036. The Following Table’is thus arranged. In the first
column is placed the experiment to be made; in the second
a list of the results, any one or more of which may be
observed ; and in the third the inferences to be drawn from

these results.

Confirmatory or supplementary experiments are occasion-
ally entered; they are, however, only to be tried, when the
result which immediately precedes them in the second
column has been noticed.

A more complete Preliminary Examination will be found

in paragraphs 989-995.

|
|

Experiment,

Observation

Inference.

EXr I.—Heata por-
tion of the substance
1 an igmtion-tube,
dry

or a
test - tube, first

iy el

Confirmatory —Boil
another portion of
the substance with
KHO solution,
added In excess.

Confirmatory.— Mix
another portion of
the substance with
«bout three times
fered NagtD, and

er and
KCy, an:? %ﬁ the
mixture in an igni-
tion tube.

1. The substance does not change,

II The substance changes:—

1 Drops of water condense m the top of
the tube

2 The substance fuses easily .

3 The substance sublimes .

A smell of NHj is evolved, and white
fumes appear when a rod moisterted
with strong HCI is held to the mouth
of the tube.

L Hmnt. FIR—Y

best seen by a lens,

A gre, tallic glo-
bules,

A black mirror-like sublimate

4, The substance blackens, and gives off
COg, which makes a drop of lime-water
on a glass rod milky.

The cool residue in the tube effervesces
with HCl, whereas the original sub-
stance does not.

Absence of volatile,
fusible and organic
substances, and of
water.

Presence of H,0.

Probable presence of
a salt of Naor K,or
of Ba, Sr, Ca, Mg.

Presence of a salt of
NHy, As, or Hg.
possibly ~also of
HyC,04, of § (yel-
low), and of I
(puiple vapour).
Presence of NHy
Confirm by NaHT
(147) and proceed to
paragraph ¢38.

Presence of Hg. Pour
AmHO upon the
original substance,
if it blackens Hg’
is present as a mer-
curous compound.

Presence of As.

Presence of an or-
ganic substance.

Anorganicsalt of K,
Na, Ba, 8r, or
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Experiment

Observation,

Inference.

EXp U Dip nto the
powdered substance
a moistened loop of
glatmum wire, and

old the loop 1n
the Bunsen-flame;
moisten with stron,
HOl, and again hol
the ioop inthe flame

5. Gas or vapouris given off : smell the
vapour, and %est with spark and
flame *—

Red nitrous fumes, recognised by their
smell and colour.
soﬁ, known by its smell and by turning
2Cre07 solution green.

Cl, Br, I, known by smell and colour : Br
and I by action on starch paste,and Cl
by bleaching moist litmus.

A ship of wood with a spark at 1ts end
glows brightly or bursts into flame
The flame has a greenish halo

The gas can be lighted and burns at the
mouth of the tube, note the colour
of the flame -

Pale greemsh-yellow * the gas burns ex-
plosively, and mtious fumes are seen

Bright white, the unburnt gas smells of
galic.

Peach-blossom colowred flame, giey sub-
limate of Hg

6 The substance changes colour ,—

Fiom nitrate of a
heavy metal.

From combustton of
free Sorasulphde,
possibly also fnom a
sulphate, suiphite,
or thiosulphate

Fiom certam chlo-
1des, brondes, o1
10dides , alsofree I

O from chlorate o1
mtiate, or N.O
N0 from N. H‘N()g.

Piesence of NH;
from strongly heat-
ed NH,NO,{.

Presence of PH, prob.|
ably from a hypo-
phosphite (624)

Presence of Cy, from
HgCy2

Yellow, hot. hate, cold |Zn0Q
Yellow-brown, , Yellow, PbO, Sn0; or Big03.
Darkred ory ” ’ ” e *
brown, } 1 | Red brown, ’ Feq03
o i
I. The flame 18 not coloured, . Piobable absence ‘of

b ]

3

II The flame 18 coloured :—
Tptense yellow,* . B . .

Pale hlac,* appearing cnmaonfrcd}
through the 1udigo-prism .

Appeating green through the
R {

mdigo-prism .
Apgem mg intensered through
the indigo-prism . .

Yellowish-green . .
Brght green, with blue centre
aftel moxs‘:eulug with HCl
b’nght green . .

Green ’

}

. .

Pale blue, hvid
Blue {

Vwid blue . .

the substances enu-
merated below.

Presence of Na.
K.

ZnCl
SuClg,

{ As,S%’ Pb

CuCly, Cuih'g‘

”

* If the coloration for Na or K is intense, no further examination for the metal is
necessary, but the presence of K should be confirmed by stirring with NaHT (14a). Pro.
ceed to 938. If the coloration is slight, a trace only of the metal is present, and the
examination for another metal must be continued.
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Experiment. Observation. Inference.
EXP. III. Heata por- [ 1, The chacoal **deflagiates,” or burns | Piesence of a mtiate

tion of the substance rapidly. or chlorate,
a oavi P
on charcoal, mn the |5 A white mass is left on the charcoal, | Presence of Ba, Sr,

blowpipe-flame.

Confirmatory. -- De-
tach a small por-
tion of the white
mass, place 1t on
turmeric - paper
and moisten 1t with
a diop of water

Confirmatory —If the
moist residue 1
not alkaline to
test-paper, moisten
the remainder on
the charcoal with
Co(NO3)e solution
and heat 1t agamn

which does not fuse, but shines bright-
1y when 1t 1s strongly heated

The paper becomes brown in a short
time where the substance rests.

A Vlue residue e e e

Apkresidue . . . . .

A green residue .

.| Presence of Zn, or

Ca, Mg, Al, or Zn

Tresence of Ba, Sr,
Ca, or possibly of
Mg.

Picsence of Al, or
of a phosphate,
arsenate, slicate,
o horate

Presence of Mg

strongly 1 the possibly Sn
blowpipe-flame -
3 The residue 1s not wiite and does not
consist of globules of metal, neither is
there any Imciustation formea upon
the chaxcoal, proceed to Exp 1V
4 The residue conz‘\ms metallic globules
or an maustation forms on the char-
coal, proceed to Exp V, omtting
Exp 1V.
EXP IV. Fuse a(L The bead 1s colourless after 1t has been | Ahsence of the metals
ﬂ;lm.ll quantity* ::‘ heated 1n each of the flames mentioned below,
e mi R

a clear colourless
borax ad  first
mn the imner then
1 the outer flame,
noting in_ both
cases the colour of
the bead while 1t1s
hot and when 1t 18
cold,

Confirmatory -- The
presence of Cr or
of Mn may be con.
firmed, by fusing a
portion of the sub-
stance on platinum
foil or wire with
NagCO3 and KNO3

II. The bead 18 colaured .—

In outer flane In inner flame
Green, hot, blue, cold | Red or colourless
Blue, hot and cold Blue, hot and cold

Brown or dungy G
rey or black, hov
Ib}ro?#‘g;,t' hyht} and cold }

1d
Biown, flot,yellow, Bottle g1een, hot
cold and cold

Green,t hot and cold | Green, hot and cold
Purple, hot and cold C”clzﬂlcw' ]"’f’ and )

A yellow mass on cooling «

A bluish-green mass on cooling .
0 .
@

Presence of Cu
\

" Co
» M
" Fet
" G

» Mn
”" Cr,
” Mn,

* It is necessary to adjust carefully the quantity of substance which is fused into the
bead, if too much is used, the bead will often appear opaque, if too little is employed, one

of the metals may escape detection

It is best to fuse only a minute quantity into the bead,

and then to add more if no colour, or only a faint colour, is %l;oduced

t It Cr is present as a chromate, it gives a bead which is

own whilst hot, after it has

been fused in the outer blowpipe-flame ; but this brown colour is not reproduced when the
bead has been changed to ‘freen b{jll)lelng heated in the inner flame, and is then again heated

in the outer flame. This

istingu

es the brown chromate bead from the browniron bead
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Experiment. Obse1vation. Inference.
Exp, V.—Mix the | Metallic scales o1 globules aie obtained, o1
substance in a an inciustation forms on the chaicoal —
small oavity on
wood - oharcoal Qlobules Inerustation
with NayC03 and | White and brattle. hy . Picsence of Sb.
KOy, and heat | White and bruttle Yellow . " Bl
strongly in the | Red and malleable None . " Cu.
inner blowpipe- | White and malleable
flame for several | marking paper Yellow . " Pb.
minutes. easily,
Whate and malleable
If metallic globules | not marking paper | None . ' Sn.
are obtained, de- | andieadily fusible
tach one andstrike | White and malleable
it shaiply on the | notmaiking paper, { { None . . . Ag.
bottom of an in- | fusible only with
verted moitar with | difficulty
the pestle and noto Yellow whilst hot,
whether it is whate when cold,
crushed to powde becomes green
gmttle) or merely | None i} when moistened 7
attened out into a Y with  Co(NOg)e ” .
cake (malleable) I solution and 1e-
If the globules aie { heated in the
white and malle- \_ outer flame, f Cd
able, take one upon | None . . Brown . .
the point of apen- |None White; on smelling
knife and see if it the charcoal a A
will maik paper as smell of onions 1s » 3.
a black-lead pencil perceived,
does
Exp, VI.—Fuse the | Paiticles float about undissolved in the bead | Piesenceof silica or

substance mn a
colorless bead of
NaAmHPO,,

of silicate,

After the above Preliminary Examination for the Metal has
been completed, the Prelimirary Examination for the Acid-radicle
(938, et seq.) is made. The solution of the substance is then
prepared according to the directions in paragraph 935, and is
subjected to the full systematic Examination (942, ef seq.).
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037. PrELIMINARY ExamiNatioN of o Liquin,
Experiment. Observation. Inference,
Exp, I.—Note the | I The hquid 12 Coloured :—
Colour of the Very delicate . Presence of Mn or
liqud, Pk { Int P dilute Co‘ %olutlon.
ntense . . 1esence of Co
ﬁl’:’m_%' thg cololg Very delicate , . » Fei”, lei’t, or l(}r
e ohserve: N dlute soln-
by night, it should Green tion
be examined by the Intense . . . » N, C1, or CuCl,
white light ob- ‘Reddlsh-yellow . . » Y&’ or a I
tained by burning | Yellow chromate
a ?iece lﬁfo mag- hight yellow . " neuh&l chro-
nesium n mate.
Delicate tints are | Blue . , Cu
best seen by look-| Volet or purple » Cr, or a perman.
ing through some ganate,

thickness of the
lquid at a sheet
of perfectly white
paper.

II, The liqud is Colourless . .

Exp. I, — Dip
pieces of tur-
merio-pa; and
of Nmin&mrhl-
R )
ot

1t is Neutral . . . . .
(Not aftecting the colom of either paper )

It1s Acad

(Turning blue paper 1ed )
1t no effervescence occurs when NaoCOq 1s

added to & pait of the solution and the

lquid is warmed, free acid and acid salt are

absent. .

'Y

It is Alkaline . . .
(Turning turmeric brown )
I the colour of the paper becomes only
slightly changed, the {x;obable presence of
an alkaline salt may be inferred.

Absence of Co, Ni,
Cr, Cu, &c

Absence of free aclds
and alkalls, and of
all salts but some of
those of Am, Na, K,
Mg, Ba, 8r, Ca, Ag.

Presence of a free acld,
of an acid salt, or
of a salt with acid
reaction

Presence of a hydrate

of K, Na, Am, Ca,
8r, or Ba, or of &
salt with alkaline
reaction.
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Experiment

Observation.

Inference.

EXP. IIIL Evaporate
(87) some of the
Liquid wpon a thin
watch-glass, *heated|
very gently by sup-
i}mtiug it some

nches above a
small flame upon
a piece of wire
gauze, or by means
of asand- or water-
bath.

If aresidue remams
on the glass bung
this gradually mto
the flame and heat
it more strongly

Exp. IV, Add excess
of strong NaHO or
KHO solution and
bol (148).

A Residue is left

When it is strongly heated, the residue
blackens and emits a smell of buining

The smell resembles that of charred sugar .
Note.—If the cold residue, after ignition,

effervesces with a drop of HCl, wheieas the

umgmted residue did not, the organc acid.

rad]l{cle 18 united with Ba, Sr, Ca, Mg, Na,

or K.

The results in Exp I 'par , may be here
observed and should be n(?nfd.

Keep this residue for Exp. VI

.

No Residue 18 left . . .
If the Iiqmid 18 also coloutless, tasteless,
and without action on Iitmus-papel, 1t must
consist only of distilled water, and no further
examination of 1t need be made If the
liqud 18 alkalie, NH; must be looked fo1 ,
1tit1s acid, HoCOy, HoSOy, HCL HNO;, HyS04
1:and other volatile acids only need be tested
or.

A smell of NHg, moist turmenc is turned
brown, and a 10d moistened with strong
HCl produces winte fumes when it 18 held
1b the mouth of the test-tube

liquid, which has

Presence of some
dissolved solid.

Presence of o1ganic
substance.

Presence of T, prob-
ably.

/

Absence of any dis-
solved sohd.

Presence of NHy
No further test
need be tied for a
metal, Proceed to
par 938.

3

been flsf

3
.

EXP. V. The flame coloration (936, IT ) js then tried by dipping the platinum wire into the
%cuncen rated by evaporation, if 1t 13 very dilute

(936, IV.)

EXP, VI, Some of the residue from Exp. III (above)1s then fused {nto a borax bead

* A plece of thin glass from the side of a broken flask is a cheap and useful substiiute

for a watch glass.
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[938-

PrEuMINARY Examina-
933 Pour dilute H,80, in excess upon the substance in a test-tube,
A gas is evolved, as iy shown by the occurrence of efferveseence

t. Colourleas gas

, Pungent gas smeling of
without Smell, E g ¢

Burning sulphur, Fetad

A drop of KqCry0y solution,
held in the tube upon the en
of a glass rod, becomes
green —

A drop of lime.
or baryta-water,
held in the tube
upon the end of
8 glass rod, be-

comes milky i— Presence of Sulphite.
ened .—
Prosence of Car- | 20 The 80, gas is given off
honate, only after & time or when the

liquid 18 warmed, and yellow
3 separates .—

Presence of Thuosulphate,

3. Gag with a most
smell,

A slip of filter-
papel moistened
with alkaline so-
lution of PbA,,
and held in the
tube, is black-

Prosence of Sul-
phd

4 Yellow gas smoll-
ng of Chlorine,

A slip of moist
ltmus-paper held
fn the tube 18
bleached —

Presence of Hypo-
chlonate.

939. Add a little strong H,80, toa fresh portion of the substance,
results enumerated!below oceurs *: if none of them is noticed, pro-

1. Fumes are evolved with Pungent smell and Acid reaction
to htmus-paper: the Ligwd 15 not colowr.d :—

Pregence of Chloride or Ntrate.

Confirmatory, — Holl in the
fumes a glass rod moistened
with a solution of AgNOs
acidified with HNOs ~ the
solution op the rod becomes
milky —

Confiamatory — Drop into
the actd some small pieces
of Cu, reddish-brown gas
is evoived —_

Presen o of Nitrate,

Prosence of Chlortde. Confirm by ‘par s37.

Conflim by par ¢ss. .

2, The hiqwd becomes Yellow
or Red, and a Chlorous
smell 18 given off. when
the tube is warmed a
crackling noise or slight
cxplosion is produced .~

resence of Chlorate,

Confirmatory.—To a portion
of the cold solut’on of the
substance 1 water add a
few drops of dilute indigo
solution, then pass some
Sq‘; the blue colour of the
indigo is destroyed if
Nhlorate is present,

040. Fluoride —After the tube which contains the strong H,80,and
the liquid into & porcelain dish foy thetest in paragraph g41. Rinse
and dimmed :—Presence of Fluoride is shown, If the presence of

941. Borate.—Add aleohol to the liquid in the porcelain dish from
alcohol ; if the flame has a greenish tinge it shows the Presence of

* 1f Pb, Ba, Sr or Ca is present, the addition of H,SO, will cause a precipitate
+ It is best to compare this smell with that which s evolved when NaA
somewhat fragrant smell of ether when it is heated, and this might be mistaken
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and observe the effect which is produced ; * then heat to boiling :
or by the evolution of a characteristic smell ; see below .—

5 Reddish-brown fumes are | 6 Smell of Almonds,

evolved, which are most

easily seen by looking down | Test for a cyanide and a
the tube at white paper. ferro-, ferri-, and sulpho- | phite, thiosulphate, sul.
phide, hypochlonte, nmitrite.

cyamde m the ongmal

When a little eold dulute substance by par gss

Hy80, and FeS04 solution

are added toa fresh portion

of the original substance, a 7 Smell of Vinegar

deep brown liquid 18 pro-

duced — Refer to par 939 (4) below

Presence of Nitnite

No Gas 18 evolved .—

Absence of carbonate, sul-

Pass on to par 939

mix well by shaking, then heat gently and note whether one of the
ceed to paragraphs 940 and g4I.

30 A Reddigh-brown or Violet colour
is poduced 1n the acid, and no
explostion or crackling occurs
when 1t is warnied —

Presence of Bromide or Iodide,

If coloured vapour is evolved when
the mixtwe 18 heated (see Note),
hold in the vapour the end of a
glass 10d covered with most
starch powder ., the starch becomes
brown .—

Presence of Bromyde.
The starch becomes bluish-black —
Presence of Todide,

Note.—The vapour is much more
easily obtained 1f the substance is
mixed with MnO, powder, before
I}]:IgSO 18 added and the muxtwe is

eate

4 A saell of
Vinegar 18
noticed .—
Presence of

Acetats,

Confirmatory ==

Add to a fresh
portion of the
substance some
alcoliol, then
atrong H,S804;
a fragrant

, smell  proves
the

Presence of
Acetate.t

s A mixture of
00 and 002
gases 18
off . found bya
drop of lme-
water held in
the tube being
turned milky,
and by the
€O burning
with a Dlue
flame when it
is kindled.—

Presence of
Oxalate

6 The sub-
stance Blackens
and cvolvelt
2868, AMON)
fvhlch 80, g?s
recogniseg by
its smell and
by its action
on  KqCre0y

solution .—

Probable Pre-
sence of Tar-
trate.

Confirm by
par. 938

the substance has been heated, let it stand for some time ; then pour
out the tube, and dry the inside thoroughly ; if it is seen to be corroded
fluoride is decisively indicated here, it will requite no confirmation.

par. 940, mix the contents by stirring, heat the dish and kindle the
Borate. Confirm by par. 957.

of the insoluble sulphate; this may be disregarded.
s similarly treated, since a mixture containing alcohol and H,SO, evolves a
for the more fragrant smell of ethyl acetate.
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These -
lines GENERAL TABLE FOR THE
noross 42. If the metal has not been detected in the Preliminary
both

pages, Group it belongs [see Table, par. 931], and then trying special

A part ‘of the solution of “the substance (9},&), it t;‘acﬁi‘iﬂ_;ﬁ;ad;nh dilute HCI

(547)

SnS—brown
SuSp—yellow
SbeS—orange
As,S8p--yellow

The precipitat Into the same paxt of the solution H,8 13 passed (gq8), or 11

be_p_ pliate may the liquid is beated to boling — i ), or 1S

AgCl—white. The precipitate may be— Toa Freeh portion of the Solu-

Heg,Clg— g If a precipitate is pro.

PbL:l T Hg8 -black 1ule (g40), or a borate

2= 8-, to diyness, 1gnite the

BiS— ,, and add AmCl and ex-

Cus If theremoval of the acid-

Examine for the us— metal by this lable, or

metal by Table I Cas—yellow I AmHO added after AmCl

the onginal solution are
presence of phosphate,

The precipitate may he—
AL(110)~ Il Colourless and
transpaient
C1,(HO),—pale green

Fep(HO)—10ddish-brown
dingy  gieen,

Fe(H0)o—< twningbrown
in the ar

Examme for the metal by
Table III A (949)

Examine for the metal by
Table I (g48)

G

If the precipitate 18 opaque
or white and has none of the
above appeaances, lefer to
par ¢6z

( If no metal can be found, the sub-

NOTES TO THE GENERAL TABLE, '

943. If the liquid is Neutral or Alkaline, a portion of it is made
just acid by slowly dropping in dilute HNO; (628, 629).

If this produces no piecipitate, or a precipitate which dissolves
when more HNO is added, another portion of the liquid is examined
by the above Table. *

If a precipitate forms and is not dissolved when more HNO, is
added, it may consist either of colourless gelatinous H,S10, from a
silicate; or of finely-divided S, which is precipitated wiute from a
polysulphide, and Yellow from a thiosulphate ; or of SnO,, or meta-
stannic acid, or §b,0; (all white). It may also possibly be SnS,,
As,8; (both yellaw) ; or Sb,S; (orange-red) , these sulphides are pre-
cipitated from a sulphostannate, & sulpharsenate, and a sulphanti-
monite respectively.

1f H,Si0, separates, it is best to evaporate the acidified solution
quite to dryness and then heat the residue with dilute HCL. If an
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EXAMINATION FOR THE METAL.
Examination, it is most rapidly found by ascertaining to which
tests for each member of the Group.

(944), 'f any precipitate forms, more He'lis added and the hquid is heated —
water isadded to it (946) the liquid 13 then diluted, and, if no precipitate has formed,

tion AmCl 18 added, th;—ll— AmIIO 18 added 1m excess .—

duced and either an organic substance (936, I, 4, 939, 8, 6), a silicate (936, VI.), a fluo-
(832) has heen found, acidify another part of the original solution with HCl, evaporate
1esidue, and dissolve it when cool in dilute HE1, filter, if uecessary, from 810 (sg9),
cess of AMHO

radicle by the above treatment does not lead to the satisfactory detection of the
1f chromate 18 present (946), 1t may be'necessary to proceed as 1s directed 1n par g6z
has produced a precipitate and the aboyve acid-radicles are not present, a few drops of
added to some AmHMoO; and wartmed 1if a yellow precipitate forms, indicating the
proceed to par g6z

To the same part of the solntion add a few drops of Amg§, or H,S water —
[Note —Before AmsS1s added the hquid may be blwe, showing presence of N1, or volet

from dissolved CroHgOg , the latter mnst he prec»Fltnted by boiling the hquid for a
long time in a porcelain dish before AmyS 18 added

The g:recxpltate T'o the same po1 tion of the solution add Ax‘n:_)CO,; —
m?;ﬁf-;lnte The precipitate To the same part of the solution add
M:; S- ik may he — NayHPO,, warm gently and shake well :- -
Nis—-black BaCO;—white A white cystal- Themei:alrzmlplet;eu(:|l
Co8-- SIC03— o lme preapitate | may bs NH,, Na, K;
" . proves —- 1t should have Deen
[FeS8~— ,, ] CaCO3— ., Presence of Mg. gete«i)ted“ a}readyEln
Examine for the | Exammne for the he Preliminary Ex-
metal by Table metal by Table ?m;:uﬂon( :‘Y Tz;“
| 1B (s80) IV (g51) . . (par g36). |

stance is probably an acid (937, 1L.).

insoluble residue remains, this confirms the presence of a silicate.
The residue 1s filtered off and the filtrate 1s tested for the metal by
the above General Table.

Any other substance which remains undissolved by the dilute
HNO; is filtered off. It may generally be recognised by its appear-
ance ; Sn0, becomes yellow, and 8b,05 orange, when it is moistened
with H,S-water metastannic acid becomes golden yellow when 1t
is moistened with SnC),-solution.

944. Any Change which occurs on the Adaition of HCI should be
carefully noted. Gasmay be evolved and recognised by the statement
given in paragraph 938; a yellow solution may become reddish-yellow,
and this change renders probable the presence of a neutral chromate.

045. Before H,§ is added, the liquid must be heated; and if a
smell of Ol or of SO, is evolved, or a reddish-brown gas is perceived,
the solution is boiled down nearly to dryness, then dilute HClis
added and H.,S is passed into the acid solution. Gelatinous H,8i0,
may separate during the process of evaporation (943).
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046. The Following Changes, which occur on the gradual addition
of H,8, are noteworthy. If the precipitate is white at first, then
brown, and at last dlack, the presence of Hg” is shown. If the
solution is strongly acid and gives a red precipitate, which becomes
black when the liquid 1s diluted with H,S-water, Pb is present.

A separation of w/fe sulphur may occur . if 1t is accompanied
by one of the following changes of colour in the solution, the change
should be noted down, since 1t is characteristic *—

A reddush-yellow solution changing to pale green indicates a feriic salt

A 1¢ddish-yellow brght green chiomate

A green colourless manganate

A purple " colourless permanganate

A green alkaline solution becomang purple when
duuted or acidified, and colourless with HaS

”
»

”
»

”
”
”»

manganate

”

The precipitate of S is known by being perfectly white and by
running through a filter ; it need not be further examined.

If a yellow precipitate forms only when the liqmid is boiled, it
may consist of either As,S; from an arsenate, or of SnS, from a stannic
salt.

TABLE I.—-SILVER GROUP.

047. A white precipitate forms when HCl is added. It
may consist of AgCl, PbCl,, or Hg,Cl,. The precipitate is
either not dissolved when it is boiled with HCl: or it
dissolves and reappears in crystals when the liquid is cooled,
showing the presence of Pb.

Let the precipitate settle and decant the liquid: then boil
the precipitate in the test-tube with AmHO :—

1
1. The precipitate dissolves. | 2, The precipitate does not dissolve:—
at least in part, see .voie

below .—

Note.—Coagulated AgCl
often dissolves only llo\gfy
in AmHO,

the hiquid, diskolving the
precipitate in HA, and
adding K,CrO, to the
solution; a yellow pre-
cipitate forms.

Presgence of Ag. The colour o{the preaipr-| The lf;c,ipitats becomes
tate 18 unchanged — K~
Confirm by adding excess Pregence of Pb. Presence of I
Ofl ]%iNO‘ to the ﬁ‘mﬂo (Mercurosum).
solution, a milkiness
sppears. Confirm by decanting

Confirm by immersing
a bright shp of cupper
m a portion of the ori-
gmal solution, made
acid with a few drops of
HNO;; o grey deposit
forms on the Cu, which
becomes white and bright
when it is rubbed * -
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948 Note the colour of the precipitate yielded hy H,S ;=

1 The preamtate 18 dark brown or black , 1t may consist of Sn$, CuS, HgS, Bi,S;, PbS. |

Add pure NallO in excess tc a small (}unntity of the liquid and precipitate, or of the
precipitate alone after decanting the hqud if possible, and boil —

The precyputate dig- | The precymtate does not dissolve: it may consst of CuS, HgS, Bi,S;, PUS.
solves toaportion | a The orupnal solution 18 blue or green, and becomes mtensely biue on
of the NaHO solu- | addition of excess of AmIIO —Presence of Cu Confirm by adding a few
tion add HCL 1n | diops of H.S0, to the original solution, and dipping into 1t a bright knife
excess, brown 8nS | blade or prece of steel. a red film of Cu deposits
is reprecipitated The orginal solution 8 colourless Test i separate portions for

Borl another portion | i, Bi, Pb by the following special tests —

ol{t thelHrc( l[)]l tt::;lle
preradamg 4LV | ymmerse n the acid | Pour another pottion of | To a portion add
y"“"ﬁ’ ;‘?“‘I”’ then | “eslution & bright | - theongmal sorl)ution into | H ZSOI: a white
add “(‘ 1 €XCCSS, | g)1p of Cu, agrey | much  cold  distilled | preapitate —
‘tltye f";' Spreupl- film 18 slowly de- | water; a white preci- |  Presenceof Pb.
ate of Sns; —= posited, which be- |  pitate or milkiness —

Presence of Sn” comes  bulhant P;esence of By The
i . presence of Pb
(Stanuosum). white when should be confirm-
it 18 1ubbed Note—If Bi 18 sus- | edDbyadding to a

w| Presence of Hy” | pected and no milkiness | part of the ongi-
r};‘]"g“;ﬁe"ﬁz O‘gll’l_ (Mercuricum’) | appeats, add excess of | nalsolutionAmHO
firmed by adding .'3"'“0 to the liquid , Bt | 1y gxcess, then HA
HeCly to & part of Coution —A salt of | 2¢ present falls a8 hyd-| ;" excess, then
the original Hcl| H&mayhavebeen | 1ate, filter, pow one or | K,cro, ayellow
solutio 8 a white | converted into an | two drops of botng HCL|  precipitate shows
‘t" te sl Hg” salt during | upon the precipitate, and piesence of Pb,
glfc“;: “‘ff%;:’,,ws soluttion in HNO; | let them drop through
sence . The original sub- | 1nto large excess of water;
stance should |a nilkiness on stirring
therefore De | shows presenceof Bi.
treated with
AmHoO, if it
blackens Ug' was
resent, 1f not,
" was originally
1 the substance.

2 The preayptate 18 yellow* it may consist of Cds, As,S;, SnS,.
Boll the precipitate with NaHO 1n excess, .fter decanting the hiquid if possible :—

]
The precipitate does | The precymtate dissolves: 1t may consist of As,S; or SnS,; examine
not dissolve ; 1t i3 |  portsons of the or}ginal solution as directed below —
bright yellow and
pulverulent— Aadify a portion with HCI, and place | Acidify a portion with strong
Presence of Cd. in it a plece of Zn which 18 known to | HCI, immerse m it some
be free from 8n. Sn 1s deposited on gxeces of bright Cu and
The presence of | theZn — X oil, & black film is de-
may be con- Dresence of Snv (Stannicum), posited on the Cu'—
firmed by showing Presence of As.
that the precipitate | , The deposit of Sn should be detached
roduced by H,9 from the Zn, and dissolved by boiling1t |  Note —If the f{ellow %m
gugo]ve,, i being | i & test-tube with a little strong HCI, | cipitate formed by H,8
botled with dilute | then HgClﬁ added ; & white precipitate | appeaved at once in the

H,804. confirms the presince of Sw cold, the As is present as
a Argenosum; it 1t formed
only on boiling, Arsenicum

i8 present.

8. The precipitate 18 orange red : it may consist of SbySs.
Confirm by acidifying & portion of the original solution with HCI, and immersing in it &
plece of Zn resting on a slip of platinum foil, a black stain on the platinum (329) i~
Presence of Sb,
Note.—It fonally happens, it the solution has not been sufficiently diluted, that H,8
gives a reddish precipitate with Pb-solution; such a precipitate, however, becomes Hack on
adding more H,S8-water.
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TABLE 1I1.A—IRON GROUP.

949. The colour of the precipitate, produced by addition of
AmCl and AmHO, will usually indicate whether it contains
Fe, Al, Cr; the following tests may be made in confirma-
tion,

To a portion of the original solution add KHO gradually
until a precipitate has formed (see Note below Table), then
add KHO in excess and stir well, one of the following results
will be obtained :—

1 Acolourlessgela- |2 A pale green|3. A reddish [4. A dingy green
tinous precipitate | gelatmous pre-| brown preap-| precipitate
1sproduced which | cipitate  forms, | tate forms, mmso- | forms, insoluble
dissolves 1 ex-| which dissulves| luble in excess| m excess of
cess of KIIO toa | in excess of KHO| of KHO Add| KHO, the pre-
colourless  solu-| to a green solu-{ KCyS to the| cipitateif filter-
tion the precipi- | tion; when PhO,| ongmal HCl| ed off and ex-
tate reappearson | 18 added to| solution,ablood-| posed tothe ar

the addition of | this green solu-| red coloration —| gradually be-
much  AmCl to| tion and the | Presence of Fe’”. | comes brown —
the KHO solu-| hqud 18 Dboiled Presence of Fe”,
tion *— and thenacidjfled
Presence of AL. | with HA, a yellow

greci{utate 18 p1o-

uced .—

Presence of Cr

Note.—if a colourless gelatinous precipitate has been produced by
AmCl and AmHO, and is not proluced by addition of KHO, a silicate
is probably present. Its presence i% confirmed by fusing the solid
substance in a bead of NaAmHPO, (690) ; or by evaporating the acid
solution to drymess, a residue insoluble in acid is SiO, and may be
tested by the bead as directed above.

- [

TABLE IILB.—ZINC GROUP.

950. The colour of the precipitate,produced by addition of
Am,S or of H,S to the alkalime sofution, will distinguish Zn
or Mn from Ni, Co, and Fe, and will usually distinguish
Zn and Mn also from one another. See a and b below :—

a. If the precipitate 18 light in colour, add to some of the original
solution KHO gradually until a precipitate forms, then add KHO in
excess. A white precipitate which dissolves in excess of KHO and
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is reprecipitated by the addition of H,8, proves the presence of Zn.
A wlate or brownish precipitate, which 1s insoluble in excess of
KHO and gradually turns dark brown when it is filltered off and
exposed to the air, shows the presence of n.

b. If the precipifute 1s black 1t will consist of either CoSor N1S or
possibly of FeS ; the metals N1 and Co may be distinguished from
one another by the colour of their solutions—N1 being green, Co
ptnk—and by the colours which they impart to the borax-bead
(936, 1V.). ¥eS 1s only precipitated here from a d:lute solution of
a ferrous salt : Ie” is best detected by paragraph 949.

TABLE IV.—BARIUM GROUP.

95I. Dip a loop of platinum wire either into the original
solution, or into the HCl-solution of the precipitate which
was produced by Am,CO,, and hold the wire in the Bunsen-
flame. Tf the flame-coloiation thus obtained is not decisive,
the confirmatory tests which are placed at the foot of each
column should be tried.

A yellowish green flame;-
Presence of Ba

Confirmatory -Add CaSo,
to a perfectly cold por-
tion of the HCl solu-
tion,a J)reclpltnte forms
vinmediately.

Note — A green flame
coloration may be pro-
duced by H3BO;.

A crunson flame, appear-
ing deep red through
thic indigo-prism —

Presence of Sr.

Confirmatory -Add CaS0,
to a peifectly cold por-
tion of the HCl solu-
tion, no precimtate 18
produced, but a pre-
cipitate rppears im-
mediately on boiling

A red flame, appearin,
dimgy green  throug
the indigo-prism —

Presence of Ca.

Confirmatmy -Add CaSO,
to part of the HCI solu-
tion and boil; no pre-
cipitate  To the 1est
add AmHO in excess,
and AmgCy04: & white
precipitate forms.,

EXAMINATION FOR THE ACID-RADICLE.

952. If the acid-radicle has not been found already by
the Preliminary Wxamination (938-94I), or during the
Examination for the Metal (942-946) or elsewhere, it must
be tested for as is directed below.

Since the solubility of the substance (935) and the metal
which it contains are now known, much trouble is usually
saved by referring to the “ Table of Solubilities” (1038).

For the following tests separate portions of the original
substance must be used, and the tests must be tried in
succession until an acid-radicle is found.
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953. Nitrate, if it is present in small quantity only, may
have escaped detection in the Preliminary Examination. It
is well, therefore, to test for nitrate in the aqueous solution
of the substance by ferrous sulphate solution and H,SO,

(537)-

954. Sulphate —Acidify the liquid, or if the substance
is a solid dissclve it, with dilute HCI, and add BaCl,. If
Pb, Hg', or Ag has been found, acidify with HNO,and add
Ba(NO,),, since HCl and chloride would precipitate any of
the above metals as chloride. A white precipitate forms,
which does not disappear when the liquid is boiled .—
DPresence of Sulphate.

955. AgNO, test.—Acidify the liquid, or if the substance
is a solid dissolve it, with dilute HNO,- filter off any pre-
cipitate or residue which may form, and add AgNO -solution.
A precipitate forms, which does not disappear when the
liquid is warmed. Note the colour of the precipitate, and
examine it according to the directionsin 1, 2, or 3 below .—

f
| 1. The precypitate 18 white; 1t may consist of AgCl, AgCy, AgFeCyq or
AgCyS Make a portion of the original solution just actd with HCl, then

add Fe,Cly —

A deep blue precipitate : A blood-red coloration -
Pregence of a jpmacyamde. Presence of a sulphocyamide.

If Fe,Clq has yielded neither a precipitate nor coloration, indicating absence
of a ferro- and sulpho-cyamde, decant the liquid from the precipitate
caused by AgNO;, pour upon the precipitate some stiong HNO; and boil

The precipitate remains The precipitate dissolves :
undissolved Presence of a cyamde
Presence of a chloride. Confirm the presence of a cyanide in a portion of

the orgmnal solution by boiling it with FeSO,,
Fe,Clg, and KHO, and acidifying with HCl: a
blue precipitate  Presence of a cyamde.

2 The preciprtate is yellow, and may conéist of AgBr or Agl.
Test some of the original solution for an fodide by adding to it starch solution
and KNO, solution, then acidifying (if not already acid) with UCl: a deep

blue coloration: .
Prescnce of an iodide.

If an fodide is not thus detected, add to ther portion of the original solu-
tion several drops of Cl-water, 1if the liquid becomes yellow, and on being
shaken with CS; colours that liquid reddish brown, it shows:

Pregence of a bromdde.

8. The precipitate is orange red, and is probably AgsFe,Cyia.
Make a portig; of the orlé’l:ml solution l;ust, acld wrth 230\2, then add FeSO,
solution ; u deep blue precipitate shows :
Presence of a ferricyanide.
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Note.—If Hg has been found, HgCy, may be present even if no
precipitate has been formed on the addition of AgNO, If HgCy,
has not been already detected in paragraph 936, and 1its presence
is suspected, refer to paragraph 651.

056. Phosphate, Arsenate.—Acidify the liquid, or if the
substance is a solid dissolve it, with dilute HNO,. Filter if
necessary, add a small quantity of this acid solution to
some AmH MoO,-solution, stir well and warm gently :—

4 yellow preciputate shows :— | If no precipitate forms, heat to '
boiling , the formation of a
Presence of Phosphate. yellow precipitate shows :—

Presence of Arsenate ‘

The presence of phosphate or arsenate may be confirmed by
separating the yellow precipitate by filtration or decantation, and
dissolving it by means of a little AmHO. When AmCl and MgSO0,
are added to this solution a crystalline precipitate will form. This
is filtered off and washed with a little cold water, and several drops
of AgNOj;-solution are poured upon it on the filter. If the preci-
pitate becomes yellow, phosphate is present ; if it becomes brown,
arsenate is present. The presence of arsenate is further confirmed
by the appearance of a yellow precipitate (As,S,), when H,S is passed
into the boiling HCl-solution of the original substance (313).

057. Borate.—Acidify the original liquid, or if the sub-
stance is a solid stir it, with HCl. Dip into this solution a
piece of turmeric-paper, and dry it at a gentle heat. If the
paper is reddish-brown when it is dry, and the colour changes
to dingy brown or blue black when the paper is moistened
with AmHO, the Presence of Borate is proved.

958. Tartrate, Oxalate, Fluoride.—The Acid-radicles, one
of which may be present, are T, C,0,, and F. If the
metal already found belpngs to Group I., II, IIL, or
IV., the examination for one®of these radicles must be
commenced at paragraph 960; if the metal present is K,
Na, or NH,, examine by paragraph 959.

059. Make the solution just alkaline with AmHO, and
add CaCl-solution in some quantity; then shake the
liquid-well and let it stand if no precipitate forms at once.
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The Preliminary Examination (939, 940), will have indicated
already which of these acid-radicles is present: it is there-
fore possible to decide which of the three columns below
must be used for the further examination of the pre-

cipitate :—

L A crystallane preapitate, ap-
peanng after some tune, shows
probablepresence of a tartrate.

Confirm by 1 or 2 below :—

1, Decant the liquid from the
precipitate, add a httle water
and a single drop of AmHO,
drop in a small crystal of
.t& O3 and warm very care-
fully; a mirror is formed
below the crystal, presence of
@ tartrate. 'This test may be
tried also with the ornginal
solution by pais 693 694

2 On acidifymg some of the
neutral onginal solution with

HA and adding alcohol and

EX (unless K or NH, has
been detected m the sub-

11, A white pulverulent pre-
cipitate shows probable
presence of an oxalate.

The presence of an oxalate,
already ndicated by the
test 1n 939, 5, must be
confirmed either by warm-
ing some of the origmal
substance with MnO, and
H,80,, and testirlx’g tfl(n)r
CU, gas : or by the
mo?‘e teé?t’nsl)s method of
filtering off and diyiug
some of the above pieci-
pitate of CaC,0,, then
igmting 1t anﬁ testing
for a carbonate with HCl
(677)

III. 4 yelatinous
Jloceulent preeyn-
tate shows plo-
bable pregence of
a fluoride.

Confirm by filtering
and wa mingsome
of the precipitate,
or of the sub-
stance 1 solid,
in a small cup of
lead or platmum
with strong
H,80,; fumes
will be evolved
which etch a pro-
perly  prepared
watch glass (606),

stance), and stirnng or shak.
ng well, the formation of a
crystalline precipitate shows
presence of a tartrate

960. An oxalate or fluoride of Ba, 8r, Ca,or Mg will have
been already detected. A tartrate of any one of these
metals is found by gently heating the finely powdered sub-
stance if it is solid, or the ncutral solution if it is liquid, with
very dilute AmHO and a crystal of AgNO,: the formation
of a mirror shows the presence of « tartrate. If a metal of
Group I, IL., or IIL has been found, the metal must be
separated before the acid-radicle is tested for.

If the metal belongs to Group I. or II., make the original
solution just acid with HC], and either add H,S-solution, or
pass H.S into the liquid for about five minutes, Filter off
the precipitate and add more H,S to the filtrate ; if no more
precipitate forms,* boil the liqui(f in a porcelain dish until it
ceases to smell of H,8, and examine the liquid by par. 959.

* If any further precipitate forms, add more of the reagent, filter,
and test again by adding more of the reagent ; this addition of re-
agent, filtration, and testing the filtrate is repeated until no further

. precipitate forms when the reagent is added again to the filtrate, |



961—963.] FOR THE ACID-RADICLE. 319

If the metal belongs to Group III.,, add AmCl, and
AmHO till the liquid is alkaline ; then add Am,S, boil and
filter ; now add more Am,S to the filtrate, and if no more
precipitate forms (see Footnote, page 318), add HA in
excess, boil, filter off S if necessary, and examine the liquid
by paragraph 959.

96I. If no Acid-radicle can be found in any quantity
and the substance is not metallic in appearance, it is prob-
ably an oxide, hydroxide, or perhaps a sulphide.

Most sulphides yield sulphate when they are boiled with
strong HNO, - the sulphate may be detected, after the acid
has been diluted, by paragraph 954.

An oxide may often be known by its colour (932), or by
some characteristic test. Thus black MnO, may be identified
by evolving Cl when it is heated with HCI, and red Pb,0,
by leaving brown PbO, when it is treated with dilute HNO,.

EXAMINATION O GROUP IlLa.

062. The Precipitate in Group IIL.A., which has been
produced by the addition of AmCland AmHO to the original
acid solution of a substance which is insoluble in water, may
consist of ALLH,0,, Fo,H,O,, Cr,H,O,; or of Fe, Al, Cr, Zn,
Mn, Ni, Co, Ba, Sr, Ca, Mg ar phosphate or oxalate ; or of
Ba, Sr, Ca as chromate or fluoride.

The Systematic Examination of a precipitate in Group
ITI.A. for these stbstances is usually only necessary when a
phosphate has been detected (942), and occasionally when
an oxalate (939, 5), a chromate (946), or a fluoride (940)
is present.

If a precipitate forms in Group III.A,, and the above acid-
radicles are absent, examine it by paragraph 949.

If one of the above acia-radigles is present, the metal must
be tested for as is directed below, unless it has been already
detected with certainty during the Preliminary Examination,
or by theordinary procedure given in the General Table(g42).

963. Note the Appearance of the Precipitate which has
been produced by AmCl and AmHO:; then add Am,S to
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the liquid and precipitate, and stir well. According to the
appearance which the precipitate now presents, proceed to
examine further by paragraph 964 or 965.

964. The Precipitate, after the Addition of Am,S, is Black.
—It may consist of FeS, CoS, or NiS. The means of
distinguishing these three metals is given below, Note first

the colour of the original solution (937, I.).

a. The colour of the ori-
gwnal solution was
ellow or reddish-
own —
Presence of Fe™”,
(Ferricum )

This 18 confirmed by
the precipitate pro-
duced by AmCl and
AmHO 1n the on-
ginal solution hav-
g been pale-yellow
or reddish - brown,
and becommg black
on addition of Am,S

As a confirmatory test

b, The colourof
the orginal
solution was
pnk, or pos-
81bly blue be-
coming pink
on dilution
Presence of
Co.

The presence
of Co may be
confirmed by
adding _ ex-
cess of KHO
to the org-
nal solution,
a blue preci-

¢. Thecolour o

the orqinal solution

wag green —Pregence of Ny or Fe”,

Note the effect which was produced
by the addition of AmCl d

AmHO

an

A bdlue solution
was produced —
Presence of N1

The presence of
N1 may be con-
firmed by adding
excess of KHO
toa part of the
original solution,

A dingy green pre-
apitate, which,
when shaken
round in a por-
celamn dish and
left for several
minutes exposed
to the air, be-
comes brown —
Presence of Fe”,

add to a portion of | pitate tumn-| a light green (Ferrosum )
the origmal solu-| ing red on precipitate
tion, acidified with | boilingshows| ghows the pre- | Confirm by adding
HCI if necessary, a| the presence| sence of Nu. K3leCyg to some
few drops of KCyS| of Co. of the original
solution, a blood-red N1 will also have | solution, acidi-
coloration 18 pro-|Co will also| beendetected by | fled with HCl
duced. have been| its borax bead| if necessary; a
detected by| (936, IV) dark blue preci-
Ltesad b((‘);;éﬁ pitate is pro-
) duced.

005. The Precipitate, after the Addition of Am,S, is White
or Light-coloured.—It may consist of Cry(HO),, Al(HO),
Zn8, Mn8; [or of BaCrO,; or of Ba, Sr, Ca, Mg, as phos-
phate, oxalate, fluoride, silicate, or possibly borate]. The
substances in brackets can, however, only he present if the
liquid given for analysis was acid in reaction, or if a solid
was given which was insoluble in water but soluble in acid.

To a small portion of the otiginal solution add KHO drop
by drop until a precipitate is produced. (See Note below
the Table.) Observe the colour and appearance of this pre-
cipitate, then add a larger quantity of KHO and stir or
shake the liquid well. One of the following results (« or b)
will be noticed :—
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a. The precipitate at first produced by KHO re-dissolves when
the KHO is added in larger quantity; indicating the pre.

sence of Al, Zn, or Cr.

cipitate :—

Note the appearance of the pre-

4 gale green flocculent precipn-
tate —
Presence of Cr.

Confirm by boiling some of the
green KHO solution with lead-
f)eroﬂde (Pb0,), a yellow hiqud
s obtaned, wfuch, if decanted,
ylelds a jellow precipitate on

addition of HA in excess

The colour of the solution and of
the borax bead will also have
detected Cr.

Note.—If the Cr was present in
the acid-radicle of a chromate,
AmCl and AmHO will have
yielded no precipitate , but there
will have been a green precipi-
tate on addition of Am,8 and
heating

o

A white preaypr-
tate, which 13
re -precypitated
JSrom the KIIO
solution, by ad-
dition of a few
drops of 8-
water Dbut 1s
not re-precipi-
tated by addi-
tion of AmCl:
Presence of Zn

Confirmed by no
precipitate hav-
g been pro-
duced by AmCl
and AmHO, but
a white precapr-
tate by addi-
tion of Am,S,
or of H,S after
AmlIo

A white flocculent precypitate, not
re{n'mpotated from the KHO
solution by faddition of a few
drops of H,8-wateror by boil-
mg, but reprecipitated immedi-
ately if suficient AmCl solution
18 added —

Piesence of Al (see Note).

Note —Al1PO, is also precipi-
tated here, and is goluble in KHO,
but differs from Al 110) 1n be-
{ng reprecipitated trom the KHO
so.ution by addition of excess of
ITA; if PO, has been detected
the analysis 18 finished. AIPO,
13 <oluble only m acids, henoe
the origmnal hqud must have
been acid or the original solhid
substance insoluble in water.

Note.—Sometimes a flocculent prglmtate is produced on adding
AmCl and AmHO to the original solution, and yet no precipitate 1s
produced by KHO ; this renders probable the presence of an alkaline
silicate. In this case evaporate a portion of the solution to dryness with
HCl; warm the residue with HCI : 1f any insoluble residue is left, the
presence of a sulacate is proved ; filter and test the filtrate for K or Na.

i

b. The precipitate at first produced by KHO does not redissolve
on addition of more K10 ; the precipitate will have one
of the followinr appearances :—

A white or dingy yellow pre-
aptate, rapdly darken-
wng when shaken in the
ar.— !

Presence of Mn.

Confirmed in the prelimi-
nary examination by pro-
ducing a green mass when
fused with Na,CO, and
KNO,, and by no precfpitate
having been produced on
addition of “AmCl and
AmHO, unless the solution
waa exposed for some time
to the air.

4 pale yellow preapitate,
not darkerang wn the aw
this precipitate will also
have been produced by
AmCl and AmHO and its
colour will not have been
altored by addition of

me —
Presence bf BaCi0y.

Ba has been already de-
tected by the flame colora-
tion (936, II), and a chro-
mate by the change of
colour of the orange red
liquid to green on adding

HgS (946).

A white preaimtate, not
darkening wn the air .—

Presenco of Ba, Sr, Ca, or
‘I;I g as phosphate, oxalate,

C.
Pass on to par 966,
Note —This  precipitate

can only be formed if the
original solution was acid,

I
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066. The precipitate may consist of Bu, Sr, Ca, or Mg as
phosphate, oxalate, borate,* fluoride, or gilicate.

