UNIVERSAL
LIBRARY

OU_174272

AdvVddll
1VSHEAINN


















PRACTICAL CHEMISTRY



MAGCMILLAN AND CO., Limitep
10NDON . BOMBAY . CALCUTTA . MADRAS
MELBOURNE
THE MACMILLAN COMPANY
NEW YORK . BOSTON . CHICAGO

DALLAS . SAN FRANCISCO

THE MACMILLAN CO OF CANADA, Ltb,
10RON10



PRACTICAL CHEMISTRY

FOR

INTERMEDIATE CLASSES

BY

H. B. DUNNICLIFF
M.A. (Cantab), B.Sc. (Lond.), F.C.S.

Indian Educational Service ; Professor of Chemustry, Khalsa College,
Amritsar ; formerly Demonstrator of Chemistry in the University
Laboratories, Cambridge; and late Professor of Chemislry,
Muhammadan Anglo-Oriental College, Aligarh.

MACMILLAN AND CO, LIMITED
ST. MARTIN’S STREET LONDON

1917



COPYRIGHT



PREFACE

T1s book has been written in response to many requests from my
fellow teachers and from the students who attend my lectures and
demonstrations.  The exercises represent a two years’ course of
Practical Chemistry which was specially drawn up for my pupils
reading in the Intermediate Science Classes at the Khalsa College,
Amritsar.

Each demonstration describes the class work for a period lasting
1} to 1§ hours, but teachers can sub-divide demonstrations according
to the time at their disposal, the capability of the students, and the
resources of the laboratory. There is no objection, in many cases,
to two students working together, e.g., this may be done with
advantage in, say, Demonstrations 111 to XXXV, but in all cases
tests and experiments on analysis should be performed by each
individual student.

All the experiments described have been successfully performed by
large classes of elementary students and are therefore thoroughly
rehable.

The practical classes should be arranged so that the subject of
study is understood by the students before they enter the laboratory.
The amount of work to be got through in each of these demonstra-
tions is large and can only be done properly when :

(1) The arrangements in the laboratory are such that everything
necessary for the performance of the experiments is ready for the
student when he asks for it.

(2) The student is a conscientious worker.

(3) The theory of the experiment and gencral hints on manipula-
tion have been given some time previously in the lecture room.

(4) The student is given at least one day’s notice of the practical
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work which he will be required to do when the class next meets,
so that he is able to study the details of the experiments at leisure.

If the student knows the subject of.his experimental work before-
hand this book will enable him to read up, in conjunction with
his lectures, all that he will be required to do. It is hoped that,
in cases where difficultics are likely to arise, adequate explanation
of the theory of the experiments has been given to make the subject
clear. The order of treatment is that observed in the course of
lectures which I give in conjunction with these demonstrations.

I trust that the manner of presentation of the section on Volu-
metric Analysis will help the beginner to overcome the difficulties
which are often encountered when commencing this important
branch of Practical Chemistry.

At the conclusion of many of the demonstrations will be found
certain experiments headed ““Demonstrations.” These experiments
are either somewhat complicated or involve the use of apparatus
which cannot be issued to the whole class. The full explanation
of these experiments is not given in the text. It is intended that
the demonstrator should perform the cxperiments during the
practical lesson before sections of ten to sixteen students and at the
same time give details of the theory of the experiments.

The students should be encouraged to ask questions, to examine
and draw sketches of the apparatus used and to write in their note-
books a brief account of the method employed.

I wish to express my sincerest thanks to Prof. B. H. Wilsdon, of
Government College, Lahore, for the interest he has taken in this
book. He has most kindly read through the sheets before they
went to Press and bhas offered many valuable suggestions which
I have been most grateful to accept for the improvement of the
work.

I wish also to express my thanks to my sister who passed the
proofs through the Press.

H. B. DUNNICLIFF.

SIMLA,
September, 1916.
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A copy of this list of vules should be pasted in the covcr of the
note-book of every student in the laboratory.

RULES FOR THE GUIDANCE OF STUDENTS WORKING
IN THE CHEMICAL LABORATORY.

This note-book is NOT TO BE TAKEN AWAY from the
Chemical Laboratory.

Write only 1n black pencil or black ink and use the right hand
page only.

Commence the account of a new experiment on a fresh page

At the head of the page write clearly the date and then, 1n a
larger hand, the title of the experiment you are about to describe.

Write legibly on the lines of the book and make a point of being
neat both 1in your work and in your books.

Leave a clear line between the title and the description of the
experiment.

Do not cramp your work.

Do not use odd scraps of paper for noting down data. Put
your data straight into your book.

Give, in the first person, a clear and concise account of the
method you employ and write down what you do, etc, af the time
you perform the experiment.

Describe and carefully draw sectional diagrams of the apparatus
you use.

Never use a word of which you do not know the meaning.

Imagine that you are describing something which has to be
read and understood by someone who has no knowledge of the
subject. In this way you will learn to use simple words and
your attempts to be clear will help you to understand your
work better in addition to giving you a command of grammatical
English.

““ Rough "’ working may be done neatly on the left hand page.

Al



X1 RULES FOR THE GUIDANCE OF STUDENTS

After using a bottle veturn ut to s place on the shelf.

Do not remove trom the demonstration table apparatus or
reagents supplied for the use of the whole class. Take sufficient
material for your purpose and perform your experiments at your
bench.

Report all breakages at once. Use small quantities.

You are liable to be marked ‘“ absent” for (1) lateness, (2)
insufficient or untidy work, (3) not following out the instructions
given to you by the Professor or Demonstrator.

Students may be called on to pay partial or full cost of apparatus
broken by them through carelessness or disobedience.

I have read and understood the above rules.

Signed - R




PART 1

GENERAL INORGANIC CHEMISTRY
AND SIMPLE QUALITATIVE ANALYSIS

Dunnjcliff’s Pract Chem. Y B



RULES FOR THE GUIDANCE OF STUDENTS
IN WRITING UP LABORATORY NOTES

Write only in black pencil or black ink and use the right hand
page only.

Commence the account of a new experiment on a fresh page.

At the head of the page write clearly the date and then, in a
larger hand, the title of the experiment you arc about to describe.

Write legibly on the lines of the book and make a point of being
neat both in your work and in your hooks.

Leave a clear line between the title and the description of the
experiment.

Do not cramp your work.

Do not use odd scraps of paper for noting down data. Put
your data straight into your book.

Give, in the first person, a clear and concise account of the method
you employ and write down what you do, etc., at the iume you
perform the experiment.

Describe and carefully draw sectional diagrams of the apparatus
you use.

Never use a word of which you do not know the meaning.

Imagine that you are describing something which has to be
read and understood by someone who has no knowledge of the
subject. In this way you will learn to use simple words and your
attempts to be clear will help you to understand your work better.

““ Rough ”” working may be done neatly on the left harnd page.



PART 1

DEMONSTRATION 1
A STUupY OF THE BURNERS USED IN THE LLABORATORY

Draw diagrams of your apparatus.
Write down what you do and see at once.
If you do not understand anything, ask the demonstrator.

When chemical action takes place between gases with the
evolution of light and heat a ‘ flame ” is produced.

An “inflammable >’ substance is any substance which will burn.

In this exercise you will study what happens when gases burn
under various conditions.

The lowest temperature at which a gas or a mixture of gases
will begin to burn is called the “ ignition temperature ”’ or “ ignition
point 7 of that gas or mixture. Each inflammable substance has
its own ‘“ ignition point.”

Expr. 1.—Temperature of Ignition or Ignition Point.—Pour
a few drops of carbon disulphide into a small porcelain
capsule. Heat a little strong sulphuric acid In a test-tube.
Place the hot end of the test-tube near the porcelain capsule.
If the temperature of sulphuric acid is greater than 150° C. the
carbon disulphide will catch fire. The reason is as follows :—

The vapour of carbon disulphide and air make an inflammable
mixture. The temperature of air is below the ignition point of
the mixture. The temperature of the hot sulphuric acid is above
the ignition point of the mixture and so the mixture catches fire.

Note that sulphuric acid has nothing to do with the experiment

3 B 2
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except that it can be heated above 150°C. Try the same experi-
ment with a glass rod heated in the flame.

The inflammable material continues to burn because its own
combustion provides sufficient heat to keep the temperature near
the inflammable material above the “ ignition point.”

If the flame is cooled below the ignition point it will go out,
vide Expt. 3, page 6.

Expr. 2.—The ““ batswing ”’ or ‘ fishtail ” burner.—Light the
gas as it issues from the batswing burner. Note that the ignition
point is too high for it to be set on fire by the hot glass rod.
You must use a burning
match. This burner is de-
signed primarily to give
light.

Draw a sketch of the
flame and notice how the
jet is made. The flame
consists of three parts.

(1) A blue inner portion.
This consists of unburnt
gases. This can be shown
by putting the end A of the bent glass tube in the blue part
of the flame. The gases pass up the tube and will burn as they
come out of the end B.

If the gas does not burn readily, vary the angle at which you
hold the tube A4B.

(2) The portion which is luminous. The combustion here is
not complete. Depress a piece of cold porcelain in the flame and
describe what you see. The black deposit is unburnt carbon.
By interfering with the flame this carbon has been yinable to reach
the outermost zone.

(3) In which complete combustion is taking place. Look care-
fully for this very pale blue zone. It is the hottest of the three.

Put a piece of iron wire in each of the three portions of the
flame and notice what happens in each case.

The luminosity of the middle portion of the flame is increased
by the heat imparted to it by the hot outer mantle.

3
Complete
combustion

2
Partial
combustion

Gas

FiG. 1.



STUDY OF THE BURNERS USED IN THE LABORATORY 5

Expr. 3—The Bunsen burner.—Examine the Bunsen burner
carefully. Take it to pieces. Notice:

(1) The tiny orifice from which the gas issues.
(2) The tube with holes at its base.
(3) The mechanism for closing those holes.

Fit the burner together and connect it to the gas supply. Close
the holes, turn on the tap and light the gas.

Examine the flame carefully as described in Expt. 2 and notice
that, though different in shape, it really possesses the same parts
as the batswing (fishtail) flame
you studied just now.

Open the holes slowly and
carefully observe what happens.
The luminosity gradually dis-
appears and the flame becomes
pale blue and transparent. The
flame may run down the tube
and set the gas on fire at the
narrow orifice inside the tube.
This is called “ striking back.”

Adjust the holes so that the
flame is quite clear and steady.
Depress a piece of gauze into
it, holding the gauze horizontally.
Notice the ring of red-hot iron surrounding the comparatively
cold inner zone. )

Try to draw off and ignite unburnt gases from the inner zone
with your bent tube.

Turn the gas off. Stick a pin through a match one-third its
length from its head and hang it inside the burner as shown in
Fig. 3. Light the gas. The match does not catch fire. Why ?
Lower the gas. As soon as the inner tip of the outer zone comes
into contact with the match-head, the match catches fire.

Depress porcelain into the clear flame and note that there is no
soot deposited. There is no “ zone of partial combustion.”

Turn off the gas. Hold a piece of wire-gauze about 1} to 2
inches above the burner. Apply a match to the gas above the

FiGs. 2 and 3.
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gauze. The gas catches firc but does not burn below the gauze.
The reason is that the material of which the gauze is made, being
a conductor of heat, conducts the heat away and the temperature
below the gauze is lower than the * temperature of ignition ” of
the gases. It is upon this principle that the Davy Safety Lamp
is made.

Air is necessary for the combustion of the gas you are using.
In the case of the batswing (fishtail) flame all the air used comes
from outside the burner. The Bunsen burner is so constructed
that air can mix with the gas before it commences to burn. That
is what the holes at the basc are for.

You are provided with some material which will burn slowly
and give smoke (smoulder). Light your Bunsen burner and open
the holes. Put the smouldering material near the air-holes and
you will see the smoke sucked in. It will give you an idea of how
the air is sucked in by the gas as it comes out of its narrow orifice
and mixes with the gas as it passes up the tube.

If you have too little air your flame will be smoky. If you have
your air correctly adjusted your flame will be clear and colourless.

If you have too much air the flame first burns irregularly and
then ¢ strikes back.”

N.B.—If when the air-holes are full open the flame is still
luminous or smoky, hand it back to the laboratory assistant.
The remedy is to take the burner to picces and partially close up
the gas orifice, but the student is not to attempt to do that, as he
has not the proper tools and may ruin the burner.

ExrT. 4.—The mouth blow-pipe.—Draw a sketch of a blow-pipe.

Close the air-holes at the base of the Bunsen burner and make
a small luminous flame for use with the blow-pipe.

To maintain a continuous blast of air through the blow-pipe
a certain amount of practice is required. To obtain this continuous
blast use the contraction of your checks to expel the air from your
mouth on to the blow-pipe. Breathe through your nose and keep
the cheeks more or less distended. You cannot expect to be able
to use a blow-pipe perfectly at the first attempt. It requires
patience and perseverance. Do not try to blow hard. A gentle
blast is sufficient. Do not direct the blast down the tube, but



DEMONSTRATION 2
To MAKE A WASH-BOTTLE

Expt. 5.—To cut a glass tube or rod.—The method given here
applies to tubes or rods of narrow diameter. The demonstrator

- will show how tubes of
7?);/\"\ L/ (®\ wide diameter are cut.
i, o . N Do not waste material.
< \ " Cut off as much glass
\ as you are likely to
require.

Lay the glass tubing
on the table and hold it
firmly in the left hand.
With a triangular file make a single scratch across the tube at the
place where the tube is to be cut.

Take the tube in both hands as shown in Fig. 5 and arrange
that the scratch is on the side of the tube opposite to that on
which the thumbs are. The thumbs should be on either side of the
scratch. Now pull the tube as if you wanted to stretch it, and at
the same time bend it outwards by means of the thumbs.

The glass should break with a straight edge. If it does not
break it is because the file was wrongly used. Make a sccond
scratch at the same place as the first was made and try to break

the tube again.

Fic s.

The cut edge is rough |
but if it is held in the hot, 3
clear Bunsen flame the C
edges melt and become Right Wrong
quite smooth. Fic. 6.

FT—TY
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Be careful not to overheat a tube when rounding off the edges
or the tube will collapse as shown in the figure (Fig. 6).

ALWAYS ROUND OFF the edges of a cut rod or tube in this way
before pushing the rod or tube into or through a cork or a piece of
rubber tubing  The rough edges cut the cork, etc.

Expr. 6.—To bend a glass tube.—For bending the tubes required
to make a wash-bottle a batswing flame is used. Never usc the
ordinary Bunsen flame. Hold the tube in the length of the flame
so that 2 to 3 inches are being heated. When heating the tube it
must be constantly rotated backwards and forwards about a
horizontal axis.

Two bent tubes are necessary, one bent once at an angle of
135° (Fig. 7 (1)), and one bent at an angle of 45° (Fig. 7 (2)).

Fic. 7.

At first the student will find it difficult to get a good bend as
shown m Fig. 7, as not only is it hard to obtain a long, sweeping

— J p——

(2) (b)

Rught. Wrong.
FiG. 8.

curve, but there is a tendency for the tube to collapse and buckle if
not properly heated, vide Fig. 8 (a) and (b).
A long bend as shown in Fig. 7 (2) is made by bending the tube
progressively. First warm it between points 4 and B (Fig. o).
As the bend starts at C, warm the tube to the right of C and the
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bending will go on between C and B, and so on until the actual
sweep of the bend occupies about 2 inches of the length of the tube,

1
A C B

FiG. o.

but the bend will be quite uniform. Tt is possible to get the bend
in one opcration, but the beginner will find it difficult. The tube
must be rotated while it is being heated. As far as possible allow
the heated tube to bend by its own weight.

If the whole curve does not lie in bne plane warm the bend and,
while warm, press it flat on a sheet of asbestos boarding.

Expr. 7.—To draw out a jet. —ITeat a piece of tuhing in a clear
Bunsen flame until it thickens at the place where it is heated.

The tube will look like Fig. 1o. Take the tube out of the flame
and pull 1t slowely. 1t will then assumc the shape shown in Fig. 11.

pragasennc LLII IS, Y LELELLLZ 2L LPALROINIRI I 2R P ORI EF S
L e

G, 100

e, 1.

Notice that the glass between a and b is ncarly as thick as that
at ca or bd.

Draw a file once across the middle of the constricted portion
and break the tube into two pieces. You now have two jets.
Round off the ends ¢ and 4.

The narrow orifice of the jet may be rounded off by very care-
fully putting it in the hot portion at the hasc of the Bunsen flame.
(See Fig. 22, page 18.) Be very careful not to seal the narrow
orifice altogether.

Exer. 8.—To make a capillary tube.—Proceed as in Ixpt. 7.
When the tube has thickened, pull the two ends apart rather more
quickly and a long, thin-walled tube, called a “ capillary tube,”
will be formed. This is required in the next demonstration.
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It is possible that, when heating glass tubes cither for the purpose
of bending them or making jets or capillaries, the tube may lose
its transparency at the point where it is being heated.

The loss of transparency is called  devitrification ”” and is due
either to overheating or to the glass being old.

ExpT. 9.—To bore a cork with two holes which will accommodate
the two tubes bent in Expt. 6.—Select a cork of which the
narrow end just goes with difficulty into the neck of the flask to
be used to make your wash-bottle. Wrap the cork in paper and
soften it by rolling it on the floor under the sole of your boot.
Tt will be found that the cork can now be pushed into the neck of
the flask quite casily, and that it will make a good, tight fit.

Choose a cork-borer the external diameter of which is just a
shade smaller than the external diameter of the glass tubing for
which you are about to

bore the hole. 1st. hole
TTold the cork on the
table with the left 2nd. hole

band. Dip the cork-
borer in a 50 per cent.
solution of glycerine
in water and place the cork-borer on the cork to onc side
of it.

Be sure you are holding the borer vertically. Press down-
wards and twist the hand first 180° to the right and then to the
left until the borer has passed about half-way through the cork.
Pull the borer out again. If it seems to be tight it will be easily
withdrawn if given a slight twisting motion.

The cork is now turned upside down, and by an eye estimation
the point where the borer should have come out is marked.

Hold the cork firmly. Dip the borer into the glycerine and bore
again at the marked point. The borer should come out at the
same point as that at which the boring commenced, and a clean
straight hole will be the result.

Bore the second hole in exactly the same manner. The two
holes should be exactly parallel. Push the piece of cork out of
the borer by means of the iron rod provided with the set of
borers.

Fi16s. 12 and 13.
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ExpT. 10.—To fit the wash-bottle together.—Be surc that the
ends of your bent tubes are rounded off. Wet the two tubes
and push them through the two holes in the cork. Fit the jet on
to the tube with the 45° bend and the apparatus should look like
Fig. 14 (a and b). )

See that the borings, etc., are air-tight by putting water all
round the two borings and also round where the cork is fitted into
the neck of the flask. Close the jet end A4 with your finger and
blow at the mouth-piece end B. If no bubbles appear where the
water is applied the apparatus is air-tight.

The apparatus should be so arranged that the neck of the flask

1] b c
Fic 14.

can be held in the right hand and the flexible jet worked simul-
taneously with the index or second finger (Figs. 14c and 32,
page 33). Arrange your tubes so that 4 B is a straight line.

Expt. 11.—To insulate the neck of the wash-bottle against heat.
—A wash-bottle has frequently to be used with hot water. In
order to make it possible to handle the bottle when hot a flask
of the form shown in Fig. 14a is used and thick string is
wound round the neck to make a layer of insulation agamnst the
heat.

The method of winding the string is shown in the diagrams
(Figs. 15 and 16). Lay onc free end of the string along the neck
of the flask and hold it with the thumb of the left hand. Now
wind the string round the neck of the flask and at the same time
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bind down the frec end of the string which has been laid along
the neck. This is shown diagrammatically in Fig. 15.

The windings must be tight
and so hound that each suc-
cessive turn touches the pre-
vious one.

When the winding has gone
to within an inch of the mouth e, 5.
of the flask, pull tight the free
end of the string which has been bound to the neck of the flask
and cut it off sharp and short.

Now lay a loop of thin string along the neck of the flask with the
loop at the mouth of the flask and then continue binding the thick
string round the neck of the flask, passing it over the loop string.
When the windings have reached the mouth of the flask, the
appearance will be as
shown in Fig. 16.

Now pass the free end
of the thick binding string

“Binding, string through the loop and,

L 10, holding the binding with

the left hand, pull the free

ends of the loop string. It will pull the free end of the binding

string back through the binding. Pull it tight. The loop will pass

right through. Cut off the free end of the binding string and the
binding is complete.

& Free end
mxmila  laid along
neck of flask

Free ends of
T\ /oop, string
AN

%, Loop, of thin string

DEMONSTRATIONS
How to cut a wide tube.

15t Method —With string.—Take the tube and wind two rolls of
paper round it, leaving a small space between the two rolls (IFig. 17).
One man holds the paper rolls at 4 and B. A second man winds
a piece of coarse string twice round the tube between the paper
rolls. The first man holds the paper firmly and the second pulls
the ends of the string backwards and forwards, keeping the string
tight round the glass tube. The glass gets very hot. Without
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pulling the string away, pour cold water on the glass between A
and B. The tube breaks. Wide bottles may be cut into halves
in this way.

2nd Method.—Make a file-mark all round the tube and then lay
wetted blotting-paper round the tube on each side of the file-mark.

[
%7 Paper Paper t7'ube

A B

Stiing

Fia. 17,

Heat the tube at the file-mark with a fine blow-pipe flame. The
tube will spht across.

3rd Method.—Make a file-mark round the tube and touch the
file-mark with a small red-hot point of glass. The tube will crack
along the file-mark and spread all round the tube. If the crack
does not pass all round the tube, again touch the end of the crack
with a red-hot point of glass and the crack will spread round the tube.

How to feal a Wide Tube.
Use a foot blow-pipe. _During all heating rolate the tube.
1. At the point at which 1t is desired to scal 1t heat the tube in
a smoky blow-pipe flame.
2. When the tube has hecome heated turn on the blast and
heat the tube till it thickens Fig. 18 (A).

"""

3. Draw it out slowly (B).

4. Cut the narrow portion midway (C).

L_>=-
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5. bcal off the end of constricted part (]))

6. Heat the cone-shaped end, with constant blowing at the open
end of the tube. The tube will first assume the shape E and later
on will become like F.

KFic. 18 (A 1o I).

7. Put the rounded end in the smoky flame and then allow it
to cool slowly.

‘T'he demonstrator will show and explain the use of :
&) An air-bath.
\f A water-bath.
$ -\ sulphuric-acid-bath.
A paraffin-bath.
A thermostat and regulator.




DEMONSTRATION 3
MEASUREMENT OF THE BoIiLING PoOINT. DISTILLATION

Expt. 12.—Determination of the boiling point of a liquid.
Distillation.—A “ distillation ” flask is a round-bottomed flask
with a long neck into which is sealed a glass tube of narrow bore.

Fit the neck of the flask with a cork. Soften the cork by rolling
it and bore a hole through it which will take
the thermometer provided. (Expt. 9, page
11.)

Pass the thermometer through the cork
until, when the cork is fitted in the neck of
the flask, the bulk of the thermometer is
opposite the position of the insertion of the
tube in the neck of the flask. Select a cork
which fits the neck of the condenser tube
and bore a hole in it which will accommodate
the side (delivery) tube of the flask. "Pass
the delivery tube right through the cork as shown in the diagram
(Fig. 20). In this way the distillate cannot come into contact
with the cork.

Put some glass beads in the flask to avoid “ bumping.” Now
pour some of the given liquid into the flask, taking care to hold the
flask slantwise so that the side tube points upwards. This pre-
vents any of the liquid from running down the side tube.

Fit up the apparatus shown (Fig. 20). Note that cold water
from the tap enters the lower end of the condenser. Light the
burner and heat the flask until the temperature indicated by the

thermometer is constant. This temperature is ““ boiling point.”
16

Fic. 19.
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You are to heat your flask on wire-gauze or on a sand-bath, but
this is not absolutcly necessary.

The demonstrator will show you the distillation of a liquid that
boils at necarly 200° C. The flask will be heated by a naked
luminous flame.

The liquid which collects in the receiver is called the “ distillate.”

Write an account of what you have done and draw a diagram
of your apparatus.

If the liquid has a low boiling point (say) below 80° C., a water-
bath is used.

Recerver

o 7 ‘\ j containing distillate
To waste Cold water enters

Fic 20.

If the distillate is inflammable the end of the condenser should
be passed through a cork fitted in the neck of a distillation flask.
The side tube of this distillation flask should be fitted with a
long piece of rubber tubing and the free end of the rubber tubing
should be put down a sink-hole or in a draught (fume) closet.

Expr. 13—(i) To make a capillary tube. (ii) To determine
the melting point of a given solid.—Make a capillary tube as ex-
plained fully in Demonstration 2, Expt. 8, page 1o0.

To fill the tube : Melt a little of the substance in a small porce-
lain capsule. Then lay the capillary tube so that it is practically
horizontal and dips in the liquid (Fig. 21). The molten substance

Dunniclifl’s Pract. Chem. c
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will flow up the tube. If the substance solidifies before sufficient
has entered the tube, melt what is already in the tube by holding
it near the Bunsen flame and let it run

w out. Now warm the tube l)cforc‘ ;11]0\'v-
mg the molten substance to run into it.

Melted substance Seal off the end of the capillary tube

" caps;le by holding one end in the hot region at
1G. 21, B o o
the base of the Bunsen flame, as shown
in Fig. 22 TFasten the capillary to the thermometer by a rubber
band. (To make a rubber band cut a picce one-eighth inch
long off an ordinary picce of narrow bore rubber tubing.)

The ring should be so arranged that it 15 above the surface of the
liquid which is being used to heat the substance (I1g 23). Use
a suitable bath depending upon the melting pont of the substance.
Water, glycerie and sulphuric acid baths are most usual.

Tit the thermometer into a cork aulong the side of which is

[ %

Level of
higuid

Capiliary

Capillary tube
Tontatning
U substance

Fi, 22 ki, 23 Fie, 24

cut a V-shaped groove, and fit this cork into the neck of a long-
necked bolt-head flask.

A 100 c.c. distillation flask suits admirably. Fasten the flask
in a stand by a padded clamp and heat slowly with a small flame
(Fig. 24). Notice the temperature when the substance in the
capillary tube ceases to be opaque. Write down the temperature
in your note-book, not on a loose scrap of paper.

Remove the burner and notice when the opacity in the capillary
tube reappears.
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Observe the temperature and write it down in your note-book,
not on a loose scrap of paper.

The readings should be about the same. If they are not exactly
or nearly the same it is not the fault of the substance ; you have
probably made some mistake. Make a new clean capillary and try
again.

Pure substances have sharp melting points.  You are given a pure
substance.

N.B.-—If there is a slight and constant difference m the two
readings 1t is probable that the first reading (melting point) 1s
more exact because it 1s more casy for a liquid to be supercooled
and therefore its solidification to be suspended than for a sohd to
be superheated and have its melting pomt delayed.

DEMONSTRATIONS

(Draw diagrams of the apparatus in your note-books.)

(1) Distillation under reduced pressure.  The action of a suction
pump will be demonstrated and explained.

(2) Reflux condenser.

(3) Air condenser for heavy boiling point substances.

(4) Dist:llation in steam.

(s) Dry distillation (vide also Demonstration 15, “ Carbon ).
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Rules to be observed when using Chemical Balances

1. See that the adjustment of the balance is correct before you
start weighing.

If the balance is out of order report the matter to the demon-
strator, who will have it attended to.

2. Never put chemicals directly on the pan of the balance.
Chemicals should be weighed on a watch-glass or in a weighing
bottle.

3 Do not put anything on to or remove anything from the pans
of the balance while the balance is swinging.

4. Raise or lower the beam by turning the handle for the purpose
with the left hand.

5. Weights must never be touched with the fingers. Forceps
are provided for the purpose.

There are only two proper places for the weights: (1) in their
correct places in the weight-box ; (2) on the pan of the balance.

6. The object to be weighed is.always placed on the left-hand
pan of the balance, the weights on the right-hand pan.

7. Never weigh a hot vessel.

8. If you lose a weight, or if any weights are missing from your
box, report the matter at once to the demonstrator.



DEMONSTRATION 4

USE oF THE PIPETTE AND BURETTE

ExpT. 14.—The pipette.—Draw a sketch of a pipette. Note
the scratch on the stem. The instrument is filled by putting the

drawn-off end into the liquid and
sucking the other end till the liquid
rises above the scratch. Remove the
instrument from the mouth and quickly
put the index (first) finger, previously
moistened, over the hole, as shown in
Fig. 25.

By raising the finger slightly, liquid
will drop from the pipette till the
plane of the scratch when held at the
level of the eye makes a tangent with
the round portion of the meniscus
(Fig. 26). To allow the pipette to
deliver the liquid inside it place the
open end in the vessel which is to
receive the liquid, and lift the finger
from the mouth-piece of the pipette.
Allow the liquid to
flow slowly from the
pipette. After the

¥Fic. 2s5.

liquid has ceased to flow from the pipette

FiG. 26.

touch the surface of the liquid with the tip of
the pipette. You will notice that there is a drop
of liquid left in the instrument ; do not blow that
drop out. The pipette is made to deliver the
volume of liquid engraved on its bulb.

2z
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Fill and empty a pipette several times to get used to manipu-
lating it.

Expr. 15.—The burette.—Draw a sketch of the burette supplied
to you. Note whether it has (1) a glass tap, (2) a rubber and
glass tap regulated by a metal pinch cock, or (3) a “bead”
tap.

The bead tap is a very cheap and efficient form of tap. It is
made as follows :

Draw off a glass jet, as described 1n Demonstration 2, round the

—40

Burette
Liquid slips
past here N
: Rubber N
. tubing Rubber \ 2
tubing
A---{k---B -
Glass bead Qlass bead
Jass tube Section across AB @
made as the Tap shut.
jet for tap Section across AB
/ Tap open
(a) (%) (c)
FiG, 27.

edges and connect it to the end of a burette tube by a rubber
connection. Procure a glass rod which 1s just a tight fit for the
rubber tube, and cut off a piece about three-tenths inch long.

Round off the edges. It will now look hke this @ Wet it and

slip it into the rubber tube till it is half-way along the length of
the rubber tube. Now slip the free end on to open end of the
burette. Fig. 27(a) represents a scctional diagram of the tap.

To use the tap: Pinch the rubber connecting tube where the
bead is and pinch a little on the far side of the centre. The rubber
will bulge and the liquid slips past the bulge. With a little
practice perfect control can be obtained (Fig. 27(c)).
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Note the following points in using these instruments :

1. Before using the burette or pipette always wash them with
the liquid for which they have to be used.

2. Put the burette in a stand. Clamp it firmly but not so
tightly as to break the glass. See that it is vertical and not so
high that you are unable to place your eye at the same level as any
gradation on the burette to which you are hkely to want to fill
the burette.  ~

3. There is absolutely no need to fill the burette to the zero
mark. All volumes may be estimated by difference.

4. Put a funnel in the mouth of the burette and pour the hquid
in carcfully. Remove the funnel before usmg the burette.

5. If the outside of the burette becomes wetted sec that it is
dried.

6. Sce that your tap (1) does not leak, (2) contains no air-bubbles.

The two kinds of flexible tap can most easily be cleared from
air-bubbles by turning the tap upwards and opening 1t quickly.
The air 1s then driven out by the flow of liquid.

Expr. 16.—Find the volume of the gas in the given cylinder.—
You are given a small gas cylinder partly filled with gas and partly
with water, and standing nverted in a small *““ gas tray” con-
taining water (Mg 28). Take a gummed label and stick it to
the outside of the glass so that one edge is at same height as

!

Gas — FT
I(l
=!E§ Partially filled

B t gas cylinder

Wate’—‘T::"
?‘} Gas tray

3
4__3::;3- containing
— water

Fie. 28

the height of the liquid. Now take the cylinder out of the gas
tray. Fill up the cylinder with water with a pipette, taking
carcful note of how many times you empty the pipette into the
cylinder. You will probably overrun the label; if so, carefully
withdraw one pipetteful of the liquid from the cylinder, and add
water to the cylinder up to the mark from the burette.
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Repeat the measurement several times.
Tabulate your results.

! No of
| tiumes
Read-'Capac-|  full

ing ity of ! pipette | Readings on burette to

No | pip- | wasrun make up difference Capacity.
ette  into
i cyhinder
|
.E ;ll[tm}:;; at end l volume
i .
I |50cc)| 5 21cc | 774cc | 53¢cc| 250{53=2553cCCcC.
i
2 5occ: 5 774cc (12:8cc l 54¢cC| 250 +54=2554cCC
i I
3 ,30cc! 8 12:8c.c.{280cc I15:(:(: 210 |-15°2-=2552CC.

Average=255"3 c.c.
Required volume of gas was 2553 c.c.  Ans.

Expt. 17.—To find the diameter of a single shot.—Take a test-
tube on a stand and mark a definite height upon it by sticking a
label on the outside of it.

Find the volume (x c.c.) of the tube up to the height of the lahel
by the method described above (Expt. 16). Now put some shot
into the tube to any height which is distinctly below the height
of the label. Run in water again and find out how much has
now to be added to fill the tube up to the label (y c.c.).

Describe exactly all that you do. Tabulate your results thus :—

Volume of tube taken = x C.C.
Volume of water required to fill the tube up to
mark after inserting shot = ¥y c.c.
.". Volume of the shot = (x-y)cec
Count the shot put into the tube. Number of
shot used = 3.

.". Volume of a single shot = (ﬁ:y ) c.c.
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The volume of a sphere is %7773.
9

. diamet
Where 7r=2—7? and r=the radius of the sphere and r=- Eﬂ»gehef'

. diameter\s
.. Required volume of a single shot.—.%ﬂ( 33{1:&3[) .
. 4 (diameter)® x -y
1.6. ~w - - = .
3 8 z
. 6 — L
', Diameter = <;; . (x:_y)> em.  Ans.

These results should be obtained with the help of the four-
figure Logarithm tables at the end of the book (pages 272 and 273).
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General Hints

1. Always replace a bottle in its proper place immediately
after use.

2. Replace stoppers in bottles to which they belong. Tf you
have flat-stoppered bottles take the stopper from the bottle with
the back of the first and sccond fingers and hold the bottle with
the same hand.  Sce Fig. 29.

When you replace the bottle on the shelf it
will come naturally to you to replace the
stopper at once.

3. Keep vour bench clean and tidy.

4. Enter your observations, weighings, etc.,
in vour note-book immedintely you make
them. Never use ““scrap paper ” or trust to
memory.

5. Remove solids fiom bottles by means of a
small, clean spatula. Do not use the same
spatula for two different substances without

e cleaning the spatula.

6. Write “your results in tabular form
where possible.  Draw diagrams to 1illustrate your reports on
experiments.

7. Do not remove from the demonstration table apparatus or
reagents supplied for the use of the whole class.  Take sufficient
material for your purpose and perform your experiments at your
bench.

Report all breakages at once.

Use small quantities.




DEMONSTRATION 5
STUDY OF P’HYSICAL AND CHEMICAL PROPERTIES

Write down each observation at once.

IixrT. 18.—Physical properties of substances. Action of heat on
given substances.-—Describe the given substances as minutely as
you can.

Note any peculiarities in shape.

Describe fully what happens when each is heated.

Is any gas or vapour evolved ?

Does anything condense on the upper part of the tube ?

What is the residue like ?

ExpT. 19.—Deliquescence. —Expose some of the given substance
A to the atmosphere and observe all that happens. Notice that
it gets moist and finally becomes liquid.

The substance has dissolved in the water which it has taken out
of the atmosphere.

The substance A is said to be “ deliquescent.”

Expr. 20.—Crystallisation.—Put some zinc in dilute sulphuric
acid. Set aside until the action ceascs. Filter, evaporate down
and set aside. Notice that a solid scparates in small pieces, each
possessing a definite geometrical shape. These small pieces are
called ““crystals,” and the process is called ‘ crystallisation.”

When a substance owes its geometrical shape (.. its crystalline
form) to the presence of one or more molecules of water, this water
is called ““ water of crystallisation.” Sometimes the water of

crystallisation gives a definite colour to the substance.
27
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Exrpr. 21.—Water of ecrystallisation (¢).—Examine B. Notice
that it is blue and crystalline. Take a little in a test-tube and
heat it. Drops of liquid (water) condense on the upper part of
the tube. On heating 1t loses ‘“ water of crystallisation” and
falls to a powder. The powder is white. Allow the tube to cool.
Now pour a few drops of water on the powder. It recovers its
blue colour because the “ anhydrous” salt combines with water
to form once more the crystalline body (copper sulphate crystals).

(b).—Heat some of the pink substance, C. It turns blue. Drop
water on the blue substance. It recovers its pink colour (crystals
of cobalt chloride).

Expr. 22.—Efflorescence.—Expose some of the substance D to
the atmosphere. Notice that it loses its gecometrical shape and
falls to a powder. This is due to the crystals losing water. The
substance D is said to be * efflorescent.”

Expr. z3.—Intumescence.—Hcat E (1) in a test-tube, (2) on a
wire. Notice how it swells up, water, etc., are given off. This
process of swelling up on heating is called “‘ intumescence.”

Expt. 24.—AIl crystalline substances do not contain water.—
Heat F and observe that the substance melts but that no water
is given off. (Cf. also substance H.)

Expr. 25.—Decrepitation.-—Heat G in a test-tube. Notice the
sharp crackling noises which are emitted. This is called
“ decrepitation.”

Expr. 26.—Sublimation.—Heat some of the crystals of H in a
test-tube. Observe that the substance does not melt, but that it is
converted into vapour and that the vapour condenses on the upper
part of the tube as a white solid. When a solid is converted into
the condition of vapour without passing through the liquid state
it is said to ‘““sublime.” The process is called  sublimation.”
Test the vapour with red and blue litmus papers. The gas will
appear to be first alkaline and then acid. Two gases are present,
one, the alkaline gas, is less “ dense” (heavy) than the other
(the acid one), so it passes up the tube more quickly.
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ExpT. 27. —Gaseous diffusion.—The proces> by which gases
spread themselves through other gases is called “ gaseous diffusion.”
A very heavy gas will “ diffuse into ” or mix with a lighter gas.

The cylinder K contains a very heavy gas—it is brown in colour,
so you can see it. The cylinder L contains air. The brown
gas is about 5} times as heavy as air. Invert the cylinder of air
over the cylinder of brown gas. Let them stand in a safe place so
that they will not get knocked over. After a short time you will
find that the two cylinders look equally brown, showing that the
heavy gas has diffused upwards and mixed with the air.

Expr. 28.—Adsorption. linders con-
taining brown gas and in it put a piece of ordinary wood charcoal.
Slip on a cover-glass and let the cylinder stand. In a few minutes
the colour will disappear from the cylinder. The charcoal has
condensed the brown gas over its surface and in its pores. This
process is called “ adsorption.” This process 1s a physical and
not a chemical one. 1f you heat the charcoal in a test-tube it will
again part with the brown gas.

Expr. 29.—Description of elements.—You are given specimens
of various elements.  Describe their appearance and physical
properties.

Heat cach of them in contact with air and write down all you
observe.

Take careful note of the two elements which are liquids at
ordinary temperatures.

One is a metal .......... mercury.
One is a non-metal ...... bromine.

Notes to Demonstrators

Expt. 18.—Any substances, crystalline or amorphous, may be
given. Substances of which the large crystals arc easily obtained
are common salt (rock salt), alum, and copper sulphate.

