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PREFACE TO THE EIGHTH EDITION

THE first edition of Church’s Laboratory Guide “was
published in 1864; it consisted mainly of directions
for the quantitative analysis of Agricultural products
drawn up by Mr Warington. In subsequent editions
the scope of the work was enlarged by the Author, so
as to include a complete course of laboratory practice
for Agricultural Students.

The present edition has retained the form and
general arrangement of its predecessors. Thus it is
divided into three parts:—

Part L comprises a series of elementary lessons on
Manipulation and Simple Analysis, drawn from familiar
or important materials with which every one should be
acquainted.

Part II. deals with Qualitative Analysis, omitting,
however, the rare elements and nearly all those which
are not of importance from an agricultural point of
view. By this many of the analytical processes are able
to be 51mphﬁed

Part III.is concerned with the Quantitative Analy51s
of those substances, produced on the farm or used on
the farm, which are likely to engage the attention of the
agricultural gnalyst —Ze., soils, manures, farm crops,
cattle foods, (}airy produce, waters, bread, etc.

The Laboratory Guide was intended primarily for
vil
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use in the Royal Agricultural College; but it has
rendered a much wider service in extending the study
of practical chemistry in relation to agriculture. This
is shown by the fact that the work has been adopted
not only in agricultural colleges in Great Britain, but
also in Australia, India, Italy, and Japan. It reached
its seventh edition in 1894.

The present edition has been carefully revised and
largely rewritten.

In Part I. some new lessons, dealing with manures
and with dairy products, have been introduced, and
some less directly connected with agriculture omitted.

In Part II. some simplifications have been made
and a general scheme for the examination for bases
introduced.

In Part 111, Quantitative Analysis, some of the older
and less trustworthy methods have been taken out
and improved methods introduced. Modifications of
Kjeldahl’s method for the estimation of combined
nitrogen in agricultural materials or products have
quite superseded the soda-lime and other methods.
The metric system of weights and measures is used
to the exclusion of the more cumbersome English
systems.

It is hoped that the Laboratory Guide will continue
its career of usefulness in Agricultural Schools and
Colleges and to Students of Agricultural Chemistry,
and also prove of use to Public Analysts, County
Analysts, and others whose work requires the analysis
of agricultural materials and products.

After a long experience in teaching Agricultural
Students, both in Japan and this country, with the aid
of the Laboratory Guide, 1 am indebted to Professor
A. H. Church (now Sir Arthur H. Church) for asking me
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to undertake the revision of the work for a new edition,
and for handing to me his rights in the book. I am
specially grateful to Mr Cecil C. Duncan, Public Analyst
for Worcestershire, formerly my chief assistant at the
Royal Agricultural College, for help in the work of
revision ; and to Dr Bernard Dyer, Mr W. F. Lowe, and
other friends for suggestions.

Many new figures of apparatus have been intro-
duced ; for the loan of the blocks of some of these, we
are indebted to Messrs Baird & Tatlock, London.

EDWARD KINCH.

ROYAL AGRICULTURAL COLLEGE,
CIRENCESTER, Oclober 1§06.

PREFACE TO THE NINTH EDITION

I AM fortunate, in preparing a new edition of the
Laboratory Guide, in having the advice and assistancc
of the friends named above; also, Mr M. Kershaw,
my chief assistant here, has drawn a few new figures for
the book.

The methods of analysis under the Fertilisers and
Fceding Stuffs Regulations (1908) of the Board of
Agriculture and Fisheries [under the provisions of the
Fertilisers and Feeding Stuffs Act, 1906] are introduced ;
also Polenské&s method for the determination of coco-nut
fat in butter, and a few other improved methods of

analysis.
EDWARD KINCH.

ROYAL AGRICULTURAL COLLEGE,
CIRENCESTER, Oclober 1911,
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THE LABORATORY GUIDE

INTRODUCTION

CHEMISTRY is essentially a science of experiment. The
Laboratory is as important as the Lecture-room. It is
not sufficient to have an experiment described, nor even
to sec it performed ; the student must repeat it for
himself. And he must apprehend all the conditions of
the experiment and the laws which it illustrates. Thus
only can the science be thoroughly learnt so as to be
of real service in practical life ; thus only can be fully
realised its beneficial cffects in training the mind to
accurate observation and close reasoning. Besides
these chief advantages of practical chemical work others
may be mentioned. For instance, actual repetitions of
leading experiments give sharpness and precision to the
memory ; and, at the same time, the unexpected results,
and even the mishaps that attend I.aboratory practice,
afford a certain amount of play to ingenuity in contriving
new arrangements of apparatus and new conditions of
experiment. In this way it has happened that the
stimulus to ogiginal endeavour which accidents give
has resulted in¥iscoveries of great scientific or economic
importance.

But just as lectures may become too theoretical, so
A
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Laboratory work may become too practical. The
student in the Laboratory must never forget that the
experiment is the means, not the end.  An experiment
rightly tried is a qucstion properly put to nature ; and
though its results may be striking or beautiful, it is to
their meaning or interpretation that we look. Merely to
make a coloured precipitate or a flash of bright flame
is not the end of experimenting, but to identify facts by
means of phenomena is. We read in our text-books
that sulphuric acid dissolves zinc and gives off a light
and combustible gas; but it is not till we have watched
the bubbles rise from the mixture, collected them, burnt
them, and otherwise tested them, that we realise
the properties and relations of zinc and acid and
hydrogen. But our books tell us something more about
this experiment. We not only have to learn /ow to
make it, and the gualitzes of the materials taken and
of those formed, but we sece that we have to do with
quantitiecs. We lcarn that 65 parts by weight of zinc
will dislodge only 2 parts by weight of the gas hydrogen,
yet that these 2 parts by weight of gas will occupy
more than 2300 times the bulk of the solid zinc used.
These considerations enable us to divide the work of
practical chemistry into three sections :—

I. Manipulation, which includes the management of
apparatus and tests.

2. Qualitative Analysis, by which the constituents of
substances are separated and identified by appropriate
methods.

3. Quantitative Analysis, by which the quantities of
the several constituents of the substance examined are
ascertained, either by weighing or meastring.

These sections are found in practice not to be
absolutely distinct ; indeed, the study of the first of
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them, Manipulation, involves both Qualitative and
Quantitative work, while the third necessarily includes
the other two. But it is, after all, not only usual, but
very convenient, to divide Laboratory practice into
these sections, and the plan has accordingly been
adopted in the pages which follow.

For whatever occupation in life a student may be
destined, the foundations of his chemical knowledge
must be laid in the same way. Yet there is a mode,
and a perfectly legitimatc one, of giving a special
character even to carly scientific instruction. In a
medical school the more elaborate illustrations of
chemical facts, both in lecture and lesson, may be
selected mainly from substances with which the physician
or surgeon is more immediately concerned, and thus a
medical Jzas be given to the whole course. The great
facts concerning the elements and thcir combinations
would be duly explained in all cases; but while a
subject should be illustrated by potassium iodide or
magnesium sulphate when addressing medical students,
potassium chloride or calcium phosphate should be
specially dwelt upon in the case of agricultural students.
The latter, too, would have the laws of diffusion illus-
trated to him by the processes which go on in the soil
and in the plant; the medical student, on the other
hand, would study the same laws as they work in the
liquids and gases concerned in the functions of the
human body. The agricultural student would devote
particular attention to those compounds of nitrogen
which are used as manure, while the medical student
would make the acquaintance of those which are of
importance in the treatment of disease. Both students
follow the fortunes of nitrogen till it appears as ammonia,
then the former combines it with sulphuric acid, the
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latter with citric. Both will study analysis; one to
detect and cstimate phosphoric acid, and the other
arsenic. But as the whole of the present volume affords
an illustration of this method as applied to agricultural
teaching, it is unnccessary further to explain it here.

The student using this Guide will do so with the
greatest effect if, while he is going through the experi-
ments on Manipulation described in Part I, he will
attend a course of lectures on Inorganic Chemistry,
and study the corresponding chapters of a text-book of
Chemistry. The lessons on Manipulation may then be
readily mastered by two or threc hours’ practice in the
Laboratory each week during a period of four months;
an additional hour or so each weck will be requisite for
posting up the *“ Laboratory Book” with the results of
the practical work. This time is exclusive of that which
lectures require. This Guide can be used without the
personal help of a teacher; but the progress of the
student will then be less sure and rapid, especially
where, as in the processes of analysis, the operations
described are very delicate or complicated.

When the student has prepared and examined the-
common gases, hydrogen, oxygen, nitrogen, carbon
dioxide, sulphur dioxide, ctc, and has studied, by
actual practice on suitable (often agricultural) examples
the processes of solution, evaporation, distillation, pre-
cipitation, filtration, decantation, crystallization, drying,
ignition, and weighing, he must next acquire an exact
acquaintance with the various substances with which
the analyst is concerned. More than this, he must
become familiar with the tests and reagents employed
either to separate or discriminate the sevétral constituents
of any ordinary solid or liquid material which may be
submitted to analysis, By the use of these tests or
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reagents different effects ensue: gases are evolved,
precipitates are formed, or colours are produced; from
these phenomena definite inferences are drawn as to the
nature of the substance or substances present. These
reagents do not, except in a few instances, separate a
body in the elementary or uncombined state, but in
some characteristic and casily identified form of com-
bination. As, however, the simple element is occasion-
ally climinated in the free state, a list of the most
salient propertics of each important element is given
further on: a reference to this list will enable the
experimenter to identify any particular element.

When the student has become familiar with the
behaviour of each mectallic or basic, and of each acid
constituent, when acted upon by the rcagents in use,
he proceeds to the systematic part of Qualitative
Analysis. This, the mecthod of analysis, consists of
the application, in a fixed order, of certain tests. But
the schemes which have to be here followed are often
modified to suit the particular state and nature of the
material to be analysed.

When the schemes are mastered, and the student
has successfully analysed the various simple and com-
plex substances that have been sclectecd as examples,
he commences the study of the third part of this work,
which is devoted to Quantitative Analysis. This section
of the Guide commences with minute directions for the
estimation of potassium, nitrogen, and other important
constituents of foods, soils, and manures, and it then
gives numerous examples for the practice of Quantitative
Analysis. All these examples are drawn from the-
produce of the farm, or from those materials which
are of the highest importance to the agriculturist.



PART 1

CHEMICAL MANIPULATION

THE lessons which follow have been so devised as to
illustrate and confirm some of the chief truths learnt
during the course of lectures on Inorganic or Mineral
Chemistry, which they are intended to accompany.
The usual introductory lectures of such a course will
refer to Chemical Physics. The corresponding lessons
are devoted to Solution, Crystallization, Sublimation,
and so forth. Next in order, both at lecture and in
lesson, come hydrogen, oxygen, and other important
non-metals and their compounds; afterwards the chief
metals. Here and there throughout the series it will be
well to introduce one of the special agricultural lessons,
in order to connect, even in the early stages of instruc-
tion, chemical science with the commonest and most
familiar materials of life on the farm.

~ To show the mode of carrying on a class of practical
chemistry in the most effective way, a few words of
general description are necessary. The lesson having
been selected, the teacher will suspend in some con-
spicuous place in the Laboratory a diagrdm embodying
the chief operations to be performed. He will read this,
commenting upon it as he reads, and illustrating
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apparatus and methods by sketches on the blackboard,
and in many cases by going through the experiment, or
making the apparatus to be employed, before the class.
This done, the class is told what materials and apparatus
will be required. Part of this will belong to the
student’s set, part will be found on the shelves abovc
his bench, and part will be specially provided for the
use of the class, according to the demands of each
lesson. Work may now be commenced.

The student should bear in mind the great im-
portance of (1) cleanliness, (2) order, (3) quietness, (4)
exactness.

All apparatus must be made clean before being used,
and must be kept clean. A test-tube washed out three
times with a little water is really cleaner than if washed
once with much. When work is over, put the apparatus
away, dry as well as clean. Pour away all residues,
unless the contrary be specially directed at the time of
the lesson; clean up all messes.

As to order, never have anything on the bench
which is not required, but never omit anything that is.
Arrange your apparatus so as to be most convenient
for work, so as not to prevent you getting reagents
from the shelves, and so as not to be liable to be
upset.

Hurry and noise prevent the successful performance
of experiments. Give every experiment time. If you
are told to let a liquid cool, give it time to do so. If
you are told to heat a substance till it becomes dry,
give it time to get so.

By exactness we mean the use of the right materials
in the right way, If you are directed to warm a liquid,
don’t boil it. If you are directed to add five drops of
some test, don’t let an uncounted number tumble irto
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your test-tube: economy is not only better, it is more
successful, than waste. Be careful to see that you add
the right test: don’t usc ferrocyanide for ferricyanide,
nor sulphate for sulphite. If you are directed to use
strong sulphuric acid in any experiment, do not spill it
about, nor mix it suddenly with any liquid, and above
all, never allow it to come in contact with hot water, or,
if it be itself hot, with hot or cold water.

But cleanliness, order, quictness, and exactness will
be of small avail unless the student accurately observe
the result of each experiment, grasp its meaning, and
make a full record of all his work. Rough notes should
be taken in the laboratory, to be afterwards copied
into a book. In making and transferring such notes,
remember that the actual results of your own experi-
ments, not the directions given you for carrying them
out, are of the first importance. See that you under-
stand the reason of each step taken, of each addition
made, and of each change effected: write out the
chemical equations for such changes. Be careful to
spell chemical words exactly as given in the lessons and
on the labels of the laboratory. The names of chemical
substances and processes have been formed (sometimes
awkwardly enough) chiefly from Latin and Greek
words; and their derivations as well as meanings are
obscured or lost when through inattention a letter is
omitted or altered. For instance, never spell chlorine
without an %, nor analyse with a s Also, do not call
calcium carbonate, lime; nor aluminium silicate,
alumina.

Seeing now what we have to do, and how to do it,
we may begin work. Each of the following lessons will
require from one to two hours for its successful com-
plétion,
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Each working bench must be provided with a
Bunsen gas burner (Fig. 1) or similar suitable heating

-

Iie 1.

apparatus, Failing a gas supply, ncarly all experiments
requiring heat can be performed with the aid of a good
spirit-lamp (Fig. 2) or oil lamp.

LESSON 1
SOLUTION AND FILTRATION

Apparatus required -—Retort-stand ; funnel ; filter-papers ; two
porcelain basins ; two beakers ; wash-hottle ; scales and weights ;
litmus paper ; glass rod

Ordinary reagent.—Dilute hydrochloric acid (HCl).

Special malerials.—A mixture, in known proportions, of sand
and salt, to be labelled A ; a mixture, in known proportions, of
sand and chalk, labelled B ; a feather.

1. Weigh eout 10 grams of a mixture (A) of sand
and salt. Place the weighed substance on a filter-paper
fitted in a funnel, and pour water gently into the funnel.
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The filter-paper used above is folded first into halves
along the line @, , then into quarters from the centre
| to b, 6. It is opened parti-
ally when in the funnel, so
as to bring « and a together
and to leave 4 and & simi-
larly placed. When the
liquid that drops from the
funncl (called the filtrate)
no longer tastes salt,
Fic. 3. syringe out cvery particle
of the sand, which alone
rcmains on the filter, into a basin : this washing out the
residue on the filter is easily done by the wash-bottle jet
being allowed to play upon it, the funnel being held
upside down over the basin.  Pour off the watcr, leaving
the sand in the basin. Turn the basin about so that the
wet sand forms a thin layer all
over it; then hecat it cautiously
over a Bunsen burner, with con-
tinual stirring to avoid spirting,
until the sand is dry; sweep it,
when cold, with a feather into one
of the pans of the scales, and weigh
it. Its weight, multiplied by 10,
gives you the percentage of sand
in the original mixture.
2. Weigh out 10 grams of a =S -
mixture (B) of sand and chalk. Fic. 4.
Place the weighed substance in a
beaker, and pour upon it a little hydrochloric acid :
shake the mixture. Continue to add hyd‘rochlorlc acid,
drop by drop, till all frothing (due to the escape of
carbon dioxide, CO,) ceases; shake the mixture from
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time to time. Add water to the residue that has not
dissolved, and gently decant it off again. This pouring
on and off of water is to be repeated until the last
washing is free from acid, which is found out by the
use of blue litmus paper. Care must be taken not to
lose any of the sand. The sand should now be syringed,
as before described, into a porcelain basin, dried, and
weighed as in experiment 1.

The student learns by this lesson that substances differ in
solubility, some being soluble in water, some in acids, some
insoluble in both. He also learns that a filter separates solid
particles from liquids.

The only c/kemical change in these experiments occurs during
the solution of the chalk in the hydrochloric acid. It is repre-
sented thus :—

CaCO, + 2HCI = H,0 + CaCl, + CO,
Chalk, msoluble  IHydrochloric Water. Calcium chloride, Carbon di-
in water, acid, dissolved 1 the oxide, goes
water, ofl ay gas.

LESSON 11
CRYSTALLIZATION

Apparatus required.—Furnace-support ; wire gauze; retort-
stand; wash-bottle; two porcelain basins; two porcelain
crucibles ; triangle ; test-tubes ; scales and weights; filter-papers.

Special materials.—Solutions of copper sulphate, sodium
sulphate, calcium chloride, and sodium chloride ; piece of wire.

1. Evaporate 4 of a test-tube full of a solution of
copper sulphate over the lamp in a porcclam basin
until the cryst3s which form round the margin of the
solution cease to dissolve when pushed into it: set it
aside to cool,
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2, Add 30 drops of sodium sulphate solution to a
test-tube about { full of calcium chloride solution. The
white substance which gradually separates from the
mixture will be found to be made up of small crystals,
which can be seen with a pocket lens. These crystals
are calcium sulphate (=gypsum, CaSO,, 2H,0).

3. Weigh out in a crucible of known weight 2 grams
of crystals of copper sulphate (CuSO,, 5H,0). The
crystals must first be pressed between filter-papers, and
then lightly powdered in a mortar before weighing.
Heat the weighed salt and stir it with a wire; ¢ontinue
to heat it until its blue colour has changed to white,
If too strongly heated the salt will become darker in
colour. When the crucible is cold, weigh it again. The
difference in weight will be the water of crystallization
lost by the salt. Calculate the percentage of water of
crystallization.

4. A solution of sodium chloride, when evaporated
as in experiment 1 above, will deposit on cooling
crystals (NaCl), which contain no combined water.
Collect and dry some of these crystals between filter-
paper. Weigh out 2 grams and heat gently, in a
crucible, over a gas flame. Cool and weigh.

Crystals are regular geometrically-shaped solids, naturally
formed. Their faces and angles are symmetrically arranged in
regard to certain axes.

Look at and closely observe crystals of common salt, fluor-spar,
alum, nitre, and Epsom salts.
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LESSON II1

SUBLIMATION

Apparatus  required. — Retort-stand ; tiiangle ; porcelain
crucible ; scales and weights ; test-tubes and stand.

Special materials.—lodine ; pure ammonium chloride ; adul-
terated ammonium sulphate,

1. Into a dry test-tube drop a crystal of iodine and
gently hecat it. Purplish-violet vapours will be pro-
duced which will condense on the cooler parts of the
tube into small crystals of iodine. This physical
change of a solid into a gas, followed by the re-formation
of the original solid, is unaccompanied by any chemical
change: it is called “ sublimation.”

2. Take 1 gram of ammonium chloride (NH,CI),
place it in a porcelain crucible which has been counter-
poised, or the weight of which has been ascertained,
and then heat it over the Bunsen burner till no more
fumes are given off. This should be done in a fume
cupboard. When the crucible is cold weigh it again.
The salt, if pure, will have left no residue, having
been entirely sublimed. A cold surface, say a test-
tube, placed in the fumes will be covered with
minute crystals of sublimed and condensed ammonium
chloride.

3. Take 1 gram of adulterated ammonium sulphate
and heat it exactly as above. The materials used to
adulterate this valuable salt are generally non-volatile,
and will be left behind. The amount of adulteration
will be learnt by finding what weights have to be
added to the ccunterpoise in order that it may balance
the crucible and the non-volatile residue in it. The
student must, however, remember that many substances
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used as adulterations are volatile. Vegetable and
animal substances and water itself are amongst these,
and must be looked for in making an analysis of any
ammonia salt used as manure.

LESSON 1V
SPECIFIC GRAVITY

Apparalus required.—Scales and weights; a large beaker
nearly full of water.

Special materials.—Pieces of brass, glass, apatite, aluminium,
and iron ; thread ; and a silver coin.

I. Tie a piece of iron by means of a thread so that
it shall hang about 3 inches below one pan of the
scales. Place weights in the other
pan to counterpoise the iron,
noting the number of grams re-
quired. Now lower the beam of
the scales until the piece of iron
is wholly immersed in water con-
tained in a bcaker, taking care
that the iron does not touch the
sides or bottom, and removing
any air-bubbles that may adhere
to it by means of a small brush.
Remove weights from the pan till
those left again balance the iron,
Subtract the second weight from
the first; the difference is the
weight of the volume of water

Fia. . displaced by the iron—that is, the
weight of an equal volume of water. To find the specific
gravity of the iron, water bcing taken as unity, divide
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the weight in air by the above difference, the quotient
will be the required specific gravity.

The following is an example of the working of this
problem :—

Weight in air of a piece of glass . 1095 grams.
Weight in water of the same . . G52,
Difference . . . . . . 443

This difference, 4-43 grams, rcpresents, then, the
weight of the volume of water displaced by the
immersion of the glass—that is, the weight of an equal
volume of water. Divide the weight of the glass in air
by this difference; and the dividend will express how
many times the weight of the volume of glass contains
the weight of an equal volume of water.

%%5- = 2-47, spec. grav. of glass.

Or we may express the same facts in another form.
We may say that the weights of cqual volumes of
water and glass are in the ratio of 4-43 to 1095 ; and
then, assuming the specific gravity of water to be 1, we
have the following proportion :—

443 : 1 = 1045 : x
. p— — .
Weight of water dis- Spec. grav. Weight of Spec. grav.
placed by glass. of water. glass. of glass.
I X IO
xr = __.9_5 = 247
443

2. The same experiment may be tried with a piece
of brass, and,

3, with a piece of glass; 4, with a silver coin;
5, with a crystal of apatite; 6, with a picce of
aluminium. °

The specific gravity of a body is the ratio of the weight of
any volume of that body to the weight of an equal volume of water..
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It is expressed by a number which shows how many times the
weight of any volume of the body contains the weight of an equal
volume of water. Z.g., a cubic foot of lead weighs 11,400 ounces ;
a cubic foot of water weighs 1000 ounces ; therefore the specific
gravity of lead is 11-4.

The following proposition expresses the principle involved in
the method of taking specific gravities ahove described. Every
body immersed in a liquid is subjected to an upward vertical
pressure, equal to the weight of the liquid displaced, and applied
at its centre of gravity ; or, the weight of a body immersed in a
liquid is diminished by a weight cqual to the upward pressure.
Strictly, we should take into account the weight of the air dis-
placed by the body when weighed in the usual manner ; but this
correction may generally be neglected ; the temperature of the
water and of the body weighed is of more importance. We have
considered no case but that of solid bodies heavier than water,
and not dissolved or chemically affected by that liquid.

LESSON V
WASIIING BY DECANTATION

Apparatus required —Wash-bottle; pestle and mortar;
beakers ; scales and weights ; porcelain basin ; furnace-support
and wire gauze ; glass rod.

Special materials.—Dried soil, or mixture of sand and clay ;
guano adulterated with sand ; feather.

1. Take 10 grams of a dried soil containing clay
and sand, put them into the mortar and add a little
water. Stir the mixture without grinding it, add more
water, and, after a minute’s rest, pour off the turbid
liquid (along a glass rod applied to the lip of the
mortar) into a beaker ; take care that none of the sandy
sediment is poured off as well. Continue to wash the
soil in this manner until the water that fows away is no
longer turbid. Gently crush any remaining lumps in
the mortar, and pour more water into it. If this water
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remains clear, the sand must now be syringed into a
porcelain basin, dried cautiously over the lamp, and,
when cold, brushed into one of the scale-pans and
weighed. It is well to examine the
sediment from the wash-waters in the
beaker, and if any sandy grains be
seen in it, they must be rinsed out
with water, and added to the main bulk
of sand in the basin before drying it.
Calculate the percentages of sand and
of clay.

2. Take 10 grams of adulterated
guano and treat them exactly as
directed above, the treatment being
continued till the residual sand is uniform in appear-
ance; any white or brown lumps that remain are to be
pressed with the pestle, but not violently ground up,
and then the washing is to be continued: the heavy
granular residue which remains, if entirely freed from
guano, will not be altered by heat. Calculate the per-
centage of sand.

G o,

LESSON VI
PREPARATION OF HYDROGEN

Apparatus required.—Flask or bottle ; small funnel ; mortar §
wash-bottle; test-tubes; indiarubber tubing; rat-tail file;
beaker.

Ordinary reagent—Sulphuric acid (dilute).

Special materials and fests—Granulated zinc; 3 pieces of
quill tube, each about 6 inches long ; cork; wide tube, open at
both ends ; splintsyof wood.

L]
1. A cork is to be fitted to the flask or bottle chosen
for the experiment. Two holes are to be bored in this
B



18 CHEMICAL MANIPULATION

cork. Into one of these holes a straight tube is to be
inserted, so as ncarly to touch the bottom of the flask:
into the other hole an elbow-tube (bent once at right
angles) is to be placed, the whole fitting quite air-tight.
To the upper end of the straight tube previously
mentioned, a funnel is to be joined by means of a piece
of vulcanized indiarubber tubing. Similarly, to the
elbow-tube, a second elbow-tube, bent into a shape
somewhat like the letter /, is to be joined. A thistle-
head funnel may be used instead of
the funnel and tube above described.

2. Put a little granulated zinc
into the flask, insert the cork with
its tubes, then add a little sulphuric
acid through the funnel. When the
gas has been given off for a few
minutes, collect some of it in a test-
tube filled with water, and standing,
inverted, over the end of the delivery-
tube, which must be just under the
water cof the pneumatic trough (a
basin of water or the mortar will
answer). When the test-tube is full of gas, remove it
from the water, closing its mouth with the thumb and
applying a light to its contents. Collect two or thrce
‘tubes of gas thus, till it is found to burn with a pale
flame and without explosion : great attention should be
paid to this point, as, if any air remains in the flask, the
mixture of air and hydrogen is sure to explode when a
light is applied in experiment 3. Observe that a lighted
splint of wood, though it sets fire to the gas, is itself
extinguished.

3. Remove the delivery-tube, and put another clbow-
tube, terminating in a jet, in its place. Wrap the flask

Fic. 7.
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round with a cloth, pour in a little more acid, light the
jet of gas, and hold a dry beaker over the flame ; observe
the formation of dew. If a good-sized tube, a few feet
long and open at both ends, be lowered over the flame,
a musical note may be produced.

When zinc and sulphuric acid react, the following is the final
change which occurs :(—

Zn + H,S0, = H, + 7ZnSO,

When hydrogen burns in air, two volumes of hydrogen unite

with one of oxygen ; thus—
H, + O = H,0.

2 vols. 1 vol. Water.

As 100 mcasures of air contain about 21 measures of oxygen,
they will furnish enough oxygen to combine with twice that
number, or 42 measures of hydrogen.

LESSON VII
PREPARATION OF OXYGEN

Apparatus required.—Scales and weights ; retort-stand with
clamps ; test-tubes and stand ; rat-tail file ; mortar ; litmus paper ;
wash-bottle ; large beaker half full of water,

Special materials.—1 foot of quill tubing; corks; splint of
wood ; red phosphorus ; sulphur ; a blue or purple flower ; oxygen
mixture ;! piece of iron wire with a loop at onc end.

1. Select a stout, short, and dry test-tube. Knead a
suitable cork between the fingers till it becomes soft and
elastic. Perforate the cork very carefully with the rat-
tail file, so that a piece of glass tube may be tightly
inserted into the hole. This tube is to be bent, in the
most luminous®part of the flame of a batswing burner,

1 The oxygen mixture is made of potassium chlorate in powder
mixed into one-fourth its weight of manganese dioxide.
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in two places. One bend should be made downwards,
about 1} inch from one end of the tube; the other
bend should be upwards, as near the other end of the
tube as possible. The downward bend should then be
passed through the cork; from the opening at the
extremity of the other bend the gas will issue and be

collected. Now weigh out 3 grams of the oxygen
mixture, chiefly potassium chlorate, introduce them into
the test-tube, insert the cork and bent delivery-tube,
and fix the apparatus with a clamp on the retort-stand.
Have ready a beaker half full of water ; also 4 test-tubes
perfectly full and placed close at hand «n the test-tube
stand. On applying a gentle heat, oxygen gas will be
given off. The end of the delivery-tube should dip
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under some water contained in the mortar. Allowa few
bubbles of gas to escape, and then adjust, over the
opening of the delivery-tube, an inverted test-tube full
of water till the gas has displaced its contents. Fill
the other test-tubes in the same way. llach test-tube
as it becomes full of gas should be removed (with its
mouth downwards, and closed, during removal, by
the thumb) to the beaker half full of water previously
mentioned.

2. Light a splint of wood, blow out the flame, and
insert the glowing end into one of the test-tubes of
oxygen.

3. Light a little red phosphorus, placed on a loop of
iron wire, and quickly introduce it in a test-tube of
oxygen. When the combustion is over, pour a little
water into the tube, and then drop in a slip of blue
litmus paper.

4. Light a bit of roll sulphur on an iron wirc and
introduce it into oxygen. When the combustion is over,
pour a little water into the tube, then drop in a blue
flower and warm gently.

5. Fix a small fragment of charcoal to the end of a
piece of iron wire, heat it in the flame of the spirit-lamp,
then introduce it into a test-tube of oxygen gas. With-
draw the wire when the combustion is over, and test
the gas in the test-tube for carbon dioxide by pouring
in a little lime-water and shaking.

In the foregoing method of preparing oxygen, the final result of
the reaction which occurs may be expressed thus :—

2KClO; = 2KCI + 30,
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LESSON VIII
PREPARATION OF SULPIIUR DIOXIDE

Apparatus required.—Retort-stand ; test-tubes ; wire gauze.

Ordinary reagent.-—Yerric chloride (Fe,Cly).

Special malerials and fests.—Perforated cork ; piece of quill
tube, about Io inches long; strong sulphuric acid; charcoal;
hydrosulphuric acid (H,S) ; potassium ferricyanide ; blue flower ;
blue litmus paper ; chromic acid solution,

1. Iit a short, stout test-tube with a perforated cork,
as in Lesson VIIL.: the declivery-tube used in the
preparation of oxygen may be cmployed, if its smaller
clbow-bend be removed by means of a stroke or two
with the triangular file. Introduce into the selected
test-tube a few fragments of charcoal and enough strong
sulphuric acid to half cover them; fit in the cork and
delivery-tube, and gently heat the mixture. Conduct
the evolved gas into a flask one-third full of distilled
water. Shake the flask occasionally; and when the
water in it smells strongly of sulphur dioxide, remove
the flask and pour its contents into five test-tubes.

2. Into one test-tube put a piece of blue litmus

paper.
3. Into another test-tube put a blue flower and

apply heat.

4. Into another test-tube pour a little solution of
hydrosulphuric acid. The following change (with
others) occurs :—

SO, + 2H,S = S; + 2H,0
Precipitate.

5. Into another test-tube pour 5 dropg'of chromic acid
solution ; note the change of colour due to reduction.

6. To another test-tube add 1 drop of ferric
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chloride (note the darkening of the colour), boil (note
the disappearance of the colour). The ferric chloride
has been reduced by the SO, to ferrous chloride, and
will now give a rich blue precipitate (Turnbull’s blue)
with potassium ferricyanide.

7. In order to show what reaction ensues when
ferric chloride (without SO,) and potassium ferricyanide
are mixed, add to } a test-tubc of distilled water,
2 or 3 drops of ferric chloride and 5 drops of potassium
ferricyanide ; instead of a decp blue precipitate, a clear
green colour only will be produced.

When charcoal and sulphuric acid are heated together, the

following change occurs :—
C + 21,50, = CO, + 2H,0 + 250,
Carbon dioxide. Bulphar dioxide.

But as water dissolves 44 times as much of sulphur dioxide as
of carbon dioxide, and as the latter gas does not interfere with
the expecriments above given, our solution may be regarded as
one of SO, only. Sulphites, when treated with dilute sulphuric
acid, give off SO, Mercury or copper heated with H,SO, gives
off pure SO,.

LESSON IX
PREPARATION OF AMMONIA

Apparalus required.—Retort-stand ; wire gauze; scales and
weights ; wash-bottle ; 3 narrow test-tubes; 1 stout test-tube;
perforated cork ; mortar full of water ; slips of turmeric paper and
of reddened litmus paper ; glass rod.

Special materials and fests—Ammonium chloride (NH,Cl);
slaked lime (CaH,0,) ; strong hydrochloric acid ; 8-inch piece of
quill tubing.

1. Fit a dr¥ test-tube with a perforated cork and
straight quill tube 6 or 8 inches long. Weigh out 1.5
gram of ammonium chloride and 3 grams of slaked
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lime (=calcium hydrate, CaH,0,); mix these materials
on a piece of paper, and introduce them into the tube.
When the mixture is heated, ammonia gas (NHj) will
be evolved; it is to be collected in &7y narrow test-
tubes, which are to be successively placed (mouth down-
wards, as NH, is lighter than air) over the quill tube, so
that the open upper end of the quill tube may nearly
touch the inside of the rounded end of the test-tube.  :

2. Drop a piece of turmeric paper, and also a piece
of reddened litmus paper, into a tubc of the gas.

3. Remove a tube of the gas, tightly closed with the
thumb, to the mortar full of water; remove the thumb
while the mouth of the test-tube is immersed, and
observe the absorption of the gas by the water. I
volume of water at 15° C, dissolves 783 volumes of
ammonia.

4. Into a tube of the gas introduce a rod, moistened
with strong hydrochloric acid; observe the white fumes
of ammonium chloride (NH,CI) formed.

The reaction by which ammonia is separated in the foregoing
process is thus expressed :—

2NH,Cl + CaH,0, = 2NH; + CaCl, + 2H,0.

LESSON X
PREPARATION OF CARBON DIOXIDE

Apparatus required.—2 flasks ; test-tubes ; litmus paper.

Ordinary reagents.-~Hydrochloric acid ; lime-water.

Special materials and tests.—Perforated cork, tube bent twice
at right angles ; marble or limestone in fragments ; quill tube 6
inches long ; splint of wood.

I. F‘it a flask with a perforated cork, and a tube
bent twice at right angles, one of the bends being about
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I inch from one end of the tube, and the other about 4
inches from the opposite end. Gently slip into the flask
a few pieces of limestone or marble (CaCO,), and pour
upon them dilute hydrochloric acid. The gas evolved is
CO,, or carbon dioxide: its separation is represented by
the equation CaCO4+2HCl=CaCl,+H,04CO,. The
gas, being heavier than air, is collected by downward
displacement in dry test-tubes, the mouths of which are
directed upwards.

2. lnto a test-tubc of the gas drop a piecc of wet
blug litmus paper.

3. Into a test-tube of the gas lower a lighted splint
of wood.

4. To a tube of the gas add somc lime-water
(CaH,0,) and a little distilled water; then allow the
gas to bubble into the mixturc for some minutes;
observe whether the precipitate first formed redissolves,

CaCO, + CO, + H,O0 = CaH,2CO,
Calcium carbonate, Carbon Water. Caleium bicarbonate,
msoluble. dioxide. soluble.

Divide the clear solution into two portions: to one add
some more lime-water, drop by drop;—an abundant
and bulky precipitate separates. This is calcium
carbonate removed from solution in accordance with the
following equation :—

CaH,2CO, + CaH,0, = 2CaCO; + 2H,0

Calcinm bicarbonate. Calcium hydrate Precipitate.
in the lime.water.

This process of softening water is called Clark’s process.
Boil the other part of the solution, when the calcium
carbonate comes down, but in a more compact and less
conspicuous fosm than in the previous experiment,
Hete the precipitation is due to the expulsion of carbon
"dioxide on boiling. CaH,2CO,=CaCO,+ H,0+CO,.



26 CHEMICAL MANIPULATION

The fur on kettles and boilers, produced by boiling
hard water, is formed for the same reason.

5. Examine the air expired from the lungs for
carbon dioxide, by breathing through a tube into a
small flask half-filled with lime-water.

6. Prove that the gas is heavier than air by carefully
pouring it from a test-tube full of the gas into an empty
one, and then testing for its presence in the latter with
lime-water.

LESSON XI
DISTILLATION OF NITRIC ACID

Apparatus required.—Retort and stand ; scales and weights ;
mortar ; wire gauze; flask ; filter-papers ; silver nitrate solution ;
test-tubes ; wash-bottle.

Spectal materials and lests.—Nitre (KNO,); sulphuric acid
diluted with its own bulk of water; concentrated sulphuric acid ;
ferrous sulphate (FeSO,, 7aq.) in crystals; barium nitrate
(Ba2NO,) solution ; solution of indigo ; copper foil,

1. Weigh out 7 grams of potassium nitrate, place
them in a rctort, and add carefully 6o cub. cent. of
moderately strong sulphuric acid; apply heat to the
retort, and collect the nitric acid which distils in a
flask half-immersed in water, and covered over with a
wet filter-paper so as to condense the nitric acid
vapours (sce Iig. 9, p. 30). Reject the first portion of
the distillate. The action which takes place in this
experiment is as follows :— i

KNO, + H,S0, = HNO, + KHSO,
Potassium nitrate. Sulphuric acid. Nitric acild = distillate. Acid potassium
sulphate.

2. When a sufficiency of the acid ha$ been collected,
it should be tested and identified as follows:—
a. To one portion add 2 or 3 drops of silver nitrate
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solution ; if any chlorine be present as an impurity, a
white curdy precipitate of silver chloride will fall.

4. To another portion add 5 drops of barium nitrate
solution ; if any sulphuric acid be present, a finc white
precipitate of barium sulphate will fall.

¢. To another portion add a crystal of ferrous
sulphate; after a minute or two pour in gently 20 drops
of strong sulphuric acid, holding the tube in a slanting
position ; let the mixture rest: a ring of purplish-brown
colour on the sulphuric acid layer shows the presence of
nitric acid (nitric oxide, nitrites, and nitrates produce the
same effect).

d. To a few drops of the acid add concentrated
sulphuric acid and a little solution of indigo, then heat.
Note the change of colour, due to the oxidation of the
blue indigo.

e. Slip a small piece of copper foil into a test-tube
containing a few drops of the distilled acid. Pour the
brown fumes given off into a second test-tube contain-
ing a solution of green vitriol. Note the colour produced.

LESSON XII
DISTILLATION OF ACETIC ACID

Apparatus requived.—Retort and flask ; retort-stand ; mortar ;
funnel ; wash-bottle ; filter-paper; silver nitrate; test-tubes;
scales and weights ; test-papers.

Ordinary reagents.—Barium chloride (BaCly); ammonium
hydrate ; ferric chloride (Fe,Clg).

Special materials and fests—Sodium acetate (NaC,H;0,);
sulphuric acid mixed with an equal bulk of water; pure alcohol
(C,H,0).

1. Weigh out 7 grams of sodium acetate, put them
Carefully into a retort. Pour in with a funnel 60 cub.
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cent. of moderately strong sulphuric acid so as not to
soil the neck of the retort: distil. Reject the first part
of the distillate, and divide that which comes over after-
wards into 3 parts, a, 4, and c.

a. To this part add some barium chloride solution :
should a white precipitate occur, it indicates that the
acid is impure from the presence of sulphuric acid.

b, To this part add a few drops of silver nitrate
solution : should a white cloudiness or a curdy precipitate
form, it shows that the acid is impure from the
presence of hydrochloric acid.

¢. Into the third part put a piece of blue litmus paper.

2. To a few crystals of sodium acetate add a little
concentrated sulphuric acid and a few drops of pure
alcohol ; warm, and notice the apple-like odour of ethyl
acetate evolved,

3. To a small quantity of a solution of sodium
acetatec add 1 or 2 drops of ferric chloride; notice
the deep brownish-red colour due to ferric acetate. If
a few drops of an acid, say dilute hydrochloric acid, be
now added, the colour will disappear.

The recaction in experiment 1 above is thus
expressed :—

2NaC,H,0,+ H,50,=2C,H,0,+ Na,SO,.

LESSON XIII
TESTING OF WATERS

Apparatus required.—Retort -stand; furnace-support and
gauze; porcelain basin; silver nitrate solution; test-tubes;
flask ; retort ; mortar ; wash-bottle.

Ordinary reagents.—Ammonium oxalate; dilute nitric acid ;
dilute hydrochloric acid ; barium chloride ; dilute sulphuric acid.

Spectal materials.—Four samples of water, e.g, rain-water,
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river-water, spring-water, and well-water; potassium perman-
ganate solution containing <395 of a gram per litre; Nessler's
test.

Several of the following experiments (namely, 2, 3, 4, and 5)
are to be tried with three or more samples of water. In each case
it is better to place the same quantity of each of the waters to be
tested in separate vessels, and then to add the test to each
sample at the same time ; thus an idea of the comparative purity
of the several waters is obtained.

1. Evaporate 30 cub. cent. of well- or river-water
just to dryness in a porcelain basin. Note the colour
and other characters of the residue left, as well as of any
deposit which may have occurred during evaporation.
Now heat the residue still more, and observe if it
blackens, or gives off fumes or an offensive smell.

2. To test-tubes half full of each water, add
ammonium oxalate solution; a white precipitate
indicates ZJime.

3. To test-tubes half full of each water, add 20
drops of nitric acid and 5 of silver nitrate solution; a
white precipitate indicates cZlorides.

4. To test-tubes half full of each water, add 10 drops
of hydrochloric acid and 10 drops of barium chloride
solution ; a white precipitate indicates sulphates.

5. To a test-tube half full of rain-water (or of water
contaminated with sewage), add five drops of Nessler’s
test; a yellow or brown colour indicates amimonza.

6. To 100 cub. cent. of each water, warmed till
the temperature of about 27° C. has been reached,
contained in flasks, add 5 cub. cent. of pure dilute
sulphuric acid and 1 drop of potassium permanganate
solution: if the colour disappears, add more perman-
ganate until the” purple colour is permanent after the
lapse of ten minutes: note how many drops each water
das required. The usual cause of the disappearance
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of the colour is the loss of oxygen, or reduction, which
permanganate undergoes when in presence of organic
matter. Chalybeate waters and those containing nitrites
or sulphuretted hydrogen exert the same effect upon
this reagent.

7. Place 130 cub.
cent. of well- or
river-water in a
retort and distil ; the
- figure shows how a
- A large filter - paper
" ’ kept constantly wet
e may be made to aid
in condensing the
L‘ Xy steam. :
T Repeat cxperi-

ment § above with
the first portion of the distillate, and test some of.that
which comes over afterwards in the same manner for
ammonia ; also test another portion of this distillate for
lime by ammonium oxalate, as in experiment 2.

| TEN

LESSON X1V
DETECTION OF ARSENIC

Apparatus required.-—Test-tubes ; wash-bottle ; filter-paper ;
blowpipe.

Ordinary reagent.—Ammonium hydrate.

Special malerials and tests.—Solution of arsenic trioxide in
HCl; copper foil; subliming - tubes; mixture of dry sodium
carbonate and potassium cyanide ; hydrosulphuric acid; pure
sulphuric acid ; pure zinc.

1. Boil a little of the arsenic solution with a piece of
bright copper foil; after a few minutes a dark grey
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compound of arsenic and copper will form on the foil.
Remove the foil from the tube, rinse with water, and
dry it gently between filter-papers. The foil is now to
be introduced into a small tube closed at one end, and
heated. As.the arsenic is driven off in vapour it unites
with oxygen and forms small brilliant crystals of arsenic
trioxide (white arsenic), which will condense upon the
cooler part of the tube, and may be seen to be octahedra
under a lens.

2, Mix a very small quantity of arsenic trioxide
with about three times its bulk of a mixture of dry
sodium carbonate and potassium cyanide. Introduce the
dry and slightly warmed mixture in a bulb subliming-
tube. This is best done by mcans of a paper guiter.
Heat the bulb gently at first; and if moisturc comes off,
sop it up with a slip of filter-paper rolled up so as to
go into the tube. When the heat is increased, a dark
but lustrous ring or mirror of sublimed eclementary
arsenic will be found in the cooler part of the tube.

3. To a little of the arsenic solution add some
hydrosulphuric acid, and warm; a yellow precipitate
(of As,Sy), dissolved on adding ammonium hydrate,
indicates arsenic,

In addition to the above methods another and most satisfactory
way of identifying arsenic exists. Fit up the hydrogen apparatus
exactly as used in Lesson VI., employing pure zinc and pure
sulphuric acid. When the hydrogen has been evolved freely for
a few minutes, and all the air has been driven out of the apparatus
(see § 2 of the Lesson on Hydrogen, p. 18), light the jet and
depress into the flame for a few seconds one or two fragments of
white porcelain ; no stain should appear on them. Now introduce
through the funnel-fube a few drops of the arsenic solution ; note
the increased size and the altered colour of the flame. This
flame is due to the combustion of a mixture of hydrogen and
arseniuretted hydrogen (AsH,). Ifpieces of porcelain be depressed
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for a few seconds into the flame, so as nearly to touch the orifice
of the jet, dark-brown stains of arsenic will be deposited upon
them ; for when the flame is cooled the hydrogen alone of the
AsHj burns, and an arsenic-soot, similar in mode of formation to
carbon-soot from an ordinary candle, is formed upon the cold
porcelain. Antimony produces quite similar stains : but :—

a. The arsenic stains dissolve in calcium hypochlorite solution ;
antimony stains do not.

4. The arsenic stains do not dissolve in yellow ammonium
sulphide solution ; antimony stains do; but the ammonium sul-
phide must not be very strong or contain much sulphur in excess,
or hoth stains will disappear.

Arsenic may be further identified by heating a narrow glass
tube through which arseniuretted hydrogen (arsine) is passing, and
experimenting with the black arsenic mirror which will be formed
in the tube.

The arsenic is deposited on the tube immediately beyond the
heated spot as a black stain ; very small quantities of arsenic can
be detected in this way. Great care must be taken to use pure
reagents.

LESSON XV
EXAMINATION OF BRONZE COIN

Apparatus required. — Flask ; furnace-support ; blowpipe ;
funnel and filter ; wire gauze ; wash-bottle ; test-tubes.

Ordinary reagents.~—Dilute nitric acid ; sodium acetate ; potas-
sium ferrocyanide ; ammonium hydrate.

Special materials and fests.—About | of a bronze halfpenny
piece; potassium cyanide; piece of charcoal; piece of bright
iron wire.

1. Slip a small piece of bronze gently into a flask,
cover it } of an inch deep with nitric acid, and heat it
‘gently. When the metal has been completely acted
upon, add a little water and allow the white particles of
tin dioxide (SnQO,) to settle. ss the blue solution
thiguch a filter, leaving as much% possible of the tme
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dioxide in the flask. Test the filtrate, which will
contain copper nitrate (CuzNQ,), as follows :—

a. Pour 1 drop of the blue solution into a test-
tube half full of water, add a few drops of sodium acetate,
and 1 drop of potassium ferrocyanide: a purple-brown
precipitate indicates copper.

4. To a small quantity of the blue solution add
ammonia in excess: a clear deep blue colour indicates
copper.

«. Dip a picce of bright iron into a small quantity of
the bluc liquid : a coating of metallic copper will form
upon the iron.

2. As to the white residue (of SnO,) mentioned
above (1) :—rinse it from the flask into a porcelain basin,
pour some water on it, and when the particles have sub-
sided, decant it off: repeat this washing of the white
residue, then dry it, mix it with twice its bulk of potassium
cyanide, and place the mixture in a small hole madeina
piece of charcoal. Heat the mixture in the reducing
flame of the blowpipe : add water to the fused mass, and
extract and examine the globules of metal (tin) produced.

The bronze alloy of which English coins are made contains, in

100 parts, 95 parts of copper and 4 parts of tn, with 1 part of
zinc.

LLESSON XVI
EXAMINATION OF SILVER COIN

Apparatus required —Flask ; furnace-support; wire gauze
porcelain basin ; funnel and filters.

Ordinary reagents.—Dilute nitric acid; dilute hydrochloric
acid ; potassium ferrocyanide.

Special materiald and fests —Silver coin ; strip of sheet zinc.

1. Take a small silver coin, slip it gently into a flask,
and cover it half an inch deep with dilute nitric_acid.
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Keep the flask warm, but do not boil theliquid. When the
metal has completely disappeared, add hydrochloric acid
to the solution until it ceases to produce a precipitate.

2. Shake the liquid and precipitate in the flask,
allow the white particles of silver chloride (AgCl) to
aggregate togcther, and pour the liquid, which contains
all the copper of the original coin (7-5 per cent.), into a
wetted filter placed in a funnel. The silver chloride should
now be rinsed out of the flask on to the same filter. Con-
tinue the washing of the precipitate on the filter until a
few drops of the last washings (the filtrate) no longer give
a purple-brown precipitate with potassium ferrocyanide
and sodium acetate (see experiment a, Lesson XV.).

3. The silver chloride is now to be washed out of
the filter into a small dish, a drop of hydrochloric acid
and a small piece of shect zinc added. When the silver
chloride has become uniformly brown, it is no longer
chloride but pure metallic silver, and must, when the
piece of zinc has been taken out, be thoroughly washed,
by decantation, with much water. If pressed between
pieces of agate, it may be made to assume the beauti-
ful white lustre proper to pure silver. It may be dried
and fused (after adding a little borax) into a button on a
piece of charcoal before the blowpipe; or it may be dis-
solved in a little nitric acid, evaporated to dryness, and
dissolved in a few drops of water; it constitutes then a
pure solution of silver nitrate.

The following are the chemical reactions which occur during
the foregoing experiments. The silver coin in dissolving forms
silver and copper nitrates. These salts, on the addition of hydro-
chloric acid, are differently affected, the copper remaining dis-
solved, for its chloride is soluble, the silver comning down because
its chloride is insoluble :—

AgNO; + HClI = HNO; + AgCl
Silver nitrate. ‘White precipitate.
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The zinc in the next stage of the experiment secizes the chlorine
of the silver chloride, either directly—2AgCl+Zn="7nCl,+ Ag,—or
indirectly :—

(1) 2HCl 4+ Zn = ZnCl, + H,;
(2) 2AgCl + H, = 2HCl + Ag,

LESSON XVII

EXAMINATION OF A ZINC ALLOY

Apparatus required—Flask ; retort-stand or furnace-support 3
wire gauze ; funnel and filter ; test-tubes ; wash-bottle.

Ordinary reagents.—Dilute nitric acid (11NO,); ammonium
hydrate (NH,HO); dilute hydrochloric acid; sodium acetate
(NaC,H,0,); potassium ferrocyanide (K,[FeCy;]); ammonium
sulphide (NH,;HS); sodium phosphate (Na,HPO,); acetic
acid.

Special materials.—Zinc alloyed with 5 or 6 per cent. of iron, or
clippings of galvanized iron. Potassium ferricyanide (K[ Fe,Cy,,)) ;
potassium sulphocyanide (KCNS).

I. Dissolve a small fragment of the alloy in dilute
nitric acid; a flask is best suited for the purpose, a
gentle heat only being employed. To the solution add
ammonia solution in excess; a considerable quantity is
required in order to redissolve all the zinc oxide which
it at first precipitates. When enough ammonia has
been added, there will remain, after the mixture has
been thoroughly shaken, nothing of the original thick
and pasty precipitate but some reddish-brown flocks of
ferric hydrate (Fe,HO,). Filter these off, and divide
the clear filtrate into 2 parts, @, 6. To

@ add a little ammonium sulphide; white zinc

sulphide will fall. To

b add a little sodium phosphate and a little acetic

acid ; white zizc phosphate will fall.
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2. In order to identify the zron in the alloy, the
brown precipitate (obtained in 1 above) is to be washed,
while still on the filter, with water, and then dissolved
by pouring upon it the smallest quantity of warm
hydrochloric acid that will effect the purpose. Divide
the solution into 4 parts, a, 6, ¢, d. To

a add 1 drop of potassium ferrocyanide. To
b add 1 drop of potassium ferricyanide. To

¢ add 1 drop of potassium sulphocyanide. To
d add some sodium acetate.

LESSON XVIII
REDUCTION AND OXIDATION

Apparatus required.—Flask ; furnace-support and wire gauze ;
test-tubes ; wash-bottle ; funnel and filter ; silver nitrate ; methyl-
ated spirit ; platinum foil ; tongs.

Ordinary reagents.—Ammonia ; dilute hydrochloric acid.

Special malerials and tests—Potassium dichromate (K,CrO,,
Cr0,) ; lead acetate (Pb2C,H;0,) ; alcohol ; sulphurous acid solu-
tion ; potassium nitrate in crystals.

The metal chromium affords a good illustration of the power
which many metals possess, of combining in several proportions
with oxygen or other non-metals. Some compounds of chromium
are green ; the sesquioxide (Cr,O;) and its solutions in acids are
examples ; other compounds of chromium containing more oxygen,,
etc., are yellow, orange, or red ; of these latter, chromic peroxide
(CrO;) and the chromates may be mentioned. We shall proceed
to show how one series of these salts may be changed, by addition.
or removal of oxygen, into the other. In order to be able to
identify ckromic compounds, when obtained, it is better to begin:
this lesson by trying the following experiment :—

1. To two test-tubes, each half full of water, adda.
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few drops of potassium dichromate solution, then to
one of the test-tubes add a few drops of lead acetatc:
yellow lead chromate falls; to the other tube add a
few drops of silver nitrate: deep-red silver chromate
falls.

2. Put into a flask a little potassium dichromate
solution, a little spirit of wine, and about the same bulk
of dilute hydrochloric acid. Boil the mixture until it
has become grass-green ; let it cool, and add ammonia
in slight cxcess, 7., until the liquid, after shaking, just
smells of ammonia gas. Filter off the green precipitate,
which is chromium sesquioxide (Cr,0O,), reduced by the
alcohol from the higher oxide (CrO,), which may be
regarded as present in the dichromate taken. The
alcohol gains oxygen in the process, and is partly con-
verted into acetic acid.

Potassium dichromate solution is changed from
orange to green when mixed with sulphurous acid
solution, owing to the same reduction taking place.

3. Scrape the green residue just obtaincd off the
filter on to platinum foil, add a few crystals of potassium
nitrate, and hold the foil over the burner. The potassium
nitrate will give up oxygen to the green oxide, and
turn it into the higher one, the colour changing to
yellow. Wash the yellow mass off the foil into a tube,
divide the solution of it into 2 parts, and add to one
a few drops of lead acetate, to the other a few drops of
silver nitrate. Exactly the same precipitates will be
formed now as in experiment 1 above; for thc lower
oxide has been reconverted into the higher.
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LESSON XIX

MANGANATES AND PERMANGANATES

Apparatus  required. — Retort-stand ; triangle; porcelain
crucible ; wash-bottle ; flask; funnel and filter; scales and
weights.

Ordinary reagents.—Dilute sulphuric acid; hydrosulphuric
acid.

Special materials and fests—Mixture of cqual parts of potas-
sium chlorate and sodium hydroxide ; oxalic acid solution ; ferrous
sulphate in solution. Manganese dioxide (MnO,).

The metal manganese forms numerous combinations with
oxygen and other non-metals. In conscquence of the instability
of most of these compounds, it is found that those of them which
contain little oxygen may be easily made to take up more, while
those which contain much readily part with some. The first and
sccond experiments below show absorption of oxygen, while the
several reactions given under experiment 3 show how the loss of
oxygen, which a manganese compound suffers in contact with
organic matter or certain iron salts, may be utilized in analysis.

1. Weigh out -7 of a gram of manganese dioxide,
and 1-4 of a gram of a mixture of potassium chlorate
and sodium hydroxide; mix the two substances, and
place them in a small porcelain crucible. Heat the
mixture gently at first, afterward increase the heat until
the mass acquires a green colour throughout.

6NaHO+KClOy+3Mn0O, = 3Na,MnO,+KCl+3H,0.
2. Dissolve the green mass in cold water, filter the
liquid into a flask, and add a wery small quantity of
dilute sulphuric acid to it; warm. Observe the change
from the green manganate to the violet permanganate,

5Na,MnO,+4H,SO,
Manganate.
= 4NaMnO,+MnSO,+ 3Na,SO,+4H,0.

Permanganate,
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If, as commonly occurs, brown manganic hydrate be
precipitated, the liquid should be filtered again.

3. Add a little of the violet permanganate solution
to the following substances dissolved in water, and note
the results :—

@, hydrosulphuric acid, in presence of a little
sulphuric acid ;

0, oxalic acid, in presence of sulphuric acid ;

¢, ferrous sulphate, in presence of sulphuric acid;

d, ferrous sulphate, without addition of H,50,

LESSON XX
BLOWPIPE EXPERIMENTS—PART I

Apparatus required.—Blowpipe ; litmus paper; turmeric
paper ; crucible tongs ; triangular file.

Special materials.- -Quill tubing ; sawdust; hay; gelatin;
gypsum ; mercuric oxide ; red lead ; white arsenic ; paper gutters ;
solutions of chlorides of barium, calcium, strontium, copper,
potassium, and sodium.

1. Take a length of quill tubing ; cut it, by means of
the triangular file, into four pieces, each about 5 inches
long. Direct the point of the blowpipe flame upon the
middle of one of these pieces, rotating at the same time.
When the glass is softened, draw the ends apart quickly,
and by further heating, close the fused points soas to make

two tubes, each closed at one end. Eight tubes will be
required for the following experiments, one of which
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should, however, be open at both ends, though drawn to
a point at one end.

2. Introduce by means of a paper gutter, a little
longer than the tube, some sawdust into one of the
tubes: Heat it, and obscrve that it chars and gives off
vapours of acetic acid (C,H,O,), which redden blue
litmus paper.

3. Hecat a fragment of gclatin similarly in another
tube ; introduce a piece of turmeric paper, which will be
turned brown by the ammonia cvolved.

4. Heat a little gypsum in a tube, and notice its
change of aspect and the appearance of water in the
cooler part of the tube. The change which gypsum
suffers on moderate heating is thus represented :—

2(CaSO,, 2H,0) = 2CaSO, H,O + 3H,0
Gypsum. Plaster of 'aris. Water.

5. Heat a little mercuric oxide (HgO); observe its
gradual disappearance, and the formation of globules of
mercury.

6. Heat half an inch of dry grass in a tube open at
both ends; observe the charring, the burning away of
the charcoal, and the residual fixed matter or ash, which
consists in great part of silica (§i0,).

7. Heat a little red lead (Pb,0,) in a small tube;
observe the altered colour of the residue :—

2Pb,0, = 6PbO + O,
Red oxide. Yellow oxide.

8. Heat a little white arsenic (As,OQ;) in a small
tube ; observe the crystalline sublimate.

9. Dip the end of the platinum wire (which must be
so clean as to give little or no colour when heated alone
in the blowpipe flame) into a solution of potassium
chloride, and heat it in the blowpipe flame; note the
colour imparted to the flame. Repeat the experiment
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with solutions containing barium, strontium, calcium,
copper, and sodium respectively, noting the colour in
cach case. The wire must be cleaned between cach
experiment by dipping it in dilute hydrochloric acid,
and then heating it to redness and washing it with
water. Repeat this treatment several times, until the
wire imparts no colour to the flame, and then try the
next experiment.

It is of great importance, in all the above experiments, that
the several substances used should be so introduced mto the tubes
as not to soil the inner walls of the tube. This 1s best accom-
plished by means of a small paper gutter.

LESSON XXI
BLOWPIPE EXPERIMENTS—PART 2

Apparatus required.—Blowpipe ;  cobalt nitrate  solution ;
platinum wire; test-tubes and stand; wash-bottle;; 2 porcelain
dishes.

Ordinary reagent.—Dilute hydrochloric acid.

Special materials—7Zinc oxide (Zn0); chalk (CaCOy); alum
(AlK2S0,, 12aq.); zinc sulphate (ZnSO,, 7aq.); magnesium
sulphate (MgSOy, 7aq.); lead acetate (PH[C,H 0,},); charcoal;
barium sulphate (BaS0O,); a silver com; borax; so'utions con-
taining copper, iron, manganese, chromium, and cobalt.

1. Select a piece of charcoal free from bark and
cracks ; cut one end of it in"a slanting direction, and
make a small shallow hole ncar the middle of the
sloping surface. Into this hole put a little zinc oxide
(Zn0), moisten it; heat before the blowpipe, and note
the colour it assumes when hot.

2. Heat a small picce of marble or chalk (CaCO,) on
charcoal prepared as for experiment 1; note the
Lyilliant light emitted ; take the residue, which is now
lime (Ca0), and place it on a piece of wet turmeric paper,
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3. Heat a fragment of alum, which contains alumina
(ALO,), on charcoal, moisten the residue with a drop of
cobalt nitrate solution, and heat it again.

4. Moisten a crystal of zinc sulphate with a drop of
cobalt nitrate, and ignite it in the blowpipe flame on
charcoal ; observe the colour of the mass.

5. Ignite some magnesium sulphate on charcoal;
moisten the residue with cobalt nitrate solution, and
ignite it again; observe the colour of the mass,

6. Heat a little lead acctate on charcoal ; observe
the malleable globules of lead separated, and the yellow
ring of oxide.

7. Mix together a little barium sulphate (BaSO,) and
powdered charcoal. Heat the mixture, which should be
just moistened with water, on a picce of charcoal, in the
reducing flame. Allow the ignited mass to cool, place
it upon a silver coin, and moisten it with a drop of dilute
hydrochloric acid ; observe the effervescence, caused by
the escape of hydrosulphuric acid gas (11,S), which may
be recognised by its characteristic odour, and by the
black stain (Ag,S) which it produces upon the silver.

In this experiment (7) the charcoal removes oxygen from the

BaSO,, and makes it into BaS. This compound is then decom-
posed by HCI, thus :—BaS +2HCl=H,S +BaCl,.

8. Make a loop (about twice the size shown in Fig. 11)

£
(o
Fio. 11.
near the end of a piece of platinum wire, heat it to
redness, dip it into powdered borax, and fuse the

borax to a clear glass in the blowpipe flame.
9. Dip the borax bead just made into a solution
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of copper, and heat it both in the inner and outer
blowpipe flames. TFour other beads arc to be succes-
sively made, and dipped respectively into solutions of
salts of iron, mangancse, chromium, and cobalt; and
then each is to be heated as in the first case. Note,
in each instance, the colour of -the bead. To remove
the bead and clecan the wire, heat it till it fuses, then
jerk it over a porcelain dish so that the bulk of the
bead falls into the dish. In another porcelain dish place
some dilute hydrochloric acid; reheat the residuc of
borax bead on the platinum wire and plunge it whilst
red hot into the hydrochloric acid; the bead will then
be loosened, and may be removed by pressure betwcen
the fingers and washing with water.

LESSON XXII
PREPARATION OF SUPERPHOSPHATE

Apparatus required.—Test-tubes ; funnels and filters ; wash-
bottle ; scales and weights.

Ordinary reagent.—Dilute nitric acid.

Special materials and fests.—Bone-ash ; ground mineral phos-
phate ; solution of ammonium molybdate ; superphosphate of lime ;
sulphuric acid of specific gravity 1-7.

I. Boil .2 gram of bone-ash or ground mineral
phosphate in water in a tube, filter through Swedish
paper, and to a few drops of the filtrate, which must be
perfectly clear, add a few drops of nitric acid and of
ammonium molybdate solution ; heat nearly to boiling.
The bone-ash consists chiefly of tricalcic phosphate,
which is nearly insoluble in water, so that the above
test for phosphotic acid will produce little or no effect
in the watery extract of the bone-carth.

2. Boil .2 gram of superphosphate of lime in water
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in a tube, filter, and add to a few drops of the perfectly
clear filtrate a few drops of nitric acid and a small
quantity of ammonium molybdate solution ; heat nearly
to boiling ; a yellow precipitate will be formed, indicating
the presence in the superphosphate of a soluble phos-
phate, which was extracted by the water.

3. Weigh out -2 gram of ground mineral phosphate
(which chiefly consists, like bonc-ash, of insoluble
tricalcic phosphate), put it in a test-tube, and pour
upon it a drop or two of moderately strong sulphuric
acid ; warm the mixture. Finally add water to the
tube, but not until it is nearly cold ; agitate the mixture,
and pour it on to a wetted filter. To ten drops of the
clear filtrate add a few drops of ammonium molybdate
solution and heat nearly to boiling ; a yellow precipitate
shows that sulphuric acid converts the insoluble
phosphate of the mineral phosphate and the bone-ash
into a soluble one.

The change of the originally insoluble tricalcic phosphate into
the soluble monocalcic phosphate, which is one of the chief
changes occurring in the manufacture of superphosphate and in
experiment 3 above, is thus shown :—

Cay2l’0, + 2H,S0, = CaH2P0O; + 2CaSO,
Insoluble tricalcic Soluble monocaleic Caleium
phosgphate. phosphate. sulphate.

LESSON XXIII
EXPERIMENTS WITH LIME

Apparatus required.—Test-tubes ; funnel and filters ; turmeric
and litmus paper ; piece of quill tubing ; flask ; wash-bottle and
distilled water ; corks.

Ordinary reagents.—Dilute hydrochloric acid; ammonium
oxalate solution ; dilute sulphuric acid ; barium chloride solutiqn.

Special material and lests.—Freshly burnt lime; copper sul-
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phate solution; chalk; earthenware plate or tile; powdered
white marble ; gypsum in coarse powder.

There are four common and important substances which consist
mainly of compounds of the element calcium—the metallic basis
of lime. These four substances are :—

1. Lime, quicklime or burnt lime=CaO.

2. Slaked lime or calcium hydrate=:CaH,0,.

3. Mild lime or calcium carbonate= CaCO,.

4. Gypsum, selenite, alabaster or hydrated calcium sulphate

=CaS0,, 2H,0.

1. Put a hard lump of freshly burnt lime upon a
plate and drop water upon it—a little at a time—until no
more is absorbed. The lime combines chemically with
a definite amount of the water; 56 parts of lime, by
weight, combine with 18 of water and produces 74
parts of calcium hydrate:—

CaO + H,0 = CaH,0,

Much heat is given out during this combination, and
some of the excess of water present is driven off as
steam,

Some samples of quicklime slake more quickly than
others,

2. A small portion of the calcium hydrate, or slaked
lime, formed in experiment 1, should be placed in a
test-tube with sorhe distilled water, corked, and then
shaken up. Allow the mixture to settle, and then pour
the clear liquid through a filter. A very wecak solution
of calcium hydrate in water, called lime-water, is thus
obtained: the presence of an alkaline earth in this
solution may be shown by dividing it into 3 parts and
testing the first with a piece of red litmus or turmeric
paper, the second with a few drops of copper eulphate
solution, and the third with a few bubbles of air from
the lungs, blowing through a small quill tube.

on ot 1 e e s . |

mainl); of compounds of the element calcium—the metallic basis |
of lime. Thesc four substances are :—

1. Lime, quicklime or burnt lime=CaO.
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exposcd to the ordinary air, it slowly parts with its water
and combines with carbon dioxide, thus—

Call,0, 4+ CO, = CaCO, + HO.

The calcium carbonate thus formed is identical in
composition with the chief constituent of chalk, lime-
stone, and marble—white Carrara or statuary marble
being almost purc calcium carbonate.  Two instructive
experiments may be made with some challe or powdered
marble 1o, Shake up a little powdered marble with
recently boiled distilled water in a test-tubce, filter the
liquid, and add to half of the perfectly clear filtrate a
few drops of ammonium oxalate solution. Owing to
the almost complete insolubility of calcium carbonate
in purc water, no visible precipitate will be formed,
though a slight cloudiness may be observed after some
time.  Into the other half of the filtrate drop a piece
of red litmus paper; its colour will not be perceptibly
altered: these negative results should be contrasted
with those obtained with lime-water in experiment 2
above. 4. Dissolve a small picce of chalk in dilute acetic
acid, filter the liquid, and divide the clear filtrate into
two portions. To one add a little ammonium oxalate
solution ; to the other a little dilute sulphuric acid.

4. Place some coarsely powdered gypsum in a bottle
or flask half full of distilled water and shake it for a
few minutes. Pour the liquid on to a filter and
divide the clear filtrate into two portions, to one of
which ammonium oxalate solution, and to the other
barium chloride solution, is to be added. One part of
gypsum dissolves in about 420 parts of water: the
solution is strong enough to give a decided precipitate
with both these tests, the msolublc calcium oxalate fallingg
in the first reaction, and barium sulphate in the second.
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LESSON XXI1V
LIME AND OXIDE OF IRON IN SOILS

Apparatus requird. - -Scales and weights 5 test-tubes 5 funnels ;
wash-bottle ; cut filters.

Onrdinary reagents.~Hydrochloric acid; ammonium hydiate
(NHHO); ammonium oxalate ({N11;]1.C.0.); potassium  ferro-
cyanide,

Special materials.- Diied and powdered samples of four kinds
of soil.

1. Boil -5 gram of a calcarcous soil (:\) with a little
weak hydrochloric acid in a test-tube until the cffer-
vescence ceases.  Add ammonium hydrate in excess
to the mixture, shake it-——note whether, after shaking,
the mixture still smells of ammonia, and if it does not,
add more ammonium hydrate—and then filter. The
ammonium hydrate precipitates, as hydrates, any
alumina and ferric oxide which have been dissolved,
and thus the filtrate will contain scarcely anything save
salts of the calcium and magnesium present in the soil,
The next step is to add to the filtrate some solution of
ammonium oxalate, when a white precipitate of calcium
oxalate will fall if lime was present in the soil tested,

2, Try exactly the same experiment with a clay
soil (B), a loamy soil (C), and a peaty soil (D). Care
should be taken to obtain comparable results. The
several filtrates should be made up to the same bulk
and they should be treated with ammonium oxalate in
test-tubes of the same size.