Examine for the metal and acid-radicle as directed below,
working through the columns from left to right, unless the
presence of a phosphate (942), oxalate (936, I. 4, or 939, 5),
borate (936, II., or 937, V., or 941), or fluoride (940), has
been already proved, in which case proceed at once to
examine according to 967, or by the suitable column below.

If this precipitate is proved tocontain a phosphate, oxalate,
borate, fluoride, or silicate, the further examination for an
acid-radicle becomes unnecessary.

1. Add AmHO 1 excess
to a portion of the origi-
nal solutiont, filter, dry
the preclpxtaﬁe and heat
a portion of it to a dull
ted heat for several
minutes on platinum

foil
Place the foil in a test-
tube and pour a few
dropsof dilute HCl upon
it; if the residue dis-
solves with efferves-
cence, 1t shows the
presence of an oxalate.

Test this HCl solution
for Ba, Sr, Ca, Mg, by
942, using 1t as the
original solution.

If the ignited precipitate
does not dissolve with
effervescence, pass on
to column 2,

2. 8tir some of the pre-
cipitate produced by
AmHO{, column 1, on
a watch glass, with a
hittle water to which a
few drops of HCl have
been added, until the
precipitate 18 dissolved
Dip into the liquid a
shp of tyrmeric paper,
and dry &b steam heat,
the shp appears reddish-
brown, and becomes
blue-black whenmoist-
ened with AmHO —
Presence of a borate.

Examne for the metal
present by 968

If a borate 1. not found,
proceed to column 8.

8. Place another portion
of the precipitate pro-
duced by AmHOt, co-
lunin 1, in a leaden
cup or platinum cru-
cible, add strong Hy80,

and warm gently,
covering the vessel
with a watch glass,

which has been coated
with a film of wax and
has had characters
traced with a sharp
point through the wax
(606), the glass is
etched —

Presence of a fluoride

Examine for the metal
present by 968

If no ﬂuoride is found,
test for a silicate by
par, 968

967 . Examination of a phosphate.—Add to a portion of
the cold original solution AmHO drop by drop, whilst con-
stantly shaking the liquid, until a slight* precipitate is
formed which does not disappear on stirring; then add
HA and NaA solution, and drop ins Fe,Cl, until the liquid
after being well shaken has a bfown or red colour; boil and
filter immediately. The precipitate is thrown away. To

* Borates of Ba, 8r, and Ca, ure 1arely precipitated in Group III., since they are
soluble in the AmCl Tormed o ding AmHO to the HCI solutio:
1f a solid is bein, exnmined a portion of the original .olld is employed for
this test, instead of the p ecipltate produced by AmHO in the HC] solution.



968 ] PHOSPHATE, ETC., IN GROUP III. 323!

the filtrate AmCl is added, then AmHO in small excess, and I
the liquid is boiled and filtered : the liquid or filtrate, which
must smell strongly of NH,, is then tested for Ba, Sr, Ca,

and Mg (942).

Note.—If any precipitate is formed by Am,CO,, it must be well
washed several timeswith boiling water in order to prevent the colora-
tion of Na from masking that of Ba, 8r,or Ca. This risk is avoided
by substituting AmA for NaA 1n precipitating the phosphate radicle.

Explanation of the Method for Examination of a Phosphate.

In order to detect Ba, Sr, Ca, or Mg present as phosphate, the PO,
must be removed from the solution and the metal left as chloride. This
18 effected by neutralising all HCI and leaving the solution acidified
only by free HX ; by addition of Fe,Clym sllght excess and boiling, all
PO, is preclpltabed as FePO, which though soluble in HCI is pelfect]y
insoluble in HA. On ﬁltering, FePO, remains upon the filter, and the
filtrate contains the metal (Ba, Sr, Ca, or Mg) as chloride together
with a little Fe, but is perfectly free from phosphate.

008. Examination of a borate, fluoride, or silicate.—A
portion of the original substance is placed in an evaporating
basin, which is then nearly filled with dilute HCI, and the
liquid is entirely boiled away ; the dish is once more filled
with acid, and again evaporated to dryness: the residue in
the dish is then warmed with dilute HC, and filtered if
any residue is left :—

Solution : the HCl solution is examined for | Residue : if any resi-
Ba, Sr, Ca, Mg by 042, this solution| Gue remains in-
being treated as is there directed for the| soluble in HC, it
original solution. proves :—

Presence of a silicate.

Explanation of the procxss.—The evaporation to dryness with HCl
removes HyBO; and HF, which volatilise, whilst 81Oy is left insoluble
in HCl and therefore remans as an insoluble powder on afterwards
warming with HCl; this residue of SiO, also remains, however, if
HF was present, being caused by the corrosion of the dish ; since how-
ever HF if prosent has already been found no notice will then be
taken of the residue,
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THE SUBSTANCE POSSESSES METALLIC
LUSTRE.

069. This shows the probable absence of an acid-radicle.
The only non-metallic elements likely to be present are free
carbon as graphite, frce iodine, or combined sulphur, since
scveral sulphides are decidedly metallic in appearance*. The
presence of the metals Ni, Co, Fe in the free state, and of
Fe;0,, may be shown by the substance being attracted by a
magnet.  Pb, or graphite, will be recognised by marking
paper when rubbed upon it, as a black lead pencil does: the
mark due to Pb disappears if wetted with dilute HNO,.

PRELIMINARY EXAMINATION.

Experiment. Observation Inference.

I. Heat a portion of
the substance in
a small ignition-
tube

1. A black lustrous mirror forms .

2. A yellow sublimate forms, melting,
when heated, to biown drops. .

3. Violet vapour is' given off, condens-
mg to black scales on the sides of
the tube

Presence of As

Presence of 8.

Presence of 1.

If the substance sublimes entirely | Iodine alone1s pre-
as violet vapour . . . . sent.
IT Heat a portion | 1. Smell of garlic ... Presence of As.
intheinnerblow- | 2. If an incrustation forms, refer to
pipe flame in a ar 936, V., where inthe second and
cavity scooped hird column will e found the ap-
on a piece of | pearanceoftheincrustationand the
wood charcoal. metal whose presence it indicates.
3. Smell of burning sulphur . .| Presence of S,
4. A green flame coloration . «| Presence of Cu.
(
IIT. Placeaportion | 1. A gas is evolved from the upper
of the substance | end which smells of burning sul-
in a pieceof hard | phur and turns a piece of fllter-
glass tube open aper moistened with K,Cr;0;, solu-
at both ends, and 10D green e « « '« .| PresenceofS.
heat it strongly | 2. The substance burns completely
in the Bumnsen| but slowly away, ﬂowing when
flame, and after- ltronily heated. ’l‘h effect is best
Wi mn e| seen by heating it strongly on Pt-
blowpipeflame if | . foil by directing thedlo e
necessary. on the under surface of the foil .| Presence of O,

.

* The most common sulphides which possess metallic lustre are copper
pyrites and wron pyrites, which resemble brass in appearance : and galena,
whivh resembles lead.
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After the Preliminary Examination has been completed,
proceed as is directed in paragraph 935.

Sulphide, Phosphide, Arsenide.—No acid-radicle need be
tested for except 8, P and As, which are most easily detected
after they have been converted into acids by oxidation. A
portion of the finely-powdered substance is accordingly dis-
solved in strong HNO,, and this solution is diluted with
water : H,80, is then tested for by BaCl,, and H,PO, and
H,As0, by AmHMOoO, (956).

THE SUBSTANCE IS INSOLUBLE BOTH IN
WATER AND IN ACIDS.

070. An Insoluble Substance may be any one of the
following. Those included in brackets are less likely to
occur than the others, since they dissolve when they are
heated with sufficient water or acid. Aswill be seen below,
the colour frequently serves to indicate what substance is
present. For a fuller description see paragraph 1074.

1. White : BaSO0,, SrS0,, (CaS0,), Pb8SO,, (PbCl,), AgClL*
8i0,, ignited Al,O,, Sn0,, 8b,0,, Sb,0,, CaF,.

%. Dark-coloured : ignited %e,0, (dark brown or black),
ignited Cr,0, (dark green or black), KeCr,0, and
ignited PbCr0, (dark brown), C (black).

3. Yellow: S, AgBr,* AgLl* (Pbl).

4. An insoluble silicate may also be present.

Examine the substance by paragraph 971, 973, or 974.

971. The Substance is White (970, 1).—If sufficient sub-
stance is available, try the following preliminary tests
(L-1V.); if not, proceod at once to paragraph g72.

1. Pour a drop of Am,S upon a small portion of the sub-
stance. If it blackens, the presence of Pb or Ag is probable;
if it becomes yellow or orange-red, the presence of Sn or Sb
is probable. Pass on to Test 1V. in the following Table.

If no change of colour is produced by Am,S, try Tests II.
and III. in the following Table.

* Darkens quickly u;'sﬂii;l;t, and siowly in o;'d—inary d;;lxght.
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Experiment. Observation Inference.
II Moisten a clean loop | A yellowish green flame. | Presence of Ba
of platinum wire, im-
merseit in the powdered
substance, and heat the Test for

adhering powder for a
short time strongly in
the wnner blowpipe
flame ; moisten the loop
with a drop of strong
HCI, and hold it in the
Bunsen flame

A crimson flame, appear-
ng deep red through the
mdigo-prism,

A reddish flame, appear-
mg dusky green through
the indigo prism.

Presence of Sr > SO, by
Exp IIT.

Presence of Ca

IIT Fuse a portion of the
substance, mixed with
Na,CO; in fine powder,
in acavity scooped upon

apieceof wood charcoal,

in the inner blowpipe
flame produced from a
syt lamp flame

The cooled mass, if de-
tached from the char-
coal, placed upon a
bright silver coin, and
moistened with water,
gives, when crushed with
the blade of a knife, a
black stain

Presence of a sulphate.
Note —1f 80, 18 not
found, test for F by ¢40
or 606, and further
examine the substance

by g7e.

IV Mix some of the
finely powdered sub-
stance with ]{:owdered
Na,C0,; and KCy, on a
small cavity made 1n a
piece of wood charcoal,
and heat the mixture
m the 1nner blowpipe

ame.

If metallic globules form,
detach one and strike 1t
smartly with the pestle
on the inverted mortar.
Also take a globule on
the point of a penknife
and tryif it marks paper
as black lead does.

White metallic malleable
globules, which mark
paper, and if dissolved
m HNO, give a white
precipitat({ with H.S0,;
a yellow 1ncrustation is
also formed on the
charcoal

White metallic malleable
globules which do not
mark paper; the{ dis-
solvein HCI, thesolution
giving a white precipi-
tate with HgCl,.

White metilhc brittle
globules, which, it dis.
solved in boilikg HC],
give an orange red pre-
cipitate with H,S s white
ncrustation.

White scales, no incrus-
tation: the metal is
insoluble in HC), and it
dissolved in HNO; gives
no precipitate with
H,S0, but a white pre-
cipitate with HCl ; the
original substance is
instantly blackened by
a drop of Am,8, and is
dissolved on  being
warmed witk AmHO .

1 Presence of Pbas chloride,

sulphate, or chromate.
Refer to the Note below
this Tahle.

Pregence of Sn0y .

Prealwu:a 0f Sby040r SH,05

Presence of AgCl. Pro-
ceed to 972

Note.—Boil some of the substance with much water, add HNO, and
AgNO,, a white precipitate shows presence of PoCl,.

Test for chromate by fusing in a porcelain crucible with NayCO;+
K,CO; ; a yellow mass on cooling shows presence of PbCrO;.

The presence of PbSO, may be proved by Exp. I1L., and by pouring
upon the original snhatanea H,T then excess of AmHO, and boiling:
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then filtering if necessary. acidifying a portion of the clear solution
with HA, and adding K,CrO,; a yellow precipitate shows the
presence of Pb, Another portion may then be acidified with HCl,
and 1f BaClz produces in it a white precipitate insoluble on boiling,
presence of 8Oy 18 proved.

If none of the above substances have been detected, test
for ALO, and 8iO, by heating the substance strongly on
charcoal in the outer blowpipe-flame, after moistening 1t
with Co(NO,),-solution; a blue mass shows Presence of
A1,0,, unless SiO, is found by the next test.

Fuse some of the substance in a clear bead of NaAmHPO, ;
particles float undissolved in the bead :—Presence of Si0,,
or silicate. Proceed to par. g72.

072. Mix a portion of the finely-powdered substance with
four or five times as much fusion mixture (Na,CO, + K,CO,)
on a piece of platinum foil, or in a porcelain crucible if Pb
or Agis present. Heat the mixture for several minutes in
the blowpipe-flame (see fig. 80, 1076), keeping the alka-
line carbonates in a fused and liquid condition. Then boil
the cool mass with water, and filter the liquid : wash the

residue well on the filter, anc’ examine the residue and the
filtrate as is directed below.

(@) Remove tl: Residue from the filter and heat it with
dilute HNO,. If it does not dissolve, decant the acid, and
heat the residue with a small quantity of a mixture of dilute
HNO, and HCL. If the residue is still undissolved, fuse it
again with fresh fusion mixture, and treat it as is directed
above.

Examine the acid solutionfor the metal by par. 942

(b) Examination of the Filtrate.—When the metal has
been detected, it will usually be possible to limit the number
of acid-radicles which need be tested for, by referring to
the list in par. 970. Tests are given below for all the acid-
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radicles which are likely to occur in an insoluble substance.
A separate portion of the filtrate must be used for each test.

Sulphate: acidify a portion with HCI and add BaCl,: a
white precipitate will form.

Chloride : acidify a portion with HNO, and add AgNO,:
a white precipitate will be produced, which is easily soluble
in AmHO.

Bromide, Iodide : if the precipitate produced by AgNO,
has a yellow tinge and is not easily soluble in AmHO, add
to a fresh portion of the filtrate a little CS,; then add
acidified CaCl,0-solution drop by drop, shaking well be-
tween each addition. A brown coloration of the CS, shows
a bromide, a violet coloration an iodide.

Silicate : make a portion acid with HCl and evaporate to
perfect dryness; if an insoluble residue is left when the
solid matter in the dish is warmed with dilute HCI, this
proves the presence of silica or a silicate.

Fluoride : acidify with HA and add CaCl,: a gelatinous
white precipitate will form. Confirm by trying the tests
in paragraphs 940 and 606 on some of the original substance.

973- The Substance is Datk-coloured (970, 2).

Place some of the substance on a piece of platinum foil,
and heat the foil strongly on its "nder surface by the blow-
pipe-flame :— :

The substance burns away | The substance does not burn away ; place upon 1t
slowly but completely:— | three or four times as much powdered NayCOg
and KNOg, and fuse for sume time :—
Presence of C.

1. The substance dissolves, forming a yellow mass
when cr‘ld :—PRresence of Cr203.

2. The substance remains undissolved as a dark
brown powder, and the mass on cooling 1s
white ;— Presence of Fe;03.* Confirm by boil-
ing the mass with water, filtering, and fusing
the brown residue into a borax bead (z00).

* FeCr,0, shows both reactions 1 and 2, since it contains both Fe
and Cr.
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074. The Substance is Yellow (970, 3).

Heat a portion of it strongly in a small ignition-tube ; one
of the following results will occur :—

lt wzl} Suse and sublime, the | It will fuse but not sublime.
sul)lll}xlate bou}gd .011110wl') and | pyamine a portion of the sub
:ine tmgh to  re }13 ° d rown stance for Ag and Pb and for
rops when it is heated :— Br and I by paragraph 972.

Presence of S.

Note —-If the substance sublimes en-
tirely it consists only of sulphur.

-
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ANALYSES OF SIMPLE SALTS, SHOWING HOW
TO ENTER RESULTS.

A. Liquid given for anulysis.

Preliminary Examination for the Metal.

2. Di Ped into it a piece
of blue litmus-paper.

8. Evaporated a few drops
slowly upon a watch

glass,
Ignited the residue
strongly.

4. Added KXHO solution
and boiled.

6. Dipped a loop of pla-
tmum wire into the
solution and held it in
the flame.

6. Dipped a clear borax
bead into a portion of
the residue from 8, and
fused in the outer and
inner blowpipe flame.

The paper was turned
red, but on addition of
Na,CO3 no efterves-
cence occurred

Pale blue residue left

Blackened Without smell
of burning

No smell of NH,;

Bright green flame; on
moistening the wire
with strong HCl and
again holding it 1n the
flame it gave a blue
coloration.

In outer flame thé bead
was green whilst hot, \l
blue when cold. ¢

In inner flame 1t be-)
came colourless,

Experiment. Observation. Inference.
1. Noted the colour of the | Blue. Presence of Cu.
hqud,

Presence of a salt with
acid reaction,

Presence of some dis-
solved solid.

Absence of organic acid-
radicles.

Absence of NH,,

Presence of Cu.

Presen'ce of Cu.
€

Preliminary Examination for the Acid-radtcle.

Experiment.

Observatéon. .

Inference.

1. Added dilute H,SO,
and warmed.

2 Added stron 0.
and warmed, 8 Hi80,

No gas was evolved.

No was evolved
Andno red fumeson add.
ing Cu clippings.

Absence of carbonate,
sulphite, sulphide, and
pitrite,

Absence of chlorate, &ec.
Absence of nitrate.
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Ezamination for the Metul,
To a portion of the liquid added HCl:—

| No precipitate.
Absence of Group I.

Added strong H,S-water :—

A browmish black precipitate.
Hg”, Bi, Pb, or Cu.

Allowed the precipitate to settle, pourcd off as
much of the liquid as possible and boiled the
precipitate with excess of NaHO, 1t remained
undissolved.

Since the original solution was blue, a clean knife
blade was dipped into a portion of 1t acidified
with H,80,, red copper was deposited on the

steel:—
Presence of Cu.

Presence of Sn”,

Eeamination for the Acid-radicle.
Added HCI and BaCly; a white precipitate was produced
which did not disappear on boiling:—Presence of sulphate.
Found Cu, SO,.

B. Liquid given for analysis.
Preliminary Examination for the Metal,

Experiment. Observation. Inference.

Light yello » Presence of a neutral

1. Noted the colour of
the liquid.

2. Dipped red }itmus-
paper into the liquid.

8. Evaporated a few
drops to dryness upon
a watch glass,
Ignited the residue
strongly.

4. Boiled a portiox with
excess of 0.

5. Dipped a loop of pla-
tinum wire fnto the
solution,and held it in
the Bunsen flame.

6. Dipped a clear borax-
bead into the residue
from 8, and fused In

o the outer and inmer
blowpipe flames.

3
It was turned faintly
blue

A yellow residue re-
mained.

No blackening.
No smell of NH

A g)ale lavender flame,

n crimson

tl‘:rl?usn gt.he indigo-
prism,

Outer flame: brown,
hot; green, cold.
Inner flame: green,
hot and cold.
Brown colour not
reappearing in the
outer flame. J

chromate,

Probable presence of an
alkal-salt.

Presence of some dis-
solved solid.

Absence of organic acid-
radicle. e

Absence of NH,.

Presence of K.

Presence of Cr us &
chromata.
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Ezamination for the Metal,

Since the liquid was alkaline in reaction, added to a small
portion of it & few drops of HNO, until it became acid, this
produced no precipitate.

Toanother portion added HCI, the liquid turned from yellow
to orange red, indicating presence of a neutral chromate:—

No Then added H,3-water and warmed :
pracipitate.
Absence of | The liquid be- | To another portion of the original solution added AmCl, then,
Group I, came green, | AmHO, no precipitateformed. thenadded Am,S and boiled :
and  white
8 was de- | No precipstate in the cold, | Added to another portion of the
posited: but on boiling a green solutlan AmCl, AmHO, and
flocculent precipitate gra- m,CO; :
Pressnceof a | dually formed, evidently
chromate. | consisting of Cr;Ho, re- ecipitats, | Added to the
duced from the chromate A sence of same portion
Group 1V, Na,HPO, and
stirred :
No precimtate,
Absence of Mg,

Since K was found by the flame coloration in the Pre-

liminary Examination, its presence was confirmed by stirring
a portion of the solution, to which a few drops of HCI had
been added, with PtCl, on a watch glass; a yellow crystalline
precipitate forming on the lines rubbed by the rod:—Pre-

sence of K,

Found K, CrO,.

C. A white crystalline substance given for unalysis.
Boiled a small portion with water; it dissodved completely,
Preliminary Evamination for the Metal,

Experiment. Observation, Inference.
1. Heated in a small dry test-tube. |Thesubstancegave off red s
fumes and oxygen
which lnmm agl w- Presence of a nitrate of a
ing r of wood., heavy metal,
1t lett a yellow ngsidue. | Presence of Pb, 8n, or B,
2 Dlpped a looi)not moistened pla.
wdered
mbmme lstaned wl strong
BCl and held in the Bunsen flame | A paleblue flame. Prosence of As, 8b, Pb,
s nut.ed- small portion in a cavity | Deflagration occurred. | Presence of a chlorate or
onwood charcoal in the inner blow- | Awhitemalleableglobule| nitrate. .
pipe flame, remained whlch easily
o neon. | etne ot
yellow incrustation, esence of Ph.
4. Fused oncharcoal in theinner blow- | S8ame result as with 8, | Presence of P,
pipe flame with Na,CO, and KCy.
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Fzamination for the Metal in Solution.

Boiled a portion of the powdered substance with water,
oooled, added HCl to a part of the clear solution, a white
precipitate was formed, which disappeared on boiling, but
appeared again in the crystalline form on cooling the liquid
(Probabie Presence of Pb),

Confirmed the presence of Pb by decanting the liquid and
boiling the precipitate with AmHO, it remained white and
did not dissolve; decanted the ammoniacal liquid, dissolved
the precipitate in a little A, and added K,CrO,, a yellow
precipitate .—Presence of Pb.

Since a nitrate was found in the Preliminary Examination,
1t3 presence was confirmed by adding strong H,SO, to the
aqueous solution of the substance, and pouring solution of
FeSO, carefully upon the cooled liquid in a test-tube; a
brown layer formed on the surface of the acid:— Presence of
NO,.

Aslso some of the solution,when heated with Cu and strong
H,80,, evolved reddish brown fumes:—Presence of NO;,

Found.—Pb, NO,.

D. A white powder, emitting no smell, given for analysis.

Boiled some of the powdered substance with water, it did
not dissolve: added a few drops of strong HCI and boiled,
the substance dissolved completely (absence of Group L)
without effervescence.

Preliminary Ezamination for the Metal,

Experiment, Observation, Inference.
1. Heated in a small dry test-tube. | No change. Absence of volatile and
fusible substances and
‘t)i‘ wﬁ of crystallisa-
on
8. Dipped a moistened loop of pla- | No flame coloration, Probable absence of K,
tinum wire into the powdered sub- | - N Na, Ba, 8r, Ca, Cu, &0,
stance, moistened the powder with
strong HCl and held it in the
Bunsen fame.
8, Hoated a portion of the powder | Thesubstancedidnotfuse.| Absence of alkall salt,
strongly on charcosl in the inner | A white luminousresidue,
blowpipe flame. which when moistened
Showed au slkaline of Ea. &, On,
0! an re-| Presence
action. Mg, *
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Examination of the Solution.

To a portion of the HCI solution added H,S-water; no
precipitate :—Absence of Group I11.

To another portion of the HCl solution added AmCl and
AmHO in excess; a white flocculent precipitate. Then
added Am,S, the colour of the precipitate was unchanged.

To a few drops of the HCI solution added KHO drop by
drop, until a white flocculent precipitate formed ; then added
excess of KHO and boiled, the precipitate did not dissolve,
and it did not become discoloured in the air :—Presence of
Ba, Sr, Ca, Mg as phosphate, oxalate, dc.

Added a drop of the original HCI solution to some
AmHMoO,-solution in a test-tube, and warmed gently; a
yellow precipitate -—Presence of PO,.

To another portion of the cold HCl solution added AmHO
drop by drop whilst constantly stirring, until a precipitate
formed which did not redissolve ; then added HA and NaA-
solution until this preclpltate dissolved when the liquid was
well shaken. Fe,Cl, was added until the liquid appeared
red, it was then boiled and immediately filtered. To the
filtrate AmHO was added in excess and the precipitate
filtered off, then Am,CO, was added; a white precipitate
formed :— Presence of Ba, Sr, or Ca.

Filtered, washed, and disselved the precipitate by pouring
upon it a few drops of boiling HCl. Dipped a loop of
platinum wire into the solution, gnd held it in the Bunsen-
flame; a red flame appearing dingy geeen through the
indigo prism :—Presence of Ca.

A few drops of the solution, when they were boiled with
Ca80,, gave no precipitate, proving the absence of Ba and
8r. The presence of Ca was therefore confirmed by adding
to the rest of the solution excgss of AmHO and then
Am,C,0,, when a precipitate was formed.

Found Ca, PO,.

E. A4 white odourless powder given for analysis.

Boiled a portion of the substance with water, it did not
dissolve. Added HCI and heated again, it dissolved com-
pletely (absence of Group I1.) and without effervescence.
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Preliminary Examination.

Experiment.

Observation.

Inference,

1. Heated a portionina
small dry test-tube.

2. Held s portion of the
subyta.ie, on a loop of
latinum wire in the
unsen fiume ; then
mowtened with HCl
and again licld in the
flame,

8. Heated on charcoal 1n
inner blowpipe flame.

The substance blackened
slightly ; it evolved CO,
which turned a drop oi
limc-water milky. The
residue in the test-tube
effervesced with HCl
whereas the original
substance did not.

A red coloration, appear

ing dusky green through
the indigo-prism,

A wiate 1 mass

Presence of an organic
salt of K, Na, Ba, 8r,
Ca, or Mg,

Presence of Ca.

Pr of Ba, Sr, Ca,

remained, which when
moistened on red -
mus paper turned it
blue.

or Mg.

Examination for the Metal.
Added to a portion of the HCI solution strong I,S-water.

|No precipitate :—
Absence of
Group IL.

To another portion of the HCl solution added
AmCl then AmHO in excess, @ while precipitate
JSormed ; added AmgS, the colour of the precipi-
tate remained unaltered.

To another portijn of the solution added KHO
drop by drop until a precipitats formed, then
more KHO and boiled ; a white precipitate in-
soluble in KHO, and not darkening in the air;
— Presence of oxalate, phosphate, &c., of alkaline
earths

Since the

resence of an oxalate of an alkali- or alka-
line earth-metal was indicated in the Preliminary
Examination, a portion of the original substance
was heated on platinum foil, then dissolved in
HCI (effervescence) and to the solution excess of
AmHO and of Am,COy was added.
was warmed and put aside till the precipitate
subsided, therythe liquid was decanted and the
precipitate dissolved 1n a few drops of HCL

A platinum wire dipped into this HCl solution
gave a red flame coloration, appeaning dusky-
green _through the indigo-prism :—Presence of
Ca. [Confirmed by another portion of this HCl
solution giving a white precipitate wilh excess
of AmHO and Am,C,0,.]

The liquid




336

ANALYSIS OF SIMPLE SUBSTANCES.

The presenas of C,0, was confirmed by heating some of
the original substance with strong H,SO, : gases were evolved
which rendered milky a drop of lime-water and burnt with
a blue flame, showing presence of CO, and CO :— Presence of

C,0, .

Found Ca, C,0,.

F. A yellow metallic-looking substance given for analysis.
Preliminary Examination.

Experiment.

Observation,

Inference.

1. Heated a portion of
the substance strongly
in a small tube closed
at one and.

2. Heated strongl{ on
charcoal 1n the inner
blowpipe flame.

8. Heated a fragment
stronglyin aglass tube
open at both ends,
and held obliquely
in the flame.

A yellow sublimate
formed which melted
into brown drops a
smell of burning$S was
evolved, and a pieceof
Enper dipped 1nto

2Cr,0- solution when
placed in the mouth of
the tube became green,

A brown residue left

Strongsmell ofburningS
The residue fused into
a dark-coloured glo-
bule, which when cold
was strongly attracted
by the magnet.

A gas was evolved which
hadasuffocatingsmell,
and which turned
K,Cr;0; paper green.

Presence of 8.
Probable presence of Fe .

Presence of 8.
Probable presence of Fu

¢
S0; from combustion of 8
<

Solution of substunce.
Warmed the powdered substance with a mixture of strong
HNO,; and HCI, it dissolved completely ; boiled down in an
evaporating dish, adding strong IJCl several times; when
nearly dry, diluted with water®

Ezamination of the solution for the Metal.

Since the substance dissolved entirely in the presence of
HCI, Group L is absent ; to a portion of the solution added

H,8-water :—




EXAMPLES OF ENTRY. 337

-

The solution be- | To another part of the solution added AmCl, then
came colourless,| excess of AmHO, a brown flocculent precipitate
and white Swas| formed : to a fresh part added excess of KHO,
precipitated ~—| brown flocculent precipitate insoluble in KHO,

Probable presence| Presence of Fe'.
of a ferric salt. | Confirmed the presence of Fe by adding to a fresh

art of the original selution KC}]S solution, a

lood-red solution : Presence of Fe'™,

Confirmed the presence of S by adding to a part of the
original solution BaCl,, a white precipitate formed which did
not disappear on boiling :—Presence of SO, dertved from

oxidation of sulphur.
Found Fe, S.

G. A white pouwder given for analysts.

Boiled a small portion with water, it did not dissolve,

Boiled another portion with HCI, it did not dissolve:
added HNO,; and heated again, the substance was not
dissolved. Hence the substance is insoluble in water and
in acids, and since it is white, it can only be BaSO,, SrSO,,
(CaS0,), PbSO,, (PbCl,), AgCl, SiO,, ALO,, SnO,, Sb0,,
or CaF,.

Poured Am,S upon some of the substance: its colour was
urchanged, probalble absence of Pb, Ag, Sn, Sh.

Preliminary Examination.

Experiment ‘ Observation. Inference.

1. Took some of the
powder up with a loop
of moist platinum
wire, igmited it
strongly in the inner
blow})ipe flame, mois-
tened it with HCI,
and held in the Bun- | A yellg‘wuh green color- | Pregsence of Bae
sen flame. atiol Y

2. Fused a portion with
na(:o on charcoal
in einner blowpipe
flame, placed (]
cooled mass on a
chstoned 1t Srith's | A black staln on th
molstene with a ck stain on the | Presence of 8.
drop of water, coin.

22
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Faxamination of the solution.

Fused some of the powder with fusion mixture on platinum
foil : boiled the cold mass with water, filtered.

Filtrale : made acid with HCl and added BaCl,, a white
precipitate, which did not disappear on boiling the liquid :—
Presence of SO, .

The residue on the filter was well washed with boiling
water, and boiling dilute HCl poured upon it, it dissolved
completely :—

Absence of
Group I.

To & portion added strong H,S-water and heated :

No preci-
AL

pitate.
f

To another portion added AmCl, then AmHO in excess,
then Am,S, and boiled :

o
Group II.

No preci- | To another portion of the original solution
‘pttata. added AmCl, AmHO, and Am,COy:

A of
Group IIL | 4 'w)gte precipitate. Presence of Ba, Sr,
or

a .

A platun;m lwére loop dlmﬁad iz;lto the
original solution gave a yellowish-green
tinf‘tltl') the Bunsen flame : gre

< Presence of Ba . H

Found Ba, SO, .



SECTION VI.

FULL ANALYTICAL COURSE AND
TABLES.

Introductory Remarks — After the reactions in the Fourth Section
have been tried, and the student has learnt how to detect the mem-
bers of each Group when they occur singly or together, substances
which may contain any members of the Groups should be analysed.
The substance which is given for analysis by the following Tables will
be either a liquid or a solid. Some hints, which will suggest the
method of analysing a gaseous mixtnure,will be found 1n paragraph 73.

PrELIMINARY EXAMINATION OoF A COMPLEX SUBSTANCE.

975. Before the student proceeds to apply the whole of
the Systematic Course to the analysis of substances of com-
plex composition, he will do well to examine a few substances
for Metals and for Acid-radicles by the Preliminary tests
only, which are given in paragraphs 985-1000. For a
detailed account of any of the tests in these Tables the
student must refer back to the description which 1s given of
it in Section IV.

A little study of the Tables (989-1000) will show that they
contain certain principal tests marked thus—¢ Exp. I1.”
These stand in the first coluian, In the second column are
placed the results which may be noticed on trying these
experiments; a glance through these will forewarn the
student of what has to be looked for.

The main classification of the observations which may be
made is indicated by black-type letters ; the subsidiary divie
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sions are marked by small numbers and italics; and the in-
dividual results are simply placed in succession in a vertical
column.

Occasionally an observation is made which it is advisable
to confirm by an additional experiment. This Confirmatory
test is entered in the first column just below the original
observation, and is marked Confirmatory in order to dis-
tinguish it from the main experiment ; its resultsare placed
beside it in the second column,

The student should understand that any of the results,
which are entered in the second column, may be obtained.

A few galts and mixtures, such as those mentioned in para-
graph 1170, should be subjected to a careful Preliminary
Examination by the student. The results should be entered,
as soon as they have been obtaned, m the tabular form
shown in paragraph 1107.

FuLn EXAMINATION OF SUBSTANCES IN SOLUTION.

976 After the student has become familiar with the
Preliminary Examination of solid substances, he should fully
analyse some easy substances which contain only a few
metals and acid-radicles. A beginning is made at paragraph
987,and after the Preliminary Exatnination has been finished,
the substance is dissolved, and a Systematic Examination of
its solution is made. The following paragraphs (977-982)
give a general explanation of the method of examining the
solution formetals,and of some points which require attention
during the procedure which is stated in the General Table.

077. It is necessary first %o se'pa,rate the Metals into
Groups, by adding the Group-Reagents in such order that
each precipitates the metals of one Group only,and leaves the
metals of all other Groups, which may be present, in solution.

This is effected by adding the Group-Reagents in the

< order which is directed in the General Table (1007). The
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Group Table in paragraph 931 furnishes a convenient ex-
planation of the scheme of the General Table.

The first Reagent added is HC!, which precipitates only
the metals of Group I., and leaves the metals of Groups II.,
III., IV. and V. in solution. Hence if a precipitate is
obtained when HCI is added in excess, it is filtered off; any
member or members of Group I. will then be present upon
the filter, while the members of all other Groups will remain
in the filtrate.

When H,S is passed into the Filtrate * metals of Group II.
alone will be precipitated and may be filtered off.

AmOl and excess of AmOH are added to the Filtrate,*
after the H,S has been removed from it, and Fe has been
converted into ferric salt by boiling it with HNO, The
AmHO will precipitate any members of Group IILa., while
Group I11.B. and Mg will remain dissolved by the AmCl,
and Groups IV. and V. will alo remain in solution.

The addition of Am,S to the Filtrate* will then separate
Group IIL.3. as sulphides.

Grroup IV is then precipitated from the Filtrate * by the
last Group-Reagent, Am,CO,.

The Frltrate * is examined for Group V., the members of
which are not precipitated’by any Group-Reagent, and will
therefore now remain in solution, if they were present in the
original liquid.

978. Addition of Reagents in Excess.—Each Metal
Group must be completely precipitated before the next Group-
Reagent is added. If any precipitate has been formed by
a Group-Reagent, it is accordingly necessary to add that
reagent in excess beford proeeeding to add the next one.
Unless the presence of each reagent in excess is made certain
before proceeding, much confusion may be caused.

"The general method for ascertaining that a Group-Reagent

* Or into the solution, supposing no precipitate to have been
obtained, and filtration therefore tu have been unnecessary.
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is present in excess consists in adding a few drops more of
it to the clear liquid ; the liquid must be rendered clear for
this purpose either by filtration or by letting the precipitate
settle. If any further precipitate is now formed, the whole
of the liquid should be well stirred with more of the reagent,
and the clear filtrate must then be again tested in the same
way. This process must be repeated until no further pre-
cipitate is caused.

In certain cases this method of proceeding is rendered
unnecessary, since the presence of an excess of the reagent
is detectable by its smell, after the solution and the reagent
have been well mixed, and the air above the liquid has been
blown out. This is the case with H,8 and with AmHO.
The presence of an excess of a coloured reagent may usually
be seen by the colour of the filtrate, as in the case of yellow
AmgS. If, however, an acid or an alkaline substance is
directed to be added in excess, the student should always
prove the presence of an exéess by the use of test-papers.

079. Washing Group Precipitates.—Before a Group
Precipitate is examined, it is necessary that it should be
washed until it is free from adhering solution (96). This
must also be done in the separations by filtration which agre
described in the Group Tables. If the washing has not been
satisfactorily carried out, many Eomplicatiogs may arise.

980. Evaporation before Precipitating Group III.—
Cortain organic substances hinder or prevent the precipita-
tion of the metals of Group III.A. by AmHO. These sub-
stances are usually detected in the Prelimingry Examination,
If they have been detected, it is necessary to destroy them
by evaporation and ignition before Jproceeding to precipitate
Group III.

Evaporation to dryness and gentle ignition of the residue
are also necessary in order to separate SiO,, since, if this
remained in solution, it might be mistaken for ALH,0,. The
process also decomposes fluorides and removes HF,

But if organic substances, borates, fluorides, and silicates
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are known to be absent, evaporation is unnecessary, and it is
sufficient to boil the filtrate from Group II. until it has no
smell of H,S; a few drops of strong HNO, are then added,
and the boiling is continued for several minutes, in order to
completely remove H,S and to convert ferrous salts into
ferric salts.

981. The Separation of the Sub-groups IIL.A. and IILB.
from one another, by the method which 1s given in the
General Table (1007), is never complete. For an account of
more exact methods, the student is referred to paragraphs
1058, ¢t seq.

The method of examining the precipitate in Group III.
may also be influenced by the presence of a phosphate in the
golution : the change of procedure, and the causes which give
rise to it, are explained in paragraph 1060.

082, General Remarks.—It will be seen that the full
course of analysis is so arranged that it sérves not only to
detect what is present in a substance, but also to prove that
all else is absent. This is usually the object in view when
the analysis of an unknown substance is undertaken.

The process of analysis may in some cases be shortened
by using separate portions of the solution for each Group and
test. The plan which is recommended in the General Table,
of working throughout with the whole of the solution, is
however preferable ; since it enables the analyst to form an
opinion as to the relative quantities of the different sub-
stances which are present, and this is usually important.

It will be unnecessary to do more than mention the
extreme importance of the spectroscope for rapidly discover-
ing certain substances, especially when they are present in
minute quantity only (113).

An Example of Entry of Results is giver in paragraph
1107 ; it will be seen that the form adopted is that of the
Analytical Tables,



344 ANALYSIS OF A COMPLEX SUBSTANCE. [982.

Substances for Analysis are mentioned in paragraphs
1170, I171, and 1172,

The student will do well at first to gain experience in
the analysis of easy mixtures, which are completely soluble
in HCI and contain no eyanogen, organic salts, silicates, or
phosphates precipitable in the Third Group. The analysis of
such substances will be simple, since it will be unnecessary to
evaporate the filtrate from the Second Group to dryness, or
to follow any special method of precipitating and examiring
Group III.

‘When the ordinary course of analysis has been mastered,
the analysis of substances, in which the above complications
exist, should be attempted. and finally minerals, water
residues, and artificial produets and by-products should be
analysed, in which minute traces of their constituents
should be carefully looked for.
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S

GENERAL COURSE OF ANALYSIS FOR
SOLID AND LIQUID SUBSTANCES.

983. Cyanogen Test.— Unless cyanogen is known to be
absent, it must be tested for in a small portion of the sub-
stance by the tests described in paragraphs 648 and 650. 1f
cyanogen is detected, refer to paragraphs 1083 et seq., for
a description of the preparaticn of the solution and of the
method of analysis. If cyanogen is not present the sub-
stance is examined by paragraphs 985 and 986 if it is a
liquid, and by paragraphs 987 et seq., if it is a solid.

984. Silicate Test.—Silicate may be tested for by fusing
some of the finely-powdered Substance in a bead of micro-
cosmic salt (600). If a liquid is being examined, a portion
of it is evaporated to dryness, and the residue is fused into
the bead.

I. THE SUBSTANCE FOR ANALYSIS IS A LIQUID.

985. Reaction to Test-paper.—Test the liquid with blue
litmus-paper, and with surmeric-paper : one of the following
results will be obtained (102).—

1. It is Neutral, not changing the colour of either paper, this
shows the absence of acids and alkalis and of salts with acid or
alkaline reaction. The salts of Ag and Mg and certain salts of
Am, Na, K, Ba, Sr, and Ca are the only neutial soluble salts.
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2. It is Acid, turning blue litmus red . this proves the presence of
an acid, or of a salt with acid reaction.

3. It is Alkaline, turning turmeric brown: indicating the presence
of Am, Na, K, Ba, Sr, or Ca as hydroxide, or of a salt with alkaline
reaction.

086. Test for Dissolved Solid.—Evaporate a few drops
of the liquid upon platinum foil, thin glass, or porcelain,
smelling it occasionally :—

1. A Residue is left.—Examine the liquid by the further prelimi-
nary tests in paragraph 937 . or evaporate a portion of the solution
to dryness 1n a porcelain dish, avoiding heating the substance after
it is dry, and examine the residue by the Preliminary Tables for
Metals and Acid-radicles (987-1000). Examine the larger part of
the solution for Metals by the General Table (1007), paying attention
to paragraph 1008: reserve the rest of the solution for the Examina-
tion for Acid-radicles by paragraphs 1042 ct seq.

2. No Residue is left.—The liquid must consist of some volatile
substance, probably of water, (This is either pure, or it contains
certain gases or volatile substances, such,as (NH),CO; CO,, NH;,
HCI, Br. These may be detected by their smell, by the action of
the liquid on litmus paper, or by special tests (73). If the liquid
has no action on litmus and no smell, and 1f it leaves no residue on
evaporation and is tasteless, it 1s pure water.

II. THE SUBSTANCE FOR ANALYSIS IS A SOLID.
087. Examine the G eneral Properties of the Substance.

If the substance is lustrous and metallie, refer to para-
graph 1067 for the method of analysis; if it is non-metallic
in appearance, proceed to examine it as follows.

Note down anything that can be learned about the physical
properties of the substance by the use of the senses aided
by a lens or microscope, and by a magnetised penknife-
blade,

Note especially whether the substance consists of more or
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less sparkling particles with similar geometrical shape, when
it is said to be crystalline; or whether the particles are
irregular in shape, and amorphous.

Also test its hardness, by ascertaining whether the sub-
stance is readily powdered.

1f the particles are sufficiently large, and especially if they are
crystalline minerals (1172), ascertain the degree of hardness more
carefully, since this will be of use1n identifying the substance. Very
soft minerals can be scratched and marked by the thumb-nail (Tale,
Steatite). A harder substance which is not affected by the thumb-
nail may be scratched by a bronze coin (Cryolite, Cinnabar). Harder
minerals still will only be scratched by a penknife (Apatite, Fluor-
spar). Very hard substances, such as quartz, cannot be scratched by
a knife, but the knife produces a steel stain upon their surface.

Try whether the substance is magnetic by immersing the
tip of a magnetised blade into the fine powder, and seeing
whether its particles are attracted. Fe and certain of its
compounds are the most powes fully magnetic bodies known,
but Mn, Ni, Co and certain of their compounds are also
magnetic.

Note also whether the substance possesses any charac-
teristic smell or colour. The following are some of the
more commonly occurring colsured compounds :—

Blue : hydrated cupric salts, and anhydrous cobalt salts.

GPreen : certain Fe”-salts are pale green ; CuCl,, salts of Ni, man-
ganates, anC certain compounds of Cr, are intense green.

Yellow: HgO, As,8,, CdS, SnS,, chromates, Fe'”’-salts.

Red : HgO, Hgl,, Hgd, Pby0, ; dichromates are orange-red.

Pink. salts of Mn are delicate pink ; bydrated salts of Co are
reddish-piLk,

Brown : Fey0;, Pb0,; PbO and CdO are light brown,

Black : CuO, MnO,, Sb,S,, FeS.

White : anhydrous salts bf Cu gnd Fe”, and many otLer substances

Colourless : a large number of colourless substances are known ;
these, as well as many of the faintly coloured bodies, yield
whate powders when they are crushed. ‘

088. Reduction to fine powder.—After the above ex-
amination has beeu coinpleted, the solid substance is reduced
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to the finest powder possible, by rubbing it in the mortar.
An ordinary Wedgwood mortar may be used for powdering
substances which are pretty soft; but hard rocks and
minerals frequently require to be first crushed in a clean
bright steel mortar (fig. 79) by blows of a hammer, and to
be afterwards pulverised in an agate mortar.

It must be understood that the subsequent chemical
examination is very greatly facilitated if the substance has

STEEL MORTAR.

been carefully reduced to an impalpable powder, which
does not feel gritty when it is rubbed beneath the pestle or
between the fingers.

A portion of this powder is submitted to the tests which
are described in the following Preljminary Ezaminations for
Metals and for Acid-radicles: and the remainder is reserved
for the fuller method of examination in solution (100I
et seq.).
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Experiment. Observation, Inference,
o I.—Heat a small | A. The substance does not change, | Absence of organic
98211:.1:?1:1 of the substance substances ~ which
in & small test-tube or I)lackelrll altlti 8": oft
igmitaon-tube, a smell of burning;
o of volatile  sub-
stances which sub-
lime, of substances
which are altered
by iknition; and of
water combined
with or absorbed
by the substance,
which would be
evolved as steam
and form drops on
the side of the tube,
B. The substance changes,
1 It changes colour '—
Yellow, hot | white, cold | Zn0.
Yellow, brown ,, {yellow ,, | PbO.
Yellow-brown ,, | yellow ,, | 8n0, or B1,04.
Dark red or red- 2
black » | vrownf » | FeaOs.

‘The substance blackens—

@ Emitting a smell of burn- | Presence of organio
ing. The black carbon , matter,
may be burnt off by
stronglfv heating on pla-
tinum fuil with the blow-
pipe flame.

Smell of acetone. An acetate.
Smell of burning sugar A tartrate.

b Emitting no smell of burn- | Probable presence of
ing The colour is not | Co- or Cu-salts.
removed by ignition as
under a.

2 It fuses, and becomes solud | Salts of alkalis or cer-
agayn on coolvng. tain salts of the

alkaline earths
£
3. It shdlvmes. Compounds of Am,As,
Hg;orfreeSorl,
Conjl .—The subli- | White, crystalline (sparkling) sub- | HgCl;, As,0;,
mate i8 carefully exa- | limate.
mined, if necessary,with | White, non-crystalline sublimate | Probably Am-salt,
the aid of & lens. Black sublimate, becomes red | HgS
when rubbed, A8,8,
Yellow sublimate. Hgl,, hecomes scar-
et when rubbed.
Sublimate of ‘reddish drops, } S free or from certain
which are yellow when cold. polysulphides,
Violet vapouy, cooling to blackish | Presence of I.
crystals,
Confirmatory.—~Heat | Grey mirror, which, when rubbed | Presence of Hg.
another portion of the with a splinter of wood or a
substance, mixed with | glass rod, or when examined by
about three times as a lens, is seen to consist of glo-
much NagCOy in fine dry |  bules of Hg.
ﬁuwdermdalittle KCy, | Blackish-brown shining mirror, | Presence of As.
an ignition-tulX(a8s). and smell of garlic; no globules.
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Experiment, Observation. Inference.
Confirmatory —Pour . NH; is given off, known by its | Presence of NH,.
a littlestrong KHO solu- smell and by turning moist red

tion upon some of the
substance and heat to
boiling; or mix some of
the substance with soda-
lime in a mortar, and
moisten and heat.

Confirmatory — Exa-
mine the drops of water
on the sides of the tube
withblueandred hitmus-
papers.

Confirmatory. — In-
troduce a burning splin-
ter of wood nto the
tube.

Confirmatory — In-
troduce a glass rod,
moistened with lime-
water, into the tube.

Confirmatory — In-
troduce a glass rod or
slip of paper mostened
with K4Crs0;.

Confirmatory. — In-
troduce a glass rod car-
yng a piece of moist
hitmus,

Confirmatory. — In-
troduce a glass rod with
moist starch powder on
its end.

litmus-paper blue or turmeric-
paFer brown; the change
colour is only a trustworthy in-
dication if it occurs very soon,
as the NH; in laboratory air
may cause 1t to occur after a
time.

4. The substance grves of water,

It fuses first, then gives off water,
and again becomes solid if the
heat 18 continued.

It swells up considerably whilst
giving off 1ts water

The water 15 alkaline.

The water 18 acid.

5 Gas or vapour 13 gwven off*,
a It unthout smnell

It burns more brightly, and 1f -
troduced with a spark at the end
18 1wflamef,

The flame 18 extinguished

The lime-water turns milky.

The lime-water does not turn
milky, but the flame 15 ex-
tinguished.

b. The gas or vapour has a smell.

Smell of burnf.ig 8

I'he K,Cry0, tunr green; moist
blue litmus is aléo reddened by
the gas , ©

®

Reddish-brown nitrous fumes are
flven off, known by their pecu-
iar smell, and by not colouring
starch paste orange red.

Smell resembling C1-—

Yellowish gas, which bleaches
moist litmus,

]
Brown vapour, ¢/hich colours the
mofst starch powder orange red.
Violet vapour, which colours
starch solution blue,
NH; is smelt,

Presence of water, ab-
sorbed or combined.

Water of crystallisa-
tion,

Borax and certam
borates, alums, and
phosphates

Probably NH-com-
pounds,

Presence of volatile
acids, eg., JINO3,

HCI, H,S0,.