Expt. 19.—4, Fused calcium chloride or caustic soda.

Expt. 21a.—B is CuSO,,5H,0.

Expt. 216.—C is CoCl,,6H,0.
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Expt. 22.—D. Crystals of washing soda (Na,CO,4,10H,0) or
Glauber’s salt. .

Expt. 23.— E. Microcosmic salt, Na(NII,)lTPO,,411,0, or Borax,
Na,B,0,,10H 0.

Expt. 24.—F. Sulphur crystals, rock salt (does not melt).

Expt. 25.—G. Lead nitrate, Ph(NO,),, rock salt (NaCl), Potuss-
tum chlorate (KCIO).

Expt. 26.— H. Ammonium chloride, (NTI)CL

Expts. 27 and 28.—The brown gas 1s dilute bromine vapour.

Expt. 28.— The charceal should be well-burnt wood charcoal
which has been roasted out of air contact shortly before the experi-
ment. Keep in a desiccator and hand to students when they ask
for 1t. If this precaution is not taken the experiment may not be
successful as the charcoal on heating, after adsorbing the gas, may
give very little or no brown gas but plenty of water vapour.



DEMONSTRATION 6
SEPARATION OF MIXTURES

There are many ways in which the constituents of mixtures
may be separated.  Of the methods given below all may be used
for quantitative determinations, but you are only required to do
one (as dirccted by the demonstrator) quantitatively.  The others
arc to be studied so that you become acquaimted with the methods.

Start the quantitutive work at once, and while you are waiting
for the various processes of filtration, drying, etc., to become com-
plete, perform the other experiments  Leave a space to finish the
description of Tixpt. 31, and write up the account of each of the
other experiments as you perform them.

Expr. 30.-—Estimate the percentage of soluble and insoluble
substance in the mixture A.-—One substance is soluble in water
and the other is msoluble in water.  Neither substance 1s decom-
posed by heat.

Clean and thoroughly dry the small beaker provided. Take it
to the balance-room. Sce that your balance is correctly adjusted
and swings properly. See that your weights are in order. Set
the balance at “rest” Put the clean dry beaker on the left hand
pan of the balance. Put a weight on the right hand pan by means
of the forceps. Turn the handle so that the balance can swing.
Add or remove weights till the pans of the balance swing evenly
as indicated by the powmnter, but always bring the balance to the
position of “rest” before adding or removing anything. Weigh
to the second place of decimals.  Always replace a weight in its
own proper place in the box if it is not being used on the pan of

the balance.
31



32 PRACTICAL CHEMISTRY

Now write in your book :
Weight of the empty beaker = grams,
and (1) Count the weights on your pan.

(2) Count the value of the Spaces in your weight-box.
(3) Count the weights back into the box direct from the
balance pan.

Each number may be entered on the left hand page of the
practical note-book (1, 2 and 3 should be identical). Enter the
weight of the beaker in your note-bovk. Now remove the beaker
from the pan of the balance and put n it about 5 grams of the
mixture A4 and weigh again. The difference between the first and
the second weighings will give you the weight of the mixture A4
taken.

Now pour some distilled water on the mixture in the beaker,
stir it up with a glass rod and then let it stand.

Weigh a filter paper.

Fold the filter paper carefully (1) into halves and then (z) into

halves again so that it is in the form of four superimposed quad-
rants. Now open out one side so that the filter paper forms a
cone.

Fit the cone in a glass funnel so that the edge of the filter paper
is about half an inch below the glass edge of the funnel. Newver
let the filter paper comt up lo or project over the edge of the funnel.
Pour some distilled water in the funnel. The water should pass
through the paper and completely fill the tube of the funnel. No
bubbles should be sucked between the paper and the glass, nor should
any bubble be seen in the tube of the funnel. If these precautions
are observed filtration will be much more rapid than if the paper is
folded and fitted in a careless manner. Having fitted the paper
correctly, put the funnel in a stand and a weighed evaporating.
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basin undernecath it. Take the glass stirring rod and put it verti-
cally against the lip of the beaker and pour the liquid into the
filter. The liquid will be found to run against the glass rod. All
‘“dribbling ” down the edge of the beaker is prevented. Never
pour liquid into the paper to a greater height than 4 inch short
of the edge of the paper.

When all the liquid has been poured off the residue, add some
more water, stir, and pour through the filter paper. Repeat this,
This is called washing by ‘‘ decantation.” Finally, pour the in-
soluble residue into the filter paper. It will be found hard to wash

I1c 3t —1;. Heght of filter paper
edge a9 Maxmum heaght of
liquid 1n the paper during filtiation,

out the last portions of the solid. It may be done efficiently in

this way. Hold the beaker and the rod in the left hand as shown
in Fig. 32 and hold the wash-bottle in the right hand, manipulating
the flexible jet with the index finger.

When all the residue has been transferred to the filter paper see
that the washings are free from salt by evaporating two or three
drops on a small watch-glass held by the bare fingers a good distance
above a clear Bunsen flame. Your fingers will tell you when the
heat is likely to crack the glass. If the watch-glass 1s clean when
dry, the sand has been washed free from salt.

When thoroughly washed, put the funnel in a filter dryer set
in a sand-bath and gently heated by a Bunsen burner (Fig. 33 4).

Dunnichfl’s Pract Chem. D
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See th"xt the holes at the base of the cone arc not chokcd with sand.
Cover the funnel mouth with a picce of paper and leave till dry.
Remove from the funnel and weigh.

Evaporate the collected washings in the weighed evaporating
basin as shown in Fig. 33 B.

Direct evaporation on the sand-bath is difficult. The liquid

Paper to keep dust out

Funnel containing filter

\ —Meta! drying cone
\ or ""Filter dryer”

Do not let thesg holes
be closed with sand _
Sand-bath

Tripod stand

“—Bunsen burner

Fic. 33

usually spurts. When the evaporating basin is dry, let it eool and
then weigh it.

Repeat weighing after heating till constant.

Write an account of all you do and enter your results thus :

Weight of the empty beaker X grams.
‘Weight of the beaker and mixture y

i

|
il

.',Wewht of the mixture taken =(y-x)
Welght of the filter paper = a
Weight of the filter paper + insoluble substance = b,

.. Weight of the insoluble substance =(®-a) ,
Now (y — x) grams of mixture contain (b - a) grams of insoluble

substance.

. . (b-a .
1 gram of mixture contains éy — x; grams of insoluble
substance.

. . . (b-a) .
.. 100 i 2
oo grams of mixture contain (y ~ ) % 100 grams of insoluble

substance.

‘. Required percentage of Insoluble substance is . ... Ans.
Also weight of evaporating basin = ‘¢ grams.
Weightof evaporating basin + soluble substance = d

.. Weight of the soluble substance =(d-o¢ ,

d—~
( [) O{).

i.e., the percentage of soluble substance:;—_—; X100 . . .
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If the percentages of insoluble and soluble substances add up to
100 there has been no loss or gain in the course of your experiment.

In addition to stating percentages of soluble and nsoluble
substances write down also the loss or gain per cent. obtained
as a result of your analysis. Thus:

Required result {pcrcentage of soluble substance= %
5 insoluble substance = %

Error = % (gain

or loss).

ExpT. 31.—Both substances are soluble in water, but one is volatile
and the other is fixed. .

The two bodies may be separated by sublimation, but the volatile
body will be lost. -

Heat some of B in a small crucible or capsule? Use the fume-
closet.

ExpT. 32.—Both substances are insoluble in water; one is
soluble in dilute acids, the other is insoluble in dilute acids.

Digest C with dilute acid and, when the action has ceased, filter.
Wash the residue very carefully and test the washings for acidity
(litmus). Tf acids are used, especially sulphuric acid, 2t 7s most
imporlant 1o wash the filter paper quite free from acid, because if,
in,making a quantitative determination by this method, acid is
left on the paper, the paper is corroded when it is dried. In case of
sulphuric acid the paper is charred and the experiment spoiled.

ExrT. 33.--To separate the constituents of gunpowder. —Taking
advantage of the facts that—

(1) Carbon and sulphur are insoluble in water but nitre is soluble
in water,

(2) Sulphur is soluble in carbon disulphide and carbon is
insoluble in carbon disulphide,

You may separate the constituents of gunpowder, which is a
mixture of nitre, carbon, and sulphur.

(1) Shake up the gunpowder with water. Filter. The residue
is a mixture of carbon and sulphur. (If you wish to dry the mixture
of carbon and sulphur do not use the drying cone—put the funnel
in the steam oven. Write your name on the paper with which
you cover the funnel.)

Dz
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(i) Extract the dry mixturc of carbon and sulphur with carbon
disulphide—keep the carbon disulphide away from flames. Filter.
The residue is carbon. Wash with carbon disulphide. The
sulphur may be recovered quantitatively by evaporation in air
in a fume-closet. (Keep away from flames.)

ExpT. 34.—One constituent is combustible—the other is in-
combustible and non-volatile. Ieat the mixture in air (use
the blow-pipe if necessary). The combustible substance will burn
away ; the incombustible substance will be left behind.

DEMONSTRATIONS

1. Separation of gases by taking advantage of their different
rates of diffusion.

This is called ““ Atmolysis.”

2. Separation of two substances in solution by taking advantage
of the fact that one substance will pass through a certain membrane
and the other substance will not pass through that membrane.
Such a membrane is called a “ semi-permeable ”” membrane.

The process of separation is called “ Dialysis.” The substance
which passes through the membrane is called a “ crystalloid 7 ;
the one which will not pass through the membrane is called a
“ colloid.”

3. Centrifugalisation takes advantage of the different densities
of substances in suspension in a liquid medium.

Notes to Demonstrators

It may be felt that there is too much work in this exercise for
one day. The methods and processes are very important,
and time would be well spent in devoting two demonstrations to
this work, using, say, Expt. 30 as the quantitative exercise in the
first lot of work, and Expt. 32 as the quantitative exercise in the
second day’s work. The rest of the demonstrations and exercises
should be spread over two days.

For Expt. 30. 4, use (i) common salt and sand, (ii) glass dust
and common salt, etc.
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Expt. 31. B, usc ammonium chloride and common salt.

Expt. 32.  C, use zinc powder and barium sulphate.

(Zinc dust with dilute sulphuric or hydrochloric acids give
anomalous results. Dilute aqua regia as solvent gives the best
results.)

C. Powdered marble and powdered glass (use dilute hydro-
chloric acid).

C. Magnesium powder and copper powder. (Use dilute hydro-
chloric or sulphuric acid.)

Expt. 33. Disgunpowder. Issue personally in small quantities,
as required. You may substitute common salt for nitre and the
experiment is still valuable but not dangerous.

Expt. 34. E. Mixture of silica and carbon.

Demonstration 1. Show the separation of the constituents of
ammonium chloride vapour through a clay tube.

Demonstration 2. Dialysis of ferric hydroxide, or colloidal
arsenious sulphide (add an agueous solution of 11,5 to an aquecous
solution of As,0,; add no acid).

Demonstration 3. Use blood.
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Expr. 35.—A is a mixture of two substances one of which is
not decomposed by heat and is not volatile, and the other is
decomposed by heat according to the equation 2KClO;=2K(l + 30,,
leaving a non-volatile residue. Find the percentage of the
decomposable body present.

MeTHOD.—Wash the small porcelain crucible. Put it on the
pipe-clay triangle and heat it. Allow it to cool till you can just
bear ycur hand very near (but not touching) it, and then transfer to
a desiccator (Fig. 34) by means of theiron tongs. When quite cool

Heat here gently
work slowly toward
the centre

Fic. 35.

weigh it. Never touch the crucible with your fingers; always

use the tongs. Now put about 1'5 grams of A in the crucible

and weigh again. £nter the weights directly into your note-book.

Do not use scrap paper. Put the crucible back in the desiccator

by means of the tongs, and carry it back to your bench. Remove
38
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the crucible from the desiccator (using the torigs) and put it slant-
wise on the pipe-clay triangle.

ITold the Bunsen burner in your hand and heat very gently at
Sirst from the oulside edge (sce Fig. 35). When the action at that
point is finished heata new portion. Do not put the burner full on
under the crucible and leave it. The mass will spurt and your
experiment will be ruined. Taking proper care, excellent results
will be obtained.

When all the action appears to have ceased, heat the crucible
for a short time on the foot blow-pipe. If soot has deposited on the
crucible burn it off with a fine blow-pipe flame. Do not wipe 11
off. Let the crucible cool till you can just bear your band very
near (but not touching) the crucible. Transfer to the desiccator
(use the tongs). Allow it to finish cooling. When quite cool,
weigh it.

Repeat heating, cooling and weighing till weight is constant.

Write an account of exactly what you do and enter your result
thus :—

Loss of weight is due to the loss of oxygen according to the
equation

2KCl04=2KCl + 30,
2(39 +35°'5 +48) =2(39 +3575) +(3 x 16 x 2)

i.e. 245 grams of potassium chlorate would lose 96 grams in weight
on heating, becausc that is the amount of oxygen which can be
driven off from 245 grams of potassium chlorate.

Data :-—

Weight of crucible x grams.

Weight of crucible and 4 = Yo
Weight of A taken =(y-x) ,
Weight of crucible and residue = z
Weight of crucible and substance 4 = Y,
Loss in weight=0xygen driven off =(y-2) ,

Now 96 grams of oxygen represent 245 grams of KCIO,.
*, 1 gramof oxygen represents %165 grams of KClO,.

and (y-2z) grams of oxygen representzﬁ—x()—(é}—’—_i) grams of

KClO,.
This is the amount of KClO, in (y — x) grams of A4,
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Weight of KClO, in (y—x) grams of 4 = 3365 x(y-2z) grams.
.. Weight of KCIO, in r gramof 4 = 39165 x;’ié "
. . 245 Yy -3
. Weight of KCIO, in 100 grams of 4 = 56 Xy % X100 »

= . . . . . 2
7. Required percentage of decomposable body in_the mixture
A ... % Ans.

Notes to Demonstrators

Use KCIO,+ Fe O, or KCIO, + glass dust.

Any suitable mixture may be given, due regard being paid to
the fact that (1) the result must be quantitative and correctly
represented by a chemical equation, (2) there should be no inter-
action between thc two substances used.



DEMONSTRATION 8
PREPARATION AND PROPERTIES OF OXYGEN

Expr. 36 —Preparation of oxygen.—Set up the apparatus shown
in the diagram (Fig. 36) and make a sketch of it in your note-book.
Write an account of all you do.

Into the test-tube put some of the given mixture of potassium
chlorate and mangancse dioxide.
(Sce Expt. 94, page 98.) Shake the
tube until the mixture lies along
the tube as shown in the figure,
but be careful not to let it come
into contact with the cork.

Use small collecting jars.

Note that the tube is tilted
with its mouth slightly down-
wards. Ileat the substance at
the end of the tube near the
cork first and gradually work backwards towards the round
end.

In the following experiments USE SMALL QUANTITIES.
Observe the properties of the gas.

Write out the results, ctc., in the form of a table arranged in
three columns.

Experiment ! Observation. Infevence
‘Write 1n this column Write i this column| Write 1in this col-
all that you do all that you observe umn the conclu-
witlnyour senses. sion you draw
1
from the observa-
tions made.

41
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In the present case.

Experiment. Observation. Inference.

I examined the gas. It 1s colourless

I breathed the gas. It has no taste.

It has no odour.

I shook the gas up No change. The gas is not an
with some blue Iit- “acid.”
mus solution.

I shook the gas up No change. The gas is not
with some red hit- alkaline 1n re-
mus solution. action.

And so on.

Expt. 37.—Properties of oxygen.—(a) The gas is colourless.

(b) The gas is tasteless.

(¢) The gas is odourless.

(d) Shake up some blue and red litmus solution with the
gas. What happens ?  What conclusions do you draw from what
you see ?

(¢) Shake up the gas with lime-water. What happens ?

(f) It is slightly soluble in water.

(g) Put a glowing piece of wood into the gas. Does the gas
burn ? Does it support combustion ?

Expr. 38.—Combustion of earbon.—By means of a deflagrating
spoon put some glowing carbon into the gas. After any action
has ceased shake some lime-water up in the
cylinder (Fig. 37).

ExpT. 39.—Combustion of sulphur.—Ileat
some sulphur in a deflagrating spoon.
When just burning with a lambent flame,
thrust the deflagrating spoon into the cylinder.
Describe the physical properties of the sub-
stance formed.

ExpT. 40.—Combustion of iron.— Put a
little sand on the bottom of one of the
cylinders of the gas. Fasten some iron wire
to the deflagrating spoon. Make the wire
red hot and plunge quickly into the cylinder.
The wire burns.

In experiments 38, 39, 40 we have illus-
trations of the combustion of element
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oxygen with other elements. Compounds so formed are called
oxides. In Expt. 38 carbon dioxide, in Expt. 39 sulphur dioxide,
and in Expt. 40 iron oxide were formed. The process is called
“ oxidation.”

Compounds which are composed of two elements only are called
“binary ” compounds. The names of such compounds usually
end in “ide.”

In the above cases (Experiments 38, 39, 40) compounds of carbon,
sulphur and iron were formed by direct combustion. When a
compound is formed by the direct union of its component elements
it is said to be ““ synthesised.” The process is called “ synthesis.”

Test for oxygen.—It is colourless, tastcless, odourless gas which
supports combustion (compare nitrous oxide, page 109).

EXPT. 41.—(a) Heat some erystals of potassium permanganate
alone. Show that oxygen is given off. The potassium perman-
ganate has undergone chemical change. Before the experiment
the permanganate gave a purple solution in water.  After heating,
the residue gives a green solution in water and also a black substance
insoluble in water.

(b) Heat potassium chlorate alone. Describe carcfully all that
happens. Is oxygen given off ?

(<) Heat some of the yellow substance with strong sulphurie
acid. Describe all that happens. Is oxygen given off ?

DEMONSTRATIONS

(i) Oxygen is absorbed by a solution of pyrogallic acid in caustic
soda.

(ii) Preparation of ozone by passing a silent electric discharge
through air. The yield is improved by keeping the air cool. Draw
a sketch of your apparatus in your note-book.

The action of ozone on potassium iodide will be shown.

Notice the peculiar smell of ozone.

Ozone is completely converted into oxygen by heating.

Note to Demonstrators

Expt. 41 (¢). The yellow substance is potassium bichromate.
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PREPARATION AND PROPERTIES OF IIYDROGEN

ExPT. 42.—Preparation of hydrogen.—Write an account of all
youdo. Draw a diagram of the apparatus used (Fig. 38).

Tit up the apparatus as shown in the above figure. Be sure
that all tubes are rounded off beforc pushing them through the
corks or into the rubber tubing.

Make certain that the apparatus is air-tight by pouring water
over the corks and then,
having closed the thistle
funnel by the palm of
the hand, blow through
the delivery tube B. If
no bubbles come from
the corks, etc.,, the
apparatus is air-tight.

NEVER PATCH DEFEC-
TIVE WORK WITH WAX. Take out the faulty piece and remake
it.

Put some zinc in the Woulfe’s bottle and pour a little water on it.
There should be sufficient to seal the end of the thistle funnel.
Add to it some dilute hydrochloric acid (one part of concentrated
acid to four parts of water). If no action takes place add a few drops
of copper sulphate solution through the thistle funnel. Chemical
action will now commence and hydrogen gas will be given off.
Notice that the liquid in the Woulfe’s bottle gets hot. This heat is
evolved as a result of the chemical action which is taking place.
Keep the delivery tube, and, in fact, the whole apparatus, away
from a naked flame.

44
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Allow the action to proceed for two minutes, then collect some
of the gas in a test-tube over water. Apply a match to the
mouth of the tube. If an explosion takes place the hydrogen
is contaminated with air. Keep testing the gas until,
on applying a match to the test-tube, the hydrogen burns
quietly.

Now collect several cylinders of gas.

Apply a light to the delivery tube. The gas burns.

Important Note.—If you wish to add more acid, FIRST BLOW
OUT THE FLAME at the jet.

If you do not observe this precaution a dangerous explosion
will take place. This is because, when adding the acid, some
bubbles of air are dragged into the Woulte’s bottle and an explosive
mixture is formed.

Do not velight the jet without testing the gas again in a lest-tube
as described above.

ExpT. 43.—Observe the following properties.-—-T'abulate your
results. (See page 42.)

(a) The gas is colourless.

® , , , tasteless.

¢ , , , odourless.

(It is just possible that the
sample of the gas prepared
by you may have a faint
smell.  This is due to im-
purities in the zinc. Pure
hydrogen has no odour at
all.)

(d) Plunge a lighted taper
in an inverted cylinder of
the pure gas. The taper is Fic. 39
extinguished, but the gas
burns at the mouth of the cylinder. It is not a supporter
of combustion, but it is combustible. Notice the steam on the
walls of the cylinder.

(e) Show that the gas is lighter than air by pouring the gas
upwards.
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Take a test-tube full of hydrogen and plaee its mouth under the
mouth of an inverted test-tube full of air.

Remove the upper test-tube and apply a lighted match to its
mouth. An explosion will take place showing that hydrogen has

FiG. 40.

flowed upwards and mixed with the air in the upper tube. Hydrogen
can be collected by upward displacement of air. (Fig. 40.)
(f) The gas is not appreciably soluble in water.

Expr. 44a.—Hydrogen is a reducing agent.—You are given a
small tube containing copper oxide—i.e. the compound of the
metal, copper, with the gas, oxygen. The substance is a black
powder. Connect this tube to the delivery tube from your
Woulfe’s bottle. As soon as pure hydrogen is passing through the
whole apparatus (test as before) apply heat to the tube containing
copper oxide. Notice the change that takes place. A reddish
restdue remains in place of black powder. It is metallic copper.
At the end of the tube remote from the generator will be scen
drops of liquid. Put a little anhydrous copper sulphate on
that liquid. The copper sulphate turns blue. The liquid is
water. (See Expt. 21 (a) page 28.)

In other words, hydrogen has robbed hot copper oxide of its
oxygen and given us metallic copper and steam which, on cooling,
condenses and becomes water.

This process is called ““ reduction.”

The chemical change may be represented by an equation.

CuO + H, = Cu + H,0
Copper oxide Hydrogen Copp°r Water
{black powder) (gas) (red metal) (liqud)
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If the substance to be reduced is dissolved in water it is not
sufficient to bubble hydrogen gas through the solution. The
substance will not be reduced unless the gas is generated i contact
with the dissolved substance. The hydrogen is particularly active
at the moment of its generation and 1s called “ nascent hydrogen.”

ExpT. 44B.—Reducing power of ¢ nascent®” hydrogen.—You
are given a solution of a coloured substance. This liquid will
turn colourless on reducing the dissolved substance.

(a) Pass hydrogen through the coloured liquid. Observe that
there is no change.

(b) Add a piece of zinc to a little of the solution and then pour
in about 20 c.c. of dilute sulphuric acid. A dilute solution of the
coloured body will show you the bleaching action more quickly
and effectively than a strong one. Lightly close the tube with the
thumb and move the tube GENTLY up and down so as thoroughly
to mix the solution. In a few minutes the solution will become
quite clear, showing that the hydrogen in the nascent state is
more active than the gas. The bleaching in this case is due to
the reduction of the colouring matter.

In connection with experiments 44A and 44B, the attention of
the student is directed to the fact that, although both experiments
are designed to illustrate the reducing power of hydrogen, another
lesson is to be learnt, i.e., the result that you will get depends upon
whether or not you satlbfy the conditions necessary for the reaction
to proceed.

This matter will be dealt with in detail in a later demonstration,
but note that it is not enough for you to know that such and such
reactions can take place. You must also know the conditions
necessary for the reaction to proceed.

ExpT. 45.—Preparation of zinc sulphate erystals.—When the
action in the bottle has ceased, filter off the sohd residue and
evaporate the solution in an evaporating basin until it is about
one-third of the previous bulk.

Remove the basin from the burner and cover it with a piece of
paper on which you have written your name. Give it, when cool,
to the laboratory assistant. He will set it aside for you and
return it to you next time you come for practical work.

You should find some white crystals in the basin. They will
probably be acid in reaction. Filter them off and dissolve them in
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a little water. Evaporate down and again allow the basin to
stand. Crystals of zinc sulphate will be formed. Filter off.
Dry on a porous plate or between filter papers.  Show them to the
demonstrator. Make a sketch of a good crystal.

DEMONSTRATIONS

1. The demonstrator will explain to you the precautions necessary

for collecting and working with hydrogen.
) 2. Detonating gas.—A mixture of two vol-
umes of hydrogen and one volume of oxygen
is exploded. Carefully observe the precautions
taken and note the thickness of the bottle
used for the experiment.
B 3. The Chemical Harmonicon.—[Iydrogen is
generated 1 a flask provided with a long
1) tube 4 (Ing. 41). The gas 15 ignited at the
end of the tube and then the tube 1s passed
into a wide tube B. A musical note is emitted.
L The explanation is this : —The hydrogen does
r not burn steadily. A series of small explosions
takes place. ILach explosion sets up longi-
tudinal waves in the tube. The vibrations are
sufficiently rapid to produce a musical note.
The larger the number of vibrations in a given
interval of time the higher the pitch of the
note emitted. The pitch of the note can be
varied by altering the position of the burning
jet in the tube B.

4. Hydrogen gas is a conduetor of heat.—
The apparatus illustrated in Fig. 42 is used to show this property
of hydrogen gas.

(a) Pass an electric current through the wire when the tube is
full of air. The wire glows.

(b) Pass an electric current of the same strength as in () through
the wire when the tube is full of hydrogen.

Dilute

H,80,
Zine <atacizA

Fic. 41.
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The wire does not glow because the heat is taken away by the
conductor of heat—hydrogen.

Tube for passing Piatinum wire

s ez

Toa

—%—~ To electrical supply I~
k16, 42.

N.B.—Sce that the tube is full of pure hydrogen, otherwise,
when the current is passed, an explosion may occur.

Note to Demonstrators.

Expt. 44B.—The coloured liquid is very dilute potassium per-
manganate solution.

Dunniclifi’s Pract. Chem. E
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Expt. 46.-—Determination of the volume of gas evolved in a
given reaction.—Action of hydrochloric acid on a given metal.
Take a 4-oz. bottle such as is used for solid chemicals and fit it
with a cork. Wrap the cork in paper and press it by rolling it on
the floor under the sole of the foot. Sclect a piece of glass tubing
and bore a hole in the cork to suit the size of the tube. DBend
the tube as shown 1n the figure 4B. The exact length of
AB taken will vary with bottle used. Draw out the end B so
that 1ts bore is about half the
“former diameter and then bend
A it vertically upwards.
Pass the end 4 through the
hole mn the cork and draw it out
g and bend it at nght angles so
that the bend lies in a plane at
right angles to the bend at B.
Fit the cork in the bottle and see that thc apparatus is air-
tight.  Sclect a small test-tube which will just go inside the small
bottle. Weigh someof the given substance on a watch glass. Put
the substance in the hottle and weigh the watch glass again. The
difference 1n these two weighings gives the weight of the substance
used. Now pour about 30 c.c. of water on the substance. Fill
the small test-tube with hydrochloric acid and gently slip it into
the bottle without allowing any of the acid to spill.  Fit in the cork
and again test to see that 1t is air-tight. Now place the apparatus
so that the angle B is under a jar inverted in a trough of water
(Fig. 44). Use a small gas cylinder. Let the apparatus stand for
a minute or two, then, holding the bottle by its neck or by the
50
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projecting portion of the cork, tilt the bottle sideways, keeping B
under the cylinder. The cylinder should be supported by a clamp,
not by a bechive shelf, as the latter has a way of collecting a
certain amount of gas in it, and it is difficult to recover the gas.
The Dbottle should be tilted in such a manner that the bend at 4
points upwards, not downwards.

Take care not to warm any parls of the apparatus containing gas
by holding them in your hands.

When all action has ceased close the cylinder by a shallow dish
or glass plate and transfer it to a glass basin or cylinder holding it
all the time by means
of a clamp. If you
have not got a clamp
wide enough to hold the
cylinder take several
folds of tough paper
and fold them into a
strip.  Put the strip
round the cylinder and

Cylinder |
to collect gas

Strong acid

]
G
]
) )

. A Water
tightly pinch the {ree Substance

ends (Fig. 68, page FIG 44.
217).

Hold the cylinder so that the level of water inside it and
outside is the same, and then stick a label on the outside of the
cylinder at the level of the water.

This procedure is adopted to avoid the necessity of applying a
correction for the difference in the heights of water inside and out-
side the cylinder.

Remove the cylinder from the water and measure its volume
up to the level of the label with the help of the burette and
pipette as described in Demonstration No. 4, page 21.

Since there is no hydrostatic pressure, the pressure of the gas
inside the cylinder is made up of two factors (1) the pressure of the
hydrogen, (2) the vapour pressure of the water at the temperature
of the laboratory. These two together are equal to the barometric
pressure at the place where experiment is being performed.

i.e., Barometric pressure==vapour pressurc4-gas pressure.
s Gas pressure=barometric pressurec—vapour pressure.
E 2
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Read off the barometric pressure from the barcmeter in the balance
room. Note the temperature of the laboratory and find from
Appendix II., page 271, what is the pressure of water vapour at
that temperature. Write down all the data at the moment you observe
them.

Write out the data thus :—

Weight of watch glass and metal
Weight of watch glass and residue
. Weight of metal taken

I

m grams.
m,
(m—nt)

Il

i
'

Volume of the gas observed = V.cc.
Temperature of laboratory = T°C.
Pressure of aqueous vapour at 7° C. — bmm. Hg
Barometric pressure == B mm. Hg

. The gas pressure = (B—b)mm. Hg

By Boyle’s law we know that the volume of a gas varies inversely
as the pressure to which it is subjected.
. If the gas occupics V c.c. at a pressure of (B—b) mm. Hg,

its volume at normal pressure (760 mm. IIg) will be { V' x 76_c—> c.C.

By Charles’ law a gas expands by ;5 of its volume; for every
degree Centigrade its temperature i1s raised above o C.  The
temperature of the gas is 7°C.

. . 273+ T . .

. The volume of the gas is — 273 times the volume it would
occupy at o° C.

.. To find what its volume would be at o° C. the volume must be

- 273
multiplied by PrIww
Applying both corrections we get
Volume of gas at N.T.P ( B=b, 213
olume of gas at NT.P. ={ V x 60 X ';731'1‘) c.c.
Weight of metal which gives this amount of gas is (m—m’) grams.
. Volume of gas evolved by one gram of the metal is
1 B—b 273 ) .
(n—n) X (V pd 260 X 273+T cC.=...cc Ans.

1. Do not try to learn this formula by heart. If you understand
how it is arrived at you can always work it out.

2. If zinc is used, add a little copper salt to the concentrated
hydrochloric acid before putting the acid in the test-tube.
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WATER

Boiling point at 760 mm. mercury pressure=100° C.
Freezing point at 760 mm. mercury pressure=0° C.
Water is colourless, tasteless, and odourless.

Exrt. 47.—Distilled water leaves no residue on evaporation.—
Evaporate some distilled water (4) to dryness in a glass basin.
Heat the glass basin by means of a water-bath. There is no residuc,

Expr. 48.—Tap water on evaporation leaves a residue.—-Now
cvaporate some tap water to dryness in the same way. A
whitish residue remains.

Expr. 49.—Ordinary water contains dissolved gases.——Take a
500 c.c. flask and fit it with a tight cork. Bore a hole in the cork
and fit into it a glass tube bent
as in Fig. 45. The end should
be flush with or slightly inside
the cork (do not forget to round
off the edges of the tube after
cutting it).

Put a few glass beads in the
flask and then fill it and the FiG. 4.
delivery tube with tap or well
water. The tube may be filled by putting B under water
and sucking at A (Fig. 45). When the tube is filled with
water close the end B with index finger and push the cork A4
into the neck of the flask, which has been previously filled to
the brim with water. It will be found that it is quite easy to
exclude all air.

53
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Fit the flask into the retort-stand and dip the delivery tube
under water in a pneumatic trough. Place a graduated cylinder
over the mouth of the delivery tube and fasten 1t with a ring or
padded clamp (Fig. 46).
Heat the flask and continue heating until the water in the flask

has boiled for three minutes. When no more bubbles collect, the
cylinder should be moved away from the delivery tube and then
the gas turned off. Water will rush back into the flask owing to
the condensation of the steam in the flask. Find the exact volume
of the flask up to the cork and calculate what volume of gas would
have been evolved by heating 100 c.c. of the water.

ExpT. 50—Water as a solvent.—Find out whether the given
substances are soluble in water or not by shaking up each in turn
with distilled water. Filter the liquid and evaporate some to
dryness in a clear glass basin on a water-bath. Note 1f there is
any change in temperature when the given solids are shaken up
with water. Sometimes the volume of the mixture of two sub-
stances is not the same as the volumes of the unmixed substances.

Take a known volume of alcohol.  Mix it with an equal volume
of water. Do you observe any change in volume ? If so calculate
the percentage change.

Expr. 51.—Show that the boiling point of water is raised by
having a substance dissolved in it.—Ior this purpose use the solution
supplied by the demonstrator.

For this experiment find the boiling point of the liquid with the
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thermometer in the ligwmd, not in the vapour. The vapour only
consists of steam, and so would indicate the boiling point of the
solvent water. We are trying to find the boiling point of the
solulion.

ExpT. 52.- Examine the given samples of water.—Dirty water
contains (1) suspended 1mpurities (these may be separated by
filtration, Eapt. 30, page 31) ; (i) dissolved impurities (these may
be separated by distillation, Expt. 12, page 10).

If the water gives a yellow or brown coloration with ¢ Nessler’s
reagent,” it is contammated and unfit for drinking.

Test wll the given samples by this test.

ITARD AND Sort WATER

Purc water readily gives a frothy mass of bubbles called a
“lather ” when shaken up with a soap solution. Water wlhich
readily gives a lather with soap solution 15 said to e ““ soft.”

Water which, instead of giving a lather with soap solution,
causcs the soap to separate as a curd or scum is said to be “ hard.”
This * hardness > 1s due to the presence of dissolved substances.
It 1s of two kinds—*‘ temporary hardness” and “ permanent hard-
ness.”

If the hardness can be removed by simply boiling the water it is
called ““ temporary ”” hardness. This is due to the fact that the
substances causing the hardness arc decomposed by heat and are
removed from the solution partly m the form of gas, partly as a
preapitate.  Either process removes the substance from the
‘“ sphere of action ” and thus stops any further action on the dis-
solved soap solution.

¢ Permancnt hardness ”’

cannot be removed by boiling.

Exer. 53.—Find the relative degrees of hardness of each of the
given samples of water.—(a) Put your soap solution into a burette.
Take 100 c.c. of distilled water in a flask. Add o'5 c.c. of the given
soap solution. Close the mouth of the flask with your thumb.
Shake up vigorously. 1f no lather forms add o'5 c.c. more of the
soap solution and repeat until a lather is formed which lasts 3
minutes. Say 1t requires x c.c. This is the quantity of soap solu-
tion required to give a permanent lather with pure water.
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(b) Now take xoo c.c. of your given sample of water and put it
to boil. In the meantime take another 1oo c.c. of the same sample
and add x c.c. of soap solution. If a permanent lather forms the
water is “soft.”” If not, continue adding soap solution o5 c.c.
atatime. Shake up after each addition until a permanent lather is
obtained. Suppose the unboiled sample requires y c.c. of soap
solution ; (¥ — «) c.c. gives a measure of the * total hardness.”

(¢) Cool the boiled water by holding the bulb of the flask under
the cold-water tap and make the volume up to 100 c.c. with distilled
water. (Some water will have been lost as steam during the
boiling.)

Again add soap solution o'5 c.c. at a time until a permanent
lather is obtained on shaking.

Suppose z c.c. are required to secure a permanent lather—

Then total hardness is indicated by (v - x).

Permanent hardness is indicated by (z - x).

Temporary 2 2] » 2 (y 'Z)'

Tabulate your results for the given samples.

Sample.

|
Total
hardness

Permanent
hardness.

Temporary
hardness

Dsstulled (4)

Tap (B)

Well (C)

Puddle (D)
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Water is a compound of hydrogen and oxygen. Its formula
is H,0, which shows that two atoms of hydrogen are in com-
bination with one of oxygen.

If one of these atoms of hydrogen is replaced by a metal a
compound called a hydroxide s formed. All hydroxides contain
the monovalent group “ OH.”

Expt. 54.—Tests for the hydroxyl group (7.e. ion) in solution.—
If the hydroxide is soluble in water the following reactions indicate
its presence.

(a) Pink litmus solution is turned blue.

(6) Phenolphthalein solution is turned pink.

(¢) On adding a solution of the hydroxide to ferric chloride
solution a brown precipitate is formed. This precipitate is soluble
in dilute acids.

Soluble hydroxides give similar precipitatesofinsolublehydroxides
with other salt solutions, but only one typical instance isgiven here.

An example of the direct formation of an hydroxide is illus-
trated by the action of sodium on water.

2Na + H,0 = 2NaOII + H,
Sodium acts on Water and gives Sodum and Hydrogen
hydroxide

Water is an oxide of hydrogen.
There is a second oxide of hydrogen called hydrogen peroxide

(1,0,).

Expt. 55.—To test for hydrogen peroxide.—To the given solution
of hydrogen peroxide add a few drops of dilute sulphuric acid.
Now pour some ether into the test-tube. The ether will form a
layer of liquid on the surface of the aqucous solution. Now add
two or threc drops of potassium chromate (or potassium bi-
chromate) solution. Shake up the tube. A beautiful blue colour
develops and the ether dissolves the blue substance, giving the
ethereal layer a blue colour.

Some peroxides give this test also, but not all.
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DEMONSTRATIONS

1. All gases are not soluble in water to the same extent. You
will be shown specimens of several gases, and the fact that their
degrees of solubility differ will be demonstrated.

2. If the solutions of certain solids are boiled, a precipitate
comes down. The precipitate redissolves when the solution is
cooled.

Such substances are less soluble in hot water than in cold water.

3. The action of the steam ovens and the continuous “still”
will be explained.

4. The demonstrator will explain and illustrate to you what is
meant by “ vapour pressure.”

Make notes on the demonstrations as well as on the experiments
actually performed by yourself.

Notes to Demonstrator

Expt. 50.  Give insoluble as welt as soluble bodies, and liquids
as well as solids.

Expt. 1. Give a saturated solution of common salt, or better,
a strong solution of calcium chloride.

Expt. 52.  Nessler’s reagent is made by dissolving 16 grams of
potassium iodide in 150 c.c. of distilled water. Reserve 10 ¢ c. of
this solution and add, with constant stirring, the remaining 140
c.c. to a cold saturated solution of mercuric chloride. A slight
precipitate should remain after all the potassium iodide has been
added. Add potassium iodide from the 1o c.c. reserved until the
precipitate redissolves. Dissolve 1oo grams of caustic potash in
150 c.c. of water, and when cool add this solution to the one
prepared above. Dilute the solution to 500 c.c. and store in a
brown bottle in dark cupboard.

Expt. 54. Dissolve oleic acid in alcohol. Add phenolphthalein
solutions, add KOH in alcohol (strong solution) till the oleic acid
is neutralised (faint purple colour with phenolphthalein). Dilute
with water.

Expt. 55. Give MnO, and BaO,.



DEMONSTRATION 12
SOLUBILITY

Expr. 56.—To determine the solubility of a given substance
in water at the temperature of the laboratory.—You arec given
sodium chloride crystals. Finely powder some of the crystals in
a mortar. To powder a substance with a pestle, do not bang the
pestle on to the substance. It usually causes the substance to shoot
out of the mortar. It will be found more advantageous to press
and grind the substance by holding the mortar firmly in the left
hand and the pestle in the right and giving the pestle a twisting
motion while pressing firmly.