3. Pour on to the insoluble matter on the filter-paper
some dilute hydrochloric acid and collect the filtrate in
a test-tube ; add %o it a few drops of potassium ferro-
cyapide. A precipitate of Prussian bluc shows the
presence of ferric oxide in the soil.
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LESSON XXV
TESTING FOR NITROGEN IN MANURES

Apparatus required.—Test-tubes ; wash-bottle ; test-papers.

Ordinary reagents.——Sodium hydroxide solution.

Special materials—Samples of nitrate of soda, sulphate of
ammonia, and powdered rape cike. Soda-lime ; strong sulphuric
acid ; indigo sulphate solution.

Combined nitrogen may exist in manures in the
form of nitrates (nitric nitrogen), ammonia (ammoniacal
nitrogen), or in organic matter (organic nitrogen).

1. To test for ammoniacal nitrogen.

Take 3 test-tubes; to onc add a little nitrate of
soda ; to the second add a little sulphate of ammonia;
and to the third some rape cake. To each add some
sodium hydroxide solution, about } of the test-tubeful,
and boil. Note that ammonia is given off from one
only.

2. To test for organic nitrogen.

Take 3 small test-tubes containing respectively
nitrate of soda, sulphate of ammonia, and rape cake,
and add some soda-lime and heat. Note that ammonia
is given off from two of the manures; but they are
distinguished by the previous test for ammonia.

3. To test for nitrates or nitric nitrogen.

Take separate tubes containing small quantities ot
nitrate of soda, sulphate of ammonia, and rape cake,
add a little water, shake well, and filter the latter. To
2 cub. cent. of the solutions, in each case, add care-
fully an equal velume of strong sulphuric acid and mix
by shaking; then add a few drops of indigo sulphate
solution. With the nitrate of soda the indigo will be
bleached.
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LESSON XXVI

TESTING SOME MANURES

Apparatus required.—Test-tubes ; wash-bottle; pestle and
mortar ; platinum foil or porcelain crucible ; test-papers.

Ordinary reagents.—Dilute hydrochloric acid ; dilute nitricacid ;
barium chloride solution.

Special materials..—Samples of nitrate of soda, sulphate of
ammonia, superphosphate, and basic slag. Silver nitrate solution.

I. Make a dilute solution of nitrate of soda by
dissolving I gram in a test-tubeful of water; divide it
into 2 parts.

2. Make a solution of sulphate of ammonia by
dissolving 1 gram in a test-tubeful of water; divide it
into 2 parts.

3. Test the two manures for chlorides by adding to a
solution a few drops of dilute nitric acid and then a few
drops of a solution of silver nitrate. A white precipitate
indicates chlorides—these should be present in very
small quantities.

4. Test for sulplates by adding to the solutions of
the manures dilute hydrochloric acid and barium chloride.
A white precipitate indicates sulphates. The nitrate of
soda should contain very little sulphate.

5. Heat .2 gram of the sulphate of ammonia on a
piece of platinum foil or a porcelain crucible until no
more fumes are given off. Note if there is a weighable
residue left. Ammonijum sulphate is completely volatile ;
most of its adulterants are not volatile

6. Action of basic slag on sulphate of ammonia.

To a small Quantity of sulphate of ammonia in a
mortar add four or five times its weight of basic slag

and mix them thoroughly with a pestle. Ammonia is
D
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given off. Test by holding a piece of moist turmeric
paper in the fumes.

Mix some superphosphate and sulphate of ammonia
in a similar way. No ammonia is given off.

7. Action of superphosphate on nitrate of soda.

Mix some nitrate of soda with twice its weight of
supcrphosphate in a mortar. Notice the smell. Put a
little of the mixture in a test-tube and warm. Notice
the reddish-brown fumes given off, duc to the action
of acid in the superphosphate on the nitrate of soda

liberating nitric acid.

LESSON XXVII
EXPERIMENTS WITIH SOILS

Apparatus required.—Two beakers; a flask; funnels and
filters ; test-tubes; wash-bottle; litmus paper; scales and

weights,
Ordinary reagents.—Yerric chloride (Fe,Cl,) ; sodium hydrox-
ide (NaHO); dilute hydrochloric acid ; ammonium hydrate,
Special materials and fests.—Loam; peat; decoction of
logwood ; two wide-mouth 4-oz. bottles.

I. Boil 2 grams of pecat with water in a flask or
beaker. When the mixture has boiled five minutes,
pour it on a wetted filter, and divide the filtrate which
passes through into two parts, @ and 4.

a. To one part add a few drops of ferric chloride
(Fe,Cly); a black colour or precipitate shows the
presence in the soil of organic acids similar to those of
oak-bark and gall-nuts (tannic and gallic acids).

4. Into the remainder of the filtrate drop a piece of
blue litmus paper; if the blue colour becomes reddish,
it is a sign of the “sourness” of the soil, and that the
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application of a base such as lime will be beneficial
to it.

2, Warm 2 grams of peat in a flask with enough
sodium hydroxide solution to cover it. When the
mixture has been heated five minutes, add a little water
and pour the mixture on a wetted filter. If the filtrate
is dark brown and gives a brown flocky precipitate
when it is made acid with excess of dilute hydrochloric
acid, it is a sign of the presence of certain organic acids
(humic, etc.), which are nearly insoluble in water, but
form soluble salts with alkalies. They are derived from
the decay of organic matter.

3. To about 100 cc. of water add 5 drops of
ammonium hydrate ; the solution will turn turmeric
paper brown. Now put into a 4-oz. wide-mouth stop-
pered bottle some loamy or peaty soil, and add the
weak ammonia solution prepared above; shake the
mixture and pour it on to a wetted filter. Good soils
have so strong an absorptive power for ammonia that
when such a solution as that mentioned is allowed to
remain in contact with them, the ammonia is so far
removed that the filtrate no longer smells of ammonia,
nor turns turmeric paper brown.

4. Shake another portion of the same soil with a
weak decoction of logwood (or other coloured liquid)
and presently pour the mixture on to a wetted filter.
The filtrate will be colourless or nearly so. Liquid
sewage and the drainage of manurc-heaps lose by the
same treatment their colour and odour, owing to the
absorptive power of peat.
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LESSON XXVIII
ACTION OF SOILS ON SALTS

Apparatus required.—Furnace-support ; wire gauze ; porcelain
basin; test-tubes and rack; funnels and filters; wash-bottle;
turmeric paper.

Ordinary reagents.—Sodium hydroxide ; ammonium oxalate ;
barium chloride.

Special materials and fests —Wide-mouth 4-oz. bottles ; dilute
solutions of sodium phosphate, ammonium phosphate, potassium
nitrate, and ammonium sulphate ; “magnesia mixture” ; tartaric
acid ; ferrous sulphate ; oil of vitriol ; air-dry sifted soil,

1. Into a wide-mouth bottle introduce some sifted
soil, cover it with water (about 100 c.c.), add 5 drops of
sodium phosphate solution, and shake the mixture for
five minutes. Pour the contents of the bottle on to a
wetted filter and test the clear filtrate for phosphoric
acid by “magnesia mixture.” The soil should have
withdrawn much of the phosphoric acid from the solu-
tion.

2. Repeat the experiment with ammonium phos-
phate solution : test one part of the filtrate for ammonia
by boiling it with sodium hydroxide solution, and the
other part for phosphoric acid: much of the base, as
well as of the acid, will have been withdrawn by the soil
from the solution.

3. Repecat the experiment with a very weak solu-
tion of potassium nitrate, Test one part of the filtrate
(after evaporation) for potash by tartaric acid and half
of the remainder for nitric acid by means of ferrous
sulphate and oil of vitriol : much of the base, but little
of the acid, will have been withdrawn by the soil. <Che
rest of the filtrate will be found to give a precipitate
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when tested for lime by means of ammonium oxalate,
showing that the soil has yielded calcium while with-
drawing potassium from the solution.

4. Repeat the experiment with a very wecak solution
of ammonium sulphate. Test one part of the filtrate
for ammonia by means of sodium hydroxide; another
part for sulphuric acid with barium chloride, and
another part for lime with ammonium oxalate. While
much of the ammonia will have been withdrawn, much
sulphuric acid and some lime will be found in the
filtrate.

LESSON XXIX
STARCH AND SUGAR

Apparatus required.—Retort-stand ; test-tubes; 2 flasks;
cut filters ; funnels ; pestle and mortar ; wash-bottle.

Ordinary reagents.—Sodium hydroxide solution; sulphuric
acid (H,SO,), concentrated and dilute.

Special materials and fests—Starch; a raisin; the “sugar
test”; tincture of iodine; cane- or beet-sugar in crystals ;
maltose ; grape-sugar; milk-sugar; solution of 40 grams of
phenylhydrazine and 40 grams of glacial acetic acid in 10 c.c. of
water.

I. Crush a fragment of starch, shake it up in a test-
tube half full of water, and boil, constantly shaking the
tube. Pour the starch paste thus formed into 3
test-tubes, a, 4, and ¢

To a, when cold, add 1 drop of tincture of iodine;
observe the production of a blue colour and its dis-
appearance on warming the mixture.

To 4 add o drops of the “sugar test,” and boil
cagefully.

To ¢ add a few drops of dilute sulphuric acid and
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some water, boil for ten minutes in a flask, then add 10
drops of the “sugar test” and enough sodium hydroxide
to produce a clear blue colour; boil.

2. Place } of a small dry filter-paper in a dry mortar,
just moisten it with strong sulphuric acid, and then
grind it to a paste; add water, pour the mixture into a
flask, boil it five minutes, filter it, add 10 drops of sugar
test and enough sodium hydroxide to produce a clear
blue colour ; boil,

3. Cut a raisin in pieces, boil it in a flask with a
little water, filter, and then add to the filtrate 20
drops of the sugar test; boil.

4. Dissolve a little grape-sugar in water, and add the
solution to a mixture of phenylhydrazine and acetic acid ;
boil, and allow to cool. The yellow crystalline precipi-
tate which falls is phenylglucosazone.

5. Dissolve a crystal of cane- or beet-sugar in water,
add 10 drops of “sugartest”; boil.

6. Dissolve a crystal of beet- or cane-sugar in a little
water, add 2 or 3 drops of dilute sulphuric acid,
boil for a few minutes, and then add sodium hydroxide
in excess and apply the “sugar test.”

7. Try the action of the *“sugar test” when boiled
with milk-sugar, and also with maltose, in the presence
of water.

By this lesson the student learns how to detect and distinguish
starch and sugar, and thereby to discover certain adultcrations in
cattle foods ; he also learns how to turn starch and paper into
sugar (dextrose). The “sugar test” named above gives a yellow,
orange, or red precipitate of copper suboxide (Cu,0O) only when
certain sugars, as grape-sugar and milk-sugar, are present. The
sugar from the sugar-cane or beet-root gives no precipitate until
it has been treated as in experiment 6. The preparation of the
““sugar test ” is described further on amongst the “ special reagasts,”
on p. 86.
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LESSON XXX
EXPERIMENTS WITII MILK, BUTTER, AND CHEESE

Apparatus, etc., required.—Test-tubes; funnels; beakers;
wash-bottle ; filters ; porcelain basin ; retort-stand ; wire gauze ;
furnace-support ; silver nitrate solution.

Ordinary reagents.—Dilute sulphuric acid ; sodium hydroxide.

Special materials and fests.—Milk ; butter ; cheese; * sugar
test ”; soda-lime.

1. To } a test-tubeful of milk add 5 or 6 drops
of dilute sulphuric acid; agitate the mixture well, and
pour it on a wetted filter ; the curd will remain on the
filter, while the whey will pass through as the filtrate.
Add to the filtrate a little sodium hydroxide solution
and 20 drops of the “sugar test”; boil. A yellow
or red precipitate of cuprous oxide (Cu,O) shows the
presence of sugar (a particular kind, called /actose).

2. Take the curd which remains on the filter used in
experiment 1, place it in a porcelain basin, and warm it
gently on the top of a beaker half full of hot water,
supported on wire gauze over the spirit-lamp. As the
filter-paper and curd get dry the former will acquire
greasy stains from the fat or butter melting out and
leaving the true curd (casein).

3. Fill a beaker half full of water, warm it, and,
before the boiling-point is reached, plunge into it a
narrow test-tube containing a small lump of butter.
The true fat or butter melts at about 36-5° C. into a
clear oil, while the casein sinks below this layer, the
water remaining at the bottom of the tube. The salt
present may be tetected by adding a little cold water
to the tube, shaking the mixture, pouring out the
aqueous part into a clean test-tube, and then adding to
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it a few drops of silver nitrate solution, when a white
curdy precipitate of silver chloride will fall.

4. The presence of nitrogen, the characteristic
constituent of cascin or true curd, may be detected by
mixing 2 or 3 grains of grated cheese with a little soda-
lime in a small tube, and heating it strongly : ammo-
niacal vapours will be given off.

LLESSON XXXI

DETECTION OF BORON COMPOUNDS AND OF
FORMALIN IN MILK AND ITS PRODUCTS

Apparatus required.—Retort-stand ; wire gauze ; pipeclay
triangle ; 3 porcelain dishes ; beaker ; funnel and filter-paper ; test-
tubes.

Reagents.—Dilute hydrochloric acid ; strong sulphuric acid ;
alcohol ; turmeric paper ; solution of sodium carbonate ; lime-
water.

Special materials.—Samples of milk and butter, with and
without preservatives ; strong sulphuric acid containing a little
ferric chloride. [200 c.c. sulphuric acid with 10 c.c. 5 per cent.
ferric chloride solution.]

1. Take 20 cub. cent. of milk, add 10 cub.
cent. of lime-water, place in a porcelain dish, and
evaporate to dryness. Burn the residue (in a fume
cupboard) at as low a temperature as possible. Cool the
residue, moisten with strong sulphuric acid, add alcohol,
and stir well. Heat gently, and apply a flame to the
alcohol vapour—this will burn with a green colour
at the edges of the flame if boric (boracic) acid or
borax has been added to the milk.

2. The ash of 20 cub. cent. of the suspected
milk may be moistened with dilute hydrochloric acid
and a piece of turmeric paper placed in the dish.
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Remove the paper and gently dry it; if the milk
contained boric acid the paper will turn a reddish-
brown colour, and if then treated with sodium carbonate
solution, will become bluish-black in colour.

3. Boric acid can be detected in butter by melting
the butter at a gentle heat, shaking it in a large test-
tube with warm water containing a little sodium
carbonate, filtering, evaporating the water extract,
burning the residue at a gentle heat, and trcating the
ash as above mentioned in 1 or 2.

4. Formalin (formic aldehyde) can be dctected as
follows. Take ! of a test-tubeful of milk, add an
equal volume of water, then add, drop by drop, down the
side of the test-tube strong sulphuric acid containing
a very small quantity of ferric chloride. If formalin is
present a violet ring will be formed at the junction of
the liquids. In the abscnce of formalin a slight green
or brown tint only will be noticed. If the amount of
formalin is very small the colour may take half an hour
to develop.

LESSON XXXII
DEXTRIN AND GUM

Apparatus required.—Furnace-support and gauze ; porcelain
basin ; wash-bottle ; test-tubes ; funnel and filter ; retort-stand.

Ordinary reagent.—Ammonium oxalate.

Special materials and ltests.—Starch ; gum-arabic; piece of
wire ; tincture of iodine.

I. Place a small quantity of starch in a porcelain
basin, and cautiously heat it, with constant stirring or
shaking, until if has all acquired a pale fawn-colour.
Allow the basin to cool completely, and then pour }
a test-tubeful of distilled water upon the roasted starch.
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Filter the cold-water solution of dextrin thus prepared,
and divide the filtrate into 2 parts,2 and 4. To 2 add
a few drops of tincture of iodine: a plum or brownish-
purple colour is observed if the dextrin be free from
starch: this colour is produced by one of the kinds
of dextrin (erythrodextrin) present in the above pro-
duct. To the other portion of the solution, 4, add a
few drops of ammonium oxalate: the liquid remains
clear.

2. Dissolve a few lumps of crushed gum-arabic in a
test-tube half full of boiling distilled water. Divide the
solution, when cold, into 2 parts, and test them
exactly as in the case of # and 4 above. Iodine tincture
produces scarcely any change, while ammonium oxalate
gives a white cloudiness, due to the presence of calcium
compounds in the gum-arabic.

LESSON XXXIII
EXPERIMENTS WITH BREAD

Apparatus requived.—Beakers ; furnace-support and gauze;
scales and weights ; basin ; test-tubes ; wash-bottle ; funnels and
filters ; retort-stand.

Ordz'nary reagenis.—Acetic acid ; ammonium hydrate ;
ammomum chloride ; barium nitrate ; dllute nitric acid.

Special maierials and fests.—Bread- crumb grated bread-crust ;
bread adulterated with alum ; iodine solutlon sugar test ; lmen
filter ; 4 per cent. carbolic acid solution.

1. In order to ascertain roughly the amount of
water present in bread, weigh out 10 grams of bread-
crumb, put them into a porcelain basit, which is placed
on the top of a beaker containing hot water, and kept
hot by the lamp. When the bread is completely drled,
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it will be found to have lost about 38 to 40 per cent. of
its total weight; but it is not possible to complete the
drying with the simple contrivance just mentioned, the
water-oven or even a temperature a little above that of
boiling water being requisite for this purpose.

2. To show that the heat of the baking-oven has
changed one important constituent of the flour greatly,
agitate a small quantity of rasped bread-crust with cold
water in a beaker for five minutes, throw the mixture
on a filter, and evaporate the clear filtrate nearly to
dryness over the lamp. A gummy and sticky residue
remains, which is chiefly dextrin or transformed starch.
The crumb of bread contains a much smaller quantity
of dextrin than the crust, while the original flour
contains a still smaller proportion.

3. Boil a little bread in water, filter the solution, and
divide the filtrate into 2 parts. To one of these add
a few drops of solution of iodine, to the other a few
drops of the alkaline solution of copper tartrate, and
boil. For the meaning of the recsults obtained, refer
back to Lesson XXIX. on Sugar and Starch.

4. Alum (ALLK,4SO, 24H,0) has been fraudulently
used by bakers, to enable them to employ damaged
flour in bread-making. Alum may generally be
detected in bread by agitating the crumb for some time
with a cold 4 per cent. solution of carbolic acid, pressing
the mass in a linen cloth, and filtering through paper
the liquid expressed. Nitric acid and some barium
nitrate should be added to half the filtrate thus
obtained ; a white precipitate of barium sulphate will
usually be obtained if alum, itself a sulphate, has been
-added to the flofir. A precipitate of alumina may be
gotefrom the rest of the filtrate by adding to it
ammonium chloride and hydrate: but the nature of the
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precipitate thus obtained must be exactly ascertained
by further experiment. Alumed bread usually yields,
when burnt, more ash than genuine bread: 100 parts of
genuine bread will yield, on an average, 1-3 part of ash.
But the constituents, and not the quantity of the ash,
are of importance in discovering adulterations.
Naturally, wheaten flour contains the merest trace of
aluminium.,

Further and morce precise directions for the detection of
adulterations in Dbread will be found in the third part of this
volume,

LESSON XXXIV
ASIIES OF PLANTS

Y Apparatus required.—Retort-stand ; platinum foil and wire ;
triangle ; watch-glasses ; funncl and filter ; turmeric and litmus
paper ; wash-bottle.

Ordinary reagents—Dilute nitric acid; dilute hydrochloric
acid ; acetic acid ; ammonium oxalate ; potassium ferrocyanide.

Special materials and lests—Ammonium molybdate ; dried
beech-leaves or hay; platinum tetrachloride ; strong solution of
tartaric acid ; alcohol.

1. Roll up and crush some dried beech-leaves, grass,
or other suitable vegetable matter; place in a porcelain
crucible supported on a triangle on a ring of the retort-
stand. Heat and set fire to the vegetable matter, and
continue the heating until nothing remains but a white
or grey ash. The charred-leaves may be occasionally
stirred with a wire or rod to facilltate the burning.

-With the ash or mineral matter thus obtained, the
following experiments may be tried :(—
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2. Place a few particles of the ash in a test-tube,
add 1 drop of dilute nitric acid and 10 drops of
ammonium molybdate; a yellow precipitate coming
down on warming indicates the presence of phosphates
.in the ash.

3. Place a particle of the ash upon a piece of
turmeric paper, and let a drop of water fall uponit; a
reddening of the paper indicates the presence of an
alkaline carbonate.

4. Add 10 drops of water to the whole of the
remaining ash, pour the mixture upon a very small
wetted filter, and collect the filtrate in a avatch-glass;
add to it 3 drops of hydrochloric acid and 6 drops of
platinum tetrachloride: a yellow crystalline precipitate
forming slowly proves the presence of potassium
compounds in the ash.

Or, to the filtrate add 6 drops of strong solution of
tartaric acid and 2o drops of alcohol; a white crystal-
line precipitate forming on standing shows the presence
of potassium compounds.

5. The residue on the filter will probably contain
some charcoal and calcium carbonate. I’our upon it
10 drops of acetic acid, collect the filtrate in a watch-
glass; add to it 3 or 4 drops of ammonium oxalate: a
white precipitate indicates the presence of calcium
compounds in the ash.

6. Oxide of iron may be tested for in the still
undissolved residue by treating it with dilute hydro-
chloric acid and adding potassium ferrocyanide to the
filtrate.
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LESSON XXXV
VEGETABLE COLOURS

Apparaius required—Test-tubes ; mortar ; flask ; funnel and
filters ; basin ; retort-stand ; wash-bottle.

Ordinary reagents.—Sodium hydroxide ; dilute sulphuric acid ;
ammonium carbonate.

Special materials and tests—ANAlcohol ; concentrated hydro-
chloric acid ; fragment of zinc; crcam of lime; solution of lead
acctate ; powdered madder-root; solution of indigo or sulphin-
digotic acid ; dahlia-flower ; turmeric root ; litmus ; wool ; black
paper.

1. Some leaves of grass, mangolds, or ncttles, are to
be employed for the first experiment. They should
have been dried as quickly as possible after having been
gathered, but at a lower temperature than 100° C. A
small quantity of the dry material having been crushed
and placed in a test-tube, it is to be warmed with
alcohol till the latter has become a rich green colour.
This solution, which contains cilorophyll, the green
colouring-matter of leaves, should now be passed
through a filter which has been previously dried, and
the clear filtrate viewed, in sunlight if possible, with a
piece of black paper behind the tube containing it. It
will exhibit, owing to the action of the chlorophyll in
changing the refrangibility of some of the solar rays, a
beautiful red fuorescence, as it is called. When this
effect has been noticed, some water should be added to
the solution ; the chlorophyll, being insoluble in water,
will be precipitated.

2. Crush the petals or florets of any dark red or
purple flower, such as a rich coloured dahlia, and werm
them with water in a flask. Filter the liquid, and divide
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it into 3 parts. To one part add a drop of'two of dilute
sulphuric acid, to another a drop of sodium hydroxide,
and to the third a drop of lead acetate solution. The
changes of colour in 1 and 2 thus produced afford a
convenient method of ascertaining whether a solution
is acid, alkaline, or neutral.

3. Boil some powdered root of madder, Rubia
tinctorum, with water and some sodium hydroxide
in a flask, filter the liquid, and make the filtrate acid
with dilute sulphuric acid. The orange precipitate
which falls after a few minutes contains a/isarin
(C,,H,0,), the chief colouring principle of madder; this
important substance is now made artificially from
anthracene (C,,H,,), a constituent of coal-tar. Alizarin
is used in dyeing Turkey-red; and if a piece of cloth so
dyed be warmed in hydrochloric acid, washed, and then
boiled in sodium hydroxide solution, its colour may be
removed.

4. Pour a little sulphindigotic acid into a basin of
distilled water, warm the liquid, and immerse in it a few
wet strands of wool which have been thoroughly washed
previously ; the colouring matter present will attach
itself to the wool. The wool is now to be removed,
rinsed with water, and transferred to a test-tube
containing a little ammonium carbonate solution. The
colouring matter will now leave the wool.

5. Boil a little turmeric root, Curcuma longa, with
water, filter the liquid, and add to it first sodium
hydroxide, and then dilute sulphuric acid.

6. Repeat experiment § with litmus instead of
turmeric.
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LESSON XXXVI
EXPERIMENTS WITIH BONE AND FLESH

Apparatus required.—Flask ; funnel and filter ; test-papers.

Ordinary reagents.—Dilute hydrochloric acid; ammonium
hydrate ; sodium carbonate; dilute nitric acid ; ammonium
carbonate.

Special materials and fests.—Bone-meal ; uncooked lean beef;
strong nitric acid ; picce of muslin ; saturated solution of common
salt.

I. Put a small quantity of bone-meal into a flask
and warm it with dilute hydrochloric acid for ten
minutes ; decant the liquid on to a wetted filter, and
then add to the filtrate excess of ammonium hydrate:
a white gelatinous precipitate will separate; this
consists chiefly of tricalcic phosphate (bone-earth).
The residue in the flask consists chiefly of ossein, the
characteristic nitrogenous matter of bone : wash it with
abundance of water, until the wash-waters no longer
react acid with blue litmus paper. It may be dissolved
by long boiling with water, especially at an increased
pressure, and is then turned into gelatin. Like other
substances of similar origin and character, it is turned
yellow by the action of strong nitric acid ; this experi-
ment should be tried with a few particles of the residue
in the flask. The presence of nitrogen in these particles
of ossein may bc easily proved by heating 2z or 3 of
them in a test-tube with soda-lime; ammonia will be
given off and will turn red litmus paper blue.

2. By chopping up some raw beef, enclosing it in a
muslin bag, and washing it in a streart of water until the
liquid flows away clear and colourless, a pale mass is
left, consisting chiefly of proteids. It may be punﬁed
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from fat, etc., by dissolving it in a -1 per cent. solution
of hydrochloric acid, exactly neutralizing the solution
with ammonium carbonate, and collecting the flocculent
precipitate which forms. This precipitate, after washing
with water, consists of syntonin and myosin, the former
substance being an alteration-product of the chief
constituent of muscular fibre, and the latter being
ready formed in it. A saturated solution of common
salt will dissolve out the myosin from the mixture,

LESSON XXXVII
EXPERIMENTS WITH BLOOD

Apparatus requirved.—Three beakers ; test-tubes ; test-papers.

Ordinary reagents.—Dilute nitric acid; sodium carbonate
solution.

Special materials and tests.—Fresh blood ; coagulated blood ;
bundle of birch twigs ; spectroscope.

I. It perfectly fresh blood be violently stirred with
a bundle of clean birch twigs, a substance known as
fibrin is gradually formed, and separates, attaching
itself to the twigs as an irregular network of whitish
filaments: the red liquid remaining consists of the
serum and the corpuscles.

2. If some blood be allowed to curdle spontaneously,
it will gradually separate into 2 parts, a yellow
liquid or serum, and a red clot which contains both
corpuscles and fibrin.

a. The serum may be proved to be alkaline by
dipping a piece of turmeric paper into it.

0. 1f some of the serum be heated to 60° or 70°, a
separation of albumin will take place; nitric acid and
metphosphoric acid produce the same result.

E
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¢. A dilute cold solution of sodium carbonate readily
extracts the red colouring of the blood from the clot.
This colouring-matter, called hamoglobin, shows a
spectrum characterized by two dark absorption-bands,
situated respectively about the solar lines D and E.

LESSON XXXVIII
COTTON, WOOL, AND SILK

Apparatus required.—Furnace-support ; wire gauze ; filters and
funnels ; porcelain basin ; wash-bottle ; test-tubes.

Ordinary reagents.—Sodium hydroxide 6 per cent.; dilute
sulphuric acid.

Special materials and ftests.—Cupric hydrate dissolved in
ammonia ; sodium plumbate solution ; concentrated nitric acid ;
oil of vitriol; concentrated hydrochloric acid; solution of
magenta ; cotton ; wool; silk.

1. Cotton, one of the forms of cellulose, a most
important constituent of plants, may be separated from
wool by means of an ammoniacal solution of cupric
hydrate. This reagent dissolves cotton and linen
fibres with great casc. This may be shown by shaking
a piece of filter-paper in a test-tube half full of this
reagent till no more paper dissolves, filtering the liquid
through a double filter, and then adding dilute sulphuric
acid to the clear filtrate; flocks of cellulose will be
reprecipitated. In this experiment carded cotton may
be substituted for the paper with the same result; or
the cotton fibres in a piece of inferior cloth may
be dissolved out and detected. Carded cotton and
some other forms of cellulose dissolve perfectly in cold
sulphuric acid of specific gravity 1-53.

2. Wool and silk both dissolve when boiled with
sodium or potassium hydroxide solution of specific
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gravity 1-05. Cellulose is undissolved by this treat-
ment. Wool, however, may be distinguished from silk
by immersion in sodium plumbate solution (made by
adding to a solution of basic lcad acetate enough
sodium hydroxide solution to redissolve the precipitate
first formed), which turns wool brown, but does not
change the colour of silk. Silk is readily dissolved by
an ammoniacal solution of nickel oxide; but the best
solvent for it is cold concentrated hydrochloric acid.
Both wool and silk are coloured yellow by immersion
in nitric acid ; cotton and linen are not. A weak warm
solution of magenta dyes wool and silk permanently ;
but cotton or linen immersed in the same solution
becomes nearly white again when rinsed in water.

3. An instructive experiment consists in burning a
single filament of wool or silk by the side of a cotton or
linen fibre; the differences in the odours cvolved and
the cinders and ashes produced are quite characteristic,

4. Advantage may be taken of the different solvents
named in paragraphs 1 and 2 above in order to separate
from a mixed fabric its constituent fibres and to identify
them in succession. The following plan answers well,
A textile fabric containing cotton, wool, and silk, is
first soaked in cold concentrated hydrochloric acid until
the silk has been dissolved out. The acid liquor is then
pourcd off, while the remaining fibres, after a thorough
washing with hot water, arc boiled with a 10 per cent,
solution of sodium hydroxide, which dissolves the wool.

The cotton now alone remains, and may be recognised
in the following manner:—Wash and dry it, and then
immerse it for five minutes in a mixture of 2 measures
of oil of vitriol and 3 measures of strong nitric acid ;
this sreatment converts cotton into gun-cotton, which
may be readily recognised when clean and dry.
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LESSON XXXIX
WINE AND BEER

Apparatus, etc., vequired.—Retort and stand ; flask ; test-tubes ;
mortar ; porcelain basin ; blowpipe ; platinum wire ; spirits of
wine ; glass rod.

Ordinary reagents.—Hydrochloric acid ; sodium hydroxide.

Special malerials.—Potassium dichromate solution ; sugar
test ; glass measures ; wine, beer, and cider.

1. Pour 50 cub. cent. of claret or other light red wine
into a rctort and distil over about 10 cub. cent.: pour
this distillate into 2 test-tubes, @ and 4.

a. Warm this tube and apply a lighted spill to its
mouth when the liquid begins to boil ; the spirits of wine
or alcohol vapour will burn with a pale flame.

0. To this tube add a little hydrochloric acid and
some potassium dichromate solution ; then boil it: the
production of a green colour is due to the reducing
effect of the alcohol (see Lesson XVIIL).

2. Pour half the residue in the retort (from experi-
ment 1) into a flask, add a little sodium hydroxide
and some sugar test, and then boil: a red precipitate
indicates sugar.

Evaporate the remainder of the residue in a porcelain
dish till it is reduced to about 10 cub. cent. ; then dip a
platinum wire into the remaining liquid and hold it in
the blowpipe flame, in order to ascertain, by the lilac
tinge, the presence of potassium. The acid reaction of
this residue is due to acid potassium tartrate, which
may be precipitated, as cream of tartar, by the addition
of strong alcohol, and stirring.

3. The above experiments may be repeated, with
beer and with cider.
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Other useful lessons in Chemical Manipulation may
be devised by the adoption of the same style of treatment
as that whick has becn pursued in the present part of
this work. The analysis of atinospheric air; the separa-
tion of colloids from crystalloids by dialysis; the use of
the spectroscope ; the lests for wuric acid, hippuric actd,
urea, with the arttficzal jormation of the latter conpound ;
and the examination of prgments and of feeding cakes, and
the sapontfication of fats, suggest themselves as suitable
subjects for class-teaching.



PART 1II

QUALITATIVE ANALYSIS

CHAPTER 1

§ i. Introduction.

THE object of qualitative analysis is the discovery of
the constituents of an unknown substance. By suitable
treatment, any compound can cither be chemically
dissected, or else be made to yield such products as are
casily identified or well known; for it is not necessary
that the actual elements themselves should be obtained
in a free state by the processes of analysis; all we
usually require is to obtain some characteristic colour or
odour or precipitate or gas which is without doubt due
to one particular element or group of elements. There
arc various ways of accomplishing this result, such as
the action of heat upon the substance to be examined,
or its treatment with particular chemical tests. In the
lessons contained in the first part of this book many
examples of both these methods of analysing substances
have been given; we may here recall a few of them.
When mercuric oxide (HgO), a compound of
mercury and oxygen, is heated, it sphts up into its
elementary constituents, mercury (Hg), and oxygen (O),
both easily identified by characteristic propesties,
When, (7)0n the other hand, a substance like potassium
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chlorate (KCIO,) is heated, it does not split up so
completely as mercuric oxide; but while its oxygen is
wholly separated, and can be recognised as in the
preceding case, its other constituents, the potassium (K)
and the chlorine (CI), remain united in the form of a
new compound, which, however, can be identified almost
as readily as either of its constituent elements. But
heat alone is not the chicf means employed in qualita-
tive analysis, the characteristic changes produced by the
action of one substance upon another are of far greater
importance. Examples of thesc changes or reactions
may be quoted from the lessons on Silver Coin and
Carbon Dioxide. In the former case the silver was
identified in several ways, one of them being the reaction
between its nitrate and hydrochloric acid, which in this
case becomes the reagent, while an cquation represents
the change, thus—
AgNO, + HCl = IHNO;, + AgCl
Silver nitrate. White precipitate,

Now this white precipitate is easily ascertained to be
silver chloride, either by treating it with another
substance, say ammonia, which dissolves it, and would
not have dissolved any other compound similarly
precipitated by hydrochloric acid; or else by actually
obtaining metallic silver from it by the action of zinc,
In the preparation of carbon dioxide,again, we may use
the reaction between the limestone and the hydrochloric
acid, in order to ascertain the substance used really to
be calcium carbonate——not because we thus separate it
into its three elements, but bccause we obtain two of
them in the definite and recognisable form of carbon
dioxide (CO,), and because the other element, calcium,
exists at the end of the experiment in the very con-
ven'i'ent form of a so/uble salt or compound, with which
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other rcactions, belonging to calcium compounds only,
can be at once obtained.

Before the student can apply his knowledge of
chemical manipulation to the actual examination and
identification of unknown substances, he must make
himself acquainted with (1) the chicf elements and
their most common compounds, (2) the reagents or
tests which are actually employed in analysis, and (3)
the rcactions between these tests and the substances to
which they have to be added. Some information on
thesc subjects will have been obtained already from
laboratory practice as well as from lectures and the
study of a text-book of chemistry. In the three follow-
ing scctions of this part of the Guide, the main facts
relating to the chief Elements, to Reagents, and to
Reactions are presented in a compact form. Then
follows the description of the Method of Analysis; and
afterwards a complete series of Analytical Schemes is
given. It may bc well to state here that, as nearly all
those clements have been excluded which are not
necessary or important constituents of agricultural or
common products and materials, it has been possible
greatly to simplify some of the analytical processes in
ordinary use.

§ ii. Of the Elements,

All the rare elements, and all those which are of
little or no importance from an agricultural point of
view, have been excluded from the analytical course
about to be described. Of the elements—approximately
eighty—believed to exist, about thirty have to be con-
sidered, on one account or another, in the present work ;
of these, the greater number are metals. It is notwvery
often, however, that we find the metals or non-metals
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actually separated by a process of analysis; still a
knowledge of their chief physical and chemical
properties is of importance, for scveral rcasons.
Especially should the analyst lcarn the symbol and
atomic weight of every element which he will have to
search for or to estimate. On this account the follow-
ing condensed notes on the elements are herc given.
The melting- and boiling-points are given on the Centi-
grade thermometric scale.

Hydrogen is generally regarded as a non-metallic
element, though in some of its characters and properties
it more nearly resembles the metals.  Its occlusion in a
highly condensed state by iron or palladium, with which
metals it seems to form alloys, and its conductivity for
heat, support this view. Hydrogen also in acids
occupies the place which metals take in salts, so that
acids may be viewed as hydrogen salts. Hydrogen is
colourless, odourless, and combustible ; it is the lightest
of all known gases, and the unit of comparison as to
density of gases and vapours. If air, however, be taken
as unity, the density of hydrogen is -0692. Hydrogen
gas can be liquefied ; the liquid boils at —252° C. and
solidifies at —257° C.; its specific gravity is -0763. In
its combinations this element is what is called a monad,
having only one bond of attachment to other elements;
or it may be said to be unsvalent. its compounds with
other monad elements show this, the formula of its com-
pound with chlorine being, for instance, HCl. Three
of the important monad metals are potassium, sodium,
and silver. It will, however, be found more conven-
ient in practice to arrange the metallic elements in accord-
ance with their analytical relationships. Those metals
whicl are removed together in groups during the conduct
of an analysis will be classified accordingly as follows :—
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Grour L. Metals having insoluble chilorides ~—Silver,
Mercury (mercurosum), and Lead. Silver is a malleable
metal of great brilliancy of lustre, and showing a faint
yellowish-white colour. Its specific gravity is 10-53,
and melting-point about 960". Mercury is a mobile,
greyish-white, lustrous liquid, of specific gravity 13-55 ; it
becomes solid at —39". The boiling-point of mercury is
357" Lecad is soft and bluish-grey ; its specific gravity
is 11-38; it melts at 326",

Grour L. Jetals of whick the sulphides  are
insoluble in lhydrochlorie acid —Copper, Tin, Arsenic,
Antimony, Platinum, and Gold. Copper is red; its
specific gravity is 8:95, and its melting-point 1080°. Tin
is soft, white, and crystalline; its specific gravity 7-3,
and its melting-point 232",  Arsenic is a greyish-white
semi-metal, having the specific gravity 5-73, and volatiliz-
ing at 180". Antimony is bluish-white, brittle and
lustrous, having the specific gravity 6.6 to 6-8, and
melting-point 450". Platinum is greyish-white, and has
the specific gravity 21-5. It melts at about 1775° C,,
and is not attacked by hydrochloric or nitric acid alone,
but by a mixture of the two acids. Gold is highly
lustrous, of an orange-yellow colour; has the specific
gravity 19-3, and the melting-point 1062°,

Grour Il dletals of which the sulphides and
hydrates are soluble in acids, but insoluble in water.—
iron, Manganese, Aluminium, and Zinc. Iron is white
to greyish-white, of density varying, according to its
method of preparation, from 7-7 to 8-1; melting-point
about 1575°. Manganese is greyish-white; its specific
gravity is 7-4; it melts at about 1245°. Aluminium
is bluish-white, having the remarkdbly low specific
gravity 2.58; it melts at 655°. This is a pseudo-griad,
being in reality quadrivalent. Zinc is bluish-white,



OF THE ELEMENTS 75

hard and crystalline ; its spccific gravity is 6.9 to 7.1,
and its melting-point 419°, and boiling-point 918",

Grour V. Metals of which the carbonates are
insoluble in water and awanonium  salts :—Calcium,
Strontium, and Barium. These are the metals of the
alkaline earths. They are diad elements. Calcium,
specific gravity 1-55; melting-point about 800°. Stron-
tium, specific gravity 2.5; melting-point about 800°.
Barium, specific gravity 3-78; melting-point about 850"

GRrour V. dletals of which the carbonates are soluble
an water or amuonium salts —They are Magnesium,
Potassium, Sodium, and Ammonium. Magnesium is
somewhat closely allied to zinc; it is hard and ncarly
white; its specific gravity is 1.74, and its melting-
point 633°. Potassium has the specific gravity -85, and
its melting-point is 62:5°. Sodium is soft, pinkish-white ;
specific gravity .97, and melting-point 95-6°; boiling-
point 877", The compound radicle ammonium, NII,, has
not becn isolated. Potassium, sodium, and ammonium
are metals of the alkalies—all unite with chlorine to
form chlorides of the simple formula MCI.

The non-metals may be arranged, according to their
valency, into four groups. They are sometimes called
acid clements, in contradistinction to the basic clements,
Arsenic, antimony, and tin, however, play the parts
of mectals and of non-metals: they are intermediate
in their properties. Even the more distinctively
metallic elements, such as iron and manganese,
are capable of playing the part of some non-metals,
as shown in the ferrates and manganates. In the course
of the analytical operations described in the present
work we meet with ten non-metals—some of them being
separated during analysis in the uncombined or free
state, the remainder in various forms of combination.
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Grour I. Acid or “chlorous” clements or non-
metals, which are monads, that is univalent, and
combine in the proportion ‘of 1 atom or 1 gaseous
volume to 1 atom or 1 volume of hydrogen, yielding
2 volumes of an acid gas. These are chlorine, bromine,
iodine, and fluorine, all of which form with silver
insoluble compounds. Chlorine is a greenish-yellow
gas, 35-26 times as heavy as hydrogen; 2.5 volumes of
it dissolve in 1 volume of cold water; it may bc
liqueficd by pressure; melting-point 33.6°, and boiling-
point 102°. Itisa powerful bleaching.agent. Bromine is
a red-brown liquid, boiling at 59°, freezes at — 70°,and of
specific gravity 3-19. Its vapour is red ; it turns starch-
paste orange. Iodine is a bluish-black solid, of specific
gravity 4-95, melting at 114°, and boiling at 184°. Its
vapour is violet ; it turns starch-paste blue. Fluorine has
been isolated as a light greenish-yellow gas; its com-
pound with hydrogen, hydrofluoric acid, acts upon glass,
etching it rapidly. Fluorine combines with hydrogen very
energetically, even at the lowest temperature obtainable.
Liquid fluorine boils at —187°; it freezes at —223°,

Groupr II. Diad or bivalent acid elements, which
combine in the proportion of 1 gaseous volume to 2
volumes of hydrogen, yielding 2 volumes of a compound
gas, in which the acid character is indistinct. These are
Oxygen and Sulphur. Oxygen is a colourless gas, 15-87
times as heavy as hydrogen ; it is very slightly soluble in
water ; it relights a glowing splinter of wood immersed
in it. It may be condensed into a pale blue liquid gf
specific gravity 1-124, which boils at —182° under
atmospheric pressure, and when frozen melts at —223°.
Sulphur is a yellow solid, of specific gravity 2.05, melting
at 115° and boiling at 440° It yields an orange-colsured
vapour. It exists in several allotropic modifications.
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Grour III Triad or trivalent non-metals or acid
elements, which combine in the proportion of 1 gaseous
volumme or I atom to 3 volumes or 3 atoms of hydrogen,
yielding 2 volumes of a basic compound. These are
Nitrogen and Phosphorus (arsenic and antimony also).
Nitrogen is a colourless gas nearly 14 times as heavy
as hydrogen. It has been reduced to the liquid state,
when it has the specific gravity -81; liquid nitrogen
boils at —195-5°, and freezes at —214°. Solid nitrogen
has a specific gravity of 1-026. It is incombustible, nor
does it support combustion. Phosphorusis known chiefly
in two forms—a colourless, wax-like solid, of specific
gravity 1.83, melting under water at 44", and boiling at
290° (this variety may be crystallized) ; and a chocolate-
red powder, of specific gravity 2-21, which at 350° melts,
and is then converted into the ordinary form of the
element. Common phosphorus is very easily combust-
ible, and burns in oxygen with a splendid white light.

Grour IV. Tetrad or quadrivalent non-metals or
acid elements, which combine in the proportion of 1
gaseous volume or I atom to 4 volumes or 4 atoms of
hydrogen, yielding 2 volumes of a neutral compound
gas. These are carbon and silicon. Carbon occurs in
three forms—diamond, graphite, and amorphous carbon.
The diamond crystallizes in octahedra, of specific
gravity 3-53; graphite is greyish-black, of specific
gravity 2-3; while charcoal, lampblack, etc., varieties of
amorphous carbon, have a still lower specific gravity.
All three forms, however, yield the same quantity of
carbon dioxide (CO,) when equal weights are burnt in
oxygen. Silicon occurs in a somewhat similar variety
of forms ; its oxide is silica, SiO,. '

Amnexed is a list of the names, symbols, and atomic
weights of 81 substances believed to be simple or
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elementary, as adopted by the International Committee
on Atomic Weights, on the basis of oxygen = 16, when
hydrogen becomes 1-008.

Symbols and International Atomic Weights. O=16.

ALUMINIUM ..... .
ANTIMONY..... .
Argon e oo
ARSENIC.. .
Barium....
Bismuth, .. ..
Boron..... ... ...
BROMINE... ...
Cadmium.. . .. .
Caesium.....

FCALCIUMue vvven v oo
..C
. .Ce

.Cl

*CARBON.... .
Cetium.,.. .. . )
*CHLORINE . . ..
Chromium . ..

Columbium,. .

COPPER ..... ... ... ..

Dysprosium. . ..
Erbium..... ..
Europium.. .
*FLUORINE ...... ..

Gadolinium .. . . ..
Gallium .o oL

Getmanium . . .
Glucinum,........ o
GoLD (Auw um) .........
Helium ..

*HYDROGEN

JIODINE... . .. . .

TAdiUM. errery oo, -

*IRON (Ferrim)....
Krypton......... .
Lgnthanum.......

Al

.Sh
A
. As

Ba

... Bi
...B
. Br

Cd
Cs
Ca

Lutecium, L Lu
*MAGNESIUM... ..Mg
*MANGANESE............... Mn

271
120-2
39-88
7496
137:37
2080
11:0
79:92
112:4
132-81
40-09
120
140-25
35:46
52:0
5897
935
6357
162-5
1674
152.0
19:0
1573
69-9
725
91
197-2
399
1:008
1148
126.92
1931
5585
83.0
139-0
2071
6-94
1740
24-32
5493

MERCURY (Hydrargyrum)Hg 2000

Molybdenum............... Mo
Neodymium.. .. . ...... Nd
Neon..... .. . Ne
Nickelow.... .. . . ....Ni
“NITROGEN. . .....N
Osmium..... oo ....0s
*OXYGEN., . . .0
Palladium. . ... . Pd
‘PHOSPHOR(S., . ... P
PIATINUM .. Pt
*POTASSIUM (/\almm) K
Praseodymium ...... ..Pr
Radium ,...... . ....Ra
Rhodium ... .. Rh
Rubidium.. . . Rb
Ruthenium.. . Ru
Samarium ... . . Sm
Scandium ... .. Sc
Selenium. ... ....Se
*SILICON., . .51

SILVER (.11 ge ). Ag
*Sovtum (Natrium). . Na

Strontium ... ... . Sr
*SULPHUR...... . .....S

Tantalum... . . ... Ta
Tellurium . . Te
Terbium.... . . ..Tb
Thallium, . .. Tl
Thorium.. . . ...Th
Thulium . .. .Tm
TIN (Stanuum). ... Sn
Titamum..... ... T
Tungsten (Wolyr am) ..... w

Ytterblum (A coytler émm) Yb
Yttrium ..
ZINC euvrn

g6.0
144°3
202
58.68
1401
109
160
1067
31-04
195-2
391
1406
2264
102+9
8545
1017
1504
44°1
792
28-3
107-88
230
§7.63
32.07
181.0
1275
1592
2040
232.42
168.5
119-0
481
184-0
2385
51.06
1302
1720
89-0
65-37
90-6

The most important elements are printed in CAPITALS, Elements ®und in all
plants and animals are marked with an asterisk (*).
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§ iii. Of Reagents and Tests.

The following is a descriptive list of the reagents and
tests employed in the qualitative and quantitative pro-
cesses given in the present work., The most important
impurities are noted, together with the most suitable
strength for each solution. In a few instances, however,
solutions which are employed for special purposes and
of exact strength are described under the headings of
those quantitative methods in which they are used.

METALS.—Copper (Cu).  Copper foil or finc wire
may be obtained ncarly pure. It should be kept in a
glass-stoppered bottle.

Iron (Fe). - Some kinds of steel and solt iron wire,
notably piano-wire, contain a very small percentage of im-
purities. Keep covered with quicklime in a glass bottle,

Zinc (Zn)., The most usual impuritics of zinc are
iron, lead, and arsenic. By distillation it may be freed
from lead and iron; if the distilled zinc be kept fused
for some time in an earthen crucible, it may often thus
be freed from arsenic.

NON-METALS.—C/lorine (Cl) may be prepared by
gently warming strong hydrochloric acid with manga-
nese dioxide. If a solution be wanted, the gas is con-
ducted into very cold water until the latter is saturated.

Jodine (1). A saturated aqueous solution of resub-
limed iodine is to be used; or the element may be
dissolved in water containing 4 per cent. of alcohol,

Carbon (C). Tharcoal for blowpipe experiments
should be of beech or other compact wood, and should
be free from bark or knots. Pieces about 1} inch
in diameter and®4 inches in length should be sawn
lengthavise in two; the flat surface of the longitudinal
section thus made will be found adapted for most blow-
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pipe purposes ; occasionally a cross or slant section is to
be preferred.

PorassiuM SALTS.—Potassium lodide (KI). Com-
mercial jodide sometimes contains jodate in small
quantities. Evaporate the alcoholic solution to dryness,
and make a 10 per cent. (}/) solution of the residue.

Potassium Chlorate (KClO,). The commercial salt
may be used ; it generally, however, contains sulphate,
and occasionally a trace of lead.

Potassium Nitrate (KNO,). Refined nitre is pure
enough for ordinaty use; the chloride and sulphate
which it generally contains may be separated by
repeated crystallizations.

Potassiun: Cyanide (KCN). The commercial salt,
if kept dry, answers every purpose.

Potassium  Thiocyanate or Sulplhocyanide (KCNS).
The commercial salt may be used: 10 per cent.

Potassium Ferrocyanide (K, FeCy,, 3aq.) occurs pure
in commerce: 8 per cent.

Potassium  Ferricyanide (K Fe,Cyy,). This salt
occurs in commerce of sufficient purity: dissolved in
water, it suffers, after a time, a partial decomposition ;
the fresh solution only should be used: 10 per cent.

Potassium  Sulphide (K,S). The commercial salt
may be used: 4 per cent. Should be freshly prepared.

Potassium Hydroxide (KHO). Commercial caustic
potash answers well for most analytical operations, but
it is well to remember that it contains small quantities
of potassium carbonate, chloride, silicate, and sulphate;
alumina is generally and lead sometimes present, If
the commercial caustic potash be dissolved in alcohol,
and the clear liquor evaporated (in the absence of CO,)
in a silver dish, the hydroxide is obtained nearlygpure:
5 per cent.
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Potassium and Sodium  Carbonates (K,COz+ Na,-
CO,). The dry salts are mixed in atomic proportions
—about 13 parts of the former salt to 10 of the latter.

Potassium Dichromate (K,Cr,0;). The commercial
salt may be used. Make a saturated solution.

Potassium Chromate (K,CrO,). The commercial salt
sometimes contains a little chloride: 5 per cent. solution.

Potassium  Permanganate (KMnO,). The crystal-
lized commercial salt may be used: -395 gram is dis-
solved in 1 litre of distilled water.

Potassium  Acetate (KC,H,;0,) occurs nearly pure:
25 per cent,

SODIUM  SALTS.—Sodium  Hydrovide (NaHO) is
used for the same purposes as potassium hydroxide.
When required pure, that made from sodium should be
employed : 5 per cent.

Sodium Carbonate (Na,CO,). The commercial salt
generally contains sulphate and chloride, besides excess
of CO, Pure sodium carbonate may be obtained by
igniting precipitated and washed sodium oxalate—
Na,C,0,=Na,CO,4+CO; or by the ignition of the
pure bicarbonate; in the case of the latter salt mag-
nesium should be first looked for: 10 per cent.,

Sodiune Phosphate (Na,J1PO,, 12aq.). The ordinary
phosphate contains sulphate; it may be purified by
recrystallization. The solution of this salt acts power-
fully upon porcelain and glass, taking up impurities and
losing some of its phosphoric constituent: it should
generally be prepared only when required: 10 per
cent.

Sodium Borate (Na,H,B,0;, 9aq.), or borax, may be
employed as obtdined in commerce.

Ssdium Acetate (NaC,H,0,, 3aq.). The commercial
salt may contain traces of calcium salts, but for ordinary

F
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purposes may be used. It should be dissolved in §
times its weight of water.

AMMONIUM SALTS.—/Ammoniuin Chloride (NH,CI).
This salt may readily be obtained pure: 20 per cent.

Ammonium  Sulphide ([NH,,S). This salt is
obtained in solution thus:—Take somec solution of
ammonia, divide it into two equal parts, saturate one
with hydrosulphuric acid, and then add the other part.
Ammonia is known to bc saturated with the acid in
question when it no longer occasions a precipitate in
magnesium sulphate. Yelowo ammonium sulphide is
prepared by dissolving a little sulphur in the ordinary
sulphide. The glass of the bottles in which these
reagents are kept must not contain lead.

Ammonia (NH,). Ammonia gas dissolved in water
is supposed to form ammonium hydrate (NH,HO).
Commercial liquor ammonia, specific gravity -88, if it
leave no residue on evaporation, may be used in analysis.
8 per cent. solution: mix one volume of strong ammonia
solution, specific gravity -88, with three volumes of
water ; adjust this to a specific gravity of -967 by the
addition of morc water or more ammonia solution as
required. 2 per cent. solution: mix one volume of 8
per cent. ammonia solution with three volumes of water.

dmmoniunt  Carbonate ([NHJ,CO,). The com-
mercial “sesquicarbonate” appears to yield a solution
of this salt when dissolved in hot water. The com-
mercial salt is pure enough for most analytical purposes :
10 per cent. A solution saturated in the cold, of
commercial sesquicarbonate, is also required in analysis.

Ammonium Acetate (NH,C,H,0,).  Acetic acid may
be saturated with ammonium carbonate, and warmed.

Ammoniuwm Oxalate [NH],C,0,, 2aq.). Thscom-
mercial sall suffices for most purposes; but if pure am-



OF REAGENTS AND TESTS 83

monium oxalate be desired, it may be obtained by satur-
ating liquor ammonizae with a solution of sublimed oxalic
acid: 1 part of the crystals obtained by evaporating the
solution should be dissolved in 25 parts of water.

Amimonium  Phosphate ((NH,,HPO,). This salt
may be obtained in commerce quite pure.

Ammonium Molybdate (NH,],Mo00,). One hundred
and twenty-five grams of molybdic acid and 100 cubic
centimetres of water are placed in a litre flask, and the
molybdic acid dissolved by the addition, while the flask is
shaken, of 300 c.c. of 8 per cent. ammonia solution. Four
hundred grams of ammonium nitrate are added and the
solution made up toa litre. This is then gradually added
to 1 litre of nitric acid, specific gravity 1-19: keep the solu-
tion at a temperature of about 35° C. for 24 hours and then
filter.

SILVER SALT.— Sifver Nitrate (AgNO,). The
recrystallized salt may be used: or it is obtained by
dissolving pure silver in nitric acid (HNO,), which has
been diluted with about its own bulk of water, evaporat-
ing the solution to dryness, and gently fusing the
residue. The fused mass may be dissolved in water
when cold, and then crystallized. It is thus obtained
quite free from acid. If silver coin (Ze., silver alloyed
with copper) be employed, it is necessary, after dissolv-
ing it in nitric acid, to precipitate the silver as chloride
by the addition of hydrochloric acid, to filter it off, and
then to wash it till it no longer contains a trace of the
soluble copper salt. The silver chloride may then be
reduced into metal either by fusing it with twice its
weight of dry sodium carbonate, or by placing it in a
dish together with water, a drop or two of hydrochloric
acid, afld a strip of pure zinc. When the reduction of the
silver is complete, the remaining zinc must be removed,
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the spongy silver warmed with a little dilute hydrochloric
acid, and then thoroughly washed, dissolved in nitric acid,
and the solution evaporated to dryness. The residue,
if gently fused, will be nearly pure silver nitrate; it may
be further purified by crystallization: 5 per cent.

BArRtUM SALTS.—PBarium  Chloride (BaCl,, 2aq.).
This salt is generally found in commerce of sufficient
purity for ordinary analytical operations. If it contains
lead, it may be purified by recrystallization : 10 per cent.

Barium Oxide or Daryta (BaO). Introduce finely
powdered barium nitrate, little by little, into a crucible
maintained at a bright red heat. After cooling, the
crucible is broken, and the fused mass separated from
foreign matters and preserved from the air.

Barium Hydrate (Ball,O,, zaq.). Boil the oxide in
water, filter into a large flask, and allow the filtrate to
cool. Crystals of the hydrate will separate; one or two
recrystallizations of these will give a perfectly pure
product. Or the commercial crystallized hydrate may
be similarly purified. A cold saturated solution may be
used in testing : it should be prepared and kept out of
contact with the air.

Barium Nitrate (Ba2NO,). The commercial salt
may be used: § per cent.

Barium Carbonate (BaCO,). Precipitate a warm solu-
tion of barium chloride with ammonium carbonate ; wash
the precipitate thoroughly. It should be kept moistened
with water in a wide-mouthed stoppered bottle.

CALCIUM SALTS.—Calctum Chloride (CaCly). This
may be prepared in the purest form by dissolving the
finest white marble, or, better still, small crystals of
Iceland spar, in hydrochloric acid, the acid not being
in sufficient quantity to dissolve the whole wof the
carbonate: § per cent.
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Calcinwm Oxide (CaQ).  Freshly burnt quicklime just
from the kiln should be taken, the white hard pieces
being selected, and preserved in a well-stoppered
bottle, the stopper having been lubricated with a little
vaseline.

Caleium Hydrate (CaH,0,), or Lime-water. A cold
saturated solution of calcium hydrate is made by shaking
some slaked lime with distilled water. The first water
is poured away, and a second quantity of water added
to the residue : this liquid, when clear, may be decanted
for use: it is to be kept out of contact with the air.

Caleium Sulphate (CaSQO,, 2aq.). The well-washed
precipitated sulphate is shaken up with distilled water.
The saturated solution (1 in 420 of water) is used.

MAGNESIUM SALTS.—Magnesium Sulphate (MgSO,,
7aq.). The commercial salt (Epsom salts) is of sufficient
purity for all ordinary analytical purposes: 10 per cent.

Ammoniacal  Magnesium  Chloride  (magnesia
mixture). One hundred and ten grams of crystallized
magnesium chloride and 140 grams of ammonium
chloride are dissolved in 1300 c.c. of water, and the
solution mixed with 700 c.c. of 8 per ccnt. ammonia
solution, and the whole allowed to stand for not less
than three days and then filtered.

The addition of a few drops of chlorine water, and digestion
tor some hours in a warm place, will separate any manganese; a
little strong ammonia water is again added to the solution, which
is then filtered and preserved in bottles of hard glass.

IRON SALTS—Ferrous  Sulphate (FeSO,, 7aq.).
The best commercial salt, known as copperas, green
vitriol, and protosulphate of iron, is generally of sufficient
purity for use, if* being very carefully prepared for
photographic purposes. The crystals should be
dissolved in cold water. A piece of iron wire should
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be kept in the bottle, and an addition of a few drops
of dilute sulphuric acid be now and then made to it.
This reagent may thus be kept free from ferric
compounds any length of time.

Ferric Chloride (Fe,Cly). The salt is also termed
sesquichloride and perchloride of iron. The commercial
preparation may be used: or the solution may be
prepared by dissolving pure iron wire in dilute hydro-
chloric acid and then passing chlorine through the
solution till a drop of the liquid gives no precipitate
with potassium ferricyanide.

Iron Sulphide (FeS) is most conveniently made by
heating a bar of iron to whiteness in a blacksmith’s
forge and immediately applying to it a roll of sulphur.
The fused iron sulphide as it drops from the bar should
be received in a vessel of water. It may be bought in
short sticks for use in making sulphuretted hydrogen.

COBALT SALTS.—C0balt Nitrate (CozNQ,, 6aq.).
This salt may be purchased fit for use: 15 per cent.

COrPER  SALT.—Copper Sulphate (CuSO,, s5aq.).
The commercial salt is usually contaminated with iron
sulphate and sometimes with lead sulphate. For
analytical purposes, the metallic copper obtained by
elcctrolysis may be dissolved in hot pure sulphuric acid :
the salt should then be crystallized from its solution:
10 per cent.

Sodio-cupric Tartrate, or the Sugar test. Dissolve
34-64 grams of pure crystallized copper sulphate, dried
between filter-paper, in about 200 cc. of water. In
another vessel dissolve 173 grams of crystallized potas-
sium and sodium tartrate (Rochelle salt) in 480 c.c. of
solution of sodium hydroxide, having the specific gravity
1-14. Add the former solution to the latter and dikute to
1 litre. Keep the solution in a well-stoppered bottle to
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prevent absorption of carbon dioxide, which will interfere
with the accuracy of the test : the bottle should be covered
with black paper soaked in melted paraffin, or else it
should be kept in the dark. The stopper should be
lightly smeared with vaseline.

LEAD SALT.—Lcad Acetate (Pb2C,H,0,, 3aq.).
The commercial salt, known as sugar of lead, answers:
15 per cent.

MERCURY SALTS.—AMercurous Nitrate (HgQZNOQ)
This salt, sometimes termed the protonitrate, may be
prepared by keeping pure mercury in contact with
pure cold nitric acid. A saturated aqueous solution
may be used, some metallic mercury being kept in the
reagent-bottle.

Mercuric Chloride (HgCl,), or mercury dichloride, is
met with pure in commerce as corrosive sublimate :
5 per cent.

Potassio-mercurtc flodide, or Nessler’s test. This
excessively delicate test for ammonia is a solution of
HgK,l, in potassium or sodium hydroxide. To prepare
it take 3-5 grams of potassium iodide and dissolve them
in 10 cc of water: dissolve 1-7 gram of mercuric
chloride in 30 c.c. of water, and add the latter solution
to the former gradually, till a permanent precipitate is
produced. Then add a 20 per cent. solution of sodium
hydroxide till the liquid measures 100 cc.; add more
mercuric chloride solution, drop by drop, until a
permanent precipitate again forms; allow the solution
to rest, then pour off the clear part, and preserve it in a
well-closed bottle.

MERcURIC OXIDE (HgO).—This compound should
be prepared by brecipitating a saturated solution of
mercuwic chloride with an excess of sodium hydroxide
solution. The yellow mercuric hydrate at first thrown
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down passes, after thorough washing and drying at
100° C,, into the oxide.

URANIUM SALT.— Uranic Acctate and Nitrate may
be purchased in a state of purity. They should give
no precipitate with hydrosulphuric acid, or excess of
ammonium carbonate.

TIN SALT.—Stannous Chloride (SnCly), or tin
dichloride, may be prepared in solution by digesting
granulated tin in a mixture of equal bulks of concen-
trated hydrochloric acid and water with the aid of heat,
the process being stopped before all the metal and acid
are consumed : the presence of a strip of platinum foil
aids the process of solution. Decant the clear solution
into a bottle containing granulated tin, and add a little
dilute hydrochloric acid.

PLATINUM SALT.—Platinum Tetrachloride (PtCl)).
The salt sold under the name of platinic chloride is
PtCl,, 2HC], 6H,0; it may be obtained fairly pure;
but it is sometimes purposely adulterated with sodium
chloride, and may contain Iridium chloride. It is made
by dissolving platinum in hydrochloric acid, to which a
quarter of its bulk of nitric acid has been added,
evaporaling the solution to dryness on the water-bath,
moistening the residue with hydrochloric acid, and
again evaporating to dryness on the water-bath; this
process is repeated twice or thrice. When dried at
100° C,, it consists of H,PtCl; (=PtCl, 2HCl): 10
per cent. solution in water.

ETHYL COMPOUNDS. — Ether or Ethyl Oxide,
([C,H;],0). Commercial methylated ether answers most
purposes. If required dry, it may be distilled in a water-
bath from caustic lime. Ether usually contains, besides
water, a considerable quantity of alcohol, from wkich it
may be freed by contact with water in a bottle; the
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washed ether may then be freed from water by means of
lime. The specific gravity of pure ether is -72. On
evaporating 20 c.c. no obvious residue should remain.

Alcokol or Ethyl Hydrate (C,H,HO). Rectified
methylated spirit may generally be employed: it may
be obtained nearly free from water by distillation from
caustic lime.

Starcll WATER (CyH, O,).—Mix finely powdered
white starch with a little cold water, and pour the
mixture into boiling water. Allow the liquid to cool
before using it. A lump of camphor will preserve
starch solution from change for some time. Arrowroot
starch may be advantageously employed. Two grams
of starch in 1 litre of water.

HYDROGEN SALTS or ACIDS.—Hydrockhloric Acid
(HCI). Nitric and sulphuric acids, salts of iron, and
arsenic trichloride are common impurities of commercial
hydrochloric acid; it may, however, be obtained pure
in commerce. Arsenic is the most persistent impurity.
One part of the strong acid, specific gravity 1.2, diluted
with 4 parts of water is used as dilute hydrochoric acid.

Nitric Acid (HNO,). The commercial acid
generally contains a little hydrochloric and sulphuric
acid ; it may, however, be purchased pure. One volume
of strong acid, specific gravity 1-42, is to be mixed with
4 volumes of water to form the dilute acid.

Acetic Acid (HC,H,0,). This acid is often con-
taminated with sulphuric acid. The glacial acid
prepared for photographic use is pure. It has the
specific gravity 1-048. To make the dilute acid, add
3 volumes of water to the strong commercial, or 9
volumes to the gldcial, acid.

Water (H,O). This liquid, as it generally occurs,
holds various salts in solution—sulphates, chlorides;
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carbonates. Rain-water collected in the open country
is nearly pure. Water may be completely purified by
careful distillation after having been rendered alkaline
by a little sodium carbonate, the first part of the liquid
which comes over being rejected so long as it gives a
yellow colour with Nessler’s test.

Lydrosulpluric  Acid, or Sulpliuretted Hydrogen
(I1,S). Ferrous sulphide is to be acted on with dilute
sulphuric acid ; the evolved gas is washed by passing it
through a wash-bottle containing a small quantity of
water. A saturated solution of gas is much employed
in analysis; it should be kept in well-stoppered bottles,
the stoppers of which have been smeared with vaseline.

Sulphuric Acid (H,SO,). The commercial acid,
or oil of vitriol, generally contains lead, nitric acid, and
arsenic. Lead may be separated by diluting the acid.
Arsenic is more difficult of removal: addition of
potassium dichromate and distillation is said to yield a
pure product. Nitric acid is expelled by heating with
oxalic acid or ammonium sulphate. To make the dilute
acid, 1 volume of oil of vitriol is very gradually and
cautiously poured, with constant stirring, into 5 volumes
of water: after twenty-four hours decant the clear liquid
from any precipitated lead sulphate.

Oxalic  Acid (H,C,0.). The commercial acid
usually contains alkalies, lime, and sulphuric acid.
It may be purified by sublimation. The sublimed acid
has no water of crystallization ; its formula is given
above: 5 per cent.

Phenol or Carbolic Acid (C;H,HO). The crystallized
carbolic acid of commerce may be dissolved in distilled
water : 4 per cent.

Sulphindigotic Acid. The solution of 1 part oféndigo
in 6 parts of fuming sulphuric acid is known by this
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name. The sulphuric acid must be free from nitric acid.
The blue liquid is diluted before use with 20 volumes
of water.

Tartaric Acid (H,C,H,0,). The commercial acid is
sufficiently pure; though it sometimes contains a small
quantity of lead : 20 per cent.

Citree Acid (H,CH,O,, aq) may be obtained
sufficiently pure in commerce: dissolve the crystals in
their own weight of water: filter the solution if it be
cloudy.

Hydrofluosilicic Actd (H,SiF,). A mixturc of 1 part
of sand, 1 part of calcium fluoride (fluorspar), and 6 parts
of oil of vitriol is heated in a flask or in an earthenware
jar placed in hot water ; the gas evolved is silicon fluoride.
If conducted into about 4 parts of water, silica will
separate, and the liquid will contain hydrofluosilicic acid.
The tube which delivers the gas into the water should
just dip under the surface of a little mercury, to prevent
its opening becoming choked up with the separated
silica. The solution is finally filtered for use through
a linen cloth.

Hydrofluoric acid is made from 1 part of calcium
fluoride and 6 parts of oil of vitriol, heating the mixture
and absorbing the HF evolved in water. In the pre-
paration of this acid vessels entirely made of lead or
platinum must be used; its solution is generally pre-
served for use in bottles of gutta-percha.

TEST-PAPERS AND INDICATORS

Vegetable blues, or at least most of them, possess
the peculiar propdrty of becoming red when moistened
with an acid, Ze, the hydrogen salt of a simple or com-
pound acid radicle; while their original colour is
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restored by an alkaline solution—that is, by the solution
of a substance whose basic properties are definite.
Some of the most delicate vegetable blues or purples
even assume a new colour when submitted to an
alkaline liquid, becoming a brilliant green. An alcoholic
tincture of dahlia-flowers or of the stems of the Colexs
verschaffelts may be used as a sensitive test colour.
Vegetable yellows, when dipped into alkaline solutions,
become red-brown, but are not influenced by acids
beyond the restoration of their original colour (boric
acid being an exception, for it behaves with turmeric
like an alkali). Thesc indications, although very valu-
able, must not be too implicitly relied on, since certain
salts which are theoretically neutral produce changes of
colour.

Blue Litmus Paper—The litmus of commerce
should be crushed and mixed with water, and kept,
with continual stirring, at a temperature just under
that of boiling water for some time. Very dilute
sulphuric acid is now added to the filtered solution
until the colour has been changed to a reddish-violet ;
the blue colour is then just restored by the addition
of a small quantity of the original solution. White
wove writing-paper, not highly glazed, is then to be
painted with the blue liquid on one side only; and
the coloured pieces, when dry, are to be cut into
narrows strips for use, and preserved in a well-stoppered
bottle.