0 from chlorates,
nitrates, peroxides,
&c., or possiblyN20,
CO;or N.

CO, from carbonates,
oxalates, &c

N from AmNO; pro-
bably.

}

50, from combustion
o’l free§, or fromacid
sulphites, thiosul-
phates, reduction of
sulphates or oxida-
tion of sulphides

Nitrates of heavy
metals (eg. of Pb,
Bi, Hg. &c.)

Cl from certain chlor~

8,

Br from certain bro-
mides.

I, free or from certain
fodides.

NH, or cyanogen com-
pounds.

Srmsbory

‘This will usually be shown by effervescence of the substance; if the gas or

»
not detected
tests below.

by its colour or smell, it can only

vapour s
be found on testing for it specially by the cig-
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Experiment.

Observation.

Inference.

¢ Thegas canbeignited, and burng
at the mouth of the tube witha —
Pale yellowsh green flame, more or
less explosive.

Bﬂ%}m white flame, groducing
white fumes; the unburnt gas
smells of garlic.

Peach-blossom coloured flame.

NH; probably from
strongly heated

NH,NO; .
PH, probably from a
hypophosphite.

Cy from a cyanide,
firnbably from
gCy2.

. Exp, IL—D1p a mois-
99(tjenedploop of platinum
wire, which gives no
colour to the Bunsen

A The substance colours the

e §—

1 Int%me yellow

flame, 1nto the

the flame through

and hold the loop with
the adhering powder near
the top of the Bunsen
flame, or in the inner
blowpipe flame,

Then moisten with a drop
of stiong HCl and heat
again, Continuetheheat-
ing until no further
change occurs in the
colour of the flame,

The flame  coloration
should algo be carefully
examined by means of

the spectroscope(zr4, 1s)

Vote If silicic acid 18
resent, the colorations
or K and Na usually show
only after 1gmtion of the

powdered substance with

powdered CaS0Q,.

the indigo-prism, a crimson
colour 1s seen.

2 Pale hiae, crimson through
the indigo-prism,

3 Yellounsh green.

4 Crimson, same through the}
ndigo-prism.

5. Orange red, dingy green
through the indigo-prism, }

6. Bright green
A hlue colour is seen after
mostening with strong HCL

Indenve,

7 Dlue \ Lund,

Na.
Presence of K or Sr, or
both.

K.
Ba probably.

S8r.

Ca.

Cu or B,0;.
Cu,
CuClgs, CuBrg

As, Sb, P
SnCig.

ZnClg, ®

B The tfame 18 not coloured,

Above metals absent,

9L Exp, III—Heat the
finely powdered sub-
stance in a amall cavity

mosed in & plece of
wood-charcoal, 1 tne
blewpipe flame,

Confirmatory.—De-
tach a portion ome cool
residue from the char-
coal, place it upon a
plece of red ltmus-
paper, and moisten with
& drop of water.

A The substance deorepitates or

oraokles,

B The substance deflagrates, or
causes the charcoal to burn rapidly,

C. The substance fuses eamly, an
is absorbed the , or
forms & liquid bead.

D. An infusible residue is left on
the alm-ooa‘l t—

1. The resvdue is whits and very
luminous.

The paper turns blue, shor the
e to be akatlon. T8 e

residue

NaCl and certain other
crystalline salts.
Chlorates, mitrates,

&o.

Salts of alkahs and
certain salts of the
alkaline earths.

Probably BaO, 8r0,
Ca0, MgO,
Zn0 (or SiOg)

BaO, 8r0, Ca0, and
possibly MgO.
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Experiment. Observation. Inference.
Confirmatory —Mois- | A blue residue, the colour of which | Al,0,, and some phos-
ten the residue on the | does not dusappear with int phates, ar tes, 8ili-
charcoal when cool with heat cates, and borates.
several drops of Co(NOs), | A gank residue, MgO.
solution, and heat again
strongly 1 the outer | A green residue, Zn0 (or possibly Sn).
blowpipe flame.
2. The residue 18 coloured.
Confirmatory —~Heat Colour of bead *
a small quantity of the | In outer flame, | Ininner flame
substance in a clear co- | Green, hot, and} Colourless, or) | Cu,
lourless borax bead, first |  blue, cold red, cold, §
in the outer, then in the | Blue, hot and) | Blue, hot and} Co.
inner blowpipe flame. Vct;ltel 1ot and cold.
10let, hot, an Y
yellow, cold } Grey or opague. | Nt
Brown-red,hot* ) | Olivegieen, hot ) | Fe,
yellow,cold  §| andcod §
Green, hot and Gruind,hot and) | Cr. 1
cod. oo.d. See Confirmy
Reddwsh purple, | Colourless, hot )
hot and cold and cold Mn. J test below.
Confirmatory —The | Laght-yellow mass on cooling Cr.

presence of Mn and Cr,
m{ be confirmed by
fusing the substance
with Na,CO3; and KNO;
on platinum foil.

Confirmatory —Heat
also some of the sub-
stance, mixed or covered
with gowdered KCy and
Na,CO3 or K,C,0,, on
charcoal in the
blowpipe flame,

nner

Confirmatory —De-
tach several of the glo-
bules with the point of
a knife, and strike them
on the bottom of an n-
verted mortar with the
pestle; i they flatten to
8 cake they are malle.
able, it crushed to a
Emwder they are brrttle

'ry also ' a globule,
fixed on the point of a
kuife, maiks paper.

Note.—~The appearance
and malleabiity of aqne
reduced metal is fre-
quently much altered by
the oresence of another

\

Blue-green mass on cooling.

8 The residue is coloured, or me-
tallic scales or globules are geen
The substance is reduced to the

metallic state  (See 994)

a. Without incrustation

Brdliant white metal.

Yellow metal

Red scales or globules

Grey powder attracted Ly a
maguetised kmfe-blade (994)

b With incrustation. «

Alohnl Incrustati
Whate, malleable,| None, or very
not marking| shght.

paper

Whate, rittle. Orange, hot. }
. Yellow, cold.

White,malleable, | Yellow, hot and

marking paper { cold,

Whate, Unittle, | White,6close to
wving white |® substance.
umes.

None Yellow, hot.

Whate, cold,

None Red-brown,easily

. volatilised,

None. White, and white

fumes; smell
of mﬂo.

Mn (See 993)

Au, Ag, Cu, Pb, £n, 8b,
Bi; [Co, Ni, Fe, Mn,
form grey powders].

Au, Ag, Cu, Co, Ni,
Fe, Mn, Sn,

Ag, dn; Nif hard,

Au.

Cu.
Fe, Co, Ni, Mn,

Sn,

Bi.
Pb.
8b.

In.
cd.
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Experiment,

Observation.

Inference.

992. Exp, IV,—Fuse some
of the substance, mixed
with NagC0g, on charcoal
in the i

inner blowpipe %aced upon the mass, a smell of
flame produced from a zg i8 perceived and lead-paper | Note.— Since this
spirit-lamp ; remove the lackened. reaction serves to

fused mass when oold,
place 1t on & bright silver
cotn, moisten with a drop
of water, and let stand for
several minutes.

On rinsing off the substance, the
coln is found to be stamed black
1), Also, if a drop of HCI be

Presence of 8, free or
combined.

detect 8 and sulphur-
acid-radicles, 16 niore
moperly belongs _to
the Prelénunaiy Ex-
amination for acid-
radicles 1t is, however,

best tried here,

NOTES TO THE PRFCEDING PRELIMINARY TABLE.

993. The green colour produced by Mn conceals the light yellow
due to Cr; on boiling the residue with water 1t gives a pink or purple
solution, the colour of which 1s best seen on filtering : this colour is due
to the formation of KMnO,, and shows Mn to be present. On acidifying
this solution with HA and boiling again for several minutes, the purple
colour is destroyed ; and on filtering, the yellow colour due to Cr is
seen : the presence of Cr may be further confirmed by the formation
of a yellow precipitate in the acid solution on addition of PbA,.

994. The metal 13 best separated and examined by detaching the
mass when cold from the charcoal, and powdering it by crushing in a
mertar or on a watch glass with a litfle water, letting stand for a short
time, and then quickly pouring off the water down a glass rod or
pestle which is wetted and pressed against its edge ; by several times
repeating this operfition, the heavier metallic particles alone are left in
the moitar or watch glass (1XI),

995. Note.—When the substance to be examined contains several
bodies, they frequently more or less mask one another’s reactions: thus
Co if mixed with Fe will give a bead green whilst hot and blue when
cold, thus resembling Cu, but differing 1n remaining blue in the inner
flame: hence the composition of many complex mixtures is only roughly
indicated by the Prelimina1y Examination, and must be confirmed and
established 1n the wet way. Mahy substances, more particularly
minerals, however, can be completely analysed by a careful Preliminary
Examination,

—
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PRELIMINARY EXAMINATION FOR ACID-
RADICLES.

996. The substance is required for this examination in
the state of powder or of strong solution.

If the substance given for analysis is a solution, part of it
may be evaporated to dryness * the dry residue is then finely
powdered and subjected to the following tests. If several
acid-radicles and metals are present, the reactions may be
more or less perfectly concealed or altered, hence failure in
obtaining a certain reaction does not 1n all cases necessarily

prove the absence of the corresponding acid-radicle.

Experiment.

Observation,

Inference.

997. Exp. I.—Treat
some of the sub-
stance with dilute
HCl and note the
result, then heat
moderately.

One or more of the following
gases may be evolved —
A colomless gas withont
smell, wk.ch turns milky
a drop of lime-water on

the end of a glass-rod

A gas of suffocating smell,
which turns a drop of
K4Crg07 solution gieen.

Yellow 8 is precipitated at
the same tyme

A &as with fetid odour,
which blackens a drop ot
PbA, solution, o a prece
g;’ l)ead-paper. (Refer to

Reddish fumes.

A yellowish-green gas, of
suffocating smell,g:vﬁich
bleaches moist litmus-
paper, is evolved :—

a. In the cold ; and also
evolved on adding A,
b. Only whe\: heated.

A colourless gas, smelling
of bitter almonds.

CO; from a carbonate.

80, from a sulphite, or
from a sulphate m the
presence of As;03 or
other reducing sub-
stance

802 and 8 from a thyo-
sulphate.

H,S from a sulphide; or
possibly from a sulphite
or thiosulphate, if Zn
orotherreducing agent

* be present.

From a nitrite.

C1 from hypochlorite

Cl from action of HCI on
oxidising substances,
e.{] » MnOg, chromates,
nitrates, chlorates, &c.

HCy from a cyanide,

Di&gnto the HC1 solu-|
n a strip of tur-
meric-paper.

On drying this r at a
genll;'fei ieat, tggcomes
reddish-brown.

Presence of a borate (s88).
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Experiment.

Observation,

Inference.

998. Exp II — Heat
another portion gently
with strong Ho80,

No attention need he

%nid to gases evolved in
xp. I (997)

Confirmatory — Mix
some of the substance
with MnOg free from
chlorde, add stiong
Hy304 and warm,

Confirmatory —Drop
into the hot hquid a few
small pieces of copper
If no brown fumes are
seen proceed to next test

Confirmatory —- Boil
some of the solid sub-
stance with water, or
take some of the hiquid,
cool, add about twice as
much strong H3804
cool, and pour cold
solution of FeSO, care-
fully in upon the top of
the acid hquid,

1. A gas is evolved with
pungent smell, which
fumes m the air, and
renders milky a drop of
AgNO3 solution made
acd with HNO;

A yellow fas 18 given
off with strong smell,
which bleaches moist
litmus-paper (xo00)

Brown vapour 18 given
off, which colours a little
molst starch powder
orange-red.

Violet vapour is given
off, which colours a drop
of starch paste blue

2 A heavy fuming sufto-
cating gas is evolved,
and the liquid behaves
as 1f the glass were
greasy on 1nsing out
the tube, and diymg
1t thoroughly, the -
sude is seen to be cor-
10ded and dimmed

3 The acid fumes are
1eddish, usually seen
only on heating after
adding a few fragments
of Cu.

A dark brown ring or
layer forms upon the
surface of the acid,
either at once or on cool-
mg the hqud by im-
mersing t.e test-tube
in cold water.

[Refer to Note, 1050 ]

4 The acid 18 coloured
reddish-yellow, and a
yellow gas is evolved
which smells like Cl
and bleaches litmus,
on heating the acid
explosion or crackling

occurs, Confirm by
545
5 Chesubstance changes

from yelbbw to green, O
being evolved, as 1s
shown by a glowing
taper.

HCl, IDr, 111, TF* from
chlonde, bromide,
iodide, or fluoride

Piobably Cl from

chloride

Br fiom bromide

I from fodide

HF from fluoride: con-

flim by 606

The HF acting upon the
silica of the glass evolves
S1Fy, which 18 detected
by toldmg a mostened
glass rod in the gas, S10,
will be deposited us a
gelatinous filn upon it

Presence of nitrate

If 10dide is present it
must nsually beseparated
by CuS804 (s63) before a
nitrate can be detected.

Presence of mtrate.

Presence of chlorate
For detection of ni-

trate and chlorate when
mixed, see ggo.

Presence of chhomate.

* HF would act upon the glass, and the 8iF thus formed would render the
drop milky by depositing 8105: distinguished by corroding the glass. (See 998, 2.)
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Expenment. Observation Inference.

6 Yellowish green gas, |Cl from a hypochlorite
with suffocating smell, | (dctected alreadyin 997),
which bleaches moist | or fiom a chloride in
htmus presence of MnO; &c.

7. The same gas as in 6,
but coloured reddwsh | A chloride in presence of
brown by mtrousfumes.| anitrate or nitrite.
or coloured reddish | A chloride in presence of
brown by CrOCl,. a chromate.

8. Substance does not
blacken, but evolves CO
which burns with a bluo
flame, und CO, which
turns a drop of lime-
water milky. Presence of an oxalate,

9. Substance blackens,
and 80, is smelt. Presence of a tartrate.

10 Asmell of aceticacid | _
or vinegar 18 noticed. HA from an acetate.

Confirmatory —Add 1
a limeﬂ alcohogly to the ,
substance and heat| Strong fragrant odour. | Ethyl acetate from an|
with H,S80,. acetate.

NoOTES ON THE PRECEDING TABLE.

. The 8 present in sulphides which are not decomposed by dilnte
HCl, is detected by fusing the p~wdered substance with two or three
times as much fusion mixture (Na,CC;+K,CO,) in a covered crucible,
boiling with a little water, and placing a drop upon a bright silver
comn, when & dark stain will be produced; or by adding excess of an
acid to the solution, when H,S will be evolved. Smaller quantities of
8 may be detected by the formation of a black colour or precipitate on
adding PbA, to the soiution of the fused mass.

1000. Chlorides treated in this manner evolve Cl, recognised by its
colour, smell, and bleaching action on litmus-paper; but this test for
chlorides is trustworthy only if the precautions stated 1n 554 are
attended to, since many samples pf MnO, evolve Ol when they are
warmed with H,SO,.
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EXAMINATION FOR METALS IN THE
WET WAY.

After the Preliminary Examination of the solid substance
has been completed, a portion of the substance is dissolved
(1001), and the solution 1s submitted to the systematic ex-
amination, which commences at paragraph 1007. This is
often termed “ The Examination in the Wet Way.”

PRrocESS OF SOLUTION.

100I, A portion of the solid substance, reduced to an
impalpable powder (988), is boiled in a flask (fig. 38, p. 61)
or boiling-tube with distilled water . if it dissolves entirely,
proceed to 1007.

If the powder does not dissolve, allow the liquid to stand
until the undissolved portion uas in great part settled, then
decant through a filter: thé filtrate is Solution I.:—

Resgidue 1n flask boil with dilute HCl (x004), allow any residue to settle,
decant through the filter used above (100s); repeat this process and
giltally boil the residue with strong HCl, let settle, decant through the

er i— y

Hiltrate is Re~due: heat with dilute, then with strong HNO,; (rec6)
g:t was directed above for HCl; decant through tng
er .—

Filtrate t8 > | Residue may be warmed for a short time
with a mixture of strong HNO; (x006)
with three times as much HCIl; if this
does not dissolve it, dilute and decant
the acid mixture through the fllter :~

Fltrate s Residue: wash well with
water, dry, and examine
as directed (xop4 et scq )
. for substances 1msoluble
Solution 1I. Solution III. Solution IV. in water and acida,
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1002, Solutions I., IL., ITI., IV. need not be examined
separately. Add to I.a few drops of dilute HINO,, and if
no precipitate is produced (1008) acidify it with HCl; add
also to Solution I1I.some HCl. Any precipitate caused by
HCI in these solutions, is filtered off and examined by Table
1. (1022). The Solutions I., I1., IIL, IV. are then mixed
together, and any precipitate produced by mixing them, is
examined by paragraphs 1074 ¢t seq.as an insoluble substance.

It is best to boil down Solutions ITI. and I'V. considerably,
in order to get rid of most of the HNO, which they contain,
before they are mixed with Solutions I. and II.

The mixed Solutions are then examined by paragraph

1007.

1003. It a complex solid mixture 1s given for analysis, and the
only object 1s to obtain a solution as rapidly as possible, the sub-
stance may be at once boiled with aqua regia for a few minutes,
then diluted and filtered The 1esidue is examined as a substance
insoluble in water and acids (1074, et seq ). The filtrate is evaporated
nearly to dryness, dilute HCI is added, and the solution is examined
by the General Table (1007).

1004. Any Changes which occur on the Addition of HCI
should be noted down. Notice especially whether any gases
are given off. Many of these may be at once recognised by
their smell ; but a closer examination may be neglected, as
these gases will have been alreacy obtained in the Prelimi-
nary Examination for Acid-radicles (997).

1f the gases are evolved from the aquevus solution when
HCl is added, or when the HCl and aqueous solutions are
mixed, the corresponding acid-radicles must have been
present in salts soluble in water, probably salts of alkali-
metals. If the gases are evolved when the residue insoluble
in water is treated with HC], the radicles were present in
salts insoluble in water.

1005. When the hot HCl-solution is cooled, crystals
often separate. These usually consist of PbCl,, rarely of
BaCl,, The crystalsshould be filtered off and dissolved ina
little boiling water. Ba is easily found by the flame-colora-
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tion which is given by the solution (175). The formation
of a bright yellow precipitate, when a drop of K,CrO, is
added to the solution, proves the [’resence of b . Ba gives
only a pale yellow precipitate.

If Pb has been found, and a residue is left after the
original substance has been treated with HCI, this residue
may consist of PhCl,: this substance may be dissolved by
boiling it with water, and the use of HNO, may be thus
avoided (1000).

1006. HNO, seldom requires to be used in dissolving a
substance. This acid should be employed, when necessary,
only in very small quantity, since it decomposes H,S with
separation of S unless the solution is dilute and cold (1011):
the presence of HNO, may accordingly delay or prevent the
precipitation of Group II.
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1007,

1007. GENERAL TABLE FOR SEPARATION OF

If the substance for analysis is a liquid with neutral or alkaline reaction, i
examined as directed below.
In this Table, and also n the Group Tables which follow, it has been sup.
preaipitate will be produced when the reagent 1s added for 1ts detection ; and

Add to the greater part of the * original solution” * HCl; 1f any precipitate is produced,

The precipitate may con-
tain—

The filtrate or solution, which must give no further precipi-
then diluted with water (zo13), unless 1t is alieady dilute ;
several minutes (ror4, ro1g) and filtered *

PbCl,~twhute.

AgCl—white

HgyCly—white
(Seezor0)

Examine the precipitate
by Table I. (1023)

Note,~When the hot HCl

solution is cooled, PhCl,
often separates in white
crystals, The absence of
Pb 18 not proved, if it 18
not precipitated in this
group, as Pb Cl, issomewhat
soluble, and Pb may there-
fore be found only in
Group II

The precipitate may con-
tamn—

HgS—black

PbS—black Insoluble
Bisetlack o 1y )
uS—blac
CiS—yellow ) A0S
Sn—brown
8n8,—yellow | Soluble
8bSy—orange KHO
;~yellow ( and
[AugSs—Plack] | AmgS.
(PtS;—dlack]

4,

The solution or filtrate is di-
cptated  as soon as H,$
dish until 1t ceases to smell
and the residue gently ignited
heated, then water is added ;

Add a few drops of the acid
tate shows the presence of 6

Add to the rest of the HCl solu.
any precipitate, which ma;
(x018) 1f a phosphate
phates are absent proceed as

[Note —Refer to

ine the precipitate at
once by Table IT, (z024)

Note 1,~Any precipitate

formed on boiling the
filtrate will have to be
added to thr above,

Note 2 —Unless the liquid
has been sufficiently di-
luted some of the above
metals may be afterwards
precipitated by Am,S in
Group IIL, and cause
much confusion,

The te may contain—

pIVUP

Alo(HOY—almost colourless,
CrHO)—hght green
Ve HO)~reddish brviwn.

Examine the precipitate by
l’J'ablo TI1.4 (3027).

¢t
NOTES ON THE GENERAL TABLE,

1008. If the liquid under examination is alkaline or neutral in
reaction, HNO,; must beaddedin shght exc'ess, before theexamination
by the General Table is commenced ; a change of colour from green
to purple indicates the Presence of Manganate (628, 629). If no
precipitate forms, the liquid is at once examined by the General
Table; if a precipitate is produced, more HNO, is added, and the

* By the “ original solution " is meant the solution of the sub-
stance if a solid, or the substance itself if a liquid, to which no
re-agent has been added,
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METALS INTO GROUPS BY GROUP-REAGENTS,

requires special treatment (1008) ; if its reaction is acid, it may be at once

posed that all metals are present : if a metal or group of metals is absent, ro
hence no filtration 18 necessary, the solution being then treated as a filtrate,

continue to add HC! as long as it causes any further precipitate, warm and filter ;

tate on addition of several drops of HCI, is boiled down 1f necessary (zorr), and is
it is then saturated with H,S by passing the gas through the solution* (xxaq) for

luted and H,S is wad agam 1nto 1t, to make sure that Group II is completely pre-
produces no further precipitate the clear solution or filtrate 18 boiled in a porcelain
of Hg8(z016), 8 little strong IINO; is then added, and the liquid is evaporated to dryness
in the dish  When the dish 18 cool, a httle strong HCl is poured upon the residue and
any undissolved residue 18 filtered off (1017)

solution to some AmHMo0, solution 1n a tesi-tube, and warm gently ; a yellow precipi-
phosphate, 1f no precimtate 18 formed with AmHMoO,, phosphates are absert.

tion AmCl, heat it to boilini, then add AmHO n excess, boil again, and filter off
form, as quickly as possible, keeping the funnel closely covered with a glass plate
!)resem and a precipitate 18 produced by AmHO refer to Tables (106, 1 if phos-
8 directed below —

Pl
1063, ¢t s¢q., forfull directions for precipitating Groups III.A and III B)

Add to the filtrate or solution, which may be coloured(zozg), yellow AmgS in excess,
boil and filter :—

The precipitate may contain— | Add to the filtrate or solution, which must be dis.
: tinctly yellow or brown (rosec), Amn;CO;, warm

ZnS—w™ite gently and filter .—

Mrgsjbllighkt-pmk. v

%%:blzzk. The precipitate (rosr) may | The filtrate may contain

contain— Mg, K, Na.
Examino this precipitate at
BaCd—tohite,
once by Table I11.B (roal) SrCOs—tohte. Examine by Table V.

CaCOz—whte, (1038).

Examine the precipitate by
Table IV. (x031)

liquid is heated, andifa precipitate still remains, it is filtered off and
the filtrate is examined by the General Table, commencing with the
addition of HCL B

The precipitate caused and not'dissolved by HNO, may be finely
divided sulphur, which separates as a rchite powder from a sulphide,
and asa yellow powder from a thiosulphatet; this precipitate may be
recognised by its colour, and by not being separable by standing or
filtration : it may be disregarded. There may also be precipitated

* Instead of diluting andipassing the gas, H,S-solution may be
added.
1 Formerly called a * hyposulphite,”
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H,Si0, (gelatinous, almost colourless), Sn0, or metastannic acid
(1009), Sb,0;, AgCl (all three white), SnS,, A<,S, (both yellow), Sb,S,
(orange). A full examination of this precipitate for all that it may
contain may be made by boiling the precipitate with aquaregia, and
then diluting the liquid ard filtering it ; any insoluble residue which
remains is then examined as a substance insoluble in water and acids
(1074) ; the aqua regia solution isadded to the filtrate from the preci-
pitate which was originally produced by HNO,, and any precipitate
which is caused by mixing these solutions is examined by Table I.
(1022).

1009. Metastannic acid is precipitated from the solution of an
alkaline metastannate by theaddition of an acid. It forms a white
precipitate, which becomes golden-yellow when 1t is moistened with
SnCl,-solution. It is further recognised by dissolving in the wash-
ing-water while it 1s being washed, and being reprecipitated when
the washing runs into the acid filtrate.

1010. It must be remembered that strong HCI also precipitates
a strong solution of a barium salt. This precipitate, however, is
readily dissolved when water 1s added and the liquid 1s heated . it
is easily distinguished in this way from AgCl and Hg,Cl,.

rorr. If HNO, or aqua regia has been used in dissolving the sub-
stance (1001, 1006), or if the solution smells of Cl or SO,, the liquid
should be boiled down considerably, until neither of the above gases
is smelt when HCl is added and the liquid is again boiled. The
solution is then diluted, and H,S is passed into 1t at once, whether
the dilution has caused a precipitate or not (1013).

If As has been detected in tkic Preliminary Examination, H,80,
should be added, until the liquid smells of SO, after it has been
boiled for a short time. The liquid is then heated for some time
short of boiling until 1t no longer smells of 80, This treatment
reduces arsen:c and stannic compounds to the arsenious and stannous
condition.

In the case of As this reduction is to be recommended, since
arsenic compounds are not easily precipitated by H,8, It is also
very desirable to reduce stannic compounds, since 8nS,, unlike SnS,
readily runs through the filter, and being yellow in colour may be
mistaken for 8. It will of course be wmecessary to try the special
tests 323-326 and 340-342 upon‘the original solutwn, in order to
ascertain in which state As and Sn were originally present. If any
Precipitate, other than white sulphur, is produced by boiling with

H,80;, refer to paragraph ror2.

1012, While the solution is being boiled with H,80,, some H,80,
is usually formed. Thisacid may partially or completely precipitate
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Pb, Ba, Sr as white sulphates. H,S0, may also precipitate Au as a
fine powder, which causesthe cool liquid to appear blue by transmitted
and brown by reflected light, this fine precipitate remains suspended
but separates as a black powder when the liquid is boiled. Examine
any precipitate which has been formed by H,S0, by Table G (1023)

ror3, Dilution with water may cause Bi, Sb, Sn to form white
precipitates of their oxychlorides. These precipitates may be
disregarded, since H,S readily converts them 1nto sulphides.

1014. H,S often produces a fine whte precipitate of § : this is caused
by the presence of certain oxidising substances, such as Cl, HNO,,
HCl0,, H,CrO,, HMnO,, H,SO,, ¥e,Cl; (1011). 'This precipitate is
known by 1ts perfect whiteness, and by not being separable by stand-
ng or by filtration, 1t may be neglected. Great care must however
be taken not to mistake SnS, for 8; it resembles S in running
through filter-paper, but differs by being distinctly yellow in colour ;
it may often be coagulated by shaking or heating the liquid,

1015. Certain changes may be observed while H,S 1s being passed ;
they should be carefully noted. Thus while Hg and Pb are being pre-
cipitated by H,S, the precipitates often show characteristic colours
(279, 284). A solution, which 18 coloured reddish-yellow by H,CrO,,
becomes green ; a solution, which is coloured purple by HMnO,,
becomes colourless ; and a reddish-yellow ferric solution becomes a
pale-green ferrous solution. Fach of these changes is attended by
separation of sulphur,

1016. If a yellow precipitate forms when the filtrate or solution has
been saturated with H,S and then ooiled, this shows the presence of
an arsenc or a stannc compound. In thiscase H,S should be passed
into the boiling liquid as long as it causes any further precipitate, the
precipitation being jreceded with advantage by reduction with SO,
(roxr). The precipitate is filtered off and added to any precipitate
which has been already obtained by H,8, and is then examined by
‘Table II.

1o17. 8i0, and other substances may be present in the insoluble
residue which is left after evaporation with HCL. 8i0, is distin-

guished from any other substances by disappearing when it is
heated with HF.

Al,03, Fe,0,,Cr,0; may remain undissolved by HCI, if they have
been rendered difficultly soluble by the ignition to which the residue
bas been subjected. They may be dissolved by long-continued
heating with strong HCl. The solution thus obtained is added to



864 ANALYSIS OF A COMPLEX SUBSTANCE. [1018-1020,

BaSO, and SrSO,; may also remain undissolved. They are de-
tected by heating some of the residue strongly for a short time in
the inuner blowpipe-flame upon a loop of platinum wire, then
moistening the loop with a drop of strong HCl, and holding it in the
outer part of the Bunsen-flame. Crimson-red flashes, which appear
red through theindigo prism, prove the presence of Sr; a yellowish-
green flame-coloration shows that Ba 1s present. These flame-
colorations should also be examined by the spectroscope (113).

The following is a less rapid method of detecting Ba and Sr. Dry
the insoluble residue ; fuse it on platinum foil with three or four
times as much fusion-mixture , allow 1t to cool, then boil the mass
with water until it is disintegrated ; filter, wash theresidue well upon
the filter, and examine it by Table IV. (1031) for Ba and Sr only.

1018. Mn and Zn may accompany the precipitate of Fe,(HO)g,
AL(HO)g, Cry(HO)g in Group III.A, The precipitation of Mnis partly
prevented by keeping the liquid from exposure to the air after AmHO
has been added in excess. But the further precaution should be
taken of dissolving the precipitate, which has been produced by
AmHO, in HC], and reprecipitating it by AmHO : the liquid 1s then
filtered, and the filtiate 1s added to the filtrate which was originally
separated from the Group IIL A.orecipitate. This treatment of the
precipitate should be repeated several times, if small quantities of
Zn or Mn have to be looked for in the presence of Al or Fe.

It is better still to precipitate Groups III A. and IILB. together
(1058), and to examine the precipitate by Tables III.c., IILD. (1063,
1064) See rules given in paragraph 1062.

1019. The iiltrate or solution, after the addition of AmCl and
AmHO, may be coloured blue by Ni, vrown by Co, or reddish-violet
by CryHOq, which have been dissolved,in the excess of AmHO.

The Cr,H,0; must be removed before proceeding to examine for
the remaining Groups. It is readily separated, as a pale green floc-
culent precipitate, by boiling the liquid for a short time 1n a porce-
lain dish, a little more AmHO being added 1if tne liquid does not
smell of NH; after it has been boiled for a short time. This preci-
pitate is filtered off, and the filtrate is further examined for Groups
IIL 8., IV,, and V. by the General Table.

The coloration of the ammoniacal liquéd, which is caused by Ni
or Co, is not removed by boiling the liguid.

1020. A brown o‘; dark colour in the filtrate from the Group III.B.
precipitate shows GPat Ni is present,* the colour being due to the

* If Groups II1.A\ and IIL B. have been precipitated together by
AmCl, AmHO and An‘\?s added in succession (1058), the coloration
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solution of some of the NiS in the excess of yellow Am,S. If the
filtrate is brown or black, it should be poured into a porcelain dish
and boiled until black NiS settles down and leaves a colourless
liquid, when the lamp is removed for a few minutes it may be
necessary to add a little water, in order to prevent evaporation to
dryness. The liquid is then passed through a small filter, and;the
black precipitate is tested for N1 by fusing the portion of the filter-
paper, which 1s stained by the N1S, into a colourless borax-bead.
If the bead 1s violet or brown while hot and yellow when cold after
1t has been heated in the outer flame, and becomes grey or opaque
after 1t has been heated in the inner flame, N1 138 certainly present,
and need not be further tested for in Table III B. (1028).

The colourless filtrate from which the N1S has been precipitated,
is examined by the General Table for Groups IV. and V.

1021. Partof the precipitate, which has been produced by Am,CO,,
often adheres firmly to the inside of the vessel in which it has been
produced. If this 1s the case, the tube should be rinsed out several
times with distilled water, and the precipitate dissolved by pouring
in some hot HA and causing 1t to run over the inside of the tube.
This solution 1s added to the HA-solution of the Am,CO -precipitate,
which is subsequently prepared for Table IV. (1031).

of the filtrate may also be due to Cr,H,Og. When the filtrate which
18 coloured by Cr,HgOq 1s boiled in a porcelain dish for several
minutes, pale green Cr,HgOg 18 precipitated, which cannot be mis-
taken for blwck NiS.
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{1022. TABLE I.—SILVER GROUP,

The precipitate produced by HCl may consist of PbCl,,
AgCl, and Hg',Cl,: the precipitate on the filter is washed
five or six times with boiling water, the first portions of the
washings being kept apart :—

The first portions of the
washin, poma;{ So"ntm,? IRsu’duo: the residue i3 rinsed into a test-tube

PLCly In solution if | (x00 @, f)and boiled with AmHO, and the
this 18 present in any | liquid 13 then filtered :—

gt

eposited in Dbrilliant | pytrate add HNO, | Remdue on the filter is

g;{s:ﬂlﬁ ag the liquid ugltal the lllii wd 18 };Imi:k: dry atha gentle

3 acld* aw TO- heat , scrape the precipl-

Test for, or confirm the cipitate, wl%ch tate off tlll)a ﬂltgr, n?lx

resence of Pb, byadd- | unites into curdy with some dry Na,CO.
ng to the washings | particleswhentho | and heat m & amall
KoCr04: a yellow pre- iquid i8 shaken or ignition tube  (a8a).
cipitate,readilysoluble| botled, shows :— Globules of Hg are seen
in KHO, shows :— Presence of 4 gntth&ndes ?i th]e tu:)he,
& ut often only when the
Presence of PO, inside of the tube 18
rubbed with a rod or
examined with a lens:—
Presence of H
(Mercurosum).

1023. TABLE G.— EXaAMINATION OF JHE PRECIPITATE
FORMED BY BoruiNG THE HCI sorution witm H,S0,.
(See par. 1012)

The precipitate produced by H,S0, may contain Au,
PbSO,, BaS0,, and Sr80,; the last three substances are
perfectly white, and Au, if present, js therefore usually seen
by colouring the precipitate btown or black ; the Au is also
usually visible during precipitation by H,SO,, or after the
white sulphates have subsided, since it colours the liquid
blue by transmitted and reddish by reflected light.

Ba and Sr can often be at once detected, if present, by
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taking a httle of the moist precipitate on a loop of platinum
wire, heating it in the inner blowpipe-flame for some time,
moistening with HCI, and examining by the flame-colora-
tion test. A more trustworthy method of proceeding is the
following.

Rinse the precipitate into a small porcelain dish, using
as httle water as possible; dissolve in the liquid a small
crystal of H,T or add a few drops of strong HA ; then add
AmHO until it is just in excess, and boil for a short time;
let, the liquid stand for a short time, and decant through a
filter :—

Solution may con- | Resudue: pour upon the residue in the dish a little
tain PbSO, , add HCI and a few diops of HNO;;, heat to boiling, led
HA in excess, stand, and decant into a porcelain dish —
then K,C10,, a
yellow precipi- | Solution boil until the | Ressdue: dry by gently
tate soluble 1in smell of Cl 13 removed, heating the dish, fuse

KHO shows — ?ddh se\éeoral ilrops of with fusion mixture on
resh Fe solution, a platinum foil, and ex-
Presence of Pb. blue coloration and réd- | amme the mass for Ba
dish precipitate show.—| and Sr as directed in

the last part of ro17.

Presence of au.
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These lines 1024. TABLE IL—COPPER AND

Vot pages.  The precipitate produced by H,S in the HCI solution, after having
with a small quantity of yellow Am,S*, or with much KHO solu-

GROUP Il A.—COPPER GROUP.

1025 The residue may contan HgS, PbS, Bi,S;, Cu8, CdS  After having washed the

precipitateand allowed it to drain, remove it trom theflterintoa porcelain d1sliz004),
pour upon it strong HNO, sufficient to cover 1t completely, and heat gently as long a8

any retf tumes come off, adding more strong HNO, to prevent ev

to dryness Boil off nem-ly all theacid, add a llttle dllute H,SO¢, let stand for some

time, stirring occasionally, and filter .~

Regidue may contam Hg8 |Fyltrate may contain By, Cu, Cd
ﬁl::d:); szot(w’"“) but Add AmHO 1n excess, boil and filter :—
fs not roved

Preapitate (not | Feltrate, ¢f blue, oontains Cu. (Note
Remove ai‘},‘ghﬁ}g‘;" r};'l‘i‘iﬂg casily seen in | 2). add HCl until the Dquid is
p o n c%d httly| dark bluc solu | actd, then pass H,S8 to saturation,
wateraspossible, addalittle| 4 one) ™" yagh | filter and wash quickly, keeping
HoT,then AmHO 1n excess, |  with hot water, | the fllter covered with a glass
boil and flter — dissolve off the | plate, rnse the precipitate into
filter bypouring | 8 test-tube, pour upon 1t some

Residue: dry on| Fuitrate: | upon it a few | dilate H,80, boil and filter
the filter at a| Add HA in dropc of boiling | through a covered filter(note 8).—~
ntle  heat, | excessthen| dilute HCl, let
st in  the ch;-o‘, a| thissolutiondrop | Ressdue dissolve | Fultrate  add
steam oven. |yellow pre-| 100 & large | Dby pouring a| much water
Sciapethedried | cipitate — gﬂﬂllmyﬂc‘?d little  bolng | and pass Hj8
restiue off the | Pregencs of| (lsuilled water, | HNO; upon the | for some time,
filter (Note 1), i o milkiness ap- | filter,addtothe | or add much
and heat 1 pearing ab once | golution AmHO | H,S-water, a
mixed with dry or after stirming | in excess, then | yellow precipi-
NasCOs in a and  lethng | yr 0 eycess| tate shows —
small ignition- stand for somo | g1 o oy drops | Presence of Cd.
tube ; globules fime, shows — | (¢ FeCys &

of Hg form on Prosence of Br. | choediate - red | Note —1t this
the sides of the precipitate precipitate  is
bacome v el | fhows = e | i gt
cipitace produced , |Lus 18 presen
when rubbed or bp Amﬂ’}\ must Presence of Cu seo  Note 8):
when looked for a{ways be tested Iter 1t off, boil
by alens:— as above for Bi, [ 1tonce more with
Presence of H| aince Pb and Hg H,S0,, filter and
(Mercuricum}, might possibly ap-| test the filtrate
pear here as white by IL,S as above,

precipitatesand be for Cd.

mstaken for B1,

*If traces of Cu have tobe tested for, Na,8 should be substituted for Am,$, smce Cu8 is

Note 1,—If the residuc is too small to be removed, the portion of the paper
containing it may be cut up and mixed with Na,CO, For the precautions
requisite in performing this test refer to pwagiaph 282,

Note 2.—Another method of detecting Cd in the presence qf Cu, consists
in adding KCy solution to the blue ammomacal liqud, and passmg HyS; Cd
if present falls as yellow sulphide ; Cu may then be tested for in the filtrate,
which has been boiled down considerably with oxcess of HNO,, by adding
AmHO in excoss, then HA in excess, and K FeCy, (298),

Note 8, —Unless this precipitate is filtered without delay in & covered funnel,
washed quickly, and examined at once, CuS is liable to be oxidised and to
pass into the filtrate asCuSO, ; it then discolours the CdS precipitate,or may
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ARSENIC GROUPS,

been washed with hot water, is removed from the filter and boiled
tion, and filtered :-—

GROUP ILr.—ARSENIC GROUP.

The flltrate may contain Asy83, 8bySg, Sndy, 8nS, [AugSg, PtSpl.  Add to it HC1 until it is
acid, and pass HoS unless the iquid smells strongly ; the above sulphides if present will
be re]lrec pitated ; a mere milkiness due to precipitation of 8 may be disregarded.

ote

! "The pl?eclpitate 18 filtered off and examined as directed below (10a6). See also Note 5 {

1026, The precapitate 1s allowed to drain for some time upon the filter in the funnel
It is best then to drain 1t still further by carefully taking the filter out of the funnel,
opening it out, and spreading 1t upon a pile of three or four cut fllter-papers, The pre-
cipitate is then removed to a small porcelain dish (xoo, d, {) and heated for some time
nearly to boiling with strong fuming HC1 The liquid 1s then cooled and filtered :—

The resrdue will consist of
AggSg, which 18 almost -
soluble in strong HCl

Dry the washed residue on
the filter at a gentle heat,
then mix 1t with thiee or
four times as much pow.
dered KCy and freshly
dried Na,COg, and heat the
mixture in a small bulb-

The filtrate may be examined for Sb and Sn by
either I or IL. below :—

I Place a piece of platimum-foil in a porcelain dish and
pour the acid filtrate upon 1t, then touch the foil with
a piece of Zu ; H will como off with effervescence, and
if erther at once or after a few minutes a black stain
appears upon the platinum the presence of Sb 18 1ndi-
cated. Confiim as duected 1n Note 6

The platinum-foil is removed and pieces of Zn are
placed in the iqwid  as soou as the bubbles of 1L cease

tube, removing any drops
of water 1nside the tube by
a twisted piece of filter-
aper, a blacl;f ‘|4mr10r
320) —Presence 8
(Refer to Note 7))

Note.—The AsgS; may also
be dissolved by heating 1t
with a hittle fuming HNOg
The excess + f IINO;1s borled
off and As is detected as
H3As0y4 by adding AmCl, ex-
cess of AmHO and Mgs0,
(3:?' or by addition of

8. 63, and then cautiously
neuttalising with AmHO

(333)-

to be given off, Zn still 1emaning undissolved, remove
the preces of Zn, 1t hbing and rinsing any dark deposit
back into the dish ( 3:.8) 3 let this deposit settle, decant
the liquid and heat the solid deposit with stiong HC1
for soveral minutes in a test-tube, dilute with a httle
water, filter if necessary, and add a few drops of HgCly
solution . a white or grey precipitate (341) indicates ;=
Presence of Sn (Note 7)

Refer to 1072, 1073, 1f Au and Pt have to be tested for.

II The acid filtrate 1s poured into a ittle hydrogen flask
(fig 71, par 316), n which H hasbeen coming off briskly
for about five mn.ltes, bemg produced by the action of
a little dilute HCI upon some pleces of Zn 'The H is
lighted at the jet, and the mside of a small porcelain

- digh or ctuctbie 1id 18 pressed down upon the flame - a

black stain>which 18 not dissolved by solution of
beaching-powder, shows —P1esence of Sb.
The residue in the flask 1s tested for Sn, as directed

m the latter part of I. (above).

1

>mewhat soluble in Am,S ; but Sn”S and AuyS; are much more readily soluble in AmgS.

be entirely overlooked 1f present in small quantity. It is well to pour afew
drops of H,Swater into the funnel with each freshadditionof washing water.

Note 4.— White 8 will always be precipitated here, if yellow ammonium
sulphide has been used above. Traces'of thgsulphides a1e detected by shak-
ing up a part of the white liquid with benzene. The coloured sulphide is seen
at the surface of contact of the benzene with the acid liquid.

Note 5.—The detection of As, 8b, Sn by the method given in 1026 is
simple and rapid. It is excelled in delicacy and trustworthiness by the
methods given in paragraphs 346 and 347 ; but these methods need not
be resorted to unless Auor Pt, or traces of As, Sb, Sn have to be tested for.

Note 6,—The Sb deposit on the Pt may, after rinsing the foil, be

24
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dissolved by heating the Pt in a test-tube with a little very dilute
HNO,; On cooling this solution, diluting it and passing H,8, an
orange-red precipitate will form either at once, or after the liquid
has stood for some hours, confirming the Presence of Sb.

Note 7.—The passage of H,S into the HCl solution in the General
Table (1007) may have already indicated by the colour of the sul-
phide precipitate, or by precipitation occurring only on application
of heat, whether As and Sn were originally present in the -ous or -i¢
condition. If this is not certain, tests 323-326 and 340-342 must
be tried with the original solution of the substance.

1027. TABLE IILA.—IRON GROUP.

The precipitate produced by boiling, after addition of
AmCl and of AmHO in excess, may contain Al (HO),
Cr,(HO),. Fe,(HO),- the colour of the precipitate will
usually show whether it contains any quantity of Fe,(HO),
(reddish-brown), or Cr,(HO), (pale green), since Al (HO), is
colourless.

Dissolve the precipitate in a lttle boiling dilute HCI
(100, d, e, £), add to thesolution pure KHO or NaHO until
the precipitate remains after the liquid has been stirred,
then add KHO or NaHO in considerable excess, boil for
some time and filter :—

2 Precyntate may contain Cr,(HO)g and Feo(HO)g.

1. Filtrate may contain

Aly(HO); dissolved 1n
excess of NaHO: it it
is green, Cro(HO)g is
also in solution and
must be precipitated
by further boiuhng in
a porcelain dish, and '
then be removed by
filtration.

Add HCI mn slight ex-
cess, then AmHO in
lllfht excess (xo‘;): a
colourless gelatinous
precipitate shows ,—

Presencs of Al.

Dry upon the filter, carefully avoiding charring t?o
Eaper, whon sutheiently dried the substance will
ave shrunk considerably into small, hard, dark-
coloured piecet; detach these from the filter and
fuse them with a httle solid, Na,CO; and KNO
upon a piece of platinum foil, either sug?orte
upon a pipeclay triangle q~ held in the Bunsen
flame by crucible tongs Continue the fusion
by heating the under surface of the foil in the
blowpipe flame a8 long as any frothing occurs,
then allow to cool, a yellow mass indicates the
})reseuce of Cr (note 1) Boil the platinum fofl
n a small porcelain dish with water until the sub-
stance 18 entirely dissolved r only a daik brown
¥:owder (Fe;04) remains undissolved, take out the
oil, allow Zhe powder to settle, and decant the
Yquid through a filter'—

Note. — Sodium and
potassium hydrates are
'A)“,(’n l(l)s)l:le ttho contla.h:

$ e analys
must agcertain tﬁa&
the Al does not come
from this source.

8. Fultrate wiﬁ beyellow it
Cr is present (note 2).
Add HA inexcess,shown
by the colour becomin;
reddish, boil for severa
minutes, then add PbA,
solution; a yellow pre-

te shows :—
Presence of Or (note 3).

4. Residue in. porcelain
dish; dissolve by pour-
ing in a little HCl
and boiling, add some
water, then a few drops
of KCyS solution; a
blood-red coloration
shows :—

Presence of Fe (note 4).
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Note 1 —If Mn was present in the original substance, 1t is often
precipitated more or less completely with the Fe, and will be
detected by imparting to the fused mass a bluish-green colour This
should be noted, as the Mn may possibly be entirely precipitated in
this Group, and will not then be detected in the next Group.

Note 2—The green colour, due to the presence of Mn, conceals the
pale yellow colour due to Cr But when the cool mass is dissolved
in water and the solution 1s boiled with HA, the manganese colora-
ti1on is destroyed. The yellow colour due to Cr then becomes evident,
after any dark-coloured precipitate has been removed by filtration.

Note 3.—Cr may have been present as a chromic salt, 1n which Cr
replaces the hydrogen of an acid; or as a chromate, 1n which Cr is
united with oxygen to form an acid-radicle. Ascertain 1n which
state Cr was present, by boiling some of the original substance with
Na,CO;-solution and filtering A yellow filtrate, which after it has
been acidified with HA gives a yellow precipitate with PbA,, shows
that Cr was pre<ent as « chromate. If the Cr was previously com-
bined with an acid-radicle as a chromic salt, it will remain undis-
solved as green Cr,(HO)g, and will not colour the filtrate - it is found
by 2 in the preceding Table.

Note 4.—Ne is always detected here as a ferric salt - since. even if
it was originally present as a ferrous compound, this will have been
converted into a ferric salt, when the solution 1s boiled with HNO,,
before Group III.A. 1s precipitated in the General Table. In orderto
ascertain in which condition Fe was present, some of the original sub-
stance 1s boiled with HCIl 1n a special apparatus (figs 40, 41, par 86),
the solution is filtered, 1f necessary, and then divided into two parts,

"I'v one portion freshly made solution of K;FeCy, is added (Note, 201),
a dark blue precipitate shows the Presence of Fe”’ (Ferrosum), to
another portion KCyS is added, a blood-red colour shows Presence
of Fe'’ (Ferricum)

1028. TABLE IILB.—ZINC GROUP.

The precipitate produced by Am,S in the solution, or in
the filtrate from Group IIL.A., may contain ZnS, MnS, NiS,
CoS. The colour of the precipitate will usually show
whether it contains any quantity of NiS or CoS which are
black, or consists only of Mn3 (pink) or ZnS (white).

The presence of Ni will have been indicated by the blue colour of
the filtrate, which was obtained after boiling with AmHO in the
General Table, and by the dark brown colour of the filtrate which
was obtained after boiling with yellow Am,S. If the black precipi-
tate, which was obtained by boiling the dark brown filtrate from
Am,S (1020), has been proved by the borax-bead to be Ni8, the
further tests for Ni in the following Table may be omitted.
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Remove the precipitate from the filter with cold dilute
HCl in the way described in par. 100 ¢; take out the paper
and allow the liquid to stand, occasionally stirring it well.
The precipitate will either dissolve, leaving only white
sulphur, in which case the milky liquid may be at once
examined by 1030; or a black residue will be left, which
must be filtered off and examined by 1029, the filtrate being
examined by 1030.