Put some of the powder in a flask and shake it up with distilled
water. Stand the flask on one side and shake 1t at mtervals.
Clean an evaporating basin, warm it, and then allow 1t to cool in
a desiccator it available. Transfer to the balance and weigh it.
Put the weight down i1z your note-book. Pour about 20-30 c.c.
of the solution through the filter paper into the weighed evapora-
ting basin.  There must be some of the solid substance in contact
with the solution all the time until the solution is poured through
the filter paper into the weighed evaporating basin.

Take the temperature of the solution. Again weigh the evapora-
ting basin and solution. Now ecvaporate the solution to dryness.
This must be done carefully and all spitting or spurting must be
avoided or scrious errors will occur.

Do not try to rush the evaporation by over-heating the cvaporating
basin.

The evaporation may be done—

(1) By heating the solution on a water-bath.

(2) By heating the solution on a sand-bath.

59
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You must watch very carefully that the temperature is not too
high or spurting will occur.

(3) By heating the basin on a cone set upon a sand-bath as
explained in detail in Demonstration 6 (page 34, Fig. 33 B).

After cooling the cvaporating basin till the hand can be borne
close to it, allow the final cooling to take place in a desiccator,
Weigh the crucible and residue. Heat, cool and weigh again,
Repeat the heating, cooling and weighing until the weight is
constant,

Data :—

Weight of evaporating basin = W grams.
Weight of evaporating basin and solution = w »
Temperature of the solution (laboratory

temp.) = ©° C.

Weight of evaporating basin and residue
when constant W, o,
- Weight of dissolved substance (w,—W) ,,
Weight of solvent (water) (w—1w,) ,,
< Weight of substance dissolved by (‘v—-wl) grams of water
= (w,;—W) grams.
Weight of substance dissolved by 1 gram of water
(wl —W)
@:w“)‘ grams.
~. Weight of substance dissolved by 100 grams of water

_ (@, —W)
= (w w) X 100 grams,
%

o

Required result:
100 parts by weight of water at t° C. dissolve . . . . parts by weight
of sodium chloride. Ans.



DEMONSTRATION 13
PREPARATION AND PROPERTIES oF lTYDROCHLORIC AcID

Expr. 57.—Preparation of hydrochloric acid gas.— The fumes of
this gas are wvery objectionable and irritating, so the experiment
should be performed 1n a fumne closet.

Fit up a flask with a cork bored with two holes through one of
which passes a thistle funnel and through the other a delivery
tube.  The thistle funnel dips nearly to the bottom of the flask
(Fig. 47). See that all the
ends of the tubes are
rounded off and that the
apparatus is air-tight.

The delivery tube should
be long enough to reach
ncarly to the bottom of
the cylinder.

It wil be found easier’
to change the cylinders
quickly if the arrangement
shown in TFig. 47 is
adopted. If the cylinders
stand on the working
bench it is difficult to remove the delivery tubc from them
quickly.

See that the cylinders you will use for collecting the gas are dry.

Put some small crystals of common salt in the flask and fit up
the apparatus. Pour strong sulphuric acid through the thistle
funnel. Hydrochloric acid gas will be evolved immediately.
At first no heat is required, but when the evolution of gas slackens

the flask should be gently heated with the Bunsen burner.
61
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The reaction which takes place is represented by the equation :
Na(l + H,SO, = 11Cl +  NaHSO,

IN A FLASK the reaction does NOT proceed to the formation of normal
sodium sulphate.

You can test when a gas cylinder is full by holding a piece of
moist blue litmus paper near the mouth of the gas cylinder. When
the cylinder is full the litmus paper turns pink.

To change the cylinder (1) remove the wooden block, (2) remove
the cylinder and put a dry cover on it at once, (3) slip a new jar
into position and support it by the wooden block.

Observe that the gas fumes when it comes into contact with
air. This is due to the moisture in the atmosphere.

gives

Expr. 58.—Properties of hydrochloric acid gas.

Collect several cylinders of the gas and observe its properties.

Describe in your note-book all you do and see, etc.

Tabulate your results under three heads, ““ Experiment, Observa-
tion, Inference.” (See Demonstration 8, page 42.)

(1) It is colourless.

(2) It has an intensely acid taste.

(3) It has a pungent, irritating smell.

(4) Plunge a lighted taper into a cylinder of the gas. Does it
support combustion ? Does it burn ?

(5) Shake the gas up with blue litmus solution.

(6) Shake the gas up with lime-water.

(7) Throw a moist flower into the gas. Has the gas any bleach-
ing action ?

(8) Invert a cylinder of gas in a basin of water. Is the gas
soluble in water ? Test the water with litmus solution.

(9) Invert a cylinder of the gas over another cylinder in which
a few drops of ammonia solution have been shaken up.

The white fumes which are formed are ammonium chloride.

NH, + HCI = NH,CI
Ammonia Hydrochloric acid Ammonium chloride
(colourless gas) (colourless gas) (white solid)

Ammonium chloride is an ‘ addition” product of ammonia
and hydrochloric acid.

Sodium chloride is a * substitution” product of hydrochloric
acid.
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Expr. 58a.—Hydrochlorie acid solution.—Dissolve some of the
gas in water by allowing the delivery tube to remain a quarter of an
inch above the surface of distilled water in a test-tube while the gas
is being generated in the flask.

Perform the following experiments with the solution:

(@) Add zinc to some of the solution. What happens? If
a gas is given off, sec if you can detect what it is.

() Add some of the solution to sodium carbonate. What
happens ? Give equation.

(¢c) Take a little of the strong solution and add to it some man-
ganese dioxide in a test-tube. A coloured, pungent smelling gas
called ““ chlorine” is evolved. This will be studied in the next
demonstration. All peroxides give this reaction with hydrochloric
acid.

MnO, + 4HCl = a, +
Mﬁrl’g}?ﬁfcsc with Hyd;::)lcéllorlc gives  Chlorine and
MnCl 2 + 211 .,O
Manganese chloride and Water

Expr. 59.—To test for hydrochloric acid.—Add to the solu-
tion a solution of silver nitrate. A white precipitate of silver
chloride is thrown down. This precipitate is soluble in ammonium
hydrate. When the clear solution so formed is acted on by dilute
nitric acid, the silver chloride is reprecipitated.

AgNO, + T = AgQl +  HNO,
Silver mitrate  and Hydro- give Silverchloride and Nitric ac:d
chloric acid (white precipi-
(or any tate) insoluble
soluble in water, or
chloride) dilute nitric
acid, soluble
1N ammonia

All acids are compounds of hydrogen—e.g., Hydrochloric acid,
HCl, sulphuric acid, H,SO,, nitric acid, HNO,, etc. When the
hydrogen of an acid is replaced by a metal (or a group of atoms
equivalent to a metal) the body formed is called a ““ salt.”

DEMONSTRATIONS

(1) The electrolysis of hydrochloric acid in a Hoffrnann’s appa-
ratus will be shown to you. Draw a sketch of the apparatus.
Carbon clectrodes are used. See that hydrogen (test) and a new
greenish coloured gas are evolved. This gas 1s called ““ chlorine.”



64 PRACTICAL CHEMISTRY

N.B.—The solution in the hmb which will contain the chlorine
should be saturated with chlorine before starting the electrolysis.
Do not saturate with chlorine the solution in the limb in which
hydrogen will be collected.

(2) The apparatus by which a continuous stream of dry hydro-
chloric acid may be obtained will be shown to you. Make a sketch
of it. From a dropping funnel concentrated hydrochloric acid is
dropped upon strong sulphuric acid contained in a flask. Heat the
flask gently if necessary. (See Fig. 48, Demonstration 14,
page 70.). . o -

(The mixture of sulphuric and hydrochloric acids after dilution
may be used for the preparation of sulphuretted hydrogen in a
‘“ Kipp,” or for the preparation of hydrogen.)

WHAT 1S AN AcID ?
An Elementary Idea of the Theory of “ Ions”

A body carrying a charge of positive electricity will attract a
body carrying a charge of negative electricity.

Suppose that we have a large fixed body charged with positive
electricity and that, in its neighbourhood, we have a small body
charged with negative electricity and that this small body is free
to move in space. This small negatively charged body will
approach and finally touch the fixed positively charged body.
When this takes place the small body will lose its negative charge
and a certain amount of the positive charge on the fixed body will
be neutralised.

A similar course of events will take place if a large negatively
charged body is fixed and a small positively charged body 1s free
to move in its vicinity.

If there is a number of mobile negatively charged bodies in the
neighbourhood of a fixed positively charged body they will, one
by one, come into contact with the positively charged body and
the charge on the latter will be diminished. Similarly, the charge
on a fixed negatively charged body will decrease in the presence
of a number of mobile positively charged bodies.

Suppose that we have a source of energy which will keep these
fixed bodies charged with constant amounts of positive and negative
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clectricity respectively (even though they are liable to lose part
of their charge from any cause). If the source of energy is due to
a chemical reaction the apparatus producing the encrgy is called
a “battery ” and the positively and negatively charged bodies
are called the positive and negative poles of the battery respectively.
Let these two poles dip into a vessel containing a solution of
hydrochloric acid in water. They are now called “ electrodes.”
The positive pole is called the anode and the negative pole is called
the cathode. In the case under consideration the electrodes would
be made of carbon. When these carbon electrodes, connected
to a battery, are put into the solution of hydrochloric acid in water
we see that (1) hydrogen appears at the cathode and (2) a gas,
which proves to be chlorine, appears at the anode.

If, before putting the electrodes in the hydrochloric acid, the
solution had been examined, we should not have found more hydro-
gen 1n one part of the solution than another. The natural inter-
pretation of the observed facts is that the placing of these charged
electrodes in the solution has caused the hydrogen of the acid to
move towards the cathode. Tt appears from this that the hydrogen
present exists in the form of small particles, each of which carries
a charge of positive electricity. Similarly the chlorine exists in
the form of small particles, each of which carries a small charge
of negative electricity. These charged particles are called ““ ions ”
and are capable of movement in the solution.

Before the poles of the battery are put into the solution these
ions exist in the solution and wander aimlessly about. When
the poles of the battery (clectrodes) are inserted, the motion of
the charged particles (or “ions ”’) is mfluenced by the directive
action of the charged electrodes.

On reaching the electrode the ion parts with its charge, ncutral-
ising a portion of the charge on the electrode. The charge on the
clectrode is again brought up to strength by calling upon the
reserve of electrical energy supplied by the battery.

When the ion of hydrogen loses its charge it possesses the property
of an atom, and two atoms immediately combine to form a molecule
of hydrogen. Several of the molecules accumulate and form what
we see, viz. a bubble of hydrogen gas. A sinular explanation
applies to the formation of bubbles of chlorine gas.

Dunnidifi’s Pract Chem. F
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This property of splitting into two or more electrically charged
particles in solution is called “electrolytic dissociation,” or
“ jonisation,” and any solution which contains a particular ion
will give the reactions peculiar to that ion. Now hydrochloric acid,
when dissolved in water, splits up into two ions, .e. hydrogen ions
and chlorine ions.

The reactions of a solution of hydrochloric acid may be con-
sidered to be due to two causes: (1) the presence of hydrogen ions
and (2) the presence of chlorine ions.

All solutions containing hydrogen ions will possess certain
properties. Such solutions are called ¢ acids.” Hence the simplest
definition of an acid is—4An acid is a body which, on solution in
water, gives free hydrogen ions.

All bodies which, on solution in water, give chlorine ions are
called “ chlorides ” and give certain reactions—hence the test
for a chloride in solution is really the test for chlorine ions. In
general terms we may say that all tests for metals and acids in
solution may be considered as the tests for the presence of certain
ions.

In the case studied above, cach of the ions carries what is called
one unit charge, the hydrogen ion carries one such unit positive
charge and the chlorine ion one unit negative charge, but an ion
may carry more than onc unit charge, e.g. calcium, barium, or
strontium ions carry two positive unit charges each, the aluminium
ion carries three positive unit charges, and so on.

The ions so far considered consist of one atom only (i.e. are
monatomic), but an ion may consist of several atoms combined
together and this group of atoms in combination behaves as a
distinct body.

These groups of atoms, which possess distinct individuality
and properties and which can be transferred from one compound
to another, simultaneously retaining their characteristic properties,
are called  radicals.”

When these radicals exist in solution, and carry one or more
unit charges of electricity, they are also called “ ions.”

Such ions may be negative and carry a negative charge, e.g. the
(NO,)" ion, or ¢ nitrate ”’ ion, the (OH)' or “ hydroxyl ” ion, or they
may be positive and carry a positive charge, as, for example, the
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(NHy)" ion, or “ammonium " ion. These ions may also carry

more than onc unit charge, e.g. the (§0,)”, or “sulphate,” ion carries
two unit negative charges, the (PO,)”, or phosphate, ion carries
three unit negative charges, and so on.

Every acid gives hydrogen ions when dissolved in water, hence
the tests peculiar to a given acid will be the tests peculiar to the
negative radical associated with the hydrogen of the acid in solution.
When the hydrogen of an acid is replaced by a metal (or positive
radical) a salt is formed. Hence the test for a salt in solution will
consist of the tests for the ions of the metal pLUS the tests for the
negative jon peculiar to the acid of which the given substance is
a salt.

Thus the test for calcium chloride in solution comprises the tests
for the calcium ion together with the tests for the chlorine ion.

” of an acid

ImporTANT.~—The following so-called * definitions
are incorrect :
(1) An acid is a body which turns blue litmus red. All soluble
acids do this, but other bodies also do 1t.
(2) An acd 1s a body containing hydrogen which is replaceable
by a metal. Sodium hydrate would be an acid under this definition !
2NaOll + Zn = Na,ZnO, + H,

Sodium hydrate with Zinc gives Sodium zincate and Hydrogen

(3) An acid is a body which has a sour taste.



DEMONSTRATION 14

PREPARATION AND PRrROPERTIES OF CHLORINE Gas
BLEACHING POWDER

ExpT. 60.—Preparation of echlorine.-—Set up an apparatus
identical with that used in the preparation of hydrochloric acid gas
(vide Fig. 47, page 61). Smear the cork with melted paraffin wax,
otherwise the gas will corrode it inside the flask.

Put a httle water on the bottom of the flask and then add
either (1) granulated manganese dioxide, or (2) a mixture of
manganesc dioxide, 3 parts, and common salt (sodium chloride)
2 parts. .

Put the apparatus in a fume closet, as the gas which will be evolved
is obnoxious and poisonous.—See that the apparatus is air-tight.

If you are using the first method pour strong hydrochloric
acid down the thistle funnel. The action will be

MnO, + 4HCl = MnCl, +
Manganese with Hydro- . Manganese
dioxide strong  chloric acid gives chloride and
Cl, + 11,0
Chlorine 3
gas and Water

If you are using the second method pour strong sulphuric acid
down the thistle funnel.
Write equations for what happens.

If, by accident, you inhale the gas and feel any distress, go into
the open air and breathe deeply. Call to the laboratory assistant
for boiling water and breathe the steam. It will give you some relief.

Exrt, 61.—Test the properties of chlorine.

Write your report in tabular form.
68
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Observe that the gas—

(1) has a greenish-yellow colour.

(2) has a peculiar and unpleasant smell.

(3) is soluble in water. Its solution is called “ chlorine water.”

(1) bleaches dry or wet litmus paper.

(5) bleaches indigo solution and coloured cloth and flowers
which have been moistened with water.

(6) releases iodine from a solution of potassium iodide, 2KI + Cl,
=2KCl+1,. Todine gives a blue coloration with starch solution.

(7) releases bromine from a solution of potassium bromide,
2KBr + Cl,=2KCl + Br,.

(8) reacts with turpentine spread on a rag. Show that hydro-
chloric acid is formed as well as carbon, etc.

(9) reacts with Dutch metal, forming a soluble body.

(10) does not burn.

(t1) supports combustion of certain substances.

The demonstrator will show you hydrogen burning in chlorine.

The lesis for chlorine depend on the fact that—
. It has a peculiar smell.
. It has a greenish-yellow colour.
. It has a bleaching action.
4. It releases iodine from potassium iodide solution.
The presence of the free 1odine 1s shown by adding starch solution.
A bright blue coloration indicates the presence of free 10dine.

[SSER S I

LExpr. 62.—Test for peroxides (vide also Expt. 55, page 57.)—Show
that the given peroxides and other highly oxygenated substances
give off chlorine gas when heated with concentrated hydrochloric
acid.

When chlorine combines with another element the resulting
compound is called a “ chloride.”

DEMONSTRATIONS

1. Chlorine is a supporter of combustion.— (¢) The demonstrator
will show you a jet of hydrogen burning in chlorine gas. The
resulting body is called hydrogen chloride or hydrochloric acid gas.
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The tests for the acid will demonstrate its presence. This is a
synthetic method of preparing hydrochloric acid gas.

H, + cl, = 2HCl
combines : : Hydrochloric
Hydrogen with Chlorine to give yau d gas

(6) Antimony spontancously bursts into flame when thrown into
¢hlorine gas ; a white solid (antimony trichloride) is formed.

2Sb + 3Cl, = 2ShCl,
Antimony COI"(;lbtl}Illes Chlorine  to give Antimony trichloride

2. A laboratory demonstration of Deacon’s process for the
manufacture of chlorine will be given.

4HCl + 0, = 2I1,0 + 2(l,
Hyi?cl;%cgilosnc and Oxygen give Water and Chlorine

Air from Aspirator
— =

R Fumice satwated with

Mixture 05”(,, copper sulphate solution and dried
dry airan _:‘ i N\ /
’“’\j j y/] ;H-E?JE %) ) /

-~ 7

Chlorine
and stcam

Mixing flask 1ssue here

¥ ~Conc,
H,80, / \

FiG. 48.

Note to Demonstrators—To make indigo solution (1) dissolve
indigo-carmine in water, or () warm 1 gram of indigo with 12 c.c.
of fuming sulphuric acid. Stand aside till next day, then dilute
with 20 volumes of water. In either case use a dilute solution of
the reagent for showing the bleaching action of chlorine.

BLEACHING POWDER
Expt. 63.—To make a sample of bleaching powder.—Take some
quicklime and add a little water to it so as partially to slake
it, but do not wet the lime. Remember that the chlorine carries
over with it a certain amount of steam, and so the lime need
only be partially slaked. The steam in the chlorine supplies the
rest of the water requisite. Put this lime into the bottom of a
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gas cylinder and stir or shake up at intervals. Continue doing this
until the colour of the gas in the cylinder remains greenish-yellow-

Notice that the lime gets hot. Keep it from over-heating by
immersing the base of the cylinder in cold water in a trough or
basin.

When the lime has ceased to absorb the gas (seen by the per-
sistence of the greenish colour) pour out the whitish substance
which is in the cylinder. Notice its peculiar smell. Itis “ bleaching
powder ” or the commercial substance “ chloride of lime.”

Ca(OH), + cl, = Ca(OCHCI + H,0

Slaked lme with Chlorine gives Bleaching powder and  Water

Mix some of the bleaching powder with water.

Allow the turbid liquid to scttle and then pour off the clear
solution. To this add a few drops of dilute hydrochloric acid
and then a rag on which some ink has been spilt.

The ink stains will be “ bleached.”

Expr. 64.—Tests for hypochlorous acid (HCIO) and hypochlorite.
—When bleaching powder 1s dissolved in water, calcium chloride
and calcium hypochlorite are present in the solution.

2Ca(0CHCl + Aq = CaCl, + Ca(OCl),

Calcium Calctum

Chloride of lime in Water gives j,° 5. and hypochlorite

(x) Hypochlorites have a peculiar smell.

(2) The addition of dilute hydrochloric acid causes the evolution
of chlorine gas. Show the presence of chlorine by potassium
iodide-starch test.

(3) The solution acidulated with dilute hydrochloric acid has
a strong bleaching action.

(4) Addition of cobalt nitrate causes the evolution of free oxygen.
The action is catalytic (catalyst-cobalt oxide).

2Ca(0Cl)y=2CaCl, + O,.

DEMONSTRATION

A little bleaching powder is taken in a test-tube and water is
added to it, then a little hydrochloric acid. Now a small fragment
of calcium carbide is thrown into the solution.

From the solution there issue bubbles of gas (a mixture of
acetylene and chlorine) which spontaneously burst into flame,



DEMONSTRATION 15
CARBON

Carbon may be produced from certain naturally occurring
“ organic” bodies, i.e. (carbon compounds of animal or vegetable
origin), by heating them in their natural state out of contact
with air.

This is called “ dry distillation,” or destructive distillation.

Expr. 65.—Dry distillation.—Fit up an apparatus like that
shown in Fig. 49. From the test-tube 4, which should be set so
that it slants downwards slightly at the delivery tube end, leads a

A

0 1 C
ST e " \ii-Test tube
o 1 A, to collect gascs
it Rt Trough
== 2 - contarning

B
Test tube water

in which to condense
liquid distiliate

Gas Cy/mder% § 11}5
contarning cold water

16, 49.

tube which passes into a second test-tube, B. This test-tube is
set in a cylinder of cold water which will serve as a condenser for any
portions of the distillate which exist normally in the liquid state
at the temperature of the laboratory. This second test-tube is in
turn provided with an outlet tube, which passes under another
test-tube filled with water and immersed in a trough of water.
In this test-tube are collected any gases produced during the
distillation.
72
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In A4 chips of wood are placed. Leave a passage over the
surface of the wood so that the vapours, etc., produced may be
able to pass away freely.

Commence heating A4 at 1 and, as the mass inside chars, work
the burner to the left.

Drive out as much air as possible before collecting any gas.

Repeat the experiment with feathers, rubber, etc.

Give an account of the physical properties, e.g., solid, liquid, gas,
colour, smell, solubility in water, acidity or alkalinity, etc. Show
that you possess power of observation.

In the case of gases, colour, smell, presence of CO, inflammability,
cte., should be noted.

Tabulate the result.

1 !
{

Substance Properties of Propertics of Properties of
heated. the residue. the distillate. the gas
U, S U P
1. Wood . 1

2. Feathers .

3. Rubber ..

4. Bones

Expr. 66.—Allotropic modifications of carbon.—1. You are
given a sumple of coal. Describe it.  Sec that the coal occurs
in layers and splits along the line of separation of these layers.

2. Describe the properties of graphite. See that it marks peper.
It is the substance of which so-called ““ lead ”” pencils are made.

3. Describe a diamond. Tt is crystallised carbon.

4. You are given a rag soaked in oil. Put it on an iron plate
and take it out on to the verandah or put it into a fume closet.
Ignite the rag and hold a piece of white porcelain in the sooty
flame.

The black, amorphous deposit is carbon. It is called “lamp-
black.”
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This specimen would contain a certain amount of oil. This oil
can be removed by warming the lamp-black in a current of
chlorine gas.

5. The charcoal produced by the dry distillation of bones is
called *“ animal charcoal.” It possesses in a high degree the property
of bleaching solutions which contain a small amount of colouring
matter.

It is used commercially for decolorising sugar solutions. Blood
charcoal possesses similar properties.  Bleach the given coloured
solution with the animal charcoal supplied.

6. The charcoal produced by the dry distillation of wood is
called wood charcoal. It possesses in a high degree the power of
adsorption. Repeat Expt. 28, page 29.

This principle may be adapted to the removal of noxious smells
over drains, ectc.

ixpr. 67.—Action of acids on carbon.—Try the action of
I1ClL, H,SO,, and IINO, on various forms of carbon.
Tabulate your results.

Expt. 68.—Carbon is a reducing agent.—Mix up some powdered
black copper oxide with one-fifth its weight of powdered carbon
and heat in a test-tube. Observe the reddish, metallic residue of
copper. Carbon is a ““ reducing agent.”

CuO + C = Cu + CO

Cade  "n Carbon gives TCIEand T,
a0+ C = &+ o,

e " Cobon gives USRS and  oneR

Test with lime-water.

Expr.—Find the percentage of incombustible ash in the given
sample of coal.
Method—Demonstration 6, Expt. 30, page 3.
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OxiDES OoF CARBON

Fxpr. 69.—Carbonic acid gas. Carbon dioxide.—Takc a piece
of carbon in a deflagrating spoon and heat it in the Bunsen flame
until it glows. Now put it, still glowing, into a clean, dry gas
cylinder and leave it there until it ceases to glow.

Shake up some ordinary air with lime-water—no cffect will be
observed.

Remove the deflagrating spoon from the cylinder and shake up
the gas in the cylinder with lime-water. The lime-water will turn
milky. What has happened ?

By the combustion of the carbon a new substance has been
synthesised which possesses the property of turning lime-water
milky. This substance is a compound of carbon and oxygen called
carbon dioxide (di=two) or carbonic acid gas. Its formula is CO,.

Expr. 70.—To prepare carbon dioxide gas in quantity.—Take
a Woulfe’s bottle and fit it, as shown in Fig. 50, with a thistle
funnel and delivery tube. 7

Into the bottle put some
pieces of marble, or any other
cheap carbonate. Fit in the
corks and arrange the appar-
atus for the collection of the
gas by the downward dis-
placement of air. (See Fig. 50.)

Pour water in the Woulfe’s
bottle to a depth of about
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# inch. Place the gas jar so that the delivery tube dips to
the bottom of the jar.

Through the thistle funnel pour in strong (commercial) hydro-
chloric acid.

Notice the brisk action that takes place, and that the liquid
in the bottle gets warm. This rapid evolution of bubbles is called
“ effervescence.”

The gas passes over through the delivery tube into the gas
cylinder. The cylinder is shown to be full when a lighted match
held at the mouth of the cylinder is extinguished.

Collect seven or eight jars of the gas.

Expr. 71.—Test the properties of the gas.—Write your results
in tabular form.

(1) Notice its peculiar smell and that the gas has no colour.
Taste the gas.

(2) Show that the gas is a non-supporter of combustion. Does
it burn?

(3) Shake the gas with hime-water. What happens ?  (This
constitutes a test for carbon dioxide gas.)

{(4) Pour the gas from one vessel to another to show that it is
heavier than air. (Test with lime-water.)

(5) Shake the gas with blue litmus solution. What do you
observe and what conclusion do you come to ?

(6) Test the solubility of the gas in water and the reaction to
litmus of the water which has been shaken up with the gas.

(7) Bind a piece of magnesium ribbon to a deflagrating spoon.
Heat the magnesium ribbon until it commences to burn. Plunge
the burming ribbon into a cylinder of the carbon dioxide gas.
Notice the flecks of carbon on the sides of the cylinder. A white
substance will also be observed. Shake up the gas in the cylinder
with litmus solution. Notice that the litmus indicates the presence
of an alkali. The magnesium has taken the oxygen from the
carbon dioxide and formed a basic oxide which.is soluble in water.

Co, + 2Mg = C + 2MgO

Carbon : (burning) _. . Magnesium
dioxide  With Magnesium yields Carbon and oxide
MgO + H,0 = Mg(OH),

Magnesium oxide  with ~ Water  gives Magnesium hydroxide
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The hydroxide gives the tests for the “OIL” group. (See
Demonstration 11, Expt. 54.)

LExpr. 72.—Calcium biearbonate.—Take some lime-water in a
test-tube and pass carbon dioxide gas through it. The hme
water turns milky. This is due to the precipitation of calcium
carbonate.

CaOH), + €O, = CaCO, + HO
Limme-water and Carbon give Calcium and Water
dioxide carbonate
(white
precipitate)

If the carbon dioxide gas is passed 1nto the solution in which the
calcium carbonate is suspended the milky hquid becomes quite
clear. This is due to the formation of a new compound of calcium
called calcium bicarbonate.

CaCo, + 1,0 + CO, = Ca(I1CO,),
Calcium carbonate Calcium bicarbonate
(insoluble) (soluble)

Boil the clear solution. Carbon dioxide is evolved and calcium
carbonate reprecipitated. The reversibhity of the reaction is
indicated by the reversed arrows .

Try the experiment with a solution of magnesium hydroxide in
water and compare the results with those obtained with hme-
water.

The temporary hardness of water (vide Demonstration 11) is due
to the presence in the water of such salts as the bicarbonates of
calcium and magnesium which are decomposed by boiling.

Use soap solution and repeat the experiments on hard and soft
water (Demonstration r1).

Blow air from your lungs through lime-water. What happens ?
Why ?

DEMONSTRATIONS

1. The demonstrator will show you that the air exhaled (breathed
out) from your lungs contains more carbon dioxide than the air
you inhale.

The apparatus is shown in Fig. 51.



78 PRACTICAL CHEMISTRY

The mouth is applied to a tube attached to C.
2. The apparatus used for showing the volumetric composition
of carbon dioxide will be exhibited and its use explained.

Draw sketches of both these pieces of apparatus in your note-
book and make notes on the method in which they are used.

Notes to Demonstrators

(r) Blackboard chalk is NoT a carbonate.

(2) The demonstrator is advised not to call carbon dioxide gas
“ chalk gas.” It introduces to the mind of the student the idea
that it is produced from chalk and chalk only.

Hence when, on some subsequent occasion, the student tests a
gas produced by the action of a dilute acid on a solid and detects
CO, he says that the substance from which he got the gas is
“ chalk.” The fallacy of such an argument is obvious since ANY
carbonate would give the gas, not chalk only.

This is dealt with further in the next demonstration.
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CARBONATES AND BICARBONATES

When carbon dioxide gas is passed into a solution of an hydroxide
a substance called a carbonate is formed. These bodies are
substitution products of an acid called “ carbonic acid ”(IL,CO,).

The “ basicity ” of an acid is the number of atoms of hydrogen
in one molecule of the acid which are capable of being replaced by
a metal (or a group of atoms equivalent to a metal).

Carbonic acid contains two atoms of replaceable hydrogen in
each molecule, and is therefore dibasie (di=two).

A body formed from an acid by the replacement of a part or all
of its hydrogen by a mctal or its equivalent is called a salt.

Carbonic acid can give two series of compounds called salts.

(1) Those in which only onc atom of hydrogen of the acid 1s
replaced by a metal (or group of atoms equivalent to a metal=
basic radical).

These are called biearbonates, e.g., NatHCO,, sodium bicarbonate.

When only a portion of the replaceable hydrogen in an acid is
replaced by a metal or its equivalent, the body so formed is called
an “acid ” salt. Sodium bicarbonate is an “acid ” salt.

(2) Those in which all the replaceable hydrogen of the acid is
replaced by a metal or its equivalent.

These are called earbonates, e.g., Na,CO, is called sodium car-
bonate or “ normal” sodium carbonate.

The student must remember that it is not necessary that all
the hydrogen in a molecule of an acid should be capable of re-
placement as it is in H,S0,, sulphuric acid, and H,CO,, carbonic
acid. For example, in HyPO,, phosphorous acid, only two out of
three atoms of hydrogen are capable of replacement. Therefore
the acid is a dibasic acid and Na,HPO, is the formula for normal
sodium phosphite. Again, C,H,0, (or CI;COO1), acetic acid,
contains four atoms of hydrogen, but only one is capable of replace-
ment by a metal or its equivalent. Therefore it is a monobasiec
acid (mono=one).
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Expr. 73a.—Tests for earbonates.—1. Nearly all carbonates on
being heated dry give carbon dioxide gas and a residue of
metallic oxide.

Exceptions: Barium carbonate and the carbonates of the
alkali metals. .

2. ALL carbonates when treated with DILUTE nitric acid
give carbon dioxide gas with cffervescence. Carbon dioxide gas
turns lime-water milky. The gas is tested by pouring it into a
test-tube containing a lhttle clear lime-water. The student is
warned against the common mistake of shaking some of the body
to be tested into the lime-water and mistaking that, in a state of
suspension, for the “ milkiness.”

Note also that this test only tells you that a carbonale is present.
It gives no hant as to what carbonate.

N.B.—1. Be sure you use DILUTE acid.

2. Do not boil the reaction mixture so that acid fumes
distil over into the lime-water.

3. Ask the demonstrator to show you how to
the gas from one tube to another.

[ pour 3

Expr. 73B.—Test for bicarbonates.—If the given substance, when
treated with dilute nitric acid, gives effervescence and carbon
dioxide gas 1s evolved the substance must be a carbonate or a
bicarbonate,

All bicarbonates are soluble.

Add a solution of magnesium sulphate to a solution of the given
substance. If a white precipitate forms a carbonate is present,
If no precipitate forms in the cold, but, on boiling, a white pre-
cipitate is thrown down, a bicarbonate is present.

Expr. 73¢.—Test each of the given bodies thus:

() Heat them dry. [s carbon dioxide evolved ? Is any water
vapour evolved ? Describe the residue. Try the action of dilute
hydrochloric acid on the residue.

(2) Treat with dilute nitric acid. Describe what happens. Ts
carbon dioxide evolved ?

(3) Test their solubility in water. If soluble, test to seeif the
body is a normal carbonate or a bicarbonate.

Use small quantities.

Tabulate your results.
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I hecated the substance dry | Action

m a test-tube. of
R | Kydva. | Isthe | EoR
Sub- i Describe c}}lllorxc sub- or
stance. . Is water the acid or stance bicar-
Is CO, vapour changes dilute soluble ? bonate ?
evolved ?|  given which itric ¢
off ? take n rdu,
place. acd.
A
B
C

_ R |

o

Ask the demonstrator to examine your results at once if you are
in any doubt.
Sop1um CARBONATE
Sodium carbonate is a most important carbonate.

Expr. 74.—(1) You are given some crystals of ““ washing soda.”
Examine them carefully. Describe them and select a good speci-
men and make a sketch of it.

(2) Show that water is given off when sodium carbonate crystals
are heated in a test-tube. Collect the water in a second tube.
Heat the tube containing the crystals carefully or you will break
the tube. (See Fig. 52.)

Fic. s2.
(3) Leave some of the crystals exposed to atmosphere in the
laboratory. They should cffloresce (vide Expt. 22, page 28).
(4) Dissolve some of the crystals in water. Test the action of
the solution to litmus solution. (See Demonstration 26, page 112.)
(5) Dissolve 10 grams of anhydrous sodium carbonate in 20 c.c.
Dunnicliff’s Pract. Chem G
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of water. To the solution add milk of lime, made by shaking up
200 grams of slaked lime with 250 c.c. of water. Boil in an iron
pan for some time. Remove the burner and allow the mixture
to stand. Carefully pour off the clear upper layer. Evaporate
it down to a quarter of its former bulk in an iron pan. Cool the
solution and then feel it by dipping the fingers into it and then
rubbing them together. Do you notice the ““ slimy ” or “ soapy ”
feeling ? It is due to the caustic alkali, sodium hydrate (NaOH).
A “ caustic” substance is one that burns the skin.
The action which takes place is expressed by the equation :

Na,CO, + CaOM), = 2NaOH +  CaCO,

Sodium  with Calcium  gives Caustic soda and  Calcium

carbonate hydiate (sodium carbonate
hydrate)

To this solution apply the tests for the hydroxyl group or
hydroxides given in Expt. 54, page 57. An iron vessel is
used for the experiment, as glass or porcelain would be attacked
by the caustic alkali.

Expt. 75.—Find the loss per cent. in the weight of the given
substance when heated.—Weigh a clean crucible. In it put about
1 to 2 grams of the substance and weigh again. Put the crucible
on a clay triangle and heat with the Bunsen flame until the weight
is constant. Remember to let the last part of cooling take place
in a desiccator. Never weigh a hot crucible. Use the tongs

"provided.
Data -—

Weight of the empty crucible and lid = W grams.
Weight of crucible, lid and substance = w o,
Weight of substance taken = (w-W) ,,
Weight of crucible, lid and residue = W,
Loss of weight = (w—w,) ,
Required percentage loss will be :

(w—w))

@«_W)xmo e e v e o . Ans.
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Expr. 76.—Determination of the percentage loss in weight
sustained by a carbonate when treated with a dilute acid.—Take a
small flask with a short wide neck and fit it with a good cork. Take
a glass tube and bore a hole in the cork which will fit the tube.

Fill a small calcium chloride tube with fused calcium chloride
and fit it in the cork also, so that the apparatus shown in
Fig. 53 (a) is fitted up. Do not forget to round off all glass tubes
before passing them through the cork. Fit the wide end of the
calcium chloride tube with a cork through which is passed a short
bent tube. When not in use the free end of the calcium chloride
tube should be closed with a stop made of a piece of rubber tubing
one end of which is closed with a short length of glass rod. This
stop should be removed when weighing the apparatus.

See that the apparatus is air-tight.

Weigh the apparatus. Add about a gram of the carbonate and
weigh again. The difference in the first and sccond weighings
gives the weight of the carbonate taken. Add about 30 c.c. of dis-
tilled water. Select a small test-tube which will just go in the bulb
of the flask, and three-quarters fill it with strong hydrochloric
acid. Slide the test-tube into the flask and it will rest slanting
against the wall of the flask. Replace the cork and weigh the whole
apparatus.

Remove the apparatus from the balance and leave the balance
and weights in order.

Now tilt the apparatus and the concentrated hydrochloric acid

8 G 2



84 PRACTICAL CHEMISTRY

will mix with the water and act upon the carbonate, giving carbon
dioxide, which, in escaping through the calcium chloride, will be
completely dried. When all action has subsided slightly warm the
bottle by putting it in warm water, and blow dry air through the
side tube D (Fig. 53 () ). This process is adopted to driveany carbon
dioxide out of solution and to replace the carbon dipxide in the
apparatus by air. Cool the flask in tap-water. Wash, dry, and
weigh again.

Calcium
chloride

Glass

D
wool » Tube to

Strong acid
Substance

(a) Fro 353 (@]

The air for this purpose is most conveniently controlled by means
of two aspirators as shown in Fig. 54.

B is full of water, 4 is full of air. By opening the pinch-cock
between 4 and B the air from A is driven out. It is dried by
passing it through a Woulfe’s bottle containing sulphuric acid.
The pace at which the air is flowing can be seen by the rate at which
the bubbles come through the sulphuric acid. When the water
has run out of B connect the drying bottle to the glass tube in the
stopper of B ; place B on the table and put A4 on a wooden block.

Data :
Weight of the bottle empty = m grams.

’

Weight of bottle and carbonate = m
~. Weight of carbonate taken = (m'—m) ,,
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Data :
Weig'ht of complete apparatus, carbonate,} _ @ grams.
acid, etc.
Weight of complete apparatus after thc} . b
experiment N i
. Weight of carbon dioxide evolved = (a—b) "
Loss of weight sustained by (m’—m) grams) (a—b)
of carbonate | 7
*. Loss of weight sustained by 1 gram of) _ (a—b)
carbonate I w=m) 7
. Loss of weight sustained by) == wga:b);>< 100 .
100 grams of carbonate [ (m’ —m)
. Required loss per cent. is . . . . per cent.  Ans.