Red Litus Paper—This may be prepared in the
same way as the preceding paper, the blue liquid being
in this case first slightly reddened with a drop of
dilute acetic acid.

Turmeric Paper.—An alcoholic extract of tursneric-
root is of an orange-yellow colour, and becomes reddish-
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brown when submitted to the action of alkaline
solutions : the paper is prepared as above.

Phenolphthaleirn Solution.—Turned a violet or rose
colour by a trace of alkali. This solution is made by
dissolving 5 grams of this substance in 1 litre of proof
spirit: it cannot be used in volumetric analysis in the
presence of ammonia or ammonium salts; but may be
used for all organic acids.

Methyl - orange  Solution (Dimethylamido - azo -
benzene sulphonate). One gram to 1 litre of water.
This solution is turned pink by acids: it can be used in
the presence of carbonic acid and of ammonia, but not
for organic acids.

Lead-acetate Paper.—Strips of paper steeped in a
solution of basic acid acetate are very useful for the
detection of hydrosulphuric acid (H,S).

§ iv. Of Reactions.

By the use of the various reagents and tests already
described, it is easy to identify or to separate the
several constituents of any common substance which
may require examination. But before the student can
thus analyse (avadvois=separation) an unknown sub-
stance successfully, he must make himself acquainted,
by actual experiment, with the effects of the reagents or
tests upon each individual basic or acid radicle which
the unknown substance may contain. Those basic or
acid radicles alone which are common or important are
included in our course. The simplest substance, not
itself elementary, contains of course at least two
elements, one of these being termed the basic or
metaliic constituent or radicle, and the other the acid
or non-metallic constituent or radicle: common salt is a
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compound of this order. Its formula (NaCl) indicates
that it contains, as its metallic or basic radicle, 1 atom
of the metal sodium, and as its non-metallic or acid
radicle, 1 atom of the non-metal chlorine, Our re-
agents or tests will not indeed separate these two
constituents for us in a free state; but they will show
us the presence of sodium and of chlorine respectively,
by signs or results which no other elements could give,
But many compounds which have to be analysed, them-
selves contain compound instead of simple radicles.
Nitre or potassium nitrate, KNO,, while it contains a
simple metal as its basic radicle, includes (according to
the mode of viewing its constitution which we here
adopt) a certain transferable group, NO,, called the
nitric radicle, for its acid constituent : this is a compound
radicle. So ammonium and magnesium phosphate,
NH,MgPO,, contains two basic radicles, one compound
(NH,) and the other simple (Mg), united to a compound
acid radicle (PO,). As wec limit the analytical course to
the important metals, so we shall include in it only the
common non-metals and compound acid radicles. The
tests used for the identification of radicles are of two
kinds, general and special. General tests, or general
reagents, are used to separate (commonly in new forms
of combination) a group of similar basic or similar acid
radicles from a solution; special tests, or special re-
agents,are used to identify or discriminate the individual
members of such groups. For the separation of basic
radicles there are four general or group reagents used ;
by their means the basic radicles are classified in five
principal divisions, a fifth divisior being formed to
include those basic radicles which arc .z0f removed from
solution (that is, precipitated) by any general r®agent.
For the student to make himself acquainted with the
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reactions of the basic or metallic radicles, the following
method of procedure should be adopted :—Separate
solutions of salts containing each metal or basic radicle
are to be prepared; a small quantity of one of these
solutions is to be placed in the necessary number of
test-tubes, and one of the gencral reagents added to
each portion, exactly following the order in which they
are given below. The first group test which produces
a precipitate in a solution containing a metal, shows the
group to which that metal belongs. After the general
or group tests have been applied, the special tests are
tried in a similar manner. As an illustration of this
practical study of the reactions of the metals, we will
suppose that we have a solution of a salt of copper,
copper sulphate being generally employed. Copper
belongs to group 2: we shall require 7 test-tubes, each
containing some of its solution: a little of the dry and
powdered salt should also be at hand.

I. Add hydrochloric acid (FCl); the blue colour
changes to green, but no precipitate is formed ; copper
therefore does not belong to group I.

2. Add HCI and some hydrosulphuric acid (H,S); a
brownish-black precipitate of copper sulphide (CuS);
copper therefore belongs to group 2.

3. Add ammonium sulphide ((NH,],S); a brownish-
black precipitate of copper sulphide.

4. Add ammonium carbonate; a greenish-blue pre-
cipitate of copper carbonate, soluble in excess of
ammonium carbonate, with a deep blue colour.

a. Add ammonium hydrate (NH,HO); a greenish-
blue precipitate of copper hydrate (CuH,0,); which
readily dissolves to a deep blue liquid in excess of
ammorlia.

6. Add sodium hydroxide (NaHO); a greenish-blue
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precipitate of copper hydrate; which changes to the
black oxide (CuO) on boiling.

¢. Add potassium ferrocyanide (K ,FeCy,); a choco-
late-red precipitate of copper ferrocyanide (Cu,FeCyy).

d. Mix the copper salt with sodium carbonate
(Na,CO,), and heat the mixture on charcoal before the
blowpipe. Red scales of copper will be obtained.

e. With borax on platinum wire in the oxidizing
flame, a green bead is obtained; and in the reducing
flame a dull-red bead.

CuCl, gives a bluish-green colour to the flame.

/- A piece of clean iron immersed in the solution
becomes coated with metallic copper, at once recognized
by its characteristic pink tint.

Of these tests, I, 2, 3, and 4 are general or group
reagents, while «, &, ¢, &, ¢, and f are special tests for the
individual basic constituent or metal present, namely
copper. Some metals or basic constituents of salts, not
being separable by any of the regular group or general
reagents, have always to be specially tested for.

As a general rule it will be found that when hydro-
chloric acid or other soluble chloride produces a precipi-
tate in a metallic solution, that precipitate is a chloride;
when hydrosulphuric acid or a soluble sulphide (as
[NH,],S) produces a precipitate, that precipitate is a
sulphide; in like manner a carbonate produces a car-
bonate, a hydroxide a hydroxide or an oxide, a phosphate
a phosphate, and so on with the other reagents. This
interchange of acid and basic radicle is represented by
an equation, such as the following, which shows the
reaction between hydrosulphuric acid and copper
sulphate :—

CuSO,+H,S=H,SO,+CuS (brownish-blatk pre-
cipitate).
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The student should express in a similar mode the
action of each general and special reagent.

We here give an illustration. of the mode of writing
out such equations, selecting the reactions of silver, a
metal of the first group, for this purpose.

Group Tests.

(1) AgNO, + HCI = HNO, + AgCl
(2) 2AgNO, + H,S _ 2HNO, + AgS
(3) 2AgNO, + (NH,),S = 2NH,NO, +E}A§;§:
(4) 2ANO, + (NH)),C0, = 2NTLNO, + AgiCO,

sol. in excess.

Special Tests.
(@) AgNO, +KI =KNQO, +Agl

Yellow-white ppt.

() 2AgNO,+K,CrO, =2KNO, +Ag,CrO,

Dull-red ppt.
(6) AgNO, +NaHO  =NaNO, +AgHO
Buff ppt.
(d) 6AgNO,+3Na,HPO, =6NaNO,+ H,PO,+2Ag,P0O,

Lemon ppt.

A very convenient and simple way of writing
equations consists in placing the formule of the
materials which react in horizontal lines in such a
manner that when the same symbols are read vertically
the products of the reaction are expressed. Thus, in (1)
above, where silver nitrate and hydrochloric acid react,

Ag : NO,

Ctl i H
we read the formule of the products as separated by the
dotted line, in the expressions for silver chloride and

nitric acid. The only drawback to this contrivance is
G
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the occasional difficulty of so grouping the symbols as
to indicate clearly the formula of the products.

No more of a reagent is to be added than is
necessary to produce the complete effect desired; a
large excess is seldom necessary, except where a re-
agent, such as calcium sulphate, is very slightly soluble,
or where the precipitate produced has to be dissolved,
and requires much water or other solvent to dissolve it.
Reagents must, in nearly all cases, be thoroughly mired
with the solutions to which they are added by shaking,
or by stirring with a glass rod.

All apparatus used must be perfectly clean. Glass
and other vessels are more effectually cleansed by several
rinsings with small quantities of distilled water than
with twice the quantity used at once. All solutions
must be perfectly clear; and filters, after having been
fitted into the funnels, before using, must be wetted
with distilled water; the filter-paper must not project
above the edge of the funnel. Although the various
operations, known as decantation, filtration, ignition,
digestion, precipitation, may be best learned under the
personal supervision of a teacher, yet the student who
has carefully gone through the lessons in Part I. of this
book will have acquired a familiarity with chemical mani-
pulation sufficient for all ordinary analytical processes.

The following list gives in full the special and
general tests for the bases of each of the five groups.
It must be remembered that some of the metals form
two series of salts, in which the proportion of basic to
acid radicle differs, and which behave differently with
reagents,

GRroOUP L.—Group Reagent, Hydrockloric Acid, preci-
pitates as chlorides, Silver, Lead, and Mercurous salts.
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Special tests.—SILVER : its chloride is a white curdy
precipitate, soluble in ammonia, insoluble in nitric acid.
Solutions of silver give a dull crimson precipitate with
potassium chromate; a yellow precipitate, soluble in
nitric acid and in ammonia, with sodium phosphate;
and a buff precipitate with sodium hydroxide. Silver
salts fused with sodium carbonate on charcoal give
white lustrous malleable globules of silver.

LEAD: its chloride is crystalline, soluble in hot or
much cold water ; its solutions give yellow precipitates
with potassium chromate and with potassium iodide
(the latter crystallizing in golden scales from hot water),
and a white precipitate with sulphuric acid. Lecad salts
heated on charcoal with sodium carbonate in the blow-
pipe flame yield soft malleable globules of metallic lead,
with an incrustation of orange-coloured oxide.

MERCUROSUM : the monad mercury occurring in
the proto- or mercurous salts yields an insoluble
chloride, which is blackened by ammonia and is volatile
in the blowpipe flame. The metal may be obtained as
a sublimate of globules, by heating a mixture of its
chloride with dry sodium carbonate in a small tube;
and when any mercury compound is heated with hydro-
chloric acid, water and a slip of copper wire or foil, the
latter metal acquires a silvery white film of metallic
mercury. With potassium iodide a mercurous salt gives
a greenish-grey precipitate; with sodium hydroxide a
black ; and with stannous chloride, on warming, a grey
precipitate (of fine globules of mercury).

GRrOUP 11.—Group Reagent, Hydrosulphuric Acid,
precipitates as sulphides in presence of an acid (HCI),
Lead, Mercuric, Copper, Arsenious, Arsenic, Antimoni-
ous, Antimonic, Stannous, and Stanmc (tin) salts.
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Special tests.—LEAD : see above, page 99.

MERCURICUM : the chloride of diad mercury is
soluble in water; the sulphide is black; potassium
iodide gives with mercuric salts a yellow precipitate
changing to scarlet, and soluble in excess of the
reagent ; sodium hydroxide gives a reddish precipitate,
changing to yellow when the reagent is in excess.
Metallic mercury may be obtained by the same means
as those described under the behaviour of mercurous
salts.

COPPER: the special tests for copper have been
already described (see pp. 93, 96).

ARSENIOSUM : its sulphide is canary-yellow and is
soluble in ammonia, in ammonium sulphide, and in the
sesquicarbonate ; its solutions give a yellow precipitate
with silver nitrate, soluble in nitric acid. Metallic
arsenic is obtained when an arsenious salt is heated
with potassium cyanide in a tube,a dark brown sublimate
being formed and an odour resembling garlic evolved.
Arsenic may be further identified by the tests known
as Marsh’s and Reinsch’s (see pp. 31 and 122).

ARSENICUM : the reactions arc similar to the above,
save that the precipitate by silver nitrate is brick-red;
soluble arsenic salts also give a white crystalline pre-
cipitate with an ammoniacal solution containing a
magnesium salt.

« ANTIMONIOSUM : its sulphide, of an orange-brown
colour, is soluble in ammonium sulphide, but not in
ammonium sesquicarbonate. Heated on charcoal with
sodium carbonate, brittle metallic globules are produced
and a white incrustation of oxide.

ANTIMONICUM may be distinguished from anti-
moniosum by adding sodium hydroxide to the %olution
till the reaction becomes slightly alkaline, and then
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silver nitrate. The black precipitate which forms is
wholly soluble in ammonia, while the similar precipitate
obtained with antimonious salts is partially insoluble.
The other reactions are similar to those of antimonious
salts. Sodium antimoniate is nearly insoluble in water.

STANNOSUM : its sulphide is brown; it is soluble in
ammonium sulphide. Treated with mercuric chloride
a solution of a stannous salt produces a white precipitate,
which (when mercuric chloride has not been added in
excess) becomes grey on boiling. Heated on charcoal
with potassium cyanide and sodium carbonate, malleable
globules of tin arc produced; the incrustation of oxide
is white.

STANNICUM: its sulphide is yellow, soluble in
ammonium sulphide. Mercuric chloride produces no
effect in its solutions. Metallic tin may be obtained as
described in the preceding paragraph.

GRrOUP 11L—Group Reagent, Ammonium Sulphide
(=H,S in an alkaline liquid), precipitates as sulphides,
Ferrosum, Ferricum (iron), Manganese, and Zinc; and,
as hydrate, Aluminium.

Special tests—FERROSUM : its sulphide is black;
solutions of ferrous salts yield a greenish-grey precipitate
with sodium hydroxide, also with ammonia if ammoni-
acal salts are not present in large quantity; a pale blue
precipitate with potassium ferrocyanide; a dark blue
precipitate (Turnbull’s blue) with a ferricyanide.

FERRICUM: soluble ferric salts give a red-brown
precipitate with ammonia and sodium hydroxide, and a
dark blue precipijate (Prussian blue) with potassium
ferrocyanide; with potassxum ferricyanide an olive-
green coloured liquid is produced. Potassium sulpho-
cyanide yields a blood-red solution.
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MANGANESE: its sulphide is flesh-coloured; with
sodium hydroxide its salts give a white precipitate,
changing to brown on exposure to air. Ammonia
produces no precipitate if ammoniacal salts be present.
Fused on platinum foil with nitre and sodium carbonate,
they produce a brilliant emerald-green mass. Heated
with borax on a loop of platinum wire, an amethystine
bead is obtained.

ZINC: its sulphide is white; its solutions afford
white precipitates with sodium hydroxide and with
ammonia, both readily soluble in excess of the reagent.
Hcated on charcoal an incrustation is produced, yellow
while hot, and white when cold. Salts of zinc
moistened with cobalt nitrate and ignited on charcoal
before the blowpipe become of a brilliant green.

ALUMINIUM is precipitated in this group as a white
gelatinous hydrate; its solutions are precipitated by
sodium hydroxide, the precipitate being soluble in
excess; ammonia affords a permanent precipitate.
Ignited before the blowpipe, moistened with cobalt
nitrate and again ignited, a brilliant blue colour is
produced : this rcaction, taken alone, however, is not
sufficient to determine the presence of aluminium.

GroUP 1V.—Group Reagent, Animonium Carbonate,
precipitates as carbonates the metals Barium, Strontium,
and Calcium,

Special tests—BARIUM : its carbonate is white; its
solutions afford an immediate white precipitate with
solution of calcium sulphate—also a yellow precipitate,
soluble in most acids, with potassium chromate,
Barium salts colour the blowpipe flame yellowish-
green ; this tint is remarkably persistent.

STRONTIUM : its carbonate is white; solution of
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calcium sulphate produces with strontium salts a white
precipitate, but not immediately; heat assists the
precipitation. The blowpipe flame is coloured by
strontium salts a vivid red ; the colour is evanescent,

CALCIUM : its carbonate is white; ammonium
oxalate produces a white precipitate even in very
dilute solutions of calcium; the precipitate is soluble
in the stronger acids. Calcium salts impart a bright
red tint to the blowpipe flame.

Grour V.—No Group Reagent.  This group includes
the remaining bases: they are, Magnesium, Potassium,
Sodium, and Ammonium.

Special tests—MAGNESIUM : its solutions are pre-
cipitated by sodium-hydrogen phosphate in the presence
of free ammonia and some ammoniacal salt. Moistened
with cobalt nitrate and ignited, magnesium salts assume
a pale pink tint.

POTASSIUM : with tartaric acid tolerably strong solu-
tions of potassium salts yield a white crystalline pre-
cipitate, the formation of which is aided by agitation
and the addition of alcohol. With platinum tetrachloride
a bright yellow crystalline precipitate is produced in
strong solutions; its formation is greatly assisted by
the addition of alcohol. Potassium salts colour the
blowpipe flame of a lilac tint.

SoDIUM : tolerably concentrated neutral solutions of
sodium salts give a crystalline precipitate with potassium
antimoniate ; precipitation is aided by stirring and the
addition of alcohol. Sodium salts impart a brilliant
yellow colour to the blowpipe flame.

AMMONIUM: 'its salts give, with tartaric acid and
with platinum tetrachloride, reactions precisely similar
to those of potassium. Ammonium salts heated with
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calcium hydrate or caustic soda evolve ammonia gas,
recognised by its pungent odour and its alkaline reaction
with test-paper.

The presence of fixed organic matter will modify some of the
reactions described above: the metals of the first threc groups,
for instance, are, as a rule, not precipitated by alkalies in the
presence of citric or tartaric acid.

The reactions employed to detect the acid radicles
are to a ccrtain extent the converse of those used for
the basic; ey, instead of testing for a barium salt by
sulphuric acid, we test for sulphuric acid by a barium
salt; but the system is, on the whole, less perfect. We
have in fact to rely more upon special tests for indi-
vidual radicles than upon their successive separation in
groups by a series of general reagents. Concerning
these special tests, the student will find all the necessary
information in the next chapter, under the heads of
the Preliminary Examination and the Detection of
Acids. The reactions given below are employed in
analysis to separate and identify the chief acid or non-
metallic radicles, and should be tried, together with the
special tests described on pp. 112 to 114 and 134, for
nitrates, silicates, acetates, iodides, etc. In order that
the metallic or basic radicle present may not interfere
with the indications, it is desirable to employ for these
reactions the potassium, sodium, or ammonium salt of
each acid radicle to be studied. The acid radicles of the
following salts are sought for in the present course :—

Chlorides. Sulphides. *Silicates. *Tartrates.
*Fluorides. *Sulphites. *Carbonates.  *Citrates.
*Todides. Sulphates. Oxalates. *Nitrates.
*Cyanides. *Phosphates. *Acetate,

Neutral solutions, each containing a suitable *salt of
one of the above acid radicles, except the silicic and
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nitric, should be prepared and severally submitted to
the following tests:—

1. Calciune Chloride—This reagent precipitates from
a ncutral solution as calcium salts the following
acid radicles :—Carbonic, Phosphoric, Sulphur-
ous, Sulphuric, Oxalic, Tartaric, Hydrofluoric,
and, on boiling, Citric. To the scveral pre-
cipitates thus produced, cach divided into three
portions, the following further tests should be
applied :—

a. Acetic acid will dissolve all the calcium
precipitates save the calcium oxalate and
fluoride (and sulphate, if much be present).

b. Nitric acid (dilute) will dissolve all the
calcium precipitates.

c. Ammoniunt clloride will dissolve calcium
tartrate and citrate only.

LI, Barium Chloride—This reagent precipitates from
a neutral solution as barium salts the same acid
radicles as calcium chloride. To the several
precipitates thus produced apply the following
further test:—

Nitric acid (dilute) dissolves all the barium
salts save the sulphate.

II1. Silver Nitraze.—This reagent precipitates from
a neutral solution as silver salts the following
acid radicles :—Chlorine, lodine, Cyanogen,
Fluorine, Sulphur, Svlphurous, Phosphoric, Car-
bonic, Oxalic, Tartaric, Citric, and (partially)
Acetic. To the several precipitates thus pro-
duced, each divided into two portions, apply
the following further tests:—

a. Nitric acid (dilute) will dissolve all the pre-



106 QUALITATIVE ANALYSIS

cipitated silver salts, save the chloride,
cyanide, iodide, and sulphide.
b, Awmoniza will dissolve all the precipitated
silver salts, save the iodide and sulphide.
IV. Special tests are applied for the Nitric radicle,
which is not precipitated by either calcium or
barium chloride, or by silver nitrate, and for
the Silicic radicle. All the other radicles marked
in the list with a star give also special reactions
appropriate to each radicle under examination
(see pp. 112 to 114,and 134), by which they may
be more exactly identified; the experiments
here referred to should likewise be made by
the student before proceeding to the analysis
of salts.

CHAPTER II

§ i. The Method of Analysis.

WIHEN the student has familiarised himself by actual
experiment with the behaviour of each metal of the
first group, he should proceed to the analysis of a
mixture containing two of the metals of that group,
leaving out of consideration for the time the acid or
non-metallic radicle present. The same plan should be
pursued with the other groups, the study of the reactions
of the members of each group being at once followed
up by the application of the information thus gained
to the actual work of analysis. When the whole series
of reactions has been completed, the analysis of a
simple salt for its acid as well as its Rasic radicle should
be performed; afterwards mixtures gradually ingreasing
in complexity, as well as insoluble substances and alloys,
should be subjected to complete examination.
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From the scction “Of Reactions” some notion of
the method of analysing unknown substances will have
been gained ; but it is desirable to express this notion
in a very definite form. Confining our attention, then,
to the common metallic or basic radicles, we take a
solution to start with which contains every one, and by
a regular application of General Reagents separate from
it group after group of metallic radicles till none but
four metals remain.

" To such a solution we add in the first place hydro-
chloric acid. It is well to repeat, at the outset, that
these General Reagents or Group tests usually act in
the following way: they scparate the metals in the
form of compounds with the characteristic acid elements
or radicle which they (the group tests) severally contain.
Thus we find that Zydrockloric acid precipitates chlorides,
hydrosulphuric acid, sulphides, and ammonium carbonate,
carbonates. Now, as the chlorides of all the metals
present, save three, are soluble in water or acid, hydro-
chloric acid precipitates these three alone. They are
silver, lead, and monad mercury. These constitute,
therefore, Group I., the group of the Insoluble Chlorides,

Next we add hydrosulphuric acid in the presence
of hydrochloric acid. Now, as the sulphides of all the
metals remaining in the solution, save five, are soluble
in water or acid, hydrosulphuric acid precipitates these
five alone. They are diad mercury, copper, arsenic,
antimony, and tin. These constitute, therefore, Group
I1., the group of the Insoluble Sulphides.

Next we add ammonium sulphide in the presence
of ammonium chloride and ammonia. Now, as the
sulphides of all the metals remaining in the solution,
save four, are soluble in water or ammonium salts,
ammonium sulphide precipitates these four alone. They
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are iron, zinc, manganese, and aluminium. These con-
stitute, thercfore, Group Il the group of the Soluble
Sulphides.

Next we add ammonium carbonate, in the presence
of ammonium chloride and ammonia. Now, as the
carbonates of all the metals remaining in solution, save
three, are soluble in water or ammonium salts, am-
monium carbonate prccipitates these three only. They
arce calcium, barium, and strontium. These constitute,
therefore, Group IV, the group of the Carbonates.

Finally there remain in solution four metals which
have to be scparately and specially tested for. These
are magnesium, potassium, ammonium, and sodium.
They constitute Group V.

Each of the preceding group-precipitates has to be
further cxamined in accordance with the analytical
scheme laid down for the particular group to which it
belongs.

The examination for the acid radicles proceeds upon
a similar but less exhaustive plan.

Before, however, proceeding with the regular exami-
nation for the basic and acid radicles of a substance,
it is usual to submit it to a series of simple tests, which
are collectively known as the Preliminary IExamination.
Some of the results thus obtained not only afford much
information as to the proper course of analysis after-
‘wards to be pursued, but in some cases of simple salts
furnish conclusive evidence as to the real nature of the
substance under cxamination.

On account, then, of the several parts into which
our plan of analysis is divided, we usually find it
expedient to divide our material info four parts, one
part being reserved for the special tests, anotfler for
the systematic search for the metals, another for the
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systematic scarch for the acid radicles, and the fourth
for the Preliminary Examination. We will now direct
attention to the series of testings so designated. Let
it be remembered, however, that it is seldom nccessary
to perform a// the XII. experiments hcre described,
and that in some cases the results of the preliminary
cxamination will be either negative or inconclusive.

§ ii. Preliminary Examination.

Note the colour, form, odour, density, ctc, of the
substance ; then reduce it to a fine powder and make
the following experiments, recording the result in three
parallel columns headed respectively “Experiment,”
“Observation,” and “Inference.” If the substance be
in solution, evaporate a quarter of the liquid just to
dryness, stirring, if necessary, to prevent spirting: care
must be taken that the heat does not rise higher than
is sufficient to get rid of the water present—indeed it
is advisable to withdraw the heat before the drying up
of the residue is quite complete.

EXPERIMENT. OBSERVATION. INFERENCE.

I. Heat a small |Nochange... ... ...cccvvvennenn .. Absence of H,0, orga-
portion of the sub- nic and volatilg_matter,
stance in a  small | Substance changes colonr. and readily fuiﬁﬂgmf—'
tube closed at one | Yellow whilst hot, white | stances.
end—at first gently, when cold....ooooiiiiiinn Zn.
finally before the | Yellow-brown whilst hot,
blowpipe. white or yellow when cold. | Sn.

Reddish-brown whilst hot,
yellow when cold

Rust-colour............. Fe.

Hydrates and salts con-
taining water,

The water has an alkaline

eaction to test-papers.... |NH, salts or nitrogenous
The water has an acid reac- | matter as gelatin.
t10n to test-papersu......... Salts of wolatile acids,

as HCl, HNO,, HF,
1,S0,, H,50,
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EXPERIMENT.

L. (contrnued).

Introduce a splin-
ter of glowing wood
into the tube in
Experiment 1.

If the substance
prove partially or
wholly  volatile in
I. above, then,—

(@) Heat a por
tion with NaHO i
a short test-tube.

(4) Heat a por-
tion in a bulb-tube
with dried No,COy

QUALITATIVE ANALYSIS

OBSERVATION.
Substance wvolatilizes, and a
sublimate forms in cool
part of tube ..............

Yellow drops of sulphur...
Red sublimate..
Gases or fumes are evolved.
a. Reddish-brown acid fumes
of NOy.oooiiiiiiniiiiinn
B Pungent and acid gas, SO,
which passed into K,CrO,
solution, turns it green
y. Gas, CO, which buins
with a blue flime, the sub-
stance not blackening..........
3. Gas, CO,, giving a white
precipitate  with ~ CaH 202
SOIULIONue e creenn
e. Pungent odour of NH; .
¢ Gas of peculiar 0dou1
and  burning with peuch-
blossom flame...
Substance blackens with animal
or vegetable odour,
Smell of burning matter
Smell of burning sugar ..
Smell of acetone, C,H;O
An ash is lefi which efferves-
ces with HCl, the origmal
substance not dong so.
a. The ash dissolves in water.
B. The ash is insoluble in
water
The wood glows or bursts
into flamew.iiiiiniiiinnn...

(@) Strong odour and alkaline
vapour evolved

() Metailic ring of small glo-
bules, which aggregate on
pressing with a glass rod.

INFERENCE.

NH,, As, Hg, Sb, Sn
chlorides, oxalic acid,
iodine.

S or sulphides

HgS, Hgl,.

a. Nitrates.

B. Sulphates, sulphites,
and sulphides.

7. Oxalates.

8. Carbonates.

e. NH; and CN, and
other nitrogenous com-
pounds.

¢ CN compounds.

Organic matter.
Tartrates and Citrates.
Acctates.

a. Na or K ftartrates,
citrates, oxalates.

B. Ca, Mg, Ba, or Sr
salts of same acids.
An oxide, chlorate, or

nitrate.

- |NH, compounds,

Hg.
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EXPERIMENT,

1. (continued).

I1. Moistenaloop
of clean Pt wire
with HCI, and dip
it into the substance;;
heat the loop- m a
colourless gas-flame.
I a yellow colour
only be seen, exa-
mine the flame
through a piece of
dark blue glass.

II. Heat a por-
tion of the sub-
stance on charcoal
in the inner blow-
pipe-flame.

If the residue in
I11.  be  white,
moisten it with a
drop of cobalt ni-
trate and again ig-
“nite.

IV. Mix a por-
tion of the sub-
stance with KCy
and Na,CO,, and
heat on charcoal
in inner blowpipe-
flame,

OBSERVATION.

Melallic dark mirror, which, on
heating with access of air,
forms brilliant octahedra
of AsyOy veveiiiiviiiiiinnnnn,

White ¢r yrtal/mz sublimate and
dense fumes.....ooveeiiinnnns

The flame 1s colonred—
Yellow

Yellowish-green ... ... ...
Crimson.. .. .o ol
Orange-red.
Bluish-green... ... N
Blue-grey or hiac.............

Substance deflagrales .............
Garlic odour is evolved....... ....
Whate fusible residue is /t_’//
White infusible residue...........
Residue 15 highly  luminows
when strongly healed.......

Residue becomes blue.......... ..
Residue becomes pale pink
Restdue becomes green ... ..
Resrdue becomes bluish-green...
A coloured residue is left..
(If metallic globules appear,
sec experiment I'V.)

Substance is reduced to the me-
tilhc state :—
Without incrustation :
White malleable bead.
Red bead or scales
With incrustation :
White brittle bead and white
incrustation .......oovueeennns
White malleable bead and
yellow incrustation.........
Nubstance not reduced to melal,
‘hut yellow incrustation,
white when cold
Or garlic odour and white

fesaene veaes

incrustation ....o..vvieennnnns

111

INFERENCE.

As,
Oxalic acid.

L
As, Sb, Pb, IIg, CuCl,

Nitrates, chlorates.

As.

K and Nu salts.

Ca, Ba, Sr, Mg, Al, Zn,
Si0,.

Ca, Mg, Sr, Zn.

Al or carthy phosphates
and silicates.

Mg.

Zn.

Sn.

Fe, Mn.

Sn, Ag.
Cu.

Sh.
Pb.

Zn.
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IV. (continued).

V. Heat a small
portion with pow-
dered sodium  thio-
sulphate  and  «
aystal of oxalic
acid in a small tube
closed at one end,
and so held that
the water cvolved
does not flow back
into the heated
mixture.,

VI. Add the sub-
stance by degrees
to a clear horax
bead, and heat in
the outer blowpipe-
flame.

OBSURVATION,

Or a sulphide is left, which,
placed on a silver com
and wetted with HCI
blackens the silver....... .

The substance becomes
Black coooviviniiiiiiiieiiininn
Brown... ..o
Orange-red.
Yellow ...
Green . ... e e
Whiteo.iiivniiniieieireiis

The bead is coloured, whilst

Hot, Cold,
Gieen. Blue.
Brownish-red.  Light orange.
Amethyst red.  Violet.

QUALITATIVE ANALYSIS

INFERENCE,

Sulphur compounds, sul-
phates reduced.

Ag, Pb, Hg, Cu, Fe,
Sn.

Sh.
As.
Mn,
Zn.

Cu.
e,

Mn.

~ The remaining experiments, VIL-XII, are more
specially designed to indicate the non-metallic or acid
radicle contained in the substance to be analysed.
They constitute the

PRELIMINARY EXAMINATION FOR ACIDS.

EXPERIMENT.

VII. Heat gent-
ly @ small portion
of the substance
with dilute H,SO,
in a test-tube.

OBSERVATION.

Gases are evolved.

a. CO,; colourless ; precipi-
tates Cally,0,, with which
a glass rod held in the gas
has been previously wetted.

B. SOy; smell of burning
sulphur, turns yellow solu-
tion of K,CrQ), green

y. HuoS; odour of rotten
eggs, blackens lead-paper®

8. NO, ; red acid vapours, .

e. HCN ; characteristic

INFERENCE.

a. Carbonates.

B. Sulphites.

7. Sulphides.
d. Nitrates oy nitritcs,

e. Cyanides.
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EXPERIMENT.

VIL. (continued)

VIIL. Heat (but
not so strongly as
to volatilize  the
reagent) a small
portion of the sub-
.stance with concen-
trated II,SO4 no-
ticing the gases or
vapours evolved.

IX. Add a ays-
tal of eSO, to a
solution of the sub-
stance; let a httle
dissolve, and then
pour strong 11,50,
cautiously down
the side of the
test-tube so as to
form a layer at
the bottom : the
mixture must not
get hot.

X. Mix a little
of the substance
with strong H,SO,
m a test-tubey add
a little pure alcohol,
warm.

OBSERVATION.

¢. Colourless gases of pun-
gent odour.,....... el L
7. HC,H Oy 5 smell of vine-

a. Substance blackens, owing to
separation of carbon, CO is
evolved and odour of burnt
SUZAT wuvevieiiieninscniannees

B. No blackening, but CO and
CO, arc cvolved ..ovevnininins

Y. (rases are cvolved as m ex-
periment VIL oo,

5. A heavy suffocating gas is
evolved, which corrodes
glissoni, .

e Viw'et wvapours of iodine,
turning starch-paste blue.

¢ Greentsh-yellno fumes of Cl
bleaching litmus or indigo
sulphate ooviaen.i, o eerienees

n. Reddish-brown fumes of NO,

U punk or brown co'oration
between the two  liqunds,
which disappears on warm-
ing without giving rise to
violet vapours..............

|
Fragrant apple-like odour of

acetig ether.......... e
Fragrant odour lhike sweet
spirit of nitre..............o

INFERENCE.

¢ Chlorides and iodides,

7. Acetates,

a. Tartrates

and ¢
trates.
B. Oxalatcs.
y. No further notice

need be taken of these,
as the duc inferences
will have been already
drawn,

8. Fluorides.

e. Todides.

¢. Chlorides,  probably
with o nitrate  or
peroxide.

». Nitrates.

Nitrates  or nitrites.

[Todides give a similar
colour. ]

Acetates,

Nitrates,



114 QUALITATIVE ANALYSIS

EXPERIMENT. OBSERVATION. INFERENCE,

X1. Add a small portion | An undissolved skeleton (of
of the substance to a clear Si0,) floating in the
bead of fused microcosmic fused bead . Silica orsilicates.
salt; heat.

XII. To a weak solution | A fine white precipitate . |Sulphates,
of the substance add dilute
HCI, and then BaCl, solu-
tion,

The cxperiments just described, excepting IX. and
XII., are made with the original substance if it is solid.
Besides the preliminary examination already given, the
following cxperiments should be tried with every liquid
to be analysed :—Test it with blue and red litmus
papers, and note whether any change of colour be pro-
duced : thus :—

1. No change : the veaction is ncutral—Only those
substances arc present which are soluble in water ; this
solution is thercfore ready for examination in accord-
ance with the analytical schemecs given further on.
Water is the best solvent that can be used, and entails
less trouble than any other in the subsequent treatment
of the material.

2. The reaction is acid—I1t is possible that com-
pounds soluble only in acids are present. Many salts
insoluble in water dissolve in acids without apparent
decomposition, and are reprecipitated in their original
form when the acid is neutralized by an alkali. In the
ordinary process of analysis this occurs when ammonium
hydrate (with ammonium sulphide) is added to the filtrate
from the second group (p. 124). In the analytical
scheme for the third group the occurrence and detection
of these reprecipitated salts will be f6und described.

Some acids in the free state are recognised®by their
odour.
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3. The reaction is alkaline—Free ammonia is
recognised by its smell. The solution is acidified with
nitric acid : if effervescence take place, the nature of the
gas evolved is ascertained (see p. 112, “Preliminary
Examination,” Exp. VIL). If neutralization of the
solution produce a precipitate not dissolved on boiling
with excess of acid, the clear liquid is to be separated
by decantation or filtration, and its examination pro-
ceeded with according to the following groups. If the
insoluble matter, on heating with concentrated hydro-
chloric acid, does not dissolve, it must be treated
according to the directions given at p. 135.

The precipitate obtained on acidifying the alkaline
solution with nitric acid may be :—SZ/ca, which appears
as a gelatinous precipitate ; Awntinonic or Stannic oxides,
falling as a white powder, the former soluble in tartaric
acid ; lodine, appearing as a.black precipitate or brown
coloration, and dissolving in carbon disulphide with a
violet colour; or Swipiur, which yields a white finely
divided precipitate ; besides various salts, which, like
Stlver chloride or Avrsenious sulphide, arc soluble in
alkaline but not in acid liquids.

§ iii. Preparation of the Solution.

If the substance under examination be a metal, it
is to be treated according to the directions given at
p. 137; if a solid but not a metal, a portion of it is to
be powdered and boiled with water.

1. [t does not appear to dissolve—A small portion of
the liquid is filtered, and a few drops of the filtrate
evaporated to dryness; if the stain left be very slight,
the substance mu& be considered as practically insol-
uble in tvater ; if a distinct residue be left, the fluid is to
be decanted from the undissolved portion, which is then



116 QUALITATIVE ANALYSIS

boiled with more water. This operation is repeated till
all is dissolved, or till the boiled liquid ceases to leave
a stain on evaporation. In the case of a finally undis-
solved residue, the original substance probably contained
at least two bodies of different solubilities.

2. 7The substance is proved to be tusoluble in water.—
A small portion of the original substance (or of the
undissolved residue mentioned above, in 1) is moistened
with ammonium sulphide ; if no blackening ensue, the
remainder is now boiled with dilute hydrochloric acid ;
nitric acid is used instead, if blackening occur, as silver,
mercury, or lead may be present. If effervescence take
place, the gas must be examined (see p. 112). Should
dilute hydrochloric acid fail to effect solution,the concen-
trated acid must be resorted to; if this produce no effect,
a little nitfic acid must be mixed with it. This acid
should be added in very small quantity, and then the mix-
ture should be boiled with the substance until the greater
part of the nitric acid has been cxpelled or destroyed.
If a watery and an acid solution have been obtained in
the manner just described, they may in most cases be
mixed together before proceeding to add the group
tests.

3. The substance 7s tnsoluble in acid—In this case, if
the substance be neither carbon, phosphorus, nor sulphur
(recognised by their behaviour when ignited), it must
be fused with the mixed potassium and sodium carbonates
according to the directions given at p. 135.

§ iv. Analytical Schemes for the Metals or Basic
Radicles.

Supposing the solution, as just how directed, to be
properly prepared, the following table will be found to
present, in a condensed form, the general scheme for the



ANALYTICAL SCHEMES 117

separation from it of all the basic radicles in groups.
Each group, when precipitated, must then be further
separated in accordance with a special analytical scheme
to which the student must refer, not only for the final
separation and special testings to be adopted, but also
for precise directions and peculiar cautions as to the
employment of the genecral test by which the group
itself is to be precipitated.

General Analytical Scheme for the Baste Radicles.
Add HOCI, agitate, filter :—

Preciptate of Fitrate add HyS, warm, agitate filter: -
Group .-~
R ————— ]
AeCl
PbClg Piceynldate of Fultrate :,(see p. 123), add N1[,Cl, NII4H1O,
HigCly Group II. :— (NH:S, agitate, filter i—
Wash, and LS e e oo
examine by HgS
NScheme I, CuS Precypstate of Fultrate: add (NHg)2COs
p- 117. S Grouwp I11.:— filter i—
SnS,
AsoNg FeS , A
SbySs 7n8
MnS8 Dreciprtate of Filtrate.
Wash, and AlLHOg Group TV, :—
examine by (with phos- Mg
Scheme 1., phates, ete.). BaCOy3 K Salts
p. 119. S8rC0y Na [ D38
Wash, and CaCOy NIy
examine by
Scheme 111., Wash, and Examine by
p. 124, examine by Scheme V.,
Scheme 1V, p. 128.
p. 127.

Groupr I.—TiiE INSOLUBLE CIILORIDES

Hydrochloric acid gives a white precipitate, of the
metallic chloride, with LLEAD, SILVER, and MERCUROUS
salts.

ScurME.—To the neutral, or acid, tolerably strong
solution®which must be cold) add a few drops of dilute
hydrochloric acid. If a precipitate be formed, agitate
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the liquid, adding a little more acid, to see if further
precipitation take place. When the precipitation is
complete, filter ; and, unless you know all other groups
to be absent, reserve the filtrate for examination by the
next table.

The precipitate may contain lead chloride, silver
chloride, and mercurous chloride; antimonious oxy-
chloride may also be here precipitated, but it redissolves
in excess of hydrochloric acid: silica may also come
down here ; it is insoluble in ammonia. If the solution
be -strong, barium and strontium chlorides may be
precipitated here, but they are readily dissolved again
on adding cold water. To distinguish between the
three first-mentioned metallic chlorides, collect the
precipitate on a filter, wash it twice with cold water,
transfer it to a test-tube, and treat it as follows :—

TABLE FOR GRoupP I

Boil the precipitate with much water ; if it entirely
dissolve, it is lead chloride; if it partially dissolve, it
contains that salt. The hot-water solution is dccanted
off, and, if not clear, filtered.

The undissolved residue is to be warmed with solution of | Pb. The jfiitrate or
ammonia ; if it entirely dissolves, it is silver chloride; solution is divided
decant or filter the solution m ammoma :-- mto two parts :—

R i T lai'll‘oteone] ahdd
Hg. The undissolved rest- | Ag. The filtrate is to be ilute sulphu-
due, 1if black or grey, in- gested for silver by add- fi'ftﬁcﬁc?ﬁ?,ﬁ
dicates monad mercury ing to it a slight excess & white Dre.
13§ (mercurosum). Place it of nitric acid: a white cipitate i!’;dx-
1in a test-tube with a little precipitate indicates ca%es lead .
strong hydrochloric acid silver. 2. To the other
and a slip of copper foil : add olassium
a silvery coating on the chrol:n Pyt
copper indicates mercury. yellow pr eci pi-
Or, gently dry it, mix it fate indicates
with dry sodium carbon. Tead
ate, and heat 1t n a bulb o
tube; metallic mercury
will sublime in globules.

——— -
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Groupr IL.—THE SULPHIDES INSOLUBLE
IN ACID

Hydrosulphuric acid gives a coloured precipitate, of the
metallic sulphide, with LEAD (black), MERCURIC (white,
passing through yellow and red into black), COPPER
(brownish-black), ARSENIOUS bright yellow), ANTI-
MONY (orange-red), and TIN (stannous sulphide is
dark brown, stannic sulphide ochre-yellow) salts. If an
oxidizing substance be present (a ferric salt for instance),
a white precipitate of sulphur may be produced; a
sulphite produces the same effect.

SCHEME.—To the filtrate from the precipitate pro-
duced by hydrochloric acid, a strong solution of hydro-
sulphuric acid is to be added until no further precipitate
is formed (arsenic and tin require some time for complete
precipitation), and the fluid, after agitation, smells dis-
tinctly of the gas (the gas H,S itself may be passed
tho - % the above filtrate instead of using its solution;
ﬂ}y. {5 Ase some water must be added). The mixture
is now'to be warmed and agitated ; if the precipitate
settles well, it may be washed by decantation ; if not, it
should be thrown on a filter : the water used for washing
this precipitate should have a little H,S solution added
to it. The filtrates and washings from this precipitate
must be reserved for examination by Scheme III,,
unless the metals of the third group are known to be
absent.

Before treating the precipitate of this group, as
directed below, with ammonium sulphide in order to
separate it into two subgroups, it will save much time
and trouble if w& ascertain whether this treatment be
necessary, whether, in fact, the precipitate contains
metals belonging to both subgroups. If the precipitate
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is light-coloured, it usually can contain only the metals
of subgroup B, and should be examined according to the
special table for the further analysis of that subgroup
given on p. 121. If, on the other hand, the precipitate
is dark-coloured or black, it may contain members of
both subgroups. But, to test this point, always warm
a small quantity of the precipitate with a few drops of
yellow ammonium sulphide, or sodium hydroxide,! and
filter.

If a black residue remain,and on the addition of excess
of hydrochloric acid to the filtrate any precipitate save
a white one of sulphur be produced, it will be neccssary
to warm the whole of the precipitated sulphides with a
small quantity of yellow ammonium sulphide or of sodium
hydroxide, to filter the mixture, and to examine the
black residue which remains on the filter according to
the scheme for subgroup A below.

The yellow solution, filtered from the above black
residue, must then be made acid with hydrochlc - A

warmed, and filtered. The precipitate thus ;t centx{f;.
will have to be examined according to the scl'ime for

subgroup B.

TABLE ror Grour II. Suscrour A

The black precipitate (insoluble in ammonium
sulphide or sodium hydroxide) may contain lead,
copper, and mercuric sulphides. Wash it, by decanta-
tion, several times, using water containing some H,S
solution and a drop or two of nitric acid; then heat
it with moderately strong nitric acid, add water and
filter :—

! Ammonium sulphide dissolves traces of CuS, while HgS is
slightly soluble in sodium hydroxide.
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The filtrate may contam lead and copper.
Evaporate nearly to dryness to remove excess
probably mercurie sulphide, of free acid; and then add dilute sulphuric
To confirm this,wash 1t, add acid and a little alcohol ; filter i—
to 1t a few drops of strong . L . I .
hydrochloric acid, and boil
with a slip of bright copper Pb. A white Cu. Divide the hiltrate mto
foil : a grey or sivery coat- prvgnntate 1wo parts i—

(PDROY) 1. Add ammonia in ex-

mg on the copper ndi- .
cates mercury. indicates lead. cess: a blue colour -
dicates copper.

2. Add sodium acetate in
excess, and then a drop
of potassium ferrocya-
nide: a purple - brown
precipitate mdicates
copper.

Hg"_ The resvdue msoluble
m nitric acid, 1f black, 15

TABLE For Grour II. Suscrour B

The light-coloured or brown precipitate (soluble in
ammonium sulphide or sodium hydroxide) may contain
the several sulphides of arsenic, antimony, and tin. Its
colour will be a valuable indication, often decisive of its
nature when one metal only is present. If it be bright
yellow, for instance, heat a small portion of it on a
fragment of porcelain ; if it entirely disappear, arsenic
only is present; spccially test for this element as
directed in the note to the present group below. If it
be partially volatile or non-volatile, the whole precipitate
must be syringed out of the filter, transferred to a test-
tube, agitated with a saturated solution of ammonium
sesquicarbonate for five minutes, and then filtered :—

As, The filtrate may con-

The restdue (insoluble mm ammonium sesquicarbon-
tam arsenic  sulphide,

ate) will contamn the antimony and tmn sul-
phides : wash with solution of ammoninm sesqui-
carbonate, and then dissolve, with the aid of
heat, in a small quantity of strong hydrochloric
acid, transfer o a porcelamn dish, and dilute.
Now add & little serap zine, and a pieco of plati-
num foil, and allow the action to continue for
some time i—

Sb. A black stain
on the platinum
foil indicates
antimony.

Sn. Remove some of the gine
and dissolve 1t together with
any adh#rent tin 1n hot IICL
Dilute, and add HgCly: a
white or grey precipitate in.
dicates tin.

with, perhaps, a little
tim sulphide.  Add hy
drosulphune acid and
shght excess of hydro-
chloric acid ; collect and
thoroughly wash any
precipitate, and  then
dmysolve it in a  little
strong hydrochloricaeid,
dilute the solution, and
boil it with a small prece
of copper foil.
(See Note below.)
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Note on the Delection of Arsentc.

One of the most important elements of this group is arsenic ;
the subjoined proccsses afford further means for its detection :—
Dry arsenious oxide (As,O;) may be sublimed in brilliant colour-
less octahedra ; if its vapour be passed through red-hot charcoal,
it yields a dark mirror of reduced, that is, metallic, arsenic. This
experiment may be performed in a small tube drawn out to a
stout closed capillary tube at one end, the charccal heing placed
at the narrowing of the tube. If a solution of arsenious oxide
or chloride be introduced into an apparatus in which pure
hydrogen is being generated, arseniuretted hydrogen (AsH,) will
be evolved (Marsh’s test). This gas, if strongly heated, deposits its

arsenic as a lustrous mirror on the interior of the tube through
which the gas is passing. It burns with a Dbluish-lilac flame and
white smoke. If into this flame a fragment of white porcelain
be depressed, brown stains will be formed upon it These stains
dissolve in calcium hypochlorite (the black stains of antimony
do not), and they give, after solution in nitric acid and drying,
a yellow or red-brown precipitate with ammonio-silver nitrate.
Most arsenious compounds, when digested with hydrochloric
acid, yield the volatile arsenious chloride,pwhich may be distilled
off into a small flask and boiled with a small slip of pure bright
copper foil, or if the first slip become grey or black, two or three
more slips may be similarly treated (Reinsch’s test). Heated in
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a narrow tube in presence of air, these slips will yield a bright
crystalline sublimate of arsenious oxide (As,O;).

Another and cxcellent method for the detection of arsenic,
pecularly applicable in the presence of antimony, is known as
“Fleitmann’s test”: it is tried as follows :—

To some fragments of pure granulated Zn, in a test-tube, add
some sodium hydroxide, and heat necarly to boiling, add a few
drops of the solution to be tested (as the sulphides dissolved in
HCI with a few drops of HNO;), place over the mouth of the
test-tube a piece of filter-paper, moistened with a drop of AgNO,
solution. Again hcat, taking care that the solution does not
spirt on to the paper. If As is present, the spot moistened with
AgNO, will become purplish-black, owing to the reduction of
the silver to the metallic state.

This reaction is due to the fact that whereas As unites with
the hydrogen evolved from a caustic alkali and zinc to form
AsH,, antimony only so combines with the hydrogen evolved
from an acid.

GRoOUP III.—THE SULPHIDES SOLUBLE IN ACID

Amimonium sulphide precipitates from an alkaline
solution, in the presence of ammonium chloride and
ammonium hydrate, iron, manganese, and zinc as
sulphides, and aluminium as hydrate; the phosphates
and oxalates of the alkaline-earthy metals, as well as
magnesium phosphate, may also occur in this precipitate.
The iron sulphide is black, manganese sulphide flesh-
coloured, and zinc sulphide white. Aluminium hydrate
and the phosphates and oxalates are white.

The condition in which the iron exists in the
substance under examination, whether that of a ferrous
or ferric salt, must be ascertained by testing a portion
of the original solution as directed on p. 101.

Before proceeding with the separation and recogni-
tion of the metalg of Group III, in accordance with the
schemt given below, it will be necessary to remove any
silicic acid, and to destroy any oxalic acid or other
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organic matters that may be present in the filtrate from
the precipitate produced by hydrosulphuric acid. These
operations are performed thus: Firstly, ascertain that
further additions of hydrosulphuric acid produce no
further precipitate, cven on standing and warming.
Then if silicic acid or organic acids have been found in
the Preliminary Examination, evaporate the liquid to
dryness and ignite the residue. Dissolve the solid
matter remaining in a little strong HNO,, and warm:
if a white residue remains, it is silicic acid.

Test a small portion of the acid liquid, after slight
dilution with water, and filtration if necessary, for
phosphates.  This is done by warming it with
ammonium molybdate: if P,0, be present, a decided
yellow precipitate will be produced: in this case the
first of the following schemes is to be followed; but if
no precipitatc be formed, owing to the absence of
phosphates, then the second scheme, Group IIL. B,
described further on (p. 120).

A portion of the original solution of the substance may be

taken for this group if #o precipitate has been obtained in the
preceding groups.

Much may be learnt as to the metals present by carefully
noting the changes produced on adding ammonium hydrate after
ammonium chloride. If ammonium hydrate in excess produce
no precipitate, manganese and ferrous salts are the only members
of the group that can be present. If a white precipitate be pro-
duced soluble in excess of ammonium hydrate, zizc is present.
If ammonium hydrate afford a permanent white precipitate, either
aluminium or phosphates or oxalafes of the alkaline carths are
present. A red precipitate by ammonia indicates a ferric salt, a
dark green a ferrous salt, ferrous oxide being partially precipitated
by ammonia when the amount of ammoniacal salt present is small.
The knowledge thus obtained will serve gteatly to shorten the
subsequent operations.

SCHEME.—/f P,0; be present, To the main portion
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of the solution (which has been obtained as above
directed, or which, in the abscnce of silicic acid and
organic matter, will be the filtrate from Group IL,
boiled down to dryness to remove all H,S, taken up with
water, and the solution then filtered) add a considerable
quantity of ammonium chloride solution to prevent
the precipitation of magnesium hydrate on subsequently
neutralizing the solution with ammonium hydrate.
Now add excess of ammonium hydrate, filter, and to
the filtrate add ammonium sulphide. If a precipitate
be produced, collect it on a separate filter: the filtrate is
reserved for Groups IV. and V. The two precipitates
are now to be mixed and digested with (NH,),S, and
then filtered, the filtrate being thrown away.

The reason for collecting the precipitate separately is that
when metals of Group 1V. or of Mg are present not as phosphates
they are not precipitated in this group: but had the (NH,),S
been added at the same time with the NH{HO, then ammonium
phosphate would have heen produced (by the decomposition of the
phosphates of e, Zn, or Mn) in the presence of metals of Group
IV. or of Mg, and would have caused them to be precipitated.

The precipitate which has been digested with
(NH,),S as previously directed is now to be washed on
the filter with a little 1I,S water, and then transferred
to a test-tube and trcated according to the directions
given in the following table for Group I1I.:—

TABLE ¥OR Group III

The precipitate is dissolved in dilute hydrochloric
and boiled to expel H,S. If the precipitate was black,
add a few drops of strong nitric acid and boil for some
minutes to oxidize ferrous into ferric salts.!  If necessary,

See if the oxidation is complete, by adding to a few drops of

the solution in a test-tube some sodium hydroxide ; the precipitate
should have a reddish colour.
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filter to remove suspended sulphur. Nearly neutralize
the solution with ammonia; add sodium acetate and a

little acetic acid ; heat to boiling for some time, and filter.

The preciprtate may con- The fiitiate may contam alummium,! manganese,
s18t of phosphate of iron zine, barium, strontium, calcium, and mag-
and alummnium. Dis- nesium [the latter as phosphate]. Add a slight
solve in hydrochloric excess of FeoClg, boil, and filter. The precip:-
acid, add excess of sodi- tate consists of ferric phosphate and basic ferric
um hydroxide, boil, and acetate; neglect this. To the jltrate add
filter :— NH, 01, NHHO, and (NHg),S ; filter :—

Fe. Thepre- | Al, The fil- | The preeyntate may | Tho filtrate may contain
cypitate 18 trate 13 contamm nmanganess barim, strontium, cal-

dissolved m |aciditied with and zinc sulphides. cium, and magnesium.
HC! and HCL, and Dissolve in HCI, boil Add HCI t1ll acid, boil

potassinm | then NH,HO to expel H,S, add to expol H,S, filter off
ferrocyamde added in NallO till alkalme, suspended sulphur,
added : excess : boii, and filter :— make alkaline with am-
a blue a colourless e monia, add (NHCO;,
precipitate gelatinous warm, and hlter ;:—
mdicates precipitate | Mn, The | Zn, To e R
ron. indicates | preapitate | the filtrat

alumimum, | 18 fused on | add HyS: | Ba. Sr. Ca.w! Mg. The

platinum & white The preespt- | fltrate may
foil with | precipitate tate may contain
a mixture | indicates contamn magnesium.
of Na,CO,; zine. carbonates Add
and KNOy: of these NagHPO,:
a green metals. a white
mass Examine crystalline
indicates according to | precipitate
manganesc. directions on standing
under indicates
Group 1V. | magnesium.

1 In the presence of much ron and little POy, this hitrate may contain aluminium
but no Py05. Treat it by Table for Group 111. B.

TasLE FOR Group [II. B

If PyO; be absent.  To the main portion of the solu-
tion add NH,Cl, NH,HO, and (NH,),S, warm gently,
and filter. Examine the filtrate for Groups 1V. and V.
The precipitate is washed with water or, if black, with
weak ammonium sulphide solution: it may contain
AL(HO), TFeS, MnS, and ZnS. Dissolve the pre-
cipitate in HCI, boil to expel H,S.t If the precipitate
was black, add a few drops of strong nitric acid®and boil
for some minutes to oxidize the ferrous salt to ferric.

v
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To the solution add NH,Cl and NH,HO in excess;
filter quickly.

um and 1ron.

The precypttate may contain alumini-
Dissolve in HCl, add

NaHO in oxcess, boil, and filter :—

F

e. The precipi-
tate 18 dissolved
m HCI, and po- |
tassium  ferro- l
cyanide added: !

Al. Tho filtrate 18
acidulated with
HCl,thenammo-
ma added till

alkalmme, and

The filtrate may contain manganese

and zine.

Acidulate with HCI, add

NaIIO m excess, boil, and filter :—

Mn. The precipi-
tate may contam
manganeso, Mix
with dry sodium
carbonate and

a blue precipi- warmed : a col- potassium  ni-
tate imdicates ' ourless gelatin- trate, and fuseon
ron. ous precipitate platinum  foil:

1
i
!

wdicates alum-
inum.

& green mass 1n-
dicates manga-
nese,

Zn. The jiltrate
may contain zine.
Add 1,8 : a white
precipitate 1ndi-
cates sinc.

WATER

Amanonium carbonate gives a white precipitate of the
metallic carbonate, in ncutral or alkaline solutions of
calcium, strontium, and barium salts.

Before adding ammonium carbonate, the filtrate
from the preceding group (that is, from the precipitate
produced by ammonium sulphide) is to be treated with
hydrochloric acid, and boiled till all smell of hydro-
sulphuric acid has ceased ; it is then, if cloudy, filtered.

If none of the preceding group-tests has produced
a precipitate, the original solution, after addition of
ammonium chloride, may be treated at once as undet.

SciEME.—To the solution add ammonium hydrate
in slight excess, then ammonium carbonate, warm, and
filter ; reserve the filtrate for examination by the Table
for Group V. Wash the precipitate, and then proceed
thus :—

TABLE rOrR GRrROUP IV

The precipitate is to be dissolved on the filter in the
smallest possible quantity of acetic acid; then add
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potassium chromate in slight excess, warm, and
filter :—

Ba. The precipatate s The filtrate may contain strontium and calcium;
barium  chromate. divide 1t into two portions i—
For special tests for L
barium  and  the
metals of this group, | Sr. 1. To one portion | Ca, IL To the other portion
refer to Prelimmary add a considerablo () 1f strontium has not been
Exammation, p. 111 quantity of svlution found 1 I., add ammonium
of calcium  sulphate: hydrate and ammonium ox-
a  white precipmtate alate: a white precipitate
| coming down after a ndicatos calciam., (b)) If
| time mdicates stron- strontium has been found mn
i tium I.,evaporate portion II. with
| (Caleium sulphate solu- a soJution of potagsium sul-
h tion produces no pre- phate and boil the dry resi.
| cipitate i solutious ot dus with water. Wilter the
| calcium salts unless extract thus made; to the
| they are very strong.) tiltrate add ammonium ox-
' alate, as above directed.

Barium chloride is insoluble in alcohol, the strontium
chloride soluble: on this fact the following mode of
separating barium and strontium (in the presence of
calcium) is founded. Add excess of calcium sulphate
solution to the hydrochloric acid solution of the Group
[V. precipitate; boil, collect, and well wash the pre-
cipitated barium and strontium sulphates, then boil
them for some time with potassium carbonate solution.
The sulphates thus converted into carbonates are washed,
and then dissolved in hydrochloric acid, and the solution
evaporated to dryness. The residue, digested with a
little strong alcohol, will yield a solution of strontium
chloride, which may be warmed and ignited, and the
crimson colour of the flame observed.

GRrROUP V.—THE CARBONATES SOLUBLE IN AMMO-
NIACAL SALTS OR WATER

The filtrate from the previous group may contain
MAGNESIUM, SODIUM, and PoTASSIUM salts. AMMO-
NIUM compounds must be tested for in the ‘original
substance. See Preliminary Examination, p. 110
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Concentrate the filtrate, add to it a few drops of
ammonium oxalate, and filter it if necessary.

ScHEME.—The filtrate is divided into two unequal
parts, and thus tested :—

Mg. 1. Swaller portion—Add a little ammonium
chloride and ammonium hydrate and some sodium phos-
phate; agitate well: a white crystalline precipitate of
ammonijo-magnesium phosphate, which may form very
slowly, indicates magnesium.

II. Larger portion—The larger portion is to be
evaporated to dryness in a platinum or thin porcelain
vessel, and then ignited to expel salts of ammonium.
If magnesium has been found in the previous experi-
ment, moisten the residue with ammonium carbonate,
cvaporate, and ignite again. Dissolve the residue in a
little hot water, and filter : use the filtrate as follows:—

K. Moisten a platinum wire with it, and ignite in
the blowpipe flame: a lilac tint indicates potassium.

To another portion of the same solution add an excess
of tartaric acid and some alcohol, and agitate well: if
potassium be present, a white crystalline precipitate of
hydrogen-potassium tartrate (KHC,H,O,) will be formed.

Platinum tetrachloride, a drop of hydrochloric acid,
and some alcohol added to another portion of the filtrate
will give, on standing, an orange crystalline precipitate of
the double chloride of platinum and potassium (K,PtCl,).
To obtain the precipitates here indicated, it is essential
that a concentrated solution should be employed.

Na. The presence of sodium compounds is recognised
by the bright yellow tint they impart to the blowpipe
flame. This is so intense as to obscure the violet
potassium colour, ynless the flame be viewed through
dark cobhlt-blue glass, which cuts off the yellow sodium

rays only. Sodium in sufficient quantity to give the
I



130 QUALITATIVE ANALYSIS

flame reaction distinctly is sure to be present in the
filtrate from the four groups of bases. It is impossible
to obtain reagents free from it, or to prevent its intro-
duction in other ways. Carefully observe the colour
given to a flame by the original substance heated with
hydrochloric acid on a clean platinum wire.

§ v. Analytical Schemes for the Detection of the Non-
Metallic or Acid Radicles.

In the Preliminary Examination (see Experiments
VII. to XII) much information will have been
obtained in reference to the acids. The examination
of basic radicles, just concluded, will also frequently
throw some light on the subject. Thus, if the substance
is found to be soluble in water, and to contain certain
basic radicles, it is evident that only those acid radicles
can be present which form soluble compounds with
them: thus the presence of barium excludes that of
the sulphuric radicle. With substances insoluble in
water similar reasoning will apply. The student will
therefore consult with advantage the Table of Solu-
bilities given at pp. 138, 130.

The search for the acid radicles may be divided into
three parts. We make first of all certain experiments
on the original substance, constituting part of the
Preliminary Examination; then we apply two or three
reagents to a prepared solution and examine further
the precipitates formed ; and, lastly, we try the action
of a few special tests upon this prepared solution,

EXAMINATION FOR ACIDS IN A PREPARED SOLUTION

If silica in the soluble form be plesent, it must first
of all be separated by evaporation to dryness with excess
of hydrochloric acid ; in this case chlorine, iodine, and
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cyanogen cannot be tested for in the redissolved residue,
but must be specially sought for in the original sub-
stance. The carbonic, hydrosulphuric, sulphurous, nitric,
and acetic radicles will have been detected already in
the Preliminary Examination, and would likewise be
lost in the preparation of the solution. The sulphuric
radicle is sought for in Experiment XII, p. 114. If no
indications of any acid radicles have been obtained in
the Preliminary Examination, the only acid radicles that
need be sought for are the phosphoric and oxygen.

Before proceeding to the following groups, all basic
radicles other than the alkaline metals must be separated.
This may be effected by boiling with an excess of
sodium carbonate. Wherc long-continued ebullition
with a solution of sodium carbonate does not effect a
transference of acid or basic radicles, fusion with the
mixed sodium and potassium carbonates will be found
to answer the purpose in view (see p. 135). In this
case, however, organic acids are destroyed.

If organic matter be present, together with metals
of the first three groups, hydrosulphuric acid or
ammonium sulphide must be employed to separate
these metals; and if the alkalinc earths be also present,
the solution, after removal of the sulphur, must be finally
boiled with sodium carbonate. If hydrosulphuric acid
be employed, the arsenious radicle will of course be
removed from the solution.

The prepared solution (or the original solution,
supposing this to contain only alkaline bases) is divided
into three portions, which are exarhined according
to the following groups; if, however, the Preliminary
Examination has groved the absence of organic acids,
examindtion for the third group is omitted, The
solution should not be too dilute.
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[—CHLORINE AND OTHER MONAD ACID
RADICLES

SciEME.—To one portion of the solution add
dilute nitric acid till the solution is distinctly acid,
and then solution of silver nitrate till no further pre-
cipitate is formed. The precipitate may contain silver
chloride, iodide, and cyanide. Wash the precipitate,
and heat it gently with excess of ammonium hydrate
till no more dissolves ; filter.

GRrROUP

I. The restdue, 1msol-
uble m ammonium
hydiate, is, 1f yel-
lowish, stlver jodide.
Confirm thepresence
of 1odme by treating
a little of the orugi-
nal substance with

The filtrate may contam silver cyanide and chloride.l
Add mitric acid m excess, agitate, wash thoe precipi-
tate by decantation, dry and heat 1t to fusion on a
piece of porcelan.  Boil the residue on the porcelam
with nitric acid, dilute, filter.

Cl. Any 1nsol-

Cy. If the filtrate contam any silver,

uble residue 1s
silver chloride.

starch-paste and a
drop of chlorme
water: a dark blue
colour ndicates io-
dine.

1ts presence mdicates cyanogen, for
silver cyamde 18 decomposed by
heat; and the restdue, chiefly of
silver, which 1t leaves, 1s then sol-
uble in nitric acid.

1 1f cyanogen has not been found m the Preliminary Exanunation, turther treatment
can, of course, be omittod, as the precipitate, on the addition of nitric acid, can then
be silver chlotide only.

GRrouUP II.—FLUORINE AND THE PHOSPHORIC AND
OXALIC RADICLES

To another portion of the solution add acetic acid
in excess, and divide into two parts.

PO,. (1) Add ferric chloride solution, drop by drop.
A yellowish-white precipitate is ferric phosphate. Con-
firm by the molybdate test, pp. 43 and 124.

F. (2) Add calcium chloride solution. A white
gelatinous precipitate is calcium fluoride. Confirm by
etching glass, as in Preliminary Examination, p. 113.

0,0, A white crystalline precipitate on the addition
of calcium chloride is calcium oxglate. It may be
distinguished from calcium fluoride by leaving “calcium
carbonate on ignition, and then dissolving with effer-
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vescence on the addition of acetic acid. If fluorine has
been found by its action on glass, and the calcium pre-
cipitate aftcr ignition partially dissolves, with evolution
of carbon dioxide, in acetic acid, both hydrofluoric and
oxalic acids are present.

GRroUP II[.—THE TARTARIC AND CITRIC RADICLES

Another portion of the solution is made exactly
neutral. This is effected by adding dilute nitric acid
until the solution is very slightly acid, boiling to expel
carbon dioxide, and then adding very dilute ammonium
hydrate until the solution is exactly neutral to test-
papers.

It is absolutcly necessary that the least possible
excess of cither acid or alkali should be added, as the
formation of ammonium salts in any quantity interferes
with the subsequent reactions. If ammonia has been
found present in the substance in the search for bases,
it must be expelled by continued cbullition with caustic
soda before proceeding to the examination for the acids
of this group.

To the neuiral solution add calcium chloride, shake
well, and filter.

C34H406. A white precipitate, soluble in am. C¢Hs07. To the filtrate add

monium chloride, 18 calcium taitrate. a few drops of ammonum

Calcium phosphate and oxalate, the acid radicles hydrate, and boil: a white
of which have been detected in the previous crystallime precipitate, soluble
group, would also be precipitated hers, but mn ammonium chloride, 18 cal-
may be distinguished from the tartrate by cium citrate.

being insoluble in ammonium chloride.

Owing to the great similarity between citric and
tartaric acid (which have been previously indicated, by
blackening with sulphuric acid, in the Preliminary
Examination), the following points of distinction, in
addition to the abdve, should be carefully attended to.

Calclum tartrate is soluble in a cold solution of
potassium hydroxide, and is reprecipitated on boiling,
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whereas calcium citrate is insoluble in either hot or cold
caustic alkali.

Silver tartrate, heated with a little ammonium
hydrate, produces a metallic mirror of silver in a few
minutes, whereas silver citrate requires long boiling
for reduction.

This experiment is performed as follows :—Remove
the precipitate of calcium tartrate or citrate (by means
of a spatula) to a test-tube which has been thoroughly
cleaned by mecans of caustic soda and washing with
distilled water. Then add a few drops of silver nitrate
solution, and only so much of a very weak ammonia
solution as shall suffice to dissolve part of the precipi-
tate which it first forms. If a mirror appear in the tube
on gently warming it, a tartratc was present; if the
mirror form only on boiling for some time, the presence
of a citrate is indicated.

A solution of a tartrate, strongly alkaline with
sodium or potassium hydroxide, heated to boiling, and
a few drops of potassium permanganate added, first
turns green; and then a brown precipitate falls, the
solution becoming colourless.

An alkaline solution of a citrate so treated turns
green, but no precipitate is produced.

To a solution of a tartratc or a citrate add a small
quantity of mercuric sulphate solution with excess of
sulphuric acid: heat to boiling and drop in a solution
of potassium permanganate. The colour is discharged
and, if citrate be present, decolorisation is at once
followed by the formation of a copious white precipi-
tate.

SPECIAL TESTS FOR ACID RADICLES*

Acetates.—See Preliminary Examination, Experi-
ment X., p. 113. Acetates in a neutral solution give,
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with ferric chloride, a blood-red colour, destroyed by
HClL

Cyanides—Cyanogen is best tested for as follows :—
Moisten the substance in a watch-glass with hydro-
chloric acid ; immediately invert over it another watch-
glass, having its inner surface moistened with a drop
of yellow ammonium sulphide: warm gently for a few
minutes, remove the upper watch-glass, dry it on the
water-bath, add a drop of dilute hydrochloric acid and
a drop of ferric chloride : a blood-red colour indicates
a cyanide.