1029. The residue 1s black, and may contain NiS, CoS,

Ezxamnation by the borax bead
Yuse a small quantity in a clear borax bead 1n the extieme tip of the outer blowpipe
flame, note 1ts colour; then fuse the bead for some time m the mner blowpipe
flame, and again observe 1ts colour. Any one of the following observations may be
e —

A bead which 18 neither brown
nor blue, but of some 1nter-
mediate hue on cooling
from the outer flame, 1ndi-
cates the probable presence
of both Co and N1

Laamine theremamder of the
black residue as directed
below for N1 and Co, or for
Co alone 1f N1 has been
already detected by (s020).

Blue bead in both
flames shows ,—
Pregence of Co.

Brown or yellow bead,
when cold after fusing
it 1n the outer flame,
whichbecomes grey or
opaque 1 the mner
flame, shows Presence
of Ni, Absence of Co

Unless merv tracesof Co
have to be tested for,
no farther examina-
tion need be made

Co need not be further
tested for, but 1if any
doubt exists as to the
presence of Ni the
rest of the resdue
must be examined a8
below.

Further examination of the resndue —Rinsethe residue from the filter into a porcelain
dish, using as Little water as possible: pour 1n a little stiong HCI and boil for
some time, adding occasionally a small crystal of KCl0s, until the black residue 18
entirely dissolved or only a small quantity of datk sulphur 1emams, ther boil
down nearly to dryness, a blue liquid shows presence of Co; dilute with a httle
water, filter if necessary mto a boiling-tube and pour in KCy solution slowly until
the precipitate formed at first is just 1edissolved, boil buiskly for several minutes,
and add much strong NaOCl, or make deudedly alkaline with NaHO and adti
much Br-water ; heat nearly to boiling, and allow the hquld to stand at least ten

minutes, fllter* :—

(

Precipitate (black): wash,
and confirm the presence of
Ni by fusing some of the
precipitate, or the paper
stained with the precipitate,
in a borax bead In the outer
and inner blowpipe flames
abead yellow when cold, he-
coming black in the mner

o shows .—
Presence of Nt.

Fitrate must be warmed with more NaOCl, or
Br-water, and filtered from any additional preci-
pitate which may form, then evapoiated to dry-
ness and strong IINO; poured upon the residue as
long as any frothing 18‘caused, this 13 then eva-
porated just to dryness, the residue dissolved 10
water, excess of KHOadded to it, and any precipi-
tate filtered off and fused mnto a borax bead, taking
the p@er staed by the preclgltate if the precipi-
tate i§ not easly removed . a bluebead shows.—

Presence of Co.

* If this precipitate adheres to the sides of the boiling tube, it 18 dis-
solved, afier the liqud has been emptied out, by pouring mn a lttle
boiling HCI ; from this solution the Ni 1s precipitated by addition of
KHO, and the precipitate 1s filtered off and tested by the borax bead

for Ni.
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1030. The Solution or filtrate may contain Zn, Mn,
Boil in a porcelan dish until 1t ceases to smell of H,8, then drop in a small crystal
I of KC10;, and boul for several minutes. After cooling the hiquid add pure NaHO

stir well and fllter:

until after sturing the liquid 1t turns red litmus-paper blue, then add more NaHO,

Preaymtate 18 white at first,
but rapudly darkens 1 the
arr. Fuse a portion of 1t
with solid Na,C0; and
KNO; on platinum foil, a
bluish green mass 13 ob-
tained on cooling, showing

DPresence of Mn,

Note —Mn may have been
ouginally present erther 1e-
placing H in an acid, or com-
bmmed with O as an acd-
radicle  Its presence mm an
acid-radicle is 1ndicated by
the colour of the original solu-
tion, since 1n the form of
manganate 1t 18 green, and as
permanganate 1t 18 purple,
these colours disappear on
boiling the HCl solution for
some time, or on passing II,3.

Iuitrate; pass H,8, a white preciﬂltate forms, often
somewhat discoloured, showing :
Presence of Zn.

Note —From a dilute solution of Zn(HO), in NaHO
the Zn(HN), is precipitated on boiling, hence after
adding NaHO, as directed above, the liquid must not
be boiled, else Zn might be precipitated with the
Mn(HO); and escape detection

But by diluting and boiling the above filtrate, it is
usually possible to cause any Zn(HO); which it holds
in solution to precipitate, especially 1t the alkalimty
of the iquid 1s somewhat 1educed by cautious addition
of 1iCl 1 quantity insutficient to make the hquid acid
If this precipitate 18 separated by pouring the hquid
through a double filter and 1s then dissolved off the
filter and_the sides of the boiling tube by a little
boiling HA, ZnS may be precipitated perfectly whate
from this solution by HgS,

1031. TABLE IV.—-BARIUM GROUP.
The precipitate, which has been produced by Am,CO, may

contain BaCO,, SrCO,, CaCO,. Itisto be well washed with
boiling water. Before the whole of the precipitate is dis-
solved off the filter, much may usually be learnt by making
an examination of the flame-oloration, which 1¢ vielded by
the solution of a part of th precipitate in HCI (1032). The
results thus obtained are afterwards confirmed in the wet
way by par. 1033, or by the quicker method in par. 1034.

1032. Hxamination by Flame-Coloration.—Take a small
quantity of the precipitate off the filter upon the end of a
glass rod, and dissolve it by moving the end of the rod about
in several drops of HCl on a watch-glass; dip into this solu-
tion aloop of platinum swire, which imparts no colour to the
flame (112, Exp. 91), and hold the loop for some time in the
Bunsen-flame: repeat these processes if the coloration has
not been satisfactorily observed. Ca will impa1t to the flame
a yellowish-red colour, Sra crmson-red, Ba a yellowish-green.
The red colorations yielded by Ca and Sr are distinguished
by viewing the flame through the indigo-prism; the Ca
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These coloration then appears dingy green, while the Sr-coloration

ines
run

remaining after the other colorations have disappeared.

soroware apt to interfere with one another; but if at any time a

pages. Present ; if a green coloration is visible without using the

may also be examined by the spectroscope (I13).

1033. Ezamination wn the Wet Way.—Dissolve the rest
HA; boil the liquid and pour it again through the filter, if
not acid in reaction, mix more HA with it, then pour off a
the larger portion (). Cool portion (4) and add to it several
refer to column I. below, or to IV, (1034) 1f noimmediate
cipitate then forms 1efer to II. or to V. (1034); if no
by III. or by VI. (1034).

I An immediate precyntate is produced by CaSO; 1n the cold, showing
Presence of Ba.

Portion (B) must then bo tested for Sr and Ca which may also be pre-
sent: examine 1t as directed below :—

Add K,CrO, solution until the colour of the liquid is reddish yellow ;
heat, an(f filter through n double filter-paper, pouring the filtrate
thiough the same filter 1epeatedly if necessary unuY the liquid 15 quite
clear ; then add to the hqud, which must be orangered 1 colour,
Al]'nHO until the colour changes to pale yellow, then add AmyCOq
solution :—

No precymtate forms, A precipitate forms, showing Sr, Ca, or both of

showing *— them, to be;i resent. Adﬁ ttf)i lthe liquid%m,()los

1 excess, filter, reject the filt1ate and dissolve

Abscncaé:{ .Sr and the prgclpltnte off {he filter 1n as hittle boiling

HA as possible ; pour off a small part (C) of

thas solution, resetving the larger portion (D),
To (C) add CaSO, solution and bol i~

No precipitate forms:— | A precipitate forms:—
Absence of Sre Presence of Sr.
Examine goxtion (D) for | Examine portion (D)

Ca as directed at (D) for Ca as directed at
in Column I.II. (D), Column II,
.

1034. BARIUM GROUP.—

IV. Add K,CrO, solution to portion (B) until the liquid is coloured, heat,
and filter through a double filter-paper,
The yeilow precipitate confirms the presence of Ba,

For the examination of the Filtrate refer to Column V.
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still appears crimson ; Ba is usually found by its coloration
‘When all three metals are present together, their colorations
red colour is visible through the indigo-prism, Sr is certainly
prism, the presence of Ba is proved. The flame-coloration

of the precipitate off the filter by pouring in a little boiling
the precipitate is not entirely dissolved. If the solution is
small pertion (4)of the solution into a test-tube,and put by
drops of CaSO,-solution ; if an immediate precipitate forms,
precipitate forms heat the liquid to boiling, and if a pre_
precipitate forms even after several minutes, test portion (B)

II. 4 precyntate is not formed at once on
the addition of CaSO,, but appears on
boiling the liquid, showing :—

Absence of Ba and Presence of Sr.

D, Portion (B) is then examined for Ca
as directed below :—

Add dilute H,SO, in excess, boil and filter,
reject the precipitate ; add to the filtrate
several diops ot 11,80, and boil ; 1f
this causes any precipitate boil and filter,
and again test the filtrate by addition of
H,80, and boiling : repeat this process
if necessary. To the clear filtrate, which
gives no further precipitate on addition
of H,80, and boil:ng, add gradually
AmHO until after mixing the hqud by
thorough stirring or shaking, it turns red
litmus-paper blue, then add Am,C,0,
solution and warm gently ; a white pre-
cipitate, often appearing only after a
time, shows :—

Presence of Cav,
(Sece Note, Column IIL.)

III. No precipitate is pro-
duced by CaSO,, even on
bovlang, showing :—

Absence of Ba and Sr, and

Presence of Ca.

D, Confirm the presence of
Ca by making portion (B)
alkaline wﬂ:g AmHO
(103), then add Am,C,0,
solution ; & white precipi-
tate forms, showing :—

Presence of Ca,

Note.—1f mere traces of Ca
have to be tested for, the
filter-paper used in the ana-
lysis must first be freed
from any traces of Ca it ma;
contain by wetting #t with
dilute HCIl, and then tho-
roughly washing 1t with
distilled water, as described
in the last par. of 92.

TABLE 1IV.a,

V. The Solution or Filtrate may contain Sr
and Ca, Dilute with twice ils volume
of water, add dilate H,80, in excess
(978), boil and filter.

The Precipitate is tested for Sr by moisten-
ing it with atrong HCl and examining
the flame-coloration (180) through the
indigo-prism, or the spectroscope,

The Filtrate is examined by Column VI,

VI. The Solutwon or Filtrate
may contain Ca, Add
AmOH in excess, then
add Am,C,0,, and allow
to stand : & white pre-
cipitate :—

Presence of On,
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1035. TABLE V.—POTASSIUM GROUP.

The filtrate, which remains after all the Group-reagents
have been added in succession to the original solution, may
still contain Mg, K, Na, and NH,. Since, however, NH,-
salts have been added as Group-reagents, NH, must be tested
for in the original substance by KXHO solution (989, I, 3).
Proceed to examine for other members of Group V. as is
directed below.

Evaporate the filtrate from Group IV. to dryness in a
porcelain dish, scrape out the solid residue, and heat it to
redness upon a piece of platinum foil in the Bunsen-flame, as
long as any white fumes are seen to be given off when the
foil is removed for an instant from the flame (Vote 1). All
NH,-compounds are thus entirely removed. If any residue
remains (Vote 2), it is dissolved by boiling the foil in a test-
tube with a small quantity of water, to which several drops
of dilute HCl have been added. Divide this solution into

two parts:—

EXAMINATION FOR Mg. EXAMINATION FOR K AND Na.

Before testing for Mg in
one portion of this solu-
tion, it 18 necessary to
remove from it any traces
of Ba, Sr, or Ca which
it may possibly contain,*
and which might else be
mistaken for Mg.

Add, therefore,

ps of H,80, to the
ligmid, boil for a short
time and let stand ; then,

several

and warm gently ; if any
precipitate has formed
proceed to filter at once
as alluckly as asible,
To the liquid, in which
the addition of H,SO,,
AmCl, AmHO in excess
and AmsC;04 causes no
further precﬁ)itate, add
Nn‘ﬂi(:‘, and it no pre-
cipitate forms at once
warm gently, shake or
stir the liquid violently
and let it d for some
time: a white crystal-
pitate shows :~—
esence of Mg.

In the other portion proceed to test for K and Na
as directed below ‘Ihe presence of Mg in no
way inteiferes with the detection of K and Nas
and hence 1f Mg has been detected 1ts removal
is unnecessary

Flame coloration —Dip 1nto the solution a lovp
of platinum v ire which has been proved not
to impart any colour to the flame Hold the
loop in the Bupsen flame, oue of the follow-
ing results will be observed .—

whether a puecipitate | 4 bright yellow flame color-| A  pale lilae

formed or not, add | " gt0m, in¢ icntlnﬂhcpracnce colorution, ap-
a little AmCl, then of Na(Note 3) pearing c1imson
AmHO in excess, then|Esamine this _coloration| red through the
several drops of Am,C;04 | * through the indigo-prism;, indigo-piism,

shows —
Presence of K,
and absence of Na.

if it appears red, presence
of K is proved if no red
colouris visible K isprobably
absent, or is present only in
very minutéquantity.

It is usual to confirm the results of the examina-
tion of the flame coloration by pouring the
remainder of the solution upon a watch glass,
adding to it several drops of PtCl, (Note 4)
and stirring well for some time ; the formation
of a yellow prcc?)uuw shows :—

“1esence of K.

Bee (241), and Note 5, below.

. Traces of Ba, 8r, Ca may remain unprecipitated by Am,CO,,
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Note 1.—1If the residue is small in amount, it may be ignited in the
dish ; but this is not to be generally recommended, since the porce-
lain dish is liable to be cracked by the heat, and it is also difficult
to get entirelyrid of the NH,-salts by heating the residue in porcelain.

Note 2.—1t is not safe to place much reliance upon an examination
of the foil for the detection of a small quantity of residue, but it may
usually be detected by producing a crackling noise while the foil is
cooling immediately after 1ts removal from the flame. Should there
be any doubt, the foil must. be boiled with water and a drop of HCI,
and the solution examined for Mg, K, and Na, as is directed above.

Note 3.—The examination of thisflame-coloration by means of the
spectroscope (113) will naturally suggest 1tself

A yellow coloration, more or less intense, will almost always be ob-
tained here, since most substances and reagents contain small quanti-
ties of Na. Hence the student must note the intensity of the colora-
tion, and judge from 1t whether the quantity of Na is small or large.
The test fora trace of Na1s usually made upon the original substance

Yote 4.—If 10d1ne 18 present, PtCl, will produce an intense red
coloration. Hence if iodine 1s suspected to be present, the above
solution should be evaporated to dryness with a httle strong HNO,,
and the residue dissolved in a few drops of dilute HCI before it is
tested for K with PtCl,. This is of course unnecessary, if the solu-
tion has already been evaporated to dryness with HNO; before pre-
cipitating Group III. in the General Table In case of uncertainty,
add PtCl; to a drop ouly of the above solution, and if 10dine is
found to be present, proceed as 1s directed above.

Note 5.—Mere traces of K and ‘Na may be detected by adding
PtCl,, and then evaporating the liquid to drynessina porcelain dish
upon a water-bath  Absolute alcobol is then poured into the dish
and stirred. Any vellow residue shows the Presence of K. The
solution will give the pure Na-coloration, 1f Na 1s present. and if
the yellow residue is filtered off and washed with absolute alcohol,
it will yield the pure hilac flame-coloration of K.

ExAMINATION roR THE RARER METALS, AND FOR
ORraaIC S)UBSTANCES.
.

1037. The Systematic Examination for the more com-
monly occurring metals is now complete. If the Rarer
Metals have to be looked for, attention must be paid to the
special Tables given in paragraphs 1090, I09I.

The detection of Organic Substances is provided for in
paragraphs 1092, et seq.
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1038. TABLE OF SOLUBILITY.
A blank signifies that the solubility is unknown or unimportant.

K.|Na |Am Mg |Ba|Sr.| Ca. | Fer.|Fe”. |Al|Cr.| Zn.|Mn| N4.|Co,
de JJwliw wla [w|w] wa | a a |alfai|a|a|a |&
sulph!da s | W W W walw [w | wa |a= | & |—|—] a/ a amsgms
Chloride . .|w.|w.|w.[w [w|Ww w w w, [woal|lwiw]|w|w
odide . . . |W.{W W | W | w 6w w. w W [—|—=|w|w]|—|~—
Bulphate . . (w.[w.|w |w [i |1 [wa=-i| w | w |w wa|w|w|w]|w
Nitrate . .[w.jw]w.|w |[wW]Ww w w. [w |[w wlw]|w|w]|w
Phosphate . |(w.|w |w  /a [a|a a a a [a|a|lafafa |a
w.lw|w | a |ala]| a 8 | — |—|—]a]a]|a |a
Borate . . w|w|w|a |aa a. a. a (a|afa]|ala |a
Arsenite . w.iw.|w a |a|a a. a a. | a|afa|a|a |a
Arsenate , . |w.[w |w |a | a|a a. a a |—|[—|—]—]a |a.
Chromate . .[w.|w | w ] |w. |a|a | a ~|w |alalw]ilfa |~
Fluoride , . |w |w.(w.la [ai | & | ai - e e e e e
Oxalate . .|w.iw|w.|a [a]|a  a [ 9 a | & walalwala [a
]
my” 'Pb | Bu | Cu. | Cd. | Sb. | Sn”. |Sn"™.| As™.| Ag Hg.
Oxide . . .| a ar a8, a. a [ a= | a8 | af [waw| am as
Sulphide . .| a== | a | a= | a* a. | am | a= | a= | ga» a~ a~
Chloride . .| w. |wi [wb.| w. | W [wb wb| w. | w i. al
Yodide . . .| a (was| — | — ! w. | — | w w - i an
Bulphate . .| wb | ai. [wh | w. | w 8. | w, |wh| = | war |wba*
Nitrate . .[wb | w [wb | w, [ w - | -] w - W, w.b,
Phosphate 2, ar — a a - a —_ - as a»
Oarbnn:te a. a~ | a, a. a Ll B B an ar
=] afala jwa| —|a|—=|—= - w.
Arlemte < .| & a® a a. - a, - - - a® as
Arsenate . .| a. | a" | — | a - a | === ar as
Chromate . . w-a |a"i | & | w. | — | & | — | — | —~ an a~
Fluoride . .' w a - - - =] - = - V.o —_
Oxalate . ’ a a a. 8. (a. a. a [ w | — a P

Refer to par. 1040. The solubxhty of a compound is denoted by

letters :—

w. Signifies soluble in water. '

a. Soluble in the acids HCl, HNO,, and aqua regia.
a™, Soluble in muriatic, or hydrochloric acid,
an, Soluble in nitric acid.

8™, Soluble in & mixture of muriatic and bitric acids, or aqua

regia, but not in either acid separately.
i. Insoluble in water and in acids.

w.a. Letters thus placed together, *with a stop between them,
signify that in different states the substance shows the
different solubilities denoted by the letters.

w-a. Letters connected by a hyphen indicate that the substance is
only slightly solublein the first solvent, and may therefore
partially fall under the class denoted by the second letter.

b. Decomposed more or less by much water with formation of a
basic salt, which is insoluble in water but solublein acid.
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EXAMINATION FOR ACID-RADICLES.

INTRODUCTORY REMARKS.

1039. In conducting the Examination for Acid-radicles,
much time and trouble may usually be saved by considering
which of these radicles can possibly be present. The pre-
ceding examination will usually have limited the number
considerably (1041); but it may be further reduced by a
consideration of the metals present and of the solubility of
the substance under analysis, aided by a reference to the
Table of Solubility (1038).

1040. Table of Solubility.—The Table on the preceding
page has been drawn out to assist the analyst in the above
consideration.

Only commonly occurring compounds are contained in this
table ; the solubility of other substances may be obtained
bv reference to a Dictionary of Solubilities.

The Table is thus arramyed. In a horizontal line at the
head are placed the sympols of the more commonly occur-
ring metals, whicn yield salts or basic oxides. In the vertical
column on the left is a list of that portion of the names of
the compounds of these metals, which corresponds to the
acid-radicle. '

To find the Solubility of @ Compound of any one of the
metals which are placed®at tho top of the Table, glance down
the vertical column which is headed by the metal. The
letter which indicates the solubility of the compound will be
found in a horizontal line with the acid-radicle portion of
the name of the compound. Thus, in order to find the
solubility of zinc sulphate, it is only necessary to glance
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down the vertical column with Zn at its head : on a hori-
zontal line with sulphate stands the letter w; this indicates
that zinc sulphate is soluble in water.

The Way in which this Table is used, after the solubility of
the substance under analysis has been ascertained, and after
the metals which it contains have been detected, may be
explained by an example.

In a substance, whick was entirely soluble in water, the
metals K, Ba, Ag were found. A glance down the columns,
headed by these three metals, thows at once which acid-
radicles may be present.

All acid-radicles might be present combined with K, since
all its salts are soluble in water. But the presence of Ba in
a substance which is soluble in water, shows that SO,, PO,,
CO,, BO,, AsO,, CrO,, and F cannot be present; since these
acid-radicles form compounds with Ba which are insoluble in
water. Ag excludes in addition 8, Cl, Br and I. Hence,
of the more commonly occurring acid-radicles, NO, only need
be tested for.

This example shows how much the examination for acid-
radicles may often be simplified, when the metals which are

present in a substance and the solubility of the substance
are known,

104I. Several Acid-radicles Will prebably have been
satisfactorily tested for in the Preliminary Examinations.
In case their reactions have been interfered with by the
presence of other substances, the analyst should refer to the
reactions for acid-radicles in the Fourth Séction (Part III.),
and select one which will be decisive.

The Examination for Metals ma;r also have yielded proof
of the presence of certain acid-radicles. Thus:

A green alkaline solution, becom-
ing purple when it is diluted or
acidified, shows . . . . Presenceof (MnO0,)"
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A reddish-yellow solution, becoming
green and depositing sulphur
when H,S is passed, shows . . Presence of (Cr0,)"

A parple solution, becoming colour-
less with H,8, shows . . . Presence of (Mn0,)

A yellow precipitate of As,S, with
H,S, which appears only when the
liquid is boiled, shows . . Presence of (480,)"

An insoluble residue of SiO,, after
the filtrate from the H,S-group
has been evaporated to dryness,
shows . . . . . Presence of (Si0,)’

And a yellow precipitate obtained
with AmHMoO,, before precipi-
tating Group IIL., shows . . Presence of (PO,)"

If the presence of any of these acid-radicles has been
detected in the above manner; it will require no further
confirmation.

Of the Acid-radicles which remain to be tested for, some
can be detected by the plan drawn out in paragraphs 1042-
1047, others are most easily found by applying special
tests to the original substance {1048-1056).

GENERAL EXAMINATION FOR ACID-RADICLES.

1042. Removal of Metals.—Before the following tests
are applied, it is advisable to remove from the substance
any metals, other than K, Na and NH,, which it may
contain, since some of these might be precipitated by the re-
agents which are added for the detection of the acid-radicles.
If alkali-metals alone are present, this separation is unneces-
sary, since they are not precipitated by any of the reagents.

This removal of the metals may usually be effected by
boiling & portion of the finely-powdered substance with pure
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Na,COg-solution, which must be added to the clear solution
as long as it causes any precipitate. The precipitated car-
bonates are then removed by filtration, and the clear filtrate
is divided into five equal portions. One of these portions is
reserved in case of accident, and a second is kept for the tests
for organic acid-radicles. The other three portions are acidi-
fied, while they are hot, by the addition of HCl, HNO, and
HA respectively; they are then examined as is directed below,
a geparate part being used for each test.

1043. Some Metals cannot be Completely Precipitated as Car-
bonates by boiling the substance with Na,COy-solution . the presence
of these metals in the solution is, however, frequently of no conse-
quence. If they must be precipitated, the addition of Am,S, or the
passage of H,S, will usually separate them as insoluble sulphides ;
but the subsequent separation of the excess of Am,S or H,S, by
gently warming the solution, is troublesome.

Since the analyst knows at this stage of the analysis what metals
are present, it should not be difficult to separate them, or to allow
for their presence while the tests for acid-radicles are being tried.

SpeciaL TESTS FOR ACID-RADICLES IN SOLUTION.

1044. The Three clear Acidified Portions of the Filtrate,
obtained by boiling the substancewith sodium carbonate-solhi-
tion (1042), are tested by paragraphs 1045-1047. Further
special tests (1048-1056) are then tried, if necessary.

Some general tests for organic acid-radicles will be found
in paragraphs 1103-1106.
TI045 | L Portin acsdifed wih i1 Prevnt
On s:ﬂglt:o:nolgo Blﬁﬁ:;’ :ol()t::lo;l a v:'hlte preciplhte in. }

On addition of BaCl, solution, a semi- tnnspnrent}

(804"
precipitate insoluble on boilins (Vote 2) (BiFey
On addition of AmCl affd Am,CO.
parent precipitate . ’C " : ’em‘ trm } @10
On addition of FeS0, solutfon, udark blue precipltate (FeCyq)”

On lddjtion of Fe,(l, loluuo a dark bl
tate; Fe30, Yi:f(' u:xs ght lue preclpl;:ugedm,} (FeCyq)*
(Cy8y

On sddltion of Fe,Cly solution, & red colonuon.}

ed by pouring into HgCl, solu




1046, 1047.] EXAMINATION FOR ACID-RADICLES. 383

1040. | 11, Portwn acudyied unth LUNO;. Refer to (Vote 8). I Present. |

On addition of AgNO,, a pure white' precipitate,
easily soluble i AmI0 (vte 1y o LoD, }‘

O addition of AgNO; a lght yellow reci ltate {
with difficulty sglubl,e in Agl y p p '}

On addition of AgNO,, a yellow precipltate nlmost
insoluble in AmHO .

Refer to (Vore 4 )

(v ¢
Br
1

| 1047. | IIN. Portion acidified with HA Praent. |

1
On addition of PbA, solutlon a yellow|
precipitate (Note 5) 1, y } (Croyy”

On addition of CaCl, solution a whlte gela- v
tinous precipitate . } ¥, probably.

On addition of CaCl, a white pulvemlent)

precipitate . f (C:0,)", probably.
On addition of Fe C] a ellownsh whlto re- 1 v
cipitate {105z, 13:53‘) y' P (POg)™, or (Ag0,)".

NOTES ON THE PRECEDING TABLE,

Note 1. Unless the Na,CO;-solution, which was used in preparing
the solution for these tests, was pure, (SO,) and (Cl), if detected,
may have been present only as impurities 1n the Na,CO; and not in
the original substance ; portions of the original substance should
then be tested by paragraphs 1048 and 1o49.

Note 2 The presence of (31Fy) should be confirmed by adding
KCl to another part of the solution (611), or by heating the BaSiF,
precipitate or the original substarce with strong H,SO, (612).

?

Note 3. If AgNO, yields a black precipitate, this proves the pre-
sence of a sulphide, or possibly of a thiosulphate. Add HNO; and
boil ; the black Ag,S will thus be decomposed, leaving a milky
liquid, in which any other precipitate is readily seen after it has
been coagulated by heating or shaking the liquid.

Note 4. It must be remembered that (Cy), (FeCysg),,, (FeCye)”” and
(Cy8) are also precipitated by AgNO;, Accordingly, if these acid-
radicles have been already found, a precipitate produced by AgNO,
does not prove the presence of (@l), (Br), or (I). These acid-radicles
must therefore be specially examined for, as is directed below.

If chloride, bromide, and iodide have all to be tested for, a portion

* ¥ will be readily detected in this precipitate, or better in the
original substance, by paragraph ross.
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of the Na,COs-solution must be examined by paragraph 572 or 573 ;
or the precipitate obtained by AgNO; (1046) may be tested by para-
graph 571 for Cl, Br, I. If only bromide and 10dide are to be tested
for, use paragraph 574.

Note 5. If a white precipitate of PbSO, is produced here, it may
be dissolved by adding AmHO 1n excess and warming the liqmd
(286) ; red basic lead chromate will remain, 1f a chromate was present.

FurTHER, SPECIAL TESTS FOR AcCID-RADICLES.

1048. Sulphate.—A portion of the original substance is
boiled with HCI, and the liquid is decanted or filtered, if
necessary, and 1s tested with BaCl,; a white precipitate
shows the Presence of SO,.

1049. Chloride.—A portion of the original substance is
warmed with HNO,, and the solution is decanted or filtered,
if necessary, and is tested by AgNO,; a perfectly white pre-
cipitate, which 1s easily soluble 1n warm AmIIO, shows the
Presence of Chloride.

1050. Nitrate.—The clear aqueous solution or extract of
the substance is mixed with its own volume of strong H,SO,,
and the liquid is cooled. Freshly-made cold solution of
FeSO, is poured upon the surface of the acid liquid without
mixing ; a brown layer or ring at the surface of contact of
the liquids (537) shows the Presence of NO,..

Note~TIf nitrite is present, it must be removed by boiling the sub.
stance with excess of HA before the above test is applied.

105I. Cyanide, if present, will have been detected by the
special test (983), and by the smell of bitter almonds, given
off by the substance after H,80, has been added (997, Exp.
1). Ascertain in what form cyanogen is present by para-

graph 1084.

1052. Arsenate.—This acid-radicle cannot be present
unless As has been detected during the examination for
metals, The presence of (AsO,)is rendered probable, by the
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precipitation of yellow As,S; occurring only when the acid
liquid is boiled after it has been saturated with H,S (10I6).

If As has been found amongst the metals, proceed to test
for (AsO,) by adding HCI to a portion of the Na,CO,-solution
(1042) until it is acid, then heating to expel CO,, and adding
AmCl, AmHO in excess, and MgSO,. Filter off any pre-
cipitate which forms on warming and shaking the liquid,
and pour a few drops of AgNO,-solution upon the white pre-
cipitate on the filter; a change of colour to brown shows the
Presence of AsO,. ’

1053. Phosphate.—Boil some of the original substance
with dilute HNO,, and add a little of the clear solution to
some AmHMoO,-solution. Shake and stir the liquid well ;
and if no precipitate forms, warm very gently ; ayellow
precipitate shows the Presence of PO,

If AsO, has been detected (1052) the above test for PO, is only
trustworthy when the yellow precipitate has been obtained either in
the cold, or by employing a very gentle heat. If any doubt 1s felt
concerningthe presence of PO, boil some of the substance with H,SOy
solution (1011), and examine for PO, after the AsO, has been entirely
separated by passing H,S into the boiling HCl solution. A preci-
pitate which has been obtained with AmHMoO, may be proved to
contain phosphate by dissolving it in AmHO, adding AmCl and
MgSO0,, filtering, and dropping AgNO;-solution upon the precipitate ;
if phosphate is present the white precipitate tu1ns yellow, if arsenate
is present the precipitate becomes drown.

1054. Borate.~Warm a portion of the substance with a
little dilute HCI, dip-into the solution a strip of turmeric-
paper, and dry the paperin a steam-oven or at a gentle heat.
The change of colour of the turmeric to reddish-brown, which
becomes blue-black when the paper is moistened with AmHO,
shows the Presence of BO;.

1055. Fluoride —Pour upon a portion of the powdered
substance, contained in a leaden cup or in a platinum crucible,
some strong H,S0,. Coat a watch-glass with a film of paraffin
wax, and trace some lines through the film with the point of

25
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apenknife. Place the watch-glass asa cover upon the metal
vessel, and gently warm the vessel for about ten minutes.
Then remove the wax. If the lines which were traced are
etched upon the glass (606), the Presence of I is shown.

If SiO, is known to be present (984), the test for fluoride
must be made by conducting the gas, which is evolved when
the substance is heated with strong H,SiO,, into dilute
AmHO; a deposit of gelatinous H,SiO, proves the Presence
of F,

1056. Sulphide.—If the presence of sulphide has been
indicated by the tests in 992, 997, and 999, or if the presence
of a sulphide is suspected and these tests have not indicated its
presence, the substance may be boiled with KHO for some
time, and alkaline PbA,-solution may be added to the clear
liquid ; the appearance of a black precipitate or coloration
indicates the Presence of Sulphide.

SPECIAL PROCESSES OF EXAMINATION.

1057. This concludes the ordinary methods of examin-
ing a soluble substance. The remaining paragraphs of this
Section treat of the special processes which are sometimes
necessary for the analysis of Group IIL. (1058-1066), and
processes for the analysis of Metallic Substances (I1067—
1073), of insoluble Bodies (1074-1079), of Silicates (1080~
1082), and of Cyanogen compounds (1083-1089).

Tables are also appended indicating where the Rarer
Elements are detected in an ordinary analysis (1090-1091I).

A special scheme for ana.lysmg Organic Substances is also
ingerted (1092- 1106).

A list of commonly occurring Minerals, with their chemical
formule, will be found in paragraph 1172,
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REMARKS ON THE PRECIPITATION OF
GROUP IIIL

1058. Separation of Groups III.a, and IIL.B.—In the
General Table (1007) 1t is assumed that, in the absence
of phosphate, the two Sub-groups IIL.A.and I1Ls. can be
separated from one another by adding first AmCl and then
excess of AmHO to the solution. Itis assumed that Group
III.4. alone will be thus precipitated, and that Group IILB.
will be afterwards precipitated by adding Am,Sto the filtrate.

It is true that AmCl entirely prevents the precipitation of
Group IILB. by AmHO, if certain other metals are absent,
and if the solution is kept covered from the air. But the
members of Group 1II.4., if they are present in the solution
with those of Group III.B., are precipitated by AmHO ; and
the presence of AmCI will not prevent Mn and Zn from
being partially precipitated with them. Small amounts of
Mn and Zn are frequently precipitated in this way, espe-
cially with Fe in Group III.a.

Hence if Mn or Zn is present in small quantity only, it
may be entirely precipitated in Group III.a. Mn is readily
detected in the ordinary examination of this precipitate by
Table 11I.a., since it yields a green mass with fused Na,CO,
and KNO,. But if Zn has been entirely precipitated in
Group ITIL.A., its presence will certainly not be detected in
Table III.a., and it may be altogether overlooked.

1059. The method of dissolving the Group III.A. precipi-
tate in HCI, and reprecipitating it with AmHO, to some
extent meets this difficulty, especially if these processes are
repeated several time3 in guccession. But when a precipi-
tate is obtained in Group III.A., and traces of Mn, and more
particularly of Zn, have to be tested for, it is preferable to
precipitate Groups III.A. and IILB. together, by adding
AmCl, AmHO, and Am,8, in succession, and boiling. This
precipitate is then examined for Groups I11.4. and IILB. by
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Table IILc. (1063), or Table II11.n. (1064); and the filtrate
is examined for Groups IV. and V. according to the direc-
tions in the General Table (1007).

It must be understood that, if no precipitate is produced
by the addition of AmCl and AmHO, Am,S may be added
atonce. Any precipitate, which is formed, is then examined
by Table IILB.; since in the absence of Group III.A. the
members of Group IILB. are not precipitated by AmHO in
the presence of AmCl.

1060. The Presence of (PO,) in the HCI solution, which
has to be examined for Groups III, IV., and V., involves
no special procedure, if AmHO added after AmCl produces
no precipitate ; since the phosphates of Groups III.and IV.
and of Mg must be absent. If, however, a precipitate is
formed on adding AmCl and AmHO, the directions for pre-
cipitation, which are given at the head of Table I1I.». (1065),
should be followed, and the precipitate should be examined

by that Table. The method of examination of this precipi-
tate may be simplified by using Table ITI.», (1066).

1061 Explanation of the Phosphate Table IILr,—The reason for
the departure from the ordinary coursejof analysis in the above case
is the following. The phosphates of Al, Cr, Ba, Sr, Ca and Mg are
completely precipitated by AmHO. The phosphates of Ni, Co, Mn,
Zn, and Fe are only partially precipitated by AmHO ; the metals are,
however, entirely precipitated from these phosphate. by Am,S in the
form of sulphides. Hence if the precipitates, obtained by AmHO
and by Am,S respectively, are mixed, the whole of the metals are
obtained in the conjoint precipitate.

In obtaining the precipitate for Table III.p., the precipitates pro-
duced by AmHO and by Am,S must be filtered and washed sepa-
rately ; since phosphates of Fe, Zn, Mn, Ni and Co are converted
by Am,8 into sulphides, with formation of ammonium phosphate in
solution. This soluble phosphate would pgecipitate Ba, Sr, Ca, Mg,
as phosphates, even if they were not originally present in that con-
dition. This precipitation would not only complicate the process of
analysis, but would also render it impossible to state whether Ba, Sr,
Ca and Mg were originally present in solution as phosphates or not.

The phosphates of Groups III. and 1IV. and of Mg are accordingly
first precipitated by AmCl and AmHO ; then any members of Group
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III.B. and any remaining traces of phosphates of Group III. are
precipitated from the filtrate by Am,S. The two precipitates are
mixed and treated with Am,S, which will dissolve away the (PO,)
from the phosphates of Fe, Zn, Mn, Ni, Co, leaving the other phos-
phates undecomposed. Hence, if this precipitate is filtered off and
the filtrate is tested with AmCl, AmHO and MgSO,, the formation of
a white crystalline precipitate will indicate the presence of (PO,), and
will indirectly establish the presence in the original precipitate of
phosphate of some one or more of the metals Fe, Zn, Mn, N1, Co.

Oxalates, Borates, Fluorides, and Silicates of Ba, Sr, Ca, Mg would
likewise be precipitated by AmHO 1n Group II1.A. But the evapora-
tion of the HCl-solution, after passing H,S in the General Table,
causes H;BO; and HF to be volatilised, and Hy810, to become in-
soluble. Oxalates are also decomposed by the gentle ignition of
the solid substance which remains after evaporation. Hence the
above salts will not be precipitated if the solution has been evapo-
rated to dryness, and the residue has been gently ignited before
Group III.A. is precipitated.

The Principles on which the Method for Separating and Detecting
the Metals, which is drawn out in Table IIT.Pp., is founded are —

1. The insolubility of the phosphates of Al, Fe and Cr in HA in
the presence of an alkaline acetate ; the other portions of the preci-
pitate being soluble in the acid.

2. The precipitation of all the (PO,), which was present in the HA
sulution in combination with Ba, JSr, Ca, or Mg, by the addition of
Fe,Clg (577)-

3. The further’ separation of the phosphates of Al, Fe and Cr is
somewhat complicaied by the fact that AIPO, is only decomposed
by fusion with alkaline carbonate, when'SiO, 1s also present ; and
this 8iO, has to be removed after the fusion by methods which will
be 1ntelligible on reference to paragraphs 60z, 599.

An alternative and simpler method of examining a precipitate of
Al, Fe and Cr phosphates, by fusion with KHO and KNO,, is given
in Table III, P, (x066). \

The Best Course to be Pursued in precipitating and
examining Group ITI. is described in paragraph 1062,
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RULES FOR THE PRECIPITATION AND EXAMINA-
TION OF GROUPS IILa. AND ITLs=.

1062. The Following Rules may be laid down for precipi-
tating and detecting the members of Groups I111.a. and IT1.5.
in the HCI solution, a small portion of which has been tested
for (PO,) by AmHMoO, (1007). For an explanation of
these rules see paragraphs 1058-1061.

I. If the Addition of AmHO after AmCl causes no Pre-
cipitate, the absence of Al, Fe, Cr and of their phosphates,
as well as of phosphates of Ba, Sr, Ca and Mg, is proved.
AmgS is then at once added, and the liquid is boiled. Any
precipitate which forms is examined for the members of
Group IILB. by Table IIIL.B. (1028). This course is pursued
even if (PO,) is present, since metals of Groups ITI. and I'V.
and of Mg cannot be present as phosphates.

II. If the Addition of AmHO after AmCl causes a Pre-
cipitate and (PO,) is not Piesent, Al, Fe, Cr must have
been in solution. The plan of precipitation will in this case
depend upon the object of the analyst.

If small quantities of Zn need not be tested for, the method
given in the General Table (1007) may be followed.

If traces of Zn have to be tested for in the solution, add
AmCl, then excess of AmHO and, of AmgS; boil, filter, and
examine the precipitate by Table IILc. (1063) or IIl.p.
(z064).

The method described in Table ITI.c. gives trustworthy
results, and is to be used for very careful analysis. The
method in Table III.p. is, however, much more simple, and
is sufficiently accurate for general use.

III. If the Addition of AmHO after AmOl causes a Pre-
cipitate, and (PO,) is Presenty the method of precipitation
to be adopted, together with the Table for the examination
of the Group precipitate, will be found in paragraph 1065.

The shorter method in paragraph 1066 may be employed :
but it gives less information as to which metals were present
as phosphates in the original solution.
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1063. TABLE IILo.—THE SEPARATION OF
GROUPS IIL.a. AND IILs. BY BaCO,.

The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, Co.
Ringe it off the filter into a porcelain dish, using as little
water as possible, add some strong HCI and boil, adding at
intervals a small crystal of KClOguntil all is dissolved but a
small quantity of yellow sulphur. Evaporate very nearly to
dryness, dilute with a little water, and pour, through a filter
if necessary, into a small flask. Cool, pour in a small quan-
tity of BaCO, suspended in water, cork the flask tightly and
shake well; repeat the addition of BaCO, and agitation
until the precipitate is distinctly whitened by the excess of
BaCO,: then shake well, cork the flask, and allow it to
stand by for at least fifteen minutes, occasionally shaking it
vigorously. Let the precipitate subside, filter; wash the
precipitate with a little cold water allowing the washings to
run through into the filtrate, {hen wash thoroughly, rejecting
the washing-water :—

1. Pieciprtate may contain Fe, Al, | 2 Fultrate may contain Zn, Mn, Ni, Co, and
Cr, and BaCO;; dissolve 1t 1n as BaCl,. RemoveBalKaddingbothe boslang
little boiling HCl as possible, hquia boding dilute H,S0, gradually, until
renove Ba from the boling the last few drops produce no further pre-
solution by adding borling dilute ipitate in the clear liquid from which the
11,80, gradually, until after aS0, has been allowed to settle; fllter;
alfowmg the precipitate to add pure NaHO in excessto the cold filtrate,
settle, a few additional drops stir well and filter :
of acid cause no further pr:-
cipitate (Note 1, bc'ow), filter,
add pure NaHO m excess to the | p)ecipitate may contain Mn, Ni, | Fultrate pass
filtrate, boil and filter . Co , rinse it off the fllterinto | H,S a white

aporcelain dish with ag little | precipitate

water as possible, add some | indicates

Precipitate: ex- | Fultrate: exa- strong HCl and boil ; evapo- | Presence of

mine for ¥e mine for Al rate nearly to dryness, add Zn.
and Cr by co- by Column 1, a lhttle strong solution of
lumn 2, Table Table III A NaA to the liquid, pass H,S
IIL.A (x037). (1027). to satumuon,‘fmer .

o
Note 1.—The separation of Ba | Preciptate: ex- | Fultrate: add
may he neglected here, the preci- | aminefor Ni{ AmHO in

aHO : in this case much white
BaCO, will remain with the Fe,0,
after fuslon to separate Cr; it wil‘
however dissolve with the Fe and
will cause no complication.

ije being at once boiled with | and Co ac-| excess; a

cording to ﬂgsh coloigxl-
1029, e recipi-
* tate Ehovu:
LPresencsof Mn .

—
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1064, TABLE IILp.—FOR EXAMINATION OF

Remove the precipitate produced by AmCl, AmHO, and Am,§
pouring in dilute HCI and gently stirring and shaking the liquid :

filter (see Note 1) :—

Residue 1t black may
contain N1§ and CoS;
examine it as directed
in 1039,

Filtrate may contain Al, Fe, Cr, Zn, Mn  Carefully note its
of this observation, examine the liquid by column I, or II,

1 The liguid 18 perfectly colourless Absence of Cr.

Boil the hiqud m the dish for a few minutes until it no
longer smells of H,$, then add a small crystal KC105 and
boil down to a small bulk; cool, add NaHO in excess, stir

well and filter :

Precyptate may contain Fe,
Mn, Dry aud fuse it on
platinum foil with Na,C0;
and KNOj, u blue gieen
masgs shows :

Presence of Mn .

Boil the foil in a porcelain
dish with w-~ter for some
time, and if any undis-
solved residue is left, de-
cant the liquid, boil the
residue with HCI, and add
KCy8; a blood red colora.
tion shows :

Pregence of Fe (Note 4, x027).

Futrate may contain Zn, Al
Divide mto two equal parts
(Note 2)

Into one portion pass Hy8; a
white precipitate forms at
once
Presence of Zn,

To the other portion add
AmCl in excess, and heat;
a colourless flocculent pre-
cpitate

Presence of Al

Nots 1.—A mere milkiness, due to vhe separation of sulphur, shows the
Nots 2.—Al and Zn may also be detected without dividing the filtrate by
lowJess flocculent precipitate shows Fresence of 41: this 1s filtered off and H,S




1064.] ANALYSIS OF GROUP III 393

GROUPS I1La. AND IILz, WHEN MIXED.

from the filter by opening the filter out inside a porcelain dish,
take out the filter paper, stir well, and if any black residue is left,

colour, which isbestseen by pouring it into a white porcelain dish, and according to the result

II. The hiqurd has a violet or bright green colour : Presence of Cr.

Boil the hiquid in the dish until H,S is no lenger smelt, drop 1 a small crystal of KCIO,
and hoil down nearly to dryness, dilute with a little water, pour into a small flask an&
add BaCOy suspended 1 water gradually whilst constantly shaking the liquid until the
excess of BaCOg whitens the precipitate, cork the flask and allow it to stand for not less
than fifteen mutes, occasionally shaking it well ; filter, wash first with cold water letting
the washings run into the filtrate, then with boiling water rejecting the washings :

Precipitate may contain |Fultrate may contain Zn, Mn, boil, and whilst boiling add
Fe, Al, Cr; examine | dorling dilute H,80, gradually until the last few drops
it by column 1, Table cause no further precipitate, filter from BaSO,; cool, add
IIIC (3063) pure NaHO in excess, stir well and filter :

Precipitate: dry aud fuse | Fulirate: pass H,3; white
with Na,CO; and KNO; on |  precipitate .
platinum foil, blue green Presence of Zn.,

mass
Presence of Mn.

absence of Ni and Co, and does not render filtration necessary.
adding to it HCI gradually until it becomes acid, then AmHO until alkeline, &
18 passed into the filtrate, a white piecipitate shows Presence of Zn .



These
lines
run
ACTO8S
both
pages,

894  ANALYSIS OF A COMPLEX SUBSTANCE.  [1065,

1065, TABLE IILrp.—FOR EXAMINATION

If (PO,) is found in the HCI solution in the General Table
onaddition of AmCl and excess of AmHO, the liquid containing the
washed well with hot water. To the filtrate Am,§ is added in excess,
for Groups IV. and V. (1007, 1020). Thetwo precipitates yielded by
well with a little Am,S, then filtered, and the residue on the filter
adding Mg80,; if this is present, Fe, Zn, Mn, Ni, Co, one or more,

The residue left after stirring with Am,S may contain Ba, Sr,
Cr s hydrate or phosphate. Remove it from the filter and heat
KC1O, oceasionally, until solution is complete. Then either evaporate
sufficient quantity to just redissolve the precipitate, Filter off § if
a8 long as any precipitate is produced. Heat gently, and filter while

Fultrate: Add FeqClg(Note 2) drop by drop as long s a precipitate forms, and until the liquid,
after being well stirred or shaken, remains reddish addition of Fefls 1n large excess must
be carefully avoided, Warm gently for some time, filter whilst hot, and wash with hot
waber:

Fiitrate Add AmCl, AmHO 1 excess (Note 8), and AmgS  filter Precwpitate con-

tamng  FePO,
Filtrate: Add AmC0y: filter: Preaptate: examing | 19Y Coe ot
by Table IILe, or | Jected:
Precipitate may con- | Filtrate may contan | IITD (xog;, 1064) for
tain BaCOs, SrCO; [ Mg, after removing | Zn, Mn, N1, Co, also
CaC0g Examine thfs any traces of Badl, for Al and Cr
precipitate by Table | Ca (Table 103, 'Col | Test a portion of the
1V, (1031-1034) I) add NagHPO4*| original solution, or
Ba, 8r, Ca, it'?ound m| warm and shake | the solution of the
this precfpltate, were | well, white crystal- |, substance in iIC], for
present in the solu- | lme precipitate : Fe” and Fe” accord-
tion as phosphates Presence of Mg as ing to Note 4 (zoz7).
phosphate

Note 1.—An insoluble residue here may contain §r80, and BaS0,, and must
sent originally as phosphate.

Note 2.—A few drops of Fe,Cl; may be added to a small part only of the
be examined at once for Groups IIL at}d IV. and for Mg, without adding Fe,Cly

Note 3.~Since this filtrate has to be tested for Groups IIL.A, and IILB., it
analysing the precipitate by Table IILc., or by precipitating Groups ITIa.
precipitates by Tables IILA. and IILB. (1027, 1028),

Note 4 —8ince CrPO, is rarely present, this precipitate maygenerally be tested
may be detected by adding AmCl in excess, which gives a gelatinous precipitate ;
and adding KCyS. An alternative method of examining this precipitate by
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OF PHOSPHATES IN GROUP III

(1007) after precipitating Groups I, and IL., and a precipitate forms
precipitate is gently heated, filtered quickly, and the precipitate is
and the liquid is boiled ; it is then filtered, and the filtrate is examined
AmHO and by Am,§ are transferred to a porcelain dish and stirred
is washed well. The filtrate should be examined for (PO,) by
must have been present as phosphate.