The student may find it difficult to prevent the test-tube con-
taining strong acid from upsctting before 1t 1s required to do so.
This upsetting may be prevented by passing a picce of thin glass

Calcium
chloride,

Woz;I }‘fs
bottle containing

So

H2 4+

rod through the cork (Fig. 53 (a)). Put the tube containing strong
acid in the flask and then, holding the flask in a slightly slanting
position, but taking care that the actd does not upset, carefully
msert the cork in such a way that the glass rod runs into the
test-tube. The flask may now be raised to the vertical position
without any risk of the tube upsetting. When the weighing is
completed pull up the glass rod and spill the acid.
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Expr. 77.—To find the percentage of carbonate in a mixture
the other constituents of which are unaffected by dilute hydrochloric
acid.—The procedure is exactly the same as in the previous ex-
periment, but the calculation is worked out as follows :—

Suppose the carbonate is magnesium carbonate.
Data:

Weight of the empty bottle = m grams.
Welght of bottle and mixture = m
. Weight of the mixture taken = (m'—m) ,
Weight of complete apparatus with sub-) a
stance, acid, etc. B »
Weight of complete apparatus after ex-} b
perlment »
*. Loss of weight (CO, evolved) = (a—b)

Now the molecular weight of magnesium carbonate, 1\I"CO;,, is
(24-+12 +48)=84, and the quantxty of carbon dioxide contained
n 1t 1s 44 parts.

. 44 grams of CO, would be evolved from 84 grams of MgCO,.

i.e., 1 gram of CO, would be evolved from i: grams of MgCO;.

8
. (a—b) gram of CO, would be evolved from 41 X (a--b)

grams of MgCO;.
i.e., the amount of MgCO; in (' —m) grams of mixture is

84 X (a—b) grams.

. the amount of MgCO; in 1 gram of mixture is

(a—b)

—m) grams.
‘. tl(lc amount of MgCO, in 100 grams of mixture is
a—b)
>< o' —m) X 100 grams.
. Required percentage of carbonate is . . . per cent. Ans.

86
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CARBON MONOXIDE. OXALATES

Perform your experiments in a fume closet, as carbon monoxide
is very poisonous.

Expr. 78.—Preparation of carbon monoxide.—Fit up the
apparatus shown in Fig. 55. Do not forget to round off all the
tubes before pushing them through corks or into rubber tubing.

Be sure all parts of your apparatus are air-tight.

A bojling tube, A4, is fitted with a cork. Through this is passed

Oxalic acid and
a7

Carbon
monoxide

Strong solution of KOH
to absorb CO,

Fic s5.

a glass delivery tube which in turn passes into a bottle or flask, B.
The delivery tube from the wash-bottle, B, is conducted under a
test-tube, C, or small cylinder filled with water and inverted in a
trough of water.

Into the boiling tube put some crystals of oxalic acid and upon
87
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them pour concentrated sulphuric acid.  Fit the tube in the stand
and push its cork tightly in its mouth.

Put some crude caustic potash or caustic soda solution in the
wash-bottle, B. (The ‘crude” chemical is used because it is
as efficient as, and cheaper than, the pure chemical.)

Gently warm the boiling tube. Gas comes off, but notice that
there is no blackening in the tube. The first one or two tubes of
gas will be impure, as they will contain air which has been swept

out of the apparatus.
COOIL
COOH
Oxalic acid  yields

- 0 + €, + HO

Carbon Carbon
monoxide M4 Gioxide and  Water

The water remains behind in the test-tube with the strong
sulphuric acid. The carbon dioxide is absorbed in the caustic
potash.

KOH + CO,=KHCO, (potassium bicarbonate).
2KOH + CO,=K,CO4 + 11,0.

Iixet. 79.—Examine the properties of carbon monoxide.

(1) The gas is colourless.

(2) It has a sweet smell, but do not inhale it. It 15 very poisonous.

(3) It is insoluble in water.

(4) Shake up with red and blue litmus solutions. The gas is
neutral.

(5) Shake up with lime-water. It has no action. If the gas has
not been properly ““scrubbed ”’ in the bottle B, it may give some
milkiness with lme-water.

(6) Plunge a burning taper into a cylinder of the gas. The taper
is extinguished. The gas burns with a pretty blue flame.

(7) Ignite a test-tube full of the gas and let it burn away. Pour
in hme-water and shake up. The lime-water is turned milky
because carbon dioxide is present.

2CO + 0, = 2CO,

Carbon  combines Carbon

monoxide with Oxygen giving dioxide

Expr. 8o.—Action of heat on oxalates.—You are given
specimens of oxalates. Heat them and describe all that happens.
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Test the gases given off and write up your results in tabular

form.
Effect of heat on oxalates.

[ Remarks on
i CO CO. H,0 changes during
Substance. evolved | evolved.| evolved i heating Describe
Residue.
Sodium oxalate .. Yes No Yes Substance does

white residue,
which appears
to be sodium
carbonate, as
with a dilute
acid 1t effer-
vesces, giving
CO, (tested with
lime-water).

i not blacken
E
|

Totassium binox-
alate .. ..

Ferrous oxalate

Ammonium oxalate '

Lead oxalate .. .. | l

ExpT. 81.—Effect of strong sulphuric acid on oxalates.—Notice
that they do not blacken.
Tabulate your results.

Expr. 82.—Action of strong sulphuric acid on potassium ferro-
eyanide.—Show that when strong sulphuric acid acts upon
potassium ferrocyanmide, carbon monoxide is formed. Use small
quantities.

K,Fe(CN), + GILO + 6H:SO, = 2K,;80, + FeSO,
Potassium N Sulphuric . Potassium Ferrous
ferrocyanide Water acid V€ sulphate sulphate

+ 3(NH),S0, + 6CO
Ammonium Carbon
sulphate moaoxtde
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Expr. 83.—Aection of strong sulphuric acid on formic 2cid.—
Formic acid is decomposed by sulphuric acid giving carbon
monoxide.

HCOOH + HS0, = 1,0 + €O + IS0,
Sulphuric Water Carbon Sulphuric

it i
Formic acid acid monoxide acid

Expr. 83.—Tests for oxalates.—(1) Oxalates on being heated
alone give either carbon monoxide and a residue of carbonate
or carbon dioxide and carbon monoxide gases and a residue of
oxide. Silver oxalate explodes and lcaves metallic silver.

(2) With strong sulphuric acid oxalates give carbon dioxide
and carbon monoxide. They do #not blacken.

(3) In solution. Neutral solutions give a white precipitate of
calcium oxalate soluble in dilute nitric or dilute hydrochloric acid.

Calcium oxalate is insoluble in acetic or oxalic acid.

COONa e COO\C NaCl
| + a == ] a + 2Na
COONa 2 00/

Sodium Chlcium Calcium Sodium
oxalate and chloride 8¢ oxalate and chloride

(4) Mix a solution of an oxalate with a solution of potassium
permanganate and dilute sulphuric acid. What do you observe ?
What is the gas given off? Write equations representing the
changes which take place.

To detect carbon monoxide in the presence of carbon dioxide
use the apparatus shown above (Fig. 55). In the bottle, B, put
lime-water. This shows whether or not carbon dioxide is present.

If the 1ssuing gas burns with a blue flame and gives carbon dioxide,
it is carbon monoxide.

DEMONSTRATIONS

(1) Preparation of carbon monoxide by passing carbon dioxide
over red-hot carbon heated in an iron tube mn a furnace.

The gas is collected over potassium hydroxide so that no carbon
dioxide may pass over. The CO, is passed through strong
H,S0, to dry it (Fig. 56).

Draw sketch of the apparatus in your note-hook.

Notice that in this case carbon dioxide is acting as an oxidising
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agent; it oxidises carbon, thereby becoming reduced carbon
monoxide. Carbon is reducing carbon dioxide.
CO,+ C=2C0.
(2) The reducing action of carbon monoxide will be demonstrated.

o T
T ICHALK &
HYDROCHLORIC ACID

Fi1G. 56.

Hot copper oxide is reduced to the state ol metallic copper by the
action of carbon monoxide.

CuO + CO = CO, + Cu
Copper Carbon Carbon
oxide and monoxide 8V dioxide and Copper

(3) Carbon monoxide is soluble in a solution of cuprous chloride
in strong hydrochloric acid (distinction from acctylenc). The
carbon monoxide forms a compound with cuprous chloride
(2CuCl,CO,2H,0). This compound is decomposed when heated
with potassium hydrate solution.
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Mopes or CHEMICAL ACTION

The different ways in which chemical action may take place may
be roughly divided into five classes :—
(1) Direct union or synthesis.
(2) Displacement.
(3) Double decomposition.
(4) Direct decomposition.
(5) Internal rcarrangement of atoms.
In this demonstration typical examples of each method will be
studied.

1. Direct union or synthesis. —ExpT. 85.—(a) 4 is a mixture of
iron filings and sulphur. -

Treat a little of the mixture with dilute hydrochloric acid.
Notice the smell and properties of the gas evolved.

(b)) Heat a httle of the mixture in a small test-tube. Notice
that, when the action in the tube has commenced as a result of
heating the tube, it will continue without further heating. The
mixture in the tube glows. Chemical action is taking place with
the evolution of light and heat. Let the tube cool. Notice the
difference in the appearance of its contents. Break the tube and
treat the fragments with dilute hydrochloric acid. Observe the
smell of the gas. Is it the same odour that was observed when the
unheated mixture was treated with dilute hydrochloric acid ?
This gas is sulphuretted hydrogen (I1,S), produced by the action of
dilute hydrochloric acid on ferrous sulphide (FeS).  The ferrous
sulphide has been synthesised by the action of iron on sulphur.

Fe + S = FeS
Iron heated with Sulphur gives Ferrous sulphide
FeS .+ 2HCl = FeCl, —+ H,S
Ferrous Hydrochloric . Ferrous Sulphuretted
sulphide- e acid 8V  (hlonde  27d hydrogen

92
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I1. Displacement.—In this method of chemical change one
clement takes the place of another clement in a compound.

Expr. 86.—B is a solution of copper sulphate (CuSO,). The
white metal C is zinc (Zn). Shake up some of the solution B with
C and be careful. Shake gently or you will knock the bottom out
of the test-tube. The blue solution gradually becomes quite clear
and colourless, while, at the bottom of the tube, a red precipitate
of metallic copper (Cu) is seen.

Zn + CuSO, = ZnS0, + Cu
; Copper . Zinc
Zinc with sulphate  8V®  sulphate and  Copper

II1. Double decomposition.—All reactions of the type repre-
sented by the equation Ax+ By= 4Ay+ Bx are called double
decompositions.

Expr. 87.—D is a solution of sodium carhonate.
E is a solution of strontium chloride.
What we wish to show is that if these solutions are mixed, sodium
chloride and strontium carbonate will be formed by double de-
composition.

We have already learned the tests for carbonates (Expt. 73a,
page 8o) and chlorides (Expt. 59, page 63).

Test for sodium.—When a platinum wire is dipped into a sodium
salt and then heated in a clear Bunsen flame, the flame assumes a
brilliant golden colour.  Thus is shown by every sodium compound
without exception.

Test for strontium.—When a platinum wire is dipped into a stron-
tium salt and heated in a clear Bunsen flame a brilhant crimson
flame is developed.  This is peculiar to strontium salis.

We have now sufficient knowledge to test for 4, B, x and y
in the typical equation.

1. (@) To a little of D add dilute hydrochloric acid. CO, is
evolved.  Apply the lime-water test. The lime-water turns milky,
Therefore a CARBONATE is present.

() To the solution D add dilute nitric acid and warm until all the
carbon dioxide has been evolved. To this solution add silver
nitrate solution. No precipitate is formed.

Therefore a CHLORIDE 15 not present.
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(¢) Dip a platinum wire into D and put it in the clear Bunsen
flame. A brilliant golden-coloured flame is produced.

Therefore sopIuM is present.

In the solution D, soD1UM and CARBONATE are found.

2. (a) To a little of the solution E add dilute nitric acid. There

is no effervescence. No gas is evolved even on warming.
Therefore a CARBONATE 1is not present.

(b) To this solution add a solution of silver nitrate. A white
precipitate is formed. It is soluble in ammonia, and reprecipitated
by nitric acid.

Therefore a CHLORIDE is present.

(c) Dip a clean platinum wire in £ and put it in a clear Bunsen

flame. A brilliant crimson-coloured flame is produced.

Therefore STRONTIUM is present.
In solution E STRONTIUM and CHLORIDE are found.

3. Now mix 20 c.c. of D with 20 c.c. of E. A white precipitate
is formed. Filter. Wash the precipitate carefully. (a) Take
the precipitate and to it add dilute hydrochloric acid. Effer-
vescence takes place. The gas given off turns lime-water milky.
It is carbon dioxide.

Therefore the precipitate is @ CARBONATE.

(b) Test the precipitate on a platinum wire in the Bunsen flame.

A brilliant crimson-coloured flame is produced.

Therefore STRONTIUM is present,
i.e., the strontium which previously existed as strontium chloride
has now been converted into strontium carbonate.

4. Test the filtrate for chloride, carbonate, sodium and strontium
of these the first three will be found to be present because sodium
carbonate was added in excess.

All the strontium will be on the filter paper as strontium car-
bonate and therefore strontium will not be found in the filtrate.

The reaction which you have just investigated is represented by
the equation :

Na,CO, + StCl, = SiCO, +  2NaCl
Sodium Strontium Strontium Sodium
carbonate  "'N “chloride 8'VES carbonate 274  carbonate
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1V. Direct decomposition.—ExpT. 88.—Heat mercuric oxide, F,
in a test-tube. Test the gas given off and show that it is oxygen
(Expt. 40, page 43). Observe the mirror formed on the upper part
of the tube. Rub the mirror with a rod and note the globules are
formed. Mercury is the only metal which forms globules under
these conditions.

2HgO = 2lg + 0,

Mercuric decomposes .
oxide \nto Mercury and Oxygen

V. Internal rearrangement of atoms in a molecule.—Therc are
many examples of this form of chemical change, but they mostly
belong to the province of Organic Chemistry (i.e., the Chemistry
of the Carbon Compounds), and for the present are beyond the
scope of the student.

An example from Inorganic Chemistry is given here.

Expt. 89.—Take some of the solution G and notice its colour.
Warm it carefully and observe what happens. Above 80° C. the
colour of the solution changes to green. Cool the tube under the
tap. It should recover its violet colour, but the change may be
delayed. This change in colour is probably due to the rearrange-
ment of the atoms in the dissolved molecules.

DEMONSTRATION

The growth of a “ lead tree ” and a “ silver tree ” will be shown
to you. Do not disturb the vessels in which the experiments are
being performed.

Notes to Demonstrators

Expt. 87. Arrange the strength of D and E so that 2o c.c. of
D will contain more than sufficient sodium carbonate to precipitate
the strontium in E. Use pure chemicals.

Expt. 89. The solution G is violet chromium chloride or
sulphate.

Demonstrations.—(1) Hang up zinc in lead acetate solution.

(2) Hang up zinc in silver nitrate solution.
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CoNDITIONS AFFECTING CHEMICAL CHANGE

Expt. go.—The substances must be in contact.—Put some iron
filings, 4, in the bottom of a test-tube. Holding the tube in a
slanting position and using a spatula, put
some powdered sulphur, B, in the tube
about one-third the length of the tube from
the bottom (see Fig. 57). Now commence
heating the tube from the bottom. Heat both
the iron and the sulphur. Nothing happens

&]0n filings 4 until the sulphur melts and runs down the

FiG. s7. wall of the tube and comes into contact

with the iron filings. Chemical action takes

place with the evolution of light and heat. Iron sulphide is
formed.

Fe + S = FeS
Iron . combine Iron (ferrous)
filings and Sulphur 4. form sulphide

Expr. 91.—Influence of water. (a) Chemical action ean proceed
as a result of the substances being in solution.—Take some substance
(C) and mix it with some of D. Nothing happens. Add water to
the mixture. At once a brisk effervescence ensues and carbon
dioxide gas is evolved (apply lime-water test).

Water was necessary for the action to proceed.

C is oxalic acid. D is sodium carbonate.

H.C,0, + Na,COy = Na(CO, + €O, + H0
Oxalic and Sodium Sodium Carbon 4 Water

acid carbonate oxalate and dioxide
96

give
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(b) In some cases traces of water are sufficient to cause a chemieal
action to proceed.—The cylinder labelled E contains dry sulphur
dioxide gas.

The cylinder labelled F contains dry sulphuretted hydrogen gas.

Expt. g1a.—Water as a catalyst.—Invert the cylinders T
over each other so that the cover glasses are in contact. |so,
Hold the cylinders steady and slip the cover glasses |g
away carefully but quickly. The gases will mix by diffu-
sion (Expt. 27, page 29), but no change can be observed. J
Blow two or three drops of water into the cylinders by
means of a pipette. Shake up. A white deposit of |4
sulphur will appear on the walls of the cylinders, showing | F
that chemical action has taken place.

The reaction may be roughly represented by the equa- [ |

tion : Kl 58.
SO, ~+ 2H,S = 35 + H,0
Sulphur Sulphuretted react,
dioxide  and hydrogen  gving Sulphur and  Water

Expr. 92.—Influence of temperature.—Observe the action of
heat on G (mercuric oxide), H (potassium chlorate), J (mixture
of iron filings and sulphur), and K (ammonium dichromate). The
action of heat on G, H, and J has been fully explained in previous
demonstrations. K is given to you as a striking experiment.
The substance is outside your syllabus.

Expt. 93.—Influence of light.—(a) Expose a piece of photo-
graphic printing-out paper (L) to the influence of direct sunlight.

Obscrve that it passes through various shades of yellow and
brown until it finally becomes nearly black. Chemical action is
taking place on the surface of the paper as a result of the influence
of light.

(b) Add silver nitrate solution to a solution of sodium chloride.
A white precipitate is formed :

AgNO, + NaCl = AgCl + NaNoO,
Silver Sodium Silver chloride Sodium
nitrate chlornde (white precipitate) nitrate

Dunnichff s Pract. Chem H
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Put the tube in the sunlight. The precipitate turns violet in colour.
Test the filtrate with a solution of potassium iodide mixed withstarch
solution. The solution should turn a blue colour, showing the
presence of free iodine released from the potassium iodide by the
chlorine given out by the action of light on silver chloride.

Expr. 94.—Catalytic agents.—(a) Try the action of heat on
potassium chlorate alone. Then mix a little manganese dioxide
with some potassium chlorate and heat it. It will be found easier
to obtain oxygen from the chlorate when it 1s mixed with mangancse
dioxide than when there is no manganese dioxide present. The
manganese dioxide is unchanged in the reaction.

Perform tests to ascertain whether other substances such as
powdered glass will accelerate the decomposition of potassium
chlorate when it is heated.

(b) Treat the given solution of hydrogen peroxide with
(i) powdered copper, (i) powdered glass. What happens ?

Perform tests on the copper and glass before and after the
experiment to ascertain if any change has taken place in them.

(c) The manufacture of chlorthe by Deacon’s process will
again be demonstrated to you (sce page 70).

Those bodies which assist a chemical action to proceed in a desired
direction without themselves being changed at the end of the re-
action are called catalytic agents.

The phenomenon is called catalysis.

Exrt. 95.—Removal of the products of reaction. Mass action.—
Take 10 c.c. of cold concentrated hydrochloric acid and to it
add small quantities of M (red antimony sulphide) until no more
of M will dissolve in the cold acid.  Allow the excess of M to
settle down and then pour off the clear solution into a test-tube.
Divide the clear solution into two portions, @ and 8. Boil a, but
do not boil 8. After heating a, to both a and 8 add an excess of
cold water. The solution a gives a white precipitate (antimony
oxychloride) and the solution 8 gives an orange-red precipitate
(antimony sulphide).

Explanation.— M is soluble in strong cold hydrochloric, but it
is not soluble in cold dilute hydrochloric acid. When M is dissolved



CONDITIONS AFFECTING CHEMICAL CHANGE 99

in cold concentrated hydrochloric acid the reaction which takes
place is represented by the equation :

Sh,S, -+ 6T1Cl = 3IL.S + 2SbCl;
Antimony Hydrochloric Sulphuretted Antimony
trisulphide acid hydrogen trichloride
The solution—a mixture of sulphuretted hydrogen, antimony

trichloride, and hydrochloric acid 1n water—is divided into two
parts, @ and B. (i) If the solution a is boiled the sulphurctted
hydrogen is driven off and removed from the sphere of action (in
this case the sphere of action is the solution) and you are left with
a solution of antimony trichloride and hydrochloric acid in water.
On dilution with water the concentration of the hydrochloric
acid is lowered and a white precipitate of antimony oxychloride
is formed.

SbCly 4 11,0 = SboCl 4+ 2HCl
Antimony dilution ves Antimony d Hydrochloric
tuichloride with water 8'VS oxychloride acid

(1) On the other hand, if the unboiled portion, B, is diluted the
concentration of the hydrochloric acid is lowered (z.e., the
hydrocliloric acid hecomes dilute) and the point arrives at which
the antimony trisulphide is insoluble in the dilute hydrochloric
acid, thercfore, on adding water we get an orange-red precipitate
of antimony trisulphide (Sb,Ss).

2SbCl,  +  3H,S =  SbS, 4+  GHCI

This reaction has now been shown to be a reversible one and the
direction which 1t takes will depend upon the “ concentration ” of
the hydrochloric acid present.

“ Concentration " == mass of solute per unit volume of solution.
mass of hydrochloric acid in solution.

"7 volume of hydrochloric acid solution.

This ““ concentration ” is lowered when watcr is added to the strong

hydrochloric acid solution because the volume of the solution

increases while the mass of hydrochloric acid present remains

constant.

Hence the antimony sulphide can be formed in the dilute solution
produced, and its formation or non-formation by the action of
sulphuretted hydrogen on antimony trichloride depends entirely
on the concentration of the hydrochloric acid present.

The influence, which depends entircly on the concentration of
one or more of the substances taking part in a chemical reaction,
is called the influence of mass or mass aetion.

H 2
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N.B.—If preferred this experiment may be performed as a
“ Demonstration”” and the theory very carefully explained.

Expt. 96.—Electricity.—The demonstrator will show you the
analysis (splitting up) of hydrochloric acid by means of electricity
in a Hoffmann’s Voltameter. Note that carbon electrodes are
used because the free chlorine which is evolved in the reaction
would attack metallic electrodes.

Expr. 97.—Percussion.—The demonstrator will explode a small
quantity of a body by placing it on a small steel anvil and hitting
it with a hammer.
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ExpT. 98.—To determine the percentage gain (or loss) in
weight when /1 is heated with an excess of B.—Clcan the porcclain
crucible supplied. Heat it on the clear Bunsen flame and allow it
to finish cooling off in a desiccator. Always lift the crucible with
the tongs.

Weigh the crucible (W). Now weigh out, in a weighing tube, one
to one and a half grams of the substance 4 (w). Take a glazed
mortar and, placing it on a piece of black glazed paper, put into
the mortar about six or seven grams of the substance B. Turn the
substance 4 into the mortar.  The tube must now be weighed
again (w,). Thoroughly mix the two substances in the mortar by
means of a glazed pestle. Keep the mortar on the glazed paper all
the time, so that if, in the process of mixing, any of the substance
is spilt, it is not lost.

Put your weighed crucible on the glazed paper, put a little of B
in the bottom of it. Now turn the mixture of 4 and B in the
mortar into the crucible. Put a little of B into the mortar. Rub
it round with the pestle and put it in the crucible also. Repeat
this and the pestle and mortar may be considered clean from the
weighed substance 4. Put any particles of the substance which
got spilled on the glazed paper in the crucible also.

The crucible may be set on a pipe-clay triangle and heated gently
at first, afterwards more strongly {see Fig. 35, page 38). Cool, weigh.
Repeat the heating until the weight is constant. Remember not
to handle the crucible with the fingers. Always use the tongs
provided. If fumes are given off the crucible should be heated in a

fume closet or under a hood.
101
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Data :
Weight of crucible == W grams.
Weight of weighing tube and substance A4 == w o,
Weight of weighing tube and residue = Wy,
Weight of 4 taken = (w—wy) ,,

Weight of crucible when weight is constant
after heating Wy
Weight of substance formed = (w,—W) ,,
(Supposc the substance gains in weight).
Gain in weight of (w—10,) grams of 4 =(ww,—~W)—(w—1w,) grams.

.. . wy,—W)—(w—w
~.Gain in weight of 1 gram of A _ (o= W)= (o—wy)
° (w—w,)

I

»

~.Gain in weight of 100 gramsof 4 =
{0, = W) —(w—wy)}
(w0 —1w,)
Required percentage gain n weaght= . . . Ans.

X 100 grams.

Note to Demonstrators

In order that this experiment may be carried out quantitatively
it is essential that B should be a VOLATILE substance.
ixamples of suitable substances are :
A-==Barium peroxide, I3 ammonium chloride.
A =:Calcium oxide, B ammonium sulphatc.
A=Magnesia, B ammonium sulphatc.
With shight modifications in procedure the following may be
employed :
A=Sodium sulphite, hypo, potassium chloride, ctc.
B =Sulphuric acid.



DEMONSTRATION 24

PREPARATION AND PROPERTIES OF NITRIC Acip. TESTS FOR
Nrtrous AND NITRIC AciDS. CHEMICAL AcTION OF NITRIC AcCID

ExpT. 99.—Preparation of nitric acid.—Take a 250 c.c. retort
and put in it some sodium nitrate (Chili saltpetre, NaNO,). Fit
it in a sand-bath on a retort stand. Arrange the apparatus as
shown in Fig. 59. The neck of the retort is shpped into the neck of
a flask which is lying slantwise in a trough of cold water. Pack
the mouth of the flask with a little glass wool. Wet a piece of

/

4 ya

=

filter paper and lay it over the flask where 1t protrudes above the
surfacté of the water in the trough. Pour concentrated sulphuric
acid into the retort by means of a glass funnel inserted through the
tubulure. Replace the stopper. If it is not air-tight grease the
stopper with high melting-point wax. Heat the retort slowly,
gradually increasing the temperature as the reaction proceeds.
Keep the receiver cool by pouring cold water from the trough over
the filter paper. Describe carefully all you do and see, etc. When

103
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the reaction is finished remove the flask and pour the contents of
the retort into an evaporating basin and set aside to cool. Crystals
of sodium bisulphate separate out. Pour the liquid off from the
crystals. Dissolve the crystals in water. Evaporate down the
solution and set aside to crystallise again.

The reaction which has taken place is represented by the

equation :
NaNO, + IL,SO, - = NalSO, + HNO,
Sodium strong Sul- _. Sodium Nitric
nitrate and phuric acid BIVE  pisulphate nd acid

The liquid in the flask is mitric acid. Be careful not io get the ocid
on your fingers.
Tabulate your results.

Expt. 100.—Properties of nitric acid.—(a) Smell the liquid and
note its unpleasant and characteristic odour.

(b) Put two drops of acid in a test-tube, fill the tube up with
water and taste the solution.

(c) Test the action of the solution (b)) with litmus paper or
solution. -

(d) Dilute a sample of the strong acid with four times its
volume of water and test its action with

(i) Calcium carbonate.
(ii) Metallic magnesium.
(itf) Caustic soda solution.

Give an account of all that happens and test any gas which is
evolved with the view of identifying it.

(¢) Try the action of the strong acid on copper.

(f) What is the action of the strong acid on a picce of cloth ?

(g) Pour a few drops of acid into a solution of ferrous sulphate
and notice the dark coloration which is produced.

All nitrates contain the group of atoms or radieal (NO;).

All substances which contain this radical are called “ nitrates ”
and give the following tests.

Exprt. 101.—(1) Black ring test for a nitrate.—Take a nitrate and
dissolve it in water. Pour into it a little freshly-prepared ferrous
sulphate solution. Hold the tube slantwise and slowly pour strong
sulphuric acid down the inside of the tube. The sulphuric acid is
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heavy and flows to the bottom of the tube and forms a separate layer
there. At the junction of the two layers a dark brown ring forms.

This reaction is NOT given with dilute sulphuric acid.

(2) Mix some copper turnings with a nitrate and add strong
sulphuric acid to the mixture.

If dense brown fumes are evolved a nitrate is present. Free
nitric acid is formed by the action of strong sulphuric acid on the
nitrate. The nitric acid attacks the copper and gives nitric oxide
(NO) which in turn gives brown nitrogen peroxide (NO,) by com-
bination with the oxygen of the air. (See Demonstration 25.)

;Cu 4+ 8HNO; = 3;Cu(NO;), + 4H,0 + 2NO
Copper with Nitric acid gives %?ggi; and water and oN;:il:
ZNO + Oz == 2N02

Nitric oxide with Oxygen gives Nitrogen reroxide

ExPT. 102.—Preparation of a nitrite. Test for a nitrite.—Take
a little sodium nitrate and heat it in a small iron vessel with some .
lead turnings. The mass goes ycllow because the lead is oxidised
to lead oxide (litharge, PbO) and the sodium nitrate (NaNO,) is
reduced to sodium nitrite (NaNO,).

NaNO, + Pb = NaNO, + PbO
Sodium N Sodium Lead
nitrate with  Lead  gives nitrite nd oxide

Let the fused mass cool and then extract with water. Filter
the solution and to it add ferrous sulphate solution and then
dilute sulphuric acid. A dark-coloured solution is obtained.
The dark colour is due to the same cause as the formation of the
black ring in the test given above for a nitrate. In this case the
colour was developed with dzlute sulphuric acid and is due to the
presence of a nitrite.

Therefore, suppose ferrous sulphate is added to a given solution,
and then dilute sulphuric acid, and a brown colour is developed in
the solution, it shows that a nitrite is present. 1f no colour is given
with dilute sulphuric acid, but a black ring is formed with strong
sulphuric acid, a nitrate is present.

ExpT. 103.—To test for a nitrate and a nitrite in the same
solution.—(1) Warm the given solution with dilute sulphuric acid.
Brown fumes are evolved. A4 nitrite is suspected.
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(2) To a fresh portion of the solution add ferrous sulphate
solution and dilute sulphuric acid. A brown coloration confirms
the presence of a nitrite.

Take some of the solution and boil it with dilute sulphuric acid
till a test sample from it gives no coloration with ferrous sulphate.

Cool the solution which you have been boiling with dilute sul-
phuric acid.

To it add ferrous sulphate solution and then carefully run strong
sulphuric acid down the inside of the tube.

A black ring indicates the presence of a nitrate.

Expt. 104.—Effect of heat on metallic nitrates.—Heat the given
nitrate and tabulate your results. In each case write an account
of what happens. Describe the gases which are given off and what
the residue is like.

Experiment Observation. Inference.

I heated sodium ni-
trate 1n a test-tube

I heated lecad mitrate
n a test-tube

I heated copper ni-
trate in a test-tube

I heated barmum ni-
trate 1in a test-tube

JixPT. 105.—Modes of action of nitric acid.

Nitric acid is an extremely active body and is a powerful oxidising
agent.

The following cxperiments illustrate six different ways in
which nitric acid may behave:

(r) It may have no action at all.—Test the action of cold and
hot nitric acid on the gold leaf supplied to you.

(2) Passivating action.—Pour some strong nitric acid on iron
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filings. A slight action starts and then stops. The iron will not
dissolve it.  The iron has assumed the “ passive ” state. If some
water is poured into the tube the action proceeds with violence.
One of the conditions necessary for ‘ passivating” by this
method is that the nitric acid should be concentrated.

(3) Formation of an oxide of a metal.—Take a small piece of tin
in a crucible or capsule. Add a few drops of strong nitric acid.
A vigorous action takes place. A white powder is formed at the
end of the reaction. It is tin oxide (SnO,).

(4) Formation of an acid or an acid oxide.—Boil a small quantity
of sulphur with strong nitric acid for a short time. Dilute the
solution. Filter. To the filtrate add a solution of barium chloride.
A white precipitate is produced in the presence of, and is therefore
insoluble in, nitric acid.

This 1s the test for a sulphate:

Barmum  with  Sulphuric  gives Barium and  Hydro-

chloride acid (or any sulphate chloric
soluble acid
sulphate)

The mtric acid has oxidised the sulphur to sulphuric acid.

Perform a test to show that barum chloride gives no action with
dilute nitric acid.

(5) Destructive oxidation.—This takes place with the evolution
of brown fumes. (a) Treat a piece of cloth with mtric acid and see
how the fibre has become quite rotten.

(6) Warm a little sugar with strong nitric acid. Brown fumes
are evolved and sugar is oxidised to simpler substances.

(6) Nitration : i.e., introduction of *nitro’> (NO,) group into
organic substances.—Add a few drops of fuming nitric acid to a
little benzene in a tube. Pour the mixture into water. Notice
the new and pleasant smell of ““almond oil.” Contrast the smell
with the odour of benzenc.

The reaction is represented by the cquation :

Cell, -+ HNO, = CH,NO, + H,0

strong Nitro- and  Water

B i
enzene  With N tncacid 8V benzene
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Nitric OXIDE AND NITROGEN DIOXIDE

Expr. 106.—Nitrie oxide.—In a fume closet fit up a small flask
with a thistle funncl and a delivery tube, and arrange to collect
the gas over water. The flask is supported on a retort stand.
Heating is unnecessary. Put some copper turnings in the flask

I1G. 6o.

and fit in the cork, taking great care that it is air-tight. Mix
strong nitric acid with an equal volume of water and pour it into
the flask through the thistle funnel and observe what happens.
The flask is first filled with brown fumes, but as the generation
of the gas proceeds the colour gets paler and paler until eventually

the flask is quite clear.
108
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Now place the cylinder filled with water over the dclivery tube.
A colourless gas collects in the cylinder. It is nitric oxide—NO.

3Cu 4 8HNO; = 3Cu(NQ,), + 4II,0 + 2NO
Copper treated strong gives Copper and Water and Nitric
with  Nitnic nitrate oxide

acid

Collect several cylinders of the gas.

ExpT. 107.—Examine the properties of nitric oxide.—You
cannot smell or taste the gas, because as soon as it comes into
contact with air it combines with the oxygen of the air to form a
new gas nitrogen dioxide (NO,). .

2NO -+ 0, = 2NO,

Nitric oxide Oxygen Nitrogen dioxide

rms
colourless colourless forms (brown gas)

with

Test whether e gas will burn or support the combustion of a
taper. Try to burn several bodies in it by heating them in a
deflagrating spoon and thrusting the spoon quickly into a cylinder
of the gas. It will be found to support combustion feebly.

It is insoluble in water.

Pass some of the gas into a solution of ferrous sulphate, The
solution turns dark brown, almost black. It is to thi§ black solution
of nitric oxide in ferrous sulphate that the “ black ring ” test for
a nitrate and the brown coloration test for a nitrite are due.

A is a test-tube partly
filled with air. B is a tube
partly filled with mtric
oxide. Allow a bubble of
nitric oxide to enter the
tube 4. Notice what
happens. Put the thumb
firmly on the mouth of 4
and shake up the tube.
(See Fig. 63, page 117.) Replace the mouth of A under the
water. The brown coloured gas (NO,) has disappeared. It is
soluble in water.

(M A

FiG. 61.

2NO + O, = 2NO,.

Nitrogen dioxide is formed by the action of heat on certain
‘““heavy nitrates,”
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Expr. 108.—Preparation of nitrogen dioxide.—IIeat some crystals
of lead nitrate in a test-tube. Describe all you sec and hear, etc.
Decrepitation takes place and brown fumes of nitrogen dioxide
mixed with oxygen are given off.  Smell the gas very cautiously.

2Pb(NO); =  2PbO  +  4NO, + O,
Lead on heat- Lecad and Nitrogen and Oxygen
nitrate  1ng gives  oxide dioxide

(litharge)

Collect a few jars of the gas by the downward displacement of
air.

Expr. 109.—Examine the properties of nitrogen dioxide.

(1) Test the gas to see 1if it will burn or support combustion.

(2) Shake up one of the cylinders of gas with litmus solution.
What do you observe ?

(3) Is the gas soluble in water ?

With water, nitrogen dioxide forms a mixture of nitrous and
nitric acids.

:NO, + W0 = IINO, -+ HNO,
Ig:gg%zn and Water give l\alctxrcllc and Ng;)d's

With caustic'soda the sodium salts of nitrous and nitric acids
are formed.

2NO, + 2NaOIl = H,0 + NaNO, -+ NaNO,
Nitrogen Caustic , Sodium Sodium
dioxide and soda  8'V€ Water and mitrite ¢ d nitrate

Test the solution obtained by passing nitrogen dioxide into
caustic soda (NaOII) for the presence of a nitrate and a nitrite
(vide xpt. 103, page 105).

Expr. 110.—Dissociation of nitrogen dioxide.—Collect a dry
test-tube full of nitrogen dioxide by the displacement of air. Cork
the tube loosely (7.e., do not push it in so that the tube is shut air-
tight). Heat the tube in the Bunsen flame. The colour of the gas
deepens until the tube becomes quite opaque. The tube before
heating contained some molecules which are made up of two
molecules of NO, and therefore have the formula N,0,. When
heated these molecules dissociate into simpler but darker coloured

molecules of NO,.
N,0;, == NO, + NO..
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The combination of two or more similar molecules to form a
more complex molecule is called polymerisation. N0, is a polymer
of NO,.

When NO, is cooled to a temperature of —9° C. it is converted
into a colourless liquid (see below).

Nitrogen dioxide is also called nitrogen peroxide.

The only two brown gases you will meet in your course are
nitrogen dioxide and bromine.

Nitrogen dioxide can be distinguished from browune by (1) its
smell, (2) it gives a brown-coloured solution when passed into
ferrous sulphate solution. Brommne does not do this.

Confirm this by eaperiment.

DEMONSTRATION

Liquefaction of nitrogen dioxide.



DEMONSTRATION 26
AMMONIA

Exer. x1r.—Preparation of ammonia.—Fit up a flask with a

tube bent twice at right angles ]":'“ Fit the flusk in a stand and

set it in a sand-bath.
Arrange a piece of cardboard with a hole through it on the ring of
a retort stand and fixed at such a height that the frce end of the

Fie. 62,

tube from the flask can pass through it. The apparatus should be
arranged as shown in Fig. 62. It is better to conduct the

experiment in a fume closet or under a hood.
112
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Pound up each of the two substances given to you scparately
in a mortar. One Is an ammonium salt and the other is lime,
i.e., calcium oxide (CaQ). Pour a little water into the flask. Now
mix the substances on a piece of paper. Do you notice that any
odour is given out ? Put the mixture in the flask and fit up the
apparatus. ITeat the flask and collect the gas in a dry cylinder by
upward displacement of air as illustrated above. You can ascertain
when the cylinder is full of gas by putting a piece of moist pink
Iitmus paper near where the delivery tube passes through the
cardboard.  When the htmus turns blue the cylinder 1s full.
Remove the cylinder and close it with a cover-glass. Place another
dry cylinder over the tube. The hme acts on ammonium salt
thus :—-

2NH,(Cl 4+ Ca(©OH), = CaCl, + =2NH; + 20,0

Ammonum acted Calcium d Am-

7
chloride  on by a and Water

Lune  gives chloride monia
ILxpPT. 112.—Observe the properties of the gas.
Tabulate your results.

(1) It is colourless.

(2) It has a peculiar and pungent smell.

(3) Ascertamn whether it is a supporter of combustion and if it
burns.

(4) Invert a cylinder mn water. Is the gas soluble ?

(5) What is its reaction to litmus solution ?

(6) Shake up a few drops of hydrochloric acid in a clean cylinder.

Invert it over a cylinder of ammonia. What happens ? Why ?
(7) Put a picce of moist turmeric paper in the gas. What

happens ? )
You are given a solution of ammonia in water.

ExPT. 113.—Aection of ammonia on copper sulphate solution.—
Ammonia solution gives a bright blue coloration with a solution
of copper sulphate.

ExpT. 114.—Ammonium hydroxide exists in solution. —Test in
the solution of ammonia for the * hydroxyl” group (i.e., ion),
(1) with litmus, (2) with phenolphthalen, (3) with ferric chloride
solution. (See Demonstration 11, page 57.)