Nitrates—See Preliminary Examination, Experi-
ment IX,, p. 113.

Phosphates—See pp. 43 and 124.

Silicates.—See Exp. X1, p. 114. The silicic radicle
present in its soluble form may be recognised by
evaporating the solution to dryness with an excess of
hydrochloric acid, heating the residue for some time to
a temperature of about 150° C,, and then digesting it
in strong hydrochloric acid. An insoluble residue,
volatilizing entirely when warmed in a platinum crucible
with hydrofluoric acid, is silica.

Sulphates—See Preliminary Examination, Experi-
ment XII., p. 114.

All the other acid radicles not included in the three
acid groups above will have been identified in the Pre-
liminary Examination

§ vi. Analytical Scheme for the Examination of
Substances Insoluble in Acids,

An examination before the blowpipe will in many
cases, especially ifgthe substance be a simple salt, prove
sufficieht for its identification. If the presence of
sulphur, carbon, or phosphorous be suspected, the sub-
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stance is first to be ignited; if it continue unaltered,
or a distinct residue remain, it is to be finely powdered,
mixed with four times its weight of the mixed potas-
sium and sodium carbonates, and the whole kept in
fusion for a quarter of an hour, a platinum crucible
being used unless the Preliminary Examination has
shown the presence of an easily reducible metal, when
one of porcelain must be employed ; in this case some
silica and alumina will be unavoidably introduced into
the analysis. The crucible and its contents, when cold,
are to be boiled with water, and the solution filtered.

The solution in water may contain aluminium, tin,
antimony, the silicic radicle, and other acid radicles.
Divide into two portions.

To one add nitric acid in excess, and boil ; render
the solution slightly alkaline with ammonium hydrate,
and filter if necessary; the filtrate is to be examined
for all acids save nitric and the organic acids.

The other portion of the solution is to be evaporated
to dryness with an excess of hydrochloric acid. Heat
the residue to about 150° C. for some time; when cold
moisten it with strong hydrochloric acid, and allow it
to stand twenty minutes; then add water, and dissolve.
An insoluble residuc is probably silica: confirm by
special tests. Filter, Examine the filtrate for tin,
antimony, arsenic, and aluminium, according to the
schemes for Groups II. and IIL

The residue, insoluble in water, may contain silicic acid,
the alkaline-earthy metals as carbonates, lead oxide,
metallic silver, and ferric oxide. Wash thoroughly,
and dissolve in dilute hydrochloric acid with the aid of
heat, or, if the original substance was blackened by
ammonium sulphide, in nitric acid.

The solution is to be examined for basic radicles
according to the plaags already given.
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The residuc consists, probably, of silica, or of a
portion of the original substance which has escaped
the action of the alkaline carbonates.

If it is desired to examine insoluble silicates for the
alkaline metals, the substance is to be fused with four
times its weight of barium hydrate in a platinum
crucible, the mass dissolved in dilute hydrochloric acid,
and the barium and alkali metals separated according
to the schemes given for Groups IV. and V.

Or the finely powdered silicate may be treated with
hydrofluoric acid in a platinum or lead vessel, then with
sulphuric acid, the excess of that acid being volatilized
by heat; the silica is thus entirely removed: the
residue is to be examined in the ordinary way for the
basic radicles.

The construction and uses of the annexed Table of
Solubilities, pp. 138, 139, will be readily understood by
the student who has followed the instructions in Qualita-
tive Analysis which have been given.

§ vii. Analytical Scheme for the Examination
of Alloys.

The alloy is reduced to a fine state of division by
cutting with a knife, filing, or, when brittle, by powdering
in a steel mortar. The portion taken for analysis is
boiled with nitric acid diluted with twice its bulk of
water, till all action ceases; the solution is then diluted
with water.

The solutiorn will contain all metals present in the
alloy, save gold, platinum, tin, and perhaps antimony.
Examine it according to the foregoing schemes for the
detection of basic radicles.

The Yesidue may contain gold, platinum (both greyish
black), stannic oxide, and antimony oxide (both white).
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TABLE OF

< ' ;‘3 ] 3 2 @ Y g

S8z 858 2 lz2 |8

“| 5|4 8|8 ||| |~
Aluminium . Al S| | SO ] T ..
Ammonium. Am’ S{S|S|[S|{S|S|sS|S|Ss
Antimony . S S | L S oS .o L] DI
Arsenic . AS” oL LS S H(S)
Baium . B (S | V|7 S &S [®)s
Caleium . Ca” S| Ty T[S ()} S i8S
Copper . Cu” S 1 IS 5|1 I
Ferric. . F¢” S I I | I I I I
Ferrous . F¢” ST I Lyslis|{r|imts
Lead . . Pb” ST 1T T[] E)] T S)T16)
Magnesium Mg” | S I I I SIS | S IS
Manganese . Mo | S | | Iyrys |1} 1]s
Mercunc . Hg” | S | 1 [ I s, s T
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Silver, L A¢ [ (S)] 1 I, it Fi L L] 1 F
Sodium . N« SIS S |S|{S|[S |5 S}|S
Stanpic . Sn'v S| I LIS o[ T1(S)
Stannous . Sn” S I ! | - T EOUR VR B B )
Strontium . $i” S| T ](® ; I S| M|[S|S|s
Zinc . . ZIn" S |1 I | L si@Gs), 11 14]s

|
|
|

S=Soluble in water ; (S) Sparingly soluble in water.

F =Tnsoluble in water and acids.

[= Insoluble in water, but soluble in HCl, or HNO,, or nitrohydro-
chloric acid.

(D =Insoluble in water, sparingly soluble in one or other of the above
acids.

Notes to Table of Solubilities.

Arsenic, antimony, tin, lead, aluminium, and zinc oxides or
hydrates are soluble in KHO or NaHO.

Arsenic, silver, copper, manganese, zinc, and magnesium oxides
or hydrates are soluble in NH,HO or ammoniyn salts.

Some salts insoluble in water or acids are soluble inssaline
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SOLUBILITIES.
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e L PGS o] o | TS | Arsenie

S I S 1 I F|S | [ | Barium.,

S L)) I I 1(S)[(S)](S)(S)] Calcium.
S I 1 1 [ | S I [ 1 (S) | Copper.

S| S (]t [ S [T S | Ferne,

)| 1 I IS |[)] T {(®)|Ferrous.

S I [ I . F | I I | Lead.

S| S [ I | F{sS|S | S |5 |Mgneium
S [ I I I8 |1 I 1 (S) | Mangancse,
S [ I [ |..]S I [ I' | Mercuric,
S [ [ I S [ [ I | Mercurous.
S|S S|1S|S|8S5 ]S S | S | Potassium.
S | [ 1 L) I I I | Silver.

S| S|S|sJ)s|sS|{S|S|S |Sodium '
S S [ I .. | S S I S | Stannic

S [ [ Lo S (S| I [(8)] Stannous.
ST Ul® 1| T]F|'S]©)])] Strontium.
S I I I 1 S| S I' | (5) | Zinc

solutions, as calcium tartrate in ammonium salts, and lead sulphate
in solution of alkaline tartrates or acetates.

Some metals (Ag, Cu, Hg, Pb) and alloys not affected, or
scarcely so, by HC, are dissolved by HNO,.

Many sulphides insoluble in HCl are decomposed by HNO,,

HgS, Hg,Cl,, Fe, 05 (ignited), etc., scarcely attacked by cither
HCl or HNO,, are dissolved by nitrohydrochloric acid.

Sand, many silicates (pipeclay), fluor-spar, sulphates of barium,
strontium (calcium), tin-stone, glass, AgCl, PbSO,, carbon and
sulphur, chrome iron-ore are not attacked by these acids: C and
S are recognised by their behaviour when heated ; and the others
may, for the most part, be decomposed by fusion with potassium
and sqdium carbonates,
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If large quantities of tin be present, traces of other
metals may occur in this residue.

After thoroughly washing the residue, fuse it with
3 parts of potassium cyanide in a porcelain crucible;
boil the mass with water, and wash the metallic residue
by decantation; then heat it with concentrated hydro-
chloric acid.

Sn. To a small portion of the clear solution add a
drop or two of mercuric chloride: a white precipitate,
bccoming grey on boiling, indicates .

Add a little nitric acid to the rest of the solution
and residue, and boil till complete solution is effected :
divide into three portions.

Au. A small portion of the liquid is considerably
diluted, and a little stannous chloride and ferric chloride
added: a purplish or reddish coloration proves the
presence of gold.

Pt. A small portion is treated with ammonium
chloride, evaporated nearly to dryness and treated with
alcohol : a yellow crystalline residue indicates platinum.,

Sb. The rest of the solution is treated with excess
of ammonium sesquicarbonate, and then well boiled
and filtered. The filtrate is acidified with hydrochloric
acid, and hydrosulphuric acid water added. An orange-
red precipitate indicates antziony.

In order that the student of qualitative analysis may
see how the methods of examination which we have
just described are applied in practice, we proceed to
give

AN EXAMPLE

of the QUALITATIVE EXAMINATION of an unknown
mixture of salts, this mixture occurring as®*a dull
greenish solution with a white residue or sediment.
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First of all, the solution and residue (after filtration)
were separately divided into four portions, the former
labelled S 1,S 2, S 3,and S 4, and the latter R 1, R 2,
R 3,and R 4

1. Preliminary Examination for Bases.

S 1. This portion of the solution was cautiously
evaporated just to dryness, and tested in accordance with
the dircections given in the Table of the Preliminary
Examination for Bases (pp. 109, 110, 111, and 112), when
changes occurred in the following experiments only :—

1. A white sublimate in tube, and on further heating,
fumes of NO,,

la. Fumes of ammonia given off.

LI, Bluish-green flame.

II1. Substance deflagrated.

IV. When hot, green ; when cold, blue.

From these experiments we infer that the following
substances are present:—NH,, Cu, and a nitrate or
chlorate. Now, in the first instance we might have
argued, from Experiment I., that As and Hg were
present as well as NFH, ; but this could not be the case,
since neither globules nor metallic mirror was obtained
with the bulb-tube and Na,CO,, in Experiment 1.

R 1. This portion of the residue was tested in the
same way as the solid matter obtained by the evapora-
tion of S 1: changes occurred in the following experi-
ments only :—

I. A4 gas, CO,, giver off-

I1. Red flaime.

- I Luminous yrvesidue and bluish-white malleable
globules *of metal, with incrvustation orvange whilst hot,
yellow when cold.
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IV. Globules as in 111.
From these results we infer the presence of Ca, Sr,
or Mg, and of Pb.

2. Systematic Examination for Bases.

S 2. The sccond portion of the solution was sub-
mitted to the action of the group-tests (p. 117) in order,
each precipitate obtained being further examined accord-
ing to the table for the group to which it belonged.
In Group II (pp. 119 to 121) a brownish-black pre-
cipitate, proved by further treatment and special tests
to be copper sulphide; in Group IIL (pp. 123 to 127)
a black precipitate was shown to be z7oz sulphide (the
iron was found to exist as a ferrous salt in the original
solution); while no other base was detected, save that
in the Experiment Ie of the Preliminary Examination
(p. 110), ammonia was detected.

R 2. This portion of the original residue was found
to be altered, but not dissolved completely, by dilute
HCl; and so dilute HNO, was employed instead, when
escape of CO, took place. The solution thus made
could not be mixed with S 2 above without producing
a dense precipitate; and therefore it was analysed
separately (though in most analyses such admixture
may be made); had it been wholly or partially insoluble
in acids, it would have been requisite to treat this
residue according to the scheme for the Examination
of Insoluble Substances (p. 135). When the HNO,
solution of R 2 was duly examined by the group-tests,
precipitates were obtained—in Group I. of Zad chloride,
in Group IL of lead sulphide, in Gypup IV. of calcium
carbonate; all these indications were duly cénfirmed
by special tests.
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3. Preliminary Examination for Acids.

S 3 and R 3. Small portions of the solution and
residue were mixed and evaporated just to dryness;
with the dry material thus obtained the Experiments
VIL-X. (pp. 112 and 113) were performed :—

VIIL. CO, evolved, carbonates.

IX. Brown ring, nitrates.

4. Systematic Examination for Acids.

S 4 and R 4. With the remaining portions of the
original solution and residue mixed together, a “pre-
pared solution” was made (p. 130). With this liquid
the systematic examination for acids was conducted, a
small portion, however, being used for Experiment
XII., Preliminary Examination, p. 114, when sulphuric
acid was found. In Group I. of the acids c/Zlorine was
identified, while no indications werec obtained in the
other groups. Among the special tests, those for nztric
acid gave positive results.

Thus, from the results of the preliminary and syste-
matic examinations, we conclude the unknown mixture
of salts contained the metals or basic radicles b, Cu,
Fe, Ca, and NH,, and the acid radicles CO,, Cl, NO,,
and SO, From the separate examination of the solu-
tion and residue, we conclude that the salts actually
present in each were:—

Copper, ferrous, and
Lead carbonate, }in the re- ammonium chlo-] in the solu-

Calcium carbonate, f sidue. rides, sulphates, tion,
and nitrates,



PART 111

QUANTITATIVE ANALYSIS

CITAPTER 1

§ i Introduction.

WIIEN the student has acquired some skill in recognising
and detecting the common basic and acid radicles, the
quantitative estimation of various chemical substances
will engage his attention. Scrupulous care and
precision, together with manipulatory adroitness, are
here more than ever necessary.

The knowledge which he has gained is here applied
to determine the guantity of the various constituents of
a compound body. The course of practice under this
head is necessarily limited in its variety, from the
greater amount of time required for the operations of
quantitative analysis. Attention is therefore at once
turned to matters of agricultural importance — the
analysis of manures, soils, feeding-materials, etc.

In following the schemes of analysis here described,
it should always be borne in mind that they are intended
only for the particular case mentiongd, and may conse-
quently fail if otherwise applied—if, for instanle, other

substances be present than those here supposed. To
144
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describe processes available under every contingency
would demand a far larger work than the present. In
cases differing somewhat from those described, the
student’s own knowledge of chemistry must be brought
to bear, and he must endeavour to think out a modifica-
tion of the process suitable to the case.

Before proceeding to operate upon the various
commercial and agricultural products which have been
selected as suitable subjects of quantitative analysis, the
student will find it best to make estimations of the
constituents of certain definite and pure chemical
compounds. For the determination of water, a weighed
quantity of crystallized sulphate of copper may be taken ;
for the sulphuric radicle and for calcium, crystallized
calcium sulphate or seclenite; for magnesium, Epsom
salts ; for potassium, the pure sulphate of that metal;
for iron, crystallized green vitriol; for aluminium,
ammonia-alum ; and so on with the other most impor-
tant metallic and acid radicles. We proceed to give
full directions for the estimation of calcium, barium,
magnesium, potassium, and the phosphoric and sul-
phuric radicles—the quantitative determination of other
ingredients of soils, food, manures, etc, being duly
described under the examples in which they severally
first occur. It will, however, be well to introduce a word
or two now concerning the names of chemical compounds,
and concerning weights and measures.

Chemical Nomenclature—The names assigned to
salts and chemical compounds in this book are mainly
those commonly adopted by scientific chernists. But a
very rigid adherence to one system has not been observed,
and is indeed a matter of minor importance, though of
considerable difficulty. In the case, for instance, of the
substance which is correctly termed sodium nitrate, the

K
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terms sodic nitrate and, still more commonly, nitrate of
soda, are often employed indifferently. It is of real
importance, nevertheless, to know that these three
names signify the same compound (NaNO;), a combina-
tion of 1 atom of sodium, 1 of nitrogen, and 3 of
oxygen. In the case of this compound, and of many
other common substances, we shall in future use the
more familiar along with the accurate names, or even
instead of them, on account of the special commercial
or economical character of the subjects of which we
treat in the third part of this volume. Weshall likewise
adopt the expressions ammonia, lime, magnesia, etc,,
and calculate our results into these forms on account of
the convenience of comparing our results with published
analyses. The acid constituents of salts will appear, in
a similar manner, as sulphur trioxide, phosphorus pent-
oxide, etc, ingtead of as the corresponding acid radicles,
for the same reason.

Weights and Measures—The system of weights and
measures now in almost universal use for scientific
work is the French metrical (decimal) system, founded
on the metre or one ten-millionth part of a quadrant of
a meridian measured through the poles of the earth.
This unit of length, the metre, = 39-37079 inches.

The unit of weight is a gramme, written in English
gram, which is the weight of a cube of distilled water at
its maximum density, viz., 4° C. (=39-2° F.), the edge
of this cube being a centimetre. It is equivalent to
15-432349 grains.

The unit of capacity is a /Zi¢re, or the capacity of a
cube whose edge is a decimetre, and is therefore = 1000
cubic centimetres. It equals 1-76133 pint.

The decimal multiples of these units are *denoted
by the Greek prefixes—Deka, ten; Hecto, hundred;
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Kilo, thousand; and the decimal subdivisions by the
Latin prefixes—Deci, one tenth ; Centi, one hundredth;
Milli, one thousandth.

If this system be used, the following weights and
measures will be required in the work of quantitative
analysis :—

I. A set of gram wecights, from 50 grams to 1 gram
in brass, and downwards to 5 milligrams in platinum,
with a centigram wire “rider” to weigh milligrams
and parts of milligrams on the divided beam of the
balance.

2. A litre flask, which, filled so that the lowest
point of the meniscus coincides with a mark on the
neck, contains 1 litre at 60° I%. (15-55° C.). A litre
is 1000 cc., ze., strictly the volume occupied by (a
kilogram or) 1ooo grams of water at 4° C.; measure-
ments are, however, for convenience, taken at 15-55° C,
(6o°.F.); the actual difference thus made is 2 thousandth
parts, cqual to a deficiency of 2 grams.

3. A half-litre flask, or onc which, filled to a mark
on the neck, will deliver 500 c.c.

4. A cylindrical measure graduated to 100 or
200 c.C.

5. A Mohr’s burctte (with Erdmann’s float),
graduated to 100 c.c. divided in Jsths cc.

6. A pipette to hold 10 cc, either graduated or
simply marked to show when it contains the desired
quantity.

All new measuring vessels, such as graduated flasks,
pipettes, and burettes, should - be checked against
standard measures kept for that purpose only, before
they are admitted %o usc in the laboratory.

A Cehtigrade mercurial thermometer ranging from
—10° to 300°, and having its graduations etched on the
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glass, will be of service. The conversion of Centigrade
degrees into Fahrenheit and vice versd may be accom-
plished by means of these two equations :—

(1) (C° x 1:8) + 32 = F.%;
(2) (F° - 32) + 18 = C"

The balance should be kept in a place not subject to
acid fumes, and free from vibration. The balance must
be levelled by means of the three adjusting screws, two
spirit-levels laid on the floor of the balance-case (one
parallel with, and the other at right angles to, the beam)
being employed for this purpose. In order that the
whole case may not shift its position, the lower ends
of the levelling screws may be made to rest upon solid
disks of vulcanized indiarubber permanently fixed to
the table; or three boxwood cups having flanges with
screws may be fastened in such positions on the table
that their cavities may receive the lower ends of the
levelling screws. These cavities should bc accurately
turned and deep, though rather narrow: they may be
filled up with fine graphite powder. When the balance
has been made level, the perfect equilibrium of the
beam must be sccured. When both pans are empty
and the beam is released, the pointer should swing an
equal number of degrees to each side of the zero of the
ivory scale. If this be not the case, the little vane over
the middle of the beam must be moved towards that
end of the beam which is lighter until the adjustment is
complete.

The weights must next engage our attention.
When supplied by a good instrument-maker, they are
usually sufficiently accuratc for all ordinary purposes,
although when used in original researches they must be
severely tested: it is also advisable to examine their
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condition from time to time. The large chemical
weights are usually made of gilt brass, the tenths of the
gram being made in platinum, while sometimes the
centigrams and lower weights are constructed of
aluminium. Brass weights increase by corrosion; gilt

and platinum weights slightly diminish by wear.
The following set of weights “of precision” is

commonly employed in chemical laboratories :—
In Gilt Brass

In Platmum. In Aluminium.

50 grams  ...... 5 gram. ... ‘05 gram.
200, e 2, 02,
10, e Ty e o1,
10 4, e S s o) »
5y eeeeee e *.005
2y e e *o002
Igram. ... .. *001 ,,
) S e *.o001
I . *.001

3 eeeees

The milligram weights (marked *) arc seldom used,
a “rider” of wire, weighing 1 centigram when in the
pan, being employed instead. This rider is made to
travel along the divided arm of the beam, gradually
diminishing in effect as it approaches the fulcrum. The
arm is divided into ten parts, so that when the rider is
half-way it rests on division 5 and equals 5 milligrams
or -005 gram ; when it has been placed three-fourths of
the distance from the extremity of the arm, it rests
between the division 3 and 2, and is equal to a weight
of 2} milligrams, or -0025 gram in the pan.

The following directions should be followed in
weighing the vessels and substances with which one
has to deal in quantitative analysis:—

1. Open the balance-case without shaking or dis-
placing the instrument.

2. Release the beam of the balance (by means of
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the milled hecad or key in front) gently and steadily,
avoiding all jerking motion.

3. Always usc the right-hand pan for the weights.

4. Never weigh any crucible, etc, after heating until
it has cooled down, in the desiccator, to the temperature
of the balance-room.

5. The weights should be tried in regular order
from the heavier downwards until the object which is
being weighed is exactly balanced. The weights are
to be read off and noted down when the index swings
an equal number of degrees on either side of the zero of
the scale, and again checked on returning to the box.

6. Keep the balance-case closed as much as possible :
this precaution is particularly necessary when complet-
ing a weighing.

7. Bring the balance to rest, by supporting the
beam, exactly at the moment when the index points
to zero: this must always be done before adding any-
thing to, or taking anything from, either pan.

8. The watch-glass or crucible in which a substance
is being weighed should be removed from the pan
whenever anything is to be added to it or taken
from it.

o. Particular care should be taken of the smaller
weights ; if one of these be lost, immediate search for
it should be made, as it would be irretrievably ruined
if trodden upon.

10. Weights are to be moved only by the forceps
provided for this purposc: they must on no account be
touched by the fingers.

In measuring liquids in the graduated vessels, the
measure must be placed perfectly perpendicular, and
the eye must be on a level with the surface of the
liquid. The exact level can be conveniently found by
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means of a small mirror placed close to the vessel on
the opposite side ; when the surface of the fluid is ina
straight line with the centre of the eye and its reflection,
the eye is in the right position. The readings should
be taken at the lower line of the dark zone of the
surface of the fluid; this may be made more distinct
by placing behind the tube a piece of white paper, on
which a strip of black paper is pasted,in such a position
that the border line between the black and white is just
below the dark zone.

Besides the ordinary apparatus employed in quali-
tative analysis, and the measures, weights, and balances
just described, a few instruments or special contrivances
are requisite for quantitative work. Amongst the most
important of these we may here describe :—

1. A platinum crucible, about 24 mm. broad
at its base, 34 mm. at top: its height may be 37
mm. ; and its weight, with a flanged capsule cover
(of 7 grams) to fit loosely inside the rim, need not
exceed 30 grams. The capsule cover or lid is “ dished ”
to a depth of 3 mm. while the breadth of its flange
is 2 mm., except in one place, where it is formed
into a broad, flat expansion. The greatest care must be
taken of this crucible; it must never come in contact
with zinc, tin, silver, antimony, or lead; nor must any
compounds of these metals be heated in it. Iven
alkaline salts in the presence of carbonaceous matter
may injure it. Any mixture of nitric acid and hydro-
chloric acid dissolves platinum. For many purposes a
crucible of hard Berlin porcelain may be substituted for
one of platinum. Still better is a crucible of fused
quartz, which may be used in nearly all cases instead of
a platmum crucible, it will withstand very sudden
changes of temperature.

2. A platinum spatula, spud-shaped at one end and
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pointed at the other, of the form and size shown in
Fig. 13, though not quite so slender towards the pointed
end, will be found very useful. The weight of this

-

Fia. 18.

implement (which is made from stout wire) need not
exceed 4 grams,

3. A desiccator, in which the crucible, dish, or other
vessel to be weighed is allowed to cool and carried
from the laboratory to the balance-room.

A very convenient form of portable desiccator may
be obtained of the dealers in chemical apparatus. In
shape it somewhat resembles an
hour-glass, the slightly constricted
part in the middle being occupied
by a horizontal perforated plate, on
which the object to be kept dry isto
be placed. Below this, on the floor
of the lower compartment, some
lumps of fused calcium chloride,
the desiccating agent, are arranged,
Wi while the upper compartment is

closed with a ground-glass plate.

4. An iron wire triangle covered with tobacco-pipe,
or a platinum triangle, is used to support crucibles in a
ring of the retort-stand when they are being heated.

5. Besides the ordinary wash-bottle with movable
jet for cold water, a flask similarly fitted for hot water
is required for washing many of the precipitates obtained
in the processes of quantitative analysis. Small washing-
flasks or bottles for dilute ammonia, and for alcShol and
ether, should also be at hand.
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6. A few funnels having four internal ribs will be
found very useful for rapid filtration.

Amongst the more important general apparatus and
fittings of the laboratory for quantitative analysis we may
name the following :(—

1. The water-oven for drying substances previously
to analysis should be very capacious. It should be made
of copper, and be divided into at least two cupboards.
By means of sliding glass screens or shutters in these
cupboards the temperature of those parts of them -most
distant from the doors may be maintained within two
or three degrees of 100° C. The steam which scrves to
heat this water-oven may be advantageously condensed
by means of a worm of pure tin or tin-lined pipe, and
so yield an abundant supply of distilled water.

2. A hot air- or oil-bath
heated by a self-acting gas-
regulator.

3. A gas combustion-fur- j
nace, constructed according 1
to one or other of the various ‘
plans in use. With due care
Griffin’s or Erlenmeyer's !
combustion-furnace answers !
well.

4. A table blowpipe, fitted
with double-bellows and a

Herapath blowpipe for glass-

working. Fletcher’s hot-blast 3
blowpipe and his gas-furnace W
and muffle, will also be found ;- _—

useful.
5. A®small hand-mill for grinding samples.
6. A set of cylindrical zinc sieves of graduated
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finencss, and fitting into one another ; and a set of wire
sieves of varying fineness.

7. An apparatus for filtering under reduced pressure.
For this purpose, when a good water-supply is at hand,
one of the filter-pumps figured on the previous page
is most convenient (Figs. 15 and 16).

For further details concerning laboratory apparatus
and fittings, reference may be made to larger works;
but some additional contrivances will be found described
further on in the present volume.

§ ii. Preliminary Instructions in Quantitative
Operations.

The details of the quantitative estimations which
have to be performed in the analysis of agricultural
materials and products are best learned by practice on
pure substances of known composition. For this
purpose standard solutions are most convenient, for each
analysis an accurately measured portion being taken.
The quantity to be employed, and the strength of each
solution, will be indicated further on.

Estimation of Lime as Carbonate.

Solution employed, CaCO,; in HCl (=CaCl,),
containing about } per cent.

The solution, about 60 c.c, is to be diluted with an
equal volume of water and heated nearly to boiling,
then add excess of ammonium oxalate and ammonia
until the liquid, after stirring, smells strongly ammoni-
acal; cover the beaker, and set it aside for twelve hours
in a warm place; decant off the clear liquid through a
good filter-paper, add hot water to the precipitate,
allow it to subside, again decant, then add more hot
water, and transfer the precipitate to the filter, allowing
all the liquid to run through the paper before adding
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a fresh portion. Remove every particle of the precipi-
tate from the beaker with the aid of a rod, one end of
which has an inch of indiarubber tubing tightly fitted
on to it. Wash the precipitate on the filter with hot
water, avoiding using a rapid stream, or some of the
precipitate may be driven through the pores of the
paper: the precipitate should be carefully washed down
from the side of the filter-paper so as to form a compact
mass at the bottom of the cone. Dry, transfer the
precipitate to a weighed crucible, leaving as little as
possible adhering to the paper, which is to be tightly
folded (in such a way as to bring the central portion of
the filter into the middle of the compact folded paper),
and burnt in a coil of platinum wire over a crucible
standing upon a sheet of glazed black paper; add the
ashes of the paper and any particles on the glazed paper
to the precipitate in the crucible, and slowly heat till
the bottom of the crucible is just visibly red in the dark,
for about ten minutes. When cold, weigh, and then
moisten the precipitate with water, and test it with
turmeric paper: if an alkaline reaction be shown, it is
due to caustic lime, produced by the application of too
strong a heat; add a little (NH,),CO, solution, and
evaporate very cautiously, at a temperature below
100° C,, to dryness; ignite as before, being careful not
to use too high a temperature. It may be nccessary to
repeat this treatment :—

Reactions :—
CaCl, + (NH,),C,0, = CaC,0, + 2NH,Cl;
by heat, CaC,0,, = CaCO; + CO;
the CaCO,, if heated too strongly, loses CO,, becoming

Ca0O, and necessitating the “carbonating” with
(NH,),COy
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The resulting CaCO, should have the same weight
as that originally dissolved in the liquid.

listimation as Line., Calciumn Oxide,

Leave the calcium carbonate in the crucible and
heat it for five minutes over a Bunsen burner, then for five
minutes strongly over the Herapath blowpipe; cool in
the desiccator, and weigh. It should now be all con-
verted into quicklime, CaO. Repeat the ignition, and
reweigh.  See if its weight corresponds with the weight
of the calcium carbonate first obtained.

CaCO,: Ca0O :: 100: 56.
When the amount of lime is small, it is often more

convenient to convert it into quicklime and weigh it as
such.

Estimation of Magnesia as Pyrophosphate.

Solution of magnesium sulphate (MgSO,7H,0)
employed, containing about 1} per cent.

To the solution (50 c.c.) add ammonium chloride
(NH/CI) and ammonia (NH,HO); if the addition of
the latter causes a precipitate, enough NH,Cl has not
been added ; therefore add a further quantity, sufficient
to dissolve the precipitate formed. Then add gradually
sodium phosphate (Na,HPO,) in excess, and well mix;
cover the beaker, and let it stand twelve hours in the
cold. Collect the precipitate on a filter, and wash with
water containing ammonia (NH,HO) in solution (2
per cent.) until a few drops of the filtrate, acidified
with nitric acid, give no cloudiness with silver nitrate,
Dry, ignite the paper scraped as clean as possible, in a
coil of platinum wire, with all the precautions mentioned
in the preceding account relating to lime, add the ashes
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to the precipitate in the crucible, and ignite gently at
first, and finally before the blowpipe.

Reactions :—
MgSO, +Na,HPO,+ NH,HO = MgNH,PO,+Na,S0,+ H,0
on ignition, 2Mg(NH)PO, = Mg,P,0, +2NH; -+H.0
Magnesium
pyrophosphate.
Calculation :—

As molecule Mg‘-’:'~‘07: molecule MgSO,711,0 = amount of Mg,P,O;
found : amount of MgSO,7H,O given.
2227 L 2464 = a: .

FEstimation of Baryta as Bariune Sulphate.

Solution of barium chloride (BaCl,2H,0) employed,
containing about } per cent.

Make the solution (50 c.c.) up to about 120 cc.
(or 4 oz.) with distilled water, add a little dilute HCI, and
heat just to boiling; add dilute sulphuric acid as long
as a precipitate forms; keep the mixture near the
boiling-point for some time, allow the precipitate to
subside, and decant through a good filter-paper ; heat
the precipitate twice more with water, then transfer to
the filter (waiting after the addition of cvery fresh
portion until the fluid has completely passed through
the filter), and continue the washing with hot water
until the filtrate is no longer rendered turbid by a drop
of barium chloride. Dry and ignite, scraping the paper
as clean as possible, and burning it in a coil of platinum
wire,

Reaction :—
BaCl,+ H,SO, = BaSO,+2HCL
Caleulation —

As molecule BaSO,: molecule BaCl,2lH,0 =amount

of BaSO", found : amount of BaCl,2H,0 given.

2334 : 2443 = a : &
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Estimation of Phosphorus Pentoxide as Magnesium
Pyroplosphate.

Solution of sodium phosphate (Na,HPO,12H,0)
cmployed, containing about 1 per cent.

Add to the solution (about 50 c.c.) ammonium
chloride, ammonia till the smell is strongly ammoniacal,
and then, very gradually, magnesia mixture (a mixture
of MgCl,, NH,Cl, and NH,HO; see p. 85). Mix
well (but avoid using a glass rod), cover the beaker, and
let it stand twelve hours in the cold ; collect the precipi-
tate on a filter, wash with ammonia water (2 per cent.)
until the filtrate, after acidifying with nitric acid, is not
rendered turbid by silver nitrate. Dry and ignite, at
first gently, and finally with the blowpipe.

Reactions :—
As in estimation of magnesia.
Calculation :—
As molecule Mg‘—’;‘pﬂ : mol. Na,HPO,12H,0 = amount of Mg,I,();

found : amount of Nu,11PO,12H,0 given.

2272—‘7 : 3582 = a:x

Estimation of Potasl as Potassium Platinic Cliloride.

Solution of potassium sulphate employed (K,SO)),
containing 5th per cent.

Evaporate the solution (about 50 c.c) to half its
bulk ; add a little HCI and excess of platinic chloride
solution, and carry the evaporation nearly to dryness on
a water-bath away from any ammonium fumes; add
strong alcohol, specific gravity -864, and wash the
substance first by decantation, finally collecting it on a
filter dried previously at 100" and weighed till ¢onstant.
After washing with more strong alcohol, the filter and
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contents are dried at 100° and weighed. The salt
weighed is PtCl,, 2KCl.
Reaction :—
K,SO,+2HCl+4PtCl, = PtCl,2KCl+ H,50,.

Caleulation :—

As molecule PtCl,2KCl: molecule K,SO,=amount
of PtCl,2KCl found : amount of K,SO, given.

486-2 : 1743 = a :

A stoppered tube, about of an inch broad and 33
inches long, serves for holding the filter-paper whilst
drying and weighing.

Preparation of Volumetiic Solutions.

A normnal solution of a rcagent is onc that contains
in a litre that proportion of its molecular weight in
grams which corresponds to 1 gram of available
hydrogen, or its equivalent in some other element.
Thus a normal solution of sulphuric acid contains 49
grams of pure sulphuric acid per litre: for H,SO,
molecular weight=98-+2=49. In thc case of hydro-
chloric acid (HCl) 36-5 grams of pure hydrochloric acid
will be contained in 1 litre.

Potassium permanganate (K,Mn,O,) will yicld 3
atoms of oxygen (the equivalent of 10 atoms of
hydrogen) for oxidizing purposes : its molecular weight
is 316. A normal solution of potassium permanganate
contains 31-6 grams of this salt per litre. A normal
solution of silver nitrate contains 169-9 grams per litre.
A normal alkali solution neutralizes an equal volume of a
normal acid solution. A normal solution of sodium
hydroxide contains 40 grams per litre.

Normal solutions may be expressed thus, JIX H,SO, ;
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seminormal solutions contain one-half the amount of
active agent of the normal solution, and are thus

expressed, 1—:7- HCl; a decinormal solution, I]—X, is one-

tenth, and a centinormal solution, _I_](.)VB , one-hundredth, of

the strength of a normal solution.

The indicator used in standardizing acid and alkali
solutions should be noted, and used in all experiments
made with the same solutions.

Preparvation of Acid and Alkali Solutions used tn the
Determination of Nitrogen.

Normal sulphuric acid. — Take 28 cc. of pure
sulphuric acid, having a specific gravity about 1.842.
This will contain about 96 per cent. of real sulphuric
acid. Sulphuric acid sold as pure sometimes contains
ammonium sulphate as an impurity; this must be
avoided. Take a litre flask about one-half full of
distilled water, to this slowly add the 28 c.c. of sulphuric
acid: fill up to the mark on the flask with distilled
water, mix thoroughly, and allow to cool. When quite
cold, add a little distilled water to make the volume up
to the mark on the flask and again thoroughly mix.

The exact strength of the acid is now to be ascer-
tained by making three determinations as follows:—
Measure 10 c.c. of the acid, by means of a pipette kept
for this purpose only, into a beaker, add 200 cc. of
water, a few drops of dilute hydrochloric acid, and heat
the liquid just to the boiling-point. Remove the
Bunsen burner, and after a minute add from a test-tube
an excess of hot barium chloride solution. Ieat the
mixture just to boiling for five minutes, remove the
flame and let the barium sulphate settle, then add a few
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drops more barium chloride solution. If no further
precipitate is formed, the whole of the sulphuric acid has
been precipitated as barium sulphate; if a further
precipitate is produced, some more hot barium chloride
solution must be added, the liquid again boiled, and re-
tested. When the precipitate has completely settled,
the hot liquid is to be filtered through a good filter-
paper, the precipitate washed with hot water, by decan-
tation, and finally washed out on to the filter-paper.
The precipitate must be washed until a few drops of the
last filtrate collected in a test-tube give no precipitate
with dilute sulphuric acid, showing that all the excess of
barium chloride has been washed away. Should the
precipitate show signs of passing through the filter-
paper, dilute hydrochloric acid should be used for the
first washing. The precipitate is dried, removed from
the paper which is burnt separately, burnt, and treated
as described under the estimation of baryta, p. 157.
The weights of the three precipitates should not differ
from each other by more than -003 gram.

The amount of H,SO, per 10 cc. is then calculated
from the mean result of the threc determinations, eg. -

Weight of BaSO, = 1-10535.
Mol. Weight, BaSO, @ Mol. Weight, IT,80; :: BaSOyfound. : 1,804 present.

233 : 08 1 11655 49

Ten c.c. of the acid contain -49 gram of H,S0,; 1 cc
contains -049, or 1 litre contains 49 grams of sulphuric
acid.

The standard acid should also be standardized against

a pure sodium carbonate solution. 1 c.c. Z/IY H,SO, will

neutralize 053 gram of Na,CO,  This test, when
compared with the above, will serve to indicate if
L
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the acid contain any sulphate, such as ammonium

sulphate,
I c.c. of normal acid = 014 N = .017 NH,.
1 cc. of normal acid = -028 CaO = o350 CaCO,

1 c.c. of normal acid = 040 NaHO = -053 Na,CO,

Alkali—The alkali is a weak solution of sodium or
potassium hydroxide, of which 100 c.c. should exactly
neutralize 10 c.c. of the acid : Ze. a decinormal solution.

The hydroxide employed should be free from car-
bonate ; if not so, it must be rendered caustic by boiling
with fresh milk of lime in a clean iron vessel. The
caustic soda made from sodium is the best material
to use.

Preparation.—Having determined to make a certain
volume of the alkali (say 2 litres), calculate the amount
of hydroxide required; thus, if sodium hydroxide be
used, and the acid contain exactly 49 grams H,SO, in a
litre=-49 gram in 10 c.c., then, since H,SO, saturates
2NaHQ,

Molecular Weight, Molecular Weight, H,S0 Nallo
H,S804 2NaHO in 10 c.c.” m 100 c.c.
98 : 80 = -49 : -4
c.c. NallO c.c. taken. NaHO required.
100 : 4 = a : X

Weigh out the amount calculated, and add to it
water to about three-fourths the volume it is intended to
make ; dissolve and well mix, and then ascertain by
experiment how many cc. and fractions of c.c. are
required to neutralize 10 c.c. of the acid, a little methyl-
orange solution being added to the portion of acid
measured out in order that, by its change of colour, the
point of neutralization, when enough soda has been
added, may be shown, duplicate determinatichs being
made to exclude error. The alkali should be rather
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stronger than is required ; but, its volume being known, it
is easy to dilute it to the required strength; thus, if go
c.c.-neutralize the acid, and there are 1848 c.c. remaining,
00 : 100=1848 : 2053-3,
the number of c.c. to which the alkali must be made
up. Thisis then done and the strength again tested,
when 10 c.c. of acid should be exactly saturated by 100
c.c. of the alkali.

The solution should be kept in well-stoppered bottles
in a cool place.

The value of each c.c. of the alkali in terms of
ammonia and of nitrogen has now to be calculated.
Since H,SO, saturates 2NHj, if the strength of the acid
and alkali be as above,—

H.80, aNTI, ILSO, in 10 c.c. NI,

98 :+ 34 = 49 : 17
Ten c.c. of the acid are neutralized by 100 c.c. of the
alkali; therefore each c.c. of the latter corresponds to
'—11676 = .0017 gram NH,, or -0014 gram N. This is ;»X
NaHO solution.

Suppose that, after a nitrogen determination, the
contents of the bulb are exactly neutralized by 65 c.c. of
the alkali, it is obvious that the acid has absorbed
ammonia during the experiment equal in saturating
power to 35 c.c. of the alkali, since 10 c.c. of the acid
were originally taken; 35x-.0017=-0595, the weight of
NH, obtained, or 35x-0014=-049, the wcight of N;
from either of which the percentage is obtained.

As an indicator in acid and alkali determinations
“methyl-orange” is the best for general use; it can be
used in the presence of carbonates, ammonia. potash,
soda, lime, baryta, and of all mineral acids. Phenol-
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phthalein, a very sensitive reagent, should not be used
in the presence of ammonia.

Another very good example of a quantitative volu-
metric estimation for practice is furnished by zron.  Full
directions are given on pp. 189, 190.

Estimation of Nitrogen (other than Nitric Nitrogen).

The nitrogen in all the common nitrogenized sub-
stances likely to be met with in agricultural materials
can be determined by the following method, which has
practically superseded all others :—

Kjeldahl’s Mcthod (Modification of ).

In this method the organic nitrogen present is con-
verted into ammonia by digesting the substance with
pure strong sulphuric acid, the ammonia formed being
afterwards liberated by means of caustic alkali, distilled
off, collected in standard acid, and titrated with standard
alkali,. ~When heating with the sulphuric acid the
addition of a small quantity of potassium sulphate, or
of sodium pyrophosphate, in order to raise the tempera-
ture of the boiling acid, is desirable. With refractory
substances, which are difficult to oxidize by the sulphuric
acid, the addition of a small quantity of copper sulphate,
or a few small drops of mercury, is an advantage and
expedites the process.

One gram, or other suitable weight, of the substance
to be analysed is placed in a round-bottomed Jena glass
flask of about 750 c.c. capacity, 10 grams of potassium
sulphate and 25 c.c. of the strongest sulphuric acid free
from all nitrogen compounds are added. The flask,
placed in an inclined position, is gently heated in a
fume cupboard, over a Bunsen or an Argand burner
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(Fig. 17), until frothing has ccased (generally twenty to
thirty minutes); the temperature is then raised until
the boiling-point of the acid is reached. When the
contents, though they may still be black, are free
from solid carbonaceous particles, the flask is placed in
a vertical position, and one gram of copper sulphate
introduced: the flask is then inclined as before and
the heating continued. At the higher temperature

which the mixture now reaches on the continued
application of heat, carbonaceous matter present is
oxidized and the liquid becomes less and less dark in
hue. Instead of the copper sulphate a globule of
mercury may be introduced to the flask to hasten the
oxidization: in that case some sodium or potassium
sulphide must be added with the sodium hydroxide
before distilling off the ammonia. When the mixture
has lost all or nearly all its colour, the flask is allowed
to cool. During the operations above described it will
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be found that an Argand burner with an iron chimney
affords a convenient source of heat, as the light it
gives cnables the operator to watch the process of the
gradual clearing of the solution.

The next step to be taken consists in the liberation
and condensation of the ammonia which has been
formed and which is now present in the form of sulphate.
These ends are accomplished by distilling the liquid
previously diluted and rendered alkaline, the ammonia
being carried forward through a Liebig condenser, or
other suitable condensing apparatus (sce Fig. 18).

Dilute the cooled acid liquid in which the substance to
be analysed has been decomposed with about 100 c.c. of
pure distilled water. Add carefully 100 c.c. of strong
sodium hydroxide solution (360 grams NaHO per litre)
and a few fragments of granulated zinc; if mercury has
been used also add a few c.c. of a strong solution of
sodium sulphide, and immediately attach the flask
to the condenser and receiver through a reflux adapter
(Fig. 19). The alkaline solution introduced must be
more than sufficient to neutralize the acid, and is
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mixed by careful shaking or by admission of steam
after the flask has been attached to the condenser.

The receiver may be an Erlenmeyer flask of about
250 c.c. capacity, to the bottom of which a wide tube
from the beak of the condenser passes; or it may be
a bulb apparatus as shown in the sketch. The con-
denser must contain 10 c.c. of the
normal standard sulphuric acid de-
livered from the pipette. In that
case the Kjeldahl flask is fitted with
an indiarubber stopper having two
perforations. Through one of these
a tube passing nearly to the bottom
of the flask is inserted; this is for
the supply of steam. The second
perforation receives the neck of the
reflux adapter (Fig. 19), which is
itself connected with a condenser
which is connected with the receiver
for the ammoniacal distillate.

The distillation continues for
about half an hour, or until a drop
of the distillate shows no ammonia
when tested with turmeric paper.

Transfer the contents of the
receiver to a white porcelain dish, .~
rinsing the receiver with distilled
water two or three times, add a few drops of methyl-
orange solution, and then titrate the unneutralized
acid with standard alkali solution, as described on
p- 162.

A blank experiment should always be made with

the reagents employed.






QUANTITATIVE OPERATIONS 169

For the Determination of Total Nitrogen (including
Nitric Nitrogen) by a modified Kjeldahl Method.

Take 1 gram or less of the finely powdered and well-
mixed sample, place itin a Kjeldahl’s flask with 30 c.c.
of strong sulphuric acid in which is dissolved 1 gram of
salicylic acid. Mix well by shaking immediately. The
shaking must be continued at intervals during ten
minutes, the flask being kept cool, then add 5 grams of
crystallized sodium thiosulphate and 10 grams of
potassium sulphate. Heat till decomposition is com-
plete; copper sulphate or mercury may be used as before
described (p. 164) to expedite the process. Proceed
as in the ordinary Kjeldahl's process, taking care that
the solution is made alkaline by excess of caustic soda
before distilling.

Duinas’ Method,

The nitrogen in all organic substances may be esti-
mated by DUMAS’ method, but this requires further gas
analysis apparatus.

DETERMINATION OF PIIOSPHORUS PENTOXIDE

A very accurate gravimetric method for the deter-
mination of P,O, which with proper precautions may
be used for all manures, soils, ashes of plants, ashes
of foodstuffs, etc., is that known as the Molybdate
Method.

Since it is of general application we give the method
here, whilst giving other methods later on in connection
with instructions for analysis of various materials to
which the methods are most adaptable. The general
directions for the Molybdate Method as given in the
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Regulations (1908) of the Board of Agriculture under
the provisions of the Fertilisers and Feeding Stuffs Act
of 19006, are as follows :—

Total Phosphoric Acid.

A weighed portion of the sample, in which portion,
if necessary, the organic matter has been destroyed by
ignition and the silica removed by appropriate means,
shall be dissolved in nitric acid and boiled, the solution
being made up to a definite bulk. The phosphoric acid
shall be determined in an aliquot part of the solution by
the molybdate method prescribed below.

Molybdate Method.

To the solution, which should preferably contain
from 0-1 to 0-2 gram of phosphoric oxide (P,0y), 100 to
150 c.c. of molybdic acid solution prepared as described
below, or an excess of such solution, 7., more than is
sufficient to precipitate all the phosphoric oxide present
in the solution, shall be added, and the vessel contain-
ing the solution shall be placed in a water-bath main-
tained at 70° C,, for fifteen minutes, or until the solution
has reached 70°C. It shall then be taken out of the
bath and allowed to cool, and the solution shall be
filtered, the phospho-molybdate precipitate being
washed several times by decantation, and finally on the
paper with I per cent. nitric acid solution. The filtrate
and washings shall be mixed with more molybdic acid
solution, and allowed to stand for some time in a warm
place in order to ascertain that the whole of the phos-
phoric oxide has been precipitated.

The phospho-molybdate precipitate shall be*dissolved
in cold 2 per cent. ammonia solution prepared as
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described below, and about 100 c.c. of the ammonia
solution shall be used for the solution and washings.
Fifteen to twenty c.c. of magnesia mixture prepared as
described below, or an excess of such mixture, z.e., more
than sufficient to precipitate all the phosphoric oxide
present, shall then be added drop by drop, with constant
stirring.  After standing at least two hours with occasional
stirring, the precipitate shall be filtered off, washed with
2 per cent. ammonia solution, dried, and finally weighed
as magnesium pyrophosphate. The filtrate and wash-
ings shall be tested by the addition of more magnesia
mixture.

Preparation of Molybdic Actd Solution,

The molybdic acid solution shall be prepared as
follows :—

One hundred and twenty-five grams of molybdic
acid and 100 cc. of water shall be placed in a litre
flask, and the molybdic acid shall be dissolved by the
addition, while the flask is shaken, of 300 c.c. of 8 per
cent. ammonia solution, prepared as described below.
Four hundred grams of ammonium nitrate shall be
added, the solution shall be made up to the mark with
water, and the whole added to 1 litre of nitric acid (sp.
gr. 1-19). The solution shall be maintained at about
35° C. for twenty-four hours and then filtered.

Preparation of Magnesia Mixture.

The magnesia mixture shall be prepared as
follows :—

One hundred and tengrams of crystallized magnesium
chloride #nd 140 grams of ammonium chloride shall be
dissolved in 1300 c.c. of water. This solution shall be
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mixed with 700 c.c. of 8 per cent. ammonia solution,
and the whole shall be allowed to stand for not less than
three days and shall be then filtered.

Preparation of the Ammonia Solutions.

The 8 per cent. ammonia solution shall be prepared
as follows :—

One volume of ammonia solution of sp. gr. 0-880
shall be mixed with three volumes of water. This
solution shall then be adjusted by the addition thereto
of more strong ammonia solution, or water as required,
until the specific gravity of the solution is 0-967.

The 2 per cent. ammonia solution shall be prepared
as follows :—

One volume of 8 per cent. ammonia solution shall
be mixed with three volumes of water.

The magnesium pyrophosphate precipitate, after
ignition, has the formula Mg,P,0,.

Mg,P,0; x1:3939 = Ca,P,0,.
Mg,P,0;x-6379 = P,O;

CHAPTER 11
§ i Sampling of Manures.

A saMPrLE of manure or feeding stuff should fairly
represent the bulk from which it was taken: this
average sample is not always a simple thing to arrive
at, and in the case of a bulky and mixed material like
farmyard manure, obviously requires very great care
and much time to obtain.

The sample, when obtained, must be stored in such a
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way that it does not alter, ¢g., by giving off water or
other ingredient, or by absorbing water, or by acting on
the material of the vessel in which it is packed.

In sampling manures which are sent out in bags,
the sample should be drawn from several bags and
mixed. With any ordinary manure, such as super-
phosphate, kainite, etc, six to twelve bags should be
taken from the bulk for the purpose of obtaining the
sample. This may be best done with the aid of a
“sampler” ;—an iron tool, shaped like a cheese-sampler,
about 2} feet long, made of V-shaped iron, the diameter
of the groove being about an inch, and with the end
and edges sharpened.

16, 21.

This tool can be driven down into cach of the
selected bags from top to bottom, and by tilting the
bag, and giving the sampler a twist round, and then
withdrawing it, a section of the contents of the bag is
obtained. Similar sections are taken from each of the
selected bags. The different lots are thoroughly well
mixed, on a board or sack, any lumps being broken
down. The sample must then be reduced in amount
by repeated division and subdivision. The heap is
turned over with a shovel several times, in different
directions, and then divided into two halves; one-half
is rejectel, the remainder is quickly again turned over
and mixed, and again divided. Half is again taken
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and treated as before, until about three or four pounds
only remain. From this, two wide-mouthed glass
bottles, well corked, holding each half to one pound,
are filled. Good cylindrical tins, with well-fitting lids,
may be used for neutral salts like nitrate of soda or
sulphate of ammonia.

The sampling must be done as quickly as possible,
having regard to the care necessary, in order that the
material may not lose water during the process.

If a sampling tool is not available, the sclected bags
should be emptied and a couple of shovelfuls taken
from each, these thoroughly mixed by turning over
together, and divided as before. When the fertiliser
is in a dry, or moderately dry condition, the whole
sample should be passed through a sieve with perfora-
tions 1 mm. in diameter: any lumps being powdered,
and the whole afterwards thoroughly mixed in a
mortar.

Any adventitious substances—which cannot be con-
veniently powdered—such as metal in basic slag, must
be removed and allowed for.

In cases where the sampling takes a long time and
water is lost during the process—eg., shoddy, which
requires to be cut up with scissors—the water must be
determined in a large sample of the original material,
and again in the smaller sample taken for analysis after
division, and allowance made for any loss of water.

§ ii. Analysis of Manures.

Before beginning the several operations and analysis
which follow, the directions given should be carefully
read over, in order that a clear idea of the whole plan
to be pursued may be first obtained.
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BONE-DUST, BONE-SHAVINGS, BOILED BONES, ETC.

These, and all other forms of unburnt bones, consist
of calcium phosphate, calcium carbonate, carbonaceous
and nitrogenous matters commonly called organic
matter, moisture, with sandy impurities and minute
quantitics of other substances. The analysis for com-
mercial purposes may be conducted as follows. Too
much care cannot be exercised in order to secure a fair
average sample of the manure. Eight or ten portions
from different bags are first taken: these are well
mixed; and a part is then
reduced, by grinding, sifting,
and regrinding, to a moder- g
ately fine powder. '

MOISTURE.—A  conveni-
ent quantity,say 2 or 3 grams,
is weighed into a watch-glass, provided with a cover-
glass and clips (Fig. 22), and kept in the water-oven, at
the temperature of 100° C,, till it ccases to lose weight;
the loss is moisture.

ORGANIC MATTER~—Weigh about 15 gram into a
platinum crucible, cover it loosely with the crucible-lid,
and raise the temperature very gradually to low red-
ness, When the mass appears white, and no black
particles are exposed on gently stirring with a platinum
wire, the whole is allowed to cool, and then weighed;
the loss is carbonaceous or organic matter plus com-
bined water and moisture. The percentage of the
latter constituent, having been determined in the pre-
ceding operation, is to be deducted from this loss (after
its conversion into a percentage)—the remainder will
then reprasent organic matter and combined water.

Fra. 22.

The heat employed should be as low as possible, to avoid the
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expulsion of carbonate acid from the calcium carbonate. In any
case, moisten the whole with ammonium carbonate solution, dry
on the watcr-bath, heat to low redness for a few seconds, and
again weigh.

SAND.—The portion just calcined is removed to a
beaker, and digested in dilute hydrochloric acid till
nothing but the sand remains; this is collected on a
filter, washed with hot water, dried, burnt, and weighed.

The phosphorus pentoxide and lime are now deter-
mined by one of the following processes :—

Oxalic-acid Method.

LIME—A few drops of very dilute ammonia are
first added to the solution, with constant stirring, till
a wvery slight permanent opalescence is produced. A
little oxalic acid is then added, and, after a few minutes,
ammonium oxalate until it ceases to produce a precipi-
tate, The whole is then warmed for some hours, that
the calcium oxalate may aggregatc; the precipitate is
collected on a filter, washed with hot water, dried,
ignited for some time at a very low red heat, and
weighed as CaCO, ; or very strongly heated and weighed
as CaO. Any lime found in the excess of that necessary
to form tricalcic phosphate with the phosphorus pent-
oxide present is calculated as calcium carbonate.

PHOSPHORUS PENTOXIDE.—The filtrate and wash-
ings from the lime precipitate are concentrated to about
60 c.c.,, some citric acid is added, and then ammonia in
decided excess. If a precipitate be immediately pro-
duced, it is a sign of the presence of lime, iron, or
alumina. But if a slight crystalline precipitate come
down on standing, this is due to the presence of
magnesia in the material taken for analysi§, and its
presence will not interferc with the subsequent opera-
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tions. The next step is to add, drop by drop, some
“magnesia mixture ” : of this 10 c.c. will be required for
every decigram of P,0O, present in the solution. After
standing twelve hours in the cold the precipitate is
collected, washed with 2 per cent. ammonia water,
dried, ignited gently for some time, and afterwards at a
very high temperature before the blowpipe, and finally
weighed. The precipitate, as already pointed out, has
the formula Mg,P,0, after ignition; its equivalent in
Ca,2PO, is found by calculation.

Mg,P,0; % 1-3935 = Ca,2PO,

Mg,P,0;x 6378 = P,O,

Acetic-acid Method.

LiMmeE.—To the filtrate from the sand, add about
3 grams of citric acid; boil, and add 3 grams of finely
powdered ammonium oxalate; make slightly ammon-
iacal, and add an excess of acetic acid; boil for a few
minutes, and filter through a good filter-paper; wash
with hot water, dry, ignite the calcium oxalate at a
gentle heat (p. 155), and weigh as calcium carbonate.

This precipitate always contains a small quantity of
phosphate. After weighing, it should be dissolved in
hydrochloric acid, boiled, slight excess of ammonia
added, the small precipitate filtered off] redissolved and
reprecipitated, collected on a filter-paper, washed,
dried, burnt, and weighed. If it weighs only a few
milligrams, one-half its weight may be assumed to be
phosphorus pentoxide and added to the total phosphoric
acid found. If the weight of the precipitate is more
than a few milligrams, and in very accurate determina-
tions, the phosphorus pentoxide in it should be deter-
mined by the molybdic acid method.

PHOSPHATES.—The filtrate from the lime precipitate

M
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is concentrated to about 100 c.c., about 25 c.c. of strong
ammonia solution added and a considerable excess of
magnesia mixture, slowly and with constant stirring.
After standing two hours with occasional stirring ; the
supernatant liquid is decanted through a filter: any
small precipitate on the filter is dissolved back into the
original beaker with dilute hydrochloric acid, in such
quantity as to dissolve the whole of the precipitate
in the beaker. A few drops of a solution of citric
acid are added, then strong ammonia, drop by drop,
with constant stirring. After standing two hours, the
ammonium-magnesium phosphate is filtered off, washed
with ammonia water, dried, burnt, and weighed as
Mg,P,0,.

The phosphates alore may be directly determined in
a nitric acid solution of the ash, obtained by burning
about -5 gram of the bones in a crucible.

NITROGEN.—Make a determination of nitrogen by
Kjeldahl's method (p. 164), in 1 gram of the finely
powdered material. This nitrogen is contained in the
organic matter. It may be calculated into its equivalent
in ammonia.

ALKALINE SALTS, ETC.—The sum of the percent-
ages of moisture, organic matter, sand, phosphates, and
calcium carbonic should be nearly 100. Any slight de-
ficiency may be due to small quantities of alkaline salts.

Note.—Bone-dust is not unfrequently adulterated with gypsum ;
it is then requisite to determine the sulphur trioxide present, from
which the amount of gypsum may be calculated.

SULPHUR TRIOXIDE.—Digest about 3 grams of the original
sample with dilute hydrochloric acid till the phosphates are
dissolved ; dilute to about 250 c.c,, and boil for half an hour;
filter, wash the residue till sulphur trioxide ceases to be found in
the wash'ngs, and precipitate the filtrate with bariam chloride in
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the usual way. The barium sulphate should, after ignition, be
moistened with a drop of strong nitric acid and again ignited, in
order to reconvert into sulphate any barium sulphide that may
have been formed by the reducing action of the organic matter
mechanically carried down with the precipitate.

Vegetable-ivory turnings have been found in bone-dust and bone-
shavings ; they are of no value as manure. They consist chiefly
of cellulose, and may be detected by their microscopic structure
or by the action of H,SO, of specific gravity 1-53, which dissolves
them without blackening, and forms a solution which, on warming,
diluting with water, and addition of ammonia, gives no precipitate.

BONE-BLACK, ANIMAL CHARCOAL, ETC.

Partially burnt bones are to be analysed in the same
way as fresh bones. They often contain a mere trace
only of nitrogen. If it be required to determine the
carbon present, this may be done by digesting 3 grams
of the substance with dilute hydrochloric acid, collecting
the residual sand and carbon on a tared filter, washing
with hot water, and weighing it after drying at 100°C.
The carbon and filter-paper may then be burnt away in
a crucible. The loss will represent the carbon and filter.

BONE-AsH

The organic matter, being very small in amount,
may be neglected, and the whole volatile matter
estimated together by carefully heating to low redness
some of the finely powdered sample; this should be
done in a covered crucible, as decrepitation is apt to
occur. The analysis is in other respects conducted
as with bone-dust.

Not more than 1 gram should be taken for analysis.

A nitrogen determination is unnecessary.

APATITE,

and its numerous varieties, known as phosphorite,
osteolite, etc., contains a very large proportion of calcium
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phosphate associated with calcium chloride or fluoride,
and minute quantities of moisture, oxide of iron and
alumina, insoluble matter (which, in the case of some
apatites, is partly a cerium phosphate called cryprolite),
and occasionally calcium carbonate.

Fluorine should be first tested for. Some of the
powdered mineral is placed in a platinum crucible
moistened with oil of vitriol, and the vessel covered with
a watch-glass thinly coated with wax, through which a
few fine lines have been traced with a point of wood or
bone : the platinum crucible is then very slightly warmed
and the watch-glass cooled by filling with water. If, on
removing the wax, the lines are found etched on the
glass, fluorine is certainly present. If fluorine is found,
it must be expelled from the quantity taken for analysis
by evaporating the hydrochloric solution with sulphuric
acid ; the temperature used must not be such as to
volatilize the sulphuric acid. The residue is redissolved
by boiling it with water and hydrochloric acid.

The CALciuM PHOSPHATE, and the CALCIUM
of the calcium chloride, fluoride, or carbonate, are
determined exactly as in bone-dust; 1 gram will be
sufficient for an analysis.

CULORINE isdetermined in 3 grams of the substance,
It is reduced to very fine powder, dissolved in dilute
nitric acid, care being taken to warm the mixture, if at
all, as slightly as possible; if neccessary, the solution is
filtered. Silver nitrate is added to the warm solution as
long as it produces a precipitate; the fluid is briskly
stirred, and if necessary, left in a warm place till the
precipitate has thoroughly coagulated : the silver chloride
is finally collected on a small filter, washed with cold
water, dried, ignited, and weighed.

The latter operations require some care ; they are affected as
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follows :—The precipitate is separated from the paper with a
platinum spatula, and placed in a porcelain crucible ; the part of
the paper to which the precipitate adhered is cut into several picces,
and carcfully burnt on the lid of the crucible.  When cold, the ash
is moistened with strong nitric acid, and the crucible lid placed on
the water-bath ; when nearly dry a drop of hydrochloric acid is
added, and cvaporation allowed to continue ; after drying, gently
ignite, place the lid on the crucible, and heat the silver chloride to
incipient fusion, cool, and wecigh as AgCl. Calculate into its
cquivalent in CaCl,.

COPROLITES AND MINERAL PITOSPHATES

Coprolites consist chiefly of calcium phosphates and
carbonate ; they contain, besides, variable and sometimes
considerable amounts of silica, ferrous silicate, pyrites,
ferric oxide, and alumina, also a little magnesia, carbon-
aceous matter, and moisture, and frequently fluorine,
They are sometimes analysed for commercial purposes
in the same way as bone-ash, but in dissolving the
sample a larger quantity of strong hydrochloric acid
should be used, and the excess evaporated off: this gets
rid of most of the fluorine.

To acquire an accurate knowledge of the value of
such phosphates, the phosphorus pentoxide present
must be determined. This, with the determination of
lime, silica, and volatile matter, will be sufficient for
many purposes; but if they are to be used in making
superphosphate, the amounts of alumina and oxides of
iron must be known.

Fluorine may generally be detected according to the
method for apatite; this plan, however, may possibly
fail if the coprolite contain much silica ; if, therefore, no
etching is produced on the glass, a second experiment
should be tried in which the glass cover is moistened on
the underside in place of being waxed. If after the
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application of a gentle heat the wet surface becomes
opalescent from thc deposition of gelatinous silica,
fluorine is certainly present. The presence of fluorine
in small quantity is not prejudicial to the processes now
to be described.

If a complete analysis be desired, a determination of
carbon dioxide will be necessary ; for this purpose see
Analysis of Soil (p. passinm).

MOISTURE AND ORGANIC MATTER are determined
together, as in bone-ash.

SILICIOUS MATTER.—1I to 2 grams of the powdered
phosphate is digested in a beaker with 30 to 40 c.c. of
strong hydrochloric acid. The fluid is finally evaporated
to dryness, and the residue gently heated on a sand-bath
for some time to render insoluble the whole of the silica.
If the sample contains any appreciable amount of iron
pyrites, the residue must now be warmed with a little
nitro-hydrochloric acid and again dried at a gentle heat.
The mass, when cold, is moistened with concentrated
hydrochloric acid, and, after standing about twenty
minutes, treated with a little water and warmed : more
water is finally added, heat again applied, and the
insoluble matter (which should appear quite free from
iron) collected, washed, ignited, and weighed.

If ferric oxide and alumina are to be determined, it is best to
take twice the amount of coprolite here recommended, and after
removal of silica, as before directed, to divide the solution into two
equal portions. For this purpose the filtrate and washings are

collected in a graduated 200 c.c. flask, allowed to cool, diluted with
water to 200 c.c., well mixed, and 100 c.c. drawn off with a pipette.

PHOSPHATES AND LIME.—The phosphorus pent-
oxide and lime are now determined by the oxalic-acid
method (p. 176); or the acetic-acid method’ (p. 177).
When, however, the greatest accuracy is desirable,
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the “Molybdate Method” should be followed for
the determination of the P,O,

For many manures, where extreme accuracy is not
required, the following method of determining phos-
phorus pentoxide is rapid and in most cases of
considerable accuracy :—

The Direct Citrate Method for Detevinining Phosphorus
Pentoxide.

This method gives a direct precipitation of ammo-
nium-magnesium phosphate in the presence of
salts of iron, aluminium, and calcium. An alkaline
solution of ammonium citrate will hold in solution
these salts and at the same time allow of the pre-
cipitation of ammonium-magnesium phosphate. Whilst
the process is not rigidly exact, its inherent errors are
in different directions and tend to compensate each
other. It affords a quick and ready method for the
control of fertilisers, and in the majority of cases the
results correspond with those of the molybdate method.

It is essential that silica be removed, also the lime
present should be as sulphate, and there must be a
considerable excess of magnesia mixture. For most
substances heat 5 grams, in a 500 c.c. flask, with 20 c.c.
nitric acid, sp. gr. 1-42, and 50 c.c. strong sulphuric acid
for halfan hour. Ifmuch organic matter is present more
nitric acid may be needed. Cool, add water, again
cool, and make up to 500 c.c. with water. Use 100 c.c.
of the solution (=1 gram of substance). To this add
100 cc. of citrate solution made as described below,
cool if necessary, and then slowly add about 25 c.c. of
magnesia mixture, keeping the mixture cool, and seeing
that it is very distinctly ammoniacal.  Stir for fifteen
minutes, and let stand for two hours. Filter off the
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ammonium-magnesium phosphate, wash with dilute
ammonia, dry, heat, and weigh as pyrophosphate.

The citrate solution is made by dissolving 150 grams
of citric acid in water, adding } litre of 24 per cent.
ammonia, and making up to 1} litres with distilled
water.

Another quick method which gives excellent results
with care and skill is a volumetric molybdate method.

Volumetric Estimation of Phosphorus Pentoxide.
(Modification of Pemberton’s method).

Reagents required—Ammonium molybdate solution
in water, 3 per cent.
Strong nitric acid, sp. gr. 1-42.
Ammonia solution, sp. gr. -9.

Standard potash solution.—Made of such a strength
that 1 cc=-001 P,0, 100 cc neutralize
32:05 c.c. acid of normal strength. But the
strength of the solution must be found by
comparison with a solution of a phosphate
of known strength.

Standard nitric acid—Made by diluting 3265 c.c
of normal nitric acid to 1 litre. It is of
the same strength as the standard KHO.

Indicator.—Alcoholic solution of phenol-phthalein,
1 gram to 100 c.c. 60 per cent. alcohol. Use
L c.c. for each titration.

Sodium nitrate solution.—1 per cent.

One gram of phosphate rock, or 2 to 3 grams of phos-
phatic manure, is dissolved in nitric acid and diluted to
250cc. Twenty-five c.c.is placed in a beaker and neutral-
ized with ammonia solution, 25 c.c. strong nitric acid
added, and the solution diluted to about 180 c.c. Then
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add 20 c.c. ammonia solution, sp. gr. -9. The nitric acid
and ammonia solution being volumetrically equivalent,
this leaves an excess of 5 c.c. of nitric acid aiter the forma-
tion of ammonium nitrate. The solution is warmed to 60°
C., and a 3 per cent. solution of ammonium molybdate,
warmed to the same temperature, is added slowly with
constant stirring. Use 1 cc. of molybdate solution
for each percentage of P,0, present, and about 15 c.c.
in excess. Allow to stand for some time to settle in
a warm place, not cxceeding 55° C. Filter and wash
the yellow precipitate with a 1 per cent. solution of
sodium nitrate until the washings are neutral to litmus
paper. Transfer the filter-paper and contents to the
beaker used for the precipitation, and add 50 c.c.
standard alkali [1 cc.=-001 P,0;] Add } cc. of the
phenolphthalein indicator, and titrate back the excess
of alkali with standard acid of cquivalent strength,
The difference between the amounts of standard alkali
and acid used, that in the number of c.c. of alkali used
for neutralizing the yellow molybdate precipitate, is
equal to the number of mg. of P,O; present: ze.
if the amount of material taken were -1 gram, the
number of c.c. neutralized expresses thc percentage
of P,0;.

In H,PO, two atoms of hydrogen, H, must be
replaced to make the salt neutral to phenolphthalein.

(NH,)(PO,),(M0O,),,+46KHO = (NH),(HPO,),+

yellow precipitate potassium neutral ammonium
hydroxide phosphate
(NH,,MoO, + 23K,MoO, + 22H,0
ammontium molybdate potassium molybdate

Determination of Alumina, Ferric Oxide, etc.