Ca, Mg as phosphate; Fe, Zn, Mn, Ni, Co as sulphide; and Al,
it with a little dilute HClina porcelain dish, dropping in a crystal of
very nearly to dryness, or add AmHO in slight excess and then HCl in
necessary (Note 1), and add a solution of HA and Nal (1162, 84),
hot:—

Precipitate may consist of FePO, AIPO,, CrPO, (Note 4) Dry the precipitate on the
filter, and fuse 1t fora short tme atmum crucible or on platmum foil with a
mixture of finely powdered 8i0,, Na,CO,, end KNO;, When cold dissolve by boiling
with a little distilled water, add Am,COy, allow to stand for a short time, stirring
occasionally , let the precipitate subside, filter *

Filtrate + add HA | Preamtate may contam H810;, Fe and Al as silicates, and
until the solu- [ FegHO) Auidity with HCIL, evaporate to dryness, and heat the
tion i8 acid, boil | dry residue gently Wrrm with a few diops of strong HC), add
for a shorttime, |  hot water, and filter:
then add PhA,,
yellow preupi- | Filtrate, add pure NaHO 1 excess, boil and | Residue is 810,
tate of PbCrO, filter and may be

Presence of Cr, as glected
phosphate. Futrate : add AmCl in | Preapitate is brown
i excess, boil. winte, Fsg{ﬁO)s:dmolve by

Note.—~A  white Eaeé:tinous prec pi- | boiling wlthKHC s

precipitate on and d H
ik pgeraa | o
garded phosphate. phosphate.

be examined by the latter part of 1or7: Ba or 8r, if found here, was pre-
filtrate and theliquid heated ; if no precipitate is produced the other portion may

may be examined either by adding AfnCl, AmHO, and AmS together, and
and IILB. separately by AmCl and AmHO and by Am,S, and examining the

by boiling it with excess of NaHO, and filtering ; AIPO, will be in solution, and
Fe,(HO), will remain as a precipitate, and may be detected by dissolving in HCL
fusion with KHO and KNO, is given in Table IILP, (1066),
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1066, TABLE III.p,—SECOND PHOSPHATE TABLE.

Dissolve the Precipitate, which has been produced by
the addition of AmHO in excess after AmCl (1007), in
the least possible quantity of HCl- add to this solution a
fow drops of HA and a considerable quantity of AmA-solu-
tion (1161, 54): then add FeCl; drop by drop, and with
constant stirring, until the liquid just becomes permanently
red in colour.

If the liquid contains no precipitate after it has been
mixed with a few drops of FeCl,, add a small quantity
of Am,HPO, or Na,HPO, (see Note, page 397): and then
stir with FeCl,, added gradually drop by drop until the
liquid is permanently reddened.

Now boil the turbid liquid for several minutes, and filter
it while it is still at boiling heat (Note, 1144) :—

The Precipitate may he neglected, if the addition

of AmA has caused no preclpxtnte, but a pre-
cipitate has been produced by the subsequent
addition of FeCl;, since in this case metals of
Group III.A must be absent.

If, however, the addition of AmA has caused a

gleclpltate the above precipitate which has

een separated from the boiling hiquid must be
exammed as follows —

D1y the precipitate on the filter; then remove
the dried particles, and heat them with a fused
mivture of KHO and KNOg on platinum fofl
Allow the fused mass to cool boil it with wafer,
and filter the solution :—

The Resmdue will
consist of FegOy
and  may be
neglected, since
FeCly has been
added as a re
agent.

But the IIC1 solu-
tion of the orig-
inal substhnce
must he tested
for Fe” and Fe”
by adding to se-

parate portions
of it Kg¥eCyg
and ECyS re-

‘Pecuvely (z027,

The Filtrate will be yellow
or colourless.

1t 1t is yellow, Cr is present ,
confirm its presence by
acidifying a }Imrtion of the
hqujd with HA and adding
PhA,* a yellow
tate shows the

recipi-
sence,

of Cr.

Add to the co]ourless fil-
trate, or to the remainder
of the yellow filtinte,
AmCl in large quantity :
a colourless gelatinous
greclpltato ahow: the

resence of

The Filtrate should be free
from phosphate, and
should give no preei-
pitate when excess of
AmHO is added after
AmcCl.

Examme this filtrate for
Groups IIIB, IV, V,
according to the direc-
tionsgivenin the General
Table (1007).
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Note.—The addition of AmA precipitates FePO,, AIPO, and CrPO,
only partially if PO, is present in small quantity only, and the liquid
is subsequently not entirely freed from PO, by being boiled. The
addition of the soluble phosphate renders the precipitation of FePO,
and AIPO, complete ; while the excess of iron, together with any
dissolved OrPO,, is completely precipitated by the subsequent boiling
of the liquid.

ANALYSIS OF METALS AND ALLOYS.

1067. The metal is first reduced to powder, filings, or thin
turnings or shavings. The following Preliminary Examina-
tion (1068) is then made, and one of the methods described,
in paragraphs 1069, 1070 is adopted for the full examina-
tion.

The First Method should be employed for the examination of a
metal or alloy of unknown composition ; since it enables all metals
to be detected, even when they are present in small quantity only,

The Second Method leaves Sn, Sb, Au and Pt undissolved, while
other metals pass into solution.

This method is not recommended as a general ome, since the
following complications may occur.

J¥ As is present with Sn, a part or the whole of the As may remain
in the residue. If Pt ispresent wish a sufficient quantity of Ag, the
Pt may pass entirely into solution. Sb will always partly enter into
solution. R

The process, howe.er, is useful in cases where an alloy, which is
known to contain a large proportion of Sn or Sb, has to be examined
for other metals : since the other metals are dissolved away at once
from the bulk of the Sn or Sb, and a solution is obtained which is
better suited for general analysis.

PRrELIMINARY EXAMINATION.

1068. Note the General Appearance and Properties of
the Substance, its colour, any characteristic smell which
may be given off when it is rubbed with the hand, also
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whether it is crystalline or not; and whether it is attracted
by a magnet (Fe, Ni, Co, &c.).

Note the hardness of the metal, by seeing if it can be
scratched or cut by a steel knife; also whether it breaks to
powder (brittle), or flattens out (malleable), when it is struck
smartly with a hammer. Then try the following experi-
ments with separate small portions of the substance :—

1. Heat with Na,CO; on charcoal in the inner blowpipe-flame
(991, 3, and 992).

II. Fuse into a colourless borax-bead in the outer blowpipe-flame
(901, 2).

IIT. Try the flame-coloration (9go).

IV. Heat in an igmtion tube, and note whether a metallic sublimate
forms of Cd, As, or of globules of Hg ; or whether S sublimes
from a sulphide.

V. Combined P, As, S, and Si can frequently only be detected, after
they have been converted into phosphate, arsenate, sulphate,
and silicate, by dissolving the substance in strong HNO; or
aqua regia, or by fusing it with KNO; and Na,CO; and then
dissolving in water and acidifying with HCI . the solution is
then tested by paragraphs 1053, 1052, 1048, and by ro17 after
evaporation to dryness,

VI. C from metallic carbide may remain, when the metal is dissolved
by HCI or by CuCl,-solution, as a black residue, which can be
burnt away on platinum fo1l at a bright red heat (Exp. 81, 105).
Orthe carbonmay escape,duringsolution of the metal inacid, as
a hydrocarbon, which pro/'uces H,0 and CO, by its combustion.

SoLUuTION AND EXAMINATION ©OF A M‘:E’I:AL OR ALLOY.

1069. MEernop I.—Pour some rather dilute HC] upon the
powdered metal in a small flask with a glass funnel in its
neck (fig. 38, p. 61), and heat for some time just short of
boiling. If the metal dissolves readily, continue to heat
until the metal is completely dissolved, and examine the
HCI solution according to the Gengeral Table (1007).

Frequently HCI alone does not effect complete solution.
Two or three drops of strong HNO, should then be poured in,
and more HNO, and HCl should be added occasionally when
the action ceases or when red fumes are no longer given off
on heating. When the metal has entirely disappeared, add a
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little more strong HCI and boil as long asany Cl or reddish
fumes are given off ; then dilute with a little water, heat to
boiling, and cool ; filter, if there is any white residue -—

Residue, 1f crystalline, 1s piob-
ably PbCl,, which will ds-
solve entirely 1f 1t 18 washed
with sufficient boiling water.
In this solution the presence
of Pb 18 confirmed by adding
K,CrO,, which gives a yellow
precipitate soluble in excess of
KHO, showing Presence of Pb.

If any residue 1s left atter washing
well with boiling water, it 1s
probably AgCl; confirm the pre-
sence of Ag by pouring upon the
residue hot AmHO, 1t dissolves

Fultrate: dilute largely with
cold water (Note), and
whether this causes a pueci-
pitate or not, pass H,8 to sat-
uration into the cold solution ;
examine any precipitate thus
produced by Table II. (1034),
and proceed to examine the fil-
trate for Gioups III, IV., and
V., as directed in the General
Table (100%).

Note.—A  white precipitate,
appeating on dilution, is due to
the piesence of Bi, Sb, or Sn.

completely and 1s reprecipitated
on adding HNOj; 1n excess :—

Presence of Ag.

1070. MernOD II.—Pour upon the finely-divided metal
some streng HNO,* and Leat in a small flack witha watch-
glass or funnel on its neck (fig. 38, p. 61), as long as any
red fumes appear : one of two results will occur :—

L 1L

A Resrdue w left : add some hot water and boi), then
filter, ana wash the residue on the filter well with
boilmg water (Note 2). Examine the solution by I.
The 1es-due will consist either of :—

2 Orof a White
Powder contain-
ing Sn, 8b, As,
possibly also Pt
and Au concealed
in it (Note 8).

The Subst digsol
completely, unth or with-
out addition of weter
Absence of Pt, Au, Sb,
Sn (Note 1

Examine the solution,
after boiling nearly to
dryness and diluting
with water (Note 2), by
the General Table (x007)

1 _An Entwely Metallic or
Black Pcwder, probably Pt
or Au  Dissolve this residue
and examine the solution as
is directed in paragraph 1073.

Note 1.—The solution is liable to contain small quantities of these
metals, which must always be tested for in a careful analysis.
2

* If Hg hasbeen found in the Preliminary Examination and small
yuantities of Ag have to be tested for, the Hg should be expelled by
heating the substance strongly in a porcelain crucible before it is
dissolved in acid, since Hg(NO;), tends to prevent the precipitation
of Ag by HCl in Group L.



[1071,

400 ANALYSIS OF A COMPLEX SUBSTANCE.

Note 2.—BiOCl will often be precipitated by dilution, but the pre-
cipitate will disappear on adding HCl and boiling, and1s thus easily
distinguished from the Group I. precipitate.

Note 3.—If much residue is obtained, a small quantity of it may
be heated in a test-tube with HCl, adding KCIO, - if it dissolves
entirely, dissolve the whole of the residue, and examine the solution
by Table II., commencing at paragraph 1026 1f 1t refuses to dissolve,
proceed with the rest of the residue as is directed below. If the
residue is small in quantity examine it at once as is directed below.

1071. Examination of the Non-metallic Residue In-
soluble in HNO,—Dry the residue on the filter at a gentle
heat, mix it thoroughly with about an equal quantity of
powdered Na,CO, and NaNO,, and add the mixture gradu-
ally to some fused NaNO, contained in a porcelain crucible.
Then pour the melted substance out into a porcelain dish ;
allow it to cool, pour upon it cold water and let it stand for
some time. Then crush the mass with a pestle, and stir it
occasionally ; filter, and wash the residue on the filter with
dilute alcohol, throwing away the washings : —

Filtiate may contain

Residue may contain Sn, Sh, Pt, Au. Place

1t 1 a small porcelan dish, pour in a
Iittle HC1 an(} heat, then add water
whether the 1esidue has dissolved or not,
Rlace m the hiquid a stup of Pt-foil and
rop upon it a piece of pure Zn; 1e-
move the platinumstrip in a fe v seconds ,
if it is stained black Sb s present. Wait
until the evolution of H ceases, taking
care that there is some Zn left wndis-
solved, and adding more Zn 1if the fiist
iece has entirely glssolved.

The residue 1n the dish may consist of Sn,
Au, and Pt; remove the Zn, nnsing off
any substance, adhering to 1%, into the
dish; stir the liquid in the dish well, then
pour off the liquid, carefully leaving the
residue ; pour in water, stir well, and
again pour off carefully. Boil the residue
for some time with strong HCIn a test-
tube, dilute, decant, add HgCl,, a white
precipitate forms :— Presence of Sn.

Residue : dissolve by warming with HCl
and HNO,, and examine the solution for
Au and Pt by (1073), using only the left
hand portion of the Table.

(AsOy) ¢ add HNO,
until the solution 18
acud and boil, evapo-
rating the hqud m a
dish 1f 3 elf' bull-y.
Pour into half ths
solution AgNOsas long
as it gives any precipi-
tate, and add gradually
AmHO diluted with 10
or 12 times its bulk of
water, a brown pieci-
pitate shows —
Presence of As.

To the other half of the
acid solution add
AmHO in excess, then
MgS80,, and rub the
inside of the vessel
with a glass rod; a
white crystalline pre-
cipitate, often appear-
ing only after some
time, shows :—

Prescnce of As.
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1072. Detection of Au and Pt.—The Residue may contain Au, Pt,
(Sn, Sb). Remove any fragments of Zn, boilthe residue with strong
HC], allow to settle, and decant :—

1073. Resudue* ; pour upon the residue in the dish a little | Solution; to one
Cl, add several drops of HNOjy, and boil gently very | partadd HgCl
nearly to dryness, add some KCl solution amf evaporate | a white preci-

once more very nearly to dryness. Pour some absolute | pitate —
alcohol 1nto the cool dish and stir well for a time, allow | Presence of Sn.
the precimitate to settle and decant the liquid, wash the
precipitate by stiiring it with a httle more alcohiol and
decant the iqumid when the precipitate has settled — In the other part
of this solution
Precipitate will consist of | Solution will be yellow if Au | immerse astiip
yellow KoPtClg dissolve 1t | is present evaporate on a | of Pt and drop
ina]lttléioihng water, add | water-bath, dissolve in a | apiece of Znon
several drops of HCI, then | httle water and add a few | the Pt, a black
SnClg an orange vred | drops of freshly prepared | stuin on the Pt

coloration conflims the FeS0O4 solution a blue | shows,.—
Presence of Pt liquid -— Presence of Sb.
Presence of Au

* If Sb has not been detected already, this residue should be
examined for Sb. Boil it once more for some time with strong HCl
to remove all Sn, wash the residue well by decantation and boil it
in the dish with H,T, adding a few drops of HNO,, decant, and test
the hquid for Sb by adding HOl :nd passing H,S: the residue is
then examined as is directed above (1073).
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EXAMINATION OF SUBSTANCES INSOLUBLE IN

WATER AND ACIDS.

1074. An insoluble Substance may Consist of one or
more of the following substances, all of which are white
except Fe,0,, Cr,0, FeCr,0,, PbCrO,, 8, C, native SnO,
and CaF,, and AgCl which has been exposed to light.

In the following list those substances which are embraced in round
brackets () may poss:dly be present, those in squarc brackets [ ]
wmprobably, because they are soluble in much water.

BaSO,
Sr80,

[Ca80,] \
80y 11

Pb0ro,
(P51,

S & kPO

AgCl

8. 8i0,
(Al:os)

Y
(Fe,05) }
(Cry0,)

FeCr,y0,
18. (8n0,)
14, 85,0,,56,0,
16. CaF,

16. 8
17. ¢

©

10
11

12,

Insoluble 1n water and acids.
Insoluble

" ”

INot perfectly insoluble in water, soluble in hot

|

HCI, and should therefore pass into the acid
solutlon

Insoluble after being strongly heated.

Soluble 1 boiling watcr, and should therefore
have been removed if the residue was well
washed with boiling water.

Thls may have been onginally present as such, or
have been derived from the use of HCI in
mg the solution, or by the action of aqua

regla on the msoluble substances AgBr, Agl,
AgCy, Ag,FeCyg AgFeCy,

Either uncomvined, or as a sﬂe‘cate

Insoluble after being strongly ignited, but
usuially dissolved by long boiling with strong
HC

Chrome iron, ore, native,
Native or ignited.

Also a few other fluorides, and somo metaphos-
hates and arsenates,
Yellow, slowly soluble in strong HNO,, giving
red fumes, and yielding H,SO,.
Black, and qulte insojuble,

If sufficient of the substance is available, the Preliminary;Exami-
nation (1075) may be made on a portion of it. In case the'quantity
of substance is small, however, the whole of the substance must be
employed for the examination by fusion (1076).
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PRELIMINARY EXAMINATION OF INSOLUBLE SUBSTANOES,

1075, The substance must be in the state of dry powder. Make a
careful examination of it with a pocket lens, Expts. I and 1L need
only be made if the substance is light in colour.

Experiment. Observation. Inference.
I Observe whether the | The colonr changes to violet | Presence of AgCl.
substance darkens when | or black
allowed to stand in the
light for some time,
II. Pour a little Am,S|The bst; black 5 | Pr of Pboor Ag.
upon a portion of the ass on to II1,
substance on a watch|{The substance does not
glass. blacken; pass on to V.,
omitting IIX. and IV., since
Pb and Ag must be absent.
I1I. Heat some of the sub- | A brownish precipitate, Presence of AgCl,

stance with a little water
and & small piece of KC{;
filter off, keeping the
residue; to the flltrate
add

Confy. On warming some
of the substance with
AmHO, ﬂlteﬂn%, and
adding excess of HNO;
to the filtrate, a white
precipitate forms,
which, when shaken
well or heated, coagu-!
lates into flocks.

1V. Wash the residue from
‘llnlxp. III. well upon the

ter i—

a. Itis white; drop Am,8
upon it.

b, It i3 dark coloured : add
water and H,T, and boil
after adding AmHO in
excess ; filter, to the fil-
trate add HA in excess
and K,Cr0,.

‘The residue blackens.

A yedow precipitate, soluble
BREOT T

Presence of PbSO, or
PbCl,.

Presence of PbSO, or
PbCly.

V. Take up some of the
substance upon a mois-
tened loop of platinum
wire ; heat it for a short
time in the inner blow-
plﬁe flame, then moisten
Wi

h a drop of strong| A

HCl, and hold in the
outer part of a Bunsen
flame.

A reddish yellow coloration,
dusky green when seen
through the indigo grlsm.

A erimson red colora
pearin,

the indigo prism.

1 h green

Tarati

These colorations may often
be seen in succession and
fuirther distinguished by the

spectroscope,

ion ap-
deep red through

Presence of Ca

Pr of Sr
Presence of Ba

V1. Heat in a small test-
tube or ignition-tube,then
strongly on a piece of

' porcelain or broken gluss,
or on platinum foil.

At{ellow sublimate forms on

e sides of tube.

When strongly heated the
substance smoulders, and

ultimately burns away.

Presence of 8, '

Presence of C.
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Experiment, Observation, Inference,

VII. Heat with strong
gso, in a platinum cru-
le or leaden cup co-
vered with a watch glass | The glass is etched. Presence ot }
(606) or if asilicate i8 pre-
sent examne bﬁgnssmq A gelatinous precipitate is | Presence of I,
the gas into AmHO (6o7) | obtained in the AmHO

VIIT Fuse some of the| Particles are seen floating
substance in a bead of | undissolved 1 the melted

NaAmHPO,, fist m the | bead Presence of Si0,.
outer then in the inner | (Freen coloured bead, Presence of Cr.
blowpipe flame. Reddish brown head, colom~

less when cold, and be-
coming greemsh in the
inner flame Presence of Fe. J

EXAMINATION OF INSOLUBLE SUBSTANCES.

1076. Treatment of the Substance with fused Alkaline
carbonate (106, Eixp. 84).—Free the substance, if necessary
(1075, VI.), from free S or C by igniting it strongly in an
open porcelain crucible. Mix tae finely-powdered substance
with five or six times its volume of fusion-mwxture, NaC,0, +
K,CO,, and heat the mixture in a small covered porcelain
crucible over the Bunsen-flame (fig. 80) until it melts. It
will sometimes be necessary to employ the blowpipe-flame in
order to fuse the mass, Keep the mixturein the fused con-*
dition for at least ten minutes, and then allow the crucible
to cool.

A Platinum Crucible is preferable to a porcelain crycible for this
process, since, after the mixture has been fused in porcelain, small
quantities of Al,0; and 8i0, will always be introduced, owing to the
action of the alkaline carbonates upon the glaze of the porcelain

If Pb and Ag have been proved to be absent by the Preliminary
tests (1075, IL.), or if they have been removed by boiling the sub~
stance first with KCy-solution, and then with H,T and excess of
AmHO and washing well, a platinum crucible may be used.

The Form of Pipe-clay triangle, which is shown in fig. 81, is
recommended for supporting the crucible, since the prominences on
its sides enable the flame to reach the sides of the crucible.

A Gas Blowpipe will be found convenient for fusing the mixture :
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see fig. 10 (7), figs. 82, 83 (1118); the petroleum or spirit blowpipe
shown in fig. 85 (1119) also serves the purpose well,

Now pour some water into the crucible, and either allow
it to stand, or boil the liquid, until the solid mass is loosened
from the crucible. Boil this massin a porcelain dish with
distilled water, crushing it by pressure with a pestle if it
does not quickly fall to pieces.

Allow the residue to settle, pour off the solution through

Fra. 80.

Fia. 81.

Prrr-CLAY
TRIANGLIS,

TREATMENT WITH FUSED ALKALINE
CARBONATES.

a filter, and boil the residue with a little more water; pour
off through the same filter, hdding this filtrate to the former
one.

The examination of* the undissolved residue is described
in paragraph 1077, and that of the filtrate in paragraph
1078.

1077. Insoluble Residue on the Filter.—Wash the
residue well with boiling water, then make a hole in the
bottom of the filter, and rinse the residue through into a test-
tube by pouring upon it aJlittle boiling dilute HCl (Note 1).
The residue will dissolve entirely when it is heated with the
acid, if the fusion has been continued sufficiently long (Note
2). Filter, if necessary, and examine the solution by the
General Table (1007), bearing in mind that only the metals
in paragraph 1074 are likely to be present (Note 3).
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Note 1.—If Ag and Pb are known to be present by the Preliminary
Examination (1075, IL), dilute HNO; must be used, instead of HCl,
for dissolving the residue.

If effervescence is produced by the action of the acid upon the
residue, the presence of Ba, Sr, Ca, or Mg is proved.

Note 2,—A Residue Insoluble in Acid should be finely powdered
and then treated once more with fresh fusion-mixture (1076). If it
consists of chrome iron ore, it may be dissolved by heating 1t with
HNO, and KC10,.

Noute 3.—The Solution should be Evaporated quite to Drymess
before Group III is precipitated, and a water-bath should be used
towards the end of the evaporation if the substance spirts.

The use of a water-bath is usually necessary if $10, is present in
the substance, since silicic acid may pass into the solution, and 1if it
is not completely separated by the process of evaporation (599), its
presence may give rise to complications in the analysis.

1078. Aqueous Solution of the Fused Mass —Divide
this solution into two parts, (a) and (b).

(a) Add HCl to one part until the liquid is distinctly
acid, and evaporate in a porcelain dish to dryness, finishing
the process on a water-bath, if necessary, to avoid spirting.
Then continue to heat the dish gently over the flame or upon
a sand-bath until the residue is quite dry. Pour in a little
strong HC! and warm, dilute and heat again; an insoluble
residue shows :—Presence of $i0,.

Filter off SiO, if necessary, and examine the filtrate by
the General Table (1007). Al may be found here, but other
metals, such as Cr, Mn, Zn, Sn, Sb, Cu, As, should also be
tested for, since their oxides are soluble in alkalis, and may
therefore pass into this solution.

(b) Test separate portions of the other part of the aqueous
solution for the following acid-ratlicles‘as is described below.
Unless the fusion-mixture employed was free from chlcride,
sulphate and phosphate, the tests for these acid-radicles may
be of little value.

Chloride: acidify with HNO, and add AgNO; ; white precipitate,
easily soluble in AmHO.
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Sulphate: acidify with HCl and add BaCl,; white precipitate
insoluble on boiling.

Chromate : acidify with HA and add PbA,; yellow precipitate
A chromate is also seen by the yellow colour of the solution. Cr
thus detected may have been present acting as a metal or as a con-
stituent of the chromate acid-radicle (.Yote 3, 1027).

Phosphate : acidify with HNO,, add a few drops to some AmHMoO
solution, and warm gently ; a yellow precipitate forms, often only
after a time or when the liquid is gently heated.

If As has been found when H,S was passed into the hot IICl solu-
tion, the presence of (PO,) must be confirmed 1n a portion of the
filtrate from which the As has been completely precipitated (1053),
else the above yellow precipitate may have been due to (AsO,).

Fluoride : add HCI in excess to a part of the solution, stir well,
and let stand until the CO, has escaped ; then add AmHO in excess,
then CaCl, as long as it produces any precipitate, and let stand for
a time,

Filter off and dry any precipitate which forms, and pour strong
H,S0, upon it in a platinum crucible covered with a suitably pre-
pared watch-glass (606).

1079. Examination for Na and K.—Since Na and K
have been introduced into the substance by the fusion
mixture, these metals cannot be tested for in the aqueous
solution obtained after fusion.

Unless the analyst is satisfied that the spectroscopic test,
made with the special precautions mentioned in paragraph
117, is conclusive, he should proceed to examine the sub-
stance for Na and K by paragraph 1081I.

The simpler method of examination by paragraph 1082
may be employed if the substance is a silicate : and if K and
Na are presens in a condition in which they are insoluble in
acids, they will usually be contained in a complex silicate.
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ANALYSIS OF SILICATES.

1080. The Presence of Silica in a substance will have
been shown by the special test (984) or by VIIL. in para-
graph 1075.

When silica has been found it becomes necessary to
examine the substance for all metals, since many silicates,
which are soluble when they are alone, become insoluble
when they are mixed or combined with other insoluble
silicates.

Many silicates may be entirely decomposed by heating
them for some time with strong HCI just short of boiling.
If the decomposition has been complete, only a colourless
residue of silicic acid will remain. This may be identified
by its insolubility in tused microcosmic salt (600), and by
causing effervescence when it is fused into a bead of Na,CO,

(601).

If it is found that the silicate is not completely decomposed
by hot strong HC], it should be treated with fused alkaline
carbonates, as is directed in paragraphs 1076, et seq. In the
examination which follows the fusion, it must be remem-
bered, however, that all metals may be present. The metals
Na and K must be tested for svecially by paragraph 1081 or
1082.

[
ExaMiNATION FOR NA AND K IN AN INSOLUBLE SUBSTANCE.

Since Na and K cannot be tested for in the solution which
is obtained after fusion with alkaline carbonates (1076), &
separate portion of the original substance must be examined
for these metals by one of the two following processes.
The materials which are used in the {ests must be perfectly
free from K and Na. °

1081. Decomposition by means of Ca0.—The finely-
powdered substance is mixed with its own weight of sublimed
and crystallised NH,Cl in powder, and with eight times its
weight of pure CaCO, (see next page). The mixture is gently
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heated in a platinum crucible for a few minutes, and is
finally kept at a bright red heat for twenty or thirty minutes.
The mass will not fuse as a whole, but sufficient CaO will be
dissolved by the fused CaCl,, and thus be brought into
contact with the silicates, to secure their decomposition.

The cool substance is turned out of the crucible if possible,
and is boiled with water for some time after it has crumbled
by the slaking of the CaO. The liquid is then filtered, and
Am,CO,-solution is added to the filtrate until it causes no
further precipitate of CaCO,. The filtrate from this precipi-
tate is evaporated considerably, and is then freed from traces
of Ca by the addition of Am,C,0,. The clear solution will
now contain chlorides of K, Na, Li, if these metals were
present in the original substance. They may be tested for
by the right-hand side of Table V. (1035), and by the spec-
troscope (113).

The Pure CaCO0;, which 13 required for the above process, is pre-
pared by dissolving marble in HCI, 3nd adding powdered marble in
excess and warming. The solution is then mixed with lime-water
or milk of lime until 1t is alkaline in reaction : magnesium, calcium
phosphate, and iron are thus precipitated. This solution is heated
to about 75° C., and warm Am,COg-solution 18 added until it causes
no further precipitate. The precipitated CaCO; is filtered off, and
is washed well on the filter,

1082. Decomposition by, means of HF.— The finely-
powdered substance is evaporated several times in a
platinum dish or crucible either with hydrofluoric acid and
subsequently with strong H SO,, or with five times its
weight of finely-powdered calcium fluoride mixed into a
paste with strong H,SO,.

In either case 'the mass is finally heated until no more
white fumes are evolved. The cool residue is then boiled
with water ; BaCl,-solution isgadded as long as it causes any
precipitate ; then AmHO is added in excess, and Am,CO,
golution is poured in as long as it causes any precipitate.

The precipitate is filtered off, and the filtrate is examined
for K and Na by Table V. (1035), and by the spectroscope
(113).
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ANALYSIS OF SUBSTANCES CONTAINING
CYANOGEN.

1083. If the substance to be analysed is found to contain
cyanogen (983), the usual course of analysis must frequently
be somewhat modified, since the presence of cyanogen might
otherwise produce confusing results.

The cyanogen may be present as cyanide, sulphocyanide,
ferrocyanide, ferricyanide, cobalticyanide, and rarely as a
manganocyanide or chromicyanide. It is necessary first to
ascertain in what form the cyanogen occurs, by trying the
following preliminary experiments on a small portion of the
substance. The subsequent procedure is explained in para-

graphs 1085-1089.

PRELIMINALY EXAMINATION.

1084. Boil a portion of the substance for several minutes
with KHO-solution. Then add Na,CO,-solution as long as
it causes any precipitate, and boil again for several minutes.
Filter, make the cold filtrate just acid with HCI, filter if
necessary, and test separate portions as follows :—

Reagent added. Resu't, Inference.
) r
1. FeS0y solution, (reshly pre- {Blue precipitate . . P‘!e"icya:{dgeno' or
pared. .o ., White precipitate . | Probable presence of
cobalticyanide.

2. FexClgsolution . .

Blue precipitate . | Presence of (FeCyg)r
{ red(r:.oloratlon Presence of (Cy8)'. o

8. Add ZnSOy solution as long {nght :n-own prect- 1| progence of (FeCyg)”.
asitcauses any precipitate wﬂm m eclpitnte . | Presence of (FeCyg)v,
(CoCye)".

ZnsTge Dol b Phiricel %% 1) & bluebead 1
shou! red O ue bead 18 pro- ’
and ‘i‘:& into a colourless ; duced . P } Presence of (CoCyg)".

xo§5. If Cyanide only is Present, the ordinary course of
analyais is pursued, but it will be necessary to remove HOy
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by boiling the solution for some time after adding an acid
(z001, 1007).

1086. If Sulphocyanide only is Found by the prelimi-
nary tests (1084), it may usually be decomposed in the portion
of the substance which is to be examined for metals, by
pouring upon it some strong HNO; in a porcelain dish and
boiling down nearly to dryness. The liquid is then diluted
and boiled, and may be considered as Solution III. (100I),
any undissolved residue being treated as is there directed.

The less simple methods in paragraph 1088 may also be
employed.

1087. If the Presence of Ferro-, Ferri-, Cobalti-, Chromi-,
or Mangano-cyanide has been proved by the preliminary
tests (1084), two methods of procedure are open to the
analyst.

Either the cyanogen may be removed from the substance
before commencing the analysis (1088); or the substance
may be examined without any such preliminary treatment
(1089).

The advantage of employing the more complicated method
(1089) is that it enables the analyst to decide whether the
metals are present in cyanogen acid-radiclesor not. It also
yields a more precise knowledge of the constitution of the
substance.

1088. MerHop 1.—The Removal of the Cyanogen from
the Substance may be effected by either of the following
processes. The substance may then be examined for metals
in the usual way,

1. Pour upon the powdered substance strong H,SO, in a
porcelain crucible, evaporate to dryness and ignite the residue
strongly. When the residue 13 cold, dissolve it by heating
it with a little strong HCI, then adding water and heating
again.

2. Fuse the substance in a porcelain crucible with three or
four times its weight of a mixture of three parts of Am,SO,
and one part of AmNO,.
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MerroD I1

1089. Boil the substance with water, filter, and wash the residu,

Filtrate examnethis
for metals, more
Lly thealkal

Resudue boil with KHO solution for several minutes, then add
and boil again , filter and wash the residue :—

and for acid-radicles
according to the
directions given for
analysing a lquid

(

The = acid - radicles
should be firat tested
for in a portion ot
the solution, and if
(KeCyg)lv, (FeCyg)",
(CoCygq)”’, one o1
more be found, the
solution must be
evaporated to diy-
ness with HNOg, and
the residue strongly
heated (Genetal
Table 1007) after
filtering lnom the

Filtrate. pass H?l , and if 1t causes any precipitate continue

KHO*, heat and filter :—

Precyputate : wash well with boiling
water, and boil the precipitate with
strong HNO,, a black 1esidue of
HgS may reman, filter this off
after diluting the acid, and confirm
the presence of Hyg 1n the precipi-
tate by heating it with Na,CO; in
a bulb-tube (282)

The flltrate (or solution if HgS is
absent) 13 evaporated to dryness,
the residue is then dissolved n a
Iittle hot strong HCl, the solution
is much diluted, saturated with
H,S, and filtered .—

Filtrate: add  dilute
saturation and filter :~

-Precipt.tate * boil with

KHO, filter off any
black  precipitate
and examine it for
Hg by heating it
with Na,C0, a
bulb-tube (s8a),

Add to the filirate or
solution HCl until
1t is acid, s He8
to saturation, and

P tat exa- | Fultrate add

precipitate, m
order to destioy
these cyanogen 1adi-
cles The Fe, Co,
&c, 1n the cyanogen
acld-radicles will
then be detected in
the General Table
(1007).

AmCl,AmHO
inexcess, and
Am,8, and
examine for
Zn, Mn, N1
Co, e (1064)

,nmfc for Pb and
Cu by Table IT

(1035).

for As, 8,
Sn, (Pt, Au), by
Table 1l, commenc-
ing at 1026,

* If H,8 couses a preapitate, NaHS or KHS may be added, drop by

filtrate ; this may be done stead of passing H,S to saturation and then
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(Fresenius).
with boiling water, adding the washings to the filtrate.

some Na,CO; solution as long as it causes any precipitate in the solution or the filtrate,

to pass the gas until the liquid is saturated, then add more | Residue dissolve and
examine for metals
in the usual mauner
1007
Fe, Co, it
found in this rcsume

Fuitrate: Divide nto two parts, a, 8 — &:ﬁo&?ﬂcﬂﬁ‘-’:ﬁl‘:ﬂ:

INO; gradually until the liquid is just acid, pass HjS to

. Examine for acid radi- | 8. Evaporate to dryness and fuse
cles in the usual way, the residue: when cold boil it
testln for (CoCyp)” with water and filter . —

adding excuess of
LnSO$l filtering and try- | Resudue: dis- | Fultrate acl
1n§e ether the precipt- solve in HCI, dify aportion
gives a blue bead | and test for it yellow,

Al, Fe, Mn, with HA and

Co %:m), the add Pb. Az,

}g.;nghre‘geg yellow preci-
t pitave shows
present  as Cr0,), the
°§”‘ n &ge n & having
acld-radicles. been present
as cyanogen

acid-radicle,
Test another

part for Al by

adding HCl

m  excess,

tl.in AmHO
s in excess.

5

drop, untll it no longer gives any precipitate in the liqud or in the
sdding KH
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1000. GENERAL GROUP TABLE FOR

Group I.—Reagent HCL

Group II.—Reagent H,S.

Group Pp amtam wn addi-
tum to AgCl, H:n,] PbCly i~
Tict (wMte)
HyWo(( 4 )

T1CT will usually be readily detected
bya spectroscopic examination of
the group pp. It may be removed
from the group pp. by boiling
with a hittle water, and ppd from
the cold filtrate by KI (Pbis also
thus p] Kd-) the pp is yellow, and
gives the thallium spectrum.

H,;W0,: a whitepp. becoming yellow
: 4 boiling. &P ['4

presence is con-
nnned by drop, }aing a piece of Zn
into a portion of the acid hquid and

pg w en & deep blue colour will be

Also by fusion_of the pp. in a
microcosmic bead, which will be
colourless or yeuow in the outer
flame, dlue (or with FeS0,, blood‘-
red) in the inner flame.

The Growp Pp may contain as mlphule.y, m
addition to Hg, Pb, Bi, Cu, Cd :—
Pd (black—brown) Insoluble in

Tl (black
wef Rh, R AmgS.

And wn addrtion to SnS, SnS;, Sng. A8y,
Au,S,. P’lSz — g
[]1' sulphide*}

”

e

The yellow colour of a solution containing V
18 changed to biue by Hy8 .,

brown

Soluble in
;;d-y;lbow) AmgS.,

T is readily found by the spectroscope in the
group pp.

Pd will remain in solution in excess of AmHO
with Cd and Cuin Table IL.A: from thissolution
it is ppﬂ- by adding HCl: its presence may be

further confirmed by the HgCy; or KI tests
(350, 351).

The examination of the sulphides in Group ILB
when the above elements may be present is best
commenced by fusion with Na,CO; and NaNOg.
From the fused mass, water ainolves sodium-
arsenate, -noxglybdate -selenate, and -telluru.be(l

Pt, an
Ir una’iseolved the elements may #1en be de-
tected by special tests, For the separation and
thectlon of the glatinum metals & special work
must be consulte

>

* Ouly compley 3ly pp? if the liquid has been
eg, passed for a lonugtl time,
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PRECIPITATION OF RARER ELEMENTS.

@Qroup 11T —Reagents AmC),

Precipitated from the

T (black brown.}
n ,» »

T »

And as hydrates in addition
to Al, Or (and phosphates,
&e. )~

Tt (whate, flocoulent.)

Be (colourless, gelatvnous).

r .|
ETa, Ni’, Ce, La, l')u, Y, E,
TR

T! and In will usually be
readily detected by a spec-
troscopic examination of the
P

T may be firat separated and
d:t&tl:bed by dlssol;'ing si?‘me
of the group pp. in boilin
dilute g(o.!l,p Ex':d reducing

any Fe present in the solu-

tion b; Og; then pre-
cipitating Tl by addition of

. and testing the pp. by
the spectroscope.

A more .omplete scheme for
the analysis of this group
pp. will be found in par.
1091,

This pp. is dried and then
fused with & mixture of
NniCO, and KNOy: on
boihng the mass with
water, NiO remains undis-
solved; it is filtered off,
and {ts presence con-
firmed by fusion in a
borax bead.

The aqueous solution may
contain alkaline vanadate
and tungstate. V issepa-
rated by saturating the
liquid with AmCl, and 1ts
presence confirmed in the
pp. by the borux bead,
and by dissolving the &}‘)
in HC] and employing the
reactions with H,0, and
Wwith Zn (s75, 273)

The filtrate, after concen-
tration if necessary, is
acidified with HC],” and
the presence of W con-
firmed by the 7u reaction
and wthe rmicrocosmic
bead (397, q00)s

s Group V.
AmHO, snd Am,§, | irate from Group IIL. by ?
The Group Pp may contain As sulphides:— The filtrate, after the separa-
as sulphzia. in addstion to v (black). go?caﬁaa" by sontaln be-
Fe, Zn, Mn, N1, Co.~ W (trace, brown). slgesMg’ llg ?ngo ﬁa -
N (trace, black), » ’

ILi, Cs, Rb,

These metals are readily de-
tected by their very char.
acteristic spectra (zx6).

LiCl may also be detected by
its behaviour with Na,HPO,,

Before proceeding to the spec-
troscopic examination, it is
well to convert the metals
into chlorides if they are
not already in that form.

If the chlorides are evaporated

dryness and extracted
with ‘abgolute ether and
alcohol, to which a few
drops of HCl have been
added, LiCl, RbCl, CsCl dis-
solve,whilstthe greater part
of the KCl and NaCl re-
mains undissolved.

The solution is ev?onted to|
dryness, dissolved in a little|
HCI, and Rb and Csare ot
by P4Cl, * this pp. is boiled
with small quantities of
v the & opeoioune s

ves the K spec 0
sgecm of Rb and Cs will
then be seen, if present.
Li is found in the filtrate
from the PtCl4 precipitate.
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109L—TABLE FOR ANALYSIS OF Group III. PRECIPITATE,
The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn,

After a preliminary spectroscopic exammation has been made of a small portion of the
the General Table (1090), the group pp. 18 dried and fused in platmum with KIS0, for
long time with cold water:~

Remdue. may con-
tam Tay05, Niiy0O;,
alz08i0,,and traces
of Fe and Cr which
have escaped solu-
tion By fusion with
KCl0; and NaHO,
Cr and 8 are ren-
dered soluble in
dilute NaHO; from
the residue, in-
soluble in fla‘HO.
Ta,05; and Nb,Ojs
may be removed by
washing with dilute
Na,CO0; solution.

Solution  reduce Fe by adding H,80; in excess, dilute consider-
covering the vessel, and by passing a stream of CO,

P;;. may consist
[ pos-
8ibl; alsf)’trncea
of Zr.

Confirm the pre-
sence of Ti0,
by the micro-
cosmic  bead
(267)-

Futrate: add s few drops of strong HNO,,
and precipitate once more by adding excess

Pp, may contamn Fe, In, U, Cr, Al, Be, &

Pp. may contain Fe, In,
large excess of HCl, add

U, &  Dissolve
’BaOO., and let

Pp. may contain Fe, In,
U, also traces of Al
and Cr.

1t is dissolved in HCI,
and NaHCO; 15 added
in excess, w’hereby U
alone is obtained in
solution.

In 18 found by the spec-
troscope :

Or by fusion with
Na;CO; and KC10; .

Fultratemay contain
Th, Ba is p})ﬂ- by
H,80,, the liguid
exactly neutralised
of K,80, are added,
allowed to stand for
pp. 18 washed with

P/: may contamn Zr,
), Ce.

Th and Ce are dis-
solved away by
bolling with dilute
HCI, and are reppe.
by AmHO,
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WHEN THE RARER ELEMENTS MAY BE PRESENT.
Mn, Ni, Co, T, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th],

pp. for Tl and In, and T1 has been further tested for, if necessary, by KI as directed in
some time, the cold mass is then powdered and allowed to stand, with shaking, for a

ably and boil for a lon,
unless 1t smells constantly of SO, i~

time,

preserving the ligqmd from oxidation by the air by

concentrate by evaporation, and add AmHO in excess: filter, dissolve the pp. in HCI,
of AmHO :—

Dissolve it in HCI, and add excess of cold strong KHO solution :—

in HCI, boil oft any
stand :—

Zr, Ce, La, Di, V, K,
adding  excess of
is concentrated and
with KHO. Crystals
and the liquid is
some hours  The
K,80, solution.

Sol®. may contain
Y, E, also Be.
T, e
yi1}
284 B¢ dissolved
away from ¢ by
HyC304.

Fitrate may contain Al, Cr, Be: dilute and
boil for some time, filter. Al remains in solu-
tion, and may be Spd- by adding HC1 just n
excess, then AmHO 1n excess,

Cr and Be are separated by fusion with Na;C04
and KCl0;, dissolving in water and pps, Be
by adding HINOy in excess, then AmHO in
excess,

Filtrate may
contain .~

Zn, Mn, Ni, Co.
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GENERAL METHODS FOR DETECTING
ORGANIC SUBSTANCES.

The constituent elements of an organic substance may be detected
by the processes mentioned in paragraphs 631-643.

In the following scheme provision is made for detecting the organic
substances whose reactions are given in paragraphs 647-892.

INTRODUCTORY REMARKS.

1092. The Detection and Identification of an Organic
Substance is usually more difficult than the detection of an
inorganic substance. This is especially the case when a
mixture of organic substances has to be dealt with.

Since no complete scheme of separation is possible, recourse
must be had to several partial separations, such as the pre-
cipitation of one or more of the substances in an insoluble
form, or the use of a suitakle liquid which is a solvent for
certain substances but not for others, Sometimes the sub-
stances may be separated by the application of heat, the more
volatile substance passing off as vapour and leaving the non-
volatile body behind : or by fractional distillation (646a).

The suggestions and Tables which are given below
include :—(1) The preliminary tests suck as the action of
heat, acids and other reagents; (2) the identification of
the elements present; (3) the identification of the com-
pounds by their special properties.

It should be remembered that the student must be
familiar with the reactions and properties of organic
bodies given in pars. 647-892 before he can apply these
as tests.
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SCHEME FOR THE DETECTION OF ORGANIC
SUBSTANCES.

PRELIMINARY EXAMINATION.

1003. Notice the Physical Properties of the Substance,
such as its colour and smell; also whether it is solid or
liquid, and, if solid, whether it is amorphous or crystalline.
The determination of the solubility in various reagents
(1098), and of the melting-point (645), boiling-point (646),
and specific gravity (644), is often of great assistance.

Note also whether the substance or its solution is acid to
litmus. Acid reaction usually indicates the presence of
salts of certain bases, e.g., urea nitrate - esters also usually
contain free acid.

1004. Ascertain what Changes the Substance undergoes
when it is Heated, whether it is volatile or fusible, and
whether any gases or vapours are evolved.

The test is made by heating a small quantity of the
substance in a test-tube, s» as to prevent any considerable
change from oxidation occurring by free contact with air.
The results which may be obtained are tabulated on the
following page.

It is well to repeat this test by heating the substance toa
high temperature in free contact with the air (1095). The
result thus obtained indicates whether any non-volatile and
incombustible substance is present, since this will remain as
a residue. This residue will msually consist of metal, either
free or as oxide or carbonate; and the examination for the
metal is easily effected by applying the ordinary analytical
methods to this residue.
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PRELIMINARY EXAMINATION

[1094,

Errect oF HEATING THE SUBSTANCE IN A
TEST-TUBE.
|, Result. Observation. Inference.
a. The substance | The vapour is non-inflammable. Chloroform.
volatihses leav- | The vapour burns with a pale blue
ing no remdue, Alcohol, aldehyde
‘The vapour burns with a blue flame. | Chloral, carbon
disulphide
The vapour buins with a pale blue
flame ; slight chaiing occurs Glycerol.
The vapom- burns with a smoky [ Aniline, beuzene,
flame. turpentine
The vapour burns with a luminous | Ether, eth iyl ace-
ame, tate,benzaldehyde,

b The substance
fuses, and vola-

s without
residue

c. The substance
fuses and chars,

d. The substance
chars without
fusing.

o The substance
neither nor
fuses.

f. The substance
fuses to & coloured

liquid,

¢ The substance
fuses, and evolves
avanogea,

or Ditrobenzene

The vapour is acid and pungent ! Formic acid, or
and inflammable acetic acid.

The vapour buins with a smoky
flame Phenol

NHj is smelt req.

Pungent fumes yielding a white sub. | Oxalic acid, or

limate.
Pungent fumes, burning withasmoky

succinic acid.

flame; and sublimate formed Benczoic acid.
A slight exploslon Piciic acid
It chars slowly, evolving CO, &c¢ Yormate.
It chars slowly, evolving acetone Acetate.

It emits a smcll of charred sugar,

It emm a smell of Burnt wool, and

It evolves pheno! which: burns wn,h

Tartaric acid, cit- |
ric_ acid, malc
acid, pyrogalle?,
all sugars, meco-
nic acid.
Urate,albumen, or

gelatin,

a smoky fl. ame Salicylate.
Violet vapour o Todoform.
White uystalline sublimate. Hydroquinone
A carbonate remains. Succinate

It emits a smell of burnt sugar
It evolves orange-coloured vapour.
It evolves red vapour,

Starch, cellulose,
Tannate.
Gallate.

A carbonate remains (sos).

Oxalate.

The liquid ls reddlsh vapour of un-
itted, which

Burus with a unoky flame.

ipurate, or an
1kaloid.

No further special observations.
A smell of HeS 1s also noticed,
Tho substance darkens in colour,

. s\uphooymldo

Cyanide,

or

Ferrocyanide,
ferricyanide.
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1005. Ascertain whether any Metals are Present by
heating the substance on a piece of thin porcelain ; if a black
residue of carbon is left, burn off the carbon by heating it
strongly in the blowpipe-flame (Exp. 81, 105). One of the
following results may be obtained.

(@) 4 Coloured Residue may remain and will probably
be due to the presence of a metal which produces
a coloured oxide. The residue may be examined
directly by paragraph 991, and then after solution
(1001) by the General Table (1007).

() 4 White Residue may remain, which when it is mois-
tened with water shows an alkaline reaction to test-
paper: this may be caused by the presence of K,
Na, Ba, Sr, Ca, or Mg in an organic salt. The
residue may be examined by the preliminary tests,
090, 991, and may then be dissolved (100I) and
examined by the General Table (1007).

1096. Mix the Substance with Powdered Soda-lime and
heat. Note particularly any of the following changes.

(@) 4 Smell of Admmonia, which is evolved from nitro-
genous substances, such as ammonium salts, urea,
albuminous bodies, alkaloids, urate and hippurate.

Nitrocompounds, such as nitrobenzene and picrate,
do not give off ammonia when they are heated with
soda-lime.

() Amniline, evolved from aniline compounds.

(c) Benzene, evolved from benzoate or hippurate.

(d) Phenol, ebolved from salicylate.