Dunnicliff’s Pract Chem I
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When ammonia dissolves in water the solution contains a

substance called ammonium hydrate or hydroxide (NH,OH).
NH,+H,0=NH,OH.

The group (NH,) ‘“ammonium ” possesses distinct properties
of its own. It is capable of being transferred from one compound
to another and is called a “ compound radical.” It behaves like
a metal and is therefore called a ‘“ basic ” radical.

There are many such radicals and several have already been
mentioned :

e.g. (NO,;)  a monobasic acid radical (nitric acid).
(CH4COOY ' » (acetic acid).
(CO,)  a dibasic acid radical ~ (carbonic acid).
(SOy)” ’ ’ (sulphuric acid).
(HPOy)" » ’ (phosphorous acid).
(PO,)” a tribasic acid radical (phosphoric acid).

Expr. 115.—Tests for ammonia.—The test for ammonia depends

upon the facts that it is the only cAs in your course which

(1) has the peculiar smell of ammonia,
(2) turns red litmus blue,
(3) turns turmeric paper brown.

Expr. 116.—Testing ‘ unknown ®® substances for ammonia.—
Test the given salts by boiling them with sodium hydroxide. All
ammonium salts give off ammonia gas when warmed with sodium
hydrate,

ExpT. 117.—Ammonia is produced when feathers are subjected
to dry distillation.—Heat some feathers in a test-tube and show
that ammonia is among the volatile products of the dry distillation.

Expr. 118.—Aection of heat on ammonium salts.—IHeat the
given ammonium salts and write, in tabular form, notes on what
you observe and the conclusions you come to in each case.

NoTE oN THE TEST FOR HVYDROXIDES

Solutions of some normal salts, e.g., Na,COy, give the test for the
“ hydroxyl ”” group (ion). The group does not exist in the salt
itself, but is due to the partial decomposition (hydrolysis) of the
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salt when it is dissolved in water and therefore docs exist in the
solution. If no acid radical can be detected by ihe systematic
examinalion which will be grwen in the sequel and the solution gives the
tests for the hydroxyl group, then the presence of a soluble hydroxide is
wdicated. 'The original substance may have been an oxide or an
hydroxide. If, on heating dry, the substance is not a salt, and it
gives off water vapour, it was an hydroxide.

DEMONSTRATIONS

(1) You will be shown that when ammonia is heated with air
it will burn.

(2) The solubility of ammonia by the “ fountain experiment.”

(3) The adsorption of ammonia by charcoal (zide Demonstration
5, lixpt. 28, page 29).

Draw sketches of the apparatus used and make notcs on the way
in which the expeniments arc conducted.
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Nitrous OXIDE AND NITROGEN

Nitrous Oxide

When ammonia gas is passed into nitric acid a salt of nitric
acid called ammonium nitrate is formed.

NTI, + TINO, - NH,-NO,
Ammonia Nitric acid Ammonium nitrate

When this substance is heated it decomposes, giving a new
oxide of nitrogen called nitrous oxide (N,0).

NII,*NO, = 211,0 + N,0O
Ammonmum  decomposes Nitrous
nitrate into Steam and oxide

Expr. 119.—Preparation of nitrous oxids.—Fit a boiling
tube with a wide-bore delivery tube. Let this delivery tube lead
to an evaporating basin containing hot water in which a tube
containing hot water is inverted. The gas will be collected in the
test-tube.

Put some crystals of ammonium nitrate in the boiling tube and
fit the cork in tightly. Now, having placed the end of the delivery
tube under the test-tube in the evaporating basin carefully, heat the
ammonium nitrate with a Bunsen flame. Notice what happens. As
soon as the gas begins to come off, stop heating until the action has
subsided. At first the gas will be contaminated with air, but after
a short time the collecting tubes will contain practically pure

nitrous oxide. Collect several tubes of the gas.
16
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ExrT. 120.—Examine the properties of niirous oxide.

(1) Describe the gas, giving its colour, smell, etc.

(2) Test the gas to see if it is soluble in cold water.

(3) Shake some of the gas up with ferrous sulphate solution.
What happens ?

(1) Docs the gas support combustion ? Docs it burn ?

(5) What is its action when shaken up with litmus solution ?

After carcfully examining the properties of nitrous oxide we shall
find that it possesses the following propertics in common with

oxygen.
1t is a colowless gas, neutral lo litmus, and is a supporicr of

combustion.

No other gas possesses all these properties. It is true that
nitrous oxide has a sweet smcll, but it is difficult to distinguish it
from oxygen by that test.

Expt. 121.—To distinguish oxygen from nitrous oxide.—On the
demonstration table you will find inverted in water three sets of

tubes.

Those labelled A are partially filled with oxygen.
B, » ’ ,, nitrous oxide.

» »
nitric oxide.

bRl » C ) 2 2 »

Lift one of each carefully out by placing your thumb tightly
at the mouth (sec figure) and transfer them to your own pncumatic
trough on your bench. The
water in the tube acts as an air-
tight seal, hcld in place by
your thumb.

(1) Now let a little of nitric
oxide from tube C bubble
into tube A4 (sce Fig. 61,
page 109). The gas in 4 will
turn brown. (2) Let a little
of nitric oxide from C bubble
into the tube B containing nitrous oxide. There is no coloration
developed in the tube.

The distinction between nitrous oxide and oxygen is that oxygen
gives a brown colovation with nitric oxide, mitrous oxide gives no
coloration with nitric oxide.
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Nitrogen
Ammonia combines with nitrous acid to form ammonium nitrite.
NH, + HNO, = NH,;NO,
Ammonia and Nitrous acid form Ammonium nitrite

When ammonium nitrite is heated it decomposes irreversibly,
giving nitrogen and steam.

NII,-NO, = Ne o 211,0
A i d
tnte e Mitrogen  and  Steam

The direct heating of ammonium nitrite is apt to result in ex-
plosion. For this reason it is better to heat a solution of sodium
nitrite with an excess of ammonium chloride. If the ammonium
chloride is not in excess explosions are likely to occur.

ExpT. 122.—Preparation of nitrogen.—The solution E is
sodium nitrite and the solution F is ammonium chloride. The
strengths of the two solutions are so arranged that if you take
equal volumes of E and F, the ammonium chloride will be in
excess. .

Mix equal volumes of the two solutions in a flask provided
with a delivery tube which leads under a cylinder filled with water
and inverted in a pneumatic trough filled with water. Fit the
flask in a retort stand and heat it on a sand-bath. Nitrogen gas
will be given off and will collect in the cylinder by displacement
of water.

The reaction which takes place may be represented by two
equations.

(1) NH,(Cl -+ NaNO, = NH;NO, + NaCl
Ammonium Sodium Ammonium Sodium
chloride with nitrite 8V nitrite and chloride
(2) NH,*NOy=N,+42H,0

or, writing the two equations in one,
NH,Cl+NaNO,;=NaCl+2H,0 +N,.

Expr. 123.—O0bserve the properties of the gas.

(1) It is a colourless, tasteless, odourless gas.

(2) Itis a non-supporter of combustion. (Try several substances,
eg., S, C, Mg, etc.)
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(3) It is neutral to litmus.

(4) It gives no reaction with ferrous sulphate solution.

(5) It does not bleach. It gives no coloration with nitric oxide.

(6) It has no action on lime-water (distinction from carbon
dioxide).

Exrr. 124.—Identification of gases.—Heat the given substances
G, H, J, K in a test-tube, and in each case detect what gas 1s
given off (if any).

(Any of the gases dealt with up to the present stage of study
may be expected. They comprise oxygen, hydrogen, hydrochloric
acid, chlorine, carbon dioxide, carbon monoxide, nitric oxide,
nitrogen dioxide, nitrous oxide and nitrogen.)

Tabulate your results.

DEMONSTRATIONS

(1) When air is passed over red-hot copper the copper combines
with the oxygen of the air and “ atmospheric ™ nitrogen passes over.
b2l

“ Atmospheric ”” nitrogen is not pure nitrogen. The copper oxide
is heated in a hard glass tube in a furnace.

2Cu + 0, = 2Cu0
Copper combines with Oxygen giving  Copper oxide

(2) Phosphorus will be burnt in a bell jar inverted in a trough of
water.

The volume of air should be marked before the phosphorus is
lighted. After the experiment it will be found that the residual
nitrogen occupies about four-fifths of the space originally occupied
by air.

Draw diagrams of the apparatus and describe the experiment
briefly.

Notes to Demonstrators

For E and F dissolve equal weights of sodium nitrite and
ammonium chloride in equal volumes of tap water. The solutions
should be as concentrated as possible.

For G, H, ], K, etc., give such substances as potassium chlorate,
ammonium carbonate, sodium oxalate, sodium carbonate, ammo-
nium nitrate, lead nitrate, red lead, etc.
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SULPHUR
PHOSPHORUS AND PPHOSPHORIC ACID

Expr. 125.—Ordinary roll sulphur.—(a) Examine the given
specimen. Give an account of its propertics. Notice how brittle
it is.

(b) Put a little in a test-tube and heat the tube very gently by
holding it at some little distance from the flame at first. It melts
to a pale yellow, mobile liquid which is quite clear. On further
heating it darkens in colour and at the same time becomes viscous
(i.e., thick and difficult to pour). Eventually it becomes almost
black. The substance becomes so _thick that the tube can be
inverted. Continue hecating and it will be found that its density
again diminishes and it can be poured into cold water. This
converts the sulphur into an allotropic modification called plastic
sulphur.

Expr. 126.—Plastic sulphur.—An * elastic” substance is one
which, when deformed from its ordinary shape by the application
of an external force, will resume its former shape when relieved of
the force which was applied to it. ‘ Plastic ” substances can be
dcformed by the application of a force, but do not reassume their
former shape when relieved of the force.

If plastic sulphur is allowed to stand, the sulphur becomes hard
and loses its plastic property.

Expr. 127.—Flowers of sulphur are produced by heating sulphur
till it boils and then condensing the vapour on a cold surface.

Expr. 128.—Rhombic sulphur.—Dissolve some roll sulphur in
a little carbon disulphide in a test-tube. Filter the solution into

120
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a small basin and set it on one side. The solvent carbon disulphide
evaporates and leaves pale yellow crystals of  rhombic sulphur ”
on the walls of the basin.

Select a good crystal and make a sketch of it. Use a lens if
necessary.

Lxpr. 129.—Prismatic sulphur will be prepared before the class
by the demonstrator.

Sulphur is added in small quantities to a small vessel which is
gently heated.  The sulphur is melted but should not be allowed
to darken. Cuarcful heating is essential. The temperature of the
molten sulphur should not rise above 120° C. When sufficient
sulphur has been melted and the liquid is limpid and of a pale
yellow or amber colour, remove the vessel from the burner.  Allow
the liquid to cool and a crust will be seen to form over the surface
of it.

Break two holes through this crust and through one pour off
what sulphur still remains in the molten condition. Cut away
what remains of the crust. Ifine ncedles of “ prismatic sulphur”
will be scen standing vertically on the walls of the beaker. These
needles change into the rhombic form on standing for some time.

Lxper. 130.~-Milk of sulphur is formed when a solution of poly-
sulphides is treated with dilute hydrochloric acid. (Add the acid
to the polysulphides.)

A second mcthod—Mix a solution of sulphuretted hydrogen
with solution of sulphur dioxide.

2H,S + SO, = 2H,0 + 3S.

From the above experiments you learn that sulphur can exist
in several forms. When an element can exist in more than one
distinct form, each form having different physical propertics, the
element is said to exhibit ““allotropy.” The various different
forms are called “ allotropic ” modifications of the element.

This property has already been observed in the case of carbon
(Demonstration 15, page 73).

When sulphur combines with another element the compound
formed is called a sulphide. Sulphides may often be formed
“ synthetically,” .e., built up from their elements.
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Expr. 131.—Heat a mixture of sulphur (4 parts) and iron (7
parts). When the action starts remove the tube from the burner.

Describe carefully all that happens.

The substance formed is iron sulphide.

Fe + S = FeS
Iron with  Sulphur gives Ferrous sulphide

ExpT. 132.—Action of nitric acid on sulphur.—Show that when
sulphur is heated with nitric acid sulphuric acid is formed.
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Phosphorus
Phosphorus also exhibits the property of allotropy.

Expr. 133.—Compare the properties of the two forms of
phosphorus.

Write the report in tabular form.

(1) Yellow phosphorus.

(2) Red or amorphous phosphorus.

Yellow Red

Propertics. phosphorus phosphorus.

Description

Colour

Smell

Solubility 1n water ..
» mn carbon dlsulphldc

Inflammability

Phosphorescent (take the spect-
men into the dark room)

Exrt. 134.—Nitric acid oxidises phosphorus to phosphoric acid.—
Boil some red phosphorus with nitric acid. Let any unattacked
phosphorus scttle and then pour off the liquid into another tube.
Boil some ammonium molybdate solution with nitric acid.

Mix these two liquids together and boil again.

A yellow precipitate indicates the presence of phosphoric acid.

If the yellow precipitate does not form at once, stand the tube on
one side. The precipitate should appear in a few minutes,

This reaction is given by all phosphates,
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SuLrHURETTED HTYDROGEN, IIYDROGEN SurpHIDE, H,S
PREPARATION OF SULPHURETTED IIYDROGEN

xPT. 135.—Prepare this gas in a fume eloset.—Fit up an appa-
ratus like that used in (Fig. 50) the preparation of carbon dioxide gas
(Demonstration 16, page 75). The gas must be collected by dis-
placement of air as it is soluble in water. It may be collected over
hot water, but the first method is more satisfactory. Put some
water in the bottom of the Woulfe’s bottle and then some small
picces of ferrous sulphide. Fit in the cork and pour hydrochloric
acid or dilute sulphuric acid into the bottle through the thistle
funnel. The tube of the thistle funnel must dip below the liquid
in the bottle.

Write an equation representing the action.

Collect several cylinders of the gas.

Expr. 136.—Examine the properties of the gas.
() Obscrve (i) its colour.

(ii) its smell.

(ini) its action on litmus.

(iv) its solubility.

(2) Is the gas a supporter of combustion or does it burn ?

(3) Does it turn lime-water milky ?

(4) Dip a piece of paper in lead acetate solution and then put it
in the gas. The paper is turned black owing to formation of lead
sulphide (PbS).

This constitutes a test for sulphuretted hydrogen gas.

(Cl1I3:CO0),Pb  + H,S == 2CHy*COOH 4+  PbS
Lead acetate  with Sulphur- gives  Aceticacid and Lead
etted acctate

hydrogen

124
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. (5) The presence of the gas in solution may be detected by shaking

the solution up with a suspension of cadmium carbonate in water.
If the suspension turns yellow the presence of sulphuretted hydrogen
in solution is indicated. It has converted the whitc carbonate
into cadmium sulphide, which is yellow.

CdCO, 4 IS = CdS + 1,0 4 CO,
Cadmium with Sulphur- gives Cadmium and Water and Carbon
carbonate etted sulphide dioxide

(white) hydrogen (yellow)

Lead carbonate may also be used. In this case the white sus-
pension is turned black (PbS) by the action of the sulphuretted
hydrogen in the solution.

The presence of carbon dioxide does not interfere with this test.

Expr. 137.—Test for all sulphides.—(t) Heat any sulphide
strongly with sodium carbonate under the blowpipe. Remove the
fused mass and put it on a silver coin. Moisten the mass with
water. If the coin turns black there was sulphide present. The
coin turns black (tarmishes) because the surface of the silver s
converted into sulphide.

(2) If a sulphate is heated with sodium carbonate and carbon,
the carbon reduces the sulphate to sulphide and the above test for
a sulphide is given.

A Kkipp is an apparatus by the use of which a
continuous stream of sulphuretted hydrogen
may be obtained.  (Sce Fig. 64)

Bulb No. 1 is in direct and continuous con-
nection with the tube which passes to the bottom
of the apparatus. The joint at A4 is air-tight.

In bulb No. 2z ferrous sulphide in the form of
short sticks is placed. The ferrous sulphide is
prevented from slipping into the lowest bulb by
the perforated collar at B. The bulb No. 2 1s
fitted with a glass tap. Acid is poured in
through the thistle funnel and falls into the
bulb 3. Open the tap and the acid rises to the
bulb No. 2. [Here it finds the ferrous sulphide
and attacks it, forming sulphuretted hydrogen
which passes through the tap. Turn off the
tap. The gas continues to be generated so long
as the acid 1s in contact with the sulphide. As
the tap is turned off the pressure inside No. 2z
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increases and forces the acid out of No. 2, and up into No. 1. The
action now stops. When gas is required the tap is turned on and a
plentiful supply is obtained.

By using marble and hydrochloric acid or zinc and hydrochloric
acid a continuous stream of carbon dioxide or hydrogen respec-
tively may be obtained in a similar apparatus.

For the following experiments use the supply of sulphuretted
hydrogen from a “ kipp.”

Expr. 138.—Action of sulphuretted hydrogen on the given
solutions.—Pass the gas through the following solutions (4—G)
and try to write equations representing the changes taking place
in each of the reactions.

In each case describe in your note-book all that happens.

Write your results in tabular form.

(A4) Zinc sulphate (ZnS0O,) solution (acid).

» 2 » » (a'lka’li)'

(B) Copper sulphate (CuSO,) solution (acid).

(C) Arsenious acid (I13As0O;) in presence of IICL

(D) Solution of iodine in water.

(E) Ferric chloride (FeCly) solution (acid).

(F) Potassium permanganate (KMnO,) with dilute sulphuric
acid.

(G) Sulphurous acid (H,SO;). The correct equations will be
found at the end of the demonstration.

DEMONSTRATION

You will be shown another apparatus (Fig. 65) for obtaining a
continuous supply of sulphuretted hydrogen as required. A4 and
B are two aspirators connected by a rubber tube on which is slipped
a pinch-cock. This may be used to close the connecting tube
when necessary.

The mouth of A4 is open, but it may have a guard tube fixed in it.
Acid (dilute HCl or H,SO,) is in 4 and sulphide in B. The clip C
is open. To generate the gas raise 4 on the block as shown.
Open the tap D. Acid runs into B and generates the gas. The
vessel into which it is desired to pass the gas is connected to D by
a rubber tube. To stop the generation of the gas: Turn off the
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tap at D and put B on the block and 4 on the table. The acid
runs from B to A4 and the action ccases.

Equations
Expt. 136 (2). Partial combustion.
2H,S + 0O, = 2S + 2H,0
Sulphuretted

hydrogen with Oxygen gives Sulphur and  Water

Complete combustion.

211,S + 30, = 250, + - 2H,0
Sulphur dioxide
Expt. 137. Test for a sulphide.

Na,CO; + PbS = NaS + PbO + CO,
Sodium heated Lead . Sodium Lead Carbon
carbonate with sulphide 8IVES qulphide and = ide 2% gioxide

Expt. 138. Reactions with sulphuretted hydrogen on salt and
other solutions.

(A) Zinc sulphate in acid solution—no action.
In alkaline solution

7ZnS0, + HS = ZnS 4+  HS0,
Zinc Sulphuretted  Zinc sulphide This acid is
sulphate hydrogen (white neutralised by
precipitate) the alkah present
(B) CuSO, + H,S = CuS + H,SO,
Copper Copper sulphide
sulphate

(black precipitate)
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(€) 2H,AsO, + HCl + 3HS = AsS, + HCl + 6H,0

Arsenious Ammonum
acid sulphide
(yellow
precipitate)
o I, + HS = 2HI +
Todine Hydriodic acid Sulphur
(brown solution) (colourless) (white precipitate)
(E) 2FcCly; -+ HS = 2FeCl, + 2HCl - S
Ferric chlonide Ferrous chlonde Sulphur
(ycllow (pale green (white
solution) solution) precipitate)

(F) 2KMnO, 4 31,80, + 5H,S =K,S0, +-2MnS0, +-8H,0+ 59
Purple solution turns colourless and sulphur 1s precipitated.
(G)  H,S0, + 2HS = 3%+ 3,0

Sulphurous acid Sulphur Water
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SuLrHUR DIOXIDE
SULPHITES AND THIOSULPHATES

The equations representing the reactions which take place will
be found at the end of the demonstration.

ExpT. 139.—Preparation of sulphur dioxide.—Fit up an apparatus
like that used for the preparation of hydrochloric acid gas (Fig.
47, page 61). Place a piece of gauze under the flask. Sec that the
delivery tube dips to the bottom of the cylinders. Take care that
the cylinders used for the collection of the gas are dry. Into the
flask put some copper turnings and fit the cork in tightly. The
apparatus should be set up in a fume closet, as the fumes of the gas are
very wrrilating and objecticnable. Now pour sufficient sulphuric
acid through the thistle funnel to cover the copper turnings and the
end of the thistle funnel tube. Tleat with a Bunsen burner until
the acid just boils and the gas is coming off. Then lower the gas
until the heat is just sufficient to keep the stream of gas coming
steadily.

Write the equation for what happens.

Collect several cylinders of the gas. You can tell when the
cylinder is full either by the fact that a match put near the cylinder
of the gas is extinguished or by the action of the gas on moist blue
litmus paper. The colour is turned to pink when the cylinder is
full.

Expr. 140.—Observe the properties of the gas. Tabulate your
results.
(1) The gas is colourless.

(2) Tt has a powerful and irritating odour. The smell is usually
Dunnichff’s Pract. Chem, 129 K
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described as the smell of “ burriing sulphur.” Take care to smell
it very cautiously. If you inhale too much of the gas the result is
very painful.

If, by accident, you inhale the gas and feel any distress, go into
the open air and breathe deeply. Call to the laboratory assistant
for boiling water and breathe the steam. It will give you some relief.

(3) See if it is soluble in water by inverting a cylinder full of the
gas in a trough of water.

(4) Pass some of the gas into water. Tastc a drop of the water
afterwards.

(5) Ascertain whether gas supports combustion or-hurns.

(6) Shake some flowers up with the gas.  What happens ?

Now moisten some flowers with water and shake them up with
the gas. The flowers are bleached alter a short time. This
bleaching is due to reduction (SO,+2H,0=:11,80,-}-211,), whereas
the bleaching action of chlorine is due to oxidation (2Cl,-21,0 =
4HC14-0,).

The colour bleached by chlorine cannot be restored, but when a
colour has been bleached by sulphur dioxide it can often be restored
by shaking the bleached flowers with dilute sulphuric acid. The
“restored ”’ colour is not always the same shade or colour as it was
originally.

Shake your bleached flowers with dilute sulphuric acid and
describe all you sce.

(7) Shake some litmus solution in a cylinder of the gas. What
do you see ?

Expr. 141.—Reducing action of sulphur dioxide.—(8) Pass
sulphur dioxide gas through the following solutions. Write equa-
tions.

A. Potassium dichromate acidified with dilute sulphuric acid.

B. Potassium permanganate acidified with dilute sulphuric acid.

C. Sulphuretted hydrogen (hydrosulphuric acid) in water.

Expr1. 142.—Test for sulphur dioxide.—Into the gas put a piece
of filter paper moistened with an acid solution of potassium
dichromate. If the colour turns from yellow to green or bluish-
green,

Sulphur dioxide is present.
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Apply this test to the following reactions :
(1) Tleat zinc with strong sulphuric acid.
(2) ,, carbon ’ ., '
(3) ,, sulphur » ’ »
(1) Heat “ hypo ”” with dilute sulphuric acid.
Write equations for the reactions which take place.
When sulphur dioxide dissolves in water “sulphurous acid " is
formed.

S0, + 11,0 = H,S0,
Sulphur combines : Sulphurous
dioxide with Water 10 form acid

The formula IT,SO, shows that the acid contains two atoms of
hydrogen. Both these atoms of hydrogen are replaccable by a
metal (or its cquivalent).  The acid is therefore dibasic acid, and
forms two series of salts. (See Demonstration 17, page 79):

() Acid sulphites or bisulphites, e.g., NaIISOs,.

(2) Normal sulphites, e.g., Na,SO,.

Expr. 143.—Tests for sulphites.—Write cquations. (1) All
sulphites, when treated with dilute hydrochloric acid, give off
sulphur dioxide gas. There i1s no separation of sulphur.

The gas is detected by (1) its smell; (2) the bichromate test
(see above, Expt. 141, A4).

(2) To a solution of a sulphite add barium chloride solution.
A white precipitate of hartum sulphite (BaSOy) comes down. This
precipitate is soluble in dilute hydrochloric acid with evolution of
S0O,.

(3) Add bromine water to a solution of a sulphite. The bromine
water is decolorised. Boil off any excess of bromine. To the
solution add barium chloride solution. White precipitate. To
the precipitate add HCl and warm. The precipitate is insoluble
and no SO, 1s evolved. Therefore sulphite is absent. The
precipitate is barum sulphate. The sulphite was oxidised to
sulphate by bromine water.

NoTE.—All acids the names of which end in ous form salts
the names of which end in ite.

Sulphurous acid gives a sulphite.
Chlorous acid gives a chlorite.
Phosphorous acid gives a phosphite.



132 PRACTICAL CHEMISTRY

When an acid the name of which ends in ous is oxidised it
forms an acid the name of which ends in ie. The names of salts
of acids the names of which end in “ic” have the termination
ate, e.g., sulphurous acid on oxidation yiclds ““ sulphuree ” acid,
which 1n turn gives salts called “ sulphates.”

The nomenclature is quite regular, e g., for a typical case of an
acid exhibiting progressive oxidation —that of the chlorine acids.

The “stem” of the words is printed in black and the prefixes
and suffixes which are peculiar to the degree of oxidation are
printed mn 1talics.

Hydrochloric acid, Hd, gives chlor:des.

Hypoehlorous  acid, HCIO,  gives hypochlorites.

chlofous  acid, IICI0,,  gives chlor:tes.
chloric acid, HCIO,, gives chlorates.
Perehloric acid, HCIO,,  gives perchlorates.

If the oxygen of an acid is partly or completely substituted by
sulphur the prefix thio is written in front of the name of the acid,
e.g., if the oxygen of sulphuric acid, H,SO,, is partly replaced by
sulphur we get an acid, H,S,0,, called “ thiosulphuric ” acid.
Similarly, if the oxygen of arsenious acid, 11;A50,, 15 completely
replaced by sulphur the acid HzAsS,, or * thioarsenious acid,” is
produced.

Expr. 144.— Preparation of a thiosulphate.—Boil some sodium
sulphite solution with flowers of sulphur for a few minutes. Filter
the solution.  The crystals of the substance formed will have
the formula  Na,5,0,,511,0, sodium thiosulphate or ““ hypo,”
produced by the addition of sulphur to sodium sulphite.

Na,S0, + S - Na,5,0,
Sodmum sulphate  and Sulphur  give Sodium thiosulphate

Warm some of the filtrate with dilute hydrochloric acid. SO,
is evolved (test) and yellow sulphur is deposited.

The simultaneous evolution of sulphur dioxide and separation
of sulphur is a reaction peculiar to thiosulphates. For these ex-
periments use the “hypo” or commercial sodium thiosulphate
provided.

Exrt. 145.—Tests for a thiosulphate.
(1) Warm some ““ hypo ” dry in a test-tube. Show that both
SO, and H,S are evolved.
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(2) Treat a solution of “ hypo ” in water with dilute hydrochloric
(or sulphuric) acid. SO, is evolved (test) and a yellow precipitate
of sulphur is thrown down (distinction from a sulphite).

(3) Add barium chloride solution to a solution of “ hypo.” No
precipitate is formed (distinction from sulphate and sulphite).

Equations

Expt. 139.—Preparation of sulphur dioxide.

20,50, + Cu = GCuSO, + 21,0 4+ SO,
SU{])E‘:(;IUC and Copper give ;&ﬁ%&f{c and  Water and %‘l"l)?::(‘l’;

Expt. 141.—Redueing action of sulphur dioxide.

(1) K0, + 10,80, + 3,0 4 350,
Potassium Sulphuric Water Sulphur
dichromate acid dioxide

(yellow)
(180 + K80,  +  4H0
react  Chromium Potassium Water
to give sulphate sulphate
(green)
(B) 2KMnO, I sILO - 550,
Potassium ‘ Sulphur
permanganate Water dioxide
—  2I,SO, + K, 80, + 2MnSO, + 31,0
. Sulphuric Potassium Mangancse v
gtve acd sulphate sulphate Water

(C) 2H,S + SO, = 211,0 + 35
Sulphuretted Sulphur N -

hydrogen d dioxide  BVe Water and Sulphur

Expt. 142. —Action of sulphuric acid on certain substances.
Zn+11,80,==ZnS0, +211,0 +S0,
C+211,50,:=21H,0-+C0O,+-2S0,
S+42H,50,=2H,0+4350,
Na,S,0,-+11,50,=Na,SO;+H,04 SO,+-S

Expt. 143 (3).—Oxidation of a sulphite to a sulphate by bromine
water.
Br, 4 11,0 + Na,S0; = Na,SO, + =2HBr

Water Sodium Sodium Hydrobromic

Bromine sulphite sulphate acid
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I use the term “sulphur” acid to mecan acids containing
sulphur in their constitution, ¢f. chlorine acid.

Write equations representing the actions which take place.

Exrr. 116. -Tests for hydrosulphurie acid and sulphides.—Revise
the tests for hydrosulphuric acid (sulphurctted hydrogen) given in
Expts. 136 and 137, page 125. "Use solid or solution 4 (Na,S).

Exrr. 147.—Tests for sulphurous acid and sulphites.-—Revise
the tests for sulphurous acid given in Expt. 143, page 131. Use
solid or solution B (Na,SO3).

Expt. 148.—Tests for thiosulphuric acid and thiosulphates.—
Revise the tests for thiosulphuric acid given in Expt. 145, page
132.  Use solid or solution € (Na,S;0;).

Expr. 149.—Tests for sulphuric aeid.—(i) Vide Expt. 137 (2),
page 125. Use (Na,S0,). (i) To the solution D (Na,SO,)
add barium chloride (BaCl,) solution. A heavy, white precipitate
of barium sulphate (BaSQ,) is thrown down. It 1s insoluble in
hydrochloric acid.  (iii) To the solution D add a solution
of lead acetate [(CH,COO), Pb]. A white precipitate of lead
sulphate is thrown down. The lead sulphate is soluble in
ammonium acetate solution.

Expt. 150.—Test the substances E, F, G, and find out if any
sulphur acid is present, and if so which is present of the four acids
the tests of which are given above ?

134



TESTS FOR SULPHUR ACIDS

135

METHOD :—
Experiment Observation. Inference.
A. Warm the sub- | 1 No action. No sulphur acid at
stance  with all or possibly
dilute hydro- a sulphate.

chloric acid.

2. SO, cvolved
Solution clear.

3. SO, evolved (test). A
precipitate of sulphur
15 thrown down.

(test).

4. H,S evolved  (test
with  lead  acetate
paper).

A sulphite 1s pres-
ent

The substanece is soluble in water.

Experiment.

B. Shake the solu-
tion with cad-
mium carbon-
ate. Or—

Shake solution
with lead car-
bonate

To the solution
add barium
chloride solu-
tion.

To solution add
solution of
iodine in po-
tassium 1odide.

Observation.

Suspension goes yellow

Suspension goes black.
No precipitate.

Whate precipitate

(1) Soluble mn HCI
cvolved (test).
tion clear.

(2) Soluble 1n HCl. SO,
cvolved (test) (Solu-
tion contains sulphur.)

SO,
Solu-

(3) Insoluble 1 HCL
(bo1ling).
Solution is decolorised.

No precipitate.

A th.wsulphate is
present.

A sulpmde  is
present.
Inference.
Sulphide present.

Sulphide or thio-
sulphate may be
present. (See
above )

Sulphite present.

Thiosulphate pres-
ent.
Sulphate present.

Thiosulphates and
sulphites do thus.
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The substance is insoluble in water.

Boil the substance with strong sodium carbonate solution.
Filter. Double decomposition will take place and the sodium
salt of the acid will exist in the solution together with excess
of sodium carbonate.

Experiment. Observation. Inference.
To the filtrate add | *H,S evolved (lead | Swlphide present.
dil  hydrochloric acctate test).
acid. *SO, evolved (bichro- | Sulphite present.

mate paper test). Solu-
tion clear.
Yellow

Boil the filtrate with
dil  hvdrochloric
acid till all CO, has
been given off Add
barium chloride

*SO, evolved
precipitate of sulphur

White preapitate nsol-
uble 1 hydrochlornic
acid.

Thuosulphate pres-
ent.
Sulphate present.

* The CO, evolved simultancously with H,S or SO, does not affect
the tests for H,S or SO,

Sulphuric Acid

Commercial sulphuric acid, or “oil of vitriol,” may contain

certain Impurities.

Specimens of impure acid are put on the demonstrator’s table.
Test them as described below for the impurities named.
When diluting sulphuric acid always add the acid to the water—

not vice versa.

Use small quantities

ExPT. 151.—(a) Test for the presence of sulphur dioxide.—

Dilute a little of the acid.

Add a few drops of a freshly prepared solution of potassium
ferricyanide, K;Fe(CN),. Add a few drops of ferric chloride. A
blue coloration (Prussian blue) indicates the presence of sulphur
dioxide,
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ExpLaNaTiON.—The sulphur dioxide reduces the potassium
ferricyanide to ferrocyanide. The potassium ferrocyanide reacts
with ferric chloride to give Prussian blue.

3K, Fe(CN), 4+ 4FeCl, == TFey(Fe(CN)y), + 12KCl
Potassium ferrocyanide Prussian blue

(b) Test for the presence of oxides of nitrogen.--Add the con-
centrated acid to a freshly prepared solution of ferrous sulphate
as in the test for a nitrate (Expt. 101, page 104). A black ring or
black coloration indicates the presence of oxides of nitrogen.

(c) Test for the presence of iron.—Dilute a httle of the acid
(five times). Add dilute potassium ferrocyanide solution. A
blue or green coloration indicates The presence of rron in the acid.

(d) Test for the presence of lead sulphate.--Inlute the acid and
let it stand. A white cloudiness or precipitate indicates the
presence of lead sulphate. 1f no precipitate appears add alcohol.
If the solution remains clear on standing lead sulphate is absent.
The precipitate should be soluble in a solution of ammonium
acetate.

(e) Test for the presence of arsenie.—The demonstrator will show
you Marsh’s test.

An apparatus for generating hydrogen is sct up and, when the
gas is coming off in the pure state, the jet is ignited. A cold,
white vessel is depressed into the flame. If no black deposit forms
the hydrogen is free from arsenic (or antimony). Blow out the
flame. Pour some of the acid in the Woulfe’s bottle through the
thistle funnel. When the gas is pure (test) light the jet again.
Once more depress the cold porcelain in the flame. 1f a black
film, solubke in sodium hypochlorite, is deposited on the porcelain
arsenic was present in the given sample of sulphuric acid.

Draw a diagram of the apparatus in your note-book.

Sodium hypochlorite is made when required by adding chlorine
water to cold sodium hydrate solution.

2NaOII +Cl;=NaOCl4-H,0+NaCl.

Sodium
hypochlorite
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TESTS FOR ACIDS-—continued

The Halogen Acids

Write equations representing the reactions which take place.
The correct equations will be found at the end of the demonstration.

Expt. 152.—Test of hydrochloric aeid, IICl.

Use sodium chloride, NaCl.

1. To a solution of the salt in water add silver nitrate (AgNO,)
solution, A white curdy precipitate of silver chloride comes down.
The precipitate is insoluble in strong hot nitric acid. It is soluble
i ammonium hydrate, NH,*OH.

2. Mix some sodium chloride with a little manganese dioxide,
MnQ,, and put it in a test-tube. Add sulphuric acid. Chlorine
is given off. Test the chlorine (1) by its odour, (2) by its action
on potassium-iodide-starch paper (blue coloration).

(3) When strong sulphuric acid acts on a chloride, hydrochloric
acid gas (HCl) is evolved. It fumes in air. With ammonia it
gives dense white fumes of ammonium chloride (NH,CI).

Expt. 153.—Hydrobromic acid, I Br.

Use sodium, NaBr, or potassium bromide, KBr.

1. To the solution of potassium bromide add silver nitrate
solution (AgNO,). A yellowish-whte precipitate of silver bromide
(AgBr) is produced. It is sparingly soluble in ammonium hydrate,
insoluble in nitric acid.

2. Mix some bromide with a little manganese dioxide (MnO,)
and put it in a test-tube. Add strong sulphuric acid (H,SO,)

and warm. Dense and suffocating brown fumes of bromine are
138
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evolved. If these fumes are passed into ferrous sulphate
solution #no black coloration is produced (distinction from nitrogen
dioxide). Starch paper is coloured yeilow.

3. To a bromide add strong sulphuric acid. Dense white fumes
arc given off which give a while cloud with ammonia. The fumes
will probably be contaminated with bromine.

4. To a solution of a bromide add chlorine water and carbon
disulphide. Shake up the mixture. The chlorine releases bromine
from the potassium bromide and this free bromine dissolves in
carbon disulphide, giving a yellow or brown solution, which sinks to
the bottom of the tube owing to the insolubility of carbon disul-
phide in water.

ExpT. 154.—Hydriodic aecid, HI.

Use potassium lodide, KI.

1. To a solution of potassium iodide add silver nitrate (AgNO,)
solution. A yellow precipitate of silver lodide (Agl) comes down.
It is insoluble in nitric acid (HNO;) and practically insoluble in
ammonium hydrate.

2. Mix some of the iodide with manganese dioxide and put the
mixture in a test-tube. Pour strong sulphuric acid on the mixture
and warm. Violet-coloured vapours of iodinc are evolved. The
iodine will condense on the cool parts of the tube as a black or
greyish-black solid. The vapour of iodine turns moist starch paper
blue.

3. If an iodide is treated with strong sulphuric acid, hydriodic
acid mixed with iodine is given off.

4. To a solution of an iodide add chlorinc water and carbon .
disulphide. Shake up the mixture. The chlorine releases iodine
from the potassium iodide. The iodine dissolves in carbon di-
sulphide, forming a fine violet solution which sinks to the bottom
of the tube owing to the insolubility of carbon disulphide in water.

5. To a solution of potassium iodide add a solution of mercuric
chloride (HgCly). A yellow precipitate which changes to a red
colour is produced. It is soluble in excess of either reagent.

ExprT. I 55.-—Hydroﬂubric acid, HF.
Use any fluoride. Say calcium fluoride, CaF,.
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1. Silver nitrate gives no precipitate with a solution of a fluoride
because silver fluoride is soluble in water.

2. When a fluoride is treated with strong sulphuric acid, hydro-
fluoric acid is evolved. This attacks the glass of the tube by dis-
solving silica.

If the upper part of the tube is seen to become etched it may
be assumed that hydrofluoric acid is present. To confirm this
mix some calcium fluoride with some sand or silica in a small
leaden capsule. To the mixture add strong sulphuric acid.
Silicon tetrafluoride (SiF,) is evolved. In the vapour hold a
glass tube on the end of which is hanging a drop of water. The
silicon tetrafluoride attacks the water, giving a gelatinous mass of
silicic acid (H,SiO;) which hangs as a blob on the end of the
glass rod.

Expt. 156.—Chlorie aecid, 1ICIO;.

Use potassium chlorate, KCIO,.

1. Heat small quantity of the substance in a test-tube—oxygen
is evolved.

2. Take a very small quantity of the salt and put it in a test-tube.
Pour a small quantity of strong sulphuric acid on it. Warm very
gently. A series of explosions takes place in the test-tube. This
reaction is characteristic of chlorates.