ALUMINA.—The acid solution of coprolite, freed
from silica, is precipitated by pure sodium hydroxide
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solution, a considerable excess being added and the
whole warmed for some time. The solution is next
diluted, the precipitate allowed to subside, and the
clear liquid pourcd on to a filter; the precipitate is
washed with hot water three or four times by decanta-
tion, the washings being passed through the filter. The
filtrate is warmed, and barium chloride cautiously added
till it ceases to produce a precipitate; this precipitate
contains all the phosphorus pentoxide present in the
solution. A little sodium carbonate is next added to
throw down the excess of baryta, and finally some more
sodium hydroxide. After digesting a short time, the
solution is filtered. The precipitate on the filter is
washed with water containing a drop or two of sodium
hydroxide solution. The filtrate and washings are then
made distinctly acid with hydrochloric acid, a crystal of
potassium chlorate added, and the whole warmed for
some time to destroy any trace of organic matter.
Ammonium chloride is finally added, and a s/g/iz excess
of ammonia: the precipitated alumina is allowed to
subside. It is to be thoroughly washed by decantation
before removal to a filter. It is finally dried, ignited,
and weighed.

Should the sodium hydroxide contain either alumina or silica,
this will fall with the alumina of the analysis and occasion an
excess. The presence of impurities of this kind may be readily
detected by neutralizing the soda with acid, adding ammonium
chloride with a slight excess of ammonia, and allowing the liquid
to stand some hours. If the soda contain silica only, the alumina,
after weighing, may be dissolved in the platinum capsule with
dilute sulphuric acid, heat being applied till the excess of acid has
volatilized ; the residue is dissolved in water and hydrochloric acid ;
the insoluble matter is collected and weighed as silica. Should the
soda contain both silica and alumina, the total amount of impurity
must be estimated, and a known volume of soda employed in the
analysis. As caustic soda and potash when kept in solution
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become impure from their action on glass, it is best when a pure
article is at hand to use it in the so/id state. The caustic soda
made from sodium is quite pure.

FERRIC OXIDE.—This is best determined by the
volumetric method presently to be described; or the
following plan may be adopted. The original precipi-
tate by soda is dissolved in hydrochloric acid, and
excess of ammonia added, and, lastly, a considerable
excess of acetic acid. The solution is allowed to stand
for some minutes in a warm place ; the precipitated iron
phosphate having then subsided, the clear liquid is
poured on to a filter, and the precipitate well washed
with warm water by decantation; a little ammonium
acetate and a drop or two of acetic acid may be added
to the water used in washing. The ferric phosphate
will still contain a little tricalcic phosphate; it is there-
fore treated as follows:—The filter-paper is moistened
with dilute hydrochloric acid, and finally washed, the
washings being added to the precipitate in the beaker.
Should the ferric phosphate fail to redissolve in the
acid thus added, a little oxalic acid is introduced ;
neutral potassium oxalate is lastly added, and the whole
warmed to aggregate the calcium oxalate; this is finally
separated by filtration. The clear solution is now
treated with a considerable excess of sodium hydroxide
and boiled for some time; the solution is then diluted,
and the precipitated ferric oxide thoroughly washed by
decantation, the washings being filtered as before. The
ferric oxide is, lastly, redissolved in hydrochloric acid,
precipitated by ammonia, and after washing a few times
by decantation, collected, washed, dried, ignited, and
weighed.

If the operation has been successful, no trace of
phosphorus pentoxide will be found on redissolving the



188 QUANTITATIVE ANALYSIS

weighed precipitate in nitric acid, and applying the
molybdic-acid test.

The above process is the most strictly accurate ; fairly good
results may, however, be obtained by simply redissolving the
ferric phosphate in hydrochloric acid, adding a few drops of sodium
phosphate, and treating with ammonia and acetic acid, exactly as
at first. The ferric phosphate thus reprecipitated is to he washed
a few times by decantation, and finally collected, dried, ignited
and weighed. Its formula is Fe,2PO,.

Another method of determining the alumina, ferric
oxide, etc., in a phosphate is as follows, being a
modification of the Glaser method :—Dissolve 4 grams
of the phosphate in hydrochloric acid, evaporate to
complete dryness, and digest with 10 cc. of strong
sulphuric acid with about its own volume of water.
Wash into a 200 c.c. flask with alcohel, cool, and make
up to the mark. Shake well, allow to stand till clear,
filter, evaporate 100 c.c. of the clear filtrate (equal
2 grams of the phosphate) in a large platinum or
porcelain crucible till fumes of sulphuric acid are given
off strongly, and charring is complete. Wash into a
beaker with water, add bromine water and boil, to
peroxidize the iron; add a slight excess of ammonia,
digest on a water-bath for half an hour, add a very
slight excess of acetic acid, then filter, and wash the
precipitate with water, dry and weigh. The precipitate
consists of ferric oxide, alumina, and phosphoric acid:
z.e., phosphates of iron and aluminium.

The filtrate should be boiled with a little ammonia
to see if any further precipitate comes down. If so, it
should be treated with a slight excess of acetic acid,
collected, washed, and added to the main precipitate.

The precipitate, after weighing, is dissolved in a
little hydrochloric acid, enough citric acid added to
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prevent precipitation by ammonia, which is added in
excess, and then, slowly, magnesia mixture in excess.
The magnesium-ammonium phosphate, after standing
at least two hours, is filtered off, washed with ammonia
water, dried, burnt, and weighed, and from it the P,0O,
present determined. The filtrate, from the phosphate,
contains the iron and aluminium. The iron is precipi-
tated as sulphide by adding ammonium sulphide, the
beaker being covered with a clock-glass and placed on
the water-bath for an hour. The black precipitate, of
sulphide of iron, is then filtered off and washed with
water containing a little ammonium sulphide. The
precipitate may be dried and burnt at a strong heat,
when it is converted into Fe,O, Or the iron in it may
be determined volumetrically. The phosphoric acid and
the oxide of iron being now known, the alumina is
estimated from the original precipitate by difference.

ITron, Volumetvic Method.

IRON is most speedily and accurately determined by
means of a standard solution of potassium permanganate.
To effect this, the iron is reduced to the ferrous state,
and the permanganate added till the iron is exactly
peroxidized, this point being known by the purple
colour of the reagent remaining undestroyed: the
volume of permanganate consumed indicates the
amount of iron present.

10FeSO,+8H,S0,+ K,Mn,0O,
= 5(Fe,350,)+K,50,4+2NnSO,+8H,0.
The reduction of the iron to the ferrous state and its
subsequent estimation are performed as follows :—
The Solution of iron, in which not more than 1 gram
of metal per litre must be present, and which must
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contain a large excess of free sulphuric acid, is placed
in a small long-necked flask, fitted with a cork and tube
bent twice at right angles; a few fragments of pure zinc
are introduced, and the flask placed in an upright
position on a water-bath away from any flame. The
open end of the tube is made to dip into a small beaker
of distilled water. As the evolution of hydrogen
proceeds, the fluid will become colourless; when this is
perfectly cffected, and the zinc all dissolved, the opera-
tion is completed ; a drop of the liquid, if withdrawn on
a glass rod and mixed with a drop of potassium
thiocyanate in a porcelain dish, will give no colour if
the reduction of the iron is complete. The flask is then
allowed to cool ; the water from the beaker will ascend
the tube and enter the flask. When perfectly cold, the
clear solution is diluted, if necessary, to 500 or 600 c.c.
with recently boiled, cold, distilled water, some sulphuric
acid mixed with it, and the permanganate slow/y added
from a burette till the fluid is uniformly s/zg/it/y reddened,
the whole being constant/y shaken during the operation.
The burette used must be entirely of glass, no india-
rubber or other organic matter being allowed to come
into contact with the permanganate.

The absence of iron in the zinc should always be ascertained
by experiment. For this purpose it is digested with sulphuric
acid till entirely dissolved ; the solution, when cold, is diluted,
and a drop of permanganate added : if thered tint is destroyed,
the zinc certainly contains iron. In this case a volumetric
determination of iron must be made in a weighed quantity of
zinc, and the zinc taken for cach subsequent operation weighed
previously to use, and the amount of iron it contains calculated
and deducted from the amount found. In working with impure
zinc it is very necessary, to ensure constant results, that the
whole of it should be dissolved, as the impurities are generally
the last to disappear.
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Preparation of the Permanganate Solution.

A decinormal solution is a convenient strength for the purpose.
Dissolve 3163 grams of dry crystals of pure potassium perman-
ganate in a litre of distilled water ; keep in stoppered bottle. It
will be seen by the equation, p. 189, since an equivalent of K,Mn,O,
has 5 available atoms of O, thereby peroxidizing 10 molecules of
a ferrous salt, that 1 c.c. of this solution should theoretically
correspond to -0056 Fe, -0072 FeO, or -0080 Fe,O,: in practice,
as the permanganate is never quite pure, it is better to take rather
more than the above quantity—say 3-2 grams instead of 3-103.

Its exact strength may be ascertained by dissolving about 1
gram of crystals of the double sulphate of iron and ammonium
(FeSO,; Am,SO,, 6H,0) in water, adding dilute sulphuric acid,
and titrating with the permanganate solution. The double sul-
phate contains exactly ! of its weight of metallic iron ; by dividing
this amount by the number of c.c. of permanganate used, the value
of each c.c. in metallic iron is at once found.

If a deposit should form at the bottom of the bottle containing
the solution of permanganate, it should be decanted, but never
filtered through paper ; the strength should also be determined at
intervals of a few months, as it is liable to weaken by keeping.

Basic SLAG ok Basic CINDER; PHOSPHATIC
GUANOS

Basic slag, or basic cinder, or Thomas powder, is a product of
the conversion of cast mon into steel by the basic (Thomas-
Gilchrist) process.

The phosphates present are insoluble in water, but when the
phosphate is wery finely divided are largely soluble in water
charged with carbon dioxide, in very dilute acids and in various
saline solutions. The phosphates seem to be partly there in the
form of silico-phosphates and of tetra-calcium phosphate, Ca,P,0y:
it varies rather widely in quality, and may contain from 11 per
cent. to 20 per cent. of P,0O;.

It also contains silica, oxides of iron and manganese, lime,
magnesia, alkalies, and small amounts of sulphates, sulphides, and
generally wanadium oxide.

ProspHATES.—The total phosphates in basic slag
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are best determined by taking 1 gram of the finely
powdered sample, placing it in a round-bottomed
Kjeldah! flask, adding 20 c.c. of strong sulphuric acid,
and heating over a gas flame until no more black specks
remain. The liquid in the flask is cooled, diluted with
distilled water, made up to 500 c.c. in a halflitre flask,
and well shaken.

Filter, or allow to scttle, and dctermine the phos-
phates in 100 c.c. (=-2 gram of the original sample)
by the molybdate method (p. 169). The silica is
rendered insoluble in this method, and so does not
interfere with the phosphoric determination.

CITRATE-SOLUBLE PHOSPHATES IN BASIC SLAG
(BOARD O¥ AGRICULTURE REGULATIONS)

Dhosphates Soluble in the DPrescribed Citric Acid
Solutions.

Five grams of the sample shall be transferred
to a stoppered bottle of about 1 litre capacity. Ten
grams of purc crystallized citric acid shall be dissolved
in water, the volume shall be made up to 500 cc,
and the solution shall be added to the weighed portion
of the sample in the bottle. To lessen the possibility of
caking, the portion of the sample in the bottle may be
moistened with 5 c.c. of alcohol or methylated spirit
before the citric acid solution is added ; and in that case
the volume of the citric acid solution shall be 495 c.c.
instead of 500 cc. The bottle shall be at once fitted
into a mechanical shaking apparatus, and shall be con-
tinuously agitated during thirty minutes. The solution
shall then be filtered through a large “folded ” filter,
the whole of the liquid being poured on the paper at
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once. If not clear, the filtrate shall be again poured
through the same paper.

Fifty c.c. of the filtrate shall be taken, and the
phosphoric acid shall be determined by the molybdate
method (p. 169). By far the greater part of the
phosphates in basic slag should be soluble in this
solvent.

The manurial value of basic slag (Thomas powder),
as also of phospho-guanos, is largely dependent on the
fineness of the particles. Basic slag or cinder should
be so finely ground that about 85 per cent. of it will
pass through a sieve with 100 meshes to the linear inch,
e, 10,000 to the square inch. One hundred grams
should be shaken in a closed sieve with meshes of these
dimensions, and the finer portion weighed.

Sombrero, or Rock Guano, Navassa and Redonda
Phosphate, Carolina Phosphate, and many other similar
materials, are rich in phosphates ; but these often con-
sist in great part of those of iron and aluminium.
These substances may be analysed as above; but the
most satisfactory way of determining the phosphorus
pentoxide is by the molybdate method, see p. 169,
in a nitric acid solution of about -5 gram of the material.
The substance should previously be treated with strong
hydrochloric acid and evaporated to dryness to render
silica insoluble.

SUPERPHOSPHATES

contain considerable quantities of three compounds not
found in bone-ash or coprolites, namely, phosphoric
acid (H,;PO,), monocalcic phosphate (CaH,2PO,), and
calcium sulphate. The other constituents of a super-

phosphate are insoluble calcium phosphate (Ca,2PO,),
N
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dicalcic phosphate (Ca,H,2PO0,), ferric and aluminium
phosphates, carbonaceous or organic matter, water, with
small quantities of alkaline salts and sand, and, possibly,
a trace of free sulphuric acid.

If the sample is a dry one, it may be prepared for
analysis by lightly rubbing it in a mortar and sifting:
if moist, it must be passed through a coarse sieve and
well mixed, and then a part must be beaten into a
smooth paste.

MOISTURE is usually determined by drying 2 grams
in the water-oven for about two hours. But the really
free water is probably more nearly estimated by desic-
cation over a tray of ignited calcium chloride in a fairly
good vacuum. For this experiment 2 to 5 grams are
taken, spread out as much as possible on a watch-glass,
and allowed to remain for eighteen to twenty-four hours
under the receiver of the air-pump.

ORGANIC MATTER AND COMBINED WATER, OR
Loss ON IGNITION.—About 1 gram is gently heated
over a burner. The loss, after deduction of the
“moisturc,”- represents approximately, but by no
means ecxactly, thesc constituents of the superphos-
phate.

SILICIOUS MATTER.—About 1 gram is placed in a
beaker, digested with hydrochloric acid, and slowly
evaporated just to dryness, etc, in order to render the
silica insoluble. If iron pyrites be present, the evapora-
tion must be repeated with a little nitrohydrochloric
acid, and again dried. The mass, when cold, is
moistened with strong hydrochloric acid: after stand-
ing some time water is added, and the whole warmed
until nothing but the sand remains undissolved. This
is collected on a filter, thoroughly washed, dried, and
weighed. In the filtrate and washings the total lime
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and the total phosphorus pentoxide are to be deter-
mined according to the directions on p. 176, “ Oxalic-
acid Method.” Ignition of the superphosphate is
avoided in these directions in order to prevent any
loss of the phosphoric acid.

SOLUBLE PHOSPIORUS PENTOXIDE. — Under this
designation we may include the P,0O, existing in the
monocalcic phosphate and in the free phosphoric acid
of the manure. Both these compounds are produced
from the tricalcium phosphate from which the super-
phosphate has been made by the action of the sulphuric
acid, and both are freely soluble in water. The
phosphoric acid may be written 3H,0, P,O;, or H,PO,;
the monocalcic phosphate is expressed by the
formula 2H,0, CaO, P,0,, or CaH;2PO,. In order to
determine the proportion in which these two soluble
compounds, the most important constituents of a super-
phosphate, exist in a sample, they are estimated togcther.
The Board of Agriculture directions are as follows :—

PHOSPITIATES SOLUBLE IN WATER.—In the case of
superphosphates, dissolved bones, and similar substances,
20 grams of the sample shall be continuously agitated
for thirty minutes in a litre flask with 800 cc. of
water. The flask shall then be filled to the mark,
and again shaken, and the contents shall be filtered.
Fifty c.c. of the filtrate shall be boiled with 20 c.c. of
concentrated nitric acid, and the phosphoric acid shall
be determined by the molybdate method.

In the case of fertilisers in which the proportion of phosphates
soluble in water is small, a larger quantity of the filtrate prepared
as above shall be taken.

When a mechanical shaker is not available :—
Five grams of the well-mixed sample are taken; { a
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litre of cold water is measured into a wash-bottle; the
superphosphate is then placed in a mortar and rubbed
with a little of the water, grinding being avoided ; more
water is then added, and, after standing a few moments,
the supernatant liquid is poured off into a stoppered
bottle, a large funnel being placed in the bottle to
prevent any loss. The residue in the mortar is rubbed
with the pestle, and the washing continued as before,
the rubbing and washing being repeated until the whole
of the superphosphate taken has been transferred to the
bottle. The remainder of the  litre of water is now
added, and the bottle shaken at short intervals during
three hours. The 100 cc. equal to 1 gram of the
sample, required for the determination of monocalcic
phosphate is now filtered off through a good filter-paper.
The 100 c.c. are treated according to the directions given
for the oxalic-acid method, or the acetic-acid method,
omitting, however, the weighing of the calcium oxalate
precipitate; or by the molybdate mecthod. The
magnesium pyrophosphate obtained has now to be calcu-
lated into phosphorus pentoxide thus :—

(a) As eq. of Mg,P,0O;: eq. of P,O,=ppt.: = Now,
as 100 c.c. yielding this amount of P,O; contained 1 per
cent. of superphosphate, x multiplied by 100 is the
percentage of P,O; in a soluble form existing in the
original manure. It is usual to turn this into the
corresponding percentage of monocalcic phosphate.
This may be done by calculating the following
proportion :—

(6) As eq. of P,O;: eq. of CaH;2PO,=per cent. of
x: per cent. of CaH;2PO,. One part of this monocalcic
phosphate corresponds to 1-33 part of « bone-phosphate
rendered soluble” If, therefore, a sample of super-
phosphate has been found to contain, &y caleulation, 20
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per cent. of monocalcic phosphate, this figurc may be
entered in the column of percentages when the analysis
is written out: but, at the same time, the quantity of
tricalcic phosphate towhich it corresponds,and from which
it has been made, namely, 26-6 per cent., should be added.
This latter figure, 26.6, should be enclosed in brackets
with its proper designation — “tribasic phosphate
made soluble.” But as monocalcic phosphate constitutes
a part only, and sometimes a small part, of the soluble
phosphorus pentoxide of a superphosphate, it is much to
be preferred that the percentage of soluble P,O, should
be entered directly as such, adding in brackets the
amount of “ tribasic phosphate made soluble” to which it
corresponds: I part of P,O; corresponds to 2:183 parts
of Ca,2PO,.

The phosphoric acid may be determined by either the oxalic-
acid method, or the acctic-acid method, or the molybdate method,
and, from the amount of Mg,P’,0; obtained, the percentage of so-
called “soluble phosphate” (Ca,l’,Oy rendered soluble), or of
phosphoric acid, P,0;, calculated.

TrricaLrcic ProsruATE.—The insoluble phosphates
of a superphosphate are regarded as consisting almost
entirely of unchanged bone-earth, ze., tricalcic phosphate,
Ca,2PO, In order to determine them, the filtrate and
washings, obtained from 1 gram of the prepared sample
in the estimation of the silicious matter as before
described, are to be treated exactly in the manner given
on p. 176, adopting the “oxalic-acid method,” and
estimating both the lime and the phosphorus pentoxide
as therein directed. The Mg,P,0O, obtained represents
the 2ta/ amount of P,O; in the superphosphate. In
order to learn how much of it was in the form of insoluble
phosphates, calculate the Mg,P,0, found into P,O;
and then into a percentage, exactly as directed above,
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and then subtract from the percentage of total I’,0, the
percentage of P,O, found in the soluble part (sec p.
195); then calculate the remainder into tricalcic
phosphate thus:—

As eq. of P,0O; :eq. of Ca,2PO,=residual per cent. of
P,0,:Ca;2PO, But a simpler plan may be adopted;
in this the residual percentage is not converted into its
equivalent of Ca,2PO,, but directly entercd in the
tabulated results.

The total phosphoric acid may be determined by the
molybdate method in a nitric acid solution of about -5
gram of the superphosphate.

CarciuM SuLPHATE.—The whole of the calcium
present in the superphosphate will now have been
weighed in the form of carbonate. It really exists in
the manure in the three states of monocalcic phosphate,
tricalcic phosphate, and calcium sulphate. If it be
desired to ascertain what amount of this last compound
exists in the sample, it is best to make a direct deter-
mination of SO, in a small separate portion of the
manure, by means of barium chloride in the presence of
hydrochloric acid. The barium sulphate obtained is
calculated into its equivalent of calcium sulphate. This
ingredient in a superphosphate is entered in the anhy-
drous form, but it exists for the most part in combina-
tion with 1 molecule of water (CaSO,, H,0), and not as
gypsum, CaSO,, 2H,0.

ALKALINE SALTS.—Evaporate the filtrate from the
ammonio-magnesium phosphate to dryness, and ignite
till all fumes have ceased; let the residue cool, dissolve
it in water; precipitate the magnesium present with
barium hydrate, filter; then precipitate the excess of
barium with ammonium carbonate and ammornia ; filter,
evaporate the filtrate to dryness, and heat the residue
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very gradually to low redness; it should be tolerably
white.

The alkaline salts thus obtained are by no means pure; but
their quantity is generally too small to be important. In cases
where common salt and sodium nitrate have been added to the
superphosphate, and the amount of alkalies is therefore com-
paratively large, it is necessary to treat the ignited residue with
a little sulphuric acid, to ignite strongly, then to add a few
drops of ammonium carbonate solution, and finally to evaporate
and ignite the residue again: thus the definite composition of
the substance weighed may be ensured. If qualitative testing
prove that the supcrphosphate contain much chlorine, the sodium
sulphate obtained should be calculated into sodium chloride.

REDUCED OR RETROGRADE PHOSPHATES.—Under
this name are included those phosphates which are
believed to have once been in the soluble condition, but
which are no longer dissolved by water. They consist
chiefly of ferric and aluminium phosphates and dicalcic
phosphate, and may be approximately estimated in
superphosphates made from coprolites in the residue of
2 grams of superphosphate which have been exhausted
with water, as in the determination of monocalcic
phosphate. This residue is to be collected on a filter,
care being taken to secure every particle of it. An
ammoniacal solution of ammonium citrate is used to
extract the reduced phosphates. This solution is
prepared by dissolving 370 grams of pure citric acid in
1050 c.c. of water; then neutralize with ammonia
to exact neutrality, using coralline as an indicator.
Make up the volume to 2 litres, and test its specific
gravity, which should be 1-09 at 20°C. To each litre of
this neutral solution add 50 c.c. of ammonia, specific
gravity -92. Of the liquid thus prepared 100 c.c.
are introduced into a 150 cc. flask, and then the
filter and contents are dropped in. The flask is corked
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and digested in a water-bath for thirty minutes at 65° C.
with frequent shaking. Filter the warm solution
quickly, and wash the residuc with cold water. Dry the
filter and contents at 100°, ignite them till the organic
matter is destroyed: add 10 to 15 c.c. of concentrated
hydrochloric acid, and digest until the phosphate is
dissolved, dilute to 200 c.c., mix, and pass through a dry
filter. Take an aliquot part of the filtrate (usually
50 c.c.) and determine in it the P,O; by the “ molybdate
method,” or by the “oxalic-acid method.” Calculate
the amount found into Ca,;2PO,, add this to the
“tribasic-phosphate made soluble,” and subtract the sum
from the total phosphate; the remainder represents the
amount of “reduced” or “citrate-soluble” phosphate
expressed as Ca,2PO,.

The CITRATE-SOLUBLE phosphate in manures is
rather an indcfinite determination, as different processes
are in use for its estimation, and these give different
results, which are dependent not only on the nature and
strength of the citrate solution used, but also on the tem-
perature and time of the maceration, on the amount of agi-
tation, and on the nature of the original natural phosphate.

The solutions chiefly used are (1) a ncutral solution of
ammonium citrate, specific gravity 1.09; (2) an alkaline
solution of ammonium citrate, as given above ; (3) an acid
solution of ammonium citrate containing 3 per cent. of
citric acid as ammonium citrate and 2 per cent. as free
citric acid ; (4) a 2 per cent. solution of citric acid ; and
(5) a 1 per cent. solution of citric acid.

For superphosphates, the ammoniacal ammonium
citrate solution is generally to be recommended with
digestion either for half an hour at 65°C., or at the
ordinary temperature for fifteen to eighteen hours with
occasional agitation. It is better to determine the
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phosphoric acid remaining undissolved rather than that
which goes into solution, as, if the amount is small, it is
likely to be underestimated if precipitated dircctly from
the ammonium citrate solution

For basic slag, thc 2 per cent. solution of citric acid
is generally used. (Sce p. 192).

For the available phosphoric acid in soils, the 1 per
cent. solution of citric acid is the best.  (Scc p. passim).

In stating the results of an analysis, the method
adopted should always be indicated.

NITROGEN.—If the superphosphate be a bone super-
phosphate or made partly from bones, a nitrogen detcrmi-
nation is made by Kjeldahl’s method, using 1 or 2 grams
of the manure. Superphosphates made entirely from
bone-ash, apatite, coprolites, etc., contain no nitrogen.

A few notes on the composition of superphosphates may he
found useful in arranging and appreciating the results of an
analysis. We name the ingredients, which have been determined
in the order previously adopted.

WATER.—If a superphosphate be dried at 100°C., the loss
represents not only the hygroscopic moisture of the sample, but
also a portion of the water of crystallization of the calcium sulphate
present. At 170°C. it appears that all the water present in any
form in the superphosphates is driven off, save, indeed, the constitu-
tional water of the monocalcic phosphate, and of the phosphoric acid.

MonNocAaLcIC PHOSPHATE, ETC.—If the superphosphate be a
poor one, or if it contain much aluminium or iron, it should not
remain longer than three hours in contact with the 500 c.c. of
water, but should then be filtered off without waiting for the
settling of the suspended matter. In fact, it is better in such cases
to extract the superphosphate continuously with very small
portions of cold water, filtering after each addition, and washing
the residue on the filter so long as any phosphate is dissolved.
Hot water should not be used in extracting the last traces of the
monocalcig, phosphate and phosphoric acid. It often yields
higher results, but their accuracy and constancy may be seriously
impaired. Both dicalcic and tricalcic phosphates are altered by
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boiling water ; and so an extract of a superphosphate which has
been made first with cold water and then with boiling water
will represent not only the amount of monocalcic phosphate and
phosphoric acid, but a part of the other phosphates present,
notably of those which have been called “reduced.”

REDUCED PHOSPHATES.—A process for estimating these has
been previously given, but the results are not quite so accurate
as one would wish. It is a mistake to regard reduced phosphates
as of equal value, in a manurial scnse, with those which have been
made (and which remain) soluble. They lack that initial
diffusive power into the soil which monocalcic phosphate pos-
sesses. For, although it may be said that all soluble phosphates
do ultimately become “reduced” in the ground, yet, owing to
their solubility in soil-water, they will travel further and fertilize
more carth before this change has been completed.

Mg,’,0; X 06379 = P,0,

”» x 1:3939 = Ca.;l)zox

,, X 1-0515 = CaH,P,04
Ca, 0, X 04578 = P,0;

» X 07544 = n[l PO,
P,0, X 2:1844 = Cay P ol

' X 1-6484 = CaHiPL,Og

CaH,P,0, X 1-3251 = CayP,0y

Statement of Results.

There are in use two ways of stating the results of an actual
analysis of a superphosphate.  The simpler of these involves
fewer assumptions and is sufficient for all practical purposes,
the figures inserted being those which were obtained in the exami-
nation of an actual sample :—

In 100 parts.
MOISTURE . . . . 15:46
COMBINED WATER AND ORGANIC MATlhR . . 8:62
ToTAL PHOSPHORUS PENTOXIDE,! including—
“Soluble” P,O; . . . . . 12:06
“Reduced” P,0; . . . . . 106
“Insoluble” P,0, . . . . . 114
—— 1426
CALCIUM SULPHATE, CaSO, . . . . 4350
ALKALINE SALTS, etc., undetermined . . . 2:62
SILICIOUS MATTER ., . L 52

! Often called “ Phosphoric acxd « Phosphorlc anhydride,”
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The more common way of tabulating the analytical results is
given below :—

MOISTURE, or loss at 100" C. . . . 15:46
ORGANIC MATTER AND COMBINED \VA]FR . . 8.62

MonocaLcic PHOSPHATE, Cal,P,0,, equal to 26-33
tribasic phosphate made soluble . . . . 19-80

TRICALCIC PHOSPHATE, Ca,P,0,, of which 2:31 was
“reduced ” phosphates . . . . . . 4-81
CALCIUM SULPHATE, CaSO,; . . . . . 4350
ALKALINE SALTS, etc., undetermined . . . 2:09
S1LICIOUS MATTER . . . . . . . 572
100-00

BASIC SUPERPHOSPHATE

This manure is prepared by mixing finely ground lime
with mineral superphosphate in suitable proportions, to
remove the acid character of the superphosphate and
render it slightly alkaline. It is specially adapted to
soils poor in lime, and rather occupies an intermediate
position between superphosphate and basic slag. It is
in a dry powdery state, much less dense, and more
easily distributed evenly than basic slag. Although it
contains no phosphate soluble in water, its prccipitated
phosphate is readily soluble in very dilute acids, e.g., 'y
per cent. solution of citric acid. It contains about 115
per cent. of P,O,

ToTAL PHosP1ORUS PENTOXIDE.—This should be
determined in about 1 gram of the manure if the oxalic-
acid method or acetic-acid method be used, or in -5 gram
if the molybdate method be used.

PHOSPHORUS PENTOXIDE SOLUBLE in I per cent,
citric acid—One gram of the finely powdered manure is
placed in a bottle with 1 litre of water in which 1 gram
of citric acid has been dissolved. This is allowed to
stand with occasional shaking for twenty-four hours, then
filtered, and the residue and filter washed with a little
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distilled water, the filtrate evaporated to about 200 c.c,,
and in this the phosphorus pentoxide estimated in the
usual way. Nearly the whole of the phosphate should
be soluble in this dilute acid.

BEET MANURE. TURNIP MANURE. CORN AND
GRASS MANURE. P1osriio-GUANO. SULPHATED
GUANO. DISSOLVED GUANO, ETC.

All manures containing soluble phosphates are
analysed as a superphosphate. In some cases nitrogen
and potassium compounds arc present in considerable
quantities and must be estimated, the nitrogen being
determined by the modified Kjeldahl’s process for total
nitrogen, p. 169. The potassium is determined as
follows :—Ignite gently 10 grams of the sample: heat
with 10 c.c. of strong hydrochloric acid for a short time.
Dilute to about 300 c.c. with hot water, boil, filter into a
500 c.c. flask, and whilst hot add a slight excess of
powdered barium hydrate. Cool, make up to 500 c.c.
with water, and filter.

Two hundred and fifty c.c. of the filtrate are madec
alkaline with ammonia, and a slight excess of ammonium
carbonate added. Bring the solution to the boil and add
a little ammonium oxalate, cool ; make up to 500 c.c,, and
filter. Take 100 c.c. of this solution, evaporate to dryness
in a platinum dish, gently ignite to drive off ammonium
salts, extract the residue with hot water, filter if necessary,
and determine the potash as described on p. 158.

In analysing dissolved and sulphated guanos, the plan appro-
priate to superphosphates will answer well if the determinations
of nitrogen and potassium mentioned in the preceding paragraphs
be also made. There is one other determination—thatof sulphur
trioxide—which will serve to render the analytical results more*
satisfactory. This estimation may be made by weighing out a
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convenient quantity of the manure (not more than 1 gram if
dissolved Peruvian guano be under examination), and boiling it
with dilute hydrochloric acid. Then the liquid is filtered off, and
the residue in the beaker or flask again boiled with water and
some dilute hydrochloric acid, and the liquid poured through the
same filter as before.  This process is repeated until a drop of the
filtrate no longer gives any cloudiness with barium chloride ; the
sulphur trioxide is then estimated in the united filtrates by the
process described on p. 160. The amount of BaSO, obtained is
calculated into a percentage of SO, which is set down in that
form when the results of the analysis are tabulated. Or, if the
nitrogen existing in the manure in the form of ammonia be
separately determined in the manner described further on under
Guano, it may be presumed to exist as ammonium sulphate ; and
then any surplus SO; may be written down as calcium sulphate.
It must be remembered that, on igniting dissolved guano for the
purpose of determining its volatile matter and combined water, the
greater part of the sulphur trioxide is usually volatilized ; a
separate determination of SOy in the ash and residue is therefore
requisite, or else some part of this constituent of the manure would
be entered twice over. The difference between the total SO, and
that found in the ash must be deducted from the total volatile
matter lost on ignition, and the residue only entered as volatile
matter.

BasO, x "343 = 504
SO, X 1-7 =- CaSO;
S0, X 215 = CaSO,, 2H,0.

PERUVIAN GUANO

This valuable manure consists chiefly of the more or
less altered excreta and carcases of sea-birds. It
contains a large quantity of organic matter rich in
nitrogen, together with ammonium carbonate, oxalate,
phosphate, and urate.  Calcium, magnesium, and
alkaline phosphates are also present, together with
moisture and a small quantity of silicious matter. The
Peruviadl guanos now imported are poorer in nitrogen
compounds and more variable in composition than
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the old Chinca Islands guano: occasionally cargoes
damaged with sea-water are imported ; this injury may
be detected by the high percentage of moisture found,
and by the presence of common salt, the amount of
which may be determined by the process for chlorine
given under apatite, p. 180. The adulteration of guano
with ochre may be detected by the red colour of the
ash it leaves; while the admixture of peat, clay, or
sand may be ascertained by the increases in the normal
percentages of volatile matter, of ash, or of silicious
matter, which they respectively cause.

Most of the Peruvian guano now imported contains
a high percentage of “ natural” sand.

Great care must be taken in order to secure a fair
average sample of guano for analysis. Several portions
should be taken, well mixed and powdered, and then
preserved in a bottle having a good stopper.

MOISTURE is determined at 100° in the usual way.
Occasionally, especially if the guano be damp, this
determination is apt to yield results which are too high,
from the volatilization of the ammonium carbonate
present, along with the water.

The amount of ammonium carbonate lost in the water-bath is
easily found by making a second nitrogen determination in the
guano after it has been dried. The percentage of nitrogen {cal-
culated from the weight of the guano defore drying) is subtracted
from the total nitrogen found in the fresh guano ; and the differ-
ence, calculated as 2(NH,),0, 3CO,, gives the amount lost in
the water-bath ; this, when deducted from the actual loss, gives
the true moisture.

ORGANIC MATTER is determined in about 2 grams,
exactly as in bone-dust. A genuine guano gives a
petfectly white ash.

SAND AND CALCIUM AND MAGNESIUM PHOs-
PHATES may be determined as in bone-dust,
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ALKALIES.—These are forcommercial purposes deter-
mined by difference; any phosphorus pentoxide they
contain should, however, bc estimated, as it is of equal
importance with that of soluble monocalcic phosphate.

PHOSPHORUS PENTOXIDE IN ALKALIES. — Five
grams are extracted with cold water and treated exactly
as for soluble phosphate in superphosphate, p. 195.

TotAL NITROGEN.—This is determined in 1 gram,
by Kjeldahl’s method for total nitrogen, p. 164 or p. 169.

NITROGEN EXISTING AS AMMONIA SALTS.—If it be desired to
ascertain what proportion of the nitrogen in a guano exists in
the form of compounds of ammonia, the following plan may
be adopted:—Into a Kjeldahl flask introduce 1 gram of the
guano, a little water, and 2 grams of calcined magnesia, Attach
it to the condensing apparatus and receiver containing 10 c.c. of
standard sulphuric acid. After boiling for some time, all the
ammonia present in the guano will have been disengaged and
then absorbed by the acid in the receiver, which is then titrated
with standard alkali solution in the usual way (p. 162).

NITROGEN EXISTING AS NITRATES.—Some guanos contain
traces of nitrates, while sodium nitrate is often added to mixed
manures. In the former case the determination of total nitrogen
and of that existing as ammonia will always suffice; but in the
latter case we must dctermine the total nitrogen by means of the
modification of Kjeldahl’s process (p. 169).

We then proceed to the determination of the nitrogen existing as
nitrate. For this purpose a modification of the Ulsch method may
be used. One gram of the manure is placed in a 500 c.c.
Erlenmeyer flask with 5o c.c. water, 10 grams of “reduced iron,”
and 20 c.c. of sulphuric acid, specific gravity, 1-35.  Through the
stopper of the flask is passed a thistle tube, the lower end of which
is plugged with glass wool. The thistle is then partly filled with
glass beads. After adding the acid, allow the reaction to go on
without heating until cffervescence has ccased. Then heat to
boiling for five minutes, remove the flask from the flame, and rinse
any liquid from the beads back into the flask with water. Boil
again for fhree minutes, and again rinse the beads. The nitrogen
of the nitrate is now in the form of ammonium sulphate. Cool,
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wash into a distilling flask, add a.little granulated zinc, make
alkaline with caustic soda, and distil into 10 c.c. of standard acid.
The ammonia obtained will be that present in the manure both as
ammonia and derived from the nitrate : calculate into nitrogen,
and from the total nitrogen deduct that present as ammonia, the
remainder represents nitric nitrogen.  The nitric nitrogen may
also be determined by Schloesing’s method, p. 213; or by the
indigo method, p. passim, with proper precautions.

Gravimetric Uraniunm Method for Phosphates.

The following is a speedy and accuratc method for the separa-
tion of phosphoric acid from lime, magnesia, and the alkalies. It
answers well for the analysis of bone, guano, and other phosphates
frec from iron or aluminium. As the uranium precipitate is of
great bulk, no more of the substance than will contain
about -3 gram of calcium phosphate should be taken for
analysis.

PHOSPHORUS PENTOXIDE.—The clear and dilute solution of
the phosphate is trcated with ammonia in slight excess; dilute
acetic acid is then added in small portions at a time till the
precipitate is entirely redissolved. Any great excess of acctic acid
is to be avoided. A residue, mnsoluble in acetic acid, is probably
iron or aluminium phosphate, and must be removed by filtration.
Uranium acetate is now added to the solution, and the whole
boiled ; sufficient uranium has been employed when a fresh
addition produces no further precipitate. The uranium phosphate
is allowed to subside, and then washed by decantation, boiling
water containing ammonium acetate being employed. The
washings are carefully filtered, and the phosphate finally collected
on the same paper, dried, separated from the filter as far as
possible, the paper being incinerated alone first, and then the
whole is ignited. Before weighing, the uranium phosphate should
be moistened with strong nitric acid and again ignited. Its
colour after ignition should be a bright canary-yellow. The
composition of the ignited precipitate is such that 1 gram
contains -1991 of P,0;

LIME AND MAGNESIA. —The filtrate is concentrated, and the
uranium precipitated by ammonia in the cold, the vessel being
kept covered. The precipitate is washed twice by dccantation,
then boiled with a solution of ammonium chloride and collected
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on a filter. The lime and magnesia are determined in the filtrate
in the usual manner.

Volumetric Uranium Method for Phosphales.

Instead of weighing the uranic phosphate precipitated in the
preceding process, a method of determining the point at which the
whole of the phosphorus pentoxide present has been removed from
solution has been devised. It is based upon the reaction which
occurs between an uranic salt and potassium ferrocyanide—namely,
the production of a reddish-brown coloration, a coloration which
occurs only when no P,O; remains in the liquid.

Three solutions must be made specially for this process:—rI.
The standard uranium solution is prepared by dissolving about 35
grams of crystallized uranium acetate in goo c.c. of water: add
25 c.c. of glacial acetic acid. Uranium nitrate (after having heen
purified by solution in ecther, filtration, and evaporation of the
cthereal solution) may be substituted for the acetate : in this case
an addition of 3:5 grams of sodium acetate (instead of acetic acid)
should be made to the solution. The liquid should be allowed to
rest for a few days Defore its strength is determined, as a deposit
containing uranium slowly forms. 2. A sodium acetate solution is
made by dissolving 100 grams of that salt in goo c.c. of water, and
making up the bulk to 1 litre by means of strong acetic acid.
3. The third solution requisite is a standard one of calcium phos-
phate. To prepare this, dissolve 4:366 grams of pure calcium
phosphate in the smallest quantity of nitric acid nccessary to
effect solution : then make up to goo.c.c. This solution must be
standardized by a direct determination of the phosphorus pent-
oxide in it by the molybdate method. Before using this nitric
acid solution, however, the free nitric acid must be removed by
adding a little sodium hydroxide solution until a slight opalescence
is produced: then add 10 c.c. of the acidulated sodium acetate
solution, which will clear up the slight precipitate formed,
provided no aluminium or iron (or only small quantities) be
present. Finally, makc up the solution to 1 litre with distilled
water.

Now it is necessary to dilute the uranium solution until 2o c.c.
of it are exactly precipitated by 5o c.c. of the phosphate solution.
To do this, Hour 5o c.c. of the phosphate solution intoa beaker, add
5 c.c. of the sodium acetate solution, and then warm it on the

(0]
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water-bath to about 80°, and maintain it during the process at
about that temperature. Now run in, with constant stirring, about
10 c.c. of the uranium solution. Next add the uranium solution
more slowly in quantities of I c.c. or -5 c.c. at a time, testing the
liquid as follows after each addition :—Bring a few drops of the
turbid but nearly colourless liquid from the beaker on to a porcelain
tile. Now add a small fragment of a crystal of potassium ferro-
cyanide ; a reddish-brown colour indicates that excess of uranium
solution has been added, and the operations must be recommenced.
But if no coloration occur, continue the addition of the uranium
solution to the liquid in the beaker until a drop or two of the solu-
tion, when tested with ferrocyanide, just indicates excess, by the
production of the characteristic colour: this testing should be
rcpeated in five minutes to see whether the process is complete.
It will now be easy to ascertain how much water must be added to
the uranium solution in order that 20 c.c. of it shall be exactly
equivalent to 50 c.c. of the phosphate solution. This strength cor-
responds to -005 gram of P,0; for 1 c.c. of the standard uranium
solution.

In applying this volumetric process to the estimation of P,Os
in a guano, either the filtered acetic acid solution of the ash of
the guano may be directly used, or the ash may be treated with
hydrochloric acid, etc., in order to render any silica insoluble, and
then the acid solution may be first rendered faintly alkaline with
soda, and finally acid with acetic acid. In operating, then, upon a
solution, however obtained, no free acid except acetic must be
present, while the rest of the treatment is conducted with 50 c.c. of
the solution in question, exactly as described above. The uranium
solution must be standardized by means of repcated trials, and
two or more volumetric estimations should be made in separate
portions of each phosphatic solution to be tested. It is necessary
that about the same quantity of sodium acetate solution be used in
each experiment. Any ferric phosphate which may be precipitated
on removal of the free nitric acid from the solution of the guano,
etc, by means of sodium acetate may be collected on a fiiter,
washed thrice with boiling water, dried, ignited, and weighed.
The P,0; in it may be calculated from its formula, which is,
approximately, Fe,O,;, P,0;. The amount thus found must be
added to that obtained in the volumetric determination .o represent
the total.
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NITRATE OF SODA, orR PoTAsi, OrR LIME

The proportion of real sodium or potassium nitrate
in a sample is often determined by difference, the im-
purities only being estimated; these are generally
moisture, sand and insoluble matter, sodium chloride,
and sodium or calcium sulphate. The sample should be
very carefully prepared.

MOISTURE is determined by heating about 3 grams
to 120° C. till the weight is constant.

SAND AND INSOLUBLE MATTER.—About 7 grams
are dissolved in water, the residue collected on a
counterpoised or weighed filter, thoroughly washed,
dried, and weighed. The result is total insoluble
matter. The filter may then be burnt; the inorganic
residue is sand.

SuLprHUR TRIOXIDE.—The filtered solution obtained
from the previous operation is to be largely diluted,
boiled, and precipitated with barium nitrate, nitric acid
being also added. The weight of barium sulphate
obtained will be calculated as calcium or as sodium
sulphate, according to the amount of calcium found.

Determination of Chlorine.

The chlorine is best determined by a standard
solution of silver nitrate, which is added from a
graduated vessel to the filtered neutral solution of 7
grams (or of a smaller quantity if much sodium chloride
be present), with which a few drops of a solution
of neutral potassium chromate have been mixed,
till the orange tinge produced by each drop of
the silver solution remains just perceptible affer
stirring.
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Preparation of the Standard Solution of Stlver Nitrate.

The most convenient strength is a decinormal solu-
tion. Dissolve 16-997 grams of pure silver nitrate in
water, and make up to a litre. Preserve in a stoppered
bottle. This solution now contains % of the molecular
weight of AgNO, in a litre: therefore 1 c.c. should
correspond to ; ;55 the molecular weight of Cl=-0033545
gram, or of NaCl=-00585 gram, etc. Titrate with pure
sodium chloride to find the exact strength.

The silver solution must be ncutral, and the solution
to be tested either neutral or very slightly alkaline
with a fixed alkali; the process may also be worked
in the presence of a small quantity of acetic acid.
The potassium chromate must also be necutral and
free from chloride; it may be conveniently made so
by adding nitrate of silver till the red precipitate
becomes permanent, and then filtering. The testing
should be carried out in a white porcelain dish.

LIME is determined in the usual way, in the filtered
solution from 7 grams in the case of sodium or potassium
nitrates.

Since the commercial nitrate of lime contains free
lime it should be dissolved with the aid of dilute hydro-
chloric acid for this determination, taking about -235
gram of the substance.

NV.B.—Where the necessary apphances are at hand, it is simplest
to dissolve 35 grams of the nitre in water, pass the whole through the

counterpoised filter, and then divide the filtrate by weight or measure
into five equal parts, in which the several determinations are made.

Determination of Nitrogen in Nitrates.

Several methods arc available.
ULscir’s METIIOD, p. 207, using -5 gram of substance,
gives good results.
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SCHLOESING’S METHOD.—In this the nitrate is
decomposed by means of strong sulphuric acid and
ferrous sulphate, with the formation of nitric oxide,
which is measured.

2NaNO,+5H,50,+6FeSO,
= 3Fe,350,42NaHSO,+4H,0+2NO.
The apparatus used, when a sample of nitrate of
soda is being examined, may consist of a round-bottomed

Fre 23,

flask, A, of about 175 c.c. capacity, fitted with an india-
rubber stopper with two holes. Through one hole
passes a thistle-headed funnel, B, through the other the
delivery-tube for the gas, C: this is in two parts, joined
by a short piece of indiarubber tubing fitted with a
pinchcock, D. The trough, F, contains water.

Prepare a 1 per cent. solution of pure nitrate of
soda, aitd a 4 per cent. solution of ferrous sulphate
slightly acidified with sulphuric acid. Make a 1 per
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cent. solution of the sample under examination. Measurc
out 20 cc. of the pure nitrate solution with a pipette
and introduce it to the flask, washing it in with 20 c.c.
of water, Boil the liquid in the flask until it is reduced
to about 20 c.c. in volume in order to expel the air.
Close the indiarubber joint at D, and add 25 c.c. of
the ferrous sulphate solution. Place the calibrated
measuring-tube, E, over the end of the delivery-tube,
add, through the funnel, 50 c.c. of strong sulphuric acid
slowly and cautiously, at the same time opening the
delivery-tube at D. Reaction at once begins with the
evolution of nitric oxide; heat the flask at first gently,
and when no more gas is given off, boil briskly for a
minute. Remove the cudiometer, allow the gas to
cool, and read off the volume: this is the nitric oxide
obtained, under thesc conditions, from -2 gram of pure
sodium nitrate.

Wash out the apparatus, and repeat the operation
with 20 c.c. of the sample to be tested. The two opera-
tions are to be conducted under the same conditions as
nearly as possible, when no corrections for temperature
and pressure will be required. With the pure nitrate
x cubic centimetres of gas were obtained, with the
impure sample y cubic centimetres: then 100 y+r=
percentage of pure nitrate in the sample under
examination.

Determination of Nitric Nitrogen by means of a
Nitrometer.

A suitable apparatus is a Lunge’s Nitrometer, of the
form shown in Fig. 24.

A is a calibrated tube graduated to ¢ c., having
a three-way tap, ¢, which connects it with a funnel or



ANALYSIS OF MANURES 215

cup, @, and with a thick-walled capillary tube, ¢, which
should be bent downwards. The calibrated tube A
is connected below with a stout-walled

indiarubber tube, to which is attached . d

a straight tube, B, of the same dia- F?,l[
meter as A, but not calibrated. The by
cup & is used to introduce liquids into
A and the tube ¢ to let off or to intro-
duce gases into A. The estimation
of nitric nitrogen is made as follows :—
The apparatus is filled about § full of
mercury ; turn the tap £soas to open
A to the air; raise the tube B until
mercury entirely fills A, and then close
the tap. Return B to the same level
as A. Dissolve 1 gram of nitrate of
soda in water to 10 cc.; take 1 c.c.
of this solution and place in the cup,
and draw it into A by opening the
stopcock ¢; take care that no air haar
gets access. Now put into the cup gz == FFEZZEETEE
cc. of pure strong sulphuric acid, and Fia. 24.

draw this slowly into the nitrometer; repeat this till about
8 or g c.c. of sulphuric acid have been added. Any gas
given off at once is CO,. If chlorides are present HCl
will be given off rather quickly. These gases arc
removed from the nitrometer by raising the reservoir
of mercury B and opening the tap. The tube A is
then unclamped, slightly inclined, and shaken vigorously
with a rotatory motion so as to bring the surface of
the mercury, broken into a number of globules, in
contact with the nitric acid liberated by the action of
the sulphuric acid on the nitrate. Shake, with slight
intervals, for about ten minutes, when all the nitrogen
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in the nitric acid will have been converted into nitric
oxide gas, NO. Allow the apparatus to cool for about
half an hour ; adjust the liquids in the two tubes to the
same level, allowing that the mercury has about seven
times the specific gravity of the sulphuric acid. Read
off the volume of the gas, and the barometer, and note
the temperature of the room at the time. Reduce the
volume of gas to the standard temperature and pressure,
0° C. and 760 mm. Bar. by the following formula :—

Vo L YxP
760 (1+4-003065¢)
V' = Volume of Gas at 0* C. and 760 mm, Bar.
V = Observed volume of Gas in c.c.

P = Observed pressure in mm. of mercurial barometer.
¢ = Temperature in degrees Centigrade.

For example, -1 gram of sodium nitrate gave 27 c.c. of NO gas
at 14° C. and 750 mm. Bar.

. 27 X 750 _ 20250 _ 20250

"~ 760 (14003665 x14) 760X 105131 798-9956
z.e., 25-34 c.c. NO at o” C. and 760 mm.

= 25.34,

1 c.c. NO at o° and 760 mm. = -003805 gram of NaNO,,
25-34 X+003805 = -0964 gram NaNOjyin -1 gram of the sample
taken = 96-4 per cent. of pure sodium nitrate,

1 c.c. NO ato® C. and 760 mm. Bar. = -001343 gram NO

1 c.c. NO at o’ C. and 760 mm. Bar. = .003805 gram NaNO,
1 cc NOato’ C.and 760 mm Bar. = 004521 gram KNO,
1 cc. NO at o’ C. and 760 mm. Bar. = 000627 gram N.

Nitric nitrogen may also be determined by the
indigo method, p. passim.

Deterinination of Sodium Perchlovate in Sodinm
Nitrate.

Heat 5 grams of the dried sample with 75 grams
of pure slaked lime in a covered platinum crucible over
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a Bunsen burner for a quarter of an hour. The mass
is then extracted with water and the residue washed,
making up to about 150 c.c. of filtrate; this is exactly
ncutralized with dilute nitric acid, and the chloride
present determined by titration with silver nitrate.
From the percentage of chlorine found, deduct that
originally present as chloride, and calculate the remain-
ing chlorine into perchlorate,

Cl = 35-5,NaCl = 58.5, NaClO, = 122.5, KCIO, = 138-6.

CaLciuM CYANAMIDE (NITROLIM).
The nitrogen in this may be determined in -5 gram
by Kjeldahl’s method.
The lime may be determined in about -5 gram, after
solution in dilute hydrochloric acid, in the usual way.

Porasil SALTS, KAINITE, SYLVINITE, ETC.

Besides potassium salts, the articles sold under this
name are likely to contain salts of sodium, calcium, and
magnesium. As their value depends entirely on the
amount of potash present, its determination is all that
will generally be required. The methods here described
are suited for the analysis of the commercial sulphate
and the “ muriate.”

The sample must be powdered and carefully mixed
before analysis.

The following determinations should be made :—

MOISTURE in 2 or 3 grams in the usual way.

Loss ON IGNITION in 3 to 4 grams heated very
gently and carefully over a Bunsen burner for five
minutes, cooled and weighed.

INSOLUBLE MATTER in 10 grams dissolved in about
200 cc. of water, and filtered through a paper which
has been previously dried and tared. The residue on
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the paper is thoroughly washed, the filtrate being col-
lected in a litre flask, made up to a litre and well
mixed. The filter-paper with the residue is then dried,
placed in a stoppered tube, and dried in the water-oven
until constant in weight.

The official (Board of Agriculture) process for
potash determinations is as follows:—

DETERMINATION OF POTASH

(@) Muriate of Potash free from Sulphates.—A
weighed portion of the sample (about 5 grams in the
case of concentrated muriate of potash, or 10 grams in
the case of low-grade muriate) shall be dissolved in
water, the solution shall be filtered if necessary and
made up to 500 c.c. To 50 cc. of the solution placed
in a porcelain basin, a few drops of hydrochloric acid
shall be added, and also 10 c.c. or 20 c.c. (according to
whether the portion weighed was 5 grams or 10 grams)
of a solution of platinum chloride containing 10 grams
of platinum per 100 cc. After evaporation to a
syrupy consistency on a water-bath, the contents of
the basin shall be allowed to cool and shall then
be treated with alcohol of specific gravity 0-864, being
washed by decantation until the alcohol is colourless,
The washings shall be passed through a weighed or
counterpoised filter-paper, on which the precipitate
shall be finally collected, washed with alcohol as above,
dried at 100° C., and weighed.

The precipitate is to be regarded at K,PtCl,

(6) Salts of Potash containing Sulphates—A weighed
portion of the sample (about 5 grams in the case of con-
centrated sulphate of potash or 10 grams in the case of
kainite or other low-grade salts) shall be boiled with 20
c.c. of hydrochloric acid and 300 c.c. of water in a half-
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litre flask. Barium chloride solution shall be cautiously
added, drop by drop, to the boiling solution until the
sulphuric acid is completely precipitated. Any slight
excess of barium shall be removed by the addition of
the least possible excess of dilute sulphuric acid. The
liquid (without filtration) shall be cooled and made up
to 500 cc. A portion shall then be filtered, and 50
c.c. of the filtrate shall be treated as above described,
10 c.c. or 20 cc. of platinum chloride solution, as the
case may be, being used.

(&) Potash in Guanos, and Mirved Fertilisers—Ten
grams of the sample shall be gently ignited in order to
char organic matter, if present, and shall then be heated
for ten minutes with 10 c.c. of concentrated hydrochloric
acid, and finally boiled with 300 cc. of water. The
liquid shall be filtered into a half-litre flask, raised to the
boiling-point, and a slight excess of powdered barium
hydrate shall be added. The contents of the flask
shall be cooled, made up to 500 c.c, and filtered. Of
the filtrate, 250 c.c. shall be treated with ammonia
solution and excess of ammonium carbonate, and then,
while boiling, with a little powdered ammonium oxalate,
cooled, made up to 500 c.c.,,and filtered. Of the filtrate,
100 c.c. are to be evaporated in a platinum dish, and
the residue heated, first in the air-bath and then very
gently over a low flame, till all ammonium salts are
expelled, the temperature being carefully kept below
that of low redness. The residue shall be treated
with hot water, filtered if necessary, and the potash shall
be determined in the filtrate as above.

K,PtCl;x-3067 = 2KCl
K,PtCl;x-1938 = K,O
K,PtClyx-3584 = K,SO,
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LIME is determined in 100 cc. (=1 gram of the
mineral) of the filtrate. To this about 50 c.c. of solu-
tion of ammonium chloride is added, a small quantity
of ammonium hydrate, and ammonium oxalate in
excess ; after heating for some time, the precipitate of
calcium oxalate is collected, washed, dried, and ignited
in the usual way. From the CaCO, weighed the per-
centage of CaO is calculated.

MAGNESIA is determined in the filtrate from the
lime, which is concentrated to about 100 to 150 c.c.,
made ammoniacal, cooled, and sodium phosphate added,
gradually, in excess. After standing in the cold for
twelve hours, the precipitate is collected, well washed
with ammonia-water, dried, ignited, at first gently and
finally before the blowpipe, and weighed. The pre-
cipitate after this ignition is Mg,P,O,, from which the
percentage of MgO is calculated.

SULPHUR TRIOXIDE is estimated in 100 c.c. (=1
gram) of thec solution by adding a little hydrochloric
acid, heating nearly to boiling, adding a solution of
barium chloride as long as a precipitate forms, heating
until the precipitate subsides, filtering, and treating the
barium sulphate as on p. 157. From the weight of
BaSO, found the percentage of SO, is calculated.

CHLORINE is determined in 10 cc. (=-1 gram) of
the solution by the volumetric process described on
p. 21L

In calculating the results, the K,O is usually con-
verted into K,SO,, the CaO into CaSO,, and any
residual SO, into MgSO,. The residual MgO is cal-
culated as MgCl,, and the residual Cl as NaCl.

CaOx1-7857 = CaCO; MgOx3 = MySO,
Ca0O x2:4286 = CaSO, MgOx 2375 = MgCl,
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The final results appear as follows :—
Moisture.
Combined water and organic matter.
Insoluble matter.
Potassium sulphate.
(Containing potash, K,0.)
Calcium sulphate.
Magnesium sulphate.
Magnesium chloride.
Sodium chloride.

The oxalic acid and the ammonium oxalate used must be quite
free from sulphuric acid and from potash. Potash may be tested
for by igniting a portion, tieating the ash (if any) with water,
filtering, and examining the filtrate with platinum tetrachloride
as above. Oxalic acid may be purified from sulphuric acid by

means of barium chloride, and from alkaline salts by crystalliza-
tion, the first crystals heing the most impure.

COMMON SALT

The amount of sodium chloride is determinced volu-
metrically, p. 211. The impurities present are usually
moisture, insoluble matter, and calcium sulphate, with
magnesium chloride and sulphate in traces; these are
estimated by the processes already given, the moisture
being driven off at 130". The sulphur trioxide found
is combined with the lime; if an excess remains, this
is considered to be in union with soda. In waste salt
which has been used for curing bacon, potassium nitrate
may occur; its amount may be determined by one of
the processes given on pp. 212-216.

AMMONIUM SULPHATE. AMMONIACAL SALTS

The afamonia present in these substances is usually
in the form of sulphate. The impurities are very varied
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both in nature and amount: they may be roughly
classed as water, organic and volatile matters, alkaline
salts, and iron compounds.

In preparing the sample for analysis, it should be
reduced to a fine powder and well mixed.

MOISTURE is determined by drying 2 grams in the
water-oven in the usual way.

NON-VOLATILE MATTERS are estimated by the
residue left on ignition of 2 or 3 grams. Ferric oxide,
if present, remains as a dark red powder : sodium salts
as a nearly white fusible residue.

AMMONIA.—This is determined by distilling o5
gram with excess of pure caustic soda and collecting the
ammonia in standard acid, and titrating the excess with
standard alkali. Take care that the amount of substance
taken does not contain more ammonia than the equiva-
lent of the acid in which it is collected. The ammonia
found may be calculated into sulphate (NH,),SO,.

Sootr

Ordinary soot consists mainly of finely divided
carbon ; it contains, besides, a small quantity of ammo-
nium sulphate, ammonium chloride, and complex
nitrogenous compounds, with various inorganic sub-
stances, such as constituents of the fuel-ash or fragments of
broken masonry, and small quantities of arsenic ; its value
depends on the amount of available nitrogen present.

TOTAL INORGANIC MATTERS.—An ash-determina-
tion is made in about 3 grams of the sample; the loss
on ignition includes the carbonaceous and nitrogenous
matters and the water.

NITROGEN.—A Kjeldahl’'s determinatiort is made
with 1 or 2 grams. The nitrogen is usually calculated
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as ammonium sulphate ; but part of the nitrogen in soot
exists in the form of nitrogenous bodies, having but a
low manurial value.

§ iii. Analysis of Soils.

The constituents of soil may be looked at from a
physical or from a chemical point of view.

It will conduce to a clearer understanding of the prob-
lems which the analysis of soils presents if their physical
or mechanical constituents be first enumerated :—
Water, interstitial, hygroscopic, and combined.
Air, both interstitial and absorbed or occluded.
Stones, remaining on a sieve of 25 mm.

Small stones, remaining on a sieve of 10 mm.
Gravel, remaining on a sieve of 3 mm.

. Gravelly sand, remaining on a sieve of 1 mm.
Coarse sand : -2—1- mm.

Fine sand: -04 — -2 mm.

Silt: .01 —-04 mm.

Fine 51lt. 004 —+OI mm.

Finest silt: 002 —.004.

. Clay: under -00z2 mm.

13. Organic matter.

It should be noted that the eight last-named soil-
constituents, associated with much water and air or
gases, make up the true soil or “fine earth” in which
plants find their immediately available supplies of
nourishment. The terms clay, sand, and gravel, as
here used, are, however, not to be understood as imply-
ing any special chemical characters; they express
simply certain mechanical conditions. On the propor-
tions in evhich the several physical constituents above
named are present in a soil depend many of its most

—_
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important physical properties. Not only so, but as the
several mechanical constituents differ from each other
in chemical composition, the results of the chemical
analysis of a soil will be greatly affected by the pro-
portion in which the mechanical constituents occur. As
a rule, the “fine earth” alone is submitted to minute
quantitative chemical examination; but if it be desired
to ascertain what reserve of plant-food be present in
any soil, then the gravelly sand, the gravel, and even
the stones, as separated during the mechanical analysis,
may be likewise analysed.

Thus, it will be seen that there are many reasons for
desiring a mechanical as well as a chemical analysis of a
soil. Unfortunately, most of the physical constituents
can never be absolutely determined, it being impossible,
for instance, to define where gravel ends and sand begins :
the amounts found will be much influenced by minute
variations in the plans of analysis adopted, and will not
be exactly comparable when soils of different origins
are treated even by the same method.

MECIIANICAL ANALYSIS OF SOILS

SAMPLING.—Where the soil of a field is uniformly
and distinctly marked out from the subsoil, three or
four parcels of earth may be taken from different parts
of an acre. The surface vegetation and accidental
foreign matter are first cleared from the selected spots ;
then a trench is dug down to the subsoil, so as to leave
a square block, 12 inches square, of the surface-soil
intact; from this vertical slices are cut until 5 kilograms
(or 10 lbs.) of earth have been obtained. This material
is then placed on a piece of sacking on a wheelbarrow.
The same operations are repeated on the other selected
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spots, and from the united quantities of soil thus obtained,
after thorough mixing with the spade, a final sample of
about 4 or 3 kilos is taken. This should be transported
to the laboratory in a wooden box. A sample of the
subsoil may be obtained from the spots opened in the
above operations, the depth to which the subsoil is exca-
vated being at least equal to that of the soil.

When the surface of the land shows any kind of
inequality to exist in the texture, colour, or other
character of the surface-soil, it will be necessary to take
a number of representative specimens from places which
resemble one another closely, and to mix them together.
Then a second series of samples is secured from other
places in the field differing from those first selected, but
also resembling one another. Of course, if three sorts
of soil exist alongside of one another, a third series of
samples will be required.

At Rothamsted a steel box, without top or bottom,
6 inches square in section and g inches deep, is used ;
the sides are wedge-shaped, § inch thick at top, tapering
to a cutting edge at bottom. The surface of the soil
is raked and gently beaten level, the box placed in
position and driven down with a heavy wooden rammer
till the top of the box is level with the soil. The soil
enclosed by the box is then carefully dug and scraped
out,and placed in a bag or box ; two or three samples are
taken from the same field and mixed. If samples of
the subsoil are required, the box is left in position after
its contents are removed, the surrounding soil is dug
away to the g-inch level and the box then rammed down
another 9 inches, and its contents removed. The
process can be repeated to any required depth.

On sBils which do not contain many stones,
samples may be taken with an auger. A convenient tool

P
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is a cylindrical steel auger (Fig. 25), 2 inches internal
diameter, about 5 inch thick, and 12 inches deep,
with a slot { inch wide run-
ning from top to bottom.
The edges of the slot and
the lower edge of the cylin-
der are sharpened;a handle
with a wooden cross-bar is
fitted to the top of the cylin-
der. To takea sample, the
auger is gently forced into
the soil with a twisting
“ motion to the required

:,T;::;LK‘ ===

depth, when the tool is
withdrawn and the core
scraped out. Ten or a
‘ dozen tores should be taken
‘ from the same field. By
using a tool with a longer
U handle, samples of subsoil
[»“ can be obtained. The
. 2. auger cannot be satisfac-
torily used when the soil is dry.

In order to prepare the soil for most of the operations
of analysis, whether mechanical or chemical, the sample
should be spread out in a warm place on a board or on
smooth brown paper to dry slowly; a sample of 100
grams may, however, be at once taken for the determina-
tion of moisture, and of total nitrogen, p.164. This should
be dried till constant at 100° C. and then at 150° C.

The main bulk of the soil, when in a fit state, neither
too moist nor too dry, must be passed between the
fingers, the clods and lumps being crushed froin time to
time as the drying proceeds. If by any chance the
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lumps become too dry, they may be
moistened with a spray of distilled water,
and then again left until they are ready
for crushing. When the whole sample
has been broken down and reduced to
a uniform condition, so far as hand-
pressurc is capable of achieving this result,
then the following operations are carried -2
out.

STONES.—If large stones be present, the o
sample of air-dried soil is weighed, the W
stones which will not pass through a sieve
of 25 mm. are picked out, weighed, then
dried in the water-oven, and again weighed.
Similarly those not passing a sieve 10 mm,
mesh. The remaining soil is then well
mixed and transferred to a stoppered
bottle.

MOISTURE is determined in the usual
way. As the sample is sure to be some-
what rough and uneven, 50 grams should,
if possible, be taken for this determina-
tion.

ORGANIC MATTER.—As large a por-
tion of soil as can conveniently be taken is —
heated gradually to /v redness, and thus
maintained till stirring with a platinum
wire fails to reveal any black particles. r
The residue, when cold, is moistened with
ammonium carbonate, dried, again ignited
for a minute, and weighed ; the loss is
organi¢ matter plus moisture.

GRAVEL.—About 600 grams are sifted
through a wire sieve, the meshes of which
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have a diameter of 3 mm.}! the sieve being fitted
with a flat circular revolving brush above, and with a
drum below to receive the sifted portion. The gravel
remaining in the sieve is examined; if lumps of soil
are visible, these are broken, and the sifting resumed.
The sieve, with its contents, is finally placed in a basin
of water; and after soaking awhile, the still-adhering
soil is washed from the gravel, which is then dried in
the water-bath and weighed. If it be mixed with roots
or other organic matter, gentle ignition must precede
the weighing. The matter removed by washing is to
be preserved.

That soil which passes the 3 mm. sieve is fine earth.

The subscquent mechanical analysis of soils divides
the fine earth into a series of fractions consisting of
particles of which the size is approximately known.
The coarser particles can be separated by sieves, but
the finer ones by their relative powers of remaining
suspended in water.

The methods in use depend on two principles. Inone,
the hydraulic method, followed by Hilgard, Schoene, and
Nobel, the soil is washed by successive currents of water
of varying velocity. In the other method, the sedimen-
tation method, followed by Osborne, Knop, Schloesing,
and Hall, the soil is suspended in water and allowed to
stand, the separation being effected either by the times
required for the particles to settle down through a fixed
distance, or by the distance fallen in a given time,

The hydraulic method requires special apparatus.

The coarser the grains of which a sand is composed
the more rapid the current of water required to move

1The scale at the side of p. 227 will enable the,analyst to
substitute the corresponding English measures of length for those
of the metric system given in the text.
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the particles. With a diameter of -5 mm., the velocity
of current required is 66 mm. per second; a velocity of
32 mm. will move particles -3 mm. in diameter; and
velocities of 16, 8, 4, 2, 1, and -5 mm. per second corre-
spond, respectively, with grains of the diameters - 16, -12,
072, -047, -030, -025 mm.

Onc form of the apparatus employed in carrying

Fia, 27,

out this operation is represented in Fig.27. A reservoir
of water kept at a constant level by means of a large
vessel and tube inverted over the reservoir, in the
manner of a bird-fountain, is required. This is not
shown in our illustration. The water enters the special
washing-apparatus at A, passes downwards through a
small glass tube with a stopcock, B, the end of which,
expanded into a small funnel, and covered with fine
cambric, passes first into the cork, C, with which the
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“separator” D is closed ; this scparator is best made of
a paraffin-lamp glass inverted. The upper end of the
separator D is closed with a perforated cork, through
which an equal-limbed siphon, I, passes. That end of
the siphon which is in the separator has a small upward
bend at its extremity. The method of using this
arrangement for separating clay, fine sand, and coarse
sand, is to take 30 grams of fine soil, boil it with 150 c.c.
of water for half an hour; the boiled mixture of soil
and water is then poured into the vessel D, and a
stream of distilled water turned on from the reser-
voir, so that the water flowing from the siphon shall
run by drops and not in a continuous thread into
the beaker F. When the difference of water-level in
the reservoir and the separator is about 57 cm., and
the distance between the inflow and outflow in the
separator is 13 cm., the fine sand and the clay will both
be found completely driven over into the receiver F
after a short time and the use of a comparatively small
volume of water. Then the coarse sand should be rinsed
out of the separator, dried at a 100” C., weighed, gently
ignited, and again weighed. The fine sand and clay
will have to be removed from the beaker F, placed in
the separator, and washed by means of a more gentle
current of water. If the difference of water-level
between the reservoir and the point C be reduced to
35 cm.,, the clay will be washed out, while the fine sand
will remain in the separator, and can be removed to a
dish, dried at 100° C., weighed, ignited, and again
weighed. The clay is found by difference.