1097. Try the Action of Strong Sulphuric Acid upon
the Substance, both in the cold and on heating: the results
which may be obtained are tabulated on page 422,

Note.—This test may be supplemented by heating the substance
with dilute H80,, since formates, acetates and cyanogen-compounds
may be frequently detected by this means.



422

PRELIMINARY EXAMINATION AND

[1097,

Errecr oF AppiNG StroNg H,SO, To THE SUBSTANCE,
OR To ITS STRONG SOLUTION, AND THEN IEATING.

Result.

Observation. Inference
a. No change sc- | CO evolved ¢ no charring. Formate.
curs in the oold, | B evolved, no charring Acetate
and either httle | () and COy evolved , no charring | Oaalate.
or no charnng on Pungent fumes ; no charrng. Chloral, chloro-
heating. form
Slowly darkens; nritating fumes | Succinate, or ben-
evolved zonte.
Slowly darkens; acid fumes, then | Malate.
CO and CO4 evolved
Slowly darkens, CO and CO; evolved. | Citrate,
(Difference from tartrate, &c )
Slowly darkens; pungent fumes | Ulea.
evolved
Effervesces ; slowly darkens. Urate
HCN evolved , no charring Cyamde.
HCN and finally CO evolved, white | Ferricyanide.
precipitate
co lf;('lolved, and hquid becomes tur. | Ferrocyanide.

b No change oc-
curs in the cold.
but the substance
turnt  Jark - col-
oured, or chars,
when it 18 heated

¢. The substance
becomes coloured
in the cold; the
colour deepens on
heating,

80, evolved , )ell'ow 8 formed
Slight charring.

Sulphocyanide
Mecomic acid

Fragrant smell; vapour burns with
asmoky flame, S018 evolved, and
charringoccurs  (Conflimby734 )

Acrolem 18 smelt, and ultimately
80,18 evolved withmuch chaiiing

CO and SO, are evolved, with gradual
chamng. I

0, CO,, and SO, aie evolved, with
rapid chariing. U

50, i8 evolved, and charring occurs

The substance then turng reddish-
brown, evolving CO; and pungenty'
fumes

The substance turns brown, and

80, is evolved

A vlvfd red coloration is produced,
and SO, is evolved

Characteristic smell, then chariing,
and evolution of éOg

Alcohol
Glycerol.
Glucose.
Tartrate
Il.ippurnte.
Salicylate
Tannate.
Gallate.

* Turpentine.

Tale brown, cold, blackening on
heating

]

Yellow, cold , puce, 8n heatin

Pink, cold ; blackening on hen%ing

Yellow, cold, charring on heating,
and evolving CO and 80,

Brown, cold: charring rapidly, and
evolving CO and 80,  Solid cane-
sugar gfves these changes slowly.

Chars at once, forming white aniline
sulphate

Quinine, cinchon-
e, morphine, or
strychnine,

Narcotine.

Brucine,

Starch.

Cane-sugar,
Aniline,
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1098, Test if the Substance is Soluble in or Miscible
with :—(1) Cold water, (2) hot water, (3) alcohol, and

(4) ether.

Valuable information can frequently be obtained from this
treatment with solvents, since it affords a ready means of
effecting the separation of substances from one another if
a suitable solvent can be found. The solubility of many
organic substances is stated in the following Table :—

SoLUBILITY OF ORGANIC SUBSTANCES IN WATER,
IN ALCOHOL AND IN ETHER.

g =soluble, ¢ =insoluble, ss=slightly soluble, vs=very
soluble, and vss = very slightly soluble.

ACID8—

Formice, . .
Acetic, . .
Oxalic, . .
Succinie, .
Benzoie,
Malic,
Tartaric, .
Citric, .
Salicylie, .
Tannic, .
Gallie,
Meconic, .
Hipst
ppuiic, .
Picrli)c, .

ALEALOIDS—

Quinine,

Cinchoniue,
Morphine,
Strychniune,
Narcotine,
Brucine, .
Caffeine, .

HYDROOARBONS —

Turpentine,
Benzene, .

e e e 0

Chloroform, .
Todoform, f

HALOID COMPOUNDS—

NAME OF SUBSTANCE.

WATER
ALCOHOL,
COLD. HOT,
¥ vs vs
v vs vs
8 vs Vs
89 v 8
s 3 s
vs Vs vs
s 8 Fl
8 8 s
88 s s
s 8 58
88 8 s
s8 s s
vss vss 53
8 8
vas 8 8
i i vss
1 i 88
iy by (ot
s (ho!
i i 89
88 88 [
3 8 88
i i vs
i i 8
i i 8
i i 8
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WATER, '
NAME OF SUBSTANCE. ALCOHOL.| ETHER.
COLD. HOT.
ALCOHOLS AND
PHENOLS—
Methyl alcohol, . . vs vs v§ ve
Ethyl alcohol, . . vs V8 v8 A7)
Glycerol, . . . 8 8 s i
Phenol, . . . 8 8 vs (hot) @
Hydmtiuinone, . Y g 8 )
Pyrogallol, . . vs vs vs s
ALDEHYDES—
Formaldehyde, . 88 8s s i
Acetaldehyde, . . v8 vs 8 8
Chloral, . . . s 8 .
Benza\debyde, . . . s 8 Ve vs
AMIDO-OOMPOUNDS—
Urea, : vs 153 v8 S8
Aniline, . . . . vas vss 8 S
MISCELLANEOUS—~ 8 8 N 8
Ether, . ss ss vs vs
Ethyl acetate, . v8 v8 vs AN
Acetone . ) 8 H s
Carbon cilsulphide, . 1 1 vs AL}
Nitrobenzene, . . 1 i s s
CARBOHYDRATES AND
ALBUMINQOUS COM.-
POUNDS —
Dextrose, . vs vs 8 s (CH;.0H)
Levulose, . . . 8 8 8
Canc-sugar, . . v8 Ve 88 1
Maltose, 8 s s 1
Milk sugar, . . 83 S8 V8§ 1
Cellulose,. . . i i 1 i
rch, . . . . 1 8 1 i
Dextrin, . . 8 8 1 i
Albumen, . .. 5 £ i i
y, . : . . i 8 1 i

<
s=goluble fi=insoluble, ss=slightly soluble, vs-=very soluble,

vsa=very slightly soluble.
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SreEciAL ExAMINATION OF ORGANIC SUBSTANCES.

1099. If the substance is a simple one, it will probably
have been identified and it will only be necessary to apply
confirmatory tests. But if the preceding treatment has
given any indication that the substance is a mixture, some
method of separation should be devised. For a solid the
action of solvents (1098) may be utilised, or treatment with
solutions of acids or of alkalis may be successful. A liquid
may be subjected to fractional distillation (646a). In any
case it is advisable to ascertain what elements are presentin
the substance.

The following experiments will indicate the presence of
the more important elements.

1100, Ascertain what Elements are present by heating
the substance with a little sodium in an ignition-tube until
it is charred. Then drop the wube into a few c.c. of water
contained in a mortar. Grind up the fragments with the
water, filter, and divide the filtrate into three portions,

(@) To the first portion add a small crystal of FeSO,, boil
the liquid and acidify it with HCI; a blue or green colora-
tion shows the presence of nit.'ogen (637).

(5) To the second portjon add a small crystal of sodium
nitroprusside; a violet or purple colour shows the presence
of sulphur (638).

(c) If the substance containg no nitrogen, to the third
portion add HNO, and AgNO,-solution ; a white or yellow
precipitate shows the presence of a halogen (643).

(2) If the substance contains nitrogen, test for the
halogen by igniting a fresh part of the substance with
excess of pure lime in a combustion tube. Shake out
the contents of the tube into dilute nitric acid, filter the
liquid and add AgNO;-solution; a white or yellow precipi-
tate shows the presence of a kalogen (643).
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The further examination of the substance will depend

upon what elements have been detected by the above
tests.

110I. Hydrolysis may be applied to certain substances
such as esters, alkyl cyanides, glucosides and sugars, which
may by this means be split up into readily recognised pro-
ducts. The process consists in the prolonged heating with
a moderately strong acid, such as HCl or H,80,, or with
KOH-solution. The process may be carried out in a flask
connected with a reflux condenser.

The resultant products include aleohols, glucoses and acids,
and these may be detected by the methods given under the
separate tests and reactions.

1102, The Presence of an Alkaloid may be ascertained
by the application of the general vests given in paragraphs
735-738. Theidentification of the particular alkaloid present
may usually be effected by ‘carefully extracting with warm
pure alcohol acidified with dilute HCI, driving off the excess
of aleohol, diluting the extract with water and testing the
solution by paragraphs 739-785.

1103. The Presence of rganic Acids or their Salts
can usually be determined by' the formation of charac-
teristic insoluble compounds with,the metals iron, calcium,
or silver (1104, 1105, 1106).

The acid-radicles should be present in sodium, potassium,
or ammonium salts, since other metals interfere more or
less seriously with their detection by these,tests.

(@) If alkali-metals only are present, the solution to be
tested must be rendered neutral qr wvery faintly alkaline.
The most suitable reagent to ‘e added for producing this
condition is dilute HNOQ,, or sodium hydrate solution. Ac-
cording to the reaction of the solution, one or other of
these reagents is used, and is added until the solution does
not affect the colour of test-papers.
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(6) If metals other than the alkali-metals are present, the
substance must be boiled with excess of Na,CO,-solution,
filtered, and acidified with HNO,; the CO, is then boiled oft
and the solution is carefully neutralised with NaHO.

(¢) If metals of Group IL.orIIL. are present, the following
treatment may be requisite in order toensure their removal.
The solution is acidified, if it is not already acid, with dilute
HCI, and H,S is passed to saturation; the liquid is then
filtered, and AmHO and Am,S are added to the filtrate : the
liquid is then filtered again and the filtrate is reserved. The
filtrate will contain the organic acid-radicles in ammonium
salts, together with excess of Am,S. Itsfurther treatment
will depend upon whether other metals (Ba, Sr, Ca, Mg)
are present.

If no other metals are present, acidify the liquid with dilute
HCI, boil off the liberated H,S, filter if necessary, and
neutralise the filtrate with NaHO. This liquid may now
be tested with the reagents me. tioned in pars. 1104, 1105
(see Note below).

If other metals are present, acidify with dilute HCI, boil off
the H,S, add Na,CO,-solution in excess, filter, acidify with
HNO,, boil off CO,, and carefully neutralise with NaHO :
tken proceed to test the liquid by pars. 1104, 1105.

Note.—A separate solution bf the original substance must be
prepared for thc AgNO; tes§ (1106), 1n which dilute HNO, is used
instead of HCI, else she AgNO;-solution will give a whate precipitate
of AgCl which may be mistaken for an organic salt.

The results given by the tests in pars. 1104-1106 with
very dilute solutions are not pronounced, and are in some
cases not even visible, and strong solutions should always
be employed.

It will be seen that the results which are yielded by other
substances besides the organic acid-radicles are given in
paragraph I104.
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EXAMINATION OF

[1104,

1104. ActioNy oF FeCl; SoLuTioN OoN NEUTRAL SOLUTION

OF ORGANIC SUBSTANCES,

Result

Observation.

Tnfevence,

a. A red roloration
19 produced 1n
the cold

b. A purple colora-
tion ;l.:p uced
n the cold,

o A blue - black
suoi itate is pro-
uced in the cold.

d. A blue precip:-
tate is stodueed
in the cold.

The coloration 18 destroyed hy HgCl,
solution, and is unaltcied by
dilute HCL.

The coloration is destroyed by dilute
HCI, a red precipitate forms on
boiling

(Diff) In the omgnal solu-
tion AgNO3 gives a black preu-
pitate 1n hot solution

(Diff).  Strong H.S04 girves a
smell of HA

The coloration 18 with difticulty de
stroyed by HC1

CaCly;prod a whate precipitate
the original solution on boiling
(Diff. from formate and acetate )

Coloration destroyed by HX, but not
by HCL

Sulphocyanide.
Formate, or
acetate,
Formate.
Acetate,

Mcconate,

Pyrogallol,

Purple colour not destroyed by HA.
A salicylat when heated with
stiong H ,80; and CH30H gives oft
methyl salicylate  (Diff. fiom
phenol )
Purple colour destroyed by I A,
Phenol solution when treated
with AmHO and bleaching-powder
tmnsblue (I fromasalicylate

Salicylate,

Phenol.

The precipitate « sappears on bl

g
With a gallate KCN produces
a red coloration, (Diff, from a
tannate.
Theprecipitate is permanent on heat-
ng.
Ammoniacal CuS04 solution
produces a green precipitate with
atannate, (Ditt from a gallate.)

Gallate,

Tannate.

The colour of the pieapitate i;
changed by KHO into brown.

Ferrocyanide.
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Result

Observation

Inference.

e. A buff or reddish

suoi itate is pro-
uoed in the cold

f A eol;nhon ﬁ:.
produced 1n the
oold,

8. No effect 1s pro-
duced until the
nuxtureis heated,

The addition of HCl1 gives crystal-
line scales of benzoic acid.

The original substance burns

with a smoky flame. (Diff from

a succinate
1he precipitate 1s soluble in HCIL.

A succinate is precipitated on
the addition of BaCly, AmHO, and
alcohol. iff from benzoate.)

On the addition of HCl, hippuric
acid separates.

The orginal substance burns
with a smoky flame, and evolves
NII; and CgHg when it is heated
with soda-lime

The;l g;ddlsh precipitate dissolves in

Confirm by adding to the or-
ginal substance KoCre0; and
H7804, a blue colour appears.

Benzoate.

Succinate.

Hippurate.

Anilive.

Brown or olive-green coloration.
Confirm by adding FeSO, solu-
tion to the original substauce, a
blue precipitate forms.
The coloration is blue.

Ferricyanide.

Morphine.

Reddens on heating
Red precipitate on heating.
Slight red precipitate on heating.

Quinine, caffeine,
brucine.

Cinchonine, or
strychnine,

Narcotine.
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EXAMINATION OF

[11085,

1105. AcrioN oF CaCl, SoLuTioN oN NEUTRAL SoLuTION

oF ORrGANIC SALTS.

, Result

Observation.

Inference.

a, A white pre-
cipitate forms in
the cold.

b. A white preci-
gxhtc forms on
eating.,

¢. A white preci-

pitate forms 1n

e presence of
alcohol,

The grecipitate 18 insoluble in HA
and 1n KHO; when dried and
heated, it scarcely chars and
leaves a carbonate

The precipitate )s soluble in HA and
m KHO, 1t often only appears on
shal'ggg, and chars when dried and

ea

Confirm by heating the original
solution with ammomuacal AgNOy
(694, Note)

Add PhA, to the onginal solu-
tion, a white precipitate forms

The preapitate 18 decomposed by
HCI, with sepaiation of uric acqid

‘The precipitate 1s unchanged when
heated

Oxalate.

Tartiate.

Meconate,

Urate.
Hippurate, benzo-
ate, or tannate,

T

The precipitate 1s soluble in HA and
mwsoluble 11 cold KHO, 1t chars
on bemg dried and heated

The precipitate forms more 1eadily
1 the presence of alcohol , 1t chars
on being heated

Confirm by adding PbAs to
the neutral solution, and fusing
tre precipitate (ander water

«

Citrate.

Malate

Confirm by treating the r.utral solu.
tion with FeCl;, a reddish pré
cipitate forms.

Succinate.
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1106. ActionN or AgNO, SoLuTiox oN NEUTRAL SOLUTION

oF ORGANIC SALTS.

Result | Obeervation Inference.

a, A white precip1- | The precipmtate is unaltered when | Oxalate, meconate,
tate forms in l heated. salicylate, mal-
cold, ate, or hippurate.

The precipitate dissolves when
heated 1t 18 not formed n dilute
I solution Acetate,
| The precipitate foirms i strong solu-
| tions, rapidly turning black, mn
| diute soHAtlons a black precipitate
of Ag is formed when the hiquid is
heated. Formate
The precipitate turns grey when
1t is heated Citrate, or malate.
‘ The precipitate shghtly darkens | Succinate, or ben-
| when it 1s heated zoate.
The precipitate rapidly turns black | Tannate, gallate,
I urate, phenol,
| and hydro®
) quinone.
" The precipitate turns black when the
+hyqwad 18 boiled. Tartrate.
| The precipitate is soluble in AmHO, | Cyamde or sulpho-
' and msoluble 1 dilute HNO; cyanide
Theprecipitateis msolublein Am HO,
i and insoluble in dilute HNO; Ferrocyanide.
Immediate hlack precipitate. Pyrogallol.

b, Anorange preci- The precipitate 13 soluble in AmHO,

pitate 18 formed. and insoluble m dilute HNO, Ferricyanide
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EXAMPLE OF ENTRY OF THE

[1107,

EXAMPLE SHOWING HOW TO ENTER THE
RESULTS OF ANALYSIS OF A COMPLEX

SUBSTANCE.

1107. The substance given for analysis consisted of a
powder containing pink, blue, white, and black particles.
It smelt faintly of ammonia.

PRrELIMINARY ExaMINATION FOR METALS,

Experiment.

Observation,

Inference.

ExpT. I.—Heated in a
small dry test-tube.

Confy —Held in the
uPper part of the tubea
glass rod with a drop ot
lime water hanging on
its end.

Confy.—Boiled a portion
g}V ‘tlhe subst: powil.h

Water glven off which
turned turmeric - paper
brown.

8trong smell of NH; gas
Substance blackened, no
smell of burning.

Slight white sublimate.
The lime water became

milky.

Brown nitrous fumes
evolved, recognigzed by
their smell.

Cl-gas evolved, found by
smell and bleaching
litmus

NH; gas was €/olved, re-

KHO solution.

Confy.—Heated strongly
another portion of the
dried substance with
Na,COy 1n a bulb-tube,

g by its smell,

and by giving white

fumes with strong HCl,
No mirror formed.

Pres. of H,0.

Pres of NH,.

Pres. of NH,.

Prob. pres of Co, Cu, and
abs of Tand A.

Pres. of As, NH, Hg.
€Oz evolved.

Pres of nitrate.

Pres. of CL.

Tres of NH,.
Abs. of Hg and As.

EXxp. 11 —Heated a por-
tion of the substance on
a loop of platinum wire
in the Bunsen flame,
molstened with HCland
g:ated again in the

me
Heated for some time in
the tip of the inner
blowpipe flame, moist-
tean "hola Vi’ he
el
Bunsen

[

Bright yellow flame.

The flame apﬁelred
crimson through the
indigo-prism.

13 r

Crimson col= appearing
intense red through the
indigo-prism.

Bright green col* with

blue core.

P.es. of Na.

Pres. of K,

Pres, of Br.
Pres. of Cu,
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) N1

Exer. IL—Heated a por-
tion of the substance on
chaicoal in the mner
blowpipe flame.

Conrfy.—~Fused in a clem

borax bead 1n the outer
and  inner  blow pipe
flames

Confy — Fused on pla-
tinum fol with NagCO4
and KNOj,

Confy —Fused on cha-
coal in the inner blow-
pipe flame with NapCOj3.

Observation

Inference.

The gieater pait of the
substance fused 1eadily,
and was absoibed by the
chaicoal

Deflagiation occuired.

A red metallie 1esiduc 1e-
mained

In the outer flame a bead)
green whilst hot, biuc |
when cold

In the inner flame 7¢d
and nearly opaque.

No bluish green or yellow
mass on cooling

Iied metallic1esidne,

A portion placed on a
«ilver coin and moistened
gave no black stain

Pies. of a salt of K, Na.
Pies of chlorate, nitrate,
Pies of Cu.

Pres. of Cu.

Abs, of Mn and Cr
Pics of Cu

Abs of S,

PRELIMINARY KX XAMINATION FOR ACID-RADICLES,

kxpt,

Expr, I.—Added dflute
HCI without heating

Heated to bolling.

Observation,

Inference,

A coloutless gas was
cvolved, which was fiee
fiom smell, and tuined
a drop of lime water
milky.

Cl was evolved, 1ccog-
nised by its smell and
by  bleaching  moist
lltmus-papcg

Pres, of caibonate,
Albs of sulphite,

hypo-
chlonte, &c.

Prer of nitrate, chlorate,
o1 some other oxldising
substance

Expr II,—Added strong
HgS04. *

Confy. — Dropped in

copper turnings and

heated,

Heated strongly, cooled,
and 1insed out

Consy.—Bolled a portion

of the substance with

water, added strong
HgS0y, cooled and
poured in FeSO4 solu-
tion cavefully,

L]

A hight yellow chlorous
gas g cvolved, which
cmcﬁled when warmed.

Reddish brown fumes
evolved,

The tube when dry was
seen not to be etched.

A brown 1ing formed on
the surface of the acid.

Pres. of chlorate,
Pres. of nitrate.

Abs. of fluoride.
Pres. of nitrate,

EXAMINATION FOR METALS IN THE WET WAy,

Boiled a portion of the substance with
KHO, added HCl in excess, no blue pp,

Fe,Cly, FeSO, and

i~—Absence of Cy.

28
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These  Boiled a portion of the substance with water ; as it did not com-
:‘u':l“ upon the undissolved residue: effervescence occurred,and on boiling, Cl
weross Ol was perceived ; the substance was completely dissolved. Cooled
m‘;& previously to give no pp. on addition of a little dilute HNO,:—

Nopp. ’ Diluted with water and passed HoS until the liquid smelt strongly
Abe of Group 1
Hy, Ag, and prob, Pb | 4 plack 7 Fultrate which gaveno further pp. with
l Examd hy Table IT Boiled until 1t no longer smelt of HoS,
on addition of HNOy (prob, pres of Fe)
| of the HCI soln, to some AmHMoO;
© boled ; filtered —

A broun pp.
I Examq by Table IIT A

i
{

|

“Exau™ oF 7e. 1% Grour LL—Removed from the filter
into a porcelain dish and boiled with KHO, filtered ‘—

Hiltrate — | Pp removed from filter by a glass rod mto u»on celain dish and
Acidified iled with strong HNO, as long as any red fumes came off,

with HClL a | added dilute Hy80, ant stirred well .

white milky

hquidonly. | Nopp —| Added to soln excess of AmHO hlue solution (Pres
LAbs of  qpgorHg | of Cu) —
Group ILB. | " ynd Py,

Nomp ! Acidified the bluesoln with HCland satu-
Abs of Bi, | rated with Ho8, filtered off the black pp.
1apidly and boiled 1t with dilute Hy80,.

I

1‘{) dissolved m a | Mitrate diluteu
itt)e boiling dilute much  and
' 05, added passed  Hg8,
i | AmHO m exeess, | nopp..~

then dxcess of I#, Abs. of Od.

, then K4FeCyg, clio-

colate red (? —

| Pres ofp u

Exan™ oF pr. 1v Grour IITLA
Dissolved in alittle boiling dilute HCl,added pure NaHO
in excess, boiled and filtered : —
Filtrate added AmClin | Pp dned andJused ou platinum foil with NayCO3
excess, no pp ‘— and KNOg. boiled the colourless (abs. of Cr) mass

Abe, of Al. when cold with water ; decanted from the undis-
solved residue :—

Residue in the dish dis- [ Soi»  helng colourless
solved by boiling witha |  proved abs. of Cr.
:iitt]e HC), added several | Acidified with HA, boiled,

ey & oot “:ﬁo;‘dgf{ Pbay, mo
Pres. of Fe. yellow o 7 Cr.
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pletely dissolve, the sol* was decanted, and s little dilute HCI poured
wag smelt. Added a little strong HCI, boiled as long as any smell of
this sol* and mixed it with the water sol* which had been proved

of the gas, filtered :—

Hg8 was pink (prob. pres, of Co)

mﬁied some strong HNOQj and boiled to dryness- the colour of thesoln changed to light brown
Warmed the 1esidue with HC, 1f dissolved completely (4bs of HoS103 ) Added a small portion
warmed , no pp.. dbsence of (POy)”". To the remr added AmCl then excess of AmHO, and

Fultrate was agam pink (presence of Co) : added much AmgS and boiled, filtered —

black pp. Fuitrate was yellow (absence of N1) added AmgCOy), filtered —
Examd by Table ITLB
A white pp. Filtrate.
Examd by Table IV. Examd by Table V,

Exam® or pr. IN Grour IILB,

Rinsed the pp. off the filter with some cold dilute HCI,
stirred well, filtered .—

! |

Pp was black and had | Filtrate boiled until it no longer smelt of HoS,
already been proved to | added a crystal of KCIO;, boiled until the smell of
contain no Ni, fused | Cl ceased, cooled and added pure NaHO in excess =
a portion Into a clear
horax bead bead blue
1n hoth flames'—

Pres of Co.

|
Passed HyS into the soly
No pp ~
’ Ahg of M, ho pp
]

Abs of Zn.

Exam™ or pp. 1v Grour IV,

1. Bram' by Flame col" —Dissolved a small quantity of
the pp. in a few drops of HCl upon a watch-glass, dipped &
loop of Pt-wire into the sol* and held it in the Bunsen
flame : & crin.son red colour was imparted to the flame, which
appeared intense red through the indigo-prism : Pres. of Sr.
This coloration was followed by a yellowish green very per-
sistent col® : Pres. of Ba? Confirmed by spectroscope.

2. Bxam” in the Wet way. Dissolved the rest of the pp.
in as little boiling HA as possible; to a small part of the
solution, perfectly cold, added CaSO,-sol™ an immediate pp.
formed : Pres. of Ba,
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To the remainder of the HA-sol, proved to be acid to
litmus, added K,CrO, until the liquid appeared yellow,
warmed and poured through a double filter :—

Pp., which con- | To the clear filtrate, which was orange red in colour, added

tained all the Ba AmHO until the colour changed to light yellow, then added
l'etl:élt,)Wl!‘ Te- AmgCOg in excess and filtered :—

ected,

Fultrate was re- | pp, - dissolved in as little boiling HA as
jected. possible; added to a small portion of the
solp. CaS04soln and boiled, & pp. formed,
shdwing pres. of Sr. _

To the remainder of the HA solution
added Hy80y4, boiled, filtered, and to the
filtrate, which gave no pp. after bef
boiled with more H»804, added AmH
m excess and Amg! , N0 Pp..

Abs. of Ca.

Exan® or FILTRATE FROM GENERAL TABLE ForR GRroup V,

Evaporated the filtrats to dryness in a porcelain dish,
scraped out the residue upon platinum foil, and ignited
strongly until white fumes ceased to appear: dissolved the
residue off the foil by boiling with water to which several
drops of HCI had been added, divided the sol™ into two
unequal parts :—

|
To the larger ton added several , Into the smailler portion dipped a loop
drops of H,80, and boiled, then of platinum wire, and held it in the
AmHO in excess and several drops Bunsen flame, an intense yellow
of Am.C,04; on heating, a slight cojs ;— <

&). tlormeé!l t' ﬂtlteﬁedharpo midet}l 1tt° Pes. of Na,

e clear filtrate a white

apstalline pp. o ¢ ¥ oy rson. through  the
Pres. of Mg. Pres. of K.

Confirmed the pres. of K by stirring &
fresh portion of the sole with PtCl,
on a watch “glass, a yellow pp.
formed.

Metals found :—Cu, Fe, Co, Bs, Sr, Mg, Na, K, NH,.
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Exam™ ror AOID-RADICLES,

The following acid-radicles have already been detected :
(COy)", (NO,Y, (CIO,.

By reference to the Table of Solubility (1038), under the
columns corresponding to the above metals, the only salt
insoluble in acids is found to be BaSO0,; since Ba is present,
and the substance is entirely soluble in acids, (SO,) s absent.

The following acid-radicles have also been proved to be
absent in the general examination for metals :—

(Cr0,)", by the HCl solution not becoming green on pass-
ing H,S.

(AsO,)" and (As0,)", by no pp. forming in Group ILs.

(Si0;)” and (SiF,)”, by no residue insol. in HCI remaining
on evaporating to dryness with HCI for Group IILa.

(PO,)”, by testing with AmHMoO, in the HCl sol™ for
Group IILa.

The organic acid-radicles A and T are absent, since there
was no smell of burning on heating the substance.

The only commonly occurring acid-radicles remaining to be
specially tested for are therefore Cl, Br, I, (C,0,)", and
(BO,)™; and of these Br and I are probably absent, since no
violet fumes of I or brown fumes of Br were evolved with
s«rong H,SO, .

Boiled a pottion of tho substance with pure Na,CO, sol™
and filtered ; acidified portions of the filtrate with—

HNO, HA

Added AgNO,, a perfectly white | Added CaSO,, no pp. ;=
PP, easily sol. in AmHQ :— Abs. of (C,00"
Pres. of Cl.
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Moistened a piecé of turmeric-paper with the HCI sol™ of
the substance and dried it at 100°, no reddish-brown stain
was produced :—Abs. of (BO,)".

Acid-radicles found :—CO,, NO,, CIQ,, Cl.

" Metallic-radicles : Cu, Fe, Co, Ba, Sr, Mg, Na,

NH

Found K, NH,
\ deid-radicles : CO,, NO,, CIO,, OL.



SECTION VII.

THE LABORATORY AND ITS FITTINGS;
APPARATUS, CHEMICALS, AND RE-
AGENTS.

In this Section directions are given which have been found by
experience to be of value in fitting and furnishing a laboratory and
in maintaining it 1n working order.

TrE LABorATORY BUILDING, AND ITS FIPTINGS.

Introductory Remarks.—The Methods of Building, Fitting, Heat-
ing, and Ventilating a Chemical Laboratory are of prime importance
1n securing the comfort, health, and convenience of the laboratory
. .udent ; inrecent yeais very considerable advances have been made
in these matters. Kor detailed information on these subjects, refer-
ence may be made to papers by E. C. Robins, which are published
in the Zransactwns of the Institute of Britesh Arclatects for the
years 1882-3 and 1883--4.

1108. With regard to the Building, it must suflice to
state here that the main points which require attention are
that the internal air space, ventilation, and window lighting
both from, the top and sides, should be secured on as ample
a scale as possible. The iiner surface of the walls should
either be of white glazed brick, which can be easily cleaned
when necessary, or the rough brick or plaster surface should
be covered with white lime-wash or distemper, which can be
frequently and cheaply renewed. The windows should be
glazed with colourless glass.
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1109. Draught Closets.—Around the walls, in the spaces
between the windows, there should be large and small
recesses, each of which is lined with white glazed tiles, has
a glazed hood above, and is closed with a sliding sash in
front ; it is provided at the top with an outlet, through
which a strong draught is caused. These draught-closets
should be provided with several gas-supplies for Bunsen-
burners, the taps being on the outside of the closet ; they
should also be furnished with a gas-jet for lighting the
interior when necessary. The bottom of the closet may be
covered with sheet-lead, and should be provided with a small
grid through which liquids escape into a drain-pipe. Some
at least of these closets should also be provided with a
water-supply pipe. A strip of india-rubber draught-excluder
fixed along the top of the inner frame and lightly touching
the glass, prevents the escape of fumes when the sash is
partly opened,

One or more of the larger draught-closets will be reserved
for the hydrogen sulphide apparatus (1125). It will be
found well to provide such a closet with small doors, which
are opened when the gas 1s to be used: this prevents the
gas from escaping in large quantity into the laboratory, as it
would do if the large sash were thrown up for each opera-
tion. A frame containing pairs of little hinged glazed door,
each about six inches by eight, may be introduced beneath
the sliding sash. This enables a stndent to cpen as much
of the closet-front as is necessary for passing the gas through
a solution : while the whole sash can be raised for cleansing
or replenishing the hydrogen sulphide apparatus.

One of the draught recesses is kept open for the steam-
ovens, small boiler, and condenser which are described in
paragraph II3I,

C
1110. Washing 8inks.—Two or more deep stoneware-
sinks should be provided for general use. These have large
water-taps fixed above them at some distance from the back
of the sink, It will be found convenient if each sink is
supplied with three taps. Two of these deliver low-pressure
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water, hot and cold ; and a third is connected with a high-
pressure water service, upon which a fire-hose can be at
once adapted. A stout wooden board riddled with small
perforations may be laid upon the bottom of the sink. It
servesas a strainer which prevents solid pieces from getting
into the outflow pipe : it also tends to prevent the breakage of
glass or porcelain vessels which may be dropped into the sink.

111I. Working Benches.—In the frontispiece illustration
of this book a block of four laboratory benches in the Not-
tingham University College is shown. Two of these are
presented to the observer,and are therefore visible in detail.
This arrangement of the benches is convenient, since it
enables the washing-sinks and the water-taps to be placed
at the end of each bench and yet to be accessible to each
student. The surface of the bench is thus prevented from
being wetted and soiled when apparatus is washed.

1112. Bench 8inks.—The bench-sinks are of stoneware,
with large perforated movable wooden false bottoms, which
soften the surface and serve as grids.  Half-inch outlet pipes
unprotected by metal grids discharge into stoneware pots, the
overflow from which into the drain-pipes is through a curved
st oneware tube near the top (see Frontispiece). Anyfine solid
matter, which passes down the sink-pipe, settles in this trap-
pot, and is got, rid of by taking out the pot and emptying it
into a pail at fretjuent intervals. The main-pipes are occa-
sionally cleansed by flushing them with high-pressure water.
Any stoppage in the straight sink-pipe is readily pushed
through with a stout cane, Over each sink there are three
low-pressure water-taps for washing and for supplying con-
densers, and two high-pressure water-taps for aspirators.

Lead-covered sinkslessen the risk of breakage arising
from the dropping of apparatus while it is being washed,
but they are easily corroded by acids and are less cleanly
than stoneware. The large wooden grid, which is laid on
the bottom of a stoneware sink, is a very efficient and per-
manent grid, and saves breakages.
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1113. A Stoneware Pocket is hung upon the end of each
working bench to receive waste filter-papers, broken glass,
and other solid refuse. This pocket is frequently emptied.

1114. Bench Draughts.—Each bench is provided withan
aperture leading to a strong draught, and into this aperture
a copper hood can be fitted, which serves to carry away acid
vapours or badly-smelling gases. The aperture is stopped
with a wooden plug when the hood is not in use, in order
to improve the draught on other benches. The copper
hoods are occasionally cleansed and painted with Brunswick
black, in order to protect them against corrosion by acid
fumes : fixed light earthenware hoods are fragile, but present
the advantage of not being corroded by acids. A glazed
draught-hood extending along the top of the centre shelf-rack
of the bench has been found to be satisfactory : all heating
and evaporation of liquids is then carried out on a raised
shelf under this hood.

1115. The Laboratory Bench may be made of stout teak
or of American walnut-wood, the wood being stopped and
varnished with the exception of the working surface of
the bench, which should be saturated with oil and then
well rubbed. This working surface is preserved by beirg
occasionally thoroughly washed. dried, and rubbed down
with a mixture of equal measures of boiled linseed oil and
turpentine. 'Wood of a less durable anc expensive kind
may be covered with sheet-lead, and will then be found to
serve well for the top of the bench,

The bench may be 3 feet in height with a depth of 25
inches ; and a space of 7 inches between the reagent shelves
above the bench will be found suitable for ordinary bottles.
A gangway at least six feet ip widsh should be provided
between the rows of benches.

Two gas-taps are fixed on each bench for supplying
Bunsen-burners. If gas is not available, Bunsen-burners
for consuming methylated spirit or petroleum (1119) may be
used with advantage. One lighting-burner is provided at a
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convenient height for illuminating the bench at night. The
incandescent mantle gas-burner is most suitable for the
purpose, unless electric glow-lamps are available,

1116, Bench Lockers.—The working-bench is supplied
with two lockers, each of which has two drawers above it.
In order to lessen the number of locks, which are liable
to rust in the laboratory atmosphere, a flat iron bar which
swings on a pin is fastened upon a staple by a padlock
in front of the two drawers and locker. By this arrange-
ment of lockers two students are enabled to use the same
bench at different times. Each locker should have a
different key, but all the locks should be under the control
of master-keys kept by the attendant and the teachers.
The drawers should be about 3 inches in depth, and may be
suitably divided by wooden strips. A shelf in the locker
should not extend more than half across, so as to leave
standing room for tall apparatns.

I117. Preparation Bench,—Besides the ordinary work-
ing-benches, there should be at least one long bench, well
supplied with gas and water-taps and with overflow-pipes.
This bench serves for making up solutions, for distillations,
aad for other large operation~. There should also bea long
bench made of a slite slab, and covered at a height of
several feet with a metal hood, under which is a good
draught outlet. This bench must be supplied with a half-
inch gas-pipe and taps, and with water-taps and overflows :
it serves to support water-baths, air-baths, combustion fur-
naces, and gas furnaces of all kinds.

I118. A Blowpipe-table and Blowpipes.—A table, the
top of which has a rhised edge around it, and which is
covered with sheet lead or zinc, should be provided. This
should be furnished with gas-taps to supply gas-blowpipes,
and luminous-burners for bending glass, and two or more
Fletcher-bellows should stand beneath it. It is also well, if
possible, to have a water-blowing apparatus near at hand
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which supplies an air-blast to the blowpipes for long
heating operations.

The Fletcher Bunsen- blowplpe (fig. 10, 7) will naturally
find its place on this table. It is also well to keep a Bunsen
gas-blowpipe (fig. 82) on the table for more elaborate glass-
blowing, and a Herapath-blowpipe (fig. 83) for smaller heat-

Fia. 82. Fra. 83.

BUNSEN GAS-BLOWPIPE. HERAPATH GAS-BLOWPIPE.

ing operations, The upper part of the Herapath-blowpipe can
be purchased without the foot. and this can be fitted into 1
Bunsen burner.

1119. Spirit and Petroleum Burners and Blowpipes.—
Heating and blowpipe work must occasionally be done
without a supply of coal-gas and without an air-blast.
Recourse may then be had to the Bunsen-burners and
blowpipes which burn the vapour of either methylated
spirit or petroleum (figs. 84, 85, 86)

In these apparatus the burngr is first heated by burning
some methylated spirit from a circular gallery surrounding
the burner, and the supply of liquid coming into the base of
the burner is vaporised on coming into contact with the
hot burner. In the case of the spirit Bunsen (ﬁg 84) the
liquid is supplied to the burner by gravitation from a vessel
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at higher level. In the petroleum-Bunsen (fig. 85) the
petroleum is raised by the pressure of air which is forced

¥ia, 84

SPIRIT-VAPOUR BUNSEN.

Fia. 85.

PETROLEUM-VAPOUR
BUNSEN,

by a little pump, shown on the right of the figure, into the
upper part of the reservoir. The blast of the blowpipe-lamp

(fig. 86) is maintained by the
pressure of the vaporised liquid
inside the reservoir.

1120. Chemical Store-room
#nd  Balance-room. — Opengng
into the general laboratorythere
should be at*least two separate
apartments Ohe of these is
fitted with shelves for stores of
chemicals and apparatus. The
other is reserved for use as a
reference-library and for delicate
metal npparatus, such as chemi-

cal balances, nucrascopes, #pec-
troscoper, and polariscopes.

The apparatus should stand

F1a. 86,

BENZOLINE BLAST-LAMP.

on a broad shelf which is at a conven'ent height for sitting ;
the shelf is supported on iron ULrackets from the wall
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so as to secure the chemical balances against disturbance
from the vibrations of the floor. The spectroscope and
polariscope should have draw-curtains of black lining
material, so arranged that when the instruments are in
use, light from outside may be excluded

A large central table should also be provided in the
balance-room for use in writing and reading. A special low
table, with a raised flange, for gas-analysis apparatus and
for other experiments involving the use of mercury, is
necessary : and in order to provide against the loss of mer-
cury spilt from these tables, it will be well to have the floor
covered with linoleum with turned up edges.

BENCH-APPARATUS.

Detailed descriptions of this apparatus are rendered unnecessary
by the existence of fully illustrated and descriptive price lists, which
are now furnished by the apparatus-sellers.

1121, A list of the apparatus which should be kept in
each bench-locker will be found on page xxiii. The separate
items of that list are repeated here with the addition of details
of dimensions and of other useful information.

In Section I. of the book, directions are given for prepar-
ing and fitting this apparatus.

The Bunsen-burner with its indii-rubbe” tube may be left
attached to the gas-tap on the bench ; all the other apparatus
should be locked up in the bench-locker when it is not in
use. Most of this apparatus is seen on the bench in the
Frontispiece illustration.

1 Bunsen-busner (1), about 54 inches in height, with }-inch tube
and with means of closing tke air-holes.

1 Rose-top to fit the burner (1).

1 Fletcher’s Argand-Bunsen burner (2), #-inch size, is convenient
for boiling the wash-bottle.

1 Piece of red or black india-rubber tubing, %-inch in internal
diameter and 16 inches long, to supply gas to the burner.
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1 Test-tube stand with twelve holes, two of which are at least
1 inch across ; best without draining-pegs.

1 Test-tube brush (13).

12 Test-tubes, 5 inches long, §-inch in internal diameter.

2 Boiling-tubes, 6 inches long, 1 inch in internal diameter.

2 Round glass plates, ground on one side, 3 inches across.

2 Berlin-porcelain evaporating-dishes with spouts, glazed inside and
out, and 3 inches in diameter.

2 Watch-glasses, 2 inches across.

1 Conical flask of 4 ounces capacity (fig. 33, p. 43).

1 Wedgwood-mortar, 4 inches across, and pestle with wooden handle.

1 Galvanised iron tripod-stand, 7 inches in height, with round top
4 inches across (fig. 33, p. 43) ; these dimensions are suitable
to the above Bunsen-burner.

1 Square of coarse iron wire-gauze, 5 inchesin the side ; best with
the corners clipped off (fig. 33, p. 48.)

(A square of asbestosmillboard may be used instead of the gauze.)

3 Plain glass funnels, two of them 2} inches across, and one 2 inches
across.

3 Beakers without lips, wide form, of 1, 2, and 3 ounces capacity.

3 Glass rods, round at the ends, 7, 6, and 3 inches in length (10).

1 Piece of platinum foil, 1 ineh by 1} inches.

2 Pieces of mounted platinum wiré (g), each 2 1nches long and about
as stout as an ordinary sewing needle,

1 Blowpipe, Black’s japanned tin (fig. 9, p 6).

1 Pipe-clay triangle, 2 inches along its side.

1 Wash-bottle (12), made by fitting a conical 18-ounce flask, which
is at least 1 inch across the inside of the neck.

1 Retort - stand of galvanised iron (fig. 33, p. 43), upright rod 16
inches, foot 6 by 34 imches, with 3 rings of brass or gun-
metal, the largest 3 inches across.

1 Wooden filter-s‘nnd (fig."49, p 71), rod 12 inches high,two rings on
one boss, each 2} inches across, foot 5 by 8 inches by 4 inch,

1 Pair of polished brass crucible-tongs, 6 inches long.

1 Small horn spatula, 34 inches long.

1 Wicker oval draining-basket, 10 inches by 8, and 4 inches deep.

Cut filter-papers, 4%, 34, and 23 inches across.

. —
°
SPECIAL APPARATUS FOR SEctioN II.

1122, The following Apparatus is required for the

experiments on gases; it need not be supplied to each
student, but several sets should be kept in accessible
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positions in the laboratory, whence they may be fetched
when they are required. This apparatus should never be
kept in the bench-lockers. An asterisk indicates that the
apparatus is also required for chemical analysis.

*1 Nest of three or four of the smallest sizes of brass cork-borers.

*1 Triangular file, without wooden handle.

*] Thin round file, without wooden handle.

* Several lengths and pieces of hard glass tubing, about } inch
internal diameter.

* Ignition-tubes, 3 inches long by } inch across, and 3 by .

* Corks as free as possible from holes and cracks, sizes varying
from 3 to § inch across.

1 Small metal clamp, in a boss which fits on the retort-stand (see
fig. 21, 23).

1 Stoppered bell-jar of 16 ounces capacity.

4 Glass cylinders on feet (fig. 22, 24), with ground edge at top,
8 inches high, 17 inches across,

4 Cylinders similar to the above, 6 inches high, 1} inches across.

1 Round brown stoneware trough, 12 inches acroes, 5 inches deep.

1 Metal deflagrating-spoon, with brass cap 2} inches across.

2 Two-necked Woulffe’s bottles of 8 ounces capacity.

2 Two-necked Woulffe's bottles of 4 ounces capacity.

1 Tubulated retort of 6 ounces capacity.

2 Thistle-funnels, 8 inches long.

1 Clock-glass, about 4 inches across.

4 Pieces of red or black india-rubber tubing, 1% inch in internal
diameter and 1} inches long.

* A good supply of wooden spil's, or thin strips of wooed.

* A good supply of wax tapers, abeut 11 inches long,

* A small piece of thin candle.

1 Tube (fig. 26 4, 33), 6 inches long, filled witk small pieces of cal-
cium chloride.

4 Strips of sheet-lead, 8 inches long, § inch broad.

APPARATUS FOR GENERAL USE 1N ANALYSIS,

1123, The Following Apparatus should be kept in the
laboratory for the general use of students who are doing
chemical analysis,

One set will suffice for about twelve students. Each
article should have its own place in the laboratory, and
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should be replaced immediately after use, since it may be re-
quired by other students, The apparatus mentioned in para-
graph 1122, which is marked with an asterisk, is also required
for analysis, and must be included in the following list :—

1 Spirit-lamp, 4 ounces in capacity, with earthenware wick-holder
and ground glass cap.

1 Charcoal borer of conical form,

4 Tin filter-dryers.

4 Berlin-porcelain crucibles, 1} inches across, with covers.

1 Iron mortar, 8 inches across, with pestle.

1 Fletcher’s No. 5 foot-bellows (fig. 11, 7), and a blowpipe-table
covered with sheet zinc or lead.

1 Fletcher’s Bunsen-burner blowpipe, with central blast, and two
taps (fig. 10, 7).

1 Bunsen-blowpipe, and one Herapath-blowpipe (1118).

1 Fletcher’s solid-flame burner, with tripod for large dishes (fig. 3,2).

1 Fletcher’s injector-furnace for strongly heating large crucibles.

1 Microscope, with at least a }-inch object glass.

1 Spectroscope, Bunsen’s table form (115)

1 Spectroscope, direct vision, pocket form (114).

1 Indigo-prism, stoppered.

This prism is nearly filled with solution of indigo in strong
sulphuric acid; the dry stopper is inserted into the dry neck
and is securely fastened down with fine copper wire : melted
paraffin wax 18 then allowed to flow over the stopper and neck.

The indigo-solution is made by mixing commercial sulphin-
digotic acid with about ten times its measure of strong sul-
phuric acid, letting set'le for several days, and decanting
into the prism. »

1 Agate morsar 8 inches across, and pestle.

This mc2tar is used for reducing hard substances to fine
powder, after they have been already broken into minute
fragments. The process of powdering in the agate mortar
must be effected by trituratior ; blows must on no account be
struck with the pestle, else the mortar may be broken.

2 Small leaden cups, about 14 inches across and # inch deep (606).

These are made by beating sheet-lead into shape.

2 Copper water-baths ,5 inches across, and with four diminishing
rings (88).

One large bath with several openings (88) may replace
these smaller baths, The baths should be about two-thirds
filled with water, and the flame should be so adjusted that
the water is kept just boiling. Evaporating basins placed
on the bath cannot be heated above 100° C.

29
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2 Pairs of conioal flasks, fitted as 1s shown in fig. 70, 315.
2 Tubulated flasks, 4 ounces in capacity (fig 73, 505).
2 Clarke's retorts with condensers (fig 74, 555).
A box of assorted pieces of wood charcoal, as free as possible

from cracks and from bark.

HYDROGEN SULPHIDE APPARATUS,

1124, Hydrogen sulphide Gas is constantly required by
the analyst, and should be readily obtainable at any time in
a constant stream. Arrangements must be made for pre-
venting this badly-smelling gas from polluting the atmo-
sphere of the laboratory to any large extent. Both these
objects, together with economy of materials, are better
secured by the use of a large apparatus in common by
Mmany students, than by the employment of a small private
apparatus by each student.

The gas is most readily oh%ained by the action of some-
what diluted cold commercial hydrochloric acid upon frag-
ments of ferrous sulphide.

1125. General Hydrogen sulphide Apparatus.— The
apparatus in which the gas is prepared has assumed many
forms. The one shown in sect¥sn in figure 87 and described
below, is recommended by its mmphclty, efficiency, and
cheapness

Two large tubulated bottles, A and B, of at least two quarts
capacity each, are fitted as is shown in the figure. The
tubulures of the bottles are connected together by a piece of
broad rubber tubing, and the bottle B is also connected with
the wash-bottle C by narrow rubber tubing. Rubberstoppers
should be used, since they are more dyrable than ordinary
corks and are always gas-tight. "Che delivery tube D is con-
nected with the doubly-bent tube from the washing-bottle by
means of a rubber joint, which can be partially or entirely
closed by means of a screw-clamp E.

In charging the apparatus, the bottle B is laid on its side
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and is then filled with lumps of ferrous sulphide. The
washing-bottle C is then partly filled with water, and the
three bottles are connected. The clamp E is now closed,
and the bottle A is about half filled with a mixture in equal
measures of strong commereial hydrochloric acid and water.

When the gas is required, the bottle A is raised upon a
suitable stand, and the clamp E is gradually opened until
regular stream of bubbles passes through the water in C.

Fia. 87.

f
///

LARGE HYDRQGEN SULPHIDE APPARATUS.