Equations
Hydrochlorie Acid
1. NaCl + AgNO, = AgCl + NaNO,
Sodium  and Silver gwve  Silver and Sodium
chloride nitrate chlonide nitrate
2. MnO, + 2NaCl -+ 3H,S0, o
Manganese and  Sodium and  Sulphuric  gwe
dioxide chlonde aad
2NaHSO, + (Cl, -+ MnSO, -+ 2,0
Sodium o Manganese .
bisulphate Chlorine sulphate Water
2KI 4+  Cl, = 2KC1  + 1,
Potassium and Chlorine give Potassium and  Todine
todide chloride (blue colour

with starch)
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3 NaCl + 1,80, = NaHSO, + HCl
Som ana SUPHARC e Soduam - gpg Hydiochion
Ha + NI, = NH,Cl
Hy d;(zfcllxlonc and  Ammonia  give AThrlnoor?(‘]gm

Hydrobromic Acid

1, 2, 3 as for hydrochloric acid.
4. 2KBr + Cl, = 2K(l + Br,

Potassium Potassium

bromide chlonde ~ @nd  Bromine

and Chlorine give

Hydriodic Acid

1,2, 3,4 as for hydrochloric or hydrobromic acid.

s.  ICl, +  2KI = Hgl, + 2K
Mercuric  with Potassium gives Mercuric and  Potassium
chloride 1odide 1odide chloride

(red precipitate)

Hydrofluoric Acid

2. CaF, | HS0, = CaSO, 4 20F
Calcium with  strong  gives Caleum  and  Hydro-
fluoride +  Sulphuric sulphate fluoric

acd aud
NG 80, = SF, 4+ 2H0
Hydrofluoric | . _— Silicon ,
acid and Silica 8IVC | trafluoride and  Water
351k, 1 31,0 = 2[1,S1F +  H,S104
Silicon ' excess of .. Hydrofluosilicic Sthicic
tetratluoride th “\Water BIVES aad nd acid

Chloric Acid

3KC0, +  2H S0, = KOO, + 2KHSO, 42010, + H,0
Potass- heated strong ives Potass- Potass- Chioiine and Water
m (th sulphuric 8 mm ium peroxide
chiorate ! acid perchloride bisulphate
2C102 with give Clz + 202
Chlorine  ater With Chlorine and Oxygen

peroxide cxplosion
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Expr. 157.—Borie acid, 11,BO,

Use borax, Na,B,0,.

1. Heat a borate on a platinum wire. Borates usually swell up
(intumesce) at first and then settle down into a transparent bead.
They colour the clear Bunsen flame green unless some other colour
masks it.

2. Put some borax into a crucible or into a picce of broken
porcelain.  Mix with some strong sulphuric acid and pour some
methylated spirit over it. Now ignite the methylated spirit.
The spirit burns with a bright green edged flame. The colour
appears more intense if the mixture is stirred while it is burning.

3. Dip a piece of turmeric paper into a solution of borax which
has been made acid with hydrochloric acid. Dry the paper by
laying it on the outside of a tube filled with hot water.  The paper
turns a reddish-brown colour. On treatment with caustic soda
solution the reddish-brown colour changes to a bluish-black.

Expr. 158.—Acetic acid, CH; COOII.

Use sodium acetate, CIT,»COONa.

Write equations where possible,

1. All acetates when heated give inflammable gases which burn,
giving carbon dioxide and steam. The residue is usually a car-
bonate and, if the carbonate is decomposed by heat, an oxide.
In some cases a residue of a metal may be left, e.g., heat some
copper acetate in a tube. A yellowish-red residue of metallic
copper will be found in the tube. .

2. When an acetate is treated with a little 50 per cent. sulphuric

142
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acid, vz;.pours arc given off which smell like vinegar. This is
due to free acetic acid (CHy3COOH).

3. To a solution of an acetate add ferric chloride solution. A
red coloration, due to the presence of ferric acctate, is produced.
When the solution is boiled basic ferric acctate separates as a
reddish precipitate. The red coloration, due to ferric acetate, 1s
destroyed by dilute hydrochloric acid.

ExpT. 159.—Phosphoric acid, I1;PO,.

Use sodium hydrogen phosphate Na,IIPO,.

Write equations where possible.

1. To a solution of sodium hydrogen phosphate add silver nitrate
solution. A yellow precipitate of silver phosphate (soluble in
ammonium hydrate and in nitric acid) is precipitated.

2. To a solution of a phosphate add ammonium chloride, NIT,Cl,
solution.  Boil, cool, and add ammonium hydrate (NI1,-Oll).
To this add magnesium sulphate (MgSO,) solution. Warm and
shake up the tube. A crystalline precipitate of magnesium
ammonium phosphate comes down.

3. To a solution of the phosphate add nitric acid and heat.
Heat a solution of ammonium molybdate ((NI1,)-IIMo0O,) with
nitric acid. Now mix these two solutions and heat again. A
yellow precipitate indicates the presence of a phosphate. If the
precipitate does not form at once stand the tube on one side.
The precipitate should form after some time.

Expr. 160.—Silica, SiO,.

Silica is the ““ acid oxide ” of silicic acid. Use common sand.

1. Silica is insoluble in the mineral acids. Tt is infusible.

2. Mix some silica with calcium fluoride and pour upon it some
strong sulphuric acid. Ieat the mixture in a leaden capsule and,
hanging a drop of water on a glass rod, hold it in the vapour.
The formation of a gelatinous blob on the end of the rod shows that
silica was present (vide Hydrofluoric acid, Expt. 155 (2), page 140).

COOH

Expr. 160 (a}.—Oxalic 2cid, COOH

COONa

Use sodium oxalate, | .
COONa
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NOTES ON SYSTEMATIC EXAMINATION OF GASES

Note No. 1.—To detect sulphuretted hydrogen and carbon
dioxide in the presence of each other.—Shake the gas up with a
suspension of cadmium carbonate or lead carbonate in water.

If, with cadmium carbonate, the suspension turns yellow
(owing to the formation of cadmium sulphide, CdS), or, with lead
carbonate, the suspension turns black (owing to the formation of
lead sulphide), the presence of sulphuretied hydrogen is indicated.
The presence of sulphuretted hydrogen does not affect the lime-water
test for carbon dioxide (vide Expt. 136, page 125).

NoTE No. 2.— To deteet carbon dioxide, sulphur dioxide and
carbon monoxide in the presence of each other.—Pass the gas
through—

(o) A weak solution of potassium dichromate acidified with
hydrochloric acid. If the colour of the solution is changed from
yellow to green, sulphur dioxide is present (Expts. 141 and 14z,
pages 130 and 131).

(B) Lime-water. If the lime-water is turned milky the presence
of carbon dioxide is indicated.

Try to ignite the remaining gas as it issues at C (Fig. 66). If it
burns with a pale blue flame, forming carbon dioxide, then the
presence of carbon monoxide is indicated. Confirm this by
showing that the gas is soluble in a solution of cuprous chloride
in ammonium hydrate.

C

vet o burn
Carbon Monoxide

potassium
%, Uichromate

A Lime Water
B
Fia. 66
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TESTS FOR ACIDS 149
Revise the tests given in Demonstration 20, Expt. 84, page go.
For the systematic separation of acids see page 134 et seq.

Equations

Acetic Acid
(1) 2CH;COONa = Na,CO,

Sodium Sodium
acetate carbonate

(z) CH,COONa + 1I,SO, = CH;COOH + NaHSO,
Sodium i Sulphuric o Acetic Sodium
acetate Wit TTacq  gves acid and bisulphate

(3) 3CH;-COONa + FeCl, = (CHgCOO)Fe + 3NaCl
Sodium with Ferric gives Ferric acetate and Sodium
acetate chlonde (red chloride

coloration)

= 3(CH;-COOH) + FeCl,
Hydro- give Acetic and Ferric
chloric acid chloride
acid

+ CH,CO-CH,, etc., etc.
Acetone
(inflammable)

(CHyCOO),Fe  +  3HCI
Ferric and
acetate

Phosphorie Acid
1. Na,HPO, + AgNO, = Ag,PO, + 2NaNO, + TINO,
Disodium Silver Silver Sodium Nitric
hydrogen nitrate phosphate nitrate acid
phosphate

2. Na,HPO, +  NHgOH  +

Disodium hydrogen Ammonium
phosphate hydrate
= Mg(NH,)PO, + H,0
Magnesium ammonium Water
phosphate

MgSO,
Magnesium
sulphate

+ Na,SO,
Sodium
sulphate

Silica

See explanation and equations in demonstration on hydrofluoric
acid, pages 139 and 140.

Dunnicliffs Pract. Chem.



DEMONSTRATION 35
SYSTEMATIC EXAMINATION FOR AciD RADICALS

ExpT. 162.—Test the given substances and find what acid radical
is present in each.—The acid radicals of the following classes of
salts may be detected by the tables given below.

Arsenates, borates, fluorides, chlorides, bromides, iodides,
sulphides, sulphites, sulphates, thiosulphates, nitrates, nitrites,
carbonates, bicarbonates, acctates, oxalates, phosphates, and
silicates.

In all cases confirm the tests by those given under the headings
of the acids separately. -

I.—Heat a little of the substance dry in a small test-tube.

l

OBSERVATION. | INFERENCE.

1. Water vapour is given off and con- | Water of crystallisation or

denses on the upper part of the water from an acid salt
tube.
2 Substance swells up (intumescence) | Alums, borates, phosphates.
3 There 1s a subhmate on the upper | Sulphur (smell of sulphur

part of the tube. dioxide) — certain  sul-
phides Some coloured
salts, e g., mercuric 10dide.

[t is white—smell of ammonia. Certain ammonium salts
It 1s black-—with purple vapour. Iodine from certain 1odides.

4 A gasis given out—
(a) Itiscoloured Yellowish. Distinct | Chlorine from some hypo-

smell (KI and starch paper). chlorite.

Brown (iron sulphate solution | Oxides of mnitrogen from
blackened). nitrates.

White (very pungent and acid). Sulphur trioxide from cer-

tain sulphates.
(0) Colourless, but has distinct smell—
Rotten eggs (lead acctate paper). | Sulphurctted hydrogen from

thiosulphates
Sulphur dioxide (potassium | Some sulphides, sulphites,
chromate paper). thiosulphates and bisul-
phaites.

Sulphur dioxide and sulphur- | Thiosulphates

etted hydrogen

Ammoma. Ammonium salts.
148




SYSTEMATIC EXAMINATION FOR ACID RADICALS 149

OBSERVATION. INFERENCE.

(c) Colourless and odourless.

1. The gas burns. Carbon monoxide from oxal-
ales.
Organic fumes which burn Acetates.
2 The gas supports combustion. | Oxygen from nitrates, chlor-

ates, peroxides.

Supports combustion and gives | Ammonium nitrate present
nocoloration withnitricoxide (test for ammonic and

NOj at once)

3 Gas neither burns nor supports | Carbon dioxide, carbonates,
combustion bicarbonates (some oxal-
ates and acctates).

4 Gas fails all the above tests Nitrogen {from ammonium
nitrite

[T.—Treat substance with dilute acid (FCl or 11,50,).

OBSERVATION INFERENCE.

A gas s evolved—
Coloured Ycllowish-green (IKI starch | Chlorine from hypochlorite,
paper). chlorate, peroxide.

Drown (tuins ferrous sulphate solution | Nitrite present (confirm),
black)

Colourless, but has odouy —
Rotten eggs (turns lead acetate | Sulphuretied hydrogen from
paper black). most sulphides.

Smecll of burning sulphur (80,) Sulphite or bisulphite.

Yellow sulphur separates as well as | Thiosulphate (confirm).
cvolution of sulphur dioxide

Colourless and odourless
Turns lime-water nulky (CO.). From carbonate or bicar-
bonate

Note.—If the substance is a bicarbonate it will be soluble in
water. On heating it will give carbon dioxide and water vapour.
To a solution of the salt add a solution of magnesium sulphate.
No precipitate is produced in the cold, but on warming a precipitate
of magnesium carbonate is thrown down and carbon dioxide is
evolved.

L 2
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II1.—Treat a little of the origmal substance with cold concentrated
sulphuric acid. Warm very cautiously.

-
OBSERVATION.

INFERENCE.

A scries of explosions takes place.
A gas 1s evolved
Brown (turns ferfous sulphate black).
Brown )accompanied by dense acad
Violet J fumes.
White—dense acid fumes giving
dense white fumes with am-
monia.
White fumes, strongly acid in reaction

Fumes which corrode glass.

If chloride, bromide or iodide 15
suspected, nmux some of the sub-
stance with manganese dioxide and

warm the muxture with strong
sulphunic acid.
Chlorine 1s evolved (yellowish-green)
Bromine 1s evolved (brown).
Todine 1s evolved (violet).

Chlorate present.

Nitrate or nitrite.

Bromine from bromide.

Iodine from 1odide.

Hydrochloric acid gas from a
chloride, or

Possibly due to overheating
your sulphurnic acid.
Fluoride.

Chloride 1s present.
Bromude 1s present.
Iodide 1s present.

IV.—Test separately for borate, fluoride, or silicate.

EXPERIMENT AND OBSERVATION. INFERENCE.

(@) Put a httle of the original substance on porce-
lain  Pour strong sulphuric acid on it and
mix well Pour alcohol on the mixture.
Igmte the alcohol. Stir the mixture when
the alcohol 1s burning. It burns with a
green flame.

Borate present

(b) Mix some of the substance with a little sand.
Pour sulphuric acid on the mixture and warm
gently. Dip a glass rod in water and plunge
the rod into the mouth of the tube. A
gelatinous blob forms on the end of the rod
(vide page 140).

Fluoride present.

(¢} Mix gome of the substance with calcium
fluoride and put it in a leaden capsule. Pour
strong sulphuric acid on the mixture and
warm. Suspend a drop of water on a watch-
glass and cover the capsule with 1it. A
gelatinous blob forms on the watch-glass
where the drop of water was (vide page 143).

Silica or a silicate
present.
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So far we have no indication of phosphate, arsenate or
sulphate. They are easily detected by the “ wet” analysis given
below. -

Expr. 163.—Wet tests for acids.

1. Dissolve some of the substance in water and add sodium car-
bonate solution. If no precipitate is formed use a solution of the
original substance for the following tests.

2. If a precipitate is formed on the addition of sodium carbonate,
filter the solution and use the filtrate for the following tests.

3. If the substance is insoluble in water mix it with about four
or five times its weight of sodium carbonate. Add water in about
sufficient quantity to dissolve the sodium carbonate and boil the
mixture for some time. (You may use a saturated solution of
sodium carbonate.) Take care that the solution does not “ bump ”
over. Filter, and divide the filtrate into five portions, I-V.

No. I.—Necutralise the excess of sodium carbonate with dilute
hydrochloric acid. Warm to drive off carbon dioxide.

White precipitate insoluble 1n all | Solution clear. Add barium chlor-

acids (cxcept hydrofluoric). ide solution. White precipitate
Silica indicating the presence msoluble in acids and 1nsoluble
of a siLICATE. Be surc the on diluting with water indicates
white precipitate is not sulphur’ the presence of a SULPHATE.

from a thiosulphate.
No. II.—Neutralise the excess of sodium carbonate with dilute
nitric acid. Boil off carbon dioxide and add silver nitrate solution.

(1) A white precipi- | Pale yellow precipi- | Yellow precipitate

tate, soluble 1n tate sparingly sol- insoluble 1  am-
ammonium hy- uble 11 ammonium momium  hydrate
drate, reprecipi- hydrate, insoluble mn and dilute nitric
tated on adding dilute nitric  acd, acid indicates the
dilute mitric acid indicates the pres- presence  of an
CHLORIDE present. ; ence of a BROMIDE. IODIDE.

Norte.—If bromide or iodide is suspected (1) Heat the original
substance with manganese dioxide and sulphuric acid. Brown
fumes of bromine indicate a bromide. Violet fumes of iodine
indicate an iodide.

(2) Treat some of the rest of the solution, neutralised with
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dilute nitric acid, with chlorine water. Shake up with carbon
disulphide. A brown coloration in the carbon disulphide indicates
a bromide. A violet coloration 1n the carbon disulphide indicates
an iodide.

No. ITI.—If chloride, bromide and iodide are absent neutralise
with dilute nitric acid ; boil off all gases. Add ammonium hydrate
and boil till neutral ; add silver nitrate solution.

White | Canary yellow | Orange-  Reddish - brown | Yellow  mecipitate
precipitate | precipitate - | coloured [ precipitate prob- | probably an
may be dicates precipitate [ ably an ARSENITE.
oxalate, PHOSPHATE, probably a ARSENATE Prove phosphate
ete ; Boil a portion of | smicare  Take some of so- | absent. A ncutial
reject. remaining solu- | Contirm byw lution Pass sul- solution of an ar-
See tion with mtric | Test No.2, | phur dioxide - | senite will bleach a
below. acid. Boil some | Expt. 160, to1it. Warm to | solution of 1odine
ammonium mo- | on page drive oft excess | in potassium rodide
lybdate solution 143. of sulphur di-| Arsemtes give a
with nitric acid. oxide. Pass sul- | yellow precipitate
Mix the solu- phuretted  hy- with  sulphuretted
tions. Boill. A drogen A can-| hydrogen without
canary yellow ary ycllow pre- previous reduction
precipitate con- capitate  msol- with sulphurous
firms a uble 1 hot| acid.
PHOSPHATE. strong  hydro-
chlorie acid
~confirms an
ARSLNATE. t

No. IV.—Neutralise the excess of sodium carbonate with dilute
sulphuric acid. Boil off all gases. Cool. Add a freshly prepared
solution of ferrous sulphate and then strong sulphuric acid by
allowing it to flow gently down the tube.

A black layer or ring at the point of separation of the sulphurlc
acid layer indicates the presence of a

NITRATE

No. V.—Neutralise the excess of sodium carbonate with acetic
acid. Divide the solution into two parts.

1. Add calcium chloride solution. A 2. Add ferric chloride. Yel-

white precipitate soluble in dilute lowish - white precipitate

hydrochloric and nitric acids indi- indicates

cates an PHOSPHATE
OXALATE. Confirm by the ammonium

Confirm by tests on page go. molybdate test.




DEMONSTRATION 36
REACTIONS OF THE COMMONER METALS
PRELIMINARY DDEMONSTRATION

1. Lxpr. 164.—Describe your substance carefully.—Sce if you
can draw any inferences from the external appearance of the hody.

The object of this demonstration 1s to give you practice in the
ordinary processes, to which you must submit the substances given
to you for examination. Each process is very important, and you
should take pains to get proficient in its manner of manipulation.
Be sure you have carried out all instructions carcfully before con-
demning a test as unsuccessful or unreliable.

2. ExprT. 165.—Action of heat alone on the substance.—It is
most important to notice all that happens, and the most valuable
conclusions may be arrived at by allowing the reaction under con-
sideration to proceed to its completion.  This cannot be done if
large masses of material are used. Itis difficult to heat them through-
out, and, morcover, when the reaction is being completed in one
portion of the mass it is only starting in the other, hence it is
difficult to form an opinion as to what #s happening or what has
already happened. The first rule then is—

USE SMALL QUANTITIES.

Divide your observations broadly into four classes :

1. What happens during the heating such as melting, decrepitation,
changes of colour, etc.

2. What gases or vapours are given off. You have alrcady been
given a scheme by which these may be identified (Expt. 161, pages
145 and 146).

3. What condenses on the upper part of the tube.

4. The nature and properties of the residue.

Write your results in tabular form, and in your descriptions
always use the first person singular.

Use three columns.

In the first write down exactly what you do: * Experiment.”
In the second write down all that you observe with your senses

—sight, smell, etc.: “ Observation.” In the third write down the
53
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conclusions at which you arrive as the result of your observations:

“ Inference.”
Thus—

EXPERIMENT. OBSERVATION. INFERENCE.

I treated the given | Effervescence took

substance with di- place. A gas was

lute hydrochloric evolved. It was

acid in a test-tube. colourless and | .. Cl, Br, etc, absent.

odourless. .. SO,, H,S, ctc., absent.

I applied a lighted | The match was ex- | .. N,O and O, absent.

match to the tinguished.

mouth of the test- | Thegasdidnotburn. | . H,, CO, CH,, CH,

tube. absent.

| May be CO, or N,.

I passed the gasinto | The lime-water was | The gas 1s
hime-water. turned milky. CARBON DIOXIDE

Heat the given substances C, D in a bulb-tube, and write
down all you observe and the inferences you come to. Tabulate
your results.

3. ExpT. 166.—Aection of dilute hydrochlorie acid.—Treat the
given substances E, F with dilute hydrochloric acid. Tabulate
your observations and inferences. Try action of dilute sulphuric
acid also.

4. Expr. 167.—Action of strong sulphuric acid.—IIeat the
given substances G, H with strong sulphuric acid. Tabulate
your observations and inferences.

5. Use of the mouth blow-pipe.—To do this a_continuous blast
must be maintained. In order to do this you must use the con-
traction of your cheeks to expel the air from your mouth into the
blow-pipe, and breathe through your nose. Keep the cheeks more
or less distended, and use the tongue to force the air from the mouth
in combination with the partial contraction of the cheeks. The
ability to produce a steady blast will not come at once, but practice
and patience will enable you to acquire ease in the use of the blow-
pipe. Do not try to blow hard—a gentle blast is sufficient. Use
a small slot in the blow-pipe, or shut the air-holes at the base of the
burner, and use the luminous flame so produced. Do not attempt
to usc a large flame. Direct the blast across the mouth of the
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burner, not down the burner, or the flame will be extinguished.
If you have any difficulty in holding the blow-pipe steady, rest it
on the side of the orifice of the burner.

Notice the flame which is produced.

The inner portion is the reducing flame.

The outer portion is the oxidising flame.

The parts are shown in Fig. 4, page 7.

6. ExpT. 168.—Heat J, mixed with sodium carbonate on charcoal
under the blow-pipe.—Mix some of the substance J with sodium
carbonate. Make a small cavity in a picce of charcoal and put a
little of the mixture in the cavity. Now heat it in the blow-pipe
flame. Write down all you see. If a metallic bead is produced
cut it out of the charcoal and gently grind it in a mortar con-
taining some water. The carbon will be easily washed away.
Examine the metal which is left after the light matter has been
washed away. Write down its properties.

Note if there are any fumes given off when you are heating.

Sec if there is an incrustation on the charcoal. Look out for
decrepitation, deflagration, etc.

If you get a white residue moisten it with two drops of cobalt chlor-
ide or cobalt nitrate and heat it again; note any colour change.

N.B.—Do not attempt to get ““ oxidation ”* results on charcoal.

Borax bead tests.—When borax is heated it swells up (in-
tumesces) and eventually solidifies to a glassy mass. This glassy
mass will dissolve the oxides of certain metals with ‘the formation
of coloured beads. Microcosmic salt (sodium ammonium hydrogen
phosphate), Na(NH,)HPO,,411,0, may be used in the place of
borax. In this case the oxides of metals dissolve forming double
phosphates. The colour of the bead with a given metal 1s the same
in each kind of bead (i.e., borate or phosphate). The colour of the
bead for a given metal after heating in the oxidising flame is often
different from the colour of the bead for the same metal after heating
in the reducing flame.

The blow-pipe flame may be used for making the borax bead,
but the clear Bunsen flame may be used as well.

ExpT. 160.—To make a borax bead.——Make a circular loop at
the end of your platinum wire about this size () (wind the wire
1} times round the point of your pencil). Heat the ring in the clear
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Bunsen or the blow-pipe flame and then dip it in powdered horax.
Heat again and repeat the process, taking more borax on to the
wirc until it has the loop filled with a clear lens-shaped bead. 1f
you try to put too much borax on to the loop the bead will not
stay on the wire. Dip the bead into the substance K which it is
desired to test. Only take a minute quantily of K ; if you take too
much the bead will become opaque.

Tind what coloured bead you get (1) in the oxidising, (2) the
reducing flame.

The colours produced are—

| INDICATES

]

|
IN THE INNER OR REDUCING IN THE OUTER OR | U
Frame. OXIDISING FLAME. i ”

I

PRESENCE OF

Red when cold (addition | Green when hot

of tin helps the rcsu‘lts)‘ Blue when cold. Copper
Yellowsh when hot. | Brownishrod whenhot |
Olive green when cold. Light yellow when cold. || Iron.
Green.  |Gmen | Choomum
Bl‘ue; S Blue.r - Cobalt.

Grey or opaque and black | Cherry red when hot.

Brownish when cold. Nickel.
Colourless. Amecthyst (violet). Manganese
Opaque. Opaque. Too much
substance;
startagain.
White White. Many sub-
stances.

White skeleton floating in | White skeleton floating || Silica.
bead. in bead.
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To clean the wire heat it and then shake off the molten bead.
Further washing may be done by fusing borax on to the wire and
shaking it off and repeating this several times. If the wire has to
be cleaned for No. 7 (below), dip it in strong hydrochloric acid and
heat it in the flame. Repeat this until the flame gives no appre-
ciable yellow coloration when dipped first in hydrochloric acid
and then heated in the flame.

7. Exrr. 170.—To fuse a platinum wire into glass.—Take a
short length ol glass tubing. 1Heat it in the Bunsen flames
till 1t thickens, and then draw it out slighly. lLet the tube cool
and then cut it at the constriction. Slip the wire in the fine hole
and then, holding the wire and the tube, heat the glass at the
junction of the wire and the glass. The wire 1s cleaned as described
in the foregoing paragraph.

ExpT. 171.—Flame coloration.— Moisten the wire with hydro-
chloric acid (not from the boitle direci—pour a little hydrochloric
acid into a watch-glass and use that. Throw it away after using).
Do not use the same hydrochloric acid for testing two different
substances. Now dip the wire in the given substance and
introduce it into the outer zone ncar the base of the clear Bunsen
flame.

The blow-pipe may often be used with advantage for these
“ flame tests.”

All the flames are viewed directly with one exception. When
testing for potassium look at the flame through a piece of cobalt
blue glass. This cuts out the blue rays and makes the violet flame
look red.

Clean the wire after usc and keep it in a bottle containing dilute
hydrochloric acid.

N.B.—If platinum is not procurable bind a few fibres of
asbestos together by an iron wire, and heat the substance
moistened with hydrochloric acid on the fibres. Use fresh fibres
for each test.

The colours given by various metals are as follows :—
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THE COLOUR OF THE FLAME 1Is

INDICATION.

Brilliant golden-yellow. Sodium.

Green with (HCl), blue alone. o #C‘o‘;)er ‘ B

Green. ot

\_f:l;)w_is_h.—;;;_—;er_yhl;rsmtc‘nit.# - ;a_r;lu:_”iv
m\/:;c;lne:h(‘l-;;;swl;d th:o:gh cobalwtul;;: g;a_s;).._N N .—Potassmm. -
~(:;-i:wox:n:;ashcs up ql;lc;;y and (](;CS not persist Stro;tmr;.v‘ -
Dull reddish-yellow."r - N - Calcium. —

Pale blue flame,

| Smell of garlic, wire corroded

Many substances.

Arsenic.

Note to Demonstrators

Any suitable substances may be given for these exercises, but
it should be remembered that easily reducible metals corrode the
platinum wire and so should be avoided as often as possible in the

experiments where platinum is to be used.



DEMONSTRATION 37
TESTS FOR METALS

Try to write the equations representing the reactions marked
with an asterisk (*).

You will find the correct equations at the end of the demonstra-
tion (page 101).

Expt. 172.—Tests for Sodium, Na.

Use any sodium salt.

Sodium salts give no definite indications when heated on charcoal
or in the borax bead. .

Sodium salts colour the Bunsen flame a brilliant golden-yellow
colour. The colour is very marked and persists for some time.
Compare the flame very carefully with that of calcium.

Nearly every substance gives some yellow colour when heated
in the Bunsen flame. When sodium is present in any quantity the
flame is very intense, and as this is the best test for sodium you
must learn to recognise the flame. Neglect a faint yellow colora-
tion.

All the common salts of sodium are soluble in water.

Expt. 173.—Tests for Potassium, K.

Use potassium chloride, KCL.

1. Potassium compounds give no definite indication when
heated on charcoal or in the borax bead.

2. Potassium compounds colour the Bunsen flame wiolez. The
colouf is very easily confused with other bluish colours such as
that given by arsenic. Moreover, as traces of sodium are almost
invariably present, the bluish colour may be masked by the faint

159
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yellow of the sodium. Look at the flame through a piece of cobalt
blue glass. If you sce a distinct red colour it is probable that
potasstum is present.  This test should be confirmed in the wet
way and is not trustworthy in the presence of substances which give
red flames, e.g., calcium or strontium.

*3. Take a strong solution of the salt and see that it is neutral
or faintly acid. Add to it a concentrated solution of tartaric acid

CII(OH).COOH
<C|H(OH).COOH
the tube violently or stir with a rod. A white, crystalline precipi-
tate of cream of tartar (acid potassium tartrate) indicates the
presence of potassium.

*4. To a moderately strong solution of the salt in water add a
concentrated solution of picric acid (C,IL,(OH)(NOy),) in water.
Let the solution stand. The appearance of long, ycllow needles
indicates the presence of potassium. Pour this down the sink
atonce. Ammonium salts must be absent, as ammonium picrate
is also precipitated by picric acid.

Most potassium salts are soluble in water.

>. If the precipitate does not come down, shake

Expr. 174.—Tests for Magnesium, Mg.

Use magnesium sulphate (Epsom salts), MgSO,,7H,0.

1. Magnesium compounds give no definite indications either by
the flame test or the borax bead test.

2. Heat a little of the dry salt on charcoal under the mouth
blow-pipe flame. Cool. Put two drops of cobalt nitrate or
chloride on the residue and heat again strongly under the blow-
pipe.  The residue becomes a pink colour.

Compare with aluminium (page 182), and zinc (page 189).

3. Boil a solution of the substance with ammonium chloride,
(NHL,)Cl, and add ammonium hydrate (NIT,)OH. No precipitate
is formed. Add ammonium carbonate, (NIL,),COs, no precipitate
is formed. (In the absence of ammonium chloride, precipitates
are given with both ammonium hydrate, (NH,)OH, and ammonium
carbonate, (NH,),CO;.

*4. Boil the solution with ammonium chloride, (NH,)Cl, cool
and add ammonium hydrate, (NH,)OII, and disodium hydrogen
phosphate (Na,HPO,) solution. If the solution is strong a pre-
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cipitate of magnesium ammonium phosphate  (Mg(NH,)PO,)
comes down at once. If dilute the precipitate will come down on
standing, shaking the tube or scratching the inside of the tube.
The precipitation i$ favoured by warming. The precipitate is
soluble in dilute mineral acids and acetic acid (CI;;COON).
Confirm the presence of magnesium in the precipitate by test
-No. 2 above.

Expr. 175.—Tests for Ammonium (NH,).—(See page 114.)

Use ammonium chloride, NII,CL

1. Heated in a dry tube some ammonium salts pass into vapour
and condense on the upper part of the tube. There are many
exceptions, e.g., ammonium nitrate (NI,NO,) decomposes into
water (I1,0) and nitrous oxide (N,0), etc. The smell of ammonia
gas is often apparent. Many ammonium salts sublime. Ammonia
gas turns red litmus paper blue and yellow turmeric paper
brown (moisten the paper before applying the test).

*2. To the solid substance add sodium hydrate (NaOH) or
potassium hydrate (KOI) solution and warm, or mix the dry
substances with soda lime and warm if necessary.

Ammonia gas will be evolved.

Test for ammonia by—

(1) Smell.

(2) Red litmus paper.

(3) Turmeric paper.

(1) A glass rod dipped in strong hydrochloric acid (IICl) will
fume when brought near the mouth of the tube.

(Tlus test is given by all ammonium salts without any exception.)

Equations

Potassium

. Kl CHOHYCOOH _ CU(OHyCOOH
. . I == |~
o3 * Cionycoornr = ¢i(or)COOK
Potassium .\ Tartaric acid gives Cream of tartar Hydro-
chloride (white crystalline  chloric
precipitate) acid
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No.4. KCl + CiINO,),0H = GCJHyNO,)0K + HCl

Potassium Picric acid  gives  Potassium Hydro-
chloride W'D picrate and chloric
acd
Magnesium
No. 4. MgSO, 4  Na,HPO, + NI,0H =
Magnestuni Disodium 1n presence Ammonium
sulphate with hydrogen of hydrate gives
phosphate
Mg(NH,) PO, + Na,S0, -4 1,0
Magnesium and Sodium anl Water
ammonium - sulphate
phosphate
Ammonium
No. 1. NH,Cl = NH, + HC]
Ammonium  heated 1 Hydrochloric
chloride gives Ammonia and acid
The reaction is reversible.
NH,NO, - “N,O + 21,0
Ammonium heated Nitrous
nitrate gives oxide gas and Steam
NH,NO, = N, . -+ 21,0
Ammontum heated Nltrogen and Steam
nitrite gves gas
No. 2. NH,C1 -+ NaOH = NHI; + H,0 + NaCl
Ammonium Sodium Ammonia . Sodium
chlonde  “Vith hydrate grves gas, bl chloride
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Try to write the equations representing reactions marked with
an asterisk (*). You will find the correct equations at the end of the
demonstration (page 167).

Expr. 176.—Tests for Silver, Ag.

Use silver nitrate, AgNO,.

*1. Mix some of the powdered silver salt with sodium carbonate
(Na,CO;) and heat strongly on charcoal before the blow-pipe. A
white bead of silver is obtained. Cut the bead out of the charcoal
and put it in a mortar with some water and then press it with the
pestle. The carbon floats away and the metal is found to be
malleable. It does not mark paper.

2. When silver salts are heated on platinum wire the wire is
corroded. Silver gives no characteristic flame or colour to the
borax bead.

*3. (@) To a solution of a silver salt add hydrochloric acid
(HCl). A white, curdy precipitate of silver chloride (AgCl) is formed~
The precipitate becomes violet on exposure to light.

(b) The precipitate is soluble in ammonium hydrate (NH,"OH).

(¢) Add dilute nitric acid (HNO;) to the ammoniacal solution
produced in (). The white precipitate of silver chloride (AgCl) is
again formed.

*4. (@) To a neutral solution of a silver salt add potassium
chromate solution (K,CrO,). A dark red precipitate of silver
chromate (Ag,CrO,) is formed.

(b) On the addition of dilute hydrochloric acid (HCl) this pre-
cipitate turns white because the red silver chromate (Ag.CrO,)

is converted to white silver chloride (AgCl).
Dunnicliff’s Pract. Chem. 163 M
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Expr. 177.—Tests for Lead, Pb.

Use lead nitrate, Pb(NO,),.

1. Mix some powdered lead nitrate with some sodium car-
bonate (Na,CO;) and heat it on charcoal under the blow-pipe.
The salt will deflagrate. If you do not get a metallic bead easily,
mix up some of the salt with a mixture of sodium and potassium
carbonates and a little .powdercd carbon. A metallic bead is
formed. It is malleable and will mark paper. A yellow incrusta-
tion of lead oxide (PhO) will probably be noticed on the charcoal.

2. Lead salts corrode the platinum wire. They give no char-
acteristic colour to the Bunsen flame or borax bead.

*3. (@) To a solution of a lead salt add dilute hydrochloric
acid (HCl). A white precipitate of lead chloride (PhCl,) is thrown
down.

(b) This precipitate (PhCl,) 1s soluble i hot water, but separates
out again in crystals on cooling the solution.

Nore.—Lead is not completely precipitated by hydrochloric
acid.

*4. To a solution of a lead salt add potassium chromate (K,CrO,)
solution. A yellow precipitate 6f lead chromate (PbCrO,) is
formed which is insoluble in dilute hydrochloric (FICl) and acetic
(CH,COOH) acids.

*5. To a solution of a lead salt add dilute sulphuric acid (H,SO,).
A white precipitate of lead sulphate (PbSO,) is formed. In dilute
solutions the precipitate may form slowly. The precipitate comes
down more readily when alcohol is added to the solution. Lead
sulphate is soluble in ammonium acetate (CH;”COONH,).

*6..Pass sulphuretted hydrogen (H,S) through a solution of a
lead salt made acid by dilute hydrochloric acid (IICl). A black
precipitate of lead sulphide (PbS) is thrown down. This pre-
cipitate is soluble in 50 per cent. nitric acid, forming lead nitrate.

Expr. 178. —Tests for Mercury, Hg.

There are two classes of mercury compounds—

(1) Those in which mercury behaves as a monovalent metal,
called “‘ mercurous ” salts.

(2) Those in which mercury behaves as a divalent metal, called
““ mercuric 7 salts.
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The followmg reactlons (1, 2, 3) are obtained with both

“mercurous ”’ and “‘ mercuric 7’ salts.

1. Mix the dry compound of mercury with dry anhydrous
sodium carbonate (Na,CO,) and a little dry potassium nitrate and
heat the mixture in a small bulb-tube. A deposit of mercury
is formed on the upper part of the tube. This deposit may be made
to run into small globules by rubbing with a match-stick. Mercury
is the only metal which runs into globules under these conditions.
Most mercury compounds sublime when heated in a tube.

2. Mercury compounds give no very characteristic reactions
when heated on charcoal, neither do they give a characteristic
colour to the Bunsen flame or the borax bead.

*3. Add dilute nitric acid to a solution of a mercury salt. Boil
with a small piece of clean copper. Mercury will separate on the
copper as a white deposit.  The solution will turn blue or green.
Take the copper from the tube, dry carefully, and then heat m a
tube. The mercury will sublime away from the surface of the
copper and condense on the upper part of the tube.

Mercurous Compounds, Hg’

Use mercurous nitrate, Hg(NOy),2H,0.

*4. (@) When a solution of a mercurous salt is treated with
dilute hydrochloric acid (HCl) a white precipitate of ‘calomel
(HgCl) is formed.

(b) The precipitate is insoluble in water.

(¢) The precipitate is turned black by ammonium hydrate.
The black substance is mercurous ammonium chloride (NII,Hg,ClI).

Mercuric Compounds, Hg”

Use mercuric chloride, HgCl,.

*5. (a) To a solution of the salt add dilute hydrochloric acid.
No precipitate is formed (distinction from mercurous salts).

(b) Pass sulphuretted hydrogen (H,S) through the solution.
A black precipitate of mercuric sulphide (HgS) is formed. The
precipitate may commence by being white and get gradually darker
and eventually black.

The precipitate is insoluble in 50 per cent. nitric acid (distinction

M 2
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from lead, copper and bismuth). It may turn grey or white on
boiling with nitric acid. When dried and treated as in test No. 1
(mercury) it gives the deposit of mercury on the upper part of the
tube.

*6. Mercuric salts in solution give with potassium iodide (KI)
a precipitate which is first yellow, but which immediately changes
to a bright red colour. It is mercuric lodide (Hgly).

SUMMARY

From a study of the above-mentioned reactions it will be seen
that—

(1) Silver and mercurous salts are precipitated by dilute hydro-
chloric acid.

(2) Lead is partially precipitated by dilute hydrochloric acid.

(3) Mcrcuric salts are not precipitated by dilute hydrochloric
acid.

ExprT. 179.—Examine the given substances for the presence of
lead, silver or. merecury.

If, in a solution of an unknown salt, a white precipitate is obtained
on the addition of dilute hydrochloric acid, the precipitate may be
the chloride of silver, mercury(ous) or lead.

(If the solution is very dilute, lead may not be precipitated at
all) |

To a portion of the precipitate add ammonium hydrate.