In using the process just described, it is a good
plan to make a few preliminary trials as to level rates
of flow, and sizes of tubes and vessels, for *different
classes of soils demand modifications of arrangement.
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We may add that a lamp-glass measuring 7 cm. across
its broadest part, and having an extreme length of
22 cm., forms a good separator, while the siphon should
be so arranged as to admit of being lowered more or
less into the liquid in this vessel, which may be
4 full

The following sedimentation method, due to A. D.
Hall, is one of the best, though it requires about three
weeks for its completion and the evaporation of about
twenty litres of water.

Ten grams of the air-dry finc carth are treated with

100 c.c. of {SY hydrochloric acid, in a beaker or basin,

the acid being renewed if not sufficient to dissolve all
the calcium carbonate present. The soil is rubbed up
for some time with a soft pestle, made of an indiarubber
bung fixed on the end of a glass rod; the rubbing is
continued until all lumps of clay are broken up. This
pestling may be made easier by the aid of a small water-
turbine. The undissolved material is thoroughly washed
until free from acid, collected on a filter, dried, and
weighed, to ascertain the loss of dissolved matter
(carbonates and some humates) and hygroscopic water.
The soil is then transferred to a sedimenting vessel and
rubbed up with water containing ammonia, which
completes the dissolution of the humates. A lipped
beaker, about 10 cm. high and 7 cm. in diameter, with
marks 7-5 cm. and 8.5 cm. from the bottom, is used. Into
this beaker the soil is washed with water, through two
sieves ; the first having round holes 1 mm. in diameter,
and the second being of woven brass wire cloth, 100
meshes to the inch. The soil material arrested by the
sieves is® dried, ignited, and weighed. To the soil and
water in the beaker about 2 c.c. of strong ammonia is
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added, water added to the top mark, and the whole left
undisturbed for twenty-four hours. The turbid liquid is
then decanted from the sediment, which is rubbed up
again- with dilute ammonia water with the rubber
pestle, water added to the mark, and again allowed to
stand for twenty-four hours. This process is repeated
day by day until the supernatant liquid is clear after
twenty-four hours’ standing : that is, until all particles
which will not fall 8.5 cm. in twenty-four hours are re-
moved. Usually, about eight decantations are sufficient ;
but with some soils double this number may be
required.

The turbid liquid poured off is evaporated in
a tared porcelain basin, the residue dried in a
steam-oven, weighed, ignited, and again weighed; it
is “clay.” .

The sediment remaining in the beaker is worked up
again in a similar way, distilled water only being used,
and the beaker filled up to the depth of 7-5 cm. This is
left to stand two hours five minutes, and the water
with its suspended matter then poured off; the
process is repeated until all the material remaining
suspended for one hundred and twenty-five minutes
is removed. The decanted liquid is evaporated, the
residue dried in a steam-oven, weighed, ignited, and

reweighed.
A third series of decantations follows with a water

column 7-5 cm. in height, and the time of settlement of
12-5 minutes. Finally, a series of decantations with a
water column 7-5 cm. and a time of settlement of seventy-
five seconds.

The fine earth is thus divided into seven fractions,
the two coarsest by sieves, and the five finest by settle-
ment from water.
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The approximate size of the particles separated by
following this method is as under :—

Diameter in Millimetres.
Maximum. Mmmum.

First Sieve (Fine Gravel) . . 30 1-0
Second Sieve (Coarse Sand) . 10 -2
First Sediment (Fine Sand) 2 -04
Second Sediment (Silt) . . 04 .ol
Third Sediment (Fine Silt) -0l 004
Fourth Sediment (Finest Silt) . <004 .002
“Clay” . . . . -002 —_——

The height of water column and times of settlement
here used arc purely arbitrary, and may be varied at will
to secure fractions of other and intermediate sizes of
particles, the size being determined by actual measure-
ment under a microscope. Worked as above, it was
found that the fractions contained some smaller particles
than belonged to their sediment, but that the bulk was
within the specified limits.

The groups of particles obtained in the mechanical
analysis of a soil do not possess any definite chemical
individuality ; but in the coarser-grained fractions quartz
predominates, mixed with increasing quantities of
hydrated aluminium silicate and ferric oxide, as the size
of the particles becomes less. LEven the finest sediment
contains some free silica (quartz), very commonly about
10 per cent., sometimes more.

The results of the mechanical analyses of several Rothamsted
soils are given in the Journal of the Chemical Society, 1904, pp.

950-963.
Calculation of Results.

If thewoil is one containing large stones or pebbles,
it is best to put down the amount of these separately,
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it being essentially a variable quantity, and to calculate
the other ingredients on all soil remaining after their
removal. The percentages are @// calculated for the dry
soil ; this is easily done, the moisture present having been-
determined by experiment. As, however, this deter-
mination is made subsequently to the separation of the
stones, the percentage of #Zese must be calculated as
follows :(—

Subtract from the weight of sample the weight of
undried stones; find the amount of dry soil the
remainder is cqual to; add to this the weight of dried
stones, and calculate from this total the percentage of
dry stones.

The organic matter may perhaps present a difficulty.
The loss in the experiment consists of organic matter
plus moisturc ; if, however, we calculate the amount of
dry soil that the quantity taken is equal to, and deduct
from this the weight after ignition, the difference is
organic matter only; this is then calculated on the dry
soil. ~ (Of course, the term “organic matter” here
includes comdbined water.)

Other physical characters of soil may be determined
by experiment. Such are the amounts of moisture
which 50 grams of perfectly dried soil can absorb from
the air, when spread out in a thin layer and shaded from
the sun, on an ordinary summer day; the amount of
water which the same quantity of soil can hold when
made perfectly wet by dropping water upon it contained
in a funnel; the rapidity with which the wet soil dries;
and the power which the soil has of withdrawing such
substances as ammonia, potash, phosphorus pentoxide,
etc, from their solutions. The interstitial air of a soil
may be extracted by means of a Sprengel pump,
measured, and submitted to analysis.
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CIILMICAL ANALYSIS OF SOILS

Soils, as we have just scen, arc really mixtures of
stones, gravel, and sand of various kinds, with more
perfectly disintegrated mould; cach of these physical
constituents will possess, to a greater or less extent, a
different chemical composition ; a complete statement of
the chemical constitution of a soil will therefore include
an account of the composition of each of these ingredi-
ents. An analysis in such detail, however, will seldom
be required; the directions herc given will therefore
apply directly to the analysis of the finer portion of the
soil. The processes described will, neverthcless, in most
cases, be equally applicable to the examination of the
stony matters; occasional hints will be given having
especial reference to this part of the subject.

The sample is prepared by drying, breaking the clods
by the hand, and sifting to remove stones and gravel,
the sieve finally employed being that mentioned above,
having meshes of 3 mm. in diameter.

The prepared sample should be preserved in a
tightly closed bottle.

If an analysis of the stony ingredients is desired, they are to
be freed from the finer parts of the soil by washing, then dried
and pulverized, the last operation being best effected, when the
gravel is of a silicious nature, by first crushing in an iron mortar,
and aftcrwards completing the pulverization in onc of agate. It
is particularly necessary that a very fine powder should be
obtained. If thc stones are evidently flint or other simple
mineral of known composition, their analysis may certainly be
dispensed with, while, should they be cvidently calcareous, the
directions for the analysis of limestone may be made use of. It
is always well to ascertain qualitatively of what the stones, gravel,
and sand mainly consist, even when quantitative results are not
required.

The results are best arranged so as to exhibit the
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composition of the perfectly dry soil. The prepared
sample will gencrally contain a little moisture; the
amount of this is to be determined by drying a small
weighed quantity at 100°; it is then easy to calculate
all the results as if obtained on a perfectly dry sample.

PARTIAL CHEMICAL ANALYSIS

For most agricultural purposes a partial chemical
analysis will suffice. The constituents determined
quantitatively are organic matter, matters soluble
in water, nitrogen, potash, lime, and phosphorus
pentoxide; and available phosphorus pentoxide and
potash by the citric-acid method. Qualitative testings
are likewise made for sulphur trioxide, chlorine,
nitrogen pentoxide, and iron in the ferrous condition.

ORGANIC MATTER AND COMBINED WATER.—Four
grams of the prepared fine earth are heated gradually
to low redness, and thus maintained till all blackening
has disappeared ; the residue, when cold, is moistened
with ammonium carbonate, again dried and heated for -
a minute or two, in order to drive off excess of
ammoniacal salt, and then weighed. The loss is
organic matter and combined water.

SOLUBLE SALTS.—Ten grams are boiled with 200
cc. of water in a flask and kept at a boiling tempera-
ture, with occasional shaking, for a quarter of an hour.
The mixture may then be allowed to subside, and the
supernatant liquid decanted off; this process of boiling
is repeated with the residue and another portion of
water. The second portion of liquid is decanted off
when nearly clear; and then both it and the first
portion are filtered through a carefully washed filter.
The filtrate will probably still be turbid; if so! it should
be boiled and then again filtered. Finally, the clear
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filtrate thus obtained is evaporated to dryness in a
weighed dish or beaker, on the water-bath, dried at
100° C,, and weighed. If the dry residue amounts to
more than -2 gram (2 per cent.), it indicates an excessive
and probably injurious amount of saline matters in the
soil. The residue should be tested qualitatively for
phosphates, nitrates, sulphates, and chlorides.
NITROGEN.—The nitrogen present in soils is
commonly proportionate to the amount of organic
matter they contain. The total nitrogen should be
determined by Kjeldahl's method (p. 164), using 10 to
20 grams of soil. Determinations of nitrogen existing
as ammonia and as nitrates may be made separately if
desired. For this purpose a watery extract of the soil
must be specially prepared as follows:—A funnel 4}
inches wide is made by cutting off the top of a Winchester
quart bottle. This is inverted, and a disk of copper-
gauze laid over the opening, and on this two disks of
filter-paper, the upper one slightly wider than the lower.
The filter is moistened, and then the soil (previously
dried at about 55° as quickly as possible) is carefully
spread upon it, from 200 to 300 grams being taken
according to the supposed richness of the sample in
nitrates and nitrites. The neck of the Winchester has
been previously fitted with an indiarubber stopper and
glass tube. The latter is put into communication with
a strong flask in which has been inserted an india-
rubber stopper having two openings. Into the second
opening of the latter is fitted a bent glass tube com-
municating with an exhausting syringe or a pump.
Water is poured on the soil, and the air in the flask is
partially exhausted. When 100 cc. of water have
passed into the flask, it may be concluded that all
nitrates and nitrites have been extracted from the soil.
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Their amount may be determined in an aliquot part of
this liquid by means of Schloesing’s method, given on
p. 213. If there be any ammonia-salts present they
must first be removed by distillation with sodium
hydroxide.

The ready-formed ammonia in a soil may be
determined by distilling a suitable quantity of the dried
soil with pure magnesia and water (see p. 207).

PIIOSPHORUS PENTOXIDE.—About 10 grams of
the soil are employed for the determination of the
phosphorus pentoxide and the potash; also for sand
and insoluble silicates and for lime. The weighed
quantity is to be gently ignited for a few minutes,
the heat being scarcely raised to visible redness,
as the object is merely to carbonize the organic
compounds, and as an intense heat is prejudicial. The
soil, when cold, is removed to a beaker and digested
with moderatcely strong hydrochloric acid (the concen-
trated acid diluted with its own bulk of water). The
digestion should be carried on in a covered vessel, at a
temperature a little below boiling, for an hour, or, in
the case of a ferruginous soil, until the undissolved
residue ceases to appear of a red colour. The whole is
then evaporated to dryness, and the residue heated for
some time on the sand-bath at a temperature rather
above 100° C., to render the whole of the silica insoluble,
With some soils it is necessary to again moisten with
strong hydrochloric acid, and again evaporate and heat.
The mass, after cooling, is to be moistened with concen-
trated hydrochloric acid and allowed to stand fifteen
minutes or longer; a little water is then added and the
whole heated to the boiling-point. If the residue be
grey, or white, or black, through the presence of much
carbon, the liquid may be filtered and the residue well
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washed on the paper with hot water. If the residue be
red, it must be again boiled with hydrochloric acid.
The residue on the filter, when dried and ignited,
consists of SILICA AND SILICATES, and may be weighed
with the usual precautions. The filtrate and washings
of this residue are treated as follows :—

The liquid is boiled with a few drops of strong nitric
acid, precipitated by a slight excess of ammonia, the
precipitate washed by decantation with hot water and
then collected on a large filter-paper. In the filtrate
the lime, magnesia, and potash are contained; in the
precipitate the phosphorus pentoxide. To estimate
the latter, the precipitate is redissolved in a small
quantity of nitric acid, and the molybdate process
adopted for the treatment of the solution thus
obtained.  Should the soil contain but little ferric
oxide and alumina, it is preferable to use the
solution of 10 grams freed as above described from
silica, but without precipitating the liquid with
ammonia.

Molybdate Method.

The success of this process is not interfered with by
the presence of much ferric oxide or alumina; it is
peculiarly applicable in cases where the amount of
phosphorus pentoxide present is small.

To the solution about 30 c.c. of an acidified solution
of ammonium molybdate are added; the mixture is
heated on a steamer or water-bath to 70° C. for fifteen
minutes; cooled, washed, first by decantation, and
then on the filter, with 1 per cent. nitric acid solution.
The filtrate is then treated with a further quantity
of ammohium molybdate, and submitted to a second
digestion on the water-bath. Should more of the
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yellow precipitate be formed, it is collected on the
same filter as that first obtained; digestion with
ammonium molybdate is repeated until no further
formation of a yellow precipitate occurs. The forma-
tion of a permanent white precipitate of molybdic
acid is a proof that the solution is ‘saturated with
that body, and that, consequently, any further addition
of the reagent is unnecessary, digestion in the water-
bath being all that is required. The white as well
as the yellow precipitates are collected on the same
filter.

The precipitate, after washing with 1 per cent.
nitric acid, is treated on the filter with just enough
cold 2z per cent. solution of ammonia to dissolve it
completely ; the clear solution, which contains the
whole of the phosphorus pentoxide, is cooled, a few
drops of citric acid are added, and finally some
magnesia mixture. After twelve hours the precipitate
of ammonium-magnesium phosphate is collected and
treated exactly as before described, p. 156. In all
determinations of P,O; by means of this salt, a small loss
occurs, owing to its solubility in water and saline solu-
tions. An approximative allowance for the error thus
introduced may be made by adding to the weight of
the magnesium pyrophosphate obtained -001 gram for
every 200 c.c. of washings collected. The phosphorus
pentoxide is calculated from the weight of Mg,P,0,
obtained ; it is usually regarded as existing in the soil
as tricalcic phosphate, although, in fact, it is much more
probable that it occurs wholly, or almost wholly, in the
state of aluminium and ferric phosphates.

For very small quantities of phosphoric acid the
following modification of the molybdic-acid method may
be adopted with advantage. Concentrate to a small bulk
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the nitric acid solution (see page 239) which contains the
phosphoric acid. When cold, add excess of the acid
ammonium molybdate solution and allow the mixture to
stand zn the cold for forty-eight hours. Decant the
liquid through a smal/ filter ; wash the yellow precipitate
with small quantities of dilute nitric acid by decantation,
and then transfer it to the filter. Wash the precipitate
on the filter with small quantities of cold water till the
filtrate is free from acid. Dissolve the precipitate on the
filter with ammonia, collecting the filtrate and washings
in a tared platinum capsule. LEvaporate the contents of
the capsule just to dryness, and dry till constant in the
water-oven. One part of the residue will contain 035
part of P,O; Or the volumetric molybdate method,
p. 184, may be used.

Lime.—The filtrate from the ammonia precipitate
(see page 239, line 10) is boiled and treated with pure
ammonium oxalate as long as a precipitate is produced ;
the whole is filtered ; the lime is determined by collect-
ing this precipitate of calcium oxalate, washing, drying,
igniting, and weighing as carbonate, or as oxnde with
the usual precautions.

Porasi.—The filtrate from the calcium oxalate is
evaporated to dryness, and the residue gently ignited to
expel ammonium salts. The mass is then treated with
pure oxalic acid (in such quantity as to convert all the
bases present, viewed as potash, into the salt known as
“ quadroxalate "), some water added, and the whole once
more evaporated to dryness and ignited. The residue
is dissolved in a small quantity of hot water, and
filtered ; the filtrate, if clear, is treated with hydrochloric
acid in slight excess, evaporated to dryness, and gently
ignited. *In a complete analysis of soil this residue is to
be weighed ; the weight is that of the mixed potassium

Q
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and sodium chlorides. In the present case the mixed
chlorides are dissolved in the smallest possible quantity
of water, some platinum tetrachloride added and a drop
of hydrochloric acid, and the whole evaporated nearly to
dryness on the water-bath. If the solution loses its
orange tint during evaporation, more of the platinum
salt must be added. The moist residue is treated with
80 per cent. alcohol, transferred to a very small filter,
and washed with alcohol till the washings are colourless.
The precipitate is dissolved in hot water, the solution
and washings collected in a weighed platinum dish,
evaporated to dryness, dried in the water-oven, and
weighed. For its composition see p. 159. The potas-
sium in a soil should be calculated into K,O.

A few qualitative testings form a valuable addition
to the partial quantitative analysis of a soil just
described.

A small quantity of the soil is heated with a little watcr and
stirred ; a piece of blue litmus paper is then left on the top of the
pasty mixture to sec if the reaction of the soil 1s acid ; carbonic
acid may redden the paper, but in that case the blue tint will re-
appear on warming the paper. A small quantity of the soil should
be gently warmed with dilute nitric acid, filtered, and nitric acid
and silver nitrate added to one-half the filtrate ; the other half being
tested for sulphates by the addition of a few drops of barium
chloride.

It is of great importance to ascertain the condition in which the
iron of a soil exists. This is accomplished to some extent in the
following manner :—About 2 grams of -the soil, which must not
have been dried artificially, are shaken with moderately strong
hydrochloric acid in a small flask for some minutes ; water is
added, and the mixture allowed to rest. The supernatant liquid is
to be poured through a filter, and the clear filtrate divided into
three portions. To onc part add a few drops of potassium per-
manganate solution ; an instantancous disappearance of the violet
colour indicates iron in the state of a ferrous salt, the protoxide.
To another part of the solution add sodium acectate and potassium
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ferricyanide ; adark bluc precipitate indicates a ferrous, a grcen
colour a ferric salt. Tothe third part of the solution add sodium
acctate and potassium ferrocyanide ; a bluc precipitate indicates a
ferric salt.

AVAILABLE PHOSPHORIC ACID AND POTASH

For the “fractional analysis ” of a soil, solvents which have been
used are: a saturated solution of carbon dioxidc in water, dilute acetic
acid, ammonium oxalate solution, dilute hydrochloric acid, and
others. A dilute 1 per cent. solution of citric acid is found to give
the best results for estimating the readily available potash and
phosphoric acid in soils ; the method is due to Dr Bernard Dyer.

A weight of air-dried finc carth corresponding to 200 grams of
the completely dried soil is placed in a Winchester quart bottle
with two litres of distilled water in which are dissolved 20 grams of
pure citricacid. The bottle used should be one in which strong
acid has been previously stored, so as to minimise the possibility of
dissolving potash from the glass, and should be filled with water and
allowed to rest for some days, and then thoroughly rinsed before use.

The mixture of soil and dilute citric acid is kept in the bottle
for seven days, with frequent shaking as often as possible after the
soil has scttled down. After the scven days’ treatment the solution
is filtered, and two portions of 500 c.c. each, representing 50 grams
of soil, evaporated to dryness in a platinum basin, gently
incinerated at a low temperature to get rid of the citric acid and
other organic matters.

The residues are treated with hydrochloric acid, evaporated,
heated to 105°C. to render silica insoluble, again dissolved in a
little acid, and filtered. The portion in which potash is determined
is taken up with dilute hydrochloric acid, that in which phosphoric
acid is determined is taken up with dilute nitric acid.

For the determination of the PHOSPHORIC ACID, the nitric acid
solution, which must be of small bulk, say 30 c.c., is treated in the
cold with an equal volume of a solution of ammonium molybdate in
nitric acid, containing 6o grams of molybdic acid to the litre,
"After standing forty-eight hours, the liquid is filtered, the precipi-
tate washed, first with ammonium nitrate solution, then with dilute
nitric acid, and finally with distilled water in small doses, till free
from excess of acid. The yellow precipitate, ammonium phospho-
molybdate, is then dissolved in ammonia into a tared basin,
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evaporated to dryness on a water-bath, and dried until the weight
is constant in a water-oven. It contains 3-5 per cent. of its weight
of phosphorus pentoxide.

This method of determining very small quantities of phosphoric
acid gives more accurate results than by conversion into ammonium
magnesium phosphate, if the conditions are closely observed ; the
solution must not be hot, or molybdic acid may crystallize out ;
gentle warming up to 35° C. hastens the precipitation, but must be
done with care.

For the estimation of the POTASH, to the hydrochloric acid solu-
tion is added 5 to 10 c.c. of a solution of platinum chloride contain-
ing 5 milligrams of platinum per c.c. and the whole slowly
evaporated on a water-bath until »early dry. The precipitate is
washed on to a filter-paper with a solution of platinum chloride,
and afterwards with alcohol. The precipitate is dissolved off the
filter-paper with a little hot water into a tared basin, evaporated,
dried, and weighed as K,PtCl;. °

This process can be used for determining small quantities of
potashin the presence of a large excess of iron, aluminium, calcium
and magnesium salts.

When a soil contains very much calcium or magnesium car-
bonate, this treatment with 1 per cent. citric acid gives rather un-
certain results ; but in the majority of cases it may be regarded as
giving valuable information as to the amount of potassium and
phosphorus in the soil which is immediately available as plant
food.

COMPLETE CHEMICAL ANALYSIS

The complete chemical investigation of a soil is
seldom necessary, and involves, when properly con-
ducted, a very large amount of tedious and difficult
work. It would unduly extend the size of the present
volume were we to attempt to give full directions for
the quantitative analysis of soils. We shall therefore
only describe such determinations of their usual con-
stituents as are most casily and advantageously made.

The constituents determined in the more ‘complete
analysis of a soil are: organic matter, nitrogen, soluble
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silica, insoluble silica, ferric oxide, alumina, lime,
magnesia, potash, soda, sulphur trioxide, phosphorus
pentoxide, carbon dioxide, chlorine, and also, in some
cases, manganese oxide.

ORGANIC MATTER may be determined as in a partial
analysis ; or that part of it which is of the greater
agricultural significance may be dissolved out of 10
grams of the soil (previously deprived of CaCO, by
means of dilute HCl) by the action of a solution of
ammonia containing 5 per cent. NH, The liquid is
filtered through glass wool after four hours’ contact, with
occasional agitation. The filtrate and washings are
united, evaporated to dryness in a platinum dish, and
weighed. The dishis then heated strongly, and the ash
of the organic matter deducted from the first weighing ;
the difference represents the soluble /Zusuus of the soil
with some approachtoaccuracy. The ash of the organic
matter always contains some phosphorus pentoxide;
this may be estimated in the nitric acid extract of the
ash by means of ammonium molybdate.

NITROGEN, in its several states of combination, is
determined exactly as in the partial analysis.

INSOLUBLE SILICA AND  SILICATES.—About 13
grams of the soil are very gently ignited, and subse-
quently digested in hydrochloric acid, precisely as
directed in the partial analysis under the head of
Phosphorus Pentoxide, p. 238. The acid solution is
filtered, the insoluble matter collected, thoroughly
washed, dried, ignited, and weighed; it is reserved
for further examination.

SOLUBLE SILICA.—The filtrate is evaporated to
dryness, the residue heated for some time, and then
redissolvd (see p. 238); the insoluble matter, which
should be perfectly white, is collected, washed, ignited,
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and weighed; it generally represents a considerable
part of the soluble silica of the soil.

The filtrate and washings from the above are well
mixed and divided by weight or measure into two
portions, one containing about twice as much as the
other; the larger portion is reserved for the determina-
tion of phosphorus pentoxide and alkalies, as already
described (p. 238). The smaller is employed for the
determination of ferric oxide, alumina, manganese
dioxide, lime, and magnesia.

SMALLER PORTION
Aethod employed in the absence of Manganese.

Frrric OxipE.—The solution is boiled with a little
nitric acid; when cold it is diluted, some ammonium
chloride added, and a slight excess of ammonia; the
precipitate is washed by decantation, the washings
being filtered; it should then be redissolved and
precipitated again, exactly as before, to free it entirely
from adhering lime. The mixed ferric oxide and
alumina is next dissolved in a small quantity of hydro-
chloric acid, brought to boiling, and precipitated by an
excess of pure sodium hydroxide. The solution is
filtered, and the precipitate of Fe,O, washed by decan-
tation, redissolved in hydrochloric acid, reprecipitated by
excess of ammonia, and finally collected, washed, dried,
ignited, and weighed.

ALUMINA.—The filtrate and washings from the
precipitate by sodium hydroxide are treated with hydro-
chloric acid in slight excess, a crystal of potassium
chlorate added, and the whole boiled; an excess of
ammonia is next added, and the boiling continued for
some time, until all but a trace of the ammonia



ANALYSIS OF SOILS 247

has been volatilized : the precipitate is then allowed to
subside, thoroughly washed by decantation, and finally
collected, dried, ignited, and weighed.

The caustic soda or sodium hydroxide used should be that
made from sodium, and must be free from silica and alumina.
The precipitate weighed as alumina will contain all the phosphorus
pentoxide present in the “portion” operated on; its amount is
to be calculated, when the phosphorus pentoxide determination is
finished, and subtracted from the gross weight of the alumina
precipitate ; the difference will be the alumina itself.

N.B.—The ferric oxide and alumina may also be very accur-
ately determined by means of the volumetric iron method before
described. For this purpose the ferric oxide and alumina pre-
cipitated by ammonia are collected, gently ignited, and weighed ;
they are then digested in rather strong sulphuricacid till dissolved,
and a determination of iron in the solution is made according to
the directions previously given at p. 189. The alumina will then
be found by difference. The phosphorus pentoxide is present in
the precipitate with the ferric oxide and alumina.

LiME and MAGNESIA are estimated in the con-
centrated filtrate and washings from the original
precipitate produced by ammonia. The lime is pre-
cipitated by ammonium oxalate ; and in the filtrate and
washings from the calcium oxalate the magnesia is deter-
mined in the usual way, and with the usual precautions.

Method cmployed in the presence of Manganese.

The presence or absence of manganese is easily
ascertained in the hydrochloric solution of a soil
(prepared from a portion which has been gently ignited)
by adding ammonium chloride and ammonia, filtering
rapidly, and mixing some bromine water with the
filtrate. The mixture is kept for some time in a warm
place; if a brown precipitate or coloration appear,
mangané&se is present.

FERRIC OXIDE and ALUMINA.—The solution is
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peroxidized by boiling with a little nitric acid;
ammonium carbonate is then slowly added with
constant stirring, till the liquid is neutralized as far as
possible without producing a permanent precipitate;
the whole is then diluted to 300 or 350 c.c., an excess of
ammonium acetate added, and the solution well boiled.
The precipitate, which contains all the ferric oxide and
alumina, is first washed by decantation, and is best
brought to the boiling-point after the addition of each
washing water, to which a little ammonium acetate has
been added; it is finally collected, washed with hot
water, dried, ignited, and weighed. The weighed
precipitate is digested in concentrated hydrochloric acid
till dissolved, reprecipitated with ammonia, filtered,
washed, and redissolved in dilute sulphuric acid ; in this
solution the ferric oxide is determined by the volumetric
method : the difference is alumina.

MANGANESE OXIDE.—The filtrate and washings
from the above are concentrated to about 180 cc., a
considerable amount of bromine-water added, and the
whole digested for some hours, at a temperature of
about 55°C. When the precipitate has subsided, add
some more bromine-water, and observe if any further
darkening takes place; if this is not the case, the pre-
cipitated manganese dioxide may be at once collected.
It should be thoroughly washed, first by decantation,
warm water being employed. When ignited it is
converted into Mn,O,; for this purpose a high tempera-
ture is required. In many soils the manganese exists
in the form of MnO,.

Manganese in soils, in the ashes of plants, in manures,
in waters, etc, when in very small quantities, can be
detected and estimated after conversion into permhanganic
acid in a nitric acid solution by ammonium persulphate
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in the presence of silver nitrate. The material, which
should not contain more than about -001 gram of
manganese, is burnt at a dull red heat if organic
matter be present; the residue heated on a water-
bath with strong hydrochloric acid, a little sulphuric
acid added and evaporated to dryness, and the residue
gently heated. The residue is treated with nitric acid
[1: 4], filtered if necessary, and the residue washed with
nitric acid. To the solution add 5 drops of 10 per cent.
silver nitrate solution and then powdered ammonium
persulphate (about -5 gram), and the mixture warmed
on a water-bath to near the boiling-point. The colour
of the permanganic acid should quickly develop, and
after some minutes reach a maximum. The solution
may be heated to boiling. The solution should be
diluted to 50 c.c. or 100 c.c, and the colour compared
with that of a standard solution made either from
potassium permanganate, or by oxidizing a standard
solution of double sulphate of manganese and
ammonium with nitric acid, silver nitrate, and
‘ammonium persulphate.

The process is only applicable to very small quantities
of manganese.

Mnx 1-388 = Mn,0,.

LIME and MAGNESIA are determined in the usual
manner in the filtrate from the manganese precipitate.

LLARGER PORTION

PHOSPHORUS PENTOXIDE and ALKALIE<® @€ d.ete}‘-
mined, exactly as directed in the Partia'’ Analysis, in
the largef portion of the filtrate and was*"1"8S (from the
silica determination) reserved for that¢ PUrPOsc. When
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in the ecstimation of the alkalies there described the
amount of potassium chloride present has been ascer-
tained, it is only necessary to subtract this amount
from the total weight of the mixed alkaline chlorides to
find the amount of sodium chloride: this salt may then
be calculated into soda.

SuLriiur TRIOXIDE.—Ten grams of the dried but
unburnt soil are digested in dilute hydrochloric acid,
and the whole of the silica rendered insoluble by
evaporation to dryness ; the residue is redissolved in a
small quantity of hydrochloric acid, the solution diluted,
boiled, and filtered. The clear filtrate is brought to the
boiling-point, and precipitated by barium chloride,
The barium sulphate, when ignited, is to be moistened
with a drop of strong nitric acid, dried, again ignited,
and weighed.

CHLORINE.—Thirteen grams of the soil are gently
ignited as before directed, and digested with distilled
water slightly acidulated with nitric acid, the whole
filtered, and the soil washed a few times on the filter.
The clear solution is treated with silver nitrate, and the
whole allowed to stand twelve hours in a warm place.
The silver chloride is collected on a very small filter,
and washed with water containing a few drops of nitric
acid; the last few washings, however, should be with
plain water. Its weight is determined after ignition
in a small porcelain or silica crucible: the latter opera-
tion is conducted according to the directions given at
p. 181

CarBoN, DIOXIDE is determined by the loss of
weight which\ occurs on its expulsion; the dried,
unburnt soil is \operated on; the quantity taken must
depend on the arﬁ\qunt of carbonates present. The soil
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is introduced into a small wide flask, and moistened
with a little water. A short test-tube, ¢, is two-thirds
filled with hydrochloric acid, and carefully introduced so
that its top rests against the shoulder of the flask, and
that no acid escapes. A
perforated cork with two
tubesis then attached. One
of these tubes reaches to the
bottom of the flask, passes
through the cork, and ex-
tends 4 or 5 cm. above it;
it is closed by a small cork, &.
The other tube, which does
not extend much below the
cork of the flask, is bent
thrice at right angles, and is
finally fitted into a wider ]
tube, @, 6 or 8 cm. long, .\ __ @
and drawn to a point at its . 28.

further end, . This tube has a plug of cotton at cither
extremity, the intermediate space being filled with small
fragments of neutral calcium chloride which has been
well dried over a Bunsen burner (I'ig. 28). The appa-
ratus is now weighed. After weighing, the apparatus is
slowly inclined, so that a little acid flows out of the
tube; it iis afterwards mixed with the soil by gentle
agitation : this is repeated from time to time till the
soil ceases to effervesce. The flask is then warmed,
but not boiled; when nearly cold, the small cork is
removed, and air slowly drawn through the apparatus,
by suction applied to a piece of indiarubber tubing
attached to the open end of the calcium chloride tube:
this is continued until the air no longer tastes of carbon
dioxide; the little cork is then replaced, and the




252 QUANTITATIVE ANALYSIS

apparatus, when quite cold, weighed : the loss in weight
is carbon dioxide.
CO, x 2-2727=CaCO,,

Some practice is needed to get fairly exact results with
this carbon-dioxide apparatus. Other contrivances, in
blown glass, as Fig. 29, may be substituted ; the forms
devised by Schrétter and by Rohrbeck leave nothing
to be desired.

For the estimation of small quantities of carbonates,
sec A. D. Hall, 7rans. Chemical Soczety, 1902, p. 81.

ANALYSIS OF INSOLUBLE SILICATES

N.B.—The analysis of the stones and gravelly portion of the
soil will fall chiefly under this head, unless, indecd, they are of a
calcarcous nature, in which case they will be easily decomposed
by acid, and are analysed as a limestone.

The matter insoluble in hydrochloric acid is
examined carefully; if it appear to be pure quartz-
sand, further analysis is superfluous. To make the
matter quite certain, a small portion is wvery finely
powdered in an agate mortar, and treated in a platinum
vessel with hydrofluoric acid; a gentle heat is applied
till the whole of the fluid has evaporated. If a residue
remains, it is once more treated with hydrofluoric acid;
should this fail to volatilize it, the substance is not pure
silica, but must be submitted to further analysis. 'If the
insoluble silicates are apparently argillaceous, they may
be analysed by the following simple process; if other-
wise, the hydrofluoric-acid method, or fusion with
baryta, must be resorted to.

Sulphuric-acid Method.

The substance is reduced to an impalpablt powder
in an agate mortar. About 2 grams are treated with
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an excess of sulphuric acid (oil of vitriol plus its own
bulk of water) in a platinum or porcelain capsule; heat
is then applied, and continued till the acid has been
almost entirely volatilized.

SiLicA.—When cold, dilute with water; collect and
thoroughly wash the insoluble matter; dry, ignite,
and weigh. The sand and silica
are left; and the mixed silica
may then be partly dissolved
by digestion with a strong solution r‘
of sodium carbonate. The sand
when obtained should be tested
for purity with hydrofluoric acid.

ALUMINA, FERRIC OXIDE,
LLIME, MAGNESIA, POTASH, and
SopA are determined in the filtrate
from the silica by the processes
previously described; the mag-
nesia is to be precipitated by
ammonium phosphate. The excess
of phosphoric acid may be removed
by adding to the filtrate from the
magnesia precipitate a little ferric
chloride, boiling and filtering. The
alkalics are obtained as sulphates on ignition.

o, 29,

Hydrofluoric-acid Methiod.

1-3 gram of the finely powdered silicate is placed in
a platinum vessel and gradually mixed with rather
concentrated hydrofluoric acid till a thin paste is
obtained. The whole is digested at a gentle heat for
some time; oil of vitriol diluted with its own bulk ot
water is then added, drop by drop, in quantity sufficient
to be in excess of the bases present. The vessel is then
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carefully heated till the whole of the acid has volatilized
and a dry residue remains; this is trcated with
concentrated hydrochloric acid, and allowed to remain
at rest one hour; water is then added, and the whole
warmed. If the operation has been successful, a clear
solution, devoid of solid particles, will result; should a
residue remain, it must be scparated by decantation,
and treated again with hydrofluoric acid, exactly as
before. Silica is by this method determined as loss,
being volatilized as silicon tetrafluoride. Before using
the hydrofluoric acid for this process its purity should
be tested by evaporating in a platinum vessel the
quantity required for an analysis, weighing the residue
and, if necessary, submitting it to quantitative
analysis.

ALUMING, FERRIC OXIDE, LIME, MAGNESIA,
Porasty, and Sona are determined as in the preceding
method.

If the alkalies only should be required, the solution is pre-
cipitated with a little barium chloride, the filtrate evaporated, the
residuc ignited, treated with pure oxalic acid, again ignited, and
the alkalies estimated as chlorides, exactly according to the
dircctions already given.

Fuston with Baryta.

Either barium hydrate, frec from water of crystal-
lization, or barium chloride may be used for this
purpose. The purity of the barium salt should always
be ascertained by experiment. Three grams, or more,
are dissolved in water, the barium precipitated by
sulphuric acid, the perfectly clear solution evaporated to
dryness in a platinum vessel, and gently ignited: no
residue should be left; if any appcars, the dih may be
weighed, and the amount of impurity thus found.
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1-3 gram of the finely powdered substance is
intimately mixed with four times its weight of the
barium salt, introduced into a platinum crucible, which
should not be more than one-third full, a little pure
barium carbonate being spread over the surface of the
mass. The crucible is covered, and its contents brought
to a state of fusion, and thus maintained for a quarter of
an hour: the barium chloride will require a higher
temperature for fusion than the hydrate; the heat of a
good gas-furnace will, however, suffice.

The fused mass when cold is dissolved in dilute
hydrochloric acid; solution is most conveniently
effected by placing thc platinum vessel in a
beaker.

SILICA. — When the fused mass is completely
disintegrated, the crucible is removed and washed, the
whole fluid evaporated to dryness, and the residuc
heated to render all silica insoluble. The mass is finally
redissolved, and the silica collected and weighed. It
should be tested for purity with hydrofluoric acid; if
found to contain other matters, the fusion has been
imperfect.

ALUMINYA, FerrIC Oxipr, LiME, MAGNESL,
PortasH, and Sopa.—The whole of the baryta is thrown
down by sulphuric acid, and the bascs estimated as
before directed.

ESTIMATION OF ALKALIES.—Another good method for separ-
ating the alkalies from insoluble silicates is to heat the powdcred
mineral with its own weight of pure ammonium chloride and eight
times its weight of pure calcium carbonate, at first gently and
then at a bright red heat for about three-quarters of an hour;
when cold, the residue is digested in water, filtered, and the
lime in the filtrate separated by ammonia and ammonivm car-

bonate. Un filtering, evaporating, and igniting, the residue
consists only of alkaline chlorides.
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LIMESTONE, MARL, AND SHELL-SAND

The chief constituent of limestone is calcium car-
bonate (carbonate of lime); in magnesian limestone or
dolomite a considerable quantity of magnesium car-
bonate is also present. The other constituents are
silica, ferric oxide, iron pyrites, alumina, with, in most
cases, traces of alkalies, manganese dioxide, sulphur
trioxide, phosphorus pentoxide, and organic or bitu-
minous matter.

The sample is preparcd by being finely powdered.

MorsTURE and ORGANIC MATTER are estimated
by heating to low redness. If the heat, in consequence
of the presence of organic matter, is necessarily pro-
longed, moistening with ammonium carbonate must be
resorted to. The crucible should be well covered, as
decrepitation is apt to occur.

SiLIcA.—About 1 gram is dissolved in dilute hydro-
chloric acid in a covered beaker, and the silica estimated
by the usual process of cvaporation to dryness. See
Partial Analysis of Soils (p. 238). If iron pyrites be
present it will remain with the silica unless nitro-hydro-
chloric acid be used as the solvent.

In analysing tolerably pute limestones the best plan is to dis-
solve two or thrce times the amount here directed, and, after
separating the silica and ferric oxide, to divide the solution, and
determine the lime in a part only.

Ferric OXIDE and ALUMINA are precipitated by
ammonia in the filtrate from the silica; the precipitate
is to be collected and washed, and must then be re-
dissolved in acid, and again precipitated by ammonia, to
free it from adhering lime. It must be remembered
that the precipitated ferric oxide and alumina will
gencrally retain all the P,0; of the substarce. This
ingredient may be determined by the methods described
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below, while the ferric oxide and alumina may be
scparately estimated, as in the analysis of soils.

LMk is precipitated in the united filtrates and
washings from the above, by an excess of ammonium
oxalate. If the limestone be magnesian, decant the
clear liquid from the calcium oxalate on to a filter, wash
once by decantation, then redissolve the oxalate in
hydrochloric acid, dilute with water, add ammonia in
excess, and some ammonium oxalate, and collect and
weigh in the usual manner.

MAGNESIA is determined by means of sodium phos-
phate and free ammonia in the filtrate from the lime.

If it is desired to determine the amount of alkalies,
manganese dioxide, sulphur trioxide, and phosphorus
pentoxide present, it may be done as follows :—

Seven grams, or more, of the limestone are dissolved
in dilute hydrochloric acid, and the silica scparated by
evaporation. The residue is moistened with hydrochloric
acid, and, after standing some time, dissolved in hot
water, and the solution boiled and filtercd. The residue
on the filter will contain not only silica, but iron pyrites
and organic or bituminous matter. By treatment with
nitric acid the pyrites may be dissolved, and then
estimated from the amount of SO, which it yields.

SULPHUR TRIOXIDE is precipitated from a boiling
solution by a slight excess of barium chloride.

P110sr110RUS PENTOXIDE.—The excess of free acid
is removed as far as possible by the evaporation of the
filtrate ; it is afterwards diluted and treated in the cold
with an excess of barium carbonate (used mixed with
water to a thin cream), the whole being stirred at
intervals during the coursc of an hour; the precipitate,
which cohtains the whole of the phosphorus pentoxide,
is collected and washed with cold water. It may be

R
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used for the estimation of phosphorus pentoxide, but
this is best determined by the molybdic-acid method:
six to ten grams of the limestone are dissolved in acid, the
silica separated by evaporation, and the filtered solution
treated as directed at p. 230.

MANGANESE D1oX1DE.—The filtrate from the barium
carbonate is acidified with acetic acid, some ammonium
acetate added, and a considcrable amount of chlorine-or
bromine water; the further process is conducted as at
p. 248. The washing of the precipitate must be con-
tinued till no #race of barium is found in the washings.
The wash-water may be slightly acidified with acetic
acid to facilitate the removal of the barium,

ALKALIES. — The filtrate from the manganese
dioxide is boiled, precipitated by ammonium oxalate,
and filtered ; the filtrate is evaporated to dryness, and
the residue gently ignited to cxpel ammonium salts;
pure oxalic acid is then added and a little water, and
the whole again evaporated and ignited. The residue
is dissolved in a little hot water, and the solution filtered.
A little hydrochloric acid is then added and the whole
evaporated to dryness, ignited, and weighed. The
alkalies arc now in the state of mixed chlorides; for
their separation see p. 24I.

CARBON DIOXIDE.—In an accurate analysis of lime-
stone, a determination of carbon dioxide should be
made; for, the silica being in part, though to an un-
known extent, combined with lime, the percentage of
CO, does not admit of exact calculation from the
ascertained percentage of lime.

BURNT LIME AND SLAKED LIME,

To determine the amount of free lime in quicklime
or of calcium hydrate in slaked lime, weigh out -5 gram
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of the finely powdered sample, place in a porcelain dish,
and add an excess of water. Add a few drops of
phenolphthalein solution, and heat to boiling.  Then
add standard sulphuric acid from a burette until the
colour is just discharged. This will give, by calculation,
the amount of lime or of calcium hydrate present; but
not the calcium carbonate.

I cc standard acid = 028 CaO = -037 CaH,0,,

To determine the total base, including carbonate
present, add to the lime-water in the porcelain basin
a few drops of methyl-orange solution, then an ercess of

. . ., NV . .
standard acid, and titratc back with 0 alkali solution

until neutral, so as to estimate the excess of acid.

§ iv. The Analysis of Waters.

The impurities present in ordinary well- and spring-
waters are principally derived from the soils (also turf
and roots) through which the water passes, and from
the infiltration of or contact with sewage and other
refusc matter. A very small amount of impurity is
derived from the gascous and solid matters present in
the air; but the carbon dioxide from that source greatly
increases the decomposing and solvent action of the
water on the rocks and soils through which it passes.

Great care must be taken in order to obtain a fair
sample of the water to be analysed. Stoppered Win-
chester quarts which have been thoroughly cleansed
may be used for collecting the water: the vessels should
be first rinsed out two or three times with some of the
same water. The quantity of water required will vary
greatly accordmg to the object in view: a Winchester
quart will suffice for the partial analysis which is
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generally requisitec. When the dissolved gases of the
water arc to be determined, suitable arrangements
should be made at the spring, where also the evapora-
tion of large quantities of any water for the purpose of
obtaining the salts should be conducted, if rare sub-
stances present in minute quantitics are to be identified
and estimated. The description of the processes of gas-
analysis, and of the search for rare substances, does not
fall within the scope of the present work.

The foreign or intruding substances usually occurring
in waters may be classed as (1) Mechanical Impurities ;
(2) Soluble Impurities.

MECHANICAL IMPURITIES, or suspended matters,
if any, must be separated by filtration before proceeding
to the analysis of the water. Collect them, from a
measured quantity of water, on a tared filter, drying it
at 100" and then weighing.  The nature of the impurities
may then be ascertained in the matter thus scparated
by submitting it to analysis, but it is usually sufficient
to burn the filter and residue. The weight thus
obtained represents the mineral impurities suspended
in the water. Their amount is to be subtracted from
the total, the remainder represents organic matter
suspended.

SOLUBLE IMPURITIES.—These are usually calcium
and magnesium salts or hardening impurities; alkaline
salts or non-hardening impurities; organic matter; and
inorganic matter derived from organic and especially
from animal substances: among these latter impurities
are ammonia, and salts of nitrous and nitric acids. The
acid constituents of the salts occurring in waters are the
sulphuric, carbonic, nitrous, nitsic, and silicic radicles,
and chlorine, with occasio.ially the phosphorit radicle,
Alumina, ferrous carbonute, and, rarely, arsenic, barium,
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lead, copper, manganese, zinc, etc., are found in some
waters.

Arsenic, Lead, Copper, Zinc, and Manganese may
be tested for qualitatively in a litre or more of the water
evaporated to a small bulk. If these metals be present
in more than mecre traces, they ought to be separated
by appropriate rcagents (IH,S, ctc) before the other
ingredients are estimated.

Detection of Lead, Copper, Zine, Barinm, and Arscnic
in Waters.

Lead and copper—To 50 c.c of the sample in a
Nessler tube add a few drops of pure acctic acid and
10 cc. of freshly prepared H,S solution. If copper or
lead are present the liquid will darken in colour. If
either of these metals is suspected, evaporate a litre or
more of the water to dryness and test the residue
specially for the metals. The quantity present can be
cstimated by using a standard solution of a lead or
copper salt, containing -0001 gram of Cu or bf P’b per c.c,,
and reproducing with this and distilled water the colour
produced by 11,S with the sample, in Nessler's tubes,

Lead may also be detected by ecvaporating 500
c.c., after addition of 2 c.c. of acctic acid, to 50 c.c.,
filtering if necessary, and then adding 1 cc. of a strong
solution of potassium chromate.

A turbidity or slight precipitate is given at once if
lead be present.

[Distilled water may contain traces of Cu from a
copper still-head or condenser, or traces of Pb from a
composition condensing pipe.]

Zinc is generally present as carbonate, and sometimes
forms a 8ecad white film on the surface of the water when
exposed. It is derived from the zinc coating of tanks,
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cisterns, or pipes. The suspected film should be
collected, washed with water, and heated on a platinum
spatula. The ignited ash, if yellow whilst hot and white
on cooling, contains zinc oxide.

The quantity present should be determined in a litre
or more, evaporated to a small bulk after adding 2 cc.
of acetic acid, then adding ammonia in slight excess to
precipitate any iron present, and precipitating the zinc
as sulphide by the addition of ammonium sulphide.

Barium is detected by concentrating a litre of the
water, adding a few drops of hydrochloric acid and then
calcium sulphate solution.

Arsenic may bce detected, and estimated, in the
water by means of Marsh’s test. [Arsenic may, through
carclessness, be derived from arsenical sheep dips.]

The taste and smell of a water may be best observed
by warming to about 40°C. some quantity of it, about
100 c.c., in a perfectly clean, covered, wide-mouth bottle
standing in a water-bath.

The colour of a water should be indistinguishable,
or nearly so, from the faint bluish tinge of distilled
water. To observe the colour of water two straight
tubes of colourless glass are used. These tubes should
be about 5 cm. in diameter, and 60 cm. in length,
The lower ends are closed with disks of colourless
plate glass, covered with white enamel on the upper
surface: these disks are cemented on to the ground ends
of the tube by means of marine glue or Canada balsam.
The tubes are suspended side by side in a well-lighted
place; one is filled with the water under examination,
the other with distilled water for comparison

The reaction of the water with delicate litmus paper
should be noticed.
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In the clear water the principal matters to be quanti-
tatively estimated are :—
1. Total solid contents, or fixed solid residue.
Organic matter.,
Oxygen taken from permanganate.
Chlorine.
Ammonia, rcady formed, 7¢, Free and Saline
Ammonia.
Ammonia producible from organic nitrogen com-
pounds, Ze., Albuminoid Ammonia.
Nitrogen existing as nitrates and nitrites.
Total and Permanent hardness.

iR e B

o

SN

I. ToTAL SOLID RESIDUE.

Evaporate 250 cc. of the water to dryness in a
platinum dish over the water-bath, dry the residue in
a water-oven at 100" C. till constant in weight. Note
the colour and appearance,

2. ORGANIC MATTER.

The dry residue is heated to low redness until all
blackening has disappeared. The residuc is treated with
ammonium carbonate solution, dricd, gently ignited, and
again weighed : the loss gives approximately the amount
of organic matter and combined water. The loss on
ignition does not, indeed, in any case, give the exact
ponderal expression of the organic matter; but it offers
a valuable criterion of purity. On this point, however,
much may be learnt by noting the appearance of the
dry residue, and especially its changes during the
progress of the heating described above. Bad signs
are the deliquescent character or yellow colour of the
residue, its considerable blackening when heated, or the
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sudden disappearance with slight deflagration of the
black particles. The nature of the fumes and odour
evolved should also be observed : much nitrates may be
indicated by reddish-brown fumes.

It is then to be tested for phosphorus pentoxide.
Moisten with nitric acid, and evaporate to dryness to
render the silica insoluble.  Then take up with a little
nitric acid, water being added, and lastly, filter through
a filter-paper which has been washed with nitric acid.
The filtrate, which should measure 3 c.c., is mixed with
its own bulk of the molybdate test and gently warmed
for fifteen minutes. A yellow colour may be regarded
as indicating traces of phosphates, a yellow turbidity or
actual precipitate being respectively reported as heavy
traces or very heavy traces.

If 250 c.c. of the water, to which a few drops of
sulphuric acid have been added, destroy in fifteen
minutes, at 27°C,, the colour of more than 2 or 3 cc
of a solution of potassium permanganate containing
-395 gram of that salt per litre, organic matter is
probably present in large quantity. Whether this
organic matter is likely to be injurious to health or not,
is a problem that can bc answered with tolerable
certainty only when a large number of the indications
afforded by analysis are favourable or the reverse. The
decolorization of permanganate solution by a water
may arisc from the presence not only of oxidizable
organic matter, but of ferrous carbonate, nitrites,
sulphides, and other substances.

3. OXYGEN TAKEN FROM PERMANGANATE
If it be desired to obtain more exact notions concerning the
amount of organic matter present in a water, through the estima-
tion of the oxygen absorbed from permanganate, the 'following
plan may be used. The five solutions needed are :—



THE ANALYSIS OF WATERS 265

I. -395 gram potassium permanganate dissolved in 1 litre of
distilled water : each c.c. contains -0oor gram of available oxygen.

2. 10 grams pure potassium iodide, recrystallized from alcohol,
dissolved in and made up to 100 c.c. with distilled water.

3. 100 c.c. pure sulphuric acid mixed with 300 c.c. of distilled
water : then potassium permanganate solution is dropped in until
the whole retains a very faint pink tint after warming to 27°C. for
four hours.

4. 1 gram of sodium thiosulphate crystals dissolved in 1 litre of
distilled water.

5. 2 or 3 decigrams of pure white starch is placed in a
test-tube two-thirds filled with distilled water, well shaken, and
heated to the boiling-pomt ; then rapidly cooled under a watertap.
This “starch water” should always be made fresh when wanted ; it
is used as an indicator of free iodine in the titration of the perman-
ganate with sodium thiosulphate, as mentioned below.

Two scparate determinations have to be made, viz., the amount
of oxygen absorbed during fifteen minutes, and that absorbed
during four hours ; both are to be made at a temperature of 27 C.
It is convenient to make these determinations in 12-0z. flasks,
which have been rinsed with sulphuric acid and then with the
water. Put 250 c.c. into cach flask, then add to cach flask 10 c.c.
of the dilute sulphuric acid, and then 10 c.c. of the standard
potassium permanganate solution. Fifteen minutes after the
addition of the potassium permanganate, one of the flasks must be
removed from the bath, and two or three drops of the solution of
potassium iodide added to remove the pink colour.  After thorough
admixture, run from a burette the standard solution of sodium thio-
sulphate, until the yellow colour is nearly destroyed, then add a
few drops of starch water, and continue the addition of the thio-
sulphate until the blue colour is just discharged If the titration
has been properly conducted, the addition of 1 drop of potassium
permanganate solution will restore the blue colour. At the end of
four hours remove the other flask, add potassium iodide, and
titrate with sodium thiosulphate (hyposulphite). Should the pink
colour of the water in the bottle diminish rapidly during the four
hours, further measured quantities of the standard solution of
potassium permanganate and acid must be added from time to
time so aseto keep it markedly pink. Note the volume of perman-
ganate solution added.
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The thiosulphate solution must be standardized, not only at
first, but each time a determination is made, in a flask kept side by
side with the flask in which the water being tested is kept, thus :(—
To 250 c.c. of distilled water add 2 or 3 drops of the solution
of potassium iodide, and then 10 c.c. of the standardized solution
of potassium permanganate. Titrate with the thiosulphate solu-
tion. The quantity used will be the amount of thiosulphate
solution corresponding to 10 c.c. of the standardized potassium
permanganate solution, and the factor so found must be used in
calculating the results of the thiosulphate titrations to show the
amount of the standard permanganate solution used, and thence
the amount of oxygen absorbed.

The difference between the quantity of thiosulphate used in the
blank experiment and that used in the titration of the examples of
water, multiplied by the amount of available oxygen contained in
the permanganate added, and the product divided by the volume
of thiosulphate corresponding to the latter, is equal to the amount
of oxygen absorbed by the water.

Thus, if @ = the amount of thiosulphate used with the distilled
water, and 4 that with the water under cxamination, ¢ corresponds
with the amount of permanganate added to the water, and & with
the amount of permanganatc in excess of that which the organic
matter has destroyed.

a — 6 = amount actually consumed.

Since the amount of available oxygen in the 10 c.c. of perman-
ganate added is -oo1 gram, and 250 c.c. of water was used :—
a-0b .

q X 001x4 = amount of oxygen required by 1 litre of water.
If it is desired to estimate the mineral matters other
than chlorine and nitrogen-compounds, it will be
necessary, if the water is tolerably pure, to evaporate a
larger quantity than a } litre to dryness. When
intended for the determination of other matters, the
residue, after ignition, is treated as follows :—

SiLicA—The residue is treated with hydrochloric
acid in slight excess, loss from effervescence being
guarded against; the whole is evaporated to.dryness,
and the silica scparated in the usual way.
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FERRIC OXIDE, ALUMINY, LIME, and MAGNESIA
are estimated in the same way as in soils, the magnesium
being precipitated by ammonium phosphate. The
ferric oxide, if much be present, will require re-solution
to remove adhering lime.

ALKALIES.—The filtrate from the magnesium
precipitate is evaporated to dryness and the residue
gently ignited ; it is then dissolved in a little water, a
slight excess of baryta-water added, the whole boiled
and filtered : the filtrate is boiled, a little sulphuric acid
added, the barium sulphate scparated by filtration
through Swedish paper, and the clear solution evaporated
to dryness, ignited, and weighed. The alkalies are here
weighed as sulphates: for their separation, sce p. 241.

SULPIHUR TRIOXIDE is determined by precipitation
with barium chloride in half a litre of the water, which
should be first acidified with a little HCl and then
concentrated to 100 c.c.

. 4. CHLORINE

is determined by the volumetric method (sec p. 211) in
100 c.c. of the water.

A convenient strength for the silver nitrate solution
is 4-79 grams of pure silver nitratc per litre; 1 c.c. of
this = .oor Cl. It should be standardized against a
solution of pure sodium chloride, 1-649 grams to a litre;
I cc. contains -oor1 Cl

Waters containing an abnormal quality of chlorides have
generally obtained it by contamination with scwage, and must,
therefore, if intended for domestic purposes, be looked upon with
suspicion, But it must not be forgotten that two additional and
perfectly innocuous sources of chlorides exist, namely :—(1) the
sea spray, which is occasionally carried forty miles or more inland,
finding its way ultimately to water-bearing strata; and (2) the
occurrence of saliferous rocks or saline springs. But such local
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conditions influencing the amount of chlorides in well-waters are
easily ascertained, The amount of chlorides in the purest waters
scarcely exceeds 1 gram in 100 litres ; in London sewage about 1
gram in 10 litres occurs,

5. AMMONIA, ready-formed,

is determined by distilling a measured quantity of the
water rendered alkaline with sodium carbonate and test-
ing the distillate with Nessler’s solution against a solu-
tion containing a known quantity of ammonia,
The comparison is made by difference in
colour. It is well to determine roughly the
amount of ammonia before distillation; this
may be done in the following way:—Take
50 cc. of the water and place it in a colour-
less glass cylinder [Nessler glass, Fig. 30]
about 18 cm. in height, and capable of hold-
ing 100 cc. Now add 2 cc of Nessler's
solution, and mix well with a glass rod. A

Fie- 30 second cylinder of similar dimensions is to
have 50 c.c. of ammonia-free distilled water run into it,
and then 5 c.c. of standard ammonium chloride solution,
containing -0oool gram NI, per litre, and well mixed
with the water by stirring with a glass rod. This water
should have been previously freed from ammonia by dis-
tillation of distilled water from a retort with a little sul-
phuric acid, the distillate having been collected when
no coloration was produced in it with Nessler’s test: if
many estimations of ammonia are being made, it will
be found convenient to have a few litres of this water
kept in well-stoppered bottles at hand. The standard
ammonia solution is made by dissolving -3147 gram
of purc ammonium chloride in a litre of pure istilled
water; from this the working solution is made by taking




THE ANALYSIS OF WATERS 269

100 cc. and diluting it to 1 litre, when 1 cc. will be
equal to -00001 gram of ammonia.

Place the two cylinders upon a sheet of white paper
and compare the colour by looking down through the
liquids; should the colours appear about the same in each,
500 cc. of the water are to be taken for the estima-
tion; but should it be more intense in the cylinder
containing the sample of water, then a proportionately
smaller quantity should be taken,
but its bulk should be made up
to 500 c.c. with pure distilled
water.

Ordinary distilled water,
especially if made from river
water, frequently contains much
free ammonia. The following is
a rapid process for preparing
ammonia-free distilled water :—
Take a round-bottomed Jena
glass distillation flask (Fig. 31),
of about 2 litres capacity, nearly
fill it with ordinary distilled water, add 3 or 4 drops of
bromine water, which should distinctly colour the water
a brownish tinge, Boil briskly for five minutes until the
free bromine has disappeared, then connect the flask
with a glass condenser, and distil; reject the first
few cc. of the distillate which washed the condenser;
the remainder of the distillate will be free from
ammonia.

Into a clean 40-0z. stoppered retort, or flask,
place 500 c.c. of distilled water, and distil until 5o c.c. of
the distillate gives no colour on standing five minutes
with 2 orc. of Nessler’s test. The apparatus will now be
free from ammonia. Empty the retort, and when cool
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add 500 cc. of the water to be tested with a few
decigrams of freshly ignited sodium carbonate.

Distil, not too rapidly, and collect three quantities of
so cc. cach. As each 50 cc is distilled add 2 cc of
Nessler’s test and put on one side. From the colour
developed in the second and third 50 cc. it can be
judged whether it is necessary to distil a fourth or
further quantities of 50 c.c. each. Generally the first
150 c.c. of distillate will contain all the free ammonia.

The water in the retort is cooled and the Albuminoid
Ammonia determined in it.

6. ALBUMINOID AMMONLA\, that is, ammonia producible
from organic nitrogen compounds in the water.

A good deal of the combined nitrogen occurring in
impure waters may exist in the form of nitrogenous
organic matter: about } of this nitrogen may generally
be obtained in the form of what is called “albuminoid
ammonia” by the following process :—

Prepare an alkaline solution of potassium permangan-
ate by dissolving 4 grams of potassium permanganate
and 100 grams of potassium hydroxide in 550 c.c. of pure
distilled water. Boil the solution in a retort until 50 c.c.
of the distillate gives no colour with 2 c.c. of Nessler’s
test, and keep it in a well-stoppered bottle.

To the liquid remaining in the retort, after the
distillation with sodium carbonate already described,
add of the above diluted permanganate solution enough
to make up about 500 c.c. of liquid, and distil again.
Collect the distillate in portions of 50 c.c., as in the
estimation of ready-formed ammonia, and ascertain
their strength by means of Nessler’s test. Stop the
distillation when the last 50 c.c. coming over' contain
less than .ooooor gram of NH, The amounts of
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ammonia in all these distillates arc to be added
together and entered as “albuminoid ammonia,” a term
which, though inexact, is generally understood.

The bumping or excessive violence with which alka-
line liquids often boil may be mitigated by the addition to
the retorts of clean, freshly ignited pumice, or of a few
short pieces of capillary glass tube, cach sealed at onc end.

The presence of ammonia in any quantity is indi-
cative of contamination of the water with decaying
or refuse animal matter, such as sewage, or with the
farmyard manure, etc, which has been applied to the
arable land in the arca of country from which the water
has been derived. The same origin may be assigned
to a large part of the nitrates in deep-well waters.

The quantity of free ammonia in the three or four
distillates of 50 c.c. cach, and the quantity of albuminoid
ammonia in the several 5o cc. distilled and collected
after the addition of the permanganate solution, is
determined as follows:—

Take ten Nessler tubes, marked 1 to 10, and fill to
the 50 cc mark with ammonia-free water. Now
measure with great care from a narrow burette, and
place in the tubes the following quantities of standard
ammonium chloride solution :(—

Ammonium chloride Ammonia,
Tube No. solution. NHj.
c.c. gram.
1 o5 +000005
2 1-0 +00001
3 15 000015
4 2:0 -00002
[ 235 -000025
6 30 00003
7 40 -00004
8 50 00005
9 6-0 00006
10 7+0 00007
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Add 2 cc. of Nessler’s test to each, stir well, and
allow to stand five minutes. Wipe the stirring rod
with a clean duster between each stirring.

By comparing the colours of the distillates contain-
ing the frec ammonia and the albuminoid ammonia,
after addition of 2 c.c. of Nessler’s test, with the standards
so prepared, the amount of ammonia in each tube is
rapidly determined.

Should the colour of any of the distillates with
Nessler’s test be darker than the standard tube No. 10,
the distillate must be diluted with 50 c.c. of ammonia-
free water, and the colour of 50 c.c. of the diluted
distillate be compared with the standards.

The quantities of free ammonia found in each tube
are added together, and represent the amount in half a
litre of water.

Similarly the quantitics of albuminoid ammonia
in each distillate are added together. From the
totals the amounts of ammonia and albuminoid am-
monia per 100,000 or per 1,000,000 of the water are
calculated.

The estimation of ammonia by Nessler's process
must be carried on in a room quite free from
ammoniacal fumes.

As a check, 250 cc. or more of the water may be
introduced into the retort after the distillation, and the
distillation repeated; the ammonia obtained should
equal the sum of the free and albuminoid ammonia.

The process is best performed in bright sunlight.
Ordinary gaslight, or electric incandescent light, is
unsuitable.

The best artificial light is that from a Welsbach
incandescent mantle that has been in use <or some
days.
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7. NITROGEN AS NITRATES AND NITRITES

Nitrites should be tested for by taking 50 c.c. of the
sample in a Nessler tube and adding 1 c.c. of a colour-
less solution of metaphenylenediamine (5 grams to a
litre of water made acid with sulphuric acid) and 1 cc.
of dilute sulphuric acid (1 to 2 of water). If nitrites are
present, a brown colour will develop. If the solution of
metaphenylenediamine is coloured it can be decolorized
by shaking up with'.freshly ignited animal charcoal, and
filtering.

The nitrites can be estimated with these solutions,
by comparing the depth of colour produced in 50 c.c. of
the water with that produced in pure water to which a
known amount of standard solution of potassium nitrite
has been added. This solution should contain -o1
milligram of N,O, per litre. To prepare it, take 406
gram of pure dry silver nitrite, dissolve in hot water, and
decompose with a slight excess of potassium chloride.
Cool and make up to 1 litre, allow the silver chloride
to settle, and dilute 100 c.c. of the clear liquid to 1
litre.

Nitrates may be determined by means of the nitro-
meter (p. 214). Evaporate 250 c.c. of the water, if free
from nitrites, in a porcelain dish on a water-bath. Extract
the residue with a very small quantity, about 2 c.c., of
water, and pour the extract into the cup of a nitrometer.
Draw this into the nitrometer-tube and add 5 c.c. of
strong sulphuric acid. Carbonates and chlorides will be
at once decomposed ; drive out the carbon dioxide and
the hydrochloric acid from the tube. The mixed liquids
are now well shaken in contact with the mercury for
eight or ten minutes. Nitric oxide gas is given off. Let
the apparatus cool for about half an hour; level the

S
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mercury in the tubes; note the volume of gas, the
temperature, and the height of the barometer; and
calculate the volume of NO, as described on p. 216.

If 250 c.c. of water were used, the calculated volume
in c.c. multiplied by 2.5 gives the nitrogen in parts per
1,000,000 of water.

If the water contains more than 12 grains of common
salt per gallon, it should be removed before the nitrates
are determined by this method. To the water (250 c.c.)
add a saturated solution of silver sulphate in sufficient
quantity to precipitate nearly all the chloride present.
Filter, wash the precipitate with distilled water, and
evaporate to dryness, and proceed as above.

If nitrites are present, ecvaporate the 250 c.c. of water
in a porcelain dish with a slight cxcess of pure caustic
soda, and treat the residue as above. The caustic
alkali is added to decompose any ammonium nitrite
present and convert it into sodium nitritc. Ammonium
nitrite would be decomposed in evaporating the water
with the cvolution of nitrogen. By treating the water
as above mentioned the nitrites and nitrates are
determined together.

Several other methods may be used for the estima-
tion of nitrates or nitrites in water; of those we give
two of the best:—

Indigo Method.

This is a modification of a method devised by R.
Warington. Two standard solutions are required, and
pure sulphuric acid quite free from nitrogen compounds,

(1) Standard potassium nitrate solution, %Véa

strength, made by dissolving -1011 KNO, in-a litre of
distilled water.
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(2) Indigo-carmine (sodium sulphindylate) solution,
1 gram in half a litre of dilute (1 : 20) sulphuric acid.
Keep this solution in the dark.

Pure sulphuric acid, specific gravity 1-84.

To standardize thc indigo solution, 10 c.c. of the
standard nitrate solution are run into a thin wide-
mouthed 150 c.c. flask, then 10 cc. of indigo solution,
and from a graduated measure 20 c.c. of strong purc
sulphuric acid ; a rotatory motion is given to the flask
to mix the liquids, and the flask held over a spirit lamp.
If the indigo is at once decolorized, more is run in until,
after heating for thirty seconds, the blue colour is just
discharged and a greenish tint remains. The indigo
solution should be diluted with § per cent. sulphuric acid
to a strength the same as that of the potassium nitrate.
Fresh trials are then made, and the exact strength of
the indigo solution determined and noted. In deter-
mining nitrates in water, the amount present must be

approximately that equal to the I_C%](S potassium

nitrate.

A trial titration is made with 10 c.c. of the water,
adding indigo and then strong sulphuric acid equal in
volume to the united volumes of indigo and water, and
heating, and, if necessary, adding more indigo. This
will show if the water needs dilution, and to what extent.
After the water has been diluted, if necessary, with
distilled water to the required strength, 10 c.c. are
taken and fresh titrations made until the cxact number
of c.c. of indigo decolorized by the water is known. It
is necessary always to heat for the same time, thirty
seconds, and to work to the same shade of green as in
standard#zing the indigo, In the absence of large
amounts of chlorides, accurate results can be obtained.
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Copper-Zinc Method.

The determination of nitrates and nitrites by this
process is to be accomplished in the following way :—

A wet copper-zinc couple is first of all prepared by
washing a slip of clean zinc foil, about 2 inches wide and
3 inches long, with sodium hydroxide solution and then
with distilled water, to remove grease, and then placing
the metallic strip in a solution of copper sulphate
containing 3 per cent. of the pure crystallized salt. In
three or four minutes, when an adherent coating of
spongy copper will have formed upon the strip, the
latter is to be removed from the liquid and thoroughly
washed with abundance of distilled water, and then
finally with a small quantity of the water to be analysed.
The couple is now to be placed in a wide-mouth
stoppered bottle of 6 or 8 oz capacity, together
with a carefully measured quantity of the water under
examination ; about 100 to 150 c.c. will generally suffice.
A small addition of pure oxalic acid to precipitate the
lime and quicken the action should be made before
inserting the stopper; 2 decigrams of oxalic acid will
be ample. The water remains in contact with the
couple all night in a warm place; on the following
morning the conversion of the nitrates into ammonia
will be found to be complete.