A part of the acid will flow from the bottle A into the bottle
B, and will cause hydrogen sulphide to be evolved from the
ferrous sulphide ; the gas will be forced out of B by the
pressure of the’acid which remains in A. Before it escapes
through the tube D, the gas is washed free from small drops
of liquid, containing 5 Cl a?xd FeCl,, by passing through the
water in C. The levels of the liquids in the bottles A, B
and C, while the gas is being produced, are shown by the
horizontal dotted lines,
When the gas is no longer required, the screw-clamp at E
-is gradually tightened until the stream of bubbles through
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the water in C is arrested. The gas then accumulates in B,
and forces the acid out of B back into A. If the glass tube
at the bottom of B is bent, as is shown in the figure, the
acid will be almost completely expelled. This will cause
the production of the gasto cease. The evolution of gas will
recommence, however, as soon as the clamp E is opened.

During thehours of laboratory work A should remainraised
on its stand, and the apparatus will then always be ready for
use. At other times A should be lowered into the position
represented in dotted outline in the figure. B should be
permanently somewhat raised in order to facilitate the
outflow of the acid when A is lowered. The escape of the
hydrogen sulphide gas from solution in the acid is much
lessened in amount, if a funnel containing water or glycerine
is fitted into the stopper at the top of A, or if a loosely-
fitting glass stopper is dropped into the neck of the bottle.

‘When the acid is spent and no longer causes evolution of
gas from the FeS, it is poured away and replaced by fresh

FIG. 8. acid. Lumps of FeS are also occa-

sionally placed in B, as the sub-
stance becomes dissolved.

The Kipp - apparatus (fig. 88) may
also be used for generating hydrogeun
sulphide. It is similar in its action to
the one already described, but the acid
vessel (f) is'placed above the generating
vessel (c), and the two are connected
together rigidly when the apparatus is
fitted up for use.

The hydrogensifiphide apparatus
should stand in a closet, which is
lined with glazed whité tiles and
is furnished with a good draught.
The bottom of the closet should be
covered with sheet-lead, and fur-
nished with a drain-pipe for the
spent acid, and a gas-jet should be provided for lighting it at
night. The closet must not be used for other purposes.

THE KIPP-APPARATUS.
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A large opening in the closet should be arranged for
recharging the apparatus; but a small door only should
be used for introducing the solutions through which the
gas has to be passed. If the front of the closet is opened
by means of a glazed sliding-sash, a frame containing pairs
of glazed hinged doors, each about six inches by eight, may
be introduced into the grooves beneath the sash. These
doors enable the apparatus tobe used with the least possible
opening of the closet. Such an apparatus should serve for
the use of twelve or more students, according to the
character of the work which they are doing.

1126. An Apparatus for Private Use may be fitted as is shown in
figure 89. The larger bottle contains pieces of ferrous sulphide, upon
which HCl,diluted with 2n equal measure of water, is poured through
the thistle-funnel. The gas passes through a little'water in the smaller
bottle, and thence into the solution to be saturated. The use of a
small apparatus by eachstudent in a large
laboratory is not to be recommended, F1a. 89.
since it causes unnecessary walte of
time and materials, and does not permit
of satisfactory control of the stream of
gas which is evolved.

1127, Passing Hydrogen sul-
1hide.—Each student should keep
a glass tube D (figs. 87y 88, 89),
which may s be fitteq upon the §
hydrogen sulpRide apparatus in = =
order to conduct the gas into & gyay. HyprogEN sUL
solution. When a liquid is to be pyipE ArpaRaTUS.
saturated with gas, the end of this
tube should be passed down fo the bottom of the vessel
which contains the liquid. A regular stream of gas is then
caused to bubble through thedliquid by gradually opening the
clamp E (fig. 87), or the stopcock d (fig. 88) of the larger
apparatus, or by introducing a sufficient quantity of acid
into the larger bottle of the small apparatus (fig. 89).

In order to avoid unnecessary waste of gas, the liquid
should be of sufficient depth to absorb much of the gas,and
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the bubbles should not pass too fast to be readily counted.
The passage of the gas should be continued for four or five
minutes if the quantity of metal to be precipitated is large,
and the liquid must smell strongly of the gas after the air
above it has been blown out and the liquid has been shaken.
The tube D must be thoroughly cleansed immediately after
use.

Liquid Hydrogen sulphide can now be purchased in metal bottles.
When the valve of the bottle is slightly opened, a stream of the
pure gas will escape. A store of ready-made hydrogen sulphide
may be kept in this form, and the trouble of maintaining the
apparatus for preparing the gas may thus be obviated.

1128. Hydrogen sulphide Solution.—It will be found
convenient to keep a bottle of distilled water saturated with
hydrogen sulphide. This solution is prepared by passing a
regular stream of the gas through water which nearly fills
the bottle. On removing the bottle, closing its mouth
tightly with the thumb and ghaking its contents violently,
no suction must be felt on the thumb, but a slight outward
pressure: this proves that the water is saturated with the gas.

DisTiLLATION OF WATER. N
1129, As has been already ‘stated (82), water ordinarily
contains certain solid substances in golution, which render it
in a chemical sense impure. Such water is taerefore unfit to
be employed for the processes of solution and of washing
precipitates, since any impurity thus introduced into a sub-
stance during analysis, would be considered, when detected,
to have been present in the original substance.

The quantity of these impurities which is present in any
particular water-supply will degend tpon the nature of the
soil with which the water has been in contact before its
collection. The water-supply in some districts will be found
to be almost perfectly pure, when it is subjected to the tests
for impurity (1162, Remark 41). Rain-water which has
fallen through pure air, and has been carefully collected,
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will yield little or no indication of dissolved impurity. The
water-supply to the majority of laboratories will, however,
be found to be unfit for analytical purposes, until it has
been freed from dissolved solid substances by being sub-
jected to the process of distillation.

In most towns distilled water can be purchased ; but it is
preferable to distil all the water required for use, either in
the laboratory itself or in its immediate neighbourhood.
For this purpose steam is condensed by a block-tin worm-
pipe, which is immersed in a tub through which a constant
stream of cold water runs. The steam may be obtained
either from a steam-boiler, or from a copper still heated by
a furnace or gas-burner, or from the water-baths and steam-
ovens in the laboratory, as is described below. .

1130. The Process of Distillation may be carried on con-
tinuously in the constant still which is figured and described
below. The sketch in figure 90 renders a lengthened descrip-
tion of this still unnecessary. It represents the apparatus
in section and about one-twentieth its working size; the
side-feed to the boiler is about one-tenth its usual breadth.

The water in the copper still (A) is heated by,the flame of
a Fletcher-burner or of a large-sized Bunsen-burner. The
steam thus generated passes from the top of the still through
a spiral tin tube immersed in water in the condensmg-tub
(B), which is made of copper or of galvanised iron From
this condenser +he distilled water flows into the large stone-
ware vessel (C), which is furnished with a tap below from
which the water may be drawn when required. The long
syphon tube (CD) serves as a gauge to indicate the level of
the water insiae the jar.

The condensing-tub (B) is constantly supplied with cold
water from a tap (G); thls water flows through the funnel
tube to the bottom of the’condenser. The overflow of hot
water passes from the tube (H) at the top of the condenser
into a side-feed for supplying the boiler. From the side-feed
the excess of water flows through a central tube to a sink,
as is shown by the arrow,
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The spiral block-tin pipe in the condenser must be of suffi-
cient diameter to prevent it from offering any obstruction to
the free escape of the steam from the boiler. Every part of
this tube must have a downward slope so as to prevent
water from collecting in it, and the coils must be supported
in position by a suitable framework of wood or metal, which
prevents them from sinking.

F1e. 90,

AUTOMATIC WATER-STILL,

The copper still should be furnished with a broad lid
screwing upon its mouth, for convenierice in removing the
deposit which collects within. Into this lid a brass tube
should be fastened which carries a screw-union, This union
enables the tin condensing-pipe to be connected steam-tight
with the still.

By the above arrangement the still is constantly supplied
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with the hottest water from the condenser through the side-
feed, and the water in the still is always maintained at the
level shown by the dotted line.

‘When the apparatus has been properly fitted up and the
supply of water has been duly adjusted, it is only necessary
to light and extinguish the gas under the still when the
distillation is started and stopped. It is advisable to remove
the incrustation occasionally from the interior of the still, and
from the supply-tube which connects the still with the con-
densing vessel, by means of diluted hydrochloric acid.

The wooden stands which support the still and the storing-
jar may be conveniently fitted with shelves and doors so as
to serve as store-closets,

‘When such a copper still, measuring 23 inches in circum-
ference below and 8 inches in height, is filled to a height of
4 inches and is heated by the largest Bunsen-burner, it will
yield about two litres of distilled water per hour.

} In laboratories which require a lgrger supply of distilled water
than can be furnished by the above apparatus, a copper still of
several gallons capacity may be set in masonry and heated by a
small furnace fed with coal, coke, or gas. The overflow from the
still-tub should then pass into a small cistern, the overfldw-pipe of
which keeps its water-surface level with that required in the still.
The still is supplied with hot water by connecting it with this cis-

teru by means of a tube, which is “.ent downwards in its middle so
as to hinder the circulation of water between the still and the cistern.

DISTILLATION OF WATER THROUGH STEAM-OVENS.

1131. The Distillation of Water may be combined with
the Heating of Diying-pvens to a temperature not exceeding
100° ¢, For this purpose one of the tiled recesses in the
laboratory wall is furnighed with a glazed projecting hood
and with a good draught from the top. Into this recessthe
arrangement represented in figure 91 is fitted. It isdrawn
about one-sixteenth its full size,

A copper boiler and a stoneware collecting jar are seen
resting on the floor of the recess, while the set of double-cased
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copper-ovens and the still-tub are supported on a strongiron
grating above.

The steam is generated by a powerful Fletcher-burner, and
passes from the boilerthrough a pipewhich terminates several
inches above the bottom of the outer casing of the ovens. It

F1a. 91.
/ AN
' S
Ho——}j—jﬂ;o} ﬁ
BRI
pr- % b AP

== U p

AUTOMATIC WATER-STILL AND STEAM-OVENS.

then makes its way between and around the various ovens,
and undergoes partial condensation in heating them. The
hot condensed water, thus produced, flows through a pipe,
the opening of which is flush with $he bottom of the oven
casing, into the stoneware jar. From this jar hot distilled
water may be drawn when the apparatus is at work. The
pipe from the bottom of the oven has a U-bend which pre-
vents the escape of steam.

Any steam, which is not condensed in heating the ovens,
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passes from the upper part of the oven-casing into a block-tin
worm inclosed in the tall still-tub. It is thus condensed, and
drops as distilled water from the end of the worm-pipe into a
second stoneware store-jar which isprovided with a tap below.
The level of the water inside this jar is shown by a syphon-
gauge, such as that seen in figure 90. The coils of the spiral
tin pipe must in all parts have a downward slope so as to
cause the water to flow away rapidly; these coils must be
supported in the condensing-tub by a suitable frame in order
to prevent them from bending down out of position.

The still-tub is supplied with a stream of cold water from a
pipe, in which is a control tap seen at the right-hand side of
the figure, From the opposite side of the still-tub the heated
condensing-water flows into a little feeding vessel attached to
the side of the boiler : this is shown in section in figure 93.
A portion of this hot water serves to keep up the water-level
in the boiler to the dotted line shown in the figure, and
the rest flows away into the drain-pipes through a central
pipe which is seen in the feeding vessel (fig. 93).

All the connections are made by means of screw-union
joints; the apparatus can, therefore, be quickly and easily
disconnected for removing the incrustation in the boiler and
on the condensing worm and for repairs,

This apparatus may be allowed to run uninterruptedly for
many days and nights in succession without any attention,
after the gas burner has been lighted and the supply of
condensing water has been regulated by the tap. It has for
many years kept a large students’ laboratory supplied with
distilled water, and has also furnished the necessary steam
to the drying-ovens. '

It has been found possible to attain a higher temperature than
that usually recorded in a steam-oven, by dispensing with the usual
inlet for air through the doow, The air is admitted through a
narrow copper tube, one end of which is seen immediately beneath
the door of the oven, and the other end opens flush into the middle
of the bottom of the oven. The pipe 1tself is thus constantly sur-
rounded with steam, and the air which passes through it into the

oven enters at a temperature of nearly 100°. A small outlet for air
is provided at the unver vart of the back of each oven.
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It has also been found convenient to arrange that the doors of
the ovens shall consist of metal frames in which a sheet of plate
glass is fastened : this renders the contents of the oven visible with-
out opening the door.

An Improved Form of this apparatus, known as the Brown-still,
has the bottom of the ovens converted into a shallow boiler, which
is heated b{ a long Fletcher-burner, The condenser is mounted on

INFLOW
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THE BROWN-CONDENSER.

the top of the ovens and has a domed copper surface for condensa-
tion, with a circular collecting trough at 1ts bottom, as is shown in
the sectional drawing (fig. 92).

«

€
THE STEAM-OVEN

1132. The Steam-oven is a small oven of sheet copper,
which is used for drying substances at a temperature not
ezceeding 100° C. (fig. 98, and fig. 57, 98. These ovens
may be heated by steam from a separate boiler (fig. 91), and
this method prevents the oven from being coated inside with
incrustation and from being buri by the heating flame ; but
the oven is often heated by water which is kept boiling in
the space between the oven itself and the copper casing
which surrounds it (fig. 93). The outer casing may have a
circular opening cut in the top, which serves as a water-bath:
this is covered by a lid when it is not in use (fig. 93 a).
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The level of water in the jacket may be maintained con-
stant by a contrivance which is shown in section at ¢ (fig. 93)
and by a special sectional drawing in figure 94. A small
reservoir communicates by a lateral tube with the space
between the oven and its jacket, and is constantly fed with
water from a supply-tube (d) or from a water-tap. The
overflow of this reservoir is a central tube, the end of which
terminates above the level of the lateral tube. The outlet
for steam (f, fig. 93), may be turned downwards, so that any

Fia. 94.

) AUTOMATIC
WATER-OVEN. WATER-FEED.

water which is formedeby the condensation of the steam
drops into the reservoir (¢) ; or it may be made to communi-
cate with the worm of a condenser, when the steam will be
condensed into distilled water.

The steam-oven®*should if possible be supplied with soft water or
with distilled water ; the formation of a troublesome incrustation
in the interior is thus prevented. A raised vessel of distilled water
may be connected with the supply-pipe (d), and the overflow may
then be collected and occasionally returned to this supply vessel.

Or better still, the escape-pipe (/) may be turned upwards and
connected with a long vertical or oblique tube, which will condense
the escaping steam and return it to the oven., This arrangement
obviates the necessity of a constant supply of water. In this case
the water in the oven should not be allowed to boil too vigorously,
else the steam will not be completely condensed by the vertical tube.



462 RECOVERY OF SILVER AND [1133-1135,

RECOVERY OF SILVER AND PLATINUM FROM
THEIR RESIDUES.

1133. Waste scraps of platinum and silver, and solutions
and precipitates which contain these metals, should not be
thrown away, but should be preserved in two large jars
which are specially reserved for them,and are labelled Silver
Residues and Platinum Residues respectively. Platinum
chloride and silver nitrate may be obtained from these
residues by the methods described below.

SiLvErR RESIDUES.

1134 Some HClis poured into the jar which contains the
silver residues, and the acid is thoroughly mixed with the
contents of the jar. The precipitate is then allowed to sub-
side, and, after the liquid has been decanted, this precipi-
tate is thoroughly washed by decantation : it may then be
treated either by paragraph I135 or 1136.

1135. The wet precipitate is rinsed into a flat shallow dish,
and the layer of water is acidified with H,;SO,. Strips of
Zn free from Pb are then laid upon the silver precipitate,
and the whole is allowed to stand yuietly for several hours,
The black spongy mass which remains 1s metallic silver.
This isseparated from any remaining Zn, and is then washed
until it is free from H,S0,.

This metallic deposit is dissolved by hesting it with pure
strong HNO;, which has been diluted with its own measure
of water. The solution is evaporated to dryness; the solid
residue is dissolved in water, and is once more evaporated
to dryness in order to remove free acid completely. The
residue is then dissolved in the proper proportion of water
to give reagent 48 (1161). Any residue insoluble in HNO,
is returned to the silver residue bottle.
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1136. The well-washed precipitate which hasbeen obtained
from the silver residue bottle, after the addition of HCl in
excess (I134), is filtered off and dried. It is then mixed
with twice its weight of a mixture in equal proportions of
K,CO, and Na,CO,. This mixture is transferred to a clay
crucible and is fused in a furnace. After the contents have
been kept in a fused condition for four or five minutes, the
crucible is removed and its bottom is tapped several times on
a brick so as to cause the melted globules of Ag to unite.
‘When the crucible is cool it is broken up, and the button of
Ag is removed and well washed. 1t is then converted into
AgNO,-solution, as is described in paragraph II35.

PraTiNUM RESIDUES.

1137. The liquid in the Platinum residue bottle is shaken
up with the precipitate, and the whole is evaporated to dry-
pess in a porcelain dish. The residue is then heated strongly
for some time. When the dish is cool, water is poured upon
the residue and boiled with it, and is then decanted off.
Solution of oxalic acid is now poured into the dish and
evaporated to dryness, and the residue is once more ignited
strongly.

"“he residue of metallic Pt is thoroughly washed with
boiling water, and is dissolved by heating it with HCI,
to which one-thirg its measure of HNO; has been added.
The solution is evaporated to dryness over a water-bath.
HCl is then poured in, and the liquid is once more evapo-
rated to dryness and heated for some time on the water-
bath. This residue, when dissolved in water, forms reagent
28 (1161).

Waste scraps of platjnum foil and wire should be care-
fully preserved. They are feansed by boiling them with
HNO, and washing them well with water. They are then
dissolved in a mixture of HCl and HNO,, and converted
into solution of PtCl, as is described in the preceding

paragraph.
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CHEMICALS AND REAGENTS.

In the Pollowing Paragraphs general Directions are given for the
preparation of the reagents and of the test-substances which are
required in the preceding Analytical Course.

Tabulated lists of the names and formule of these substances
follow the general directions. A reference number is attached to
each substance, and certain necessary details concerning its pre-
paration and the tests for its purity are also supplied, Lists of the
chemicals which are required for the experiments in Sections I. and
11., and of certain special reagents for detecting the Rarer Elements
and Organic Substances, are also given.

The pure chemicals which are required in analysis are readily pur-
chased, and it will be found more economaical as a rule to buy them
than to prepare them.

The preparation of the solutions, and the dilution of acids and
other liquids, should, however, always be performed in the labo-
ratory, since this lessens the cost both of purchase and of carriage.

Substances suitable for analysis are suggested in paragraphs
1168-1172.

1138. Solution and Dilution.—Many reagents and test-
substances must be dissolved or diluted before they are used.
As these processes of solution and dilution must be constantly
carried out in a laboratory, it is important that the methods
employed should be as simple and rapid in execution as
possible, in order that the expenditure of lahour and of time
should be minimised.

It is also of great importance that the solutions should be
of appropriate strength, It is usually advisable that the
same liquid should be of different strengths when it is used
as a reagent and as a test-solution. In either case a strength
can be selected which generally yields the most satisfactory
results. If the solution issttonget than this, chemicalsare
wasted ; if it is weaker than this, the reaction is not satisfac-
torily obtained. Hence it is advisable to keep these liquids
in readiness for the student, rather than to leave him to pre-
pare them doubtfully or wastefully when they are required.
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In order that thelabour of preparing these solutions may be
reduced to a minimum, it is well to make each solution in
gome quantity and to keep it in stock.

1139. The Apparatus required for Preparing Solutions
includes—
A common pair of scales, with earthenware slabs and beam

below

A more delicate pair of ordinary scales.

A set of brass weights from 1 kilogram to 1 gram.

A strong glass measuring-cylinder to deliver 1 litre, and with
graduations for every 5 or 10 cubic centimetres (c.c.).

Several large wide-mouthed gallon jars, some of stoneware or
earthenware, others of common green glass.

Several large funnels of glass or of Wedgwood ware,

A convenient Store-bottle for Liquids is a well-cleansed
Winchester-quart, the bottle in which acids and other liquids
are constantly supplied to the laboratory.

The process of preparing liquid reagents is naturally
divided into the Dulution of Li.quids (1140), the Solution of
Solids (1141-1146), and the Solution of Gases (1147-1153).

)

DiruTioN oF LiQuips.

1140. In the Lists of Diluted Liquids which Follow,
the proportions by measure, in which tke liquids are to be
mixed with distilled veater, are stated. Liquids may be
mixed in these proportions by measuring them before they
are mixed, But the process is often simplified by measuring
the height from the bottom of the cylindrical vessel in which
the mixture is tu be made, to the level which the mixtureis
to reach, This height is then divided in the requisite pro-
portion ; and the divigjon is marked by a file or a diamond,
by  painted line, or by an tdia-rubber ring. Each liquid
is then poured in to its own level, and the liquids are
thoroughly mixed by shaking the bottle. The mark, when
once made, will always serve for diluting the same liquid
again in the same vessel,

30
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Thus dilute HCI, No. 2 (1160),is made by mixing strong
HCI with three times its measure of water. The height of
a Winchester-quart bottle from its bottom to its shoulder
was found to be 8 inches. A mark was therefore made on
the bottle 2 inches from the bottom, and strong acid was
poured in until it reached this mark. The bottle was then
filled to the shoulder with distilled water, and stoppered and
shaken. It was thus quickly filled with dilute acid of the
required strength,

This method serves for numbers 2, 3, 4, 6, and 7 (1160).

In the preparation of dilute H,SO0, (1, 1160) special pre-
cautions are necessary, because the strong acid becomes
heated by dilution, see Remark 1 (1160).

SoLuTION OF SOLIDS.

1141, In the Lists of Dissolved Solids which Follow,
the proportions of solid to water, which are to be used in
preparing each solution, are always placed in the Fourth
and Fifth Columns.

In some of the Tables the Fourth Column gives the number
of grammes of the solid to be dissolved in the Winchester
quart of water. This number is derived from the proportica
of solid to water, by considerir.g that when an average
Winchester-quart bottle is filled gbout an iach above its
shoulder, it holds 2400 c.c. (cubic centlmetres), ov approxi-
mately 2400 grams, of distilled water.

In a similar manner the weight of water held by any
other bottle or vessel may be obtained with sufficient
accuracy for this purpose by measuring its capacity in
¢.c., and counting this number as the welght of water in
grams.

Thus the strength given for the AmCl reagent-solutlon,
No. 5 (1160), is 1: 8, as is shown in the Fifth Column.
This means that a given weight of water must be made to
dissolve one-eighth its weight of solid\AmCl. Since s Win~
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chester-quart bottle holds 2400 grammes of water, one-eighth
of 2400, or 300 grammes, of AmCl must' be dissolved in
this water in order to obtain a solution of the required
strength.

Pure solid chemicals are usually sold in the erystalline
condition. Hence it may be assumed that the crystalline
substance is to be used, unless (), which signifies amor-

phous, is placed against the name in the first column in
the table.

1142. If a Small quantity of a Finely-powdered Solid
has to be dissolved, or it the solid is extremely soluble in
water, the solution is often most simply made by introduc-
ing the weighed solid at once into the water contained in
a stoppered bottle or beaker, and then shaking or stirring
the water until solution is completed. This method is
successful with No. 10 (1160), with Nos, 28, 34, 38, 48, 53,
61, 63, 70, 77, 78, 81 (1161, 1162), and with many of the
substances in paragraphs 1163, 1164.

1143. For Dissolving Large Quantities of Solids two-
methods are described below. The first (1144) is useful
when the solution must be rapidly prepared, and is of general
application to the solution of solids; but the second (1145)
is decidedly preferable for many reasons, and should always
be employed-if ,possiblq.

1144. First METHOD.—Weigh out the required quantity
of the solid substance, and heat it with distilled water in a
large porcelain dish over a Bunsen-burner with a rose top, or
over a Fletcher-burner.

This solution woulq often crystallise as it cooled ; hence, if
it is not clear, it should eitier be filtered in a hot filter-jacket
(see Note, below), or it may be at once poured into some cold
distilled water contained in a large beaker, which has been
marked to show the quantity of liquid required to fill the
store-bottle, While the liquid is being poured out of the
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digh, a wet glass rod should be held vertically and pressed
against the lip of the dish, and the bottom of the dish should
touch the top of the beaker. These precautions will prevent
the liquid from running down outside the beaker.

Note,—The Filter-Jacket (fig. 95) is a double-walled conical vessel,
which is shaped to fit the funnel, and which has a hollow projection
(a¢) communicating with theinterior of the jacket. Before the appa-
ratus is used, it is about half-filled with water, The water is then
heated to boiling by placing a Bunsen-flame beneath the projection
(a), which is filled with water com-
municating with that in the jacket.
In this way hot water will circulate
throughout the copper jacket, and
thus the funnel supported in it may
be kept hot during filtraticn.

The solution is now diluted

with distilled water to the re-

FILTER-JACKET. quired volume, if this has not

been done already: the liquids

are mixed well by stirring; and if the solution is turbid, it

is covered and allowed to stand until it is clear. It is then

poured off' into the store-bottle, the sediment being left
behind,

If the liquid is wanted in haste, it may be filtered in
the bottle. For this purposea donble filter or a fluted filter
may be used. If the liquid is ﬁltered beforq it has been
diluted to the full extent, the quantxty to bt passed through
the filter will be lessened and time will be economised.

The Operation of Filtration, as it is described for ordinary
analytical purposes in paragraph g2, is very slow when a
large quantity of a solid has to be separated from a liquid.
This is partly due to the fineness of the pores of the filter-
paper, and partly to the fact that the paper is in close contact
with the sides of the funnel.

Methods are described below which serve better for deal-
ing with large quantities of material to be filtered, such as
are used in the preparation of pure chemicals and of stock
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solutions, It willbe noticed that the method to be employed
varies with the character of the solid,

Gelatinous or Non-granular 8olids are conveniently separated from
the liquids which contain them, by filtration through a large surface
of fine linen,

One method for effecting this is shown in figure 96. The linenis
first washed in hot water until it is free from glaze it is then placed
in a large funnel and made to assume the shape of a bag, asis shown
by the dotted line. The bag 1s kept in its place by pressing a ring of
wood firmly into the top of the funnel, as is shown in shaded section
When the filtration is finished, the bag may be squeezed so as to
remove the adherent liquid more complet ely from the sohd

A simple modification of this method consists in making a square
wooden frame about six 1nches across, and dnving in a wire nail at
each of 1ts corners. 'The heads of the nails are then cut off so asto
form four pins upon which the linen can be
hung in the form of a bag. The funnel is Fie. 96.
thus dispensed with. -

Granular or Crystalline Solids may be
conveniently separated from the hquids
which contain them, by means ofya circular
perforated porcelain plate about two 1nches
in diameter.

The perforated plate is dropped into the
funnel and remains about 12 inches from the
apex of 1ts conical interior surface.

The plate is then covered with a disc of LINEN FILTER.
filter-paper or of linen, which should be very
slightly larger than the plate. After the moistened filter has been
pressed into closg contast with the inside of the funnel, the liquid
which is to be filtered 1s poured upon the filter. Filtration will
take place much more rapidly in this filter than 1n an ordinary
paper filter which 15 in contact wich the funnel by its whole suiface.

1145. THE Seconp Mernop depends upon the fact that
the specific gravity of water becomes higher as the quantity
of solid dissolved i, it is increased. Hence if the solid is
immersed just beneath tRe surface of the water, a circula-
tion of the liquid is produced. The water which has been
in contact with the solid, and has been increased in specific
gravity by dissolving it, constantly sinks and is replaced by
the comparatively lighter liquid from below. This circula-
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tion of water over the solid substance gradually dissolves it
without the use of heat, and the process requires no atten-
tion after it has once been started. The process may be
carried out as is described in (a), (b), or (c) below.

(a) The most simple method of applying this principle is
to lay the weighed solid upon a piece of dry well-washed
muslin, This is then tied up into a little bag, and is sus-
pended in the upper part of the water contained in a jar of
common stoneware or earthenware or of thick green glass.
A glass rod placed across the mouth of the jar serves to hang
the bag upon. The process of solution by this method is
very rapid. .

(b) A glass cylinder A (fig.197) which is open at both ends
(such as a broken beaker, flask, or bell-jar) has one end
covered with muslin, which is fastened on by an india-rubber
ring and is shown by the lower dotted line. This cylinder

with a mushn bottom is supported in the
F1e. 97. jar by means of two pieces of glass rod or
' tube, bent as is shown at ¢ ¢ c.

Distilled water is poured into the jar
until it buries the muslin to the depth of
about half an inch. The weighed substance
is then placed in the cylinder, and the wholp
is allowed to stand until the solid has been
dissolved. With large quantities of sub-
stance this will usually requii'e several hours;
with smaller quantities about twenty minutes
or half an hour will be necessary.

SOLUTION OF . e
SoLip. (¢) A convenient substitute for the glass

cylinder with muslin bottom is an earthen-

ware colander (fig. 98). If the dar isctoo large a stoppered

bottle of suitable size may be placed in it so as to raise the
water level sufficiently to reach the substance.

The processes of solution and filtration may be performed

simultaneously by laying a piece of filter-paper on the bottom

of the colander, or upon the muslin before it is fastened on
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the cylinder. The presence of even the coarsest filter-paper
will, however, considerably retard the process of solution.

Large quantities of substance are most conveniently dis-
solved by starting the process over night ; the solution will
then be completed by the morning. In thiscase the retarda-
tion caused by the filter-paper will be im- ¥1a. 98.
material. The paper is, however, usually =g
unnecessary; since any fine particles which
have passed into the water will settleduring
the night, and the liquid can therefore be
easily decanted from the sediment.

It must be borne in mind that the
volume of the water is increased by the
solution in it of a salt, and especially by
salts which contain water of crystallisa-
tion. Hence the quantity of water which ~ SOLUTION OF
is placed in the jar must be less than Sovtp.
the volume of solution required, and the liquid must be
made up to the required voluine after the solution has been
effected.

1146, Preparation of Saturated Solutions df Solids.—
A solution is said to be saturated, when it contains the
largest amount of the subsfance which the liquid can dis-
solve at the temperatune of the solution. The quantity
which can ba dissolveq usually varies widely with the tem-
perature, and in the case of solid substances commonly
increases with rise of temperature, Saturation is always
understood to be effected at ordinary atmospheric tempera-
ture in the following text.

The methods described in paragraph 1145 are very con-
venient for the preparation of saturated solutions. Thesolu-
tion is known to be Raturgted when the solid supplied to the
upper part of the liquid ceases to be any further dissolved.

In the case of a finely-powdered substance, which will
remain long suspended in water, a saturated solution may
be easily obtained by shaking the powder up well with
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water, The powder is then allowed to subside, and the
clear solution is decanted. The following solutions may be
prepared in this way.

1. Calcium sulphate Solution, No, 16 (1160), is made by
filling a Winchester-quart up to its shoulder with distilled
water, then pouring in some plaster of Paris powder,
stoppering the bottle, and shaking it well. The liquid will
remain milky for a long timeé ; and since the water is thus
kept in contact with a large surface of the solid it will
become saturated with CaSO, before the powder has
settled.

As soon as the liquid has become perfectly clear by
settling, the solution is decanted into another bottle for use.
The sediment remaining in the first bottle is again shaken up
with a fresh quantity of water and the bottle is set aside.
It will then furnish a fresh supply of the clear solution when
necessary.

2. Lime-water, No. 57 (11€72), is prepared by introducing
freshly-slaked lime into a Winchester-quart bottle, filled to
its shoulder with tap-water, and proceeding precisely as is
described for the preparation of calcium sulphate solution in
the preceding paragraph.

SoLurioNn oF Gases.

1147. Many gases, which are more or less soluble in
water, are most conveniently applied as reagents in the
dissolved condition. Those solutions which are most fre-
quently used, such as solution of ammonia, of hydrogen
chloride and of sulphur dioxide, can be readily and cheaply
purchased, ¢

Of the remaining gaseous solutions, hydrogen sulphide
solution should be kept in readiness, but the gas may be
passed through the test liquid instead (II2%); nitrogen
tetroxide solution is replaceable by a freshly acidified solu-
tion of potassium or sodium nitrite ; and as a substitute for
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chlorine-water, either bromine-water, or freshly acidified
solution of bleaching-powder may be employed.

It will be seen, therefore, that the preparation of gaseous
solutions is by no means indispensable.

1148. Preparation of S8aturated Solutions of Gases,—All
the solutions of gases (1149-1153)should be prepared in the
open air or under a good draught, since the gases have an
unpleasant smell and are injurious when inhaled.

Each gas is made to pass from the generating apparatus
down a delivery-tube (a b, fig. 99) fo the bottom of some cold
distilled water, contained in a bottle which can be closed by
a well-fitting stopper. The water is kept cool, if necessary,
by immersing the bottle in a pan of cold water. Bubbles of
gas are thus made to pass in a rapid
stream through the whole height of the 0
liquid, and a portion at least of each *> = "
bubble is dissolved. e

Fia. 99.

The solution is saturated as soon as the
gas is not further dissolved. This may be
judged in some cases by observing whether
the bubbles cease to diminish in size during
their ascent through the liquid. But a
batter test of saturation cgnéists in with- g puraTION OF
drawing the delivery-tube, at once closing =~ WATER ~ WITH
the bottle with “he stopper or the thumb, Gas.
and shaking it well. If pressure is felt from within, due to
the liberation of some of the dissolved gas by the agitation,
the solution is saturated. But if suction from within is
felt, due to the gas filling the upper part of the bottle being
dissolved, the liquid is not yet saturated with the gas.

1149. Saturated sotution of Hydrogen sulphide (No. 36,
1161) is made by passing the gas from the apparatus de-
scribed in paragraph 1125 through water (fig. 99) until the
liquid is saturated (1148). The solution should be prepared
in small quantity only, since the gas gradually undergoes
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decomposition, attended with deposition of sulphur, by
oxygen dissolved from the air.

1150. Sulphurous acid Solution (No. 49, 1161) is pre-
pared as is described above (1148) by saturating water with
sulphur dioxide gas. The gas may be made in the apparatus
shown in figure 100 by the process described in paragraph 63.

This solution is kept in stock for pharmaceutical purposes,
and may therefore be readily purchased. Liquid SO, may
also be purchased, and the gas which it evolves by spontan-
eous evaporation, when the valve is opened, may be employed
for preparing the saturated solution.

1I51. Chlorine-water (No. 60, 1162) is made by passing
chlorine into cold water until the liquid is bright yellow in
colour. The apparatus for preparing the gas is shown in

figure 100, and the process

Fre. 100. of preparation is described

in paragraph 59, The

gas may also be obtained

from a cylinder of liquid
chlorine,

Chlorine-water is rapidly
changed in daylight into
solution of hydrochloric
acid, with escape of oxy-
n gen. The liquid must
therefore be kept in a
perfectly dark closet, or
= =—— —— in a bottle which is

U :hiclded from light by an
PREPARATION OF CHLORINE WATER. opaque covering.

¢ Y¥or many purposes
bromine-water (No. 43, 1161) may be substituted for chlorine-
water, and is much more easily prepared and preserved.
Another substitute for chlovine-water is a little bleaching-
powder shaken up with water in a test-tube, and acidified
with dilute HCIL
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1152. Nitrogen tetroxide Solution (No. 71, 1162).—
Lead nitrate in dry powder is heated in a test-tube fitted
with a cork and delivery-tube (fig. 101). The reddish-brown
gas which escapes is passed into dilute H,SO,.

Care must be taken to maintain the heat uniformly after
the fumes begin to be evolved, else the liquid may be sucked
back into the hot tube by the contraction of the gas on

Fia. 101. F1a. 102,

24

==y

-
i

= ;
SOLUTION OF NITROGEN 7 PAssiNG SILICON
TETROXIDE. FLUORIDE INTO WATER.
cooling. For the same reason the delivery-tube must be
removed from the liquid as soon as the heating is stopped.
This solution need not be saturated with the gas.

1153 Hydrofluosilicic geill (No. 85, 1161) is made by
passing silicon fluoride gas into water. The gas 1s prepared
in a flask fitted 4s is shown in figure 100, An intimate mix-
ture of 50 grammes of dry, pure, finely-powdered fluorspar
with 50 grammes of fine white sand is poured into this flask ;
800 grammes of strong H,SO, are then introduced through
the funnel tube, and the acid is mixed with the powder by
shaking it round in the flask.

SiF, is evolved when the,flask is heated by a small flame
from a rose-burner. The gas passes first through the two-
necked bottle (fig. 100), which must be empty and dry inside.
Thence it escapes through a bent tube ab (fig. 102), which
is fitted upon the outlet tube of the bottle by an india-
rubber joint. The end of the tube (ab) dips into mercury
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contained in a small beaker d (fig. 102), which stands in a
large beaker containing 400 c.c. of water.

As soon as the silicon fluoride gas escapes from the mer-
cury, and comes into contact with the water, it forms hydro-
fluosilicic acid which dissolves in the water, and silicic acid
which remains suspended in the water as a gelatinous mass.
The silicic acid would soon stop the escape of the gas, if
the end of the delivery-tube were not protected from con-
tact with water by being immersed in mercury.

When the current of gas slackens, the heat is raised until
white fumes of H,SO, begin to appear in the preparation
flask. The process is then arrested, and the gelatinous matter
is separated from the liquid in the beaker. Thisis effected
by squeezing the liquid through fine muslin,and then filter-
ing, if necessary, to make it quite clear. Thesilicicacid may
be dried, heated strongly in a porcelain dish, and put by in
a stoppered bottle for use as a reagent (No. 86, 1162).

—

STORE-JARS AND BOTTLES.,

1154. Stock of Solid Chemicals.—The broad-necked
common green-glass jars with flat stoppers, which are used
for preserves and confectiodery, may be used as store-xirs
for large quantities of solid chemicals. These jars are very
cheap and strong, and present the #dvantage over stoneware-
jars that the quantity of material which they contain is seen
at a glance. The flanged stoppers exclude dustand can be
made air-tight by fastening a cork ring around their lower
part. The complete exclusion of air is,' however, seldom
necessary. These jars can be purchased in several con-
venient sizes, Solids are readily gemoved from them by
means of wooden spoons or hotn scoops.

1155. 8olids for Analysis.—The little white glass honey-
jars with glass caps serve well for keeping smaller quantities
of solids, and can be made air-tight by means of a cork strip
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fastened round the neck. These jars serve for storing the
solid powders which are required for analysis in the labora-
tory (1169-1172): their necks are of the necessary width
for the insertion of an ordinary watch-glass to remove
substance,

1156. Reagents and Test-solutions.—Well-made German
white-glass bottles can be purchased for the Reagents and
Test-solutions. These bottles have flat-headed stoppers which
protect the lip from dust, and each stopper has been ground
into the bottle so as to ensure its fitting. Stopper and bottle
are then prevented from permanently parting company by
having an identical number etched upon them.

Accurately fitting glass stoppers should not be used in
bottles containing solution of KHO or NaHO, as they are
certain to be set fast. The use of a loosely fitting glass
stopper, made to fit by surrounding it with a piece of
rubber tube, obviates this difficulty.

The liquid Bench-reagents (1¥60) may be kept in narrow-
necked bottles of 6 or 8 ounces capacity, and the solids in
4-ounce broad-necked bottles, The General reagents (1161,
1162) should be in 12-ounce bottles. The Test-solutions
(1163, 1164) require larger bottles of about 32-ounce capa-
city : these solutions may be kept in stock in Winchester-
quart bottles, .

L]

1157. Stock Zéench-reagent Solutions.—The Bench re-
agent solutions (1160) may be conveniently kept in stock in
an accessible position in the laboratory in large white-glass
jars with glass “aps below. These taps are ground into a
tubulure near the bottom of the bottle. After the perfectly
dry tap has been greased and inserted, it is fastened in the
tubulure by applying 8xtermally a thick coating of paraffin
wax. The plug and seat of the stopper require to be occa-
sionally perfectly dried and then greased. This arrange-
ment of the stock enables each student to fill his own
bench-bottles when necessary.
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LABELLING BoTTLES.

1158. Every Bottle in use in the Laboratory should be
Labelled. Beginners are much assisted if the label bears not
only the name but also the chemical formula of the substance
which is contained in the bottle. It is also convenient to
legibly number each bottle in the series. This number
serves as a short means of reference. It also helps to keep
the bottle in its place, so as to ensure its being easily found,
if the edges of the shelves are numbered to correspond with
the bottles which should stand on them.

The gummed labels should be stored in a dry place.
When the label is used, the whole of the gummed surface
should be wetted and made to adhere to the bottle by pres-
sure with a clean cloth. The label is then allowed to dry
thoroughly, and is protected by being brushed rapidlyacross
with an ordinary broad flat and stiff gum-brush, which has
just been taken out of a dish of melted paraffin-wax. A
thin coating of the wax is thus made to entirely cover tkLe
label and to project for a short distance beyond its edge
upon the glass surface.

A little practice will render it possible to lay on an even
layer of the wax, which does not penetrate and stain the
paper. 1f the paraffin is heated only slightly above its
melting-point it will set too rapidly to penetrate and stain
the paper.

This paraffin varnish, if properly applied, perfectly resists
the action of water, acids and alkalis. In fact, it can only
be removed or injured by mechanical means, by heat, or by
such solvents as ether and turpentine,

Bottles containing the strong mineral acids commonly have
the name or formula etched ppon ¢heir surface. This is
costly and it is unnecessary, since the paraffined paper label
resists the action even of strong acids.

Names and formulee painted on bottles with Brunswick
black are also permanent in the laboratory,



1159.] LISTS OF REAGENTS AND CHEMICALS. 479

LISTS OF REAGENTS AND CHEMICALS.

1159. In the Following Lists (1160-1165) each Reagent
and Test-substance, which is required in the preceding
"Analytical Course, will be found.

In the First Column of the Table is a number which may
be used for reference, and which serves to keep the bottle
in its place on the shelf.

In the Second Column stands the name of the substance,
and in the Third its chemical formula.

The subsequent columns give the strength of the solution,
and the details of its preparation are added if the general
methods described in paragraphs 1140-1146 do not apply.

An “g” following the reference numbers in paragraphs
1163, 1164 means that the substance is required in the
solid state as well as in solution. A 4-ounce bottle con-
taining some of the powdered solid should be placed near
the bottle which contains the solution.

The directions for preparing liquid reagents ‘have been
already given in paragraphs I140-I153. It is only necessary
t~ add, that in stating the pgoportions of solid or liquid to
water, required for the preparation of the solutions, the
water alwaysasts;,nds lasf ; and that (m) signifies proportion
by measure of liquids to water, and (w) proportion by weight
of solids to water.
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1160.—REAGENTS REQUIRED

L 3 3.

Reference Name, Formula,

number. | 1pyq numbers in brackets refer to remarks corre-
spondingly numbered in the sixth column,]

) Sulphuric acid (), . . . . . HS0, . B .
S e Hydrochloro acid (*), T T : (1) S
& Nitricacld(®» . « . .« .+ o« | HNO . ., .
, HA, or
HC,H,0, ‘
5 . Ammonium chloride (%), . N . . NHC . N .
6. . | Ammonia, or Ammonium hydrate (), e o« [ NEHOw  we e
[ A Ammonium sulphide ("), . . . . (NHY),S . B o
8, we | Ammonium carbonate (¥), . v e e | (NH)COs  vr  wne
9 . Ammonfum oxalate, . . . . . (NO),C,0, HO
0. .. | Potash, or Potastium hydrate, we s e | KUO s n e
1. . Potassium chromate, . . . . . K,Cr0, . . .
12 e Potlassium ferrocyanide, v s e we | KFeCye8Hy0u..  we
18 . * Potassfum ferricyamde (%), . . . . KjFeCys . .
t Sodium phosphate (**), or
14, . Hydric disodic phosphate, or , l o
Hydrogen disodium phosphate, )e
1. . | Sodiumcarbonate, . . . 4 o |eNayC0; 10H;0 (crystals)
16, .. Calcium sulphats,  we v oo wee e | CAS04 i we ae
17. . | Barium chloride, « . + « s | BaCla2H,0 .

4 v | Acetioacid () we  we v e e e

w oo | NagHPO, 2HL ..,

18. .. | Bodium bicarbonate (1),  we s o we | N2HCOy
9. . Borax (12), e e e+ e Y] NagBO,

M. .. | Potasslum chlorate, e we o we oo | KCIOg wer  wor  aee
A, . Test papers, . L) . . . . .
22 Reduction mixture (111) ... . we | NagCOg+ECN

* 'l'llil reagent undergoea decompositnon by exposure to light,and must not be kept
hate (NaAmHPO), solution serves better fov

4

given shove for N s, HPO,,
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FOR EACH BENOH,

4.

Weight of solld in
grams to be dis-
solved inone  Win-
chester ” of water.

Proportion

5.
of

solid by weight
(w.)and liqud

by

measure

(m.) to water,

6.

Remarks,

[The small numbers refer to corresponding
numbers in the second column,]

. 800 . .
e 400 W e
. 100 . .
w800 w
.20 .
e 200w
.o 200, .
w200 W e

. 600 .
Saturatedsolution (x246)
.20 .

In small crystals,

Blue and red lit-
mugs, and turmeric
papers, in small
strips.

¢ bm.

3,
3"

1,

8w,

12,

12,

1, Pure strong H,80, must be poured in the
i)aroper Kropomon into water contaned 1 a
rge thin beaker or an earthen jar, con-
stantly stirring the water all the time : the
right proportions are obtained by measure-
ment of the height of the vessel (x140). The
hot liquid is cooled by immersing the vessel
in cold water, and is then poured into the
store bottle, If the acid is pure, no whte
precipitate (PbSO,) forms during dilution.

2. Must be colourless, and give after dilution
no precipitate with either BaClg or Hg$, and
no colour with KCyS.

8. Must give no precipitate after dilution, with
BaClp or AgNO3, added to separate portions,
and no colour with KCyS,

4. Must give no precipitate with BaCl,,

B.A}funst give no precipitate or coloration with

m,S.

6. Must give only a very slight precipitate
with lime water, no coloration with Am,S,
and separate portions acidified with HNO,
must give no precipitates with BaCl, and
AgNO;.  “Liquor ammoms fortissima,” of
880° specific gravity, is bought.

7. Must be yellow, and give with acids H,8
and a white precipitate of S 1t must give no

gprecipitate wath solutions of Ca- or Mg-salts,

o | 8 The solid Am,COj 18 dissolved by the second

method (z248) In cold water, but in diluting,
one-fourth of the * Winchester” must be
filled with strong AmHO,

9. Must give no blue precipitate with Fe,Clq

solution.

10. Must yield no Sreci itate with AmHO.

11, Dry finely-powdered  bicarbonate ot soda.”
It must, after having been dissolved in ex-
cess of HNO;,, gtve no precipitate with BaCl,
or AgNO,;, or AmHMo0, (s78) and if eva-
porated with excess of i{CI must leave no
residue insoluble in dilute HC1 (599)

12. The borax is best dried by heatng it ina
latinum or porcelain digh until after melt-
ng it hag again become solid ; this solid

mass 18 then finely powdered in a mortar
and kept in a stoppered bottle. (

near a window. Dissolve a fragment of the solid (No. 93) each time it is required.
precipitation of Mg than does Na,t[PO, solution: 1t 1s prepared of the strength

31
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1161. —REAGENTS FOR GENERAL Usg,

Except in large laboratories, it will be unnecessary to keep these
in the Jaboratory, may be made up to the mght strength, as soon as they are

1, 2 3.
Name,
F;f‘u;‘f’e’:’ [The small numbezs in brackets refer to remarks Pormula.

correspondingly numbered 1n the fifth column ]

. Sulphuric acid (1) . . . . . H,80, o .
Hydrochloric acid (2)* o e e | HCL v e e
Nitricacd@®* . . . . . . | HENO, . . ,
w. | tPlatinumchloride . we s e e | PECly s v e
. | Alcohol, Rectified spirit (1) . . . o | CHgO . PN
Tartaric acid (1) wo owe e w e | HTorHyCHOp s
! NaHT.H,0

. | Acid sodium tartrate, Hydric sodic tartrate (2°) '1 NaHCH,0,.H,0

w | Slakedlme(*).. o  we e .. | Ca(BO) e
. | Acetioacid (4)* . . . . . . Hior HC,H,0, .
we | Cobaltnitrate ) .. . .  w .. | Co(NOs), 6H;0 “
. Hydrofluosilicic acid (%) . . . . HSiFg o . .

SRR B BBRRER

Sulphuretted hydrogen solation )
8. {Bydrogenmlphlde ‘(") ™ “ Hg&solutlon " “we
H,0.2H,;0
. | Oalioacstd . . e {n,c,o..m,o } .

we | Potasslum sulphocyanide we e v we | KCYB we e ame

. Potassium nitrate . B . . . KNO; . . .
PbA,.3H,0

o | Lecacetate®  m m w {§ im0 e

20

. Sodium acetate . . . . . . { NAC,H,O,.SHEO } .

we | Potassium cyanide (2%) weo e we o | ECYorECN .. .

. | Bromine-water (*) . . B . . Br-water

we | Btannous chloride (%) wowe e e | SNCLSHO s e

Copper®® . . . . . .| .

wo | ZNO(Y) e v e e e we e | Im

o Steel® . . . . . . .| Fe

we | Bllvernitrate . W we v we we | AgNOg .. .

. | Sulphurous acid . . B . : H,80; . .

w | Copper sulphate W e wewewe | CuSOLEHO ...

. Magnesium sulphate . . . . o o Mg8OLTH0

we | Mercuric chloride v we w0 v we | HgCly ..

. Gold chloride . . . > . . | AuCly . .