The precipitate dis- | The precipitate turns | If the precipitate is
solves. Add dilute black. Apply test neither soluble nor

nitric acid to the No. 1 for mercury blackens, boil some
solution. to this black mass with water ; salt dis-
A white precipitate in- A mrror confirms solves ;  reprecipi-
dicates the presence the presence of a tates on cooling.
of MERCUROUS ¢o2m- LEAD
SILVER. pound. is present ; confirm

by lead tests given
above.
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Equations (Group I)

Silver
1. What probably happens may be roughly represented,
2\gNO; 4+ Na,CO; = 2NaNO; -+ Ag,CO,
Silver witl Sodium e Sodium wmd Silver
nitrate carbonate 8V mitrate ‘ carbonate
Ag,CO;4 T= CO, -+- Ag,0
Silver gives Carbon and Silver
carbonate L droxide ¢ oxide
2. 2Ag,0 + C = JAz + CO,
il‘i:'j; with  Caibon gives I\[;lt\:llrk and ((h:)l‘l;?ig
Also  2AgNO;, == 2AgNO, [- 0, cte.
Silver . Silver .
nitrate grves nitrite and Oxygen
AgNO,, on hcating, splits up, leaving silver.
3. (@) AgNO, 4+ HCl = AgCl 4+  TINO,
Silver and Hydro- give Silver and Nitric
nitrate chloric chloride acid

acid {white)
(b) and (¢) The silver chloride is soluble n ammonium hydroxide,

forming a complex compound which is decomposed by dilute nitric
acid.

4. (@) 2AgNO; + K, (rO, = Ag,(rO, 4 2KNO,
Silver  and Potasstum give Silver and Potassium
nitrate chromate chromate nitrate

(red

precipitate)
) Ag.CrO, + =2IIC1 = 2AgCl - HCO,
Silver and Hydro- giwve Silver and Chromic
chromate chloric chloride acid
acid (white
precipitate)
Lead

3. Pb(NO), + 2HCI = PbCl, -+ 2HNO,
Lead and Hydro- give Lead and  Nitric
nitrate chloric chloride acid

acid (white

precipitatc)
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4 Pb(NOy), -+ KO, = PbCrO, + 2KNO,
Lead and Potassilum give Lead and Potassium
nitrate chromate chromate nitrate
(yellow
precipitate)

5. Ph(NOy), -+ H, S0, = PbSO, + 2HNO,

T ead Sulphuric . Lead Nitric
mtrate and acid gve sulphate and acid

6. Pb(NO), -+ 1S = PbS -+  2HNO,

Lead and Sulphur- give Lead and Nitric
nitrate ctted sulphide acid
hydrogen
Mercury

3. Hg(NO,), -+ Cu == Cu(NOy), + Hg
M d C

n‘:{‘;:{:’ and Copper give n?tr;gg and Mercury

4. (@) HgNQ, -+ IICl = HgCl +  HNO,

Mercurous and Hydro- give Mercurous and  Nitric
nitrate chloric chloride acid
aad (calomel)

5. HgCl, + HS = HgS 4 2HC
Mercuric  and Sulphur- give Mercuric and Hydro-
chloride etted sulphide chloric

hydrogen (black acid
precipitate)

6. HgCl, -+ 2KI == Hel, -+ 2Kl
Mercuric  and Potasstum  give Mercuric  and Potassium
chloride 1odide 1odide chloride

(red

precipitate)
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Tests ror METALS—GROUP Tl

Metals of the sccond group comprise mercuric, lead, copper,
bismuth, cadmium, arsenic, antimony and tin.

Try to write equations representing the reactions marked with
an asterisk (*). You will find the correct equations at the end of the
demonstration (page 172).

The reactions of MERCURY and LEAD have already been studied.

ExpTt. 180.—Tests for Copper, Cu.

Use copper sulphate, CuSO,.511,0. Many copper salts are
coloured blue or green, both in the solid state and in solution.

1. Mix a little of the powdered copper salt with sodium carbonate
and a little potassium cyanide, and heat on charcoal under the
blow-pipe flame. A residue of red flakes of metallic copper 1s found
on the charcoal. The flakes do not run together owing to melting-
point of copper being high.

2. Make a horax bead and put m it a mnute quantity of
a copper salt.

Heat strongly in the oxidising (outer) flame, use the mouth
blow-pipe ; the oxidising and reducing zones are easily defined.

In the oxidising (outer) flame the bead is green when hot, but
turns blue on cooling. In the reducing flame the bead becomes
reddish or opacue, due to the separation of metallic copper.

This red colour may be produced more easily if, before heating
in the reducing flame, the bead is dipped in stannous chloride
(SnCl,).

3. Copper compounds colour the Bunsen flame green. 1f the

substance be first moistened with concentrated hydrochloric acid
169
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and then introduced into the Bunsen flame on a platinum wire -
the flame is coloured green, but after a time the colour changes to
blue.

*4. To a solution of a copper salt add hydrochloric acid (HCl)—
no precipitate.

Pass sulphuretted hydrogen (H,S) through the solution—black
precipitate of copper sulphide (CuS). Filter off the copper sulphide
and dissolve it in 50 per cent. nitric acid (HNOy).

Potassium cyanide prevents the precipitation of copper as copper
sulphide.

*5. To a solution of a copper salt add ammonium hydrate
(NH,OH) ; a bluish-green precipitate of basic salt is first formed,
but it dissolves in excess of ammonium hydrate, forming a beautiful
blue solution. This test is very delicate.

*6. To a solution of a copper salt add a solution of potassium
ferrocyanide [K,Fe(CN)s]. A chocolate brown precipitate of cupric
ferrocyanide {Cu,[Fe(CN),]} is thrown down (in very dilute
solutions only a brown coloration may be produced).

ExpT. 181.—Tests for Cadmium, Cd.

Use cadmium chloride, CdCl,,21,0. Cadmium salts are gener-
ally white.

1. Mix some of the powdered cadmium salt with sodium car-
bonate and heat strongly on charcoal under the blow-pipe. A
brown incrustation of cadmium oxide (CdO) is obtained.

2. Cadmium compounds give no colour in the borax bead nor to
the Bunsen flame.

*3. To a solution of a cadmium salt add dilute hydrochloric
acid—no precipitate. Pass sulphuretted hydiogen (H,S) through
the solution. Cadmium sulphide (CdS) is thrown down as a light
yellow precipitate.

If the solution is too strongly acid the precipitate will not
come down. Add water to the solution and pass sulphuretted
hydrogen (H,S). Cadmium sulphide is insoluble in #mmonium
sulphide [(NH,),S], sodium hydrate (NaOII) and potassium cyanide
(KCN). Cadmium sulphide (CdS) is soluble in dilpte hydrochloric
and nitric acids.

*4. To a solution of a cadmium salt add ammonium hydroxide
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(NH,OH). A white precipitate is formed and is soluble in excess of
ammonium hydroxide.

Expr. 182 —Tests for Bismuth, Bi.

Use Bismuth nitrate, Bi(NO,),,3H,0.

1. Mix some of the powdered salt with sodium carbonate and
heat on charcoal under the blow-pipe. A metallic bead is formed
which, when punched in the mortar, is found to be brittle. An
incrustation of bismuth oxide (Bi;0;) is formed on the charcoal.
It 1s orange-red when hot and light yellow when cold.

2. Bismuth compounds give no mdication in the borax bead.
When heated dry in a test-tube, the mass often looks orange-
coloured when hot and pale yellow when cold. When heated in
the Bunsen flame, a pale blue coloration is produced, but it is not
distinctive.

*3. Through a solution of a bismuth salt in dilute hydrochloric
acid pass sulphurctted hydrogen (I1,S); a dark brown or black
precipitate of bismuth sulphide (Bi;Sg) 1s then thrown down.
It is easily soluble in 50 per cent. nitric acid (IINO,).

*4. To a solution of a bismuth salt m dilute hydrochloric acid
add excess of water. A basic salt (BiIOCl) 15 thrown down. This
precipitate is insoluble in tartaric acid (distinction from antimony).

*5. To the solution of a bismuth salt add a solution of ammonium
hydrate (NIT,OH); a white precipitate is thrown down which is
msoluble in excess of ammonium hydrate.

LxpT. 183.—Test the given substanges for the presence of
mercury(ic), lead, bismuth, copper, or cadmium compounds.

SUMMARY

From the foregoing tests for mercury(ic), lead, copper, cadmium,
and bismuth it will be seen that—

(1) Lead is partially precipitated by dilute hydiochloric acid,
but that mercur(ic), copper, cadmium, and bismuth are not precipi-
tated.

(2) Al these five metals arc precipitated by sulphuretted
hydrogen in the presence of dilute hydrochloric acid.
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(3) Cadmium sulplude Is ycllow and insoluble in ammonium
sulphide and caustic soda.

(4) The other sulphides are black or nearly black ; of these,
mercuric sulphide is the only one which is insoluble in 50 per cent.
nitric acid.

These metals may be detected by means of the following table.

Acidify the solution of your salt with dilute hydrochloric acid—
no precipitate (.°, Group I. absent). Through the solution pass
sulphuretted hydrogen. A precipitate is formed ; filter, wash

I’rcm plmh,
is yellow

Precipitate is black. Warm with 50°, nitric acid

|
| The precipitate dissolves. TEvaporate the Warm with
Precipitate i solution down, or, better, take the original ammo nium
insoluble; it solution. sullphule hor
tu e sodiim y-
Mmay turn grey e drate  Pre-

or white, Mix

A Add Qilute

B. Add ammon-

B Add ammon-
wum hydrate ,

cipitate does
not dissolve,

sodium car-| sulphuric wm hydrate A

bonate and| acid;awhite | wlite precipitate| the solution CADMIUM

Botassium ni- | precipitate| solublein hydro-| turns a bnl- . )
rate. Heat in | solublein am-| chlone acid, but | hant blue col- | 1S present.

a bulb-tube monium ace- | reprecipitatedon| our;

A mirror indl- | tatendicates| large  dilution COPPER

i
i
|
[
up with dry]
(

cates the pres- | the presence | with water, indi-

ence of toof cates the pres- | 1s present.
MERCURY(IC) LEAD. ence of
. BISMUTH
i
Equations (Group IL.) (a).
Copper
& CuSO, + ILS o us F o T1LSO,
Copper with Sulphuretted gives  Cupric and  Sulphuric
sulphate hydrogen sulphide acud
(black
precipitate)
CuS 1 2lINO, -~ Cu(NOy), -+ 1LS
Copper Nitrie o Copper Sulphurctted
sulphide with acud gives nitrate and hydrogen

The sulphuretted hydrogen will be partly oxidised by the mitric
acid. Some sulphur may remain in the solution in suspension.

5. 2CuSO; + 2NH,”OH — CuS0,,Cu(OH), (NH),S0,
Copper Ammonum . Basic copper . | Ammomum
sulphate hydrate & sulphate an¢ - sulphate
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CuSO,,Cu(OH), +  6NHysOH -+ (NH,),S0,
Basic copper with excess of and  Ammonum
sulphate ammonium sulphate
hydrate
= 2(CuSO,4NH,) + 8H,0.
gives (Blue solution) and Water

6. 2CuS0, 4 K, Fe(CN), = Cu,Fe(CN), + K,SO,
Copper with Potassium gives Cupric and Potassium
sulphate ferrocyanide ferrocyamde sulphate

(brown
precipitate)
Cadmium

3. Cddl, i ,S = CdS + 2HCl
Cadmium  with Sulphuretted gives Cadmium and Hydro-
chloride hydrogen sulphide chloric

(ycllow acid
precipitate)
This reaction is reversible.

4. CdCl, + =2NH,,OH = Cd(OH), + =2NH,Cl
Cadmmum and Ammonium give Cadmmuum and Ammonium
chloride hydrate hydrate chloride

(white

precipitate

soluble 1n

excess of

NH,"OH)
Bismuth

3. 2Bi(NOy); -+ 3H,S = B1,S, -~ 6HNO,

Bismuth  and Sulphuretted give  Bismuth and  Nitric

mtrate hydrogen sulphide acid
(brownish-
black
precipitate)
This action is reversible.

4. BICl, 4 Hy0 — BiOCl - 21ICl
Bismuth and Water give  Bismuth and Hydrochloric
chloride (large oxychloride acid

volume) (white
precipitate)

5. Bi(NOy); + 3NHyOH = Bi(OH), 4 3NH;NO,
Bismuth .\ Ammonum . Bismuth and Ammonium
nitrate hydrate 8 hydroxide nitrate
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Try to write equations representing the rcactions marked with
an asterisk (¥). You will find the correct cquations at the end of the
demonstration (page 178).

Expt. 184.—Tests for Arsenie, As.

For dry tests use arsenious oxide, As,Oj.

For wet tests dissolve arsenious oxide in dilute hydrochloric
acid.

1. When arsenic compounds are heated on charcoal under the
blow-pipe flame a white fume is produced which smells strongly
of garlic. This is characteristic of arsenic.

2. When mixed with some sodium carbonate and charcoal
and hcated in a bulb-tube, compounds of arsenic are reduced
and a black, shining sublimate will form on the upper part of the
tube.

The black sublimate is arsenic. It is soluble in sodium hypo-
chlorite. (See below, ““ Marsh’s Test.”)

3. Arsenic compounds give a pale blue coloration to the Bunsen
flame. A white, garlic-smelling vapour is also evolved.

4. Compounds of arsenic give no coloration to the borax bead.

*5. Through the solution of an arsenic salt pass sulphuretted
hydrogen. A yellow precipitate of arsenious sulphide (As,S;) is
thrown down. It is insoluble in concentrated or dilute hydro-
chloric acid ; soluble in sodium hydrate or ammonium sulphide.

NOTE ON AMMONIUM SULPHIDE

When this reagent is mentioned, “ yellow ”” ammonium sulphide
must be used. It is not pure ammonium swphide, as it contains
174
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the ammonium salts of thionic acids, and gives a precipitate of
sulphur when treated with an acid. It is prepared by passing
sulphuretted hydrogen through a solution of ammonia in which
free sulphur is suspended. The reagent should give no precipitate
with calcium or magnesium salts.

Expt. 185.—Tests for Antimony, Sh.

Use antimony trichloride, SbCl,.

To obtain a solution hydrochloric acid must be present.

1. When compounds of antimony arc mixed with sodium
carbonate, and heated on charcoal under the blow-pipe, brittle
beads of antimony are formed. White fumes of antimonious
oxide (Sh,0;) arce given off (a little potassium cyanide assists the
reduction).

2. Antimony compounds give no distinctive colour to the Bunsen
flame or the borax bead.

*3. Through a solution of an antimony salt acidified with hydro-
chloric acid pass sulphurctted hydrogen. An orange-red pre-
cipitate of antimony sulphide (Sb;S,) is thrown down. The sulphide
is soluble in strong hydrochloric acid, and, if the solution is too
strongly acid, the sulphide may not be precipitated at all. It is
also soluble in ammonium sulphide and sodium hydrate. (See
also Expt. 95, page 99.)

*4. To a solution of an antimony salt add a very large bulk of
water. An oxy-salt is precipitated. The precipitate is soluble in
tartaric acid (distinction from bismuth).

5. To a solution of an antimony salt in hydrochloric acid (nitric
acid must be absent) add a picce of platinum foil. Now insert
some zinc so that it is in contact with the platinum. A black
stain of metallic antimony on the platinum indicates the presence
of antimony.

DEMONSTRATION (Marsh’s test)

This is a very delicate test for arsenic and antimony.

An apparatus for generation of hydrogen is fitted up. Pure
zinc iIs put in it and one or two drops of copper sulphate solution.
Dilute (pure) sulphuric acid is poured down the funnel and the
action allowed to proceed until all the air is expelled from the
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Woulfe’s bottle (test). A glass jet is fixed on to the delivery tube.
As soon as the hydrogen burns quietly blow out the flame. Pour
into the thistle funnel a little of a solution containing arsenic.
Test the hydrogen to sce if it is pure before again igniting the jet.
Allow the burning hydrogen to play on to a cool white surface
(evaporating basin). A black deposit indicates the presence of
arsenic or antimony.

If it is antimony it is insoluble in sodium hypochlorite solution
(NaOCl).

If it is arsemic 1t is soluble in sodium hypochlorite (NaOCl).
Prepare vour sodium hypochlorite when required by adding
chlorine water to cold caustic soda solution.

2NaOII +Cl,-=NaCl+4-NaClO.
(The student can recollect that arsenic is soluble by remembering

113 ”

that “ arsenic ”” has an “ 5 7 in 1t and antimony has no “5.)

Expr 186.—Tests for Tin, Sn.

There are two classes of tin compounds: Those m which tin
behaves as a divalent element, called sTANNOUS compounds, and
those in which tin behaves as a tetravalent element, called
STANNIC compounds.

1. Mix any compound of tin with sodium carbonate and heat
the mixture on charcoal under the blow-pipe flame. A little
potassium cyanide assists the reduction. Malleable beads of tin
are obtained.

2. Tin compounds give no characteristic colour with borax bead
nor in the Bunsen flame.

*3. To a solution of a tin salt acidulated with dilute hydrochloric
acid add a piece of platinum foil and then zinc in contact with the
platinum foil.

The platinum foil remains bright, but a spongy deposit of tin
forms over the surface of the zinc. If this spongy deposit be now
dissolved in hydrochloric acid the solution of stannous chloride
(SnCl,) so produced will reduce mercuric chloride (HgCl,) in solu-
tion first to calomel (HgCl) and finally to mercury (Hg), a greyish-
black coloured mass.

*4. If sulphuretted hydrogen is passed through a solution of a
stannous salt, acidulated with hydrochloric acid, a chocolate-
brown coloured precipitate of stannous sulphide (SnS) is produced.
It is soluble in ammonium sulphide and strong hydrochloric acid.
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*5. 1f sulphuretted hydrogen (H,S) 1s passed through a solution
of a stannic salt, acidulated with hydrochloric acid, a yellow pre-
cipitate of stannic sulphide (SnS,) is thrown down. Tt 15 soluble
in ammonium sulphide.

Expr. 187.—Examine the given substances for the presence of
compounds of arsenic, antimony, or tin.

SUMMARY

From the foregoing tests for arsenic, antimony and tin it will
be seen that—

(x) Arsenic, antimony. and tin are precipitated as sulphides by
sulphuretted hydrogen mn the presence of hydrochloric acid.

(2) Arsenic sulphide is not soluble m concentrated hydrochloric
acid.  The sulphides of antimony and tin are soluble in concen-
trated hydrochloric acid.

(3) If, to a solution which may contain antimony or tin, some
platinum foil and zmc be added, a black deposit on platinum
mdicates the presence of antumony. A spongy residue soluble in
strong hydrochloric acid may be #n.  (Vide Expt. 186, No. 2.)

These facts may be tabulated thus :-

Through a solution of the salt, acidulated with hydrochloric acid,
pass sulphuretted hydrogen.

A coloured precipitate 15 produced.

The precipitate 15 soluble mn ammonium sulphide.

To the solution add strong hydrochloric acid and boil.

V

Yellow precipitate | No precipitate, or the precipitate first formed

insoluble 1n boil- redissolves.  To the solution add platinum
ing hydrochloric foil and metallic zinc
acid—
';I:.iﬁ:rftc Black stainon | No black stan on platinum.
(confirm) the platinum Completely dissolve residue
indicates the n hydrochloric acid.  To the
presence of solution add mercuric chloride

solution. A white precipitate,
turning grey on warming,
mdicates the presence of

TIN.

ANTIMONY.
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Equations—Group II. (b).

Arsenic
5. 2AsCl;  + 3H,S = As,S,y + 6HCl
Arsenic  and Sulphuretted give Arsenic and  Hydro-
trichloride hydrogen trisulphide chloric
(yellow acid
precipitate)
As,Sy =+ 3(NH,),S = 2(NH,);AsS,
Arsenic  and Ammonwum give Ammonium
trisulphide sulphide thioarsenite
(yellow)
Antimony

3. 2SbCl, + 3HL.S - Sb,S; + G6HCl

Antimony with Sulphuretted gRTE; Antimony and  Hydro-

trichlonde hydrogen trisulphde chloric
(orange- acid
coloured
precipitate)
This reaction is reversible. (Sce Expt. 95, page 99.)
Sb,S, + 3(NH,),S = 2(NH,);SbS,
Antimony and Ammonmum give Ammonium
trisulphide sulphide thioantimonite
(yellow)

4. SbCl, -+ H,0 = SbOCl +  2HC
Antimony with large'excess gives Antimony and Hydro-
trichloride of water oxychloride chloric

acid
Tin
3. SnCl, + Zn = ZnCl, + Sn
Stannous Zinc Metallic
chloride and  Zmc  gIve  (pjoride and (spongy) tin
SnCl, + 2Zn = 2ZnCl, + Sn
Stannic . i Zinc Metallic
chlonde and Zine BIV€  chloride and (spongy) tin
Sn 4 2HCl = SnCl, - H,
: .1 Hydrochloric . Stannous
Tin with acid gives " Lioride and Hydrogen



SnCl, -+

Stannous and  Mercuric
chlonde

chloride

SnCl, +  2HgCl

Stannous and Calomel

chloride

SnCl, +

TESTS FOR METALS

= SnCl,
give  Stannic
chloride

= SnCl,
gwve Stannic
chloride

— SnS

Stannous with Sulphuretted g;\;s

179

+ 2HgCl

and Mercurous

chloride
calomel (white
precipitate)

+ Hg
and  Metallic
mercury (grey
precipitate)

+ 2HC]

Stannous and Hydro-

chloride sulphide chloric
(soluble in acd
yellow
ammonium
sulphide)
This reaction is reversible.
SnCh + = Sn52 ‘}" 4HCl
Stannic Sulphuretted Stannic Hydro-
chlonde and hydrogen 8IV€  sulphide and  hlonc aad

Dunniclif"s Pract. Chem.
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Tests For METALS —Group III

Try to write equations representing the reactions marked with
an asterisk (*). You will find the correct equations at the end of the
demonstration.

Expr. 188.—Tests for Iron, Fe.

There are two classes of iron compounds—

(1) Those in which iron behaves as a divalent metal, called
FERROUS salts, and

(2) Those in which iron behaves as a trivalent metal, called
FERRIC salts.

Reactions which are obiained twith both *“ ferrous’
compounds.

Use any compound of iron.

1. Compounds of iron give no very definite indication when heated
under the blow-pipe on charcoal. A magnetic residue may be
obtained. Iron compounds give no characteristic colour to the
Bunsen flame.

2. Make a horax bead. Put in it a minute quantity of an iron
compound.

Heated in the outer (oxidising) flame, a bead is produced which is
dark red when hot, but turns yellow on cooling.

Heated in the inner (reducing) flame, a bottle-green coloured bead
is obtained.

*3. Toa solution of any iron salt add a little nitric acid (HNOy) ;
boil, cool. (1) Add ammonium hydroxide, a reddish-brown
coloured precipitate of ferric hydroxide [Fe,(OH)] is obtained.

(2) Dissolve the precipitate in dilute. hydrochloric acid (HCI).

180

)

and * ferric?”
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To the solution add potassium ferrocyanide solution [K,Fe(CN),].
A blue coloration or precipitate indicates the presence of iron.

4. To a solution of a compound of iron add dilute hydro-
chloric acid—no precipitate. Pass sulphuretted hydrogen through
the solution—no precipitate.

Ferrous Compounds

Use ferrous sulphate, FeSO,4,7H,0.

*5. (a) To a solution of the ferrbus salt add a solution of potass-
ium ferrocyanide [K,Fe(CN)¢]—a bluish-white precipitate of
ferrous ferrocyanide, K, Fe[Fe(CN),], is produced.

(b) This bluish-white precipitate changes to a bright blue colour
(Prussian blue) on standing exposed to the air or on treatment
with an oxidising agent.

*6. To the faintly acid solution of a ferrous salt add freshly
prepared solution of potassium ferricyanide [K;Fe(CN)q]—a dark
blue precipitate of ferrous ferricyanide {Fe,[Fe(CN)q],} (Turnbull’s
blue) is thrown down.

*7. Ammonium sulphide gives a black precipitate of ferrous
sulphide (FeS) soluble in dilute mineral acids.

Ferric Compounds

Use ferric chloride, FeCl,,6H,0.

*8. To a solution of the salt add potassium ferrocyanide solu-
tion [K,Fe(CN)s}-—a fine blue precipitate of ferric ferrocyanide,
Fe,[Fe(CN)g]s, (Prussian blue), is obtained. The precipitate is
insoluble in hydrochloric acid.

9. To a solution of the saltadd potassium ferricyanide | K;Fe(CN),]
solution —a brown or reddish-brown coloration is obtained.

*ro. (a) To a solution of the salt add potassium (KCNS) or
ammonium sulphocyanide [(NII,)CNS] solution—a blood-red colora-
tion of ferric sulphocyanide [Fe(CNS),] is produced.

(b) This coloration is destroyed by mercuric chloride (HgCly)
solution.

This is a delicate test for ferric salts.

Remember that if you wish to discover whether the given substance
is a “ fervous” or “ ferric” compound, the tests must be performed
on the original substance itself.

N 2
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Exrr. 189.—Chromium, Cr.

Use green chromium chloride, CrCl;,6H,0.

1. Compounds of chromium give no very definite indication
when heated under the blow-pipe on charcoal, nor do they give
any characteristic colour in the Bunsen flame.

2. Make a borax bead. Put on it a minute quantity of a
chromium compound. Heated in either the outer (oxidising) or
the inner (reducing) flame an emerald green bead is produced.

*#3. Take any chromium contpound and intimately mix it with
s»me sodium carbonate (Na,CO,;) anhydrous, some solid caustic
soda and a little potassium nitrate (KNQ,). Ignite the mixture
strongly on a piece of porcelain (a piece of broken evaporating
basin does admirably) and a yellow mass is obtained. Cool the
mass and dissolve 1t in water. Filter. To the filtrate add sufficient
dilute hydrochloric acid to neutralise the sodium carbonate and
sodium hydrate present. Now add to the solution sulphurous
acid (SO,Aq). The solution turns green.

*4. Boil a solution of a chromium salt with ammonium chloride
(NH,CD. Cool the solution. Add to it ammonium hydrate
(NH,OH). A dirty green precipitate of chromium hydroxide
[Cr(OH),] is produced. Filter this off and apply test No. 3 (above)
to it.

ExpT. 19g0.—Aluminium, Al.

Use alum, K,S0,,Al,(S0,);,24H,0, or aluminium chloride,
AICL, 611,0.

1. Aluminium compounds, when heated on charcoal before the
blow-pipe flame, give a white mass which becomes brightly
incandescent when strongly heated. Cool. Add two drops of
cobalt nitrate or chloride to the whitec mas, and heat again in the
inner blow-pipe flame. A blue-coloured mass is obtained (dis-
tinction from zinc).

2. Aluminium compounds give no indication when heated in the
borax bead and no definite coloration to the Bunsen flame.

3. Boil a solution of an aluminium salt with ammonium chloride
(NH,CI) ; cool.

* (a) Add ammonium hydroxide (NH,OH). A white, gela-
tinous precipitate of aluminium hydroxide [Al(OH),] is produced.
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* (b) This precipitate, AI(OH);, is soluble in sodium hydroxide
(cf. Zinc).

(¢) On boiling the solution produced in (b) with ammonium
chloride (NH,CI) the aluminium hydroxide is re-precipitated ‘dis-
tinction from magnesium).

IExpT. 191.—Examine the given substances for the presence of
compounds of iron, chromium, or aluminium.

SUMMARY

From the foregoing tests we see that iron, aluminium, and
chromium are all precipitated by ammonium hydrate. The
solution has first to be boiled with ammonium chloride in order to
prevent the precipitation of certain other metals, e.g , mangancse,
magnesium, etc. Before adding the ammonium chloride, always
boil the solution with one or two drops of nitric acid, because, if
iron is present, it is necessary to oxidise it to the “ ferric ” state in
order to ensure its complete precipitation by ammonium hydrate.

In order to identify iron, aluminium, or chromium in a solution,
boil with a few drops of concentrated nitric acid ; add ammonium
chloride, boil and then cool.

Add ammonium hydrate slowly until the solution just smells of
ammonia after stirring ; a precipitate is formed.

The precipitate | The precipitate 1s reddish- | The precipitate 15 dirty
1s white— brown— green—
CHROMIUM
ALUMINIUM IRON is present.
1s present. s present. Confirm by test No 4
Confirm by the | Dissolve a little of the | Use the precipitate for
tests on page precipitate 1n dilute hy- the test.

182. *drochloric acid. Add a | (A dirty green precipi-
solution of potassium tate may be duc to
ferrocyanide. A blue ferrous hydroxide.
precipitate or colora- This can only happen
tion confirms if you have neglected

the preliminary ox1-
IRON. dation with nitric
acid.)
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Note to Demonstrators

For testing for chromium in solution, prepare a solution by
acidifying a solution of potassium chromate and boiling it with a
solution of sulphur dioxide in water till the chromate 1s reduced
and the solution smells no longer of sulphur dioxide.

Equations (Group III)

Iron
3. (a) 2KeSO, + (6] + H,S0, = Fe,S0,); + H,0

Ferrous with Oxidising Ferric
sulphate an  agent and Acid grves sulphate and Water

). Fey(SO,); + 6(NII;Ol) + 2Fe(CH), + 3(NH,),S0,
Ferric with Ammonium gives Ferric and  Ammonium
sulphate hydrate hydroxide sulphate

(reddish-brown
precipitate)

5.(a) FeSO, + K,Fe(CN), = K,Fe'[Fe(CN)s] + K,S0,

Ferrous and Potassium give Potassium and Potassium

sulphate ferrocyamde ferrous sulphate
ferrocyanide
®) 4K Fe"[Fe(CN)g] -+ 0, +  2H,80,
Potasstum ferrous exposed to ar
ferrocyanide (bluish
precipitate)
= 2K, 80, -+ 2I1,0  KJeCN)s |- Fey(CN)yg
. Potassium . Potassium . Prussian
gives sulphate and Water and ferrocyamide and blue
6. 3FeS0, + 2K Fe(CN)y == FeJFe(CN)], - 3K,SO,
Ferrous and Potassium  give Ferrous and Potassium
sulphate ferricyanide ferricyanide sulphate
(Turnbull’s bluc)
7. TFeSO, -+ (NII),S = TeS + (NH,)S0,
Ferrous Ammonium Ferrous Ammonium
sulphate with sulphide gives sulphide and sulphate

8.3K,Fe(CN)s + 4FeCl; = 12KCl + Fe,[Fe(CN)g],
Potassium d Fernece i Potassium d Ferric
ferrocyanide chloride 8'® chloride ferrocyanide
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1o. FeCl;, + 3KCNS = Fe(CNS), + 3KCI
Ferric d Potassium - Fernic n Potassium
chloride sulphocyamde 8 sulphocyamide a chlonde
11. 2FeCl, -+ 3(NH,),S == 2FeS -+ 6NH,C + S
Ferric Ammonium Ferrous Ammonium Sul-
chloride 2 d sulphide gve sulphide d chloride and phur
Chromium
3. (a) 2Cr(Oll), -} 2Na,CO, | 30
Chromium .\ Sodium w1 Oxidising
hydrate carbonate " agent
2Na,CrO, . 2CO, -+ 31,0
gives C?l(:‘gllggé(_‘ and S{g‘?&% and  Water
(b) 2Na,CrO, -+ 2HCl == 2NaCl 4 Na,(r,0;, + H,0
Sodium  with  Dilute gives Sodum Sodium Water
chromate hydrochloric chloride  bichromate
acid
(c) Na,Cr,0, -I- 11,50, -+ 350,
Sodium , Sulphuric Sulphur
bichromate with acud and dioxide
== Cry(SO,), - Na,S0, “+- 1.0
Chromic ; Sodium ;
gves sulphate and sulphate Water
4. CrCl;  +  3NILOH = Cx(Oll), 1 3NH,Cl
Chromic and Ammonwuum give Chrommum and Ammonium
chloride hydrate hydroxide chloride
(dirty green
preapitate)
Aluminium
3. (@) AlCl, + 3NH/OH = AlOH), -+ 3NH/(
Alumintum 4 Ammonium - Aluminum 4 Ammonium
chloride hydrate &WVC phydroxide chloride
() AlOH), -+ NaOH - NaAl0, -+ 2,0
Aluminium with Sodium gives Sodium  and Water
hydroxide hydrate aluminate in
solution
(C) NaAlOz -4 . NH4CI -} 1"120
Sodium boilled Ammonium .
aluminate with chloride and Water
= Al(OH), +  Na(l + NH,
. Alumimnium Sodium  _ .
gives  ‘hvdroxide and Hionde  @nd Ammonia
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TesTs FoR METALs—GRoOUP IV

Try to writc equations representing the reactions marked with
an asterisk (¥). You will find the correct equations at the end of the
demonstration (page 190).

Expr. 192.—Cobalt, Co.

Use cobalt nitrate, Co(NO,),,6H,0, or cobalt chloride,
CoCl,,6H,0.

Most cobalt salts give a pink solution in water.

1. Cobalt compounds give no characteristic action when heated
on charcoal under the blow-pipe, or any definite coloration to the
Bunsen flame.

2. Make a borax bead, put in it a minute quantity of the cobalt
salt. Heat in the outer (oxidising) flame, or in the inner (reducing)
flame. The bead is a fine sapphire-blue colour.

3. Boil a solution of a cobalt salt with ammonium chloride
(NH,CI) ; cool.

(2) Add ammonium hydrate—no precipitate.

*) DPass sulphuretted hydrogen (H,S) through the ammo-
niacal solution—a black precipitate of cobalt sulphide (CoS) is
thrown down.

(¢) The precipitate is insoluble in excess of ammonium sulphide
[(NH,),S] and in dilute hydrochloric acid.

(d) The precipitate is soluble in dilute hydrochloric acid (IICl)
to which a crystal of potas-iumr chlorate (KClO,) has been added.
This is due to the action of “nascent” chlorine. (See Expt. 448,
page 47.)

Optional—

*4. To the solution of the cobalt salt add potassium cyanide

(KCN) solution drop by drop. A brownish-coloured precipitate of
186
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cobalt cyamde [Co(CN),] is produced which dissolves in potassium
cyanide. (Avoid large excess of potassium cyanide.) Potassium
cobaltocyanide [K4C0(CN)U] is produced. Add sodium hydrate
(NaOH) and bromine water (BrAq). No precipitate is produced,
but the cobaltocyanide [K,Co(CN),] is oxidised to cobalticyanide
[K;Co(CN),].

Expt. 193.—Nickel, Ni.

Use nickel sulphate, NiSO,,711,0.

Most nickel salts give a green solution in water.

1. Nickel compounds give no characteristic action when heated
on charcoal under the blow-pipe, nor any definite coloration to the
Bunsen flame.

2. Make a horax bead, put in it a minute quantity of the nickel
salt.

Heat in the outer (oxidising) flame ; the bead is coloured violet-
brownwhen hot, and yellowish-red when cold. (A trace of potassium
nitrate (KNO;) assists this test.)

Heat in the inner (reducing) flame ; the bead is coloured grey.
The grey colour is due to particles of finely-divided nickel.

3. Boil a solution of a nickel salt with ammonium chloride
(N11,CI).

(a) Cool, add ammonium hydrate (NH,*OH)—no prec1p1tate

*(®) Pass sulphuretted hydrogen (H,S) through the ammoniacal
solution—a black precipitate of nickel sulphide (NiS) is thrown
down.

(¢) The precipitate (NiS) is difficultly soluble in hydrochloric
acid, but dissolves readily on adding a small crystal of potassium
chlorate (KClO;). (The solvent action is due to the action of
nascent chlorine.)

Note.—If ammonium sulphide is used to precipitate the nickel
sulphide instead of passing sulphuretted hydrogen through the
ammoniacal solution a black-coloured solution may be obtained.
This is due to the solubility of nickel sulphide in ammonium sul-
phide. The nickel sulphide may be precipitated from this dark
solution by the addition of acetic acid.

Optional—

*4. To the solution of the nickel salt add potassium cyanide.
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(KCN) solution drop by drop. A yellowish-green precipitate of
nickel cyanide [Ni(CN),] is produced, which dissolves in potassium
cyanide, forming a brown solution containing a double salt
[KoNi(CN),.]. (Avoid large excess of potassium cyanide.) To
the solution add sodium hydrate and bromine water (BrAq)
or strong sodium hypochlorite (NaOCl) solution. A black
precipitate of nickelic hydroxide [Ni(OH),] is thrown down.

Expr. 194.—Manganese, Mn.

Use manganese sulphate, MnSO,,4H,0.

Salts of manganese have a pale pink colour and give a colourless
or pale pink solution in water. Many manganates are green,
many permanganates are violet or pink.

1. Manganese compounds give no characteristic reaction when
heated on charcoal under the blow-pipe, nor any definite coloration
to the Bunsen flame.

2. Make a borax bead and put mn it & minute quantity of the
manganesc salt.

Heated in the outer (oxidising) flame the bead 1s coloured
amethyst.

Heated in the inner (reducing) flame the bead becomes practically
colourless.

*3. (a) Mix some of the manganese compound with fusion mix-
ture (a mixture of sodium and potassium carbonates) and a little
potassium nitrate (KNO,). Ieat strongly on platinum or on a
piece of porcelain (a piece of broken evaporating basin serves the
purpose admirably). Hold the porcelain in a pair of iron tongs
and use the foot blow-pipe. A green colour should be produced.
If there is any difficulty in getting this green colour allow the mass
to cool and then add some solid sodium hydrate and heat again.
The green colour is due to the presence of alkali manganate
(Na,MnO,) which dissolves in water, giving a green solution. (b) This
green solution is turned pink due to the formation of sodium
permanganate (NaMnO,) by the action of dilute sulphuric acid.
This solution may turn pink without the addition of sulphuric
acid if much water is added.

*4. Boil a solution of a manganese salt with ammonium chloride
(NH,Cl); cool.
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(a) Add ammonium hydrate (NII,-OH). No precipitate should
be formed. Keep out of air contact as much as possible.

*(b) Pass sulphuretted hydrogen (H,S) through the ammoniacal
solution--a buff- or pinkish-coloured precipitate of manganese
sulphide (MnS) is produced. (The colour of precipitate may vary
from dirty yellowish-white to a distinct pink colour.)

*(¢) This precipitate is easily soluble in dilute mineral acids.

*(d) This precipitate is soluble in dilute acetic acid (CII;»COOH)
(distinction from zinc).

ExpT. 195.—Zine, Zn.

Use zinc sulphate, ZnSO,,7H,0.

1. Zinc compounds give no characteristic colour to the Bunsen
flame nor to the borax bead.

2. When the powdered zinc salt is heated on charcoal under the
blow-pipe a white mass of zinc oxide (ZnO) is obtained. This glows
when hot and 1s of a yellow colour. On cooling it turns white.
Moisten this white mass with two drops of cobalt chloride or nitrate
and heat again under the blow-pipe. A bright green mass is
obtained. (Cf. Aluminium, page 182.)

3. Boil the solution of a zinc salt with ammonium chloride
(NH,C}) and cool.

(¢) Add ammonium hydrate (NII,°OH). No precipitate.

*(b) Pass sulphuretted hydrogen (H,S) through the ammoniacal
solution. A white precipitate of zinc sulphide (ZnS) is thrown down.

*(¢) The white precipitate is soluble in dilute mineral acids.

*(d) The white precipitate (ZnS) is insoluble in acetic acid
(CH,-COOI) (distinction from manganese).