The next step in the process is the determination of
the ammonia present in the liquid. A measured portion
is drawn off by a siphon if clear, or, if turbid, is poured
through a washed filter. If the liquid be colourless and
give no precipitate with the Nessler test, then it may
be Nesslerized without further treatment, exactly as
described on p. 268 ; but it may need dilution with pure
distilled ammonia-free water. Should the liquid show
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any decided colour in the Nessler glass, or should it
become turbid on the addition of the Nessler reagent,
then a measured portion must be rendered alkaline
with sodium carbonate and submitted to distillation
with all the precautions given on pp. 268-270. The
ammonia found must be calculated into its equivalent
of nitrogen ; from this the amount of nitrogen existing
in the water as ready-formed ammonia must be
subtracted ; and then the remaining nitrogen should be
translated into N,O,.

8. TOoTAL AND PERMANENT HARDNESS

The hardness of a water is determined by means of
Clark’s test, which is a solution of soap in weak spirit
(equal parts of spirit of specific gravity -835 and water),
of which 14-25 c.c. just suffice to produce a permanent
lather when shaken with 5o c.c. of water containing .2
gram of calcium carbonate per litre (-222 gram calcium
chloride).

The soap test is used as follows:—TFifty c.c. of the
water under examination are placed in a stoppered
bottle of about four times this capacity, well agitated,
and the carbon dioxide given off is sucked out by means
of a glass tube. A burettc graduated in 4% cc. is then
filled with the soap solution and 1 c.c. added at a time.
After each addition the stopper is to be placed in the
bottle, which is then to be well shaken: towards the
end of the operation smaller quantities should be added,
the estimation being finished when an unbroken lather
remains permanently for five minutes, the bottle being
placed upon its side. The number of c.c. of soap solu-
tion is now to be read off, and the hardness found by
inspectioh of the table on p. 279. Should the water not
yield a permanent lather with 16 c.c. of soap test, a
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fresh experiment is commenced with a smaller portion of
the water made up to 5o c.c. with freshly boiled but cold
distilled water, and the number showing the hardness
multiplied according to the amount of dilution; thus if
25 c.c. were used, multiply by 2,etc.  If magnesium salts
arc known to be present in considerable quantity in any
water, the sample should be so diluted as to require not
more than 7 cc. of soap test for 50 c.c. of the diluted
water.

The mecthod given above shows the total hard-
ness; the permanent hardness is determined by boil-
ing 100 cc. of the water in a flask of rather large
size, and having a long but broad neck. The ebul-
lition is allowed to go on gently for half an hour,
a little boiled distilled water being added now and
then to replace in part that lost by evaporation;
then the flask is rapidly cooled, the mouth being
covered with a watch-glass, and the volume of water
in it again made up, with boiled distilled water, to
100 c.c, filtered, and the hardness estimated in 50 c.c.
as before.

The temporary hardness is the difference between
the total and permanent hardness.

It will be cvident from the table on p. 279 that 50 c.c. of dis-
tilled water require nearly ¥ of a c.c. of soap test to produce a
permanent lather.

For the determination of hardness in water two solutions are
necessary—one of soap, the other of calcium chloride or sulphate.
The modcs of preparing these solutions may be thus conducted :—

PREPARATION OF STANDARD SOAP TEST.—Take 9 grams of
lead-plaster (Emplastrum Plumbi, B.P.) and 26 grams of dry
potassium carbonate ; rub these materials together in a mortar
with a few drops of rectified spirits of wine of specific gravity -835,
till a perfect mixture, having the consistence of cream, has been
effected. When the mass has stood some time, exhaust it with
repeated additions of spirit, filter the spirituous solution, and add
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more spirit till the whole liquid is of the bulk of Goo c.c. ; lastly,
add 400 c.c. of distilled water, which has been recently boiled to
cxpel carbon dioxide.

TABLE OF IARDNESS
(50 c.c. of Water uscd)

A degree of hardness indicates 1 giiin of CaCO, per gallon,
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The strong soap solution thus obtained will now require
standardizing by means of a solution of calcium chloride, which is
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prepared as follows :—Weigh out -2 gram of Iceland spar into a
clean porcelain or platinum dish, having a clock-glass for a cover,
and add dilute hydrochloric acid, a little at a time, until the
substance is dissolved. Evaporate the solution, together with the
washings from the cover, carefully to dryness, and heat the residue
till no more acid fumes are given off. Redissolve the residue in
distilled water and again evaporate as below. Now to the residue,
which must be wholly soluble in water, add enough pure boiled
water to make up the volume to 1 litre. The calcium solution may
now be used to standardize that containing soap. Pour 50 c.c. of
the former liquid into a bottle, and run into it from a burette a
few drops of the strong soap solution previously described. This
operation is repeated with the usual precautions until a permanent
lather is obtained. The soap test will be found too strong, and
must be diluted with proof spirit until its strength has been lowered
to the proper standard: this point is reached when 14-25 c.c.
produce a pcrmanent lather with 50 c.c. of the standard calcium
chloride—a strength which corresponds to 2o parts of CaCOjy in
100,000. The diluted soap test should be allowed to stand some
time, and then filtered, before its strength is finally adjusted to the
point just named.

The soap solution may be prepared with pure white curd soap.

Helmer's Process.

The hardness of water can also be estimated, with-
out the use of standard soap solution, by Hehner's
process For this we require two standard solutions,

gjg sulphuric acid and ?fa sodium carbonate. One c.c.

of this acid neutralizes-oor gram of CaCO,, and 1 cc. of
alkali precipitates 1 milligram of CaCQ,, or its equivalent
in magnesium salts,

A suitable indicator is also wanted ; for this purpose
alizarin paste (1 gram to 200 cc. water) or lacmoid
answer best.

One hundred c.c. of the water are placed in a porcelain
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dish, tinted with the indicator, heated nearly to boiling,
and standard acid cautiously added till the change of
colour indicates neutrality. The number of c.c. of acid
used represents the number of Clark’s degrees of
temporary hardness per 100,000.

The permanent hardness is found by taking 100 c.c.
of the water, adding to it a known excess of the
standard sodium carbonate solution: ze, more than
enough to decompose the nitrates, chlorides, and
sulphates of calcium and magnesium present; usually a
volume equal to that of the water will suffice. Evapor-
ate to dryness in a platinum dish, extract the soluble
portion with small quantities of distilled water, filter
through a very small filter-paper, and titrate the filtrate
with the standard acid: this gives the excess of sodium
carbonate, which is deducted from the amount used
when the difference represents the permanent hardness.

If the water contains alkaline carbonates, the total
and temporary hardness will be shown to be greater
than it really is owing to neutralization of acid of the
alkaline carbonate. But the estimation for permanent
hardness will show more sodium carbonate than was
actually added. If the excess so found is deducted from
the temporary hardness, as first found, the remainder
will be the true temporary hardness.

STATEMENT OF RESULTS

We have hitherto assumed that all the results of a
water analysis are referred to parts in 100,000; if it be
desired to convert these into grains per gallon, multiply
them by -7. To convert grams per litre into grains per
gallon, multiply by 7o.

Thestotal solid residue left on evaporating a water
seldom agrees closely in amount with the total amounts
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of the several ingredients which have been specially
determined. One source of this discrepancy lies in the
reactions which occur amongst the salts of a water as
the liquid becomes concentrated ; another in the partial
loss of water of crystallization suffered by the calcium
sulphate and other salts at the temperature of drying
the residue.

It is impossible to ascertain the manner in which
each substance is combined in the original water; the
best plan, therefore, is to set down all the items, as
deduced from the several analyses, separately, subtract-
ing from the total an amount of oxygen equivalent to
the chlorine found, that clement being supposced to be
combined with the sodium. The total, thus amended,
will be less than the solid contents found, by the amount
of carbonic acid present. The sum of the saturating
power of the acid oxides should of course be equal to
the sum of the saturating power of thc bases, if the
analysis be correct.

The most usual mode of placing the results, however,
is to combine the acids and bases; this is generally
done as follows :—

The sulphur trioxide is combined with lime, the
remainder of the calcium being set down as carbonate:
the chlorine is combined with sodium; if chlorine still
remains, it is combined with potassium ; if still in excess,
with magnesium. Magnesia, potash, and soda (when
their metals are not combined with chlorine) are united
with carbon dioxide. Nitrogen pentoxide, if present,
may be combined with lime or potash, ammonium with
chlorine, Silica remains uncombined, while ferrous
oxide is united with carbon dioxide. Some of these
arrangements of acids and bases are known to bt merely
conventional or artificial, and in particular cases there
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may be found good reasons for modifying them. For
instance, there are natural mineral or medicinal waters
in which such compounds as magnesium sulphate,
ferrous sulphate, ferric chloride, and even barium
chloride are known to occur.

In order to render a water analysis more complete and instruc-
tive, it is desirable to examine under the microscope the deposit
which settles down from the freshly drawn sample of water when left
to rest for twelve hours ; ! and then a § objective being employed.

The action of the water on strips of tarnished and untarnished
lecad should also be tried. This experiment is to be made in
20-0z. bottles half full, the strips rising above the level of the
water. The liquid is to be poured off after twenty-four hours’
contact with the metal and tested for lead in solution.

A third cxperiment consists in ascertaining the number of
colonies of organisms which grow in a given time on a nutritive
jelly which has been mixed with 1 c.c. of the sample of water. All
the apparatus used must be completely sterilized, and every pre-
caution taken during the course of the experiment to prevent the
entrance of extraneous organisms. For the details of the method,
reference must be made to special works in which this biological
method of examining water is fully described.

When the whole of the above-described qualitative and quan-
titative results have been obtained, the figures, which have been
calculated into parts per 100,000, or into grains per gallon,
together with the miscellaneous observations made, should be
recorded in order. The following data should always be given :—

Description and origin of sample.

Date when drawn.

Temperature when drawn.

Appearance in 2-foot tube.

Smell when heated to 38° or 40° C.

Chlorine calculated as Common Salt.
Phosphoric Acid.

Nitrogen in Nitrates and Nitrites.

Nitrogen as ready-formed Ammonia.
Nitgogen obtained as Ammonia from albuminoid matter.
Oxygen absorbed in fifteen minutes at 27° C.
Oxygen absorbed in four hours at 27° C.
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Total Hardness.

Permanent Hardness.

Temporary Hardness.

Total solid matter, dried at 100° C., in parts per 100,000.
Appearance, under the microscope, of deposit.

Action of the water on lead.

Poisonous metals.

§ v. Analysis of Foods.

OILCAKE.—FELEDING-MEAL

The constituents of oilcake are—proteins or albumi-
noids, mucilage and other soluble non-nitrogenous
substances, oil, cellulose and fibre, mineral matters,
and water.

In the case of oilcakes, the sample for analysis
should be taken right across the middle of the cake,
a strip an inch or two in width being sawn out. The
sample is prepared by grinding it in a small hand
coffee- or spice-mill, sifting the product, and again
grinding the remainder left on the sieve and thoroughly
mixing the whole.

Oil and nitrogen can be best determined in a finely
ground sample.

WATER is determined by drying 2 grams in the
water-oven until constant. The intervals between the
weighings should not be too long, as the substance in
most cases begins finally to gain weight from the
oxidation of the oil.

O1L.—From 2 to 4 grams, according to its probable
richuess in oil, of the finely powdered cake, first dried,
are introduced into a very convenient form of extrac-
tion-apparatus which has been introduced by Soxhlet.
A vertical section of its main portion is shown‘in Fig.
32, of one-fourth the real size. To complete the
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apparatus, an upright glass tubular condenser, through
which a current of cold water passes (such as is shown
in Fig. 33. The condenser shown in Fig. 34 is even
more effective, as it has two cooled surfaces on which the
ether may condense), is attached by means of a sound
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perforated cork to the digesting-tube A. The end of
the inner condensing-tube should protrude a little
below the entrance of the vapour-tube B. To the
base of the apparatus at E a short stout flask, of
about 100 c.c. capacity and not weighing morc than

20 graths, is fitted by means of a good perforated
cork.
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In order to commence a quantitative estimation of
oil in an oilcake, about 25 cc. of pure, washed, and

c

Fia. 85 —Shows the ap-
paratus with tte flask in a
bath of hot water and the
condenser, a metallic ball
condenser, which 18 very
effectual and occupies less
space than the glass con-
densers.

redistilled ether (or of light petrol-
eum cther) are put into a flask,
which should be short, 7 cm. high,
wide - mouthed, strong, and not
over 20 grams in weight: this
flask, which must have been
weighed after drying and cooling,
is then attached to the Soxhlet
extractor (Fig. 32). A wecighed
quantity of the powdered oilcake,
contained in a Swedish filter-paper
so folded as to loosely fit the tube,
is now dropped into the extractor
at D.  Extraction cups, or thim-
bles, of specially prepared oil-free
paper are made for use with
Soxhlet’s apparatus, and are most
convenicnt for holding the cake.
The solvent is now introduced in
sufficient quantity. The vertical
glass condenser above is now
attached and the current of cold
water permitted to flow into it
The flask below is placed in or
upon a bath of warm water so as
to allow the solvent to boil. The
vapour will rise through E, passing
into B and thence into the vertical
condenser, from which it will drop

into A to D as a liquid. The oil will be dissolved
out from the cake, and the solution of it will gradually
accumulate until the siphon C can act. When this
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occurs the extractor will be emptied, the liquid passing
through the quill tube which terminates the longer limb
of the siphon inside E. By the continuous warming of
the receiving flask below I the solvent will repeatedly
ascend as vapour through B and descend as liquid
through C, until a drop, tested as it falls from E, will
no longer contain a trace of oil. ~ When the oil is all
extracted most of the ether
may be recovered by
attaching the flask to a
small condenser and re-
ceiver and distilling over
most of the solvent.

The flask is then kept
in a warm place (eg, on
the top of the water-oven)
for a short time, and then
heated to 100° until its
weight is constant.

The drying should be
conducted as quickly as
possible, to avoid oxidation of the oil and consequent
increase in weight. A convenient arrangement in
which to cool the flask after taking from the water-oven,
and before weighing, is shown in Fig. 36.

The oil from some mcals lose considerably in
weight in the water-oven. For instance, the oil from
palm-nut kernel meal contains some volatile constituent
which is lost unless the drying be conducted at the
ordinary temperature, best over oil of vitriol and z»
vacuo, or under a reduced atmospheric pressure.

Where only a small quantity of material is available
for an @il determination, it may be mixed with pure,
coarse, quartz-sand before introduction to the oil-
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extractor. The whole scale of the apparatus may
be reduced in size. Traces of chlorophyll and of resin,
which very often accompany the oil, may generally be
disregarded.

The Board of Agriculture Official Regulations read
thus:—

DETERMINATION OF OIL

(a) A weighed quantity of the sample shall be placed
in a Soxhlet thimble, which shall then be placed in the
Soxhlet extraction-tube and extracted with washed, re-
distilled ether. At the end of three to four hours the
thimblec shall be removed from the Soxhlet tube, dried,
and its contents finely ground in a small mortar
previously rinsed with ether. The substance shall
then be returncd to the thimble, the mortar being
washed out with ether, and the extraction continued for
another hour. '

After cvaporation of the solvent the oil shall be
dried at 100°C. and weighed. The oil shall be re-
dissolved in ether, and any undissolved matter shall be
weighed and deducted.

(6) In the case of samples containing saccharine
matter, ¢, sugar meals, the weighed portion in the
Soxhlet thimble shall be washed twice with watcr, and
then dried, previous to the extraction.

FisrE.—The terms fibre and cellulose are often
used very vaguely, and include the various compounds
containing carbon, hydrogen, and oxygen (other than
oil), which are insoluble in cold or hot water. Pure
cellulose itself may vary a good deal in its chemical
deportment, according to its stage of development and
its physiological »d/e. The fundamental cellulose of
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plants is much altered in chemical and physical
properties by those infiltrations and deposits which go
onin the tissues of the plant. Thus, while pure cellulose,
represented by purified cotton, is soluble in oil of vitriol
of specific gravity 1-53, cuticle, cork, and lignin or lignose,
the chief constituent of hard woods, are nearly insoluble
in this recagent. On the other hand, these latter sub-
stances may be readily acted upon by means of a mixture
of weak nitric acid and potassium chlorate, which leaves
the cellulose almost untouched. The boiling of a mixed
vegetable tissue with weak acid and then with weak
alkali alters and dissolves some of the softer cellulose,
and at the same time removes some of the lignin, etc.,
of which we have before made mention.  As the primary
object of making an analysis of an oilcake is to ascertain
its feeding value, we may be content with processes
which do not cffect absolutely perfect separation of the
constituents of the tissues known as ccllulose and fibre.
It might indeed have been assumed that the materials
which resist the chemical trcatment which has becn
mentioned, and which we are about to describe, cannot
have much alimentary value. But this is not the case,
for ruminating animals often digest half the so-called
“indigestible fibre” of their food. The process usually
adopted in commercial analyses for the estimation of
fibre is that given below, under the heading Acid and
Alkali method.

As the presence of oil in considerable quantity
interferes with the determination of fibre, it is advisable
to use for this purpose that portion of the sample which
has becn employed for the estimation of oil. If the
original cake be used, the fibre, after washing with acid
and alkali, should be washed twice with alcohol and then

with ether, to remove oil.
T
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Acid and Alkali Method,

Three grams of the coarscly powdered sample are
placed in a large beaker, 150 c.c. of hot water added, and
the whole brought to a boiling heat, with frequent stirring
or agitation to prevent burning : 50 c.c. of dilute sulphuric
acid containing 5 per cent. of H,SO, arc then added,
and the boiling continued for half an hour, the normal
volume 200 c.c. (best marked by an ink line or a scratch
with a diamond on the beaker) being maintained through-
out the operation by the addition of a little boiling
water.  Collect the residue from the acid digestion on
a fine calico or linen filter. The residue is to be
thoroughly washed on the filter with hot water, and then
syringed off the linen into the beaker with about 100 c.c.
of water. Fifty c.c. of a 5 per cent. sodium hydroxide
solution are next added, and the beaker filled up with
hot water to the mark indicating 200 c.c. The mixtureis
boiled for half an hour, some cold water added, and the
whole allowed to rest.  The residue collected once more
on the calico filter, is washed with a 1 per cent. solution of
ammonium hydrate until the filtrate is colourless. Now
moisten the filter and its contents with dilute hydro-
chloric acid, and wash with hot water until a few drops
of the filtrate leave no residue on evaporation. When
the fibre has been perfectly washed on the calico filter, it
is transferred to a platinum or porcelain dish, dried
on the steamer, and then at 100° till constant, and
weighed. Afterwards it is ignited, and again weighed :
the second weight of dish and ash having been sub-
tracted from the first gives the weight of fibre.

ALBUMINOIDS or PROTEINS.—A Kjeldahl determin-
ation is made with about 1 gram of the finely powdered
cake: the percentage of nitrogen found is multiplied by
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6-25 ; the product is regarded as representing the per-
centage of albuminoids in the cake ; for the albuminoids
of plants contain as an average about 16 per cent. of
nitrogen, and 16 x 6-25 equals 100.

This determination also includes the nitrogen in any amides,
amino-acids, and organic nitrogenous adulterants,

The Board of Agriculture Official Regulations read
thus :—

DETERMINATION OIF ALBUMINOIDS

The percentage of albuminoids shall be ascertained
by multiplying the percentage of nitrogen by 6-25.

The determination of nitrogen shall be as follows :—

A weighed portion of the sample shall be transferred
to a Kjeldahl digestion flask; 10 grams of potassium
sulphate and 25 c.c. of concentrated sulphuric acid shall
be added, and the flask heated until a clear liquid,
colourless or of light straw colour, is obtained. The
operation may be accelerated by the addition of a
small crystal of copper sulphate or a globule of mercury
to the liquid in the digestion flask.

The quantity of ammonia shall be determined by
distillation into standard acid after liberation with alkali,
and, where mercury has been used, with the addition
also of sodium or potassium sulphide solution.

The materials used shall be examined as to their
freedom from nitrogen by means of a control experi-
ment carried out under similar conditions with the same
quantities of the reagents which have been employed
in the actual analysis, 1 gram of pure sugar being used
in place of the weighed portion of the sample. The
quantity of standard acid used in this control experiment
shall be deducted from the total quantity of acid found to
have been neutralised in the distillation of the sample.
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Asit is determined in about 3 grams of the sample.
A good linseed cake will not leave quite 7 per cent. of
ash; and of this 35 per cent. will be phosphorus pent-
oxide precipitable by ammonium molybdate from the
nitric-acid solution of the ash. But determinations of
the percentage of total ash and of the amount of sand
and insoluble silicious matter present will suffice for
most purposes.

SAND and  Siuicious  MarTrER—The ash s
digested with dilute hydrochloric (or nitric) acid, and
the insoluble matter collected, washed, burnt, and
weighed.

MUCILAGE, ctc.—The various non-nitrogenous com-
bustible constituents (other than oil and fibre) of cakes
are usually determined by difference. They include
mucilage, digestible cellulose, starch, pentosans, pectose,
and other less important carbonaceous substances.

N.B.—A genune linseed cake, made from properly ripened
secd, contains no STARCH ; if this be present, cxcept in traces,
bran, rice-dust, or some similar substance has becn mixed with
the cake. Starch may Dbe tested for by boiling some of the
powdecred sample in water till it forms a thin paste, filtering this
through fine muslin (which has been previously cleansed by boiling
with water, etc.), and adding to the filtrate when quite cold a few
drops of tincture of iodine; the formation of a blue colour
indicates the presence of starch.

SUGAR, likewise, does not occur in genuine linseed cakes ;
its presence may be ascertained thus :—Boil -2 or :3 of a gram of
the powdered cake in water, filter the solution, and add to the
clear filtrate a small quantity of the sugar test and a few drops
of a solution of sodium hydroxide. On boiling the mixture, cuprous
oxide (Cu,0) will be more or less rapidly deposited, in greater
or less quantity, and with a colour varying from yellow to red,
according to the nature and proportion of the sugar present.

A very small trace of starch or of sugar may sometimes be
due to amylaceous or saccharine weed seeds, which, in the pro-
portion of a few per cent.,, occur in all samples of linseed, however
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good. Immature linseed also contains starch. The various kinds
of cereal refuse, such as bran, rice shudes, oat husks, which are
found in adulterated linseed cakes, lower the normal percentages
of oil and albuminoids, and increase the proportion of indigestible
fibre ; on the other hand, the addition of saccharine substances
like locust beans, largely increases the soluble non-nitrogenous
matters. But it must be recollected that the range of variation
as to oil and albuminoids in unmixed cakes is considerable, and
that the quantities of the adulterating materials added may be so
adjusted as to imitate very closely, even as to albuminoids and oil,
the composition of the pressed linseed itself. The analyst who
wishes thoroughly to master this intricate subject, must not rest
content with the indications afforded by chemical analysis. Ile
should learn to identify, by the use of the microscope, the surface
markings, colours, etc., of the various vegetable products which
are introduced, through accident or by design, into oilcakes.
Such observations should be made first of all with the several
adulterating and foreign substances themselves ; it becomes then
easy to rccognise the fragments of the same substances when
present in oilcakes. There are also special experiments which
may be made with different species of cakes in order to discover
some particular material likely to render them hurtful to animals.
One may search by appropriate methods in any particular instance
for poisonous alkaloids and for purgative substances, and for
essential oil of mustard in the casc of rape seed and Indian
linseed ; for hydrocyanic acid in Java beans, or in red Rangoon
beans.

Cakes, especially cotton cake, should be tested for boric acid,
common salt, and other preservatives.

The thick black husks of the castor-oil bean, the curcas bean,
and croton seeds can be readily detected after treating the cake
with solution of bleaching-powder and dilute hydrochleric acid,
which bleach all the integuments of ordinary seeds.

There is also one test for the goodness of linseed cake which
affords fair indications of quality; it is thus performed :-—Pour
180 c.c. of boiling water upon 10 grams of finely ground
linseed cake contained in a tall beaker, and stir the mixture.
In one hour the whole will have set into a kind of jelly,
pleasant im odour and taste, of a straw colour, and neutral to test-
papers.
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Microscopic examination of cakes.)—Besides examining the cake
with a good hand lens the student should prepare specimens of
the husk for examination with a higher power.

Digest 5 grams of the cake with 2 per cent. sulphuric acid on
a water-bath for about one hour, and wash thoroughly with
hot water ; then digest for a similar time with 2 per cent. sodium
hydroxide solution, and wash thoroughly. This makes the husks of
the majority of the oil seeds and of the impuritiecs and adulterants
in them sufficiently transparent to be readily studied and recog-
nised under the microscope. A I-inch objective is sufficient
for most seeds, though a higher power will be found better for
some. For simple identification the husks after treatment may
be viewed on a slide in water under a cover-glass. For permanent
mounts the prepared husks should be soaked first in dilute alcohol,
then in 5o per cent. alcohol, and afterwards in absolute alcohol
to remove the water, then soaked in oil of cloves, and finally
mounted in Canada balsam liquified with a little toluene or xylene.
Permanent mounts of the oil seeds and impurities should be kept
for reference.

GRAIN, STRAW, Hay

Most kinds of grain, flour, bran, and meal, as well
as straw, hay, and other dry fodder, may be analysed
as an oilcake. Further on a hint or two as to the
case of green fodder will be found. If it be desirable
to determine scparately the starch contained in any
of the above products, one of the following plans may
be adopted :—

STARCH. —A quantity of the material is taken for the analysis, so
that about 1 gram of starch is present in it : it must be finely ground
or in a fine state of division. One hundred c.c. of water and 1 c.c.
of pure hydrochloric acid (of 1-125 specific gravity) are placed in a
flask and the weighed substance introduced. The mixture is kept on
the water-bath at a temperature of 70° C. until a drop of the liquid
no longer shows a blue tint when tested with iodine solution. The

LCf. Mzuosm]ﬁy of Vege. table Foods, A. L. Winton ; or Mikro-
skopie der Nahrungs uml’ Genussmitlel aus dem Pfanzem’ezcﬁe,
von Josef Moeller,
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whole is then thrown on to a filter (previously freed fiom starch)
and the filtrate and washings made up to 150 c.c. This liquid
must now be further treated with rather stronger acid, to convert
any dextrin present into dextrose. For this purpose add 20 c.c. of
strong hydrochloric acid, and heat the mixture on a boiling water-
bath for three hours : an upright condenser should be attached to
the flask in which the digestion is carried on, At the expiry of the
three hours the flask is allowed to cool, and its contents exactly
neutralized with sodium hydroxide solution. Finally, the liquid is
made up to an exact volume, say 200 c.c., and the dextrose in it
determined by means of the copper test for sugar, as described
further on under the heading—Analysis of Roots—Estimation of
Sugar. It must be recollected that -05 gram of dextrose corre-
sponds to -045 gram of starch. The defects of this process with
acids are two—the sugars already existing ready-formed in the
vegetable matter analysed are not discriminated from the sugar
which the starch is made to produce, but the whole are determined
together ; and any dextrin or other bodies capable under the
circumstances of yielding sugar will be reckoned also as starch.
The former of these defects is obviated by first making a deter-
mination of ready-formed sugar in the cold-water extract of the
material to be analysed, previously inverting the sugar in this
extract by means of acid. Of course, in this case the dextrin and
any other bodies soluble in cold water and capable of yielding
sugar will be reckoned as starch in the second extract.

Another method of determining starch involves the conversion
of starch into sugar by means of malt extract : in this process also
the dextrin will accompany the starch and be converted with it
into sugar. The operations are conducted thus: The weighed
substance, containing about 1 gram of starch, is boiled with 50 c.c
of water until all starch is dissolved ; the action is more easily
completed in half an hour in a closed vessel heated to 115°C.
The extract of ground malt has been previously prepared with 100
grams in 1 litre of water, the mixture being shaken at intervals for
two hours, and then thrown on a double filter. Fifty c.c. of the
filtrate (which must be perfectly clear) are now added to the pre-
pared starch solution, and the liquid maintained at 65°C. for one
hour, or until no starch can be detected in a drop of the solution
by means of the iodine test. The contents of the flask are to be.
filtered and then made up to 250 c.c. Fifty c.c. are taken and heated
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with 20 c.c. of § per cent. sulphuric acid for five hours in a closed
vessel at a temperature of 110° to 120° C.  Then 50 c.c. of the clear
malt extract, diluted with 50 c.c. of water, are similarly treated with
sulphuric acid. Neutralize the two inverted solutions with sodium
hydroxide, dilute them to the desired volume, and titrate 10 c.c. of
the sugar test with cach of them. It then remains to subtract the
sugar due to the malt extract only from the larger amount due to
the mixture containing the starch also.

Wheaten flour used in breadmaking is sometimes bleached
with nitrous fumes. The presence of nifrites in flour can be
detected by shaking up the flour with co/d water, allowing it to
settle, filtering, and examining the filtrate with metaphenylene
diamine as in water analysis. /s and other mineral matter in
flour may be detected by well shaking up 50 to 100 grams of the
flour with chloroform in a stoppered separating funnel. The flour
will float on the top and alum fall to the bottom, and can, after
settling, be drawn off through the tap and identified.

Brewers’ grains require great care in the determination of the
water, which often constitutes more than 75 per cent. of their weight,
and which escapes rapidly ; a sample for analysis should always be
secured at the place and time of delivery. Inanalysing them, such
amounts for the various estimations must be taken as have reference
to the small quantities of solid and nutritive matters they contain.

TURNIPS, MANGOLDS, SUGAR-BLETS, ETC.

The chief constituents of these plants are water,
cellulose, pectose, gum, sugar, proteins, and mineral
matters ; there are also present small quantities of fatty,
colouring, and other substances.

A separate analysis should be made of leaf and
root.

If it is wished to ascertain thc composition of a
crop, plants must be taken from several parts of the
field, and all the determinations in the analysis made
from a mixed sample. The analysis of a single plant
will be here described, with occasional hints'for the
management of a larger quantity.
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ANALYSIS OF Roor

After the rcmoval of the leaves, and washing to
separate adhering soil, and wiping, the root is cut
through the middle, from top to bottom, into quarters
or other convenient parts.

WATER DETERMINATION.—A segment obtained as
above, and representing therefore (if cut as directed) the
average composition of the root, is weighed (a piece of
130 grams will answer well), cut into thin slices, and
then strung on a wire and suspended in a warm place;
the whole is dricd finally in the water-oven till it ccases
to lose weight. The dry matter is reduced to a finc
powder and preserved in a well-closed bottle. As the
complete drying of these slices is a tedious business, it
is better to operatc upon two scparate portions: a small
one of 20 grams being dried, preferably in a hot-air
oven at 100" or 105", till fairly constant, for the water
determination; while a larger quantity of 100 grams is
partially dried and used for the other determinations.
Of course, a calculation must be made to show what
relation subsists between the partially dried and wholly
dried samples. It must, morcover, be remembered that
powdered dry residues of roots are extremely absorbent
of water, so that even the partially dried sample used
for the several determinations is surc to gain water
after a time.

A very convenient arrangement for drying slices of roots and
tubers, and also succulent leaves, is shown in Fig. 37. This
apparatus consists of a turned open base of mahogany, having two
short pillars screwed into it opposite one another. Each of these
pillars has a narrow slit at its summit to receive a platinum wire,
on which"the materials to be dried are strung. It is best to have
all the platinum wires for this purpose of such stoutness as to
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remain unbent with the weight of the slices. They should he
pointed at cach end, and all of the same weight, a convenient
counterpoise is thus always at hand. The whole apparatus may
be introduced into the water-oven during the last stages of the
drying process. A clock-glass of suitable size placed below the
wire will receive any fragments which may fall during the drying.
As the dried substance is
very hygroscopic, it will
be found a good plan to
weigh it, still on the wire,
in a beaker, which is
allowed to cool in a desic-
cator of suitable form.
In operating on many
roots at a time, an eighth
or other like part of each
may be taken, the whole
weighed, cut into thin
slices, the slices threaded
on a piece of twine, and
hung up in a warm place, the drying being finished in the water-
oven.

PROTEINS or ALBUMINOIDS.—A nitrogen deter-
mination by Kjeldahl’'s method (p. 164), is made in 1
gram, and the percentage of nitrogen multiplied by
6-25; the product, though often regarded as the per-
centage of proteins, requires a correction for that
portion of the nitrogen which exists as nitrates, amides,
ammonia salts, and other non-protein forms in the
root. The nitrates may be estimated in the duly
prepared watery extract of the root, by converting
their nitrogen into ammonia by the copper-zinc couple
(see p. 276).

Other plans of obtaining a fairly accurate approxi-
mation to the amount of nitrogen really existing as
protein or flesh-forming substances in roots, ttc, are
the two that follow,
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Phenol Alethod.

" The root is dried in the usual manner; a weighed
quantity, about 2 grams, being then reduced to a
moderately fine powder, is covered with a warm 4 per
cent. aqueous solution of phenol (carbolic acid), to
which a few drops of a freshly made watery solution
of metaphosphoric acid have been added. After fiftecn
minutes a little boiling phenol solution is added, the
mixture being stirred and allowed to cool. The whole
is then poured on to a small filter, which is washed
with more of the same liquid, but cold. The filter
and its contents are then thoroughly dried, the dried
material being afterwards treated by Kjeldahl’'s method
for nitrogen determination, the filter-paper itself being
cut up into fine shreds and introduced into the
flask.

In this process the proteins, being coagulated and
rendered insoluble, remain on the filter, while the
nitrates, amides, amino-acids, and other nitrogenous
matters, which cannot be regarded as possessed of the
characters of true flesh-formers, pass into the filtrate.
In the case of starchy meals, etc., an alcoholic solution
of phenol may be advantageously substituted for an
aqueous one in the first instance.

Copper-Hydrate Method.

Moist copper hydrate unites with protein substances to form
insoluble compounds ; it unites also with a part of some nitrogenous
acids, but it permits nitrates, ammonia salts, and amides to be
washed away. The action of copper hydrate upon peptones seems
somewhat variable. The copper hydrate to be used is prepared
by dissolving 100 grams of crystallized copper sulphate in 5 litres
of water to which 3 c.c. of glycerol have been added. To this
solution 1} litres of very dilute sodium hydroxide solution is added,
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so that the resulting mixture has a faint alkaline reaction. The
resulting precipitate is thrown upon a filter, allowed to draip,
transferred to a dish o1 beaker, and washed by decantation with
distilled water, containing 5 c.c. glycerol per litre, until the wash-
waters arc free from the least trace of alkali. The moist mass is
now to be transferred to a well-stoppered Dottle, syringing it out of
the containing vessel by means of a 10 per cent. solution of
glycerol : this liquid helps to preserve the copper hydrate from
change for a few weeks. When a nitrogen dctermination is about
to be made, a sufficient quantity of the moist copper hydrate is
withdrawn from the store, washed by decantation to free it from the
glycerol, and added to the weighed-out substance, which has been
just heated to 100" C., with 100 c.c. of water. About -8 gram, or,
roughly, one teaspoonful of the copper-hydrate paste, suffices for
1 gram of dried and powdered residue of a root. A very brief
further warming of the mixture will usually suffice to render the
whole of the albuminoids insoluble ; the mass is then thrown on to
a filter, which, after washing and drying, is cut up and treated by
Kjeldahl’s mcthod. In the casc of seeds or other substances rich
in alkaline phosphates a few c.c. of a strong solution of potash-
alum should be mixed with the material taken previously to the
addition of the copper hydrate.

In turnips, often but one-half of the total nitrogen
is protein; in mangolds heavily manurcd and quickly
grown, cven a less proportion of the nitrogen may be
proteins.

MINERAL MATTER—AnR ash-determination is made
in 2 grams of the dry powder. Some ashes, containing
much alkaline salt, are difficult to prepare. In such
cases, char the substance at low redness, extract with
boiling water, and separately ignite the black residue
and the evaporated extract. Add their weight together
for total ash.

CELLULOSE—A segment of the root, precisely
similar to that taken for the water-determination, but
of about 65 to 100 grams, is reduced to the condétion of
pulp by rubbing (best from end to cnd) on a clean
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grater. The pulpistransferred to a beaker, and weighed ;
it is then treated with its own volume of tepid water,
well stirred, and poured on to a calico filter. The
cellulose left on the filter is folded in the cloth and well
squeezed ; it is then returned to the beaker and treated
with boiling water ; after a short time it is again trans-
ferred to the filter, and squeezed as beforc: the operation
is once more repeated. The cellulosc is pressed together
on a filter, removed to a capsule, and dried till it
ceases to losc weight ; the result is crude cellulose, from
which the greater part of the proteins, the pectose, and
the salts of the root have been removed. This should
be carefully powdered, and nitrogen and ash-determina-
tions made in it. The amounts of protein and mineral
matters present being thus known, are subtracted from
the weight of crude cellulose ; the difference is regarded
as cellulose, but docs not represent a pure and definite
substance. It is better to regard it as a mixture of
most of the innutritious ingredients of the root which
are insoluble in water, and in most other rcagents
used.

If a number of roots arc operated on, the pulp
from all might be mixed, and any convenient quantity
taken for analysis.

Lstimation of Sugar.

The “sugar test,” made as described at p. 86, is
used. It should contain -3464 gram of copper sulphate
in 10 c.c, corresponding to -05 gram of grape-sugar,
CH,,O,; 0475 of cane-sugar, C,,11,,0,; or -045 of
starch, C,11,,0,; or -0678 of lactose.

Previously to use, the exact strength of the solution
must be found by titration, with a solution of pure
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sugar diluted to about { per cent. The analytical
process is conducted as follows :—Ten c.c. of the copper
solution are measured into a white porcelain basin
of about 300 c.c,, or 10 oz. capacity, diluted with about
40 cc. of water, and brought nearly to boiling. The
sugar solution, previously znverted by boiling with one-
tenth of its volume of sulphuric acid for ten minutes,
made alkaline with caustic soda, and diluted to a known
volume, so as to contain between § and 1 per cent. of
sugar, is then delivered from a burette, the heat being
continued, and the whole stirred well with a glass rod;
when the precipitated cuprous oxide appears of a bright
red colour, remove the flame and allow the precipitate
to settle as much as possible in one part of the dish;
hold the dish on one side, and if any bluish-green tinge
remains, some more sugar solution must be added; if
not, filter a few drops of the hot mixture through a very
small wetted Swedish paper; make one portion acid
with acctic acid, and add a drop of potassium ferro-
cyanide : a brown colour shows that the copper has not
been all precipitated, therefore some more sugar solution
must be added ; if no brown colour is produced, test a
few drops of the filtered liquid with a drop of the
copper solution, and boil, to see if excess of sugar has
been added. It is difficult to arrive at the exact point
on the first trial; but it affords a good guide to exact
titration the sccond time. From the amount of the
sugar solution required to precipitate exactly the copper
in the 10 c.c. of sugar test taken, the total amount of
sugar and its percentage are easily calculated.

Before using the copper solution, 10 c.c. of it should be diluted
and boiled alone ; if any precipitate occur, it may generally be
remedied by adding more sodium hydroxide.

In order to maintain the copper solution in good condition, it
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is better to keep it in the form of two liquids, one containing the
copper sulphate, the other the Rochelle salt and the sodium
hydroxide. The solutions are mixed in due proportions when
wanted, diluted to the proper point, and titrated against a pure
sample of the sugar to be sought for,

A caution is needed as to the conditions for sccuring constant
results with Fehling’s copper solution. If the copper solution
or the saccharine liquid be decidedly weaker or decidedly stronger
than those here recommended, strictly comparable results will
not be obtained. If the Fehling solution be diluted with 4
volumes of water, and the sugar solution do not contain more
than 1 per cent. of sugar, while the mode of operating is, in all
cases, as far as possible identical, then fairly accurate and
constant results are secured.

A few words may here be said as to the method of
preparing the extract of a root, so as to obtain the
whole of the sugar present in a convenient form for
estimation.

The selected and weighed average slices, cut as
before directed, may be rasped on a grater, and the
juice squeezed from the pulp in a cloth; the residual
pulp is then repeatedly exhausted with hot water. The
juice and washings are then heated to the boiling-point
for a few minutes and filtered. The filtratc is treated
as above directed.

A more exact method involves the use of a filter-
pump, or other contrivance, by which the atmospheric
pressure or the weight of a column of liquid is
taken advantage of to hasten the otherwise tedious
process of filtration. This more effective method is
thus conducted :—The selected and weighed segments
of root are cut into very small and thin pieces, or pulped
on a grater and placed in a long funnel which may
conveniently consist of an ordinary small paraffin lamp-
glass. ¥he narrow lower end of this is fitted with a
perforated indiarubber cork ; upon it is placed a picce
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of muslin and 12 mm. of clean sand; through the per-
foration a glass tube passes into a receiver below. This
receiver (whichmay beawide-mouthed Winchester quart,
with ground neck and having an indiarubber stopper)
is kept partially exhausted of air by being placed in
suitable connection with an exhausting syringe or pump.
The funnel is kept supplied with hot water till all the
sugar has been thus cxtracted from the root; by this
means a litre of water will extract the whole of the
sugar from 100 grams of beet-root. The whole filtrate
is then boiled, when a coagulum is formed, and many
impurities with colouring-matters thus rendered separ-
able by filtration. About 15 cc of dilute sulphuric
acid are then added, the whole evaporated to a small
bulk, boiled for a short time to complete the inversion
of the sugar, filtered if necessary, sodium hydroxide in
excess added, and the solution diluted to a known volume,

A convenient weight of beet-root to take is 100
grams, one-half the evaporated extract from which can
then be diluted to a litrc; this will give a solution
containing the sugar from 5 parts of beet in 100 of
water, and gencrally the right strength for titration. The
remainder of the operations have becn already described.

A much quicker method of cstimation of sugar,
which is practically essential when a large number of
determinations have to be made in a limited time, is
with the aid of a polarimeter. For instructions on the
construction and use of this instrument other books
must be consulted, e.g., Handbook of the Polariscope, by
H. Landolt (Macmillan & Co.).

The STARCIHI in potato-tubers, parsnips, etc., may be
approximately estimated by rasping a weighed portion
of the fresh materials and then washing and s¢ueezing
the pulp in a piece of fine cambric. When the water
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flows through clear, a little sodium hydroxide solution
may be added, and then the starch be allowed to settle,
washed by decantation, collected, and dried 7n vacuo
first, then at 100",

In the case of the potato, it is possible to obtain an
approximation to the percentage of starch present in any
sample of this tuber by first determining the specific
gravity of an average well-grown sample free from
disease, and then referring to a previously constructed
table in which the rclation betwcen certain specific
gravities and the corresponding starch-percentages is
shown. The specific gravity is casily ascertained for
this purpose by sclecting twenty average tubers washed
clean and wiped dry, and placing them in a solution of
common salt containing about 350 grams per litre at a
temperature of 16°C. Wateris added with thorough
agitation until half the tubers float, and then the
specific gravity of the liquid is ascertained by mecans of
a hydrometer.

The following table gives the mean results of a large
number of experiments with scveral different varieties

STARCIT IN POTATOLN.

Specaifie Pereer tagre of | Sprethie { Percentiaue of

Gravity. Starch. X Gravity I Starch

! i

- -—-W“;—U——-—’——:! - - o
1-075 12:9 { 1-105 192
1-o80 139 Y I-110 20-3
1-085 149 g 1115 21-4
1090 16-0 ‘ 1120 22:5
1-095 17-1 M 1-125 235
1-100 18-2 } 1-130 246

of potato. But thesc figures cannot be accepted as

more tifan rough approximations to the truth, since the

same specific gravity, so far from corresponding in all
U



306 QUANTITATIVE ANALYSIS

cases to the same starch-percentage, does not by any
means always involve even the same percentage of total
dry residuc.

In many roots there occur considerable quantities
of the substances known as PECTOSE, pectin, and pectic
acid. It is rarely necessary to attempt to determine
them separatcly; but they may be converted into
pectic acid and precipitated as calcium pectate. The
‘operations to be carried out for this purpose are
these:—/\ convenient quantity of the material to be
analyscd is cut up and immersed in strong methylated
spirit for twclve hours. Then it is thrown on to a
cambric filter, dried partially, and ground. The ground
substance (from g5 to 10 grams in weight) is treated with
methylated spirit to which one-fourth its volume of
strong hydrochloric acid has been added. When all
calcium has been dissolved out of it, it is washed with
methylated spirit to remove every trace of HCL  The
next step consists in a trcatment with 150 c.c. of spirit
containing 1 gram of potassium carbonate dissolved
in a little water, the digestion being prolonged with
constant agitation for half an hour at a tempecrature of
75" C.; the flask used should be fitted with a condens-
ing-tube. The next step consists in throwing the
contents of the flask on to a filter and washing the
matter on a filter with alcohol. The whole of the solid
substance is then syringed out of the filter with about
700 c.c. water into a litre flask.  The addition of 2 grams
of ammonium oxalate for each gram of pectic acid
presumed to be present in the substance taken is now
made, and the mixture is digested for two hours at 35° C.
Then the whole is filtered and the residue on the filter
washed.  The filtrate and washings are made-up to 1
litre, and 100 to 300 c.c. taken for the purpose of
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analysis. The pectose, pectin, and pectic acid are now
all in the form of alkaline pectate dissolved in water;
this salt is precipitated along with the oxalate by the
addition of a solution of calcium acctate in slight excess.
The calcium pectate and oxalate thus thrown down are
collected on a weighed filter, washed with watcer, then
with alcohol, dried at 100°, weighed, burned, and the lime
weighed as carbonate.  As the quantity of pure ammo-
nium oxalate used per 100 c.c. is known, the amount of
calcium oxalate which it will yicld can be ascertained.
Call this «; let the residual CaQ, in excess of that
required for the oxalate, be called 4; let .\ be the total
weight of the mixed precipitate of calcium oxalate and
pectate from 100 c.c. and dried at too C.  Then x, or the
weight of the pectic acid, may be found by the equation

A=(a+b)=ur

Note that calcium oxalate, after trecatment with alcohol
and drying at 100", is expressed by the formula CaC,0,,
I1,0; and that the pectic acid represented by v is
calcium pectate minus lime, and not the true acid or
hydrogen pectate. A simpler process for getting at the
weight of the pectic acid in the mixed precipitate is to
dissolve out all but the pectic acid by means of alcohol
rendered strongly acid with hydrochloric acid, and then
to wash, dry, and weigh the residue.

ANALYSIS OF LEaves, GREEN FODDER,
SILAGE, ETC.

The constituents of the lcaf will be for thc most
part the same as those of the root ; the sugar, however,
will be less in amount, while the matters soluble in
ether, Micluding fatty and waxy substances with leaf-
green, may prove by no means an insignificant quantity.
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Oxalates, though not absent from the root, sometimes
exist in the leaf to the extent of | to ) per cent.; they
arc accompanied in all plants by salts of other organic
acids—acetic, citric, malic, or tartaric—sometimes in
considerable quantity. Tannic acid is another con-
stituent occurring in important amount in certain leaves,
while organic bases or alkaloids (such as nicotine) are
found in others. It does not fall within the scope of
this elementary manual to describe processes for the
quantitative estimation of organic acids and bases : the
instances given below refer to the more casily deter-
mined constituents only. But an outline of what may
be called the “fractional” analysis of plants may be
here given.  In this method of treatment, which has
been elaborated more particularly by Dragendorff] a
weighed quantity of the substance to be analysed is
exhausted with a number of solvents applied succes-
sively in the following order :—

L. Detroleune-spirit, boiling at 45 or under. This
extracts fixed oils and fats, wax, essential oils, frec fat-
acids, together with a part of the chlorophyll and some
active principles.

2. [sther, free from alcohol and from water. This
extracts resins, some organic acids, and chlorophyll.

3. .1leokol, which must be necarly absolute. This
extracts tannin, glucosides, bitter principles, and
alkaloids.

4. Water. This extracts sugars, dextrin, mucilage,
many organic acids and their alkaline salts, calcium
sulphate, soluble albuminoids, ammonium salts, nitrates,
and amides,

5. Sodim hydrovide solution, containing +1 to -2 per
cent.  This extracts albuminoids with some “kinds of
gummy and pectous bodies.
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6. ITater at 100". This extracts starch.

7. Hydrochloric actd, dilute, containing 1 per cent,
This extracts calcium oxalate, mangancse and iron
oxides, and some gummy substances.

The final residue, remaining after the above treat-
ment, will consist chiefly of cellulose and lignose with
silica and other mincral matters. It, as well as the
several groups of substances which have been removed
by the several solvents successively used, will have to be
further examined by special methods.

In ordinary cases, where the feeding value of green
fodder is the chief point to be ascertained, the deter-
minations described below will generally suffice.

WaTkER.—Whole leaves, to the amount of 100 grams,
or more if the lcaves be large, arce dried slowly and
carefully (on bibulous paper), if possible, in a current of
warm dry air. If a large number of lcaves have to be
dried for any special purpose, it will be found convenient
to tie them up onc by one along strings stretched across
a room: a warm temperaturce and frec movement of the
air assist the drying process greatly,  When the dried
leaf is requircd for the subsequent examination of
certain ingredients alterable by light (chlorophyll, for
instance), the room should be kept as dark as possible,
Sometimes leaves may be advantagcously dried by
means of the same arrangement as that previously
recommended for sliced roots.

NITROGEN.—When the total nitrogen merely is
required, it may be determined in the dried and
powdered leaf in the usual way. If afterwards the
ammonia be determined by distillation with magnesium
carbonate and Nesslerizing the distillate, if the nitrates
be detdt mined by the copper-zinc couple method ; and if
the true albuminoids be determined by the phenol or
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the copper-hydrate method, we arc then in a position
to calculate the amount of nitrogen existing in the form
of amides and other bases, and of nitrogenous acids, by
subtracting the amounts of nitrogen existing in the
three known combinations from the total amount.
There will, however, be a difficulty in stating the results
in percentages, as we do not know the naturc and
consequently the centesimal composition of the amides,
etc,in question. Were we dealing with asparagin only,
it would suffice to multiply the percentage of residual
nitrogen by 4-7.

Asit may be determined in the dried and broken
(but not powdered) lcaf in the usual way. Where
particular accuracy is desired, the leaves should be
calcined by the process described further on under the
heading “ Ashes of Plants.”

Far is to be dctermined in a rather coarsely
powdered sample of the dried leaf by extraction with
ether, pctroleum-spirit, or carbon bisulphide in the
usual way. Much of the matter extracted by these
solvents will, however, not be fat, but leaf-green, or
chlorophyll and xanthophyll. These colouring-matters
may be removed from the solution by filtering it through
freshly ignited animal charcoal. In the casc of silage,
lactic and other organic acids will be found in the
ether extract. Use petroleum-spirit for choice. In
stating the results, the nature of the solvent should be
named.

Acins.—In silage the acids volatilized on distilling
with water, mostly acetic acid and butyric acid, and
the non-volatile acids, mostly lactic acid, should be
determined.

CELLULOSE may be determined by carefully bruising
in a mortar about 70 grams of whole leaves till a toler-



ANALYSIS OF FOODS 311

ably smooth paste is formed, and then exhausting with
water, as before described in the case of roots. A
determination of fat, as well as of nitrogen and ash,
must be made in the crude cellulose.

Beet-root pulp from sugar manufactories or distil-
leries is analysed as directed for roots; a sugar dcter-
mination is sometimes requisite.

FERMENTED LIQUORS, BEERS, ETC.

An adequate description of the cxamination of
liquids containing alcohol would occupy too much space
in the present clementary volume. We here confine
ourselves to some points to which attention should be
chiefly directed.

ArconoL—This is cstimated by distilling a known
quantity of the liquid made alkaline with sodium
carbonatc in a suitable flask fitted air-tight to a good
condenser (Iig. 38). When the last distillate no longer
contains any spirit, all the previous distillates are mixed
together, made up to the original volume with distilled
water, heated or cooled, as the case may be, to the tem-
peraturc of 15-5° C. (60" I.), and the specific gravity taken
in the proper specific gravity bottle or tube, or by means
of a hydrometer. A table showing how much absolute
alcohol is contained in distillates of different densities
may be found in most manuals of chemistry: we give
a few extracts from such a table here (sece p. 313).
From the amount of alcohol present in the amount
weighed, the amount in the whole measured distillate
is calculated.

Absolute alcohol is here taken as having the specific
gravity -7938 when compared with water at the same
tempefature, 15-5° C,

Proof spirit has the specific gravity -9198, and contains
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49-24 per cent. of absolute alcohol by weight. When a

Fia. 88.

sample of spirit is said to be 30° over proof, it is' meant
that 100 measures of it, after dilution with water, would
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measure 130 of proof spirit. A sample 22" under proof

Specitic Gravity s, Absolute Absolute Proot
of 1)13‘1;1!lu1,e Ak':ohol by Mycuhol by Npirit.
at 155" C. Weight. Volume
‘9991 047 0-60 1-04
9981 1-0 126 22
9972 15 1-88 332
-0903 2:0 2:51 440
9954 25 REE: 552
9940 30 376 6-52
9937 35 442 7:06
0928 40 5-00 881
19920 45 5:03 9-88
(9912 5-0 624 10:90
9896 60 7-48 1315
9831 7:0 872 1531
9867 80 995 17-41
9853 9.0 -1y 19:53
9839 10-0 12:40 21-70
-9828 1to 13062 23-87
9815 120 1484 20-00
-9802 130 1605 2813
9739 140 17:26 3026
9777 15:0 1848 32:50
-97065% 160 19:08 3400
9753 17:0 2089 36:61
10741 18-0 2209 3871
0728 19:0 2328 40-81
9716 20:0 2448 42:90
9578 300 3020 6343
*9395 400 47-35 8302
-91984 49.24 57079 100-00
9180 50:0 57-84 101-:30
-8956 6o-0 67-69 118:03
8721 70:0 76:91 13484
.8483 8o-0 8549 14982
-8228 90-0 9329 16348
79384 100-0 100-00 17525

... 5
contains in 100 measures 100—22, or 78 measures of
proof spirit. The last column of figures in the table
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serves to show the volumes of proof spirit to which the
several percentages of alcohol correspond.

The detection of the higher alcohols (or fusel oil) of
potato and grain spirit is casy by the simple test of the
odour produced when a few drops of the distilled spirit
arc allowed to evaporatc on the hand or in a 3-foot
length of wide combustion-tube ; their estimnation is a
difficult matter.

TorarL NON-VOLATILE MATTER.—By evaporating
a given weight of the sample of wine, ctc, the water,
alcohol, acetic acid, and traces of ethers present are
volatilized, while the sugars, the glycerol, the proteids,
colouring-matters, gums, pectin, etc., with all the organic
and inorganic salts, remain behind. The processes
alrcady given in this volume may be easily adapted to
the estimation of the sugar, the potash, and the proteids
in such a residuc; of course the Zofe/ mineral matter or
ash may be ascertained by mere incineration. Any
free acid (save carbonic) in wine, beer, or vinegar, pro-
vided it be unmixed with any other acid or acid salt, may

. N .
be estimated by the standard o soda solution used

in nitrogen determinations, and methyl-orange or litmus,
as an indicator. Vinegar should always be tested for
sulphuric acid before an estimation is attempted of its
aceticacid. The following data will be useful in showing
the quantities of various acid substances which 1 c.c. of

the standard I—jg soda solution will neutralize :—

0049 gram H,SO,, Sulphuric acid.

0060 ,, C,H,0,, Acetic acid.

0188 C,KH;Oq, Hydropotassium tartrate,
0075, C,H{Oy Tartaric acid.

0090 ,,  C3H{O;, Lactic acid.

0077 ,,  CHO;, Malic acid.
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ASHES OF PLANTS

The chief substances to be estimated in the ashes
of plants are silica, phosphorus pentoxide, sulphur
trioxide, iron and manganecse oxides, lime, magnesia,
and potash. Suitable methods for the determination of
all these ingredicnts have been given under the head of
“Soil Analysis.” These methods may be easily adapted
to suit the present materials; but a few words as to
the incineration of vegetable products may be here
given.

The material to be burnt should be carefully cleansed
from all adhering dirt, and reduced to small fragments,
but not to powder, If not too bulky, it may be heated
in a platinum or porcelain crucible laid obliquely, and
with its cover so adjusted as to send a current of air
over the heated mass; stirring is scldom advisable, and
the heat must not be so high as to fuse or volatilize the
alkalies present: the less bottom heat the better,
provided only that the surface of the mass attains a
sufficient temperature. When the bulk of material to
be used is rather large, it may be burnt on a tray of
sheet platinum, having its edges turned up and enclosed
in a muffle. This muffle is supported on a fire-brick,
and heated in a suitable furnace: a pipe at the farther
end of the muffle passes through the furnace back, and
leads away the gascous products of combustion. The
heat, whether from solid fuel or gas, is made to play
upon the sides and top of the muffle; the incineration
then takes place easily and at a low temperature. The
ash, however prepared, is collected together, ground and
mixed, once more heated to low redness, and preserved
in a stdppered weighing-tube for the several estimations.
In one portion a determination of carbon dioxide (see



316 QUANTITATIVE ANALYSIS

p- 250) may be made; in a quantity of 3 or 4 grams
the silica (and carbon if any) may be cstimated, while
the filtrate from the silica (which has been rendered
insoluble by the usual treatment with HC], and subse-
quent taking up with IINO,) may be treated as
follows :—1It is divided, by wecighing or measuring, into
three portions, in one of which the sulphur trioxide is
determined by means of precipitation with a barium
salt; in another portion the phosphorus pentoxide is
estimated by the ammonium molybdate process; while
from the third portion the bascs are separated by the
processes recommended in the case of soils. It should
be remembered that some of the sulphur in a vegetable
product is always lost during incineration,

Part of the chlorine in the plant substance is always
volatilized when the substance is burnt alone in the
usual way. To estimate the total chlorine the substance
must be burnt at a low temperature with an excess of
pure lime, or of sodium carbonate, and the residue
cxtracted with water; any incompletely burnt particles
arc burnt with more lime; the aqueous extract is then
acidified with nitric acid and the chlorine precipitated as
silver chloride with silver nitrate.

In calculating percentages from the results of an
ash-analysis, any carbon and carbon dioxide found arc
first deducted.

The best process for preparing ashes of plants, so as to avoid
to a great extent loss of alkalies or chlorine, involves the use of a
tube-furnace and a current of carbon dioxide followed by one of
oxygen. The substance is weighed in a platinum boat contained
in a sliding glass weigh-tube. A small combustion-furnace with
six air-burners will suffice. The combustion-tube should be a
wide one of hard porcelain. Near the end where the gas
enters is a plug of asbestos, then the boat, and then a cadutchouc
stopper and exit-tube, leading under the water in a small bottle or
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tube serving as an indicator of the rapidity of the current: this end
of the combustion-tube inclines somewhat downwards. The
operation is commenced by filling the tube with carbon dioxide,
previously washed with water and passed through sodium bicar-
bonate. Then, in a steady current of this gas, the platinum hoat
is heated gradually and gently till empyreumatic products cease to
distil off. When inflammable gases are no longer enutted from
the end of the tube, the current of carbon dioxide is replaced by a
slow one of oxygen. When oxygen only passes out at the
extremity of the tube, then the combustion is finished. The
burners are turned out, and perfectly dry air is passed through the
tube as it cools. A triple tube with threce stopcocks cnables the
carbon dioxide, the oxygen, and the dry air to be successively
passed over the boat. When the apparatus has cooled sufficiently
the boat 1s withdrawn with a wire hook, introduced mto the shding
weigh-tube, and the weight of ash ascertamed. A determination
of carbon will not be nceded ; hut the CO, in the ash may be
estimated 1 the usual way before proceeding with the further
analysis, It is sometimes convenient to char the vegetable matter
in the boat at a very low temperature hefore introducing it into the
tube and passing the CO, over 1t.

MILK

Genuine cows’ milk (to which the following remarks
and instructions refer, unless otherwise stated) varies
somewhat in composition. The morning’s milk is
generally poorer than that of the cvening.  The length
of time that has clapsed since calving, the character
and the quantity of the food given, the temperature
and moisture of the air, as well as the breed and indi-
vidual peculiarities in the animals, are among the chief
circumstances upon which depend variations in the
amount of solid matter in milk, as well as variations
in the nature of that solid matter.  The specific gravity
of good milk is about 1.03235, 7.¢,, 100 c.c. of good milk
will weigh about 103-25 grams; or, 1 gallon will weigh

10-325 lbs.
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The quality of milk may best be determined by
means of chemical analysis, the indications of the
lactometer and creamometer alonc being too often
fallacious.

Milk contains matters in suspension and matters in
solution. Of the former, butter or fat, in the form of
globules, is the most important; the latter include
cascin (caseinogen), albumin, lactose or sugar of milk,
and mineral matters rich in phosphates. The phos-
phates arc intimately associated with the casein, being
partly precipitated with it when the milk is curdled.
Most important indications of the quality of milk are
deduced from the determination of water and of milk-
fat. When we speak of cascin as the nitrogenous con-
stituent of milk, we refer to a mixture of proteins and
not to a single substance: on this point a note will be
found at the end of the directions for the analysis of
milk.

WATER.—As it is impossible to sccure the perfect
desiccation of a considerable quantity of milk, it is best
to usc a very small quantity for the purpose of ascer-
taining the amount of water and of total solids present.
About 5 c.c. of the well-mixed sample of milk are
poured into a flat platinum or porcelain basin 3 inches
in diameter, and quickly and carefully weighed. The
basin is placed on a boiling water-bath or “steamer,”
where it remains for sixty to ninety minutes. Then it
is removed to the water-oven, where it is dried for at
least an hour. It is now to be placed in the desiccator
and weighed when cold: another hour in the water-
oven, followed by another weighing, will enable the
experimenter to make sure that the milk residue is
really dry. The weight of this residue is calculated into
percentage on the weight taken. It will average 13
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per cent.,, and will rarely fall below 12 per cent. in a
genuine milk; while, if the cows be properly and
liberally fed, it may even exceed 13-5 per cent. These
numbers represent respectively 87, 88, and 86-5 per
cent. of water.

SoLIDS-NOT-FAT.—The determination of the solids
other than fat in the dry residue of a milk furnishes an
important means of learning whether the milk has been
watered. This determination may be made by the
Kieselgu/tr method or Adams’ Paper Coil method, to
be described presently. The amount of fat is deducted
from that of the total solids—the remainder is known
as “solids-not-fat.” If the milk be of good quality this
remainder should amount to 9-0 up to 9-6 per cent. It
may usually be concluded that the milk has been
watered should the figure fall under 9. But, as under
certain rare or exceptional conditions, genuine milk
would appear occasionally to contain no morce than 8.3
per cent. of solids-not-fat, it is not usual to condemn a
milk unless this degrce of poverty is reached. Then
the amount of added water is calculated on the supposi-
tion that genuine milk should contain at lcast 8.5 per
cent. of solids-not-fat. This limit is that adopted by
the Board of Agriculture. Suppose, for example, that
the analysis of a sample has given but 6-2 per cent.
of solids-not-fat, we multiply that figure by 100 and
divide it by 8.5, and so obtain 72-9 as the quotient,
representing the percentage present of real milk :

The sdfmple is therefore calculated to contain 27-1 per
cent. of added water.
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Kieselgulr Method.

FAT.—Ten c.c. of the milk is dropped into a porcelain
basin which contains some Kieselguhr, stirred up, dried
in the water-oven, turned into a mortar, and ground
up. The residue is transferred to a paper thimble and
extracted with ether in a Soxhlet’s apparatus.

Adams Paper Coil Method.

Deliver exactly 5 c.c. of the milk, by mcans of a
suitable pipette, on to a strip of white blotting- or filter-
paper, previously extracted with cther, 22 inches long
and 2} inches wide. This strip should have been
previously rolled up in the form of a helix, which, if not
too tightly coiled, will have a diamcter of rather less
than 1 inch. To make this roll, lay the strip on a
sheet of glass, and upon it, lengthwise, a picce of thread,
one end of which projects 6 inches beyond the further
end of the paper-strip.  Roll up the strip and tic it up
with the free end of the thread. This coil is to be
placed upon a sheet of glass; after a little practice it is
casy to sccurce the absorption of cvery drop of milk by
the paper, the glass plate showing no sign of any loss.
The coil, after having been dried in the water-oven for
an hour, is introduced into a Soxhlet tube and extracted
by cther—twclve siphonings at least being nccessary.
Boil off the cther and place the flask (a small and light
one should be used) in the water-oven in a horizontal
position. When the flask and contents arc dry, cool
the flask in a desiccator for ten minutes and weigh.
Deduct the tarc of the flask; the remainder represents
the milk-fat in 5 c.c. of the milk taken. As the weight
of 5 c.c. has been previously determined, it will e easy
to calculate the percentage of fat present in 100 parts by
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weight of the milk. Coils of sufficiently absorbent paper
from which all fat has been previously extracted can
now be purchased ready for use.

Werner-Schmid's Method.

To carry out this mcthod, which is peculiarly useful in
the case of sour-milks, special calibrated tubes are made,
such as Figs. 39 and 40. One of these
tubes is first weighed, then about 10
grams of the milk, after having been
well shaken, are introduced by means of
a funnel: the tube is again weighed,
that the exact quantity of milk taken
may be ascertained. Now add 10 c.c.
of concentrated hydrochloric acid and
heat the tube in a water-bath until its
contents assume a dark brown colour.
Cool the tube thoroughly and add such
an amount of washed ether (about 30
c.c.) that the upper level of the ether
corresponds to the top of the graduations
on the tube. The contents of the tube
are then mixed by gentle shaking, and left for about half
an hour to allow the layers to separate. The volume of
the ether-layer having been read off, 10 c.c. of this are
pipetted into a weighed basin or flask. After evapora-
tion of the ether the fat left is dried for twenty minutes
at 100° C.,, and weighed. The weight of fat thus
obtained must be calculated on the total volume of the
ether-layer in order to ascertain the amount of fat in the
quantity of milk taken.

A drawback to this method is the formation of a
flocculext layer between the ethereal and aqueous layers ;

this renders the reading of the volume of the ether-layer
X

[

Fia. 39, ¥10, 40.
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difficult. By a modification of the process, the whole of
the cther-layer is evaporated down and all measurements
are conscquently avoided. A test-tube of about 30 c.c.
is required. It is fitted, like a wash-bottle, with a
perforated cork, a blow-tube, and a delivery-tube. The
last-named tube is of such a length as to descend down
the test-tube to about two-thirds of its entire depth ; its
end is turned slightly upwards. A known quantity—
say § c.c., or about 5 grams—of the milk is heated with
5 c.c. of concentrated hydrochloric acid, as just described.
Twenty c.c. of washed ether are added to the cooled
mixture, the tube closed with a solid cork, and the whole
shaken. When the separation of the two layers is com-
plete, the double-tube arrangement is fitted in place of
the solid cork, and the upturned extremity of the delivery-
tube so adjusted as to be just above the lower layer in
the test-tube. The whole of the ether-layer is then blown
into a weighed flask. Now 10 c.c. more of ecther are
added to the tube, shaken, and blown out as before into
the flask : these operations arc repeated with 10 addi-
tional c.c. of ether. The original ethereal solution of fat
and the washings are cvaporated, and the residual fat
weighed after it has been dried at 100° C. for half an hqur.

Various centrifugal volumetric methods for the rapid
determination of fat have been devised. In these the
milk is treated with strong acids to dissolve the casein,
etc., warmed, and subjected to centrifugal action so as to
bring about the separation of the fat in a fluid state, in
an apparatus in which its volume can be read off.

One of the best of these machines is the Gerber
Acid-Butyrometer. In using this for milk, 10 cc. of
strong sulphuric acid (sp. gr. 1-825) are placed in one of
the special graduated butyrometer tubes, 1 c.c.”of amyl
alcohol (sp.gr. -815 to -818; B.P. 127 to 130° C.) carefully
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added, then 11 cc. of milk, the tube closed with an
indiarubber cork, the contents mixed by shaking,
warmed, if necessary, to about 65°C., and whirled in
the machine for about two to threc minutes. Separated
milk should be whirled for at least five minutes.  After

Fia. 41.

taking out the tubes from the centrifugal machine
they may be kept in a water-bath at 65° C. for a minute
before reading off the volume of the fat layer. Small
machines are rotated by hand by means of a cord or
a leather strap.

If the total solids and the specific gravity of a milk of fairly
normal composition have been ascertained, it is easy to calculate
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from[these data the approximate percentage of fat present. The
calculation is based upon the fact that, in accordance with their
percentage, the fat present depresses to a definite degree, and the
solids-not-fat raises to a definite degree, the gravity of the milk.
Let, then, T represent the ascertained percentage of total solids,
G the figures of the gravity beyond 1000, and I the fat, then the
simplest and most easily worked expression for the formula

becomes—

(-5 = w

6 4
Thus a milk which gave 1236 per cent. of total solids and had the
specific gravity 10322 yiclded experimentally 3.6z per cent. of fat,
while by calculation it was estimated to contain 3-59. For

%( 12:36 — %2> = 359

The specific gravity of milk must be taken with considerable
accuracy. For this purpose a lactometer is inferior to a specific
gravity bottle or a Sprengel-tube. But another plan may be
adopted, namely, the use of Westphal’s Hydrostatic Balance, which
affords a ready and accurate mcthod for ascertaining the specific
gravity of a sample of milk (Fig. 42). In this instrument a glass
plummet, suspended by a piece of thin platinum wire, is attached
to one end of a graduated lever. On immersing the plummet in
a liquid it loses a certain weight. The equilibrium is restored by
hanging on the lever a series of riders which are so adjusted in
weight as to make the reading of their values very simple. The
plummet displaces exactly 10 c.c. of liquid, and hence the weight
required to restore equilibrium equals that of 10 c.c. of the fluid of
which the density is required.