Animonium acetatd we e v v | AmA

H

FERNELEARBEER E B BR S

HILEE SR SR |

e e

* See last column on the preceding page.

+ Must be used in very small quansity only, being an expensive reagent,

* Sodinm hypochlonite (Na,C1,0), the ** Liquor Sods Chlorinate" of commerce
may be used, but does not heep well,
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reagents in store in quantity. The 12 oz, bottles in which they are contained
empty, by the proportions stated below in column 4.

4, 6.
Proportion by weight of
solid to walar :lﬁnd Remarke.
welght in grams for [The numbers in this column refer to those in brackets in
an 180z bottle in the second column.]
square brackets.

.+ Strong pure. 17. Must be colourless and form no brown ring when poured
below some FeS30, solution (s¢4).
18, Strong rectified methylated spint, which must leave no
o ” residue on evaporation, and remain clear on dilution,
o 1180 [15grams] |19, The solution should be mixed immediately after preparation
+ + Strong. with several drops of carbolic acld to prevent a vegetable
we 1:10[45grams] | growth forming in it: or better still some crystallised H,T
should be dissolved when wanted.

20. Dissolve 10 grams of H,T in 100 ¢ ¢ * of water, divide this

e ” ”

Solid. solution into equal parts, exacﬂg neutralise (r03) one part by

b heating it nearly to boiling and stirring in solid NayCOs in

« .+ Strong powder ; add to this the other part, cool and dilute to 150 ¢ c.
w 1:12[40grams]. | A few drops of carbolic acid should be added to the solution.

« .« See(1153- 21 Pieces of freshly-burnt lime are placed on a plate, and

water 18 poured upon them until they be%m to appear moist
on their surface ; the superfluous water is then drained off,
« Seo (1149). and as soon as the lime has crumbled to powder, it 1s placed
in a broad-moutheg stoppered bottle.
. 1:12[40grams]. | 22 '{‘)tll)e bog\e shou! l't\ua &l&)sed &Nitht; loo?ely-ﬂtttll)ng india:i-
rubber stopper, perforated, and with a glass tube passe
o 1-100(5gramsl | ghrough it and dipping into the solution; when & drop of $he
.. Slid solution is required, the upper end of the glass tube is closed
by the finger, and a drop is delivered from, the opposite end
we 1:12[40gramsl | by slightly relaxing the pressure of the fingér.
23, The solution must give no precipitate with Sr(NO;)

Solid, solution.
¢ 24, This solution must not darken on adding AmHO,
« Solid. 25. A little HX myst be added to this solution to make it clear.

26, Solution of KCy is made (1 : 12); it decomposes 8o readily
1:12[40grams],| that the solbtion is best made immedistely before use by
- "| heating a small plece of solid K Cy with distilled water.
' 197, A few qrops of Br dissolved by well shaking with water
8. Crystals of SnCl, should be dissolved by heating them with
water containing some HCl; the solution sh?uld b:lktzst in
: i
w1195 [20 grams) %l o‘zilltis’?ppere bottle contaming pieces of granula r
« o Seo xoa6) 29, Tn strips cut from thin copqer-sheet.
w 1:12[40grams). | 30, In strips or rods, or granulated; it must be proved to be
. . 1:12[40grams). | , free from As (318, 316, Or 317).
1:20[30 grams), 81, Common knitting-needles’ broken into short lengths, and
N kept in a bottle containing pieces of quicklime to prevent
« o 1:80[16grams]. rusting,
w1112 [40grams]

2
® g, is the contraction for cubic centimetre, See weights and measures (1175).
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Refer to the statement under

1 2 ' 3
Refere Name
nm‘ilb'e'x?? [The small numbers in brackets refer to corre. Formula,
sponding numbers in the fifth column ]

34 Lime water . . . f . Ca(H0), . . ’
L F Lead acetate m potash ("‘ e s s e | PLA+KHO .
59 . Potassium dichromate . . . . KyCrg0; . . .
60 Chlorine water we  we e e e | Clsolution e e
61 Fernic chlonde (3) . . . . . Fe,Clg . . .
6 .. Ferroussulphate (*) . wi v s s | FeSOWTH,0 oo w0
63 . Potassium iodide : . . . . KI . B B
64 .. Starch (3%) we e b e e e e e e

85 . Indigo-solution (38)
68 .. Manganese dioxide (37) e e e e | MDO, e e
e, Potassium dichromate (%) . . . K,Cr,0;. . .
68 . Ether (methylated) . o we W (C;Hs),0
6 . Carbon disulphide . . ‘ . . C8,
(N Potassium mtnte () ... o v e we | KNOp i e e
no., Nitrogen tetroxide solution . . . N N;0-s0lution , .
72 .. Ammonium molybdate (*9) .  we  we W | (NHYHMo0Og
3. Calcium fluoride . . . . . CaFy . .
4 .. Potassium disulphate.. . e e m KHS80, ... v o
Microcosmic salt, or . .

B { Hydric ammome sodic phosphate } wa * NaAmHPO(4H0 .
76 .. Wax, or paraffin e .-
i AN Calelum chloride . . . . . C‘nCl; 6H,0 (er ystnls)
78 .. Potassium chloride .. oo o wh we | KCluw we v e
. Marble . . . . . . CaCOy f .
80%, .., Distilled water () ... . W s W | HO
8. . | Puresodiumhydrate (), puresoda . . ( NaHO
82 .. Fusion mixture (%) ... .. . w w | NeCOu+K,CO4
[: . Banum carbonate () . . BaCOy
84, .. Solution of sodium acetate in dilute aceuc n,cld(“') Nad+HA
85, . Sodium mitrate (49), sohd, . . . NaNO;
8. .. Silica, or finely powdered white sand (1153) . $10,
8. . Hydrofluoric acd (+7) . . HF
88 ... | Zincsulphate (See No m) ' s+ | Zns0.TH,0
8, . Calcium carbonate, pure (g70) o . CaCO.
9. .. | Ammonwum chlorde, pue, b1 powder (xoa,) .| ypd
) Barium peroxlde, m fine powder . Bn()‘,
2 . Alcohol, sp gr. 0 CoHg0
9. {l'ota.ulum fenicynnlde, svlld in smull}
% pieces (1260 13) K;FeCyg

e Lead nitrate, 1 small peces we e o | PI(NOg)

—————

* Noa, 80-94 are certain special
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the heading of paragraph 1161.

4 5.
Proportion Ly weight of
solid to water. and KRemarks,
weight in grams for a [The bers in this col refer to correspondi
18 oz, bottle m numbers tn the second column].
square brackets.
.+ Sce (1346) 32, To some of the PLAs solution (No 40) KHO solution 1s

. !
- 1124 [20 grams]. vety delicate test for IS (s1a)
« See (181). 33, The solution should not contain any free acid: tore-
o 1.24 [20 grams). move acid AmHO 15 added until the further addition
we Sohd of a sngle drop gives a reddish-brown precipitate of
1:60 [8grams) ¥e,HgOq 1n the solution.
e 3¢ Fesﬁ‘ solution rapidly oxilises 1 the fair, hence the

e Sohd. Fe30, should be hept mn the solid state as small green
crystals, which should nct show a yellow coating m

oo Solid, any part, these are dissolved when
. Solid. crushing and shaking with cold water

+ Bee (1153). i ¢ ¢, of boiling water and cooling.

« Inpowder CO, when warmed with strong H,80, .
« In small preces. 88 In small preces, or 1n powder
89. The solution 18 prone to change, and should be made in
. Insmall crystals small quantity only 1t must evolve cgplous red fumes
when mixed with H,S0,
« Solid in pieces. 40, Make the solution with the following proportions :—1

.1 A m of Am,M00,18 dissolved in 125 c c. of strorg
12 [40 grame) mHO whlcﬁ has ﬁeen previously mixed with an equal

1: 12 [40 grams].

added until, on warming, the precipitate at first formed
18 just redissolved paper dipped 1nto this lqud s a

35, Starch solution rapidly changes, 1t 18 best therefore to
keep the starch as a powder Starch solution is made
by stirring 2 grams of this powder, which has been

oo 1+ 24 [20 grams). made nto a paste with 10 ¢ ¢ of cold water, mto 100

36 Made by dissolving indigo-carmine in water.
37 Should be kep. an fine powder , 1t must not evolve Cl or

requred by

. Inpr-~esaslargeasa pea necessaly)3till clear, then poured off into 50 ¢.c of

quantity of water, the solution is allowed to stand (if

strong HINO;* the liquid will become hot, and should
Dbe allowed to stand until 1t 18 cool before being used.

2 .

J

40 a. The HNO; solution of this salt must yield no precipitate with AgNO,

41, Must leave no residue on evaporation, m separate portions no precipitates
must be caused by BaCly, AgNO;, or Am,C,0,, neither must any precipi-
tate or even dark coloration be produced f)y nédmon of Am,8

42, The proportion by weight should be 1 10 of water, it is best kept 1n green
glass bottles, as 1t slowly dissolves Pb from wlnte flint glass. The solution
must not become dark in colour when mixed with H,83, nor give a gela-
tinous precipitate Alg(HO)g when mixed with excess of AmcCl solution,

43. D1y tinely powderea Na,CO; and K,COj are intimately mixed 1n the propor-
tion of 63 69 by weight, and kept 1 a stoppered bottle

44, Pure powdered BaCO, 1§ erther purchased, or 1s made by precipitating BaClg
solution completely with A13,C0; or Na,CO; solution, and washing the
precipitate well vy dgecantation. This powder is then mixed with distilled

., water to the consistency of thin cream.

45. Dissolve 20 grams of NaA 1n 60 c c.of distilled water, and add to the solution
40 c.c. of strong HA.

46, Made by neutralising strong hot Na,CO; solution with HNO, and evaporat-
ing to dryness  Sold also as Chili saltpetre,

47. Purchased and kept in gutta-percha bottles.

reagents entered apart.
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Each bottle should bear on its label the number, name, and formula of
solid of each of those substances whose number has a small (s) affixed to
bottles should also carry on their label the name, number, and formula of the

L 2 3.
Referenoe Name, Foumula,
number

[The numbers in brackets refer to similarly
nunbered remarks in the last column }

100.8 .| Potassium chloridle . . . . .| K& . .
101s .. Ammonium chloride . o e e AmCl W A e
1028 .| Sodium chloride.. . . . . . NaCl . . .
108.5. ..| Magnesiumeulphate .. .. .. .. .. | MESOTH0 o ..

104, .| Bamum chlonde . . . . . . BaCl;2H,0 . .

105. ..| Strontium nitrate .. .. . . .. | SK(NOg4H,0 e

106. .| Calciumchloride . . . . . | CaCl6H,0 . .
Alum, or

s A O siphate ] o e e | ALEOd

108, Ferric chloride (a)* . . . . . Fe,Clg . . .

109.s. .. Ferroussulphate () .. .. . w e | FeSOTH0 v e
Chrom.e alum, or

ms, . v | S

10.5. {Clu-omium potassium sulphate ) CrE(309; 12,0 .

11s ..| Zincsulphate .. .« s s e e | ZnSORTHO0 . ae

112.8. .| Manganese chloride (@) . . . . MnCl, . . .

118.8. .. Nickel sulphate .. .. o (. we o | NiSOLTH;0

14, .| Cobalt nitrate . : . . . . Co(NO,),.6H;0 .
1168 .. Mercuric chloride .. . .. . .. | HgCl ..
1168 .| Leadacetate(*). . . . . . L PpA,8H;0
117.8 .| Bismuthnitrate ®®) .. . .. . . | Bi(NO;).5H;0
1188 .| Copper sulphate . . . . . CuSO.6H,0 . .

o o

198 .. Oadmlumsnxli%ha:e)(c:) w e e e | CASOMAH0 e e
Arsenious oxide (@) (*")
120.8, { Sclution In dlete HO! } P T
12, ... {Amnioulonde (@) (*3)
Solution in water
121s. .} Sodium arsenate . . : . . Na,HAs0.12H,0 .
1228 .| Antimonious chloride ()t . wo  wy  w | BDClp v we e

128.8. .| Stannous chloride (*4) . .ooa . . 8nCl,2H,0 . .
12%. .| Stannicchloride(®) .. .. .. . .. | SnCl

125, .| Bilvernitrate . N ) : N . AgNO; . .
128, ...| Mercurous nitrate (°¢) . wwe | HgyNOs) H0 .

* a signifies that the solid substance is
t Solid §b,0; or K(SbO)T (Tartar emetic)
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the substance. A small 4 oz. wide-mouthed bottle, containing the powdered

it, should be kept near the corresponding solution. These wide-mouthed
substance,

| 4, 6. 6
Weight of solid in | Proportion by, Remarks.
grams to be dissolved m| weight of
one * Winchester.” sohd to [These numbers correspond to the smali reference
water, numbers in brackets 1n the second colurn,]
. 100 . . 1° 2 48 The solution must be made acid with a little
e 900 e e 1: 12 1,80, and some clean 1ron nails kept in if; or
50 1. 50 better, a small quantity 1s freshly prepared
. 5 L 1 . 50 when required, see No. 62 (r162)
49. A little HA must be added to this solution to
. B 1:100 make it clear
e 300 .. 1: 8 50, 25 grams of By(NO,); must be dissolved by heat-
o 200 (incrystals)| 1: 12 ing with 26 ¢ ¢ of strong HC] diluted with 26
of water; this solution 18 cooled and poured
w100 1: 6 int * the bottle, and the measure made up by
pouringin dilute HCI contaimng one-twentieth
. 25 . . 1 100 ot its volume of strong HCl
e B e w 1:100 61 Dissolve 10 grams of As;0; by heating it with
R 60 c.c. of strong HCl mixed with 50 c.c. of
. 60 . . 1. 60 water, and dilute to the Winchester-quart
52 Boil excess of As;O; for several minutes with
B 1100 2000 cc. of water, and filter into the quart-
. % . 1100 bottle.}
50 1. 50 53 28 grains of crystallised ShCl; are dissolved in
: 15 c.c. of strong EClL mlxe(i with 25 cc. of
. 60 . 1. 860 , water, and dilufed to the quart} with HCl
we B0 e e 1: 50 mixed with four times its measure of water.
R 50 . . 1 50 54 Boll 256 grams of SnCl; with 60 ¢ c. of strong
% 1:100 HCl mixed with 60 ¢ ¢ of water, as soon as it
- oo . has dissolved to a clear solution dilute to the
. 60 . 1: 50 quartf. Scraps of Sn must be kept in the
w B o 1:100 s Hl)otthlgeé ¢ SnCl. with %5 -
. 65, Heat 25 grams of SnCl, c.c. of strong
DS L 1:250 HCland 100 ¢ ¢ of water, whilst constantly
stirring, add KClO, to the hot solution until
the iquid turns yellow and Cl 18 smelt, boil
" D?“ tlhe Céand dilute tgs the quart:t. Ha (N0,
. . 1: 50 B ssolve by warming grams of Hg. e
252 1100 with 6 c.c. of strong HNOj diluted wqth 114
e . c.c. of water, then pour water into this solu-
<% . 1100y  tion until it is diluted o a quart}. Keep Hg
in the bottom of the bottle.
.%o, . 1:100
w B o e 1:100

not in the crystalline condition,
may be used for the blowpipe reaction, $ Winchester-quart,
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1I64. SOLUTIONS FOR THE

Refer to the note at the head of the preceding Table, which is also
amongst the reagents(r160-1162)and the solutions for the reactions of

1, 2 )
Reference Name.
Number. | [The small numbers in brackets refer to the corre- Formula,

sponding numbers in the sixth column.]

130. . | Sodium sulphate . . . ' . « | Na;80,10H;0. .
1 Sodium carbonate () e we v se e | NaHCOs

8o { Marble (calcfum carbonate) (1) . . CaC0, !

we o | FeS

1928 { Ferrous sulphide (%) ... .. e

" * |l Ammonium sulphide (%) . . . | Am8
1838, .. | Acid sodium sulphite ..  ws s wee e | NaHSOguo e ee
134. . | Sodwum thiosulphate . . . . Na,8,04.6H;0 . .
135. .| Sodium hypochlorite (**) we wi  we s | NugClO
1368, . | Potassum minite (a) . . . . KNO;

137.8. ... | Potassium mitrate [Solld Leuwd mtrat 1 s aee KNO; [Pb(NO;)L] v
1888, . | Potassium chlorate . . . B . KCl10y . . .
1398, . | Sodium chloride (®) we e v v s | NACl wr e e
140s. . | Sodum bromide . . . . NaBr . . .
1418. ... | Potassium iodide we e we we e | KI e e em
142, ., | Sodium phosphate . . . . . Na,HPO,.12H,0 .
148 ...| Sodium arsenate (®) .. e s e e Na,HAs0,12H,0 ...
1448, , | Borax(®?) ., . . . . . Na,B(0,.10H,0
146 .. | Potassium blchtomatfe e e weae | KoCriOy e
146 s, {Sodium silicate (83) . . . . . Na,Si0,

© [USilica (white sand) e we s e w | SO
147.8. .. | Fluor-spar(calcium fluoride). . . . | CaFy e e o
148, . | Hydrofluosthaicacid (®) .. . . .. | HSiF,
1498, ... | Potassium cyanide (*%) .« . . | Koy .
160, . | Potassium ferrocyanide .. w. e . | IFeCy. BHgO
161, ... | *Potassium ferricyanide .« oY KqFeCyg . .
162. . | Potassium sulphocyanide . ECyS e we one
1688, ... | Ammonium oxalate (%) . e« .| Am,G0,.2H,0 .
4. . {Tamﬂc P L YA [ - %

Sodium tartrate (¢%) . . . . Na,T.2H,0

1558, ... | Sodium acetate (%) ..

- q Nad.3H,0

* 8e¢¢ No, 18 (x160).
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applicable to this, Many of the solutions in this list are already prepared

metals (1163).
] 4 6 6.
; ‘Welght of solid in grams | Proportion by Remarks,

to be dissolved 1n one weight of
‘Winchester-quart. solid to water,

[The numbers correspond to the small reference

numbers in brackets in the second column.}

25 1:100
w100 . 1: 2
. 100 . 1: 25
R (1 "1: %
w100 1: 2
. 50 . 1: 50
w B0 . 1: 50

50 . 1: 50
w 12 e 1: 200
. 50 . 1. 50
w 80 1: 50
w % 1:100

. B0 . 1. 50
w 2 w ooy 1 o
.%o, 2 1.100°
w B e 1. 100
. loo . 1: 2%
we e 1: 10

57. The NaHCO, is required only in the solid
form, and can be taken from the reagent
bottle on the working bench, No 18 (1160)-

67a. The marble i8 kept m small pieces as
large as a pea, it 15 found in reagent bottle
No. 79 (1163)

68 The FeS1skept as a solid in small piecesas
large as a pea.

53¢ The AmoS can be taken from reagent
bottle No 7 (1160) on the working bench.

59. Strong * Liquor Sode Chloumate,” diluted
with an equal measgure of water.

60 No 102, paragraph (1163)

61 No 121, paragiaph (nﬁY.

62 No 19, paragraph (1160

63 The solutton 18 wmade by dissolving 100
grams of the thick syru{), sold as ““soluble
glass,” in water, and dilating to the Win-
chester-quart The sohid substance to be
used 18 sand finely grouud.

6+ No 35, paragtaph (nsx)’

03 No 42, paragraph (1261)° The solution de-
composes by keeping, a Little sohd 18 dis-
solved when 1equned.

66 No 9, paragiaph (1160)

67. No 30, paragraph (z161),

08, 123 grams of H,T are dissolved by heat in
500 ¢ ¢ of water, the hot solution is
exactly neutralised with solid Na,COy, and
then diluted to a Winchester-quart.

69, A Mitle of the solid substance (No 41, 1161)
is dissolved, when 1equued, 1n water,
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1165. SprciaL Tesr-SunsTaNcES AND REAGENTS FOR THE RARER
EvLEMENTS AND ORGANIC SUBSTANCES.

Only those substances are entered here which do not occur in the preceding Usts.

I INORGANIC TEST-SUBSTANOES

Thallium sulphate, . . . T1eS0,
Sodium tungstate, . NagWOy
Palladium chloride, . Pd(,l
Ammoninm molyb('mte, Am ,M004
Iron selenide, . Fe!
Potassium aefenatre . Ko8e0y
Lead telluride, . PbTe
Potassium tellumte . KoTe0,
Uranium nitrate, . . UOx(NOs)
Indium sulphnte, . Iny(80,)3 9H20
Beryllium sul] hate, eo(S04)3

Titanium oxide,
Sodium vanadaie
Lithium chlor!de, ..
Rubidium chloride,
Caesium chloride,
Sodium hosphl%e wi,’HO
ypophosphtte, NaPHq0,
Potusium permanganateKoMng0y
Potassium manganate . KgMnO4

REAGENTS,

Mercuric cyanide solu-

L

Potus'mm bicarbonate,

solution, . . .
Tin, granulated, . .8n

Hydrogen peroxlde, ar
lute acid solution, , . HgOg

Calcium sulphate, in fine
powder, . .

..

R 7]

8odium formate, . . Na.ll(!(l)'?
04
Malio acid,
507.21120
C

II. ORGANIO TEST-SUBSTANORS.
Ammonium succinate,
Ammonium benzoate, 'C
Boatum itrate, | | | - N
Salicylleacid, ... ..Cy
Tannic acld, . . .
o,
n Ve 2
montum b Anlxlé(z
CeH; N
‘3%"‘

Ammonium urate,
Hij cs.cid, e

.
.
.

o
.
.

&15 st

..,..

II ORGANIC TEST-SUBSTANCES—Contd.

Morphine hydrochlorate, Cy7HygN! BCI
Strychnine, . . Co1Hoo.
Naicotine, . « . CooHoyN
Brucmne, ,...... . o;ﬁi NoOg
Caffemne, . . Cg/ 40g H20
Turpentine, . . . . .Cy Iim
Benzene, . v G
Chloroform,. , . . . . CﬁC‘l,
Todoform,. . . . . CHI.
\lethylalcoho) +v.. CH
Lthyl a.lcohol e qufno
Glycerol, . v oo CgHgOg
Thenol, . . CgHgO
Hydro yuinone . . C.,H';Og
% allo), ... .. CGH,,O,
Alde! yde, .
Chloral hydrate, . . . cgu?:lxon,o
Benzaldehyde, .
Acetone, . ... .. 'C"Hf?
Urea, e e e .Cﬂﬂ I?O
Aniline,. . . ... ... CgHy!
Ether,. . . . .. . 041111100
Eth; laceta.te, PRS- £
Carbon disulphide, . . .Cgk
Nitrobenzene, e (NOg)
Glucose (Dextrose), . . .C;H.,Og
Levulose, . . Cg 511 g&
Cane Sugar, . 1
Mnltose, . e .cunﬂo.,.g,o
Ce oue, (Se ]
hpowder, .
Albnmm, “e g .c. . W teo €gg
Gelatin, . . . .5 . . . Tsinglass

REAGENTS,

Mercurio nitnteheutral
solutl onu o e
Quicklime fowder,
l
lodcaeld loluclon(l 16).1110.
small fragments,

Todine, insmall
Yeast from & brewer, . .

Rochello aly . - . . . .xn.'rm,o

ztnnchméo:::.”

Ammonium fodide,
nmwmufdn

Noa)n
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1166. CHEMICALS REQUIRED FoR SEcTION IT.

In the following list those substances which are used only for Sec-
tion II. are marked by letters of the alphabet. The bottles contain-
ing these substances should be arranged apart in alphabetical order.
Against others a number is placed ; this indicates that the substance
is used for analytical purposes, and will therefore be found, together
with any necessary descriptive remarks, in one of the preceding lists

(1160-1164)
Reference, Nume. Formula, Remarks,
A, Mereuric oxide . . HgO The orange-coloured precipilated
oxide I8 best,
20, Potassium chloate , KC103 —
B Manganese dioxide . MnOy Commercial oxide in powder.
C. Wood charcoal . . C In picces as large as a hazel-nut.
57, Lime watcy Ca(li0)y —_—
D. Sulphur, . . . ., . S Pieces of roll sulphur as large as a
pea.
21 Litmus and twimerle _ —
papas .
59. Potassium dichiomate . KoC1507 Solution
E Phosphorus . . . P Pleces as large as half a pea, kept
in a stoppered bottle under
water
F Granulated zine . , . 7n Not necessarily pure.
26 Hydrochloricacld . . HCl Stiong, pure
G. Calcfum chloride . . CaClg Fused, solid, in small pieces
79 Maible . . Coe CaCOg In small pieces
L Hydrochloricacld . . HCl Stiong, commercial.
J Litmus solution . — —_—
K Copper « « . . . Cu Turnings, clippings, or filings
L Nitric acid . .. HNOy Strong, commercial,
63 Potassium fodide . KI Solution.
64, Starch powder . — ——
132s kerrous sulphide, . 128 Small pieces.
116 Lead acetate , . . o PbA See also 58,
M Ammonium chloride . NH,CI Solid, commereial.
82, Slaked ¥imy , . , 8 Ca(HO)
N St:g?tfﬂon ‘mf"’“m} NH,0H Liquor ammonis fortissima.
0. xalicacid. . . HzCﬁO L. 2Hg0 | Solid, in crystals,
P, Sulphuric acid . . ¢§04 Strong, commercial,
Q Sodium hydrate . . NaHO Stiong solution in water
R, Manganese dloxide . MnO, In small pieces
S. Oil of turpentine, . . —_ —_—
T. Dutch metal . , . . —_ Leaf from a small book.
U. ‘* Turkey red” . . . — In strips
V. Sodium chloride . . NaCl In pleces a$ large as a hazel-nut
) broken from a lump of 10ck salt.
3 Nitrdeacld . . . ., HNOg
48 Silver nitrate . . . ggNOs
w. Ammonium nitiate . . HyNOg Solid, in small pleces,
92 Aleohol . . . CaHgO Sp grav. 0'83.
43, Bromine water . . Br
X, Soda lime . .. - Pieces size of millet seed.
41 Sodfum acetate . . . NaA 8H,0 Crystallised.
g. Ammonll:: hyd‘r‘m . (ngl‘l-l Solution.
3 Ammon! oxalate . 04 "
1. Barium chloride . . . n&ﬁ’ »
7 Ammonlum sulphide . (Nliggs "
. Potassium nitrate . . ENOg Solid,
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1167. CHEMICALS REQUIRED FOR Secrion IIT,

With few exceptions,* these substances are required either
for analytical purposes, and are tabulated in paragraphs
I1160-1164, where they may be found by the number
placed in the first column; or they are already entered in
the list of substances required for experiments on the gases
(1166), where they may be found by the reference letter in
the first column. A letter (s) affixed to the number of
reference indicates that the substance is required in the
solid condition. See note at heading of paragraph 1163.

i 1
Number o
letter of Nname 1 oimula,
| reference '
|
39. Potasstum nitiate . KNOg !
118s, Copper sulphate . CusOy 5Hg0 . ’
79, Maible . CaCOy
2 Hydiochloijc acid HCl ’
45 Coppe1 . . . Cu.
3 Nitiie acid . . . HNOg.
17, Bauum chloride | BaCla.2Hg0.
3 Ammonium carbonatc < b AmgCOoy.
—_— *lilter-paper . + Insheet, o1 cut
1. Sulphuric acid B . HaS04.
A. Meicuric oxide . " HgO,
M. Ammonium chloride NH,CI.
1008 Potassium chlmid ., KC1
18, Sodium caibonate . NnaCOg
[ *Baiium sulphate BaSOy4.
B. Manganesc dioxide . W10,
19 Borax . [§ :gn‘
628 “}enous sulphate . . FeSO4 7H50 .
' 102 Sodium chlmfde . . . NaCl.
i —_— Wood charcoal . . .o
. 116s Lead acetate . . . . PPbAg 8Hq0.
i 118s, Copper sulphate . . . CuS0, 5}190 .
6 Ammonjum hydiate . . NH4HO.
21 { Litmus.pper . . .o —_—
1 Turmerlc-paper . . —_—
—_— *Linc onide . . 700,

3

* The exceptions are filter-paper (1121), wood charcoal (1123),
zino oxide, and barium sulphate.
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SUBSTANCES TO BE GIVEN FOR ANALYSIS BY
THE PRECEDING TABLES.

It must be understood that the substances mentioned below are
merely brought forward as examples of what may be given to the
student for analysis. 'The teacher will use his own judgment in
adopting and extending the list.

SUBSTANCES FOR ANALYSIS WHILE TRYING THROUGH THE
REeacTIONsS FOR METALS AND ACID-RADICLES,

1168. After working through the reactions for a Group of
Metals or Acid-radicles, a few unknown substances contain-
ing only one member of the Group are tested ; the number
of members present is gradnally increased in the substances
which are subsequently given., It is well to keep these
substances in the dissolved state (1163, 1164), since they
are intended mainly to afford practice in separation and
detection according to the Group-tables; the time spent by
the student in preparing the solution would therefore be
wasted. Qccasionally, however, a solid substance may be
givon, in which the metal pr’Acid-radicle present is to be
detected by blowpipe tests, or by other tests made on the
solid substance. 2The following will serve as examples :—

Group V. Group IV, Group 111.b.
Sclution of NaCl 5| Solutton of BaCl, 2H,0 Solution of ZnS0,.7H,0
o NH, w o Sr(NOM4B0 |, . MnCle
o TRa v T cal, 80,0 T NISOLTH,0
o » NaCl+ECl n nSr(NOedH0 | n  n Co(xb,)ién 0
T NaCI+NH+ +Ca0.6R,0 | » MnCl, L En30, TH,0
€Cl »® n BaCl,2H,0+ " Co(NOy) BH,0+
. o NaCI+NH, &r(K0,)7.41.0 180, TH,O+
» w MgSO.THO +CaCly GH,) ZnS0,.TH30
aCl+ KOl . . B“sc,{ﬁ,d')ﬁ‘{, . &e., &c., do.
Solide: NaCl, NH,CL, KC, *"| Solids : MnCl,, N1SO,TH,0,
AmCl4+Nacl, &t NOgk 6H:0.
o TH,0; &o.
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SUBSTANCES FOR ANALYSIS BY THE DIRECTIONS CONTAINED IN
SEcTION V.,

1169. Any one of the solutions named in paragraphs
1163, 1164 may be given for analysis by Section V.: some
of these are neutral, some acid, and others alkaline in
reaction. The following more difficult soluticns, with acid
or alkaline reaction, may also be added to the list :—

Alkaline.

Aad.
Ca; )zi'l ‘“ Bone-ash " dissolved in | KSbOjg dissolved in water
ilute NagS103, solution of ¢‘soluble %}ass "
01;04 dlssolved in dilute HC} NagSnOg, *‘ preparing salt” of the dyer.
09)2*

HCL

2

L.

Any of the solid salts which were dissolved in order to
prepare the solutions in paragraphs 1163, 1164 may be given
for analysis by paragraphs ,32, et seq.

As examples of substances possessing metallic appearance
(969), the following may be mentioned as suitable for
analysis :(—

Graphite, or Black lead.
Iron fillings.
o
As insoluble substances which require to be examined by
paragraphs 970, et seq., the following may be given for
analysis :—

%g, in pieces or filings. NiAs, Kupfernickel.
” C
Fe8,, Iron pyrites.” '

BaSO,. l CaF,, Fluor spar.
PbSO,. FeCr,0,, Chrome Iron ore.
AgCl. 8, as pieces of roll sulphur,

C as powdertd wood charcoal or plum
bago.

i - .

' SnO,, Tinstone.

* Made by mixing hot solutions of Na,B,0; and Mg(NO,).
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SOLID SUBSTANCES TO BE ANALYSED BY THE PRELIMINARY
ExaminatioN 1N SecrioN VI.

1170. For the Preliminary Examination for Metals (989) :—

R
Sumple ; Complex.
NH,Cl Pb(NO,), Zn80, TH,0 AmCl+NaCl AIK(80,), 12HO
Hg 1y NaCl Macl, HgCl,+BaCl, 2H,0 | Sn0,+Sr(NOy), 411,0
A5,0; | Bacl, 28,0 NOs), 611,0 MnCl,+KCl CaC0y+2n80, 7H,0
KNO, | Sr(NOw, 45,0 | NIS0, 7H,0 NiSO,. 7H,0+ 5,+Mn(, et
Cry0p | CuSO, 5H. 6’ 80y 80, 7H,0
(8ee note )

Note.—Best finely powdered, since 1ts colour is then almost
destroyed.

For the Preliminary Examination for Acid-radicles (996) :—

|
Stmple. " Complez,

\
L) -

CaCO, Fe8 } Na,3,0; 51,0 I CaCOy+ENO,

g» s%, TH,0 ﬁ\l%, KBr | gnc&())ﬂg,

a C NaA 2,C0y+

| Nacf KI ° ‘ ad I M
(. e e —— - e

A few of the above mentioned solids may then be ex-
amined by both Prehmmary Txaminations for Metals and
for Acid-radicles,

SUBSTANCES TO BE ANALYSED BY THE GENERAL COURSE IN
Secrion VI.

1171. The following Jists are so arranged that the analysis
of the substances contained th them is more difiicult in each
column proceeding from left to right, and usually in pro-
ceeding in one and the same column from top to bottom.
For examples of alkaline solutions, see paragraph 1169.
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{1171,

SUBSTANCES FOR ANALYsIS BY THE GENERAL COURSE.

L 2, 8.
51.‘: };g:g}:‘el:h Complex soluble subatanoes. Cox‘n;‘ l:m‘:}’"
BaCl,.2H,0 | CaCl, 6H,04BaCly.2H,048r(NOs),.4H;0 | ( Fe,Cl,
MnCl, AIK(S0,), 12H,0+CrEK(S0,), 12H,0 %;‘g,%‘: 7,0
HgCl, Mn(l,+ZnS0, TH,0+4Cu80.5H,0 Xa
MgS0,.7TH;0. | PL(NO,);+HgCl+NaCl A%,0
B * 78,03+ CaC0,+BaCO; { cr 1§§0‘)’ 12H,0
NiSO.7H,0 | *ZnO+MgCOs+KC10, Co(NO,)y-6H;0
*CaC0, *MgCOz+BaCO;+PhCO, 03),. H,0
' ] ] ]
Pb(NO3), &, &o, {K:i?‘h)z .4Hz0
*A3,0, Bi(mﬁ.). 5H,0.
Fe.Cly &, &o.
NH,C1
NaCl
&o., &o.
‘ bstances yieldin, &
* Sul “5 exing & | gubstances artly or
1
; “' h“&h‘?’%‘}’fg " tate entarely wnsoluble.
1
Metallio substances (1067 et
Cl;f .6H,0 BasO, Iron g{ﬂbesir ( o676t s02.)
{ - 81048 éll'on nlngis eZn)
Hi’Oﬂ 0 basu,+Lary-+oal ne ciippin;
Rl WHAFIESEY | Braes ilings (CatZn)
BaCl,.2H,0 BaCl,.2H,;0 German silver Cu+Zn +N1)
Mgcr2 {.uKéo.),.izr,o Bronze (Cu+8n
e,Clg AgNO;g Type-metal (Sb+Sn+Pb)
Nu,uro..nn,o 10,
Co(NO;) 6H,0 {S Sulicates (2080
guibo ) 1¢ pesa ooy,
ch(w.)z 12H,0 PbS0,+BaS0, Window-glass (Na, Ca, 810,
A &‘gf‘ﬁh& éu,u PbUl‘U“ igultad Flint-glass (Pb, Kv’mo‘) %)
Cyamgen Compounds (108;
Any of the oregoiug Wﬁ?l):;l
u been mixed with KCy,
l{S K.FeC .8H,0,
° ® E¥e;Cyjs, KeCo,Clyy

* To be given in the solid state.
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1172. NAMES AND FORMULZE OF MINERALS CONTAINING
COMMON METALS, AND SUITABLE FOR ANALYSIS,

Note —The principal constituents only are stated below, the traces of impurities
or of other constituents are omitted. Minerals which contain the less common
clements are not mentioned here, but some of them will be found above the
reactions of each of the rarer elements in S8ection IV The minerals are 1anged
under the heading of the principal metal which they contain, and the metals are
placed 1n the order 1n which they occur in their Groups in Section 1V,

Potassium :— | Calcium :—

Nitre, or Saltpetre, KNO; Calespar, Arragomte, Marble,
Potash felspar, or Orthoclase, Chalk, Limestone, CaCOy.

K,0.A1,0;6810,, and other Gypsum, CaSO, 2H0,

double silicates. Alabaster, Sclenite, Anhydiite,
Alumstone, CaS0,

K,80,43A1,(80)(0H), Fluorspal, CakF,

Silvine, KCI Apatite, Cag(P0) .Ca(Cl,¥)2.
Kanite (see Mg)
Carnallite, KCLMgCL,6H,0. . Aluminium :—

Corundum, Al0;.

Bauxite, A1,0; H,0 (Fe,0y)

Duaspore, Al03 H,0.

Alumstone (see Potassium)

Cryolite, AlF; 3NaF.

Felspar (see K and Na), and
other silicates.

Clay, AlLSL,0, 2110,

Sodium :— i
Rocksalt, NaCL. !
Native soda, Na,CO; 10H,0, i
Trona, NagCO3 NaHCO; 3H,0 |
Cubic nitre, or Chili saltpetic, |
NaNO,. ,
Glauber salt, NayS0, 10H,0
Borax,or Tincal, Na,B,0, 10H ,0 |
Glauberite, NaySO4 CaS04 !
Cryolite, Al¥3 3Nal ' Meteorite, Fe+ N1
Soda felspar, or Albite, | Red hamatite, Fes®;
Nag0 AlyOg 68102 ; and other | Specular iron o1e, Fe,0,
|
l
I

Iron :—

double silicates Brown hawmatite, Fe,0,(OH).

Magnetic iron oxide, Fe;0,.

Iron pyrites, FeSo

Spathie 1ron ore, FeCOj;: min-
gled with clay 1n Clay-iron-

Magnesium :—
Periclase, MgO.
Brucite, MgO,H,

Magnesite, MgCO, stone, and with bitumen in
Dolomite, or M@ynesian Luue- Blackband-ironstone.
stone, (Mg,Ca)COy.
Kainite, Mg80 KCL8H,0. Chromium :—
Kieserite, Mg804.H,0. Chrome 1ronstone, FeCry0,.
Epsomite, MgS80,.7H,0. Crocoisite, PbCrO,.
Meerschaum, Mgg}lgssloa.HzO,
and other silicites. zine :—
Boracite Red zine ore, ZnO.
Spinel, Mg0,A1,03 Zine blende, ZnS.
Calamine, ZnCO,
Barium :— Siliclous or Klectric Calamine,
Heavy-spar, BaSU4. ZnS8ioHy0.
Witherite, BaCO. Franklinite, (Zn, Fe) O Fex);
Strontium :— Manganese :—
Celestine, 8r80,. Pyrolusite, MnOg
Strontianite, SrCO. Brannite, MngO;.

32
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Hausmannite, MngOy. !
Manganite, Mn,H,0,.
Psilomelane, (Mn, Ba) 0.MnOg2
Manganese spar, MnCO3

Nickel :—
Kupfernichel, NiA«
Nickel glance, N1 (As, S)
Nickel silicate, 2Ni0,38i04

Cobalt :—
Speiss Cobalt, (Co, Ni, Fo) A=y
Cobalt glance, or Smaltine,
(Co, Fe) (As, 8),

Mercury :—
Cinnabai, HgS.

Lead :- -
Crocosite, ’bCrO.
Galcena, or Lead <par, ’bS
Cerussite, PLCO;
Anglesite, PhSO,
Leadhillite, PbSO43PLCO4

MINERALS FOR ANALYSIS.

Bismuth :—
Bismuth ochre, Bi,O,.
Bismuthite, or Bismuth glance,
Bi,S;, and double sulphides.
-
Copper ;— y
Red copper ore, CugO.
Copper glance, CuzS,
Peacock Copper ore, Cu,S.
Copper pyrites, CukeS,
Malachite, CuCO3 CuH,00.

[1172.

wm (—
Greenockite, CdS.

Arsenic ;:—

Realgar, As,S:

Orpiment, As,S.

Arsenical nickel, NiAsy; Kup-
fernickel, NiAs; and many
other metallic arsenides and
arseno-sulphides.

Antimony :—

Stibnitc or Grey Antimony,
SbyS;, and antimony sulpinde
combined with other metallic
sulphides,

White antimony, SbyOg.

Red antimony ore, Sb203.28beS3

Tinstone, Sn0,.
Cassiterite, SnO,.

Silver ;—
Silver glance, AgsS
Horn silver, AgCl
Pyrargyrite, Ag ;SbS,
Proustite, Ag3AsSs.

silica :—
Quartz, 8iOg.
Flint, S$10,.
Rock crystal, 8i0z.
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LIST OF CHEMICAL ELEMENTS, WITH THEIR
SYMBOLS AND ATOMIC WEIGHTS.
1173 The words in brackets are the Latin names of the elements

from which the symbols have been derived. The numbers are the
International Atomic Weights for 1907.

= I
Name. ’Symbol ‘V‘t’g‘l)gll:g i Name Symbol \m?f\'f
|
Alummmum . . ! Al 271 || Molybdenum . | Mo 260
Antimony (Stibium) = 8b 1202 || Neodymium ., ' Nd | use
Argon . . CA 399 Neon . Ne 20
Arsenic As 750 Nickel . N1 587
Barfum . . . | Ba |1374 | Nitrogen N 1401
Berylliumor Glu-} Beor| .. I Osmfum. . Os 191
cinum . Gl Oxygen . ) 16 00

Bismuth . Bi 208 0 Palladium Pd 106 5
Boron . . B 110 || Phosphorus P 319
Bromme. . Br 7996 | Platinum Pt 1948
Cadmium - | Cd s || potassium (Kahum) | K 39.15
Crosium , < | © 11320 | Praseqdymium fp | u0s
Calcium Ca 401 | Radium . I Rd | 225
Carbon ¢ 1200 || Rhodium P Rn [1030
Cerfum . .| Ce 14025 || Rubidium i Rb 855
Chlorine , cl 3545 || Ruthenium } Ru 1017
Chromium C1 521 || Samarium Sa 150 3
Cobalt . . Co 590 || Scandium f Se 441
Columbium . Cb 94 Selenium Se 2
Copper (Cuprum) Cu 636 |l silieon ! S1 284
Erbum . . Er 166 Silver (Argentum) ‘ Ag | 10798
Europium . . | Eu |152 Sodium (Natiium). | Na 23 05
Fluorine. . . ' F 1903 || Styontium U'se | sre

tadolinfum . . | Gd |15 Sulphur . 8 32 06
Gallium . . Ga 70 Tantalum ‘ Ta 181
Germanium .* , | Ge 3 725 | Tellurium | Te |1276
Gold (Aurum), Au 11972 || Terbium . | Tb |1592
Hellum . . He 40 1l Thallium S VI T
Hydrogen . u 1008 | Thotium . C ot | 225
Indium . . In 115 Thulium Ctm |1m1
Iodine . I 12697 || Tin (Stannum) Losn 1190
Ifdlum . . .| Ir 11930 || itapum . . | T 481
Iron (Ferrum) Fe 659 || Tungsten (Wolfia-
Krypten .o Kr 81'8 mium) . . w 184
Lanthanum . Lad | 138 Uranium B U 285
Lead (Plumbum) . Pb 208" Vanadium . v 512
Lithium . . . | Li | 703 | Xenon . . ! Xe |1
Magnestum . . | Mg | 2436 |, Ytterbium f ¥ [imo
Mapganese . . | Mn 560 | Yttrium . Y 890
Mercury (Hydrar- | Zine . . Zn @54

gyrum). . } Hg |200 Zircontnm . . Zr 06
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1174. THERMOMETRIC SCALES.

There are two thermometric scales in use, the Centigrade and the
Kahrenheit ; the former of these is rapidly becoming umversal for
scientific purposes. The temperatures,which are occasionally referred
to in this treatise, are given on the Centigrade scale. The two scales
are mutually convertible by the following formule, in which ¥.°
represents a temperature on the Fahrenheit scale, and C,° a tem-
perature on the Centigrade scale :(—

9C.°

F =~ + 32
L. B(F°-32)
C E Ty

WEIGHTS AND MEASURES.

1175. The corresponding values of the French and English Weights
and Measures are given in the following tables. The use of the
French or decimal system is strongly recommended by its extreme
simphcity. The smaller denominations are obtained by taking a
tenth, hundredth, thousandth, &c., of the unit chosen ; and they are
designated by the Latin prefixes deci-, centi-, milli-, &c. The higher
denominations are 10 times, 100 times, 1000, &c., times the unit,
and are named by the Greek prefixes deca-, hecto-, kilo-, &c.

The starting-point of the French system is the *“metre” (=39'37
inches) ; this 1s the * unit of length.” The * umt of measure" is the
¢“litre,” which is one cubic decimetre. The “unit of weight ” is the
*gramme” or “gram,” which is the weight of 1 cubic centimetre
of distilled water at 4° C. (See Note p. 502.)

The chief conveniences arising from the use of this system are :—

1st. That all the different denominations can be written as one ;
since they are either multiples by ten, or are de:imal fractions,
of the unmt. Thus § decagrammes, 3 grammes, 4 decigrammes,
8 milligrammes would be written 53°408 grammes.

2nd. That since 1 cubic centimetre of water at 4° C. weighs 1
gramme, we may obtain the weight of a known meagure of water by
simply converting the measure into cubic centimetres, the number
thus obtained will represent the corresponding weight of the water
in grammes, Of course this conversion is strigtly accurate only when
the water is measured at 4° C. But fo& ordinary purposes the error
introduced, when the water is at the temperature of the air, is too
small to be of any importance in the preparation of solutions.

The weights and measures, which are most frequently used for
chemical purposes, are the gramme, the millimetre (mm.), the litre,
and the cubic centimetre (c.c.), which is ygy of a litre.
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1176. ENGLISH WEIGHTS AND MEASURES.

APOTHEOARIES WRIGH?. AVOIRDUPOIS WEIGHT.
b oz drms scruples grains, 1b. oz. drms graina,
1 = 12 = 96 = 9288 = 5760 1 = 16 = 266 = 7000
1 = 8 = 24 == 480 1 = 16 = 4875
1 = 8 = 60 1 = 27348
= 20
IMPERIAL MEASURE.
gallon. pints. fluid oz fluid drms,
1 = 8 = 160 = 1280
1 = 20 = lﬁg
allon = 70 000 gralns of water at 16°°7 C.
uid ounce = int = 487° » -
u lon = 277 280 cubic inehoe
1 uid ounce = »

1177. FRENCH WEIGHTS AND MEASURES,

MEASURES OF LENGTH. ENGLISH.
[ metie, inches. imile furlong yards feet. Inches
Millimetre = 0001 = 0 08937 =I . . . . 0 03937
Ceutimetre = 001 = 0 39371 =1 . . Y . 39371
Decimetre = 01 = 8398708 =; . . . . 89371
Metre = 10 = 89 37079 =| ., . . 3 3311
Decametre = 100 = 893 70790 =| . . 10 2 97
Hectometre= 1000 =| 893707900 = . . 109 1 1
Kilometre = 10000 =| 8937@ 79000 =| . 4 213 4 102
Myriometre =! 100000 = 89'87 90000 = 6 1 166 0 6
Yinch 800254 metre=2 5399 centimetres.
Tloot  =03048 ,,
18q. inch =6:4514 sq. centimetres.
MEASURES QF CAPACITY.
1 litre=1 cubic decimetre.
(Milltttre, litre. cubio inches. pints.
or .
‘{Cublc centimetre(c ¢ ) ) 0001 | = 006103 | = 000176
Centilitre = 001 = 061027 = 001761
Decilitre = 01 = 6-1027 = 017608
Litre = 1-0 = 61 027 = 1-76077
Decalitre = 100 = 61027 = 17°60778
Hectolitre = 100 0 = 61027 = 17607734
Kilolitre = 1000 0 = 610270 = 176077341
Myriolitre = 100000 = 610270 0 = 17607°78414
1 cubic inch = 0°01689 litre,
1 cubic foot = 2881631 litres.
1 gallon = 464386 ,,
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MEASURES OF WEIGHT,
1 gram=the weight of 1 cubic centimetre (c.c.) of water at 4° C.

ms. i grains. Avoirdupois.
Mill, = 0°001 = 0°01543
Centigram = 001 = 0 15432
Decigram = 01 = 1 54823
Gram = 10 = 1648285 1bs. 0z. drms.
Decagram = 100 = 16482849 = 0 0 65866
Hec = 1000 = 164823488 = 038 85
Kilogram = 10000 = 1543234880 = 28 &
Myriogram = 10000 0 = 15482348800 =21 8

in 0 0649 gram.

ma

1
1 oz. (Troy) 1085 grama,

11b, (Avou-dupois) = 453‘598 ”

Note —In, curtailing the word from gramme to gram, the nsk of mistaking

gram for mi;mm or wvwe versd must he guarded against, as such a mistake
would lead to very serious error
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Entry in note-book, rules for . . . . . 110

Entry of results, examples of . . . . llO 330, 432
Epsomite . . . . . .

Equation, chemical . . . . . . . 108

Ethene, preparation and tests . . . . . .52, 56

Ether, reactions and solubihty of . . . . 288,424
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Magnesite . . . . . . 497
Magnesmm, detection in analysns . . 304, 311, 352, 376
” minerals . . . . . . . 497

.. .12

reactions of . .-
. . . . . 408

Malschite . . . . .
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