Having obtained, by one of the preceding processes, the per-
centage of milk-fat present in the sample of milk under examina-
tion, it may be used, should it fall below 3, to calculate the
amount of milk-fat or of cream which has been abstracted from
the milk. Assuming that the percentage of milk-fat found is 1.75,
then the calculation will be—

175 X 100 _ 583,
3
The sample is thus estimated to have lost by skimming 417 per
cent. of its cream.
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PROTEINS or ALBUMINOIDS.—The cascin and other
albuminoids of milk may be best determined in the
dry residue of 10 cc. of the milk by the Kjeldahl
method. The milk may be measured directly into the
Kjeldahl flask and evaporated therein, before adding

Fra, 42.

the sulphuric acid. The percentage of nitrogen found
may be multiplied by the usual factor, 6.25. Somc
chemists, however, cmploy the figure 6.3, on the
supposition that the milk-albuminoids contain less than
16 per cent. of nitrogen, namely, 15-87 per cent. It is
probable that the factor 6.3 yields results which are very
ncar the truth.

When the milk is evaporated directly in the Kjcldahl flask, on
distilling with sodium hydroxide frothing sometimes takes place
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in a troublesome manner. This is due to a small quantity of
insoluble volatile fatty acids condensing in the neck of the flask
and afterwards saponifying with the caustic soda. The frothing
may be prevented by rinsing the neck of the flask—after the
digestion with sulphuric acid and cooling—with a little distilled
water (about 100 c¢.c.) into the acid residue, then boiling till about
40 c.c. remain in the flask. Now make alkaline and distil in the
usual way.

MILK-SUGAR—A known wecight of the milk, say
20 grams, is to be precipitated with 12 drops of an acid
mercuric nitrate solution, prepared by dissolving mercury
in twice its weight of nitric acid of specific gravity 1-42,
and adding to the liquid its own bulk of water. After
the addition of this mercuric nitrate solution to the
milk, the mixture is to be thoroughly shaken in a
cylindrical graduated mecasure, and then diluted so as to
measure 400 c.c.  In this manner the albuminoids and
fat arc completely separated, and a clear liquid contain-
ing all the milk-sugar is obtained. The precipitate is
allowed to subside, and an aliquot part, representing
1 or 2 grams of the milk, rendered alkaline with sodium
hydroxide, and titrated with IFehling's solution as
directed on pp. 301 and 302. [t should be remembered
that 10 c.c. of the standard copper-solution used in
sugar-dcterminations  correspond to 06757 gram of
sugar of milk in its ordinary state (C,H,,0,;, H,0), but
to -06419 gram of anhydrous milk-sugar, in which form
this body cxists in all milk-residues which have been
dricd at 100" C. The copper-solution used should be
titrated with a standard solution of pure lactose.

AsiL—DMilk yiclds very nearly -7 part of ash in 100,
The proportion in any sample may be determined by
incinerating the total residuc from 10 grams of milk.
The incineration should be conducted at as low a
temperature as possible, preferably in a mufflee The
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alkaline chlorides in the ash will he in great measure,
if not entirely, driven off by half an hour’s exposure to
a bright red heat. As there is some difficulty in pro-
ducing a white ash at a dull red heat from an ordinary
milk-residue, it is safer to char the residue at first, then
to extract the charred mass with water, and finally to
burn off the charcoal from the insoluble residue. In
this way we divide the ash into two portions, insoluble
and soluble, for the latter is obtained by evaporating
and igniting the watery extract of the charred residue.
The two united constitute the total ash. Its percentage
should lic somewhere between -7 and -8—a figure lower
than this minimum tending to show dilution, and a
figure higher than this maximum indicating the prob-
ability that common salt, sodium carbonate, borax,
boric acid, phosphoric acid, or some other preservative
substance has been added to the milk.

It is desirable to tcst the milk-ash for alkalinity,
and to determine the amount of chlorine present.
Wash the whole of the ash obtained as previously
directed from the dish into a becaker by means of a
little distilled water; test a drop of the solution with
litmus paper; it should give a barcly alkaline reaction;
an acid reaction indicates the addition of some foreign
substance. To the solution add 1 or 2 drops of
neutral potassium chromate solution, and titrate with
centinormal silver nitrate (p. 211), Calculate from the
silver nitrate used the amount of chlorine, which should
not exceed one-tenth of the weight of the milk-ash. If
any excess over -08 per cent. be found, it may fairly be
inferred that common salt has been added to the milk.

Whey, buttermilk, and skimmed milk may be
analysed as milk, but for the milk-fat determinations
larger quantities must be taken.
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Skimmed milk, or separated milk, should contain at
least 9 per cent. of total solids.

Milk which is not fresh will have undergone altera-
tions variable in character and degree, which render a
comparison with the same milk in its original state
impossible. No system of allowances for such altera-
tions can be applied with complete success.

The Werner-Schmid method described on p. 321 is
capable of yielding far more satisfactory results with
stale milks than the Adams’ method.

NoOTE ON THE PROTEINS OF MILK.—Almost the
whole of the nitrogenous matters in milk exists in the
form of proteins. But caseinogen, generally known as
casein, is not the only protein present, although it con-
stitutes rather more than three-fourths of the total
Albumin is present, while there is a third substance of
the same group which remains in solution when the
casein and albumin have been removed. The albumin
may be separated by concentrating the clear whey from
a known weight of milk which has been curdled by a
few drops of acctic acid. To the evaporated liquid a
little metaphosphoric acid solution is added, the
mixture heated to the boiling-point, and the small curd
of coagulated albumin collected on a tared filter, dried
at 100°, and weighed. In the filtrate, further concen-
trated to a small bulk, a few drops of an alcoholic
solution of phenol or of tannin will produce a small
precipitate, which is to be collected on a small tared
filter, washed with spirit, dried at 100°, and weighed.

Dirt in Milk. — The sediment from as large a
quantity as is available should be collected, washed with
water by decantation, and a portion of it examined
microscopically for straw, pecat fibre, and dung: The
main portion is collected on a small filter-paper, a
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strong solution of cane-sugar run through the paper,
and the paper and sediment dried thoroughly at 100° C.
Allow to cool, place a drop or two of strong sulphuric
acid on the sediment, and run it off the paper. Hold
the paper up to the light and examine the sediment
with a pocket lens; if bile be present, a fine purple
colour will be seen round the particles. [Modification
of Pettenkofer’s test for bile.]

CruAM

Cream varies much in percentage composition ;
when made from milk which is becoming sour, more
casein is present than when the milk and the cream
both remain sweet. It, however, consists essentially of
minute globules of milk-fat intimately mingled with
small quantities of the other constituents of milk. [t
may be analyscd as milk; determinations of water, of
solid residue, of fat, and of ash being generally alonc
necessary, the proteins and sugar being neglected.
The quantities of cream taken for the several determina-
tions should be rcgulated by the proportions of each
ingredient usually present. Thus for solid residue and
fat less cream will suffice than in the case of milk, but
for ash more will be needed. In drying cream, it is
better to pour small quantities at a time into the
evaporating-dish. But a more exact method involves
keeping the weighed quantity of cream upon the
steamer for twenty-four hours. Weigh into an evapor-
ating-dish 25 grams of pure dried sand, pour a weighed
quantity of cream, about 5 grams, on to the sand; mix
thoroughly by the aid of a stiff platinum wire, which
must be left in the dish. After drying for some hours,
the di8h is removed from the steamer, and the mass of
cream and sand carefully broken up by the wire. The
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dish is now placed in the water-oven for some hours.
When taken out, any fragments of sand and cream-
residue are detached from the wire, and the dish with
its contents weighed. The solid matter contained in
the cream is deduced from the total weight by sub-
tracting the weight of the sand and of the dish.

Cream should be tested for preservatives, especially
for boron compounds, and for starch and gelatin.

BUTTER

Butter contains, besides milk-fat, a considerable
quantity of water and a little salt; traces of milk-sugar,
of casein, and of phosphates will likewise be found in it.
The percentage of water in genuine fresh butter varies
between 5 and 16; the percentage of salt between -1 and
.3. In salt butter the range is morc ecxtensive, the salt
somctimes rising to 8 per cent., and the water to 28 per
cent.; it has been stated that even 50 per cent. of water
may be incorporated with butter. A percentage of
16 is the maximum allowed by the regulations of the
Board of Agriculture in genuine fres/ butter.

WaTER—Warm the sample in a bottle or jar until
it just begins to melt, then beat it into the consistency
of thick cream in order to thoroughly mix it. Weigh
about § grams into a small flat porcelain dish containing
clean dry sand, previously tared. The dish and con-
tents are dried in an air-oven at 105° C, and weighed.
The loss is water.

SALT.—A separate quantity of butter, varying in
amount according to whether the sample is fresh or
salt, is employed for the estimation of common salt.
The weighed quantity is transferred to a flask of about
250 c.c. capacity, and then about 100 c.c. of boilitg dis-
tilled water are added. The flask is to be corked, and



ANALYSIS OF FOODS 331

the contents briskly agitated with a rotary motion, care
being taken to prevent the .melted butter-fat from
touching the cork. After two or three minutes’ shak-
ing, more boiling distilled water is added, so as to fill
the flask up to the base of the neck. The flask is
allowed to cool, and, when cold, a gentle shake will
detach from it the solid cake of fat; the solution con-
taining the salt can now be decanted through a filter
into a beaker. The cake of fat and the flask should be
rinsed with a small quantity of cold distilled water,
which is added to the original filtratc. The filtrate or
an aliquot portion of it can now be titrated with a
decinormal solution of silver nitrate, as described on
p. 211, 1 cc. of which solution corresponds to 00585
gram of sodium chloride or common salt.

It is advisable to test this filtrate for alkalinity
before titrating it, as small quantitiecs of alkaline
carbonates are occasionally found in impurc samples of
butter.

Asit is determined by the ignition of a separate
portion of about 5 grams of the sample; the ignition
should be as slow as possible. The ash of genuine
butters will frequently be found by ignition to be
rather lower than the percentage of salt; this is due to
the volatilization of sodium chloride during the com-
bustion of the fat. If the ash readily fuses in the crucible
it is probable that borax, or boric acid, or phosphoric
acid has becen added to preserve the butter. A genuine
butter leaves no ash other than common salt, with a
trace of alkaline or carthy phosphates.

CASEIN.—Probably the simplest plan for determin-
ing the casein in butter, when it is not desired to make
a difect determination of nitrogen, is the following :—

Five grams of butter are weighed into a tared filter
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contained in a funnel supportea by a triangle on a
beaker. The arrangement is placed in a hot drying
chamber, when most of the fat will soon filter into the
beaker. Then the filter is removed from the funnel,
folded so as to prevent loss of curd, and placed in a
Soxhlet extractor, where it is exhausted with ether or
petroleum spirit. The filter and contents are dried in
the water-oven until constant, and then weighed.
Deduct the tare of the filter from the gross weight; the
remainder will be the casein and mineral matter. The
filter and contents are to be ignited at as low a tempera-
ture as possible; the loss in weight multiplied by 20
gives the percentage of casein.

FAT may be calculated from the amount required to
make up 100 parts when the ascertained percentages of
water, casein, salt, and other mineral matters, if any, are
added together. It is, however, much more difficult,
although at the same time much more important, to
ascertain whether this fat is genuine butter-fat or the
fat known as margarine. As the fatty part of butter is
not only its chief constituent, but that in which reside
the chief differences between the genuine and the
spurious kind, it is to this constituent that our attention
is chiefly given. The first requisite is a supply of pure,
dry, clarified butter-fat; to secure this, a small quantity
of the sample of butter is melted in a beaker on a
steamer, at as low a temperature as possible, and then
filtered through dried Swedish paper, the filtration being
performed in a water-oven. Sometimes a perfectly
clear sample of fused butter-fat may be obtained with-
out filtration; but in all cases the fat should not be
heated for any length of time, or to a temperature moré
than a few degreces above its melting-point. When a
sufficient supply of the clarified butter-fat has been pre-
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pared, it may be weighed in a small beaker containing
a pipette. The quantity required for cach experiment
may then be removed by the pipette, the beaker,
pipette, and remaining fat being afterwards weighed
again; the second weight deducted from the first gives
the amount of fat taken for one experiment.

We give four methods of applying a saponification
process to the detection and estimation of the foreign fat
in samples of butter, so-called. The first process, devised
by Koettstorfer, is a purely volumetric one; the second
process (Hehner’s simplified) may be quickly performed,
and gives the percentage of “insoluble fatty acids” very
accurately. In the third process, originally devised by
Reichert and subsequently modified by Meissl and
Wollny, the volatile acids are alone determined. In
the fourth method, a modification of the third by
Polensk¢, the amounts of soluble and insoluble fatty
acids in the butter are determined.

Koettstorfer's Saponification Method.

2.5 grams of clarified butter-fat are weighed into a
small wide-mouthed flask and 25 cc. of seminormal
alcoholic solution of potassium hydroxide added. The
mixture is boiled on a water-bath under a vertical con-
denser for half an hour, 1 c.c. of phenolphthalein solution
added, and the solution titrated in the flask, while hot,
with seminormal hydrochloric acid, care being taken to
avoid access of air, as carbonic acid interferes with the
accuracy of the result.

The quantity of seminormal hydrochloric acid
required to exactly neutralize 25 c.c. of the alcoholic
solution of potassium hydroxide is ascertained by a
blank experiment made under precisely similar con-
ditions.



334 QUANTITATIVE ANALYSIS

The number of c.c. of seminormal hydrochloric acid
used by the butter-fat under cxamination, deducted from
the number of c.c. used in the blank experiment, will
give the quantity of seminormal potassium hydroxide
solution required for the saponification of the 2-5 grams
taken ; this figure divided by 2 will give the number of
c.c. of normal alkali required. From this the saponifica-
tion-equivalent, or the number of grams of fat capable
of being saponified by 1 litre of normal alkali, may be
calculated. The range in butter-fat varies from 241 to
253, in margarine from 285 to 290.

The result, however, is generally expressed in milli-
grams of potassium hydroxide required to saponify 1
gram of fat, thus:—No. of c.c. of normal KHO x 56-1,
and divided by No. of grams of fat used.

Butter gives from 221.5 to 232-4; margarine, from
193-5 to 196-5 ; coco-nut fat, 246 to 260; lard, 195-4.

(56-1 =equivalent of KHO.)

Rapid Saponification Method.

Five grams of the clarified fat are weighed into a glass
basin 4% in. in diameter and melted on the water-bath.
About 1 gram of stick sodium hydroxide is added, and
then about 1 c.c. of water. After the lapse of a minute
or two, 4 c.c. of 60 O.P. alcohol are poured in, and then
the contents of the basin are well stirred with a glass
rod until the fat has assumed a gelatinous appearance.
The resulting soap is evaporated to complete dryness
with occasional stirring, to free it from alcohol. The
saponification and subsequent evaporation will occupy
about half an hour.

The soap is dissolved in the basin with bbiling
distilled water: the solution should be perfectly clear.
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Dilute sulphuric acid is added, in quantity sufficient to
completely decompose the soap. The insoluble fatty
acids will rise to the top in a white semi-solid condition ;
after a short time they become liquid and are to be
decanted on to a tared Swedish filter previously well
wetted with boiling distilled water. Great care must be
taken to wash the basin and rod free from fat; this is
readily done if abundance of boiling distilled water be
used. The washing of the fatty acids on the filter with
boiling water is continued until 6 ozs. of the filtrate,
to which a few drops of phenolphthalein solution have
been added, are coloured by the addition of not more
than o-2 c.c. of a decinormal solution of sodium hydroxide.
Usually more than a litre of water is required for the
complete washing of the insoluble fatty acids obtained
from 5 grams of the clarified fat. They are now allowed
to cool in the filter, and then the filter with its contents
is removed to a small tared glass basin and dried on
the water-bath until the melted fat soaks into the filter-
paper. To assist in expelling the last traces of water,
about 4 to 8 c.c. of absolute alcohol are poured over the
paper, and the heating is continued on the water-bath
until the alcohol has evaporated. The basin and
contents are dried in the water-oven until constant in
weight, and then they are finally weighed. From this
weight is deducted the tare of the basin and filter;
the result, multiplied by 20, gives the percentage of
insoluble fatty acids yielded by the clarified butter-fat.
The insoluble fatty acids in genuine butter-fat rarely
exceed 885, but may reach 8g. If the insoluble fatty
acids exceed 89-5 the butter-fat is probably adulter-
ated. If the soluble fatty acids fall below 5 per
cent,” the butter-fat is probably adulterated with
margarine.
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The Reichert-Meissl-Wollny Method.

5-0 grams of the clear fused butter-fat are intro-
duced into a 300 c.c. flask of the form shown in Iig.
43—length of neck 7 to 8 cm,, width of neck 2 cm.
Two c.c. of a solution of sodium hydroxide in an cqual
weight of water, and 10 c.c. of alcohol, of about 92 per

9]
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cent.,, are added. The soda solution must be free from
carbon dioxide and preserved from the action of atmos-
pheric carbon dioxide. The mixture is heated under a
reflux condenser, connected with the flask by a T-piece,
for fifteen minutes in a bath containing boiling water.
The alcohol is distilled off by heating the flask on the
water-bath for about half an hour, or until the soap is
dry. One hundred c.c. of hot water which have been
kept boiling for at least ten minutes are added, and the
flask heated until the soap is dissolved. Forty t.c. of
normal sulphuric acid and three or four fragments of
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pumice or of broken clay tobacco-pipe arc added, and
the flask at once connected with a condenser by means
of a glass tube 7 mm. wide and 15 cm. from the top of
the cork to the bend. At a distance of 5 cm. above the
cork is a bulb 5 cm. in diameter.  The flask is supported
on a circular piece of asbestos 12 cm. in diamecter, having
a hole in the centre 5 cm. in diameter, and is first heated
by a very small flame, to fuse the insoluble fatty acids;
but the heat must not at first be sufficient to cause the
liquid toboil. The heat is gradually incrcased, and when
fusion is complete 110 c.c. arc distilled off into a graduated
flask ; the distillation should take about thirty minutes
(twenty-eight to thirty-two minutes). The distillate,
which may be turbid, is shaken up, 100 c.c. filtecred off
through a dry filter-paper, transferred to a beaker, -5 c.c.
of an alcoholic solution of phenolphthalein (1 gram to
100 c.c. alcohol) added, and the filtrate titrated with
decinormal alkali solution (sodium hydroxide or
baryta). A blank cxperiment with the same rcagents,
but omitting the fat, should be made, and the amount
of decinormal alkali required to ncutralize the distillate
found. This should not exceced -3 c.c. The volume
of decinormal solution of alkali uscd, less the amount
obtained in the blank experiment, is multiplied by 1-1.
The number so obtained is known as the “Rcichert-
Wollny number.”

According to the recommendations of a Depart-
mental Committee of the Board of Agriculture, a
Reichert-Wollny number of 24 is the limit below
which the presumption should be raised that the butter
is not genuine. The number in purc butter may go up
to about 32.

It is necessary, in order to secure accurate results in
this process, that carbonic acid should be excluded

Y
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particularly from the strong sodium hydroxide solution,
and that the distillation of the volatile acids should
proceed at the same rate and occupy the same time in
all experiments.

Polenské’s Method for determining Coco-nut Fat in Butter.

Butter frequently contains coco-nut oil as an
adulterant; it may be detected and its amount
estimated by a modified Recichert-Wollny process
devised by Polenské, which estimates the soluble and
insoluble volatile fatty acids contained in the fat.

The process is carried out as follows :—Five grams
of the dry fat is placed in a 300 cc. flask with 20
grams of glycerol and 2 c.c. of 50 per cent. sodium
hydroxide solution. The mixture is heated over a free
flame with constant shaking till the fat is saponified and
the liquid suddenly becomes clear : this takes place in
from three to five minutes; cool and add go c.c. of warm
water (50°C.). If the soap is not all dissolved, warm
the flask on a watcr-bath to a temperature of 50° C.
The final solution must be clear, and if it is of a dark
brown colour the test should not be continued. Now
add to the hot soap solution about -1 gram of powdered
pumice [the fineness of ordinary sca-sand] recently
ignited, and 50 c.c. of dilute sulphuric acid [25 c.c. of
pure strong acid in a litre], and the flask at once
attached to the bulb-tube and condenser.

The apparatus must agree in every detail as to
the dimensions given in Fig. 44.

Heat the contents of the flask with a small flame
until the fatty acids are all melted, then raise the
temperature to the boiling-point and regulate the dis-
tillation so that 110 c.c. distil in twenty minutes. The
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condenser should be supplied with water at a tempera-
ture not excecding 20°C. When 110 cc. has been
collected the flame is removed, and the receiving flask
replaced by a 20 c.c. cylindrical measure.

- - - - ..82

Fiu. 44,

Cool the distillate by immersion in water to
15°C., and note the appearance of the insoluble
fatty acids, whether in oily drops, scmi-solid, or solid
masses.
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Mix the distillate by turning the flask upside down
five or six times. Filter, through a dry, 8 cm. diameter

filter-paper, 100 c.c. of the distillate, and titrate with %
NaHO solution, using as an indicator -5 c.c. of phenol-
phthalein solution. The number of cc. of }%, soda

solution used, multiplied by 1-1, gives the Reichert-
Wollny number for the volatile fatty acids soluble in
water.

The insoluble volatile fatty acids are next deter-
mined ; wash away the soluble acids from the filter and
apparatus by means of three successive lots of 15 c.c. of
water which has been passed, scverally, through the
tubce of the condenser, the 20 c.c. upright measure, and
the 110 cc. flask. These washings arc not required.
The insoluble volatile fatty acids which may be left in
the condenser, 20 c.c. incasure, 110 c.c. flask, and on the
filter, arc removed by rinsing these in succession three
times with 15 c.c. of neutral go per cent. alcohol. [The

alcohol is necutralized with % NallO, using phenol-

phthalein as an indicator.] The filter is the last to
be rinsed, and care must be taken that each lot of

alcohol passes through the filter before a new 15 c.c. is
added.
The alcoholic filtrate containing the insoluble (in

water) volatile fatty acids is titrated with % NaHO,
using -5 c.c. of phenolphthalein solution as an indicator.
The number of cc. of I]:), NallO required for this

neutralization is known as the Polenské New Butter
Value.
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Polenske’s Values for Pure Butter-[ats.

Numbor of ¢.c. of ]I% NaOll required for the neutralization of thoe

Soluble Volatile Fatty Acuds. Lusolublo Volatile Katty Acids
(Reichert-Wollny Value.) (New Butter Value )

19:9 1-3§
211 14
22:§ 15
233 1-0
234 1-5
236 17
245 16
247 17
24-8 17
248 1-6
250 18
25-1 1-6
252 1-0
253 1-8
254 19
256 17
26-2 19
26§ 19
26:6 1-8

T 2647 20
20-8 20
26-9 2.1
26-9 1-9
27-§ 19
27-8 2.2
282 2-3
284 2-3
288 2-2
28-8 2:5
2094 2:6
296 2-8
29:5 2.5
30°1 30

Butter-fats giving Reichert-Wollny figures of 24 to
30 for soluble volatile fatty acids require 1-5 to

3-0cc Iﬁof alkali to neutralize the insoluble fatty acids.
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Coco-nut oil gives Reichert-Wollny figures for the

soluble volatile fatty acids from 6-8 to 7-7, and as much
7
as 16:8 to 17.8 cc. I/g) NaHO for the neutralization of

the insoluble volatile fatty acids.
The amount of adulteration of butter with coco-nut
oil may be dctermined approximately from the fact

that the amount of f\; NaHO required for the

ncutralization of the insoluble volatile fatty acids is
increased by -1 c.c. through cach addition of 1 per cent.
of coco-nut oil.

Tfor cxample, a portion of the fat obtained from a
sample labelled butter gave a Reichert-Wollny figure
25, and the insoluble volatile fatty acids required for

S N .
neutralization 3 c.c. of o NaHO. On referring to the
above table, it is found that pure butter-fat with a
Reichert-Wollny number of 25 requires only 1.8 c.c. %

NallO for neutralization of the insoluble volatile fatty
acids, thercfore the excess 1-2 c.c. is to be calculated into
coco-nut oil; ze, since -1 cc. of alkali is equivalent to
1 per cent., this sample is adjudged to contain 12 per
cent. of coco-nut oil.  This conclusion must be further
tested and the presence or otherwise of phytosterol in
the sample be determined.

The phytosterol in coco-nut cake given to milch cows does not
pass into the milk,

Coco-nut oil contains from -1 to -5 per cent. of
unsaponifiable matter compoccd in part of phytosterol
The presence of phytosterol in a fat is determined as
follows.
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The purified fat, obtained by melting the fat and
sampling, is saponified by heating with alcoholic
potash, the alcohol is removed by cvaporation, and the
remaining alkaline soap solution extracted with ether.
Any dissolved soap must be removed from the ether
extract by means of water.

The ether is then allowed to evaporate spontane-
ously when any unsaponifiable matter will be left as a
residue. Dissolve such residue in absolute alcohol,
filter, and evaporate to dryness on a water-bath in a
small porcelain dish. To the residuc add 2 c.c. of acetic
anhydride, cover the dish and heat to the boiling-point,
then evaporate to dryness on a water-bath. Warm the
residue with a little absolute alcohol, cool, and allow to
crystallize. The crystallized acetates are filtered off
and washed with a little 95 per cent. alcohol, and then
the melting-point determined.  Phytosteryl acetate
melts above 125" C. If necessary, further crystalliza-
tions should be made; and if the melting-point of the
crystals is below 115° C,, phytosterol is absent.

The specific gravity of the clarified fat at a temperature of
37-.8°C. (100°F.) should be taken. It is neccessary to use a
pear-shaped specific gravity bottle provided with a very accurately
fitting thermometer-stopper. When the exact capacity of the
bottle in c.c. of distilled water at 37-8° C. has been ascertained, it
is dried and filled with the clarified butter-fat to be tested, which
should have been previously melted and raised to a temperature of
35° C. The thermometer-stopper must be looscly placed in the
bottle, which is to be plunged up to its neck into a water-bath at a
temperature of about 39°C., and to be kept in gentle movement
until the temperature reaches 37:8"C. Then the thermometer-
stopper is properly inserted, the excess of fat at once removed by
filter-paper, the bottle dried, and weighed while warm. The
obsegyed or “actual density ” (as the figure obtained in this deter-
mination is called) is found by dividing the weight of the fat by the
weight of the water which the same bottle has been ascertained to
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hold at 37-8°. The term actual density, instead of specific gravity,
is adopted, because the comparison is made with water at 37-8°
instead of with water at 15-5°. Clarified butter-fat has an actual
density of from .91 to -9138, assuming water to be 1, whereas
oleomargarine and most other fats likely to be used as adulterants
have actual densities varying between -gog4 and -go7. The specific
gravity of pure butter-fat, at a temperature of 15.5°, averages -9307
when compared with water at the same temperature. The specific
gravity of butter-fat, at any temperaturc above its melting-point

]
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up to 100°C.,, may be taken by means of Westphal’'s Hydrostatic
Balance, and the bath shown in Fig. 4s.

The specific gravity of coco-nut oil at 100° C. (water at 15°C.=
1-0)=0-8736; the specific gravity of butter-fat at the same tempera-
ture=0-865 —0-:868. Fig. 45 shows the apparatus which may be
used for taking the specific gravity at the temperature of 100° C.

The refractive index of a fat gives useful indications as ‘o its
origin ; for this determination special apparatus is required.

The fat of butter contains glycerides of the soluble or volatile
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acids, butyric, caproic, caprylic, and capric, the first being the most
abundant and the last in smallest amount. It also contains
glycerides of the insoluble and non-volatile acids, lauric, myristic,
palmitic, stearic, and oleic—of these, oleic and palmitic arc most
abundant and stearic least. The fats used to adulterate butter
contain none, or but traces only, of the volatile and soluble acids,
and upon this mainly depends the methods used in detecting
adulterations of butter with foreign fat.

True butter-fat contains on an average about 88 per cent. of
insoluble acids, whilst margarine contains over 95 per cent.  Butter-
fat contains § to 7 per cent. of soluble acids.

But the composition of the fat of genuine butter is liable to
variations dependent on the climatic conditions (wet and cold
winds in the autumn tend to diminish the volatile acids), on the
period of lactation (with increase in length of period the volatile
acids diminish), on the nature and amount of the food, on the
breed of the cow, and on her idiosyncrasy.

In using the Reichert-Wollny method, about nine-tenths of
genuine butter gives a figure between 24 and 32, and the greater
part between 26 and 31, In a few cases the number may go up to
35, and in a very few may be as low as 18-4, but the butters yield-
ing these numbers are produced under abnormal or exceptional
conditions.

Other fats which are used to adulterate butter (such as mar-
garine, the softer parts of becf-suct) contain practically no volatile
acids, and proportionately a higher percentage of insoluble fatty
acids. Coco-nut fat may give a Reichert-Wollny figure as high
as 7.

The chief determinations which should be made in butter-fat
in order to find whether it has been adulterated are : (1) its specific
gravity ; this at 37-8°C. (=100" F.) should be near 9130, the
specific gravity of beef-fat is lower and that of coco-nut fat higher.
(2) Its refractive index by means of a Zeiss Butyro-Refractometer
(see Winter Blyth’s Foods) or similar instrument ; this often gives
valuable indications of adulteration, though the refractive index of
genuine butter is between that of two of its commonest adulterants,
beef-fat and coco-nut fat. (3) Its saponification value by Koett-
storfer’s test; and (4) the proportion of volatile acids by the
Reichawt-Wollny test; this is the most important of all. The
results of these tests must be considered together, for by skilful
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blending of adulterants the detection is made difficult, if not
impossible, by the use of one or two tests alone, but a consideration
of all will rarely let a case of fraud escape.

The more volatile acids are present the higher will be the
specific gravity and the higher the saponification value, but the
lower the refraction ; there must be a correlation between these
data.

Borax and boric acid are frequently found in samples of fresh
butter. They are best tested for th the ash contained in a porce-
lain basin (p. 56). Salicylic acid is sometimes used to preserve
butter. To detect it, shake the butter with twice its volume of 20
per cent. alcohol and add a few drops of dilute ferric chloride
solution ; a violet tint indicates salicylic acid.

CHEESE

contains the same ingredients as milk—sugar, however,
being present in very small proportions. Cheese
contains also a variable quantity of common salt, a
notable percentage of phosphates, and a little colouring-
matter. When undergoing the process of decay, many
additional compounds are formed, chiefly from the
breaking-up of the cascin. The only determinations
which are necessary in ordinary cheese-analysis are
those of water, fat, casein or albuminoids, and ash or
mineral matter. Full directions for these estimations
will be found on previous pages devoted to the analysis
of milk, cream, and butter ; but a few special notes and
hints specially applicable to cheese may be serviceable.

WATER.—About 5 grams of the cheese, cut, before
weighing, into thin shavings, or else grated, are dried in
a small tared platinum dish in the water-oven till
practically constant in weight. It has been found that
a small quantity of cheese can be more completely dried
than a large one, and that it is better to dry several
portions of § grams separately for the determinafion of
different constituents rather than attempt to prepare at
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once a considerable amount of dry residue. In order to
obtain the residuc in a satisfactory condition for the
subsequent operations, it is a good plan to pour about §
c.c. of absolute alcohol upon each quantity of 5 grams of
cheese weighed out, and to leave the mixture for half
an hour before drying it in the water-oven

FAT.—Five grams of the cheese, prepared and treated
cxactly as described in the last paragraph, are used for
this determination ; enclose the weighed quantity in a
filter-paper properly folded, and place it in the extractor
of Soxhlet’s apparatus. Dry ether should be used, the
operation of extracting the fat being conducted in
the usual manner ; the ether is finally distilled off from
the flask, the residue dried in the water-oven, and
weighed. If petroleum-spirit be used, it should have
been redistilled under 6o” C.

CASEIN.—The proteins in cheese are estimated by
means of a nitrogen determination, -5 gram of the dried
substance being taken. In decayed cheese, however, the
nitrogen cxists in other forms than protcins; it may
therefore be desirable to adopt the phenol method (sce
p. 299) for determining the albuminoid nitrogen.

SuGAR.—The amount of milk-sugar in ordinary
cheeses is not important, but it may be useful to deter-
mine its percentage in cream cheeses. For this purpose
the residuc remaining in the Soxhlet extractor, after the
removal of the fat, may be employed. It should be
transferred to a basin, warmed and agitated with water,
and the whole poured on a plaited filter and washed.
In the united filtrate and washings, the lactose is deter-
mined by Fehling’s solution, as described on p. 326. It
has Reen recommended in this case to weigh the copper
suboxide produced.

Lactic and BuTvRIC AcCID.—The acidity of a
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sample of cheese may be determined by triturating §
grams with 10 c.c. of alcohol and a few drops of alcoholic
solution of phenolphthalein, and then titrating with the
alkali solution cmployed in nitrogen determinations until
a faint pink colour is produced: I c.c. of that solution
corresponds to -009 gram of lactic acid. The acid
present is assumed to be lactic, although butyric acid is
also present in old cheeses.

AMMONIA.—Besides the proteins and certain organic
compounds derived from them (leucine, tyrosine, etc.),
various salts of ammonia occur in old, and especially
in decaying, cheese. The ammonia in them may be
approximately estimated by distilling with magnesia
and distilled water a small quantity of the original
undried cheese after grating it. The ammonia in the
distillate is determined by the Nessler reagent, according
to the process given under the head of the Analysis of
Waters (p. 268).

Asit.—The residue from 5 grams ot cheese, dried as
previously described under “ Water,” is gently calcined
until the mass is thoroughly charred. It is then
exhausted with hot water, the liquid being afterwards
filtered, evaporated to dryness, gently ignited, and
weighed. The residue consists of the soluble part of
the ash. The insoluble part may be obtained by ignit-
ing the charred mass and the filter until they have
become quite white. The total ash is obtained by add-
ing together the amounts of the soluble and of the
insoluble ash.

PHOSPHATES.—The most important of the natural
constituents of the ash of cheese are the phosphates.
These are best determined by the molybdic acid method
in the entire ash of 5 grams of cheese, which, for this
purpose, may be directly burnt to an ash,
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CoMMON SALT.—The soluble ash, obtained as pre-
viously described, is dissolved in water,and the solution,
after having bcen stirred up with a little calcium
sulphate to remove soluble phosphates, is filtered and
titrated with decinormal solution of silver nitrate, using
potassiumn chromate as the indicator (see p. 211).

The addition of margarine is frequently made to the curd from
which certain American cheeses are manufactured. This adultera-
tion can he detected, and its amount estimated, by a modification
of Koettstorfer's method. The first step is to separate, in a pure
state, a few grams of the fat from the sample of cheese under
examination. To effect this, about 50 grams are hung in a bag
over a beaker on the water-bath, and the fat collected in the beaker.
Or, take 4o grams of blue vitriol, make it anhydrous by gentle
heat, and mix it well with 20 grams of the chcese ; the mixture is
transferred to a Soxhlet extractor, and the fat extracted with dry
ether in the usual way. With the pure dry fat thus obtained a
saponification experiment is made. Two grams of this melted fat
are dropped carefully into a tared wide-mouthed flask of rather
more than 200 c.c. capacity—the fat must all fall on to the bottom
of the flask. A blank experiment, without any fat, is made in all
respects in the same manner as hereinafter directed. Into each of
the flasks (one with, and the other without, fat) 25 c.c. of a normal
solution of potassium hydroxide in alcohol of -835 specific gravity
(56-1 grams per litre) are very accurately measured, taking care to
drop the alkali straight on to the bottom of the flasks. The mouths
of the flasks are closed with watch-glasses, and the contents
brought to the boiling-pointand kept in gentle cbullition for fifteen
minutes. Ten c.c. of alcohol with a few drops of alcoholic phenol-
phthalein solution are added to each flask, and the contents
titrated with seminormal hydiochloric acid (182 grams of real
HCI per litre) until the colour just changes from pink to yellow.
The amount of real KHO consumed in saponifying the fat is
obtained and expressed in milligrams for cach gram of fat taken
—the correction derived from the blank experiment having been
made. Genuine cheese-fat, that is milk-fat, should consume not
less “an 222 milligrams of KHO per gram of fat. If, however,
the KHO consumed lies below this limit, then a portion of the
extracted fat should be examined by the Reichert-Wollny mcthod.
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The colouring of cheese is commonly accomplished by means
of annatto (from ZBira Orellana); to this no objection can be
taken. Chrome-yellow (lead chromate) has been occasionally used
for colouring the outside of American cheeses ; but it is extremely
rare to find it in the body of the cheese, at least in this country.

Paraffin is sometimes present in adulterated mar-
garine and butter. To detect it, use Holder’s test.
About 10 drops (-3 gram) of melted fat is saponified

with 5 c.c. alcoholic potash (—ZA—[ KHO); to the clear

liquid cold water is slowly added, about 1 cc. at a
time; if paraffin be absent, the solution remains clear
with the addition of water up to 5 c.c. If paraffin be
present, the solution becomes turbid or a distinct
precipitate is given, according to the amount present.
An addition of about 1 per cent. of paraffin to the
fat can be so detected.

To estimate the amount of paraffin, 10 grams of
the fat are saponified with 4 cc. of a 40 per cent.
solution of caustic soda and 25 cc. of go per cent.
alcohol. The solution of soap is diluted with 15 c.c.
of water, gradually added, and shaken up twice in
a separating-funnel with its own volume of petroleum
ether (B.P. under 60°). The petroleum ether after
separation is shaken up with 235 cc. of 50 per cent.
alcohol, to remove any dissolved soap; the separated
petroleum is then cvaporated or distilled off, and the
residue weighed and examined for paraffin wax.

BREAD

The principal adulterants found in bread are alum,
rice, and potato-starch. Rice is frequently used in‘small
quantities in order, according to the bakers, to improve
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the character of the crust; it is seldom used in exces-
sive quantity.

Potato-flour and potato-starch are used to increase
the amount of moisture which is rctained in the baked
bread. It is impossible to detect an admixture of any
small percentage of rice or potato by chemical mcans
after the flour has been made into bread. These
adulterations must be searched for by the microscope;
and even with this instrument it is often impossible to
detect them, because the character of the starch-granules
is greatly altered by heat.

The only adulterant of any scrious importance is
alum ; and the proportion of this which has been used has
to be estimated by the determination of onec of its con-
stituents, alumina. The quantitative estimation of alu-
mina in bread is a tedious process, cspecially when only
small proportions have been used; and it is therefore
desirable to employ the following qualitative process
whenever possible.

Qualitative process by logwood—This process aims
simply at proving thc absence of alum. In order to
carry it out, a tincture of logwood is made by steeping
logwood chips or cuttings in 60 O.P. alcohol or methy-
lated spirit, in the proportion of 5 parts of logwood to
100 parts of spirit. This tincturc can be kept without
change if carefully stoppered. To use the test I
part of the tincturc is mixed with 3 parts of a
saturated solution of ammonium carbonate, and the
mixed solution diluted with three times its bulk of
water. The diluted solution is poured over the bread to
be examined ; this should be free from crust, or if the
sample be very small the crust should be carefully
scraped. If the bread contains alum cven in such a
small proportion as 4 grains to the 4-lb. loaf, the
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sample will, after standing for half an hour, assume a
dark violet-blue tinge, the colour becoming more
marked on drying. If salts of magnesia or certain other
earthy salts which are occasionally added to bread be
present, the sample will assume a more purple tint;
while if the bread be free from alum and these foreign
salts, the colour will remain of a full reddish-plum
colour, gradually fading to a very dirty pink without
any trace of purple or blue. With sour bread the
reaction is not trustworthy.

In applying this process to flour, it is more con-
venient to make a small proportion of the flour into a
thick cream with cold water and then add the log-
wood tincture and solution of ammonium carbonate so
as to reduce the whole to the consistency of thin cream.

When it becomes necessary to determine the propor-
tion of alum present, the following process must be
adopted :—One hundred grams of the bread are carefully
burnt to ash in a platinum dish. This ash is fused with
three or four times its weight of white flux (mixed car-
bonate of soda and potash) which has been previously
tested for alumina; the fused mass, when cold, is
moistened with hydrochloric acid and evaporated to dry-
ness, the residue is redissolved in acid and the silica
filtercd off. The filtrate is treated with ammonia until
a slight permanent precipitate is produced, which is then
redissolved by a few drops of hydrochloric acid. Am-
monium acetate having been added, the filtrate is set
aside overnight to precipitate, and is then filtered; the
precipitate contains all the alumina freed from a large
proportion of the foreign iatters which would have
rendered the estimation untrustworthy ; this precipitate,
after having been washed, is redissolved on the filter in
hydrochloric acid. The solution is boiled for a few
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minutes with a solution of sodium bisulphite, caustic
soda (free from alumina) is added in cxcess, and the
solution boiled again. By this process the iron is
separated in the form of magnetic oxide, which is
separated by filtration, while the alumina contained in
the alum (if any has been added) is retained in solution ;
the filtrate is acidified again with hydrochloric acid,
ammonium acctate added in slight cxcess, and a little
sodium phosphate, and the solution allowed again to
stand overnight. If any alumina is present, a precipi-
tate will form, which will consist of pure aluminium
phosphate, formed by the combination of the phosphoric
acid present in the flour and in the sodium phosphate
with the traces of alumina contained in the wheat and
the alumina contained in any alum added. This pre-
cipitate is filtered off, washed, dried, ignited, and weighed.
By multiplying the weight of the precipitate thus
obtained by 542 we obtain the number of grains of
potash-alum contained in 2 lbs. of the flour examined,
or by multiplying by 1084 we obtain the number of
grains of potash-alum contained in a 4-lb. loaf, which
is the mode in which the rcsults of the analysis are
usually reported in this country.

Note.—As a small quantity of alumina is sure to be present
the reagents employed, while further traces will be derived from
the glass and porcelain vessels used in the analysis, it is better to
make a blank analysis as nearly as possible with the same
materials, quantities, and vessels as those employed in the actual
analysis. The alumina found in the former determination is
deducted from that of the latter; the difference is that due to
alum. Note, however, that traces of alumina may be derived from
earthy matters adherent to the original corn, or from mineral dust
from the attrition of the mill-stones; but since the general intro-
duction of steel-rollers into flour-mills the last source of aluminous
impluity has generally ceased to exist. As, however, the percen-
tage of AL,O; in such impurities is very low, any considerable trace

VA



354 QUANTITATIVE ANALYSIS

of this body thus originating will involve the presence of several
times its own weight of other mineral matters, which will therefore
notably increase the percentage of ash, other than salt, in the
bread. It is customary to deduct, from the alum found as above
described, 6 grams per 4-1b. loaf, reporting the remainder as
added alum. This deduction probably suffices to cover any usual
natural or accidental aluminous impurity.

Newly baked bread, when cold, seldom contains less than 4o
per cent. of water, often more. The moisture, dextrin, sugar,
starch, cellulose, and true proteins in bread may be readily deter-
mined by processes already given in the Guide (see pp. 284 ¢t seq.).



DECIMAL MULTIPLIERS

[ Calewlated from Latest International Atomic Weghts)

BaSO, x "343 =50,
,  x4202=H,S0O;,
” X ‘7465 = KJSOJ
w %5001 =(NH)),50,

Ca0 x 1'9845 = Ca0,
» X% 2°4275=CaS0O,

CaCO, x 0°5602 = Ca0O
s X 1°3604=CaSO,

CaH,P,04x 1'3251 = Ca,P,0y

Ca,P,0y x 4578 =P,0;,
»w X 7544=CaH,P,0,
Cl x 16486 = NaCl

K,PtCl; x '1938 = K,0
» % °3584=K,S0,
” % *3007 =2KCl

K,0x 1538 =2KCl
» X185 =K,SSO,
» X 21467=2KNO,

KQSO4 X ‘5405 = K,0

2KCIx 6317 = K,0.

N x 12158 = N1l

W X 4498 =HNO,

w % 60:0078 = NaNQ,

w X 772169 = KNO,

5 X 6°25 = Albuminoids

NH, x 0'8224=N
» %388 =(NH,),S0,

NaCl x 6066 = (1

2NaCl x '5304-:Na,O
Na S0, x *4364--Na,O
P,0, x 271844 = Ca, P, Oy

Mg,P,0; x 0°3619=2MgO
' x 10811 =2MgSO,
’ x 1'0515=CaH P,0,
» x 1939 = Ca,P,0y
” x0'0379= 1,0,

50, x 17 =CaS0,
» X 2°15:==CaS0 21,0

The Analyst's Laboratory Companion, by A. E.
Johnston, published by J. A. Churchhill, gives a large

number of arithmetical data and
infarmation to the analyst.

856

useful hints and



COMPOSITION OF MANURES

Peruvian Guano (varies widely)
Ichaboe Guano . . .
Bolivian Guano

Steamed Bones
Animal Charcoal

Bone Superphso'phate.

Basic Superphosphate
Basic Slag (varies)

Concentrated Potash Salts .
Potassium Sulphate . .
Potassium Chloride (Muriate) .

Farmyard Manure
Sewage Sludge

Approximate Usual Percentage Contents in N. Pu05.
Ammonium Sulphate . . . 20
Sodium Nitrate. . . . . 156
Potassium Nitrate . . . . 13
Calcium Nitrate . . . . 13
Calcium Cyanamide . . . . 18
. . 3
l‘y . . . . 7
cathers, ete. . . . . 14
. . o 8
. ‘. 10 1
. 9 14
. 8 10
. I 33
9 8
11 3
4 22
1 29
05 29
36
. . 2 13
Mineral Superphosphate . . . 13 to 18
. 12
. . . 14 to 20
ites, Phosphorite, etc. . . 2%
Precipitated Phosphate . . . . 35
' o
O ..
. 3
i
Al 5 2
. II 6 -8
b os 03
RN

K,0.

43
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ACETIC-ACID method, 177.
Acetic acid prepared, 27.
tested, 28.

Acid, acetic, 27, 89.
carbolic, 9o, 299.
citric, 91.
hydrochloric, 89.
hydrofluoric, 91.
hydrofluosilicic, 91.
hydrosulphuric, 42, go.
lactic, 347.
nitric, 26, 89.
oxalic, 90,
phosphoric, 169, 193, 208.
salicylic, 169, 346.
standard, 160,
sulphindigotic, go.
sulphuric, go.
sulphurous, 22.
tartaric, 9I.

Acids in butter-fat, 333-342.
schemes for, 130-135.
special tests for, 106, 134.

Adams’ coils, 320.

Albuminoids, determined, 291, 298,

299, 328, 347.

Alcohol, 89.
absolute, 311.
estimated, 311.
percentages, 313.
specific gravity tables, 313.

Alizarin, 63.

Alkali, standard, 161.

Alkalies, 80, 82, 103, 129.

*imation, 198, 207, 217, 241,
253, 255, 258.
857

Alloy of copper, 32.

of silver, 33.

of tin, 33.

of zinc, 35.
Alloys, examination of, 137, 140.
Alum, 42, 59.

in bread, 58, 351.
Alumina, determined, 185, 188, 246,

247, 255, 256, 352

in flour, 352.

in manures, 185, 188.

in soils, 246, 247.
Aluminium, 73§, 101,

detected, 126, 127.
Ammonia, 23, 82,

in cheese, 3438.

in guano, 206, 207.

in soils, 237.

in water, 29, 268,

prepared, 23.
Ammonium, 75, 103.

acetate, 82.

carbonate, 82,

chloride, 13.

citrate method, 183, 200,

hydrate, 81.

molybdate, 83, 184, 239.

oxalate, 82,

phosphate, 83.

salts, 82.

sulphate, 13, 48, 49, 221.

sulphide, 82.

tests for, 24, 103, 110,
Analysis, method of, 106.

of insoluble silicates, 135, 252.

of insoluble substances, 135,
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Analyticalschemes foracids, 130-135.
for bases, 116-130.
Animal charcoal analysed, 179.
Antimonicum, 100,
Antimoniosum, 100.
Antimony, 74.
detected, 32, 121.
Apatite analysed, 179.
Arsenic, 74.
detected, 30, 32, 121, 122,
Fleitmann's test for, 123.
Marsh'’s test for, 122.
mirror, 31, 122.
Reinsch's test for, 122.
trioxide, 3I.
heated, 40.
Arsenicum, 100,
Arseniosum, 100.
Ash of plants analysed, 315.
examined, 60.
prepared, 315, 316,
Atomic weights, 78.
Available phosphoricacidand potash,
243.

BALANCE, 148.
weights for, 148.
Westphal's, 325, 344.

Barium, 75, 102, 128.
carbonate, 84.
chloride, 84, 105.
hydrate, 84, 254.
nitrate, 84.
oxide, 84.
sulphate, 42, 157.

Baryta, estimation of, 157.

Busic slag, 49, 191, 192.
superphosphate, 203.

Beer, analysis of, 311.
examined, 68.

Beet manure, 204.
root, 296.

pulp, 311,

INDEX

Beet sugar, 54.
Bias,agricultural,of chemicalstudy,3.
Bivalent elements, 75, 76.
Blood examined, 65.
Blowpipe experiments, 39, 41, 110-
112,
Bone analysed, 175-179.
examined, 64.
Bone-ash analysed, 179,
tested, 43.
Bone-black analysed, 179.
Bone-dust analysed, 175.
Bone-shavings analysed, 175.
Bones, boiled, analysed, 175.
Borax, g6.
beads, 42, 112,
Boric acid in milk, 56.
Bread, alum in, 59, 351-354.
analysed, 350.
dextrin in, §9.
examined, 58.
starch in, 59, 351,
water in, 58, 354.
Brewers’ giains, 296,
Bronze coin, 32.
Burette, 147.
Butter, analysis of, 330-346.
examined, 55, 345.
fatty acids of, 332, 344.
preservatives in, 56, 340.
salt in, 55, 330.
water in, 330.
Butter-fat, specific gravity, 344, 345.

CALCIUM, 7§, 103, 128.
carbonate estimated, 154.
chloride, 84, 108.
cyanamide, 217.
hydrate, 85, 250.
mtiate estimated, 212,
oxide, 41, 45, 85, 156, 258.
phosphate, 177, 192, 195, .
sulphate, 12, 45, 85, 178, 198.
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Carbolic acid, 9o, 299.
Carbon, 77, 79.
dioxide estimated, 250, 258.
in breath, 26,
in soils, 250,
prepared, 24.
Carbonating, 155, 227, 236.
Curolina phosphate, 193.
Casein, 55, 318, 325, 328, 331, 347
Castor-oil seeds, 293.
Cellulose changed into sugar, §4.
dissolved, 66.
estimated, 288, 290, 300, 310.
recognised, 67.
precipitated, 66.
Centrifugal method for fat in milk,
322,
Chalk, action of acids on, 10, 46.
Charcoal, experiments on, 41, I1T.
Cheese, analysed, 346.
adulteration of, 349.
examined, §5.
Chlorides in milk, 327.
in water, 29, 267.
Chlorine, 79, 132.
estimation of, 180, 211, 250, 267.
Chlorophyll, 62, 308, 310.
Chromates, 36, 81.
Chromium compounds, 36.
Citrate-soluble phosphates, 183,192,
199, 200.
Citric acid, 91, 133.
Clay in soils, 223, 230, 234.
separated from sand, 16, 232.
Cobalt nitrate, 86.
Coin, bronze, 32.
silver, 33.
Coloured flames, 40, I11.
Common salt analysed, 221.
in butter, 330.
in cheese, 249.
Comoosition of manures, 356.
Copper, 74, 79.
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Copper, ammoniacal solution, 66.
hydrate method, 299.
prepared, 299.
reactions of, 95, 0.
tests for, 33, 121.
suboxide, 54.
sugar-test, 53, 55, 59, 86,
sulphate, 11, 86.
zinc-couple method, 276.
Coprolites analysed, 181.
made soluble, 44.
Coralline, 199.
Cotton examined, 66.
Cream analysed, 239.
Crucible, 151,
Crystallization, 171,
Cubic centimetre, 146.
Cyanides, 112, 132, 134.

DAHLIA-FLOWERS, 02,

Decantation, washing by, 16.

Desiceators, 152.

Dextrin, test for, 58.

Diad non-metals, 76.

Diamond, 77.

Direct citrate method, 183.

Dirt in milk, 328.

Dissolved guano, 204.

Distillation of alcohol, 311.
of water, 30, 269.

[.1 EMENTS, 72-78.
atomic weights of, 78.
symbols of, 78.
table of, 78.

Equations, 71.
modes of writing, 71, 97.

Ether, 88.

Ethylacetate, 113.
hydiate, 89.
oxide, 88.

Experiments, uses of, I.

FAT in cheese, 330.
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Fat in milk, 320.
centrifugal method, 322, 323.
Fehling's solution, 86,
Fermented liquors, 311.
Ferric chloride, 86.
oxide determined, 187, 246, 247.
volumetrically, 189.
Ferricum, r1or1.
Ferrosum, 101,
Ferrous compounds in soils, 242.
sulphate, 85.
as a test, 27, 113.
Fibre estimated, 288.
Fibres distinguished, 66,
Filter pumps, 153, 154.
Filtration, 9.
Fine earth, 224, 228.
sand, 223.
Flesh examined, 64.
Fluorine, 76.
detected, 113, 132, t80.
expelled, 180.
Foods, analysis of, 284.
Formalin in milk, 57.
Fur in boilers, 26.
Fusion with alkaline catbonate, 135.
with baryta, 254.

GALVANIZED iron, 35.
Gelatin heated, 40.
Gold, 75.
Grain analysed, 204.
Gram weights, 146, 147, 149.
Graphite, 77.
Gravel in soils, 223, 228.
Group I. Acid radicles, 105.
I1. Acid radicles, 105.
II1. Acid radicles, 105.
Special tests for, 106.
Group 1. Basic radicles, 98, 117.
1. Basic radicles, 9y, 119.
II1, Basic radicles, 101, 123
IV. Basic radicles, 102, 127.

INDEX

Group V. Basic radicles, 103, 128.
Group-tests, use of, 96, 97.
Guano analysed, 193, 205.
Gum-arabic tested, 58,
Gypsum, 12, 45.

heated, 4o.

H.EMOGLOBIN, 66.
Hall’s method of mechanicalanalysis
of soils, 231.
Hardness of waters, 277.
Hay analysed, 294.
heated, 40.
Ilehner’s method for hardness, 280.
Hydrofluoric-acid method, 253.
Hydrogen, 73.
prepared, 17.

INDIGO, dyeing with, 63.
test for nitrates, 27, 48, 274.
Iodine, 13, 79, 132,
Iron, 74, 79.
detected, 30, 47, 61, 120, 127.
salts, 85,
sulphate, 85.
sulphide, 86.
volumetric estimation of, 189.

KAINITE, 217.

Kjeldahl’s nitrogen method, 164.

Koettstot fer’s saponification method,
333.

LEAD, 74, 9.
acetate, 87.
heated, 42.
action of water on, 283.
detected, 42, 118, 121,
tests for, 99, 118, 121, 261.
Leaves, analysis of, 307.
ash of, 60, 300, 310.
drying of, 309.
Lime, analysis of, 258.
experiments with, 44.
estimation of, 154, 257.
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Lime, in soils, 47, 241.

in water, 29, 267.
Limestone, analysis of, 256.
Liquors, fermented, 311.
Litmus paper, 92.

tested, 63.
Litre, 146.
Loam, so.
Lunge’s nitrometer, 214.

MADDER examined, 63.

Magnesia, estimation of, 156.
“ mixture,” 85.

Magnesium, 75, 103, 129,
and ammonium phosphate, 156,

157.
pyrophosphate, 156, 157.
sulphate, 8s.
heated, 42.

Malt extract, 295,

Manganates, 38.

Manganese, 74, 101, 126, 127.
dioxide, 38.
hydrate, 39.
oxide, estimation of, 248,

Mangolds, 296.

Manures, analysis of, 174-223.
composition of, 356.
sampling of, 172.
testing, 49.

Margarine, 332, 334, 345, 349.

Marl, 256.

Measuring, precautions in, 150.

Mercuric chloride, 87.
oxide, 49, 70, 87.

Mercuricum, 100, 121.

Mercurosum, g9, 118.

Mercurous nitrate, 87.

Mercury, 74.

Metals, 74, 75.

Method, acetic-acid, 177.
a¥%d and alkali, 290,
Adams’ coil, 320.

Method,ammonium citrate, 183, 200,
baryta fusion, 254.
chlorine, volumetric, 211, 267.
citric-acid, 192, 201, 203, 243.
Clark’s, for hardness, 277.
copper-hydrate, 299.
copper-zinc couple, 276.
Dyer's citric-acid, 243.
Hall’'s mechanical analysis, 231.
Hehner’s, for hardness, 280.
hydrofluoric acid, 253.
indigo, 274.
iron, volumetric, 189.
Kjeldahl’s nitrogen, 164.
Koettstorfer’s saponification, 333.
molybdate, 170, 239, 240.
volumetric, 184.
oxalic-acid, 176.
Pemberton's, 184.
phenol, 299.
Polenské’s, 338,
Rapid saponification, 334.
Reichert-Wollny, 336.
Schloesing’s, for nitrates, 213.
sulphuric-acid, 252.
Ulsch’s, for nitrates, 207.
uranium gravimetric, 208.
volumetric, 209.
Werner-Schmid, 321.
Methyl-orange solution, 93.
Metre, 146.
Metric system, 146.
Microscopic examination of cakes,

294.

Milk, adulteration of, 318.
analysis of, 317-329.
ash of, 326.
chlorides in, 327.
dut in, 328.
examined, §5.
fat of, 320-324.
preservatives in, 6.
proteins of, 325, 328.
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Milk, solids-not-fat, 319.
sugar of, 326.
total solids, 318.
water in, 318.
Mineral phosphates, tested, 43.
analysed, 179-193.
made soluble, 44.
Molybdate method, 170, 184, 239,
240.
Monad metals, 75.
non-metals, 76.
Monocalcic phosphate, 43, 195, 201.
estimated, 195-197.
Mucilage in linseed, 292.
Myosin, 65.

NAVASsA guano, 193.
Nessler’s test, 29, 87,
Nesslerizing, 268-272,
Nitrate of lime, 211,
of potash, 211.
of soda, 211.
Nitrates in soils, 237.
in waters, 273-277.
Nitric acid prepared, 26.
tested, 37.
Nitrites determined, 273.
in flour, 296.
Nitrogen, 77.
as ammonia determined, 207, 238,
268.
as nitrates determined, 207, 213-
216, 273-277.
estimated, 164-169,
in guano determined, 207.
in manures, 48, 356.
in soils, 237.
Nitiolim, 217.
Nitrometer, 214.
Nomenclature, 145.

OI1LCAKE, 284.
albuminoids in, 291,
ash in, 292,

INDEX

Qilcake, fibre in, 288.
impurities in, 292-294.
oil in, 284,
proteins in, 290.
starch and sugar in, 292.
Organic matter in soils, 50, 236, 245.
in water, 29, 263-266.
Ossein, 64.
Oxalic-acid method, 176.
Oxidation, 36, 37.
Oxygen, 76.
mixture, I19.
prepared, 19.
taken from permanganate, 29, 39,
264.

PAPER-COILS, 320.
Paraffin in margarine and butter,350.
Peat examined, 50.
Pectose determined, 306.
Pemberton’s method, 184.
Permanganate solution, 81, 191, 264,
Permanganates, 38.
Peruvian guano, 205.
Phenol method, 299.
Phenolphthalein, 93, 259, 333, 337,
340.

Phosphates, available, in soils, 243.

estimated, 176, 182, 191, 192, 195,

199, 203, 208, 238, 243, 348.

in cheese, 348.

in milk, 318.

monocalcic, 44, 195, 201.

of alkalies, 207.

of alkaline earths, 129.

reduced, 199, 202.

soluble, 195, 20I.

tested for, 43, 44, 61, 124.
Phosphatic guanos analysed, 193.
Phosphorus, 77.

pentoxide, estimated, 157, 203.

acetic-acid method, 177.
direct citrate method, 183.
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Phosphorus  pentoxide, molybdnte'

method, 169, 239, 243.
molybdate, volumetric method,
184,
oxalic-acid method, 176.
uranium method, 208.
volumetric method, 209.
in manures, 356.
Phytosterol, 342.
Plants, analysed, 307.
ash of, analysed, 315.
Plaster of Paris, 40.
Platinic chloride, 88.
Platinum, 74.
and potassium chloride, 61, 103,
129, 158, 218, 244.
crucible, 151,
spatula, 152,
Polenské's method, 338.
Potash, detected, 40, 61, 103, 111,
129,
estimation of, 158, 204, 218, 241,
244.
in manures, 356.
in soils, 241, 244.
salts of, 80, 81, 217.
Potassium, 75, 103.
acetate, 81,
and sodium carbonates, 81.
available in soils, 243.
chlorate, 8o.
chromate, 81.
cyanide, 8o.
dichromate, 81.
ferricyanide, 8o.
ferrocyanide, 80.
hydroxide, 8o.
iodide, 8o.
nitrate, 80.
permanganate, 81.
standard solution of, 29, 18y,
264, 265.
salts, 80, 217.
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Potassium sulphide, 8o,

sulphocyanide, 8o.

tests for, 61, 129,

thiocyanate, 8o.
Potatoes, starch in, 305.
Preliminary examination for acids,

I12-114.
for bases, 109-112.

Principles of analyyis, 93-98.
Proof spirit, 311,
Proteins, 290, 298, 325, 328, 347.

(UALITATIVE analysis, 70-143.
example of, 140-143.
Quuntitative analysis, 144.
examples of, 154-159
apparatus, 147-154.
Quicklime, 45, 258.

RAIN-WATER, 29.
Rape cake, 48.
Reactions, 71, 93-106.
of acid radicles, 104-106, 130-135,
of basic radicles, 98-104, 116-130.
use of, 93.
Reagents, 79.
and tests described, 79-93.
Red lead tested, 40.
Redonda phosphate, 193.
Reduction and oxidation, 36, 37.
of lead, 42.
Reichert-Wollny method, 336.
Remsch’s test, 122,
Roots, analysis of, 297.

SALICYLIC acid, 161, 346.
Salt, analysis of, 221,
Salts in soils, 236,
Sampling of manures, 172,
of ~mls, 224,
of mileake, 284.
Sand and chalk separated, 10.
salt scparated, 9.
in soils, 223, 228-233,
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Saponification method, rapid, 334.
Koettstorfer's, 333.
Polensk¢’s, 338.
Reichert’s, 336.
Scales, thermometric, 148.
Schloesing’s method for nitrates, 213.
Schritter’s carbon-dioxide flask, 253.
Serum, 65.
Silage, 307, 310.
Silicious matter, estimation of, 176,
182, 194, 239, 245, 256, 292.
Silicates detected, 114, 135,
insoluble, analysed, 135, 252-255.
Silicon, 77.
Silk identified, 67.
Silver, 74, 99, 118.
chloride of, 34, 99, 180.
ignition of, 181.
coin examined, 33.
nitrate, 34, 83, 105.
reduction of, 34.
standard solution of, 211, 267.
tests for, 97, 99.
Slaked lime, 45.
Soap-test, 277.
Sodium, 75, 103.
acetate, 81.
borate, 81.
carbonate, 81.
chloride, 12.
hydroxide, 81.
impurities in, 186.
standard solution of, 162.
nitrate, 48, 49.
perchlorate, 216.
phosphate, 81.
plumbate, 67.
salts, 81.
tested for, 111, 129,
Soils absorb ammonia, §1.
action on salts, 52.
analysis of, 223-255.
complete chemical, 244.

INDEX

Soils, analysis of, mechanical, 224,
partial chemical, 236.
lime in, 47, 241.
nitrogen in, 237.
tested, 47, 50, 52.
Soluble salts in soils, 236.
Solution, 9.
preparation of, for analysis, 115.
standard, 159-162.
Sombrero guano, 193.
Soot, 222.
Soxhlet’s fat-extractor, 284-288.
Spatula, 151, 152,
Specific gravity, 14.
of alcohol, 311-313.
of milk, 317.
of roots, 305.
Stannicum, I0I.
Stannosum, I10I.
Stannous chloride, 88.
Starch changed into dextrin, §7.
inta sugar, 53, 294.
estimated, 294, 295, 304.
in potatoes, 305.
tested for, 53, 292.
water, 89, 263.
Stones in soils, 227.
Straw analysed, 294.
Strontium, 75, 102, 128,
Sublimation, 13.
Sugar, different kinds of, 54.
estimation of, 301, 326.
in raisins, 54.
of milk, §5, 326.
test, 86, 301
Sugar-beets, 296.
Sulphate of ammonium, 221.
of barium, 157, 160.
of iron and ammonium, I91.
of magnesium, 42, 85, 156.
of potassium, 158, 217.
Sulphated guano, 204.
Sulphates in water, 29.



INDEX

Sulphates, tested for, 29, 46, 114.
Sulphur, 76.
dioxide prepared, 22.
trioxide, estimated, 178, 250.
Sulphuretted hydrogen, 42, 9o, 112.
Superphosphate, alkalies in, 198.
analysis of, 193.
calcium sulphate in, 198.
calculations, 196-198, 202.
made, 43.
phosphoric acid in, 195.
reduced phosphates in, 199, 202,
Sylvinite, 217.
Syntonin, 65.

TABLE for alcohol, 313,

for bases, 117, 129.

for hardness, 279.

of decimal multipliers, 355.

of solubilities, 138, 139.
Tartrates, 133, I34.
Testing of waters, 28, 259.
Test-papers, blue litmus, 92.

lead acetate, 93.

red litmus, 92.

turmeric, 92.
Tests, general, 94.

group, 94.

special, 95.
Tetrad elements, 77.
Thermometric scales converted, 148,
Tin, 74.

dioxide, 33.

reduced, 33.

sulphide, 101, 119, 121.
Triad elements, 77.
Tricalcic phosphate, 43, 197.
Turmeric root, 63.
Turnips, analysed, 296.

ULscH’s method for nitrates, 207.
Uranium acetate, 88.

Urantum nitrate, 88,
method, gravimetric, 208,
volumetric, 209.

VEGETABLE colouts, 62.
ivory, 175,
Volatility, 13.
Volumetric solutions, 159, 160, 184,
191, 211, 265,

WATER, 29, 89, 259.
ammonia in, 29, 268.
analysis of, 259-284.
biological test of, 283.
chlorine in, 29, 267.
distilled, 30, 269,
hardness of, 277-281.
in soils, 227, 236.
metals in, 261,
nitrates in, 273-277.
nitrites in, 273.
organic matter in, 263-266.
oven, 153.
silica in, 266.
solid contents of, 263.
tested, 28, 260.

Weighing, precautions in, 149, 150.
tubes, 159.

Weights and measuies, 146-149,

Westphal’s balance, 325, 344.

Wine, analysis of, 311,
cxamined, h8.

Wood, heated, g0.

Wool examined, 66.
and silk distinguished, 67.

Work, rules for successful, 7.

Z1INC, 75, 79, 101,
action of acids on, 19.
alloy with iron, 35.
detected, 35, 41, 42, 126, 127,
261, 262.



APPARATUS

BrsIDES the water-bath, water-oven, blowpipe-table, sand-bath,
condensers, accurate balance and gram weights, large glass
measures, combustion-furnace, sieves, and a small mill for pre-
paring samples, together with a number of picces of apparatus and
tools of different kinds, mentioned in the pages of this Guide (for
the common use of the laboratory), each student will require at the
back of his bench a set of ordinary reagents, of which the following

is a list :—
Acetic acid (dilute). Ammonium carbonate.
Hydrochloric acid (dilute). Ammonium hydrate.
Hydrosulphuric acid Ammonium oxalate.
Nitric acid (dilute). Ammonium sulphide.
Sulphuric acid (dilute). Potassium ferrocyanide.
Sodium acetate. Calcium chloride.
Sodium carbonate. Calcium hydrate.
Sodium hydroxide. Calcium sulphate.
Sodium phosphate. Barium chloride.
Ammonium chloride. , Ferric chloride.

The special reagents, tests, and materials should be arranged
so as to be readily accessible when required for use. They
will be found described on pp. 79 to 91 of the Guide, or under
the head of the several operations in which they are employed.

Each student will require, for his individual and sole use, the
apparatus, reagents, etc., comprised in the following lists, which
correspond to the three parts into which the Ladoratory Guide
is divided :—
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PART 1

Chenical Manipulation

Wedgwood mortar and pestle.

Earthenware furnace-support,

Berlin porcelain basins (3).

Berlin porcelain crucibles (3).

Test-tube rack.

Test-tube cleaners (2).

Test-tubes (12).

Funnels (4).

German glass flasks (4).

Watch-glasses (2).

Beakers, nest of 5, small.

Wash-bottle.

Glass stirring-rods (2).

Bunsen burner, or glass spirit-
lamp.

Retort stand and clamp.

Rectort, stoppered (6 oz.).

Quill-tubing.

Crucible-tongs.

Mouth-blowpipe.

Platinum foil and wire.

Square of wire gauze.

Round iron sand-bath.

Round file; triangular file.

Pair of scissors.

Triangle.

Scales with glass pans, and
weights.

Corks,

Vulcanized caoutchouc tubing.

Test-papers.

Packets of cut filters (3), to fit
the funnels.

Duster.

PART II

Qualitative Analysis

Beakers, a second small set.
Spirit of wine (4 oz.).
Square of dark-blue glass.

Swedish or German filter-paper.
Spatula.

PART 111

Quantitative Analysis

Mohr’s 50 c.c, burette and stand.

10 c.c. and 20 c.c. pipettes.

Stoppered tube for weighing
Witer-papers.

Platinum wire,

Platinum crucible and cover, o7

Fused quartz crucible,

Iron-wire triangles covered with
silica (2).
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Filter-stands (2). l Carbon-dioxide apparatus.
Stoppered bottles for standard | Wide -mouth corked phials,

solutions of acid and alkali. 2 oz, (4).
Kjeldahl’s flasks (2). I Clock-glasses (4).
Wash-bottle for ammonia. . Cut-filters, assorted.
Beakers, large (4). i Sheet of glazed paper.
Funnels, large (4). . Cameb’s-hair brush.
500 C.C. measure. " Glass stirring-rods,
100 c.c. cylindrical measure. * Pair of watch-glasses, with
Desiccator. ' ground edges and clips.
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