*4. (@) 'To a solution of a zinc salt add a solution of sodium
hydrate (NaOH). A white precipitate of zinc hydroxide [Zn(OH),]
is produced.

*() The zinc hydroxide is soluble m excess of sodium
hydroxide.

*(¢) Pass sulphuretted hydrogen (H,S) through the solution.
A white precipitate of zinc sulphide (ZnS) is thrown down.

Expr. 196.—~Examine the given substances for the presence of
cobalt, nickel, manganese, or zine.
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SUuMMARY

From the foregoing tests for cobalt nickel, manganese, and zinc
it will be seen that—

(x) None of these metals is precipitated by ammonium chloride
or ammonium hydrate in presence of ammonium chloride.

(2) All these metals are precipitated by sulphuretted hydrogen
in the presence of ammonium hydrate.

(3) Two of the sulphides are black, viz., cobalt sulphide and nickel
sulphide.

(4) Two of the sulphides are not black.

(5) If the sulphide is not black and is soluble in acetic acid, it is
manganese sulphide ; if it is white and insoluble in acctic acid, it is
zinc sulphide.

(6) Both the light-coloured su'phides are soluble in dilute
hydrochloric acid.

(7) Zinc hydroxide is soluble in excess of sodium hydrate.

Table for the identification of the metals of Group IV.

The precipitate is black. The precipitate is not black.
Dissolve the precipitate in dilute hydrochloric
Examine by bead tests. acid. Add sodium hydrate—a precipitate is
formed.

Blue bead in | Violet-red bead | (1) It is soluble in | (2) It is insoluble in excess
both oxidising | inoxidising excess of sodium of sodium hydrate. Filter
and reducing| flame, grey | hydrate. Pass sul- off precipitate. Mix with
flames indi-| bead in reduc- phuretted hydrogen fusion mixture and caus-
catesthepres-| ing flame, through the solu- tic soda (solid) and heat
ence of indicates  the tion. White precipi- on porcelain. Green mass

presence of tate indicates the turning pink on solution
COBALT. presence of in dilute sulphuric acid
NICKEL. indicates the presence of
ZINC.
MANGANESE.

Equations (Group IV)

Cobalt
5 0) CoNOp, +  (NH)S = Cos -+ aNH,NO,
Cobalt with Ammonium gives Cobalt and Ammonium
nitrate sulphide sulphide mtrate

(black
precipitate)
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4 (@) CoNO), + 2KCN = Co(CN), + 2KNO,
Cobalt  with Potassium gives Cobalt and Potassium
nitrate cyamde cyanide nitrate

(yellowish-
brown
precipitate)

®) Co(CN), +  4KCN =  K,Co(CN),
Cobalt with excess of  gives Potassium
cyamde Potassium cobaltocyanide

cyamde (1n solution)

(¢) 2K,Co(CN); +  Br, = 2K;Co(CN) + 2KBr

Potassium . . Potassium Potassium
cobaltocyanmde with Bromine gives cobalticyanide and ™y omde
Nickel

3 () NiSO, + (NH)S = NiS + (NH,),S0,
Nickel with Ammonium gives Nickel and Ammonium

sulphate sulphide sulphide sulphate
(black
precipitate)

4. (@) NiSO, + 2KCN == NiCN), + K,S0,
Nickel with Potassium gives Nickelous and Potassium
sulphate cyanide cyanide sulphate

(yellowish-
green
precipitate)

(b)) Ni(CN), + 2KCN = K,Ni(CN),
Nickelous with  excess of gives Potassium mickel
cyamde Potassium cyamde

cyamde, (1n solution)

() 2KNi(CN), + NaBrO + 5,0
Potassium and Sodium hypobromite and  Water

nickel cyanide (bromine and

sodium hydrate)
= Niy(OH) + NaBr + 4HCN + 4KCN

give Nickeic and Sodium and Prussic and Potasslum

hydroxide bromide acid cyanide
(black
precipitate)
NoTeE—
2NaOH  + Br, = NaBr -+ NaBrO + H,0
l?;g;‘;ft?: and Bromine give E?grﬁ?e and hyﬁgg;gtrgit o and Water

The prussic acid formed would react with the excess of NaOH
and give NaCN.



192 PRACTICAL CHEMISTRY

Manganese
3. (a) MnSO; - 2N32CO3 -+ 02
Manganesc with Fusion and Air
sulphate mixture (oxidising
agent)
== NazMnO.t + Na2804 + 2C02
give Sodium and  Sodium and Carbon
manganate sulphate dioxide
(green mass)
(b 3Na,MnO, I 3H,0
Sodium manganate with excess of
(green solution) Water
= 2NaMnO, + MnO,(I1,0) + 4NaOH
gives Sodium and Hydrated and Sodium
permanganate manganese hydrate
(pink solution) dioxide
4. () MnSO, + (NH),S = MnS - (NH,).S0,
Manganese with Ammonium gives Manganese and Ammonium
sulphate sulphide sulphide sulphate
(light-
coloured
precipitate)

(¢) and (d) MnS + dilute nrneral acid (or acetic acid) gives
sulphuretted hydrogen and the manganese salt of the acid.

Zine
3. (b) ZnSO, + (NH)S -= ZnS - (NH,),SO,
Zinc  with Ammonwum gives Zmnc  and Ammonium
sulphate sulphide sulphide sulphate

(white

precipitate)

(¢) ZnS + dilute mineral acid gives sulphuretted hydrogen and
the zinc salt of the acid.

4. (@ Zn(SO,) -+ 2Na(OIl) = Zn(OH), -+ Na,SO,
Zinc Sodium . Zinc . Sodium
sulphate with hydrate 8% hydrate and sulphate

(b, Zn(OH); -+ 2Na(OH) = NaZu0, + H,0

Zinc with Excess of gives Sodium and Water
hydrate sodium zincate
hydrate )

(¢) Na,ZnO, + H,S =  ZnS -+ 2NaOH
Sodium  and Sulphuretted gives Zinc and Sodium
zincate hydrogen sulphide hydrate

(white

precipitate)
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TEsTS FOR METALS—GRoUP V

Try to write equations representing the reactions marked with
an asterisk (*). You will find the correct equations at the end of the
demonstration (page 197).

ExpT. 197.—Barium, Ba.

Use barium chloride, BaCl,,2H,0.

1. Heated under the blow-pipe on charcoal, barium compounds
give a white, infusible mass which glows when strongly heated.

2. Barium compounds give no indication in the borax bead.

3. Barium compounds moistened with hydrochloric acid give
an apple-green colour to the Bunsen flame. This colour is very
persistent and may persist long after other substances which
produce coloured flames have been burnt in the wire.

4. Boil a solution ol the barium salt with ammonium chloride
(NI1,Cl) and cool.

(@) Add ammonium hydrate (NII,*OII)—no precipitate.

(#) Through a portion of the ammoniacal solution pass sul-
phurctted hydrogen (H,S)—no precipitate.

*() To the rest of the solution add ammonium carbonate
[(N11,),CO,] - -white precipitate of barium carbonate (BaCO,).

*(d) Filter the precipitate and dissolve it in dilute acetic acid
(CH;COOH).

*(e) To the solution add potassium chromate solution (K, CrO,)—
a yellow precipitate of barium chromate (BaCrO,) is thrown down.
This precipitate is insoluble in acetic acid (CH,*COOH)—distinction
from calcium and strontium.

*5. To a solution of a barium salt add calcium sulphate (CaSOy)

193
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solution—a white precipitate of barium sulphate (BaSOy), insoluble
m dilute mineral acids, is formed.

Expt. 198.—Strontium, Sr.

Use strontium chloride or nitrate.

1. Heated under the blow-pipe on charcoal,strontiumcompounds
give a white, infusible mass which glows when strongly heated.

2. Strontium compounds give no indication in the borax
bead.

3. Strontium compounds moistened with hydrochloric acid
give a brilliant crimson colour to the Bunsen flame. The colour
quickly dies”away.

4. Boil a solution of a strontium salt with ammonmum chloride
solution (NH,CI) ; cool.

(a) Add ammonium hydrate (NH,*OH)—no precipitate.

(6) Through a portion of the solution pass sulphuretted hydrogen
(H,S)—no precipitate.

*(c) To the rest of the solution add ammonium carbonate
solution [(NH,),CO;]—white precipitate of strontium carbonate
(SrCO,). ) -

*(d) Filter the precipitate and dissolve it by pouring acetic
acid (CHyCOOH) over it.

(¢) To the solution add potassium chromate solution (K,CrO,)—
no precipitate (distinction from barium).

*(f) To this solution add calcium sulphate solution (CaSO,)—a

- white precipitate of strontium sulphate forms at once or on standing
(distinction from calcium). This precipitate of strontium sulphate
may also be formed by warming a solution of a strontium salt with
ammonium sulphate [(NIL,),SO,].

Expr. 199.—Caleium, Ca.

Use calcium chloride, CaCl,,6H,0.

1. Heated under the blow-pipe on charcoal, calcium compounds
give a white, infusible mass which glows when strongly heated.

2. Calcium compounds give no indication in the borax bead.

3. Calcium compounds, moistened with hydrochloric acid, give
a yellowish-red colour to the Bunsen flame. Learn to distinguish
this from the sodium flame by comparing the two flames.
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4. Boil a solution of the calcium salt with ammonium chloride
(NH,CI).

(@) Add ammenium hydrate (NH,OH)—no precipitate.

(b) Through a portion of the ammoniacal solution pass sul-
phuretted hydrogen (H,S)—no precipitate.

*() To the rest of the solution add ammonium carbonate
[ NH,),CO,]-—white precipitate of calcium carbonate (CaCOs).

*(d) Filter off the precipitate and dissolve it by pouting acetic
acid (CHyCOOH) over it.

*(e) To the solution add potassium chromate solution (K,CrO,)—
no precipitate (distinction from barium).

*s5. (@) To a solution of a calcium salt add ammonium oxalate
solution [(N1I,),C,0,]. A granular precipitate of calcium oxalate
(CaC,0,) is thrown down. Filter and dry the precipitate.

*(b) The dry calcium, oxalate on ignition should—
(1) not blacken.
(2) give off an inflammable gas—carbon monoxide (CO).
(3) leave a residue of calcium carbonate (CaCOg) which, with
a dilute acid,"effervesces, giving carbon dioxide gas (CO,).

Calcium oxalate is insoluble in acetic acid (CH;COOH), but
soluble in dilute hydrochloric acid.

Expr. 200 —Examine the given substances for the presence of
barium, strontium, and caleium.

SUMMARY

It will be seen from the foregoing tests for barium, strontium
and calcium that—

(x) None of these metals is precipitated by ammonium hydrate
or ammonium sulphide in the presence of ammonium chloride.

(2) All these metals are precipitated by ammonium carbonate,
giving carbonates of the metals. '

(3) The precipitated carbonates are soluble in acetic acid.

(4) Barium is precipitated as barium chromate in the presence of
acetic acid, while the chromates of calcium and strontium are
soluble in acetic acid.

(5) If barium is not present, strontium may be precipitated by
calcium sulphate solution.

Dunnicliff’s Pract. Chem. le)
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(6) If (1) barium is not precipitated as chromate, nor (2) stron-
tium precipitated as sulphate, then, both these metals being absent,
calcium may be precipitated as oxalate. (NoTE.—Both strontium
and barium give insoluble oxalates, so they must either be removed
or proved to be absent before using ammonium oxalate as a pre-
cipitant for calcium.)

Boil substance with ammonium chloride ; add ammonium hydrate.
After showing, in a portion of the solution, that no precipitate is
formed with sulphuretted hydrogen, add ammonium carbonate to
the rest of the solution. A white precipitate is formed. Filter.
Dissolve the precipitate by pouring acetic acid over it on the filter

paper.

These facts are summarised in the following table :

To a portion of | If no precipitate is given with potassium chro-
the solution mate, divide the rest of the solution into two parts.
add potassium

chromate. A |

ellow precip- | 1. Add calcium sulphate | IT. Boil solution with am-
1tate indicates | solution. A white pre- | monmwum sulphate. If a
the presenceof | cipitate at®once, or white precipitate 1s
BARIUM. on standing, indicates thrown down test it for
Confirm by flame | the presence of strontium. To solution
test. STRONTIUM. add ammonium oxalate;
Confirm by flame test. white precipitate indi-

cates the presence of

CALCIUM.
Confirm by flame test.

Equations (Group V)

Barium
4 () BaCl, + (NH)CO, = BaCO, + 2NH,I
Barium _ . Ammonium _. Barium Ammonium
chloride ith carbonate &'V carbonate and chloride

(d  BaCO; + 2CHyCOOH

Barium _ . th Acetic

carbonate acid
= (CHyCOO)\Ba + CO, + H,0
arium Carbon
gives acetate and dioxide and Water
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(e) (CHyCOO),Ba + K, CrO, = BaCrO, + 2CH;*COOK

Barium acetate and Potassium give Barium and Potassium

chromate chromate acetate

5 BaCl, + CaSO, = BaSO, + CaCl,
Barium Calcium . Barium Calcium
chloride 204 sulphate 8¢  sulphate and  hjonde

Strontium

4 () StC, + (NH),C0, = SrCO, + =2NH,
Strontium d Ammomum i Strontium d Ammonium
chloride carbonate  8'V¢ carbonate 2% chloride

(d) SrCO, + 2CH, COOH=(CH,-CO0),Sr + €O, + H,0

Stron- and Acetic give Strontium andCarbon and Water

tium acid acetate dioxide
carbonate
(e) (CHyCOO),Sr + CaSO, = SrSO, + (CH,CO0),Ca
Strontium and Calcium e Strontium nd Calcium
acetate sulphate 8 sulphate acetate
Caleium
4 () CaCl, + (NH),CO; = CaCO; + =2NH/(CI
Calcium Ammonium _.  Calcium Ammonium
chloride and carbonate 8'V€ carbonate and chloride
(d) CaCOy + 2CH,COOH = (CH,:CO0),Ca + CO, + H,0
Calcium Acetic . Calcium Carbon
carbonate acid acctate and dioxide and Water
COONH COO
5 (@) CaCl, + | Y= [ 77>Ca + 2NH
c COONH, CO0
alcium Ammonium _. @Calcium Ammonium
chloride and oxalate 8¢ oxalate and chloride
COoO
® 1 >Ca - co + CaCO,
COO
Calcium on heating Carbon and Calcrum
oxalate gives monoxide carbonate
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SYSTEMATIC ANALYSIS OF A SINGLE SUBSTANCE

Expr. 2o1.—Identify the given salts A, B, C, ete.
Preliminary Examination
1. Describe the substance carefully. Observe its colour, etc.
Salts of Na, K, (NH,), Mg, Bi, Ca, Sr, Ba, Zn, and Al are usually
white unless the acid radical {e g. (CrO,)", (MnO,)", and (MnO,)"]
is coloured.
Salts of copper are often blue or green.
s 5 ‘“ferrous” iron are often green.
,, “ferric” iron are often yellow or colourless.
chromium are often green or pink.
manganese are often pink.
nickel are often green.
5» s Cobalt are often red or pink.
Iodides, bromides, and sulphldes are often coloured.
Notice if the substance is crystalline or amorphous, and also
if it is soluble in water.

2, Expr. 202 —Heat a little of the powdered substance dry in a
small test-tube.—Note carefully—
(1) What happens to the substance.
(2) If any gas is given out.
(3) If there is a sublimate or condensed vapour.
(4) The residue.

b4

<

» ).

2 »

AR »

OBSERVATION. INFERENCE.

1. (@) The substance fuses. Many salts do this. If
the substance is white

and there 1s no change
in colour, the substance
may be salt of alkali
or alkaline earth.
(b) Water is given out and condenses on | Water of crystallisation
the upper part of the tube. or decomposition of an
acid salt.

(¢) The substance swells up (1ntumesces). Bcirates. phosphates,
alums.

198
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OBSERVATION.

INFERENCE.

2. A gas is given out.

(@)

©®

()

It is coloured.
Brown—turns ferrous sulphate black.

Brown—does not turn ferrous sulphate
black.

Greenish-yellow—notice its odour.
(Iodide starch paper).

Violet—iodine—starch paper.
White—strongly acid.

It is colourless, but has an odour.
Rotten eggs (lead acetate paper)
Burning sulphur (chromate paper).

Sulphur dioxide and sulphuretted hy-
drogen.

Ammonia (litmus, turmeric, smell, and
rod moist with HCI).

It is colourless and odourless.
(a) Burns.

(1) Carbon monoxide.

(2) Organic fumes.
(b) Supports combustion.

(1) Oxygen.

(2) Nitrous oxide (and water).

(¢) Newther burns nor supports cormlgts-
tion.
(1) Turns hme-water milky.

(2) Does not turn lime-water milky.

3. There 1s a sublimate or condensed vapour

on the upper part of the tube.

(2) It is colourless.

()

It is coloured.
Orange.
Yellow. Smell of SO,.

Yellow ; turns red on rubbing.

| DBisulphates,

NO, from nitrates of
heavy metals.
Some bromudes.

Chlorine from certain
chlondes, chlorates
and hypochlorites.
Some 10dides

Sulphur trioxide, some
sulphates and bisul-
phates.

Some thiosulphates.
sulphides,
sulphites and thiosul-
phates.
Thiosulphates.

Ammonium salts.

Oxalates.
Acctates, etc.

Some nitrates, chlorates,

peroxides and other
highly oxygenated
compounds.

Ammonium nmtrate.

Carbon dioxide from
oxalates, carbonates,
bicarbonates.

Nitrogen from ammon-
ium mtrite and a few
other substances.

Water of crystallisation,
or acid salt or certain
organic substances.

Antimony trisulphide.

Sulphur, somesulphides,
arsenious sulphide.

Mercuric iodide.
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OBSERVATION.

INFERENCE.

White (accompanied by smell of
ammonia). (If NH; is suspected,
confirm with NaOH at once.)

White (smell of garlic).

White.

Silver mirror. (Runs together into
drops when rubbed.)

Black sublimate ; purple vapour.

Brown, oily drops (smell).

4. The vesidue in the tube has changed colour.

Yellow when hot; white when cold.

Yelli);vish when hot ; dirty white when
cold.

Orange to reddish-brown when hot;
hght yellow when cold.

Yellow to reddish-brown, when hot;
yellow when cold.

Dark brown to black.

Black when hot; reddish when cold
Black and charred.
Reddish metallic-looking particles.

Ammonium salts.

Arsenious oxide.
Salts of mercury, etc.
Mercury.

Iodine.
Bromine.

Zinc.

Tin.

Bismuth.
Lead.

Iron, cobalt, nickel,
manganese.

Mercuric oxide, Fe,O;.
Organic matter.

Reduced copper from
(e.g.) copper acetate.

3. ExpT. 203.—Treat with dilute hydrochloric acid.

OBSERVATION.

INFERENCE.

A gas is evolved.

(@) It is coloured.
Brown (black colour with ferrous sul-
phate solution).
Brown (no black colour with ferrous
sulphate).
Greemish - yellow (smell. Pot. -iodide-
starch paper).

(b) It is colourless but has an odour.

(1) Of sulphuretted hydrogen (lead .

acetate paper).
(2) Of burning sulphur (chromate
paper).
(3) Of burning sulphur with separa-
tion of yellow sulphur,
(c) 1t is colourless and odourless.
Turns lime-water milky.

NO, from nitrites.
Hypobromite.

Chlorine from chlorates
or hypochlorites. Some
peroxides.

Some sulphides.
Sulphur dioxide from a

sulphite.
Thiosulphate.

Carbonates and bicar-
bonates.




SYSTEMATIC ANALYSIS OF A SINGLE SUBSTANCE 2zo1

N.B.—Any bicarbonate you would be given would be soluble
in water. Add a solution of magnesium sulphate—no precipitate.

Boil.

White ppt. of MgCO;—bicarbonate present.

(See page 80.)

. ExpT. 204.—Treat a little of the substance with concentrated
sulphuric acid.—(Warm very cautiously at ﬁrst)

OBSERVATION. INFERENCE.
Explosions in the tube. Chlorate.
Coloured fumes are evolved— -
Brown—NO, (FeSO, test). Nitrate or Nitrite.
Brown—bromine {(accompanied by white | Bromide.
fumes).
Violet—1odine (accompanied by white | Todide.
fumes).
‘White—dense acid fumes (NHj test). Chloride.
Smell of vinegar. Acetate.
Oxygen 1s evolved Peroxides, chromates,
etc
Oxalate.

Gas burns (no blackening), accompanied by
carbon dioxide

5. ExPT. 205.—Test separately for borate, fluoride, and silica.

OBSERVATION.

INFERENCE.

(a) Put a hittle of the original substance on
porcelain.  Pour strong sulphuric acid on
1it. Mix well. Pour alcohol on the mix-
ture Ignite the alcohol Stir the mixture
when the alcohol 1s burning. It burns
with a green flame.

(6) Mix some of the substance with a little
sand. Pour sulphuric acid on the mixture
and warm gently Dip a glass rod in
water and plunge the rod into the mouth
of the tube. Hold the rod in the vapour.
Do not touch the hot acid A gelatmous
blob forms on the end of the rod.

(¢) Mix some of the substance with calcium
fluoride and put it in a leaden capsule.
Pour strong sulphuric acid on the mixture
and warm. Suspend a drop of water on
a watch glass and cover the capsule with
it. A gelatinous blob forms on the watch-
glass where the drop of water was.

Borate present.

Fluoride present.

Silica or a silicate pre-
sent.
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Expt. 206.—Intimately mix some of the original substance,
finely powdered, with fusion mixture, and put a little in a hole
scooped out of charcoal. Heat this under the mouth blow-pipe.

OBSERVATION. INFERENCE.
The substance decrepitates. Many crystalline salts.
The substance deflagrates. Nitrates, chlorates, etc.
A garlic-smelling vapour. It is white. Arsenic.
White vapours. Many compounds.
Residue s colouved, but with no bead of metal —
Coloured incrustation, no bead. Salts of Cu, Fe, Cr, Mn,
N3, Co.
White fume with garlic odour. Arsenic.
,, fume with no garlic odour. Antimony, etc.
Yellow when hot, white when cold. Zing, Tin.
Reddish-brown (possibly a few mectallic | Cadmium.
particles)
Metallic bead, with or without incrustation—
Bright white bead—no incrustation. ' Silver.
Red metal-—no incrustation. . Copper.
White malleable metal marks paper— | Lead.
yellow incrustation.
Soft white, malleable bead. Incrustationis ;| Tin
yellow when hot, dirty white when cold
White brttle bead Incrustation orange- | Bismuth.
coloured when hot, pale yellow when
cold.
Residue 1s white It may fuse and sink into | Salts of alkali metals.
the charcoal.
Residue 1s white and glows Alkalineearths,alumina.
Residue 15 yellow when hot and glows I Zinc oxide, Tin oxide.

Expr. 207.—Moisten the white residue with two drops of cobalt
nitrate or chloride and again heat under the blow-pipe.

OBSERVATION. INFERENCE
Residue is pink. Magnesium present.
Residue 1s blue. Aluminium present.
Residue 15 green. Zinc present.

N.B.—Do not forget that phosphates and borates may fuse up
into beads and dissolve cobalt oxide, giving a blue colour. The
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above residues should not be ‘“ beads.”

the wet way.

ExpT. 208.—Apply borax bead test.

The colour of the bead—

IN THE INNER OR
REDUCING FLAME 18

IN THE OUTER OR
OXIDISING FLAME IS

Confirm the metals in

(See Expt. 169, page 155.)

INDICATES THE
PRESENCE OF

Red when cold (addi-
tion of tin helps the
result).

Yellowish when hot

Olive green when cold

Green.
Blue.

Grey, or opaque, and
black

Colourless.

Opaque.

White.
White skeleton.

Green when hot
Blue when cold

Brownish-red when
hot

Light yellow whenJ
cold

Green

Blue.

Cherry-red when hot
Brownish when cold

Amethyst (violet).

Opaque.

White.
White skeleton.

Copper.

Iron.

Chromium.

Cobalt.
Nickel.

Manganese.

Too much sub-
stance. Start
again.

Many substances.

Silica.

EXPT. 209.—Apply the flame test.

Clean your platinum wire by

alternately putting it in hydrochloric acid and the clear Bunsen

flame.

Moisten some of your substance with hydrochloric acid, dip the

platinum wire in it and put it in the flame.

It may be found

advantageous to use the blow-pipe flame for these flame tests.
Note that easily reducible metals will corrofle your platinum

wire.
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TrHe CoLoUR OF THE FLAME Is INDICATION.
Brilliant golden-yellow. Sodium.
Green (with HCI) ; blue alone. " Copper.
Green Borates.
| Yellowish-green—very persistent. Barium.

Violet-—looks red through cobalt blue glass. | Potassium.

Crimson—flashes up quickly and does not | Strontium.

persist.
Dull reddish-yellow. Calcium.
Pale blue flame. Many substances.
Smell of garlic ; wire corroded. Arsenic. J

To distinguish clearly between calcium and sodium, take 3alts
from your bench and compare the flame given by a known substance
with that given by the substance under examination.

This “ comparison method " is always permissible.

SYSTEMATIC EXAMINATION IN THE WET WAY

ExpT. 210.—Examination for bases.

The substance given is a solid.

Finely powder the solid. Try to dissolve it in water—-first cold,
then hot.

If insoluble in water add dilute hydrochloric acid.

If it does not dissolve in the cold, heat.

If insoluble in dilute hydrochloric acid try strong kydrochloric acid.
Heat if necessary.

See if the substance is soluble in #itric acid. Finally try aqua
regia (a mixture of nitric and hydrochloric acids (HNO;: HCl : 1 : 3).

If the substance is insoluble in the solvents given above, finely
powder some of the substance and mix it intimately with sodium
carbonate and then heat strongly with the foot blow-pipe till no
more action takes place. Cool. Boil with water and filter. All
the sodium salts 6f the acids are soluble in water, and the sodium
salt of the acid radical of the given salt will be in the filtrate. Note
that certain metals may come through as negative or acid radicals,
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e.g., chromium as chromates, etc Examine by the tables given on
pages 149-152, for the systematic examination for acid radicals.
The metallic portion of the salt will remain behind as insoluble
carbonate or oxide. Examine residue for bases by adding dilute
hydrochloric acid to the residue. If it is soluble in dilute hydro-
chloric acid proceed with the tables. If the residue is not soluble
in dilute hydrochloric acid, dissolve it in dilute nitric acid.
If a ligwid is given—
Smell it. Notice if it has the odour of sulphuretted hydrogen,
sulphur dioxide, chlorine, etc. Test its action with litmus.
If it is acid it may be due to—
(1) A free acid.
(2) An acid salt.
(3) A normal salt which gives an acid reaction.

If it is alkaline it may be due to—
(1) An hydroxide.
(2) A normal salt of certain weak acids, e.g., carbonates or
borates.

Test specially for hydroxides. They give the following re-
actions: (1) With an alcoholic solution of phenolphthalein a red
coloration is obtained. (2) Ferric chloride solution produces
a brown precipitate of ferric hydroxide. (See Expt. 54, page 57.)
Some carbonates give these tests, but if the solution gives no
test for any acid radical, but gives the above tests, the presence
of an hydroxide is indicated. (See page 57.)

Test specially for peroxides. (1) With HCl they give chlorine,
(2) with sulphuric acid they give oxygen, (3) add a little dilute
sulphuric acid and then about % inch layer of ether. Add two drops
of potassium chromate or bichromate solution, and shake the tube
gently. Keep the tube cool. A blue coloration in the ecthereal
layer indicates the presence of a peroxide.

Test especially for water. 1f neutral the substance may be water.
Many salts in solution give a neutral reaction. Evaporate to
dryness on a water-bath.

If the solution was neutral and no residue is left the substance
was water or hydrogen peroxide.

If the solution was acid and leaves no residue the substance was
a free acid and the acid was volatile.

Otherwise a residue will remain and this may be examined
systematically by the tables given below.
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210 PRACTICAL CHEMISTRY

GROUP 111 (PHOSPHATES PRESENT)

If phosphoric acid is present the precipitate may consist of the
phosphates of Fe, Al, Cr; Co,Ni, Mn, Zn ; Ca, Ba, Sr; or Mg, or
the hydroxides of Fe, Al or Cr.

It will be noticed that all these give some test either in the flame
or in the borax bead by which they may be detected and by which
they should have been indicated in the preliminary examination.

1. The precipitate 1s coloured. It may be—

(1) Iron (yellowish)—already tested for; (2) chromium (green),
apply chromate test by fusion; (3) manganese, apply manganate
test by fusion ; (4) and (5) cobalt and nickel—bead test.

2. The preciputate is white. It may be calcium, strontium or
barium—apply flame test; aluminium, zinc or magnesium—char-
coal and cobalt nitrate test.

3. If phosphoric acid is present and there is no precipitate when
ammonium chloride and ammonium hydrate are added, test the
original substance for sodium, potassium and ammonium.

Norte.—It is necessary to modify the method of analysis when
phosphates are present because, when ammonium hydrate is added
to the solution which has been boiled with ammonium chloride
after Group II., the phosphates of iron, aluminium, chromium,
cobalt, manganese, nickel, zinc, barium, strontium, calclum and
magnesium are partially or completely precipitated as well as the
hydroxides of iron, aluminium and chromium.

In order to eliminate the phosphoric acid and so render it possible
to analyse the solution for metals in the usual way, advantage is
taken of the fact that “ ferric,” aluminium and chromium phos-
phates are insoluble in acetic acid, while the phosphates of the
other metals are soluble in acetic acid.

The details of the process by which this Is carried out are given
in the next table—No IIIa.
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TABLE NO. IV.—cGRroup 1v

The precipitate is black The precipitate is not black.

Dissolve the precipitatein dilute

hydrochloric acid. Add sodium
hydrate. A precipitate  1s
formed.

Examine by bead tests.

Blue bead 1n | Violet (hot) red |

both oxid-| (cold) in oxidis- | e o .
1sing and | ing flame, grey
reducing| 1n the reducing | (1) Soluble in ex- | (1) Insoluble 1n
flames indi- | flame, indicates | cess of caustic | excess of caustic
cates the | the presence of | soda , soda.h

resence of Pass sulphuret- | Fuse the precipi-
P COBALT NICKEL. ted hydrogen | tate with sod-

through the so-
lution A white

precipitate n-
dicates the pres-
ence of

ZINC.

um carbonate
and caustic soda
—a green mass
indicates the
presence of

MANGANESE.

filter paper.

To a portion of
the solution add
potassium chro-
mate. A yellow
precipitate 1n-
dicates the pres-
ence of

BARIUM.

Confirm by flame
test.

TABLE NO. V.—croupr v
White precipitate. Pour acetic acid over the precipitate on the

If there is no precipitate with potassium chromate
divide the rest of the solution in two parts.

I. Add calcium sul- | II. Boil the solution with
phate solution. A | ammonmum  sulphate
white precipitate after | (white precipitate; test
some time ndicates| for strontium).
the presence of To solution add ammon-

STRONTIUM. um oxalate. White pre-
cpitate 1ndicates the

Confirm by flame test. presence of

CALCIUM.

Confirm by flame test.

IMPORTANT

Write out your analysis in tabular form.
When you have finished your analysis write at the end of your

report what you

have found.



PART 11

DETERMINATION OF EQUIVALENT
WEIGHTS AND SIMPLE VOLUMETRIC
ANALYSIS






Equivalent Weights

The equivalent weight of an element is the NUMBER of parts by
weight of that element which will combine with or replace one part
by weight of hydrogen.

It is not possible to cause certain elements to combine with
hydrogen or to replace it. But practically all the elements com-
bine with oxygen.

Now, by the first definition, the cquivalent weight of oxygen is
EIGHT, because eight parts by weight of oxygen combine with one
part by weight of hydrogen to form nine parts of water.

Therefore if we find how many parts by weight of an clement
combine with eight parts by weight of oxygen we simultancously
find out how much of that element would combine with one part by
weight of hydrogen if it could do so, 1.e., we find the equivalent
welght of the element.

The word “ parts ” is used in the above because it is general,
but we could use any unit of weight, and so the definition would
read : .

“ The equivalent weight of an clement is the number of grams of
that element which will combine with or replace one gram of
hydrogen or eight grams of oxygen.”

In the following discussions and experiments on equivalents this
definition will be employed, but it must be clearly understood that
any unit of weight may be employed. The gram is used for con-
venience.

The equivalent weight is a NUMBER, not a quantity.

215



DEMONSTRATION 45
DETERMINATION OF EQUIVALENT WEIGHTS

ExPpT. 211.—Determination of the equivalent weight of a metal.—
MeTtHOD No. 1.—By measuring the volume of hydrogen evolved
when a weighed quantity of the metal is treated with dilute acid.

The apparatus described in Expts. 46, 76, Figs. 44, 53(a), and
53 (b), may be employed.

Constriction

Fic. 67.

The apparatus described in Fenton’s “ Outlines of Chemistry ”
gives excellent results. It is shown in Fig. 67.

Weigh the metal in a watch glass and put it in the bottle, B.
Run boiled water through the funnel until the whole apparatus is

completely filled with water and not a bubble of air is left in it.
216
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Shut the pinch-cock at D. Pour strong hydrochloric acid into the
funnel and, having placed the measuring cylinder or gas jar over the
end of the delivery tube, open the pinch-cock and allow*the strong
acid to run into the flask. It flows in at C and makes dilute acid
when it mixes with the water in the flask. The dilute acid acts
upon the metal and hydrogen is evolved. It passes into the
graduated jar. Gas is prevented from escaping up the tube C
by turning the end of C upwards; C should reach nearly to the
bottom of the flask. Fragments of metal
are prevented from passing along the
delivery tube by the glass beads at E,
details of which are shown at the right of
the diagram. When the action ceases a
steady stream of water is passed through the
apparatus in order to sweep out the last
bubbles of hydrogen.

Hold the measuring cylinder in a wooden & =
clamp and place a small glass or metal bowl
under its end (Fig. 68). Lift the cylinder and
bowl out of the trough together and transfer
to a hydrometer jar containing water(Fig. 69).
Now release the little bowl and let the
measuring tube sink until the level of water
inside and outside the tube is the same.
This eliminates a correction due to the column
of water. Read off the volume of the gas. ¢
Read the atmospheric pressure from the Fics. 68 and 6.
barometer in the balance room. Find the ’
temperature of the laboratory and the pressure of aqueous vapour
at that temperature.

Paper clip or
wooden clamp

a2 Small glass or
=24 metal basin

Data :-—

Weight of watch glass and metal = m grams.
» 2 » 2 alone = wm 9

. » B metal = (m—-m') »
Observed volume of gas = vcc
Observed temperature of laboratory = _T°C.
Pressure of aqueous vapour at T° C. = b mm. Hg.
Barometric pressure = B mm. Hg,
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B—b 3
Volume of gas at N.T.P.=v X ( 760 X 2737_5 T> c.c. (vide
page 52).
But weight of 1 c.c. of hydrogen at N.T.P. = i 1111 grams.

.. Weight of hydrogen evolved
(ou Bty 213 1)

=\?% 365 X a3 7 X 11,011/ BrRMS-

= x grams (Suppose).
Weight of metal required to evolve x grams of hydrogen is

(m—m') grams.

. Weight of metal required to evolve one gram of hydrogen is
(m -x—"i' grams = ... grams.

. Required equivalent weight of zinc is . . . Ans.



DEMONSTRATION 46
DETERMINATION OF EQUIVALENT WEIGHTS—continued

ExpT. 212. —METHOD NoO. 2 (DIRECT OXIDATION METHOD).—To0
determine the equivalent weight of magnesium.—Weigh a crucible
and lid.

Into the crucible place about half a gram of magnesium ribbon
and weigh again. Remove the crucible, etc., from the balance
and put the weights back in order.

Put the crucible on a tripod and heat it. The magnesium begins
to oxidise ; continuc heating with the Iid on. Finish heating with
the lid removed. Cool in a desiccator and weigh again.

Data :—
Weight of crucible and lid = m grams.
Weight of crucible lid and magnesium = m
‘. Weight of magnesium = (m'—m) ,,
Weight of crucible lid and magnesium) _ »
oxide after experiment } - "o

‘. Weight of oxygen = (m'—m') ,,
* Weight of magnesium which combines) _
with (m”—m’) grams of oxygen } -
. Weight of magnesium which combines} _ (m—m)
with 1 gram of oxygen n =my 7
. Weight of magnesium which combines) (' —m) 8
with 8 grams of oxygen } “ (" —m) X8
<. Required equivalent weight of magnesium is . . . Ans.

(m’ —m) »

Expr. 213.—METHOD No. 3.—Equivalent weight of tin.—Weigh
out about o'75 gram of tin in a crucible. Place the crucible
aslant on a clay triangle on a tripod (Fig. 35, page 38).

Drop a few drops of nitric acid upon the tin. Continue adding

219
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nitric acid until all action ceases. Warm the crucible, starting
from the outside edge (Expt. 35, page 38), and continue heating
till no more oxides of nitrogen are evolved. Heat strongly for
two minutes; cool, weigh.

The tin will have been converted into tin oxide, Sn+0,=Sn0,.
The oxygen is supplied by the nitric acid.

Hence calculate in the equivalent weight of tin.

ExpT. 214.—METHOD No. 4.—Equivalent weight of copper.-—
Treat about o5 to o075 gram of copper with nitric acid as in
method No. 3. Be very cautious and see that no spurting occurs.
Copper nitrate will first be formed. Heat from the outside edge
as before. The copper nitrate will decompose into cupric oxide,
CuO. Weigh the residue and calculate the equivalent weight of
copper.

Do not heat the copper oxide too strongly or it will undergo
partial decomposition. If you wish to save loss by spurting put
the crucible lid on upside down.

3Cu + 8HNO; = 3Cu(NOy), + 4H,0 + 2NO.
2Cu(NO,); = 2Cu0~+ 4NO, + O,.



INTRODUCTION TO VOLUMETRIC ANALYSIS

It has been explained that the equivalent weight of an element
is the NUMBER of grams of that clement which will combine with
or replace one gram of hydrogen—or eight grams of oxygen
(page 215). , _ _

Similarly, the equivalent weight of an acid is the NUMBER
of grams of that acid which contains one gram of hydrogen re-
placeable by a metal.

Also, the cquivalent weight of a base is the NUMBER of grams
of that base which will neutralise the quantity of any acid which
contains onc gram of hydrogen replaceable by a metal (i.e., the
equivalent weight of the acid measured in grams, or the gram-
equivalent of the acid).

And the cquivalent weight of an oxidising agent is the NUMBER
of grams of that oxidising agent which contains sufficient oxygen
(capable of being used for purpose of oxidation) to oxidise one gram
of hydrogen.

Oxygen which can be used for the purpose of oxidation is called
available oxygen.

Thus the equivalent weight of an oxidising agent is the NUMBER
of grams of that oxidising agent which contain eight grams of
“ available oxygen.”

In the same way the equivalent weight of a ferrous salt is the
NUMBER of grams of that salt which contain sufficient ferrous
iron to require eight grams of oxygen to oxidise it from the ferrous
to the ferric state and so on.

A few explanatory examples will make the fundamental prin-
ciples more clear.

One gram of hydrogen combines with 35'5 grams of chlorine
to form 36'5 grams of hydrochloric acid. All this hydrogen is
replaceable by a metal. Therefore the equivalent weight of
hydrochloric acid is 36°5.

Again in sulphuric acid [(H,SO,)=2+32-+64] we have g8 grams
of acid in which all the hydrogen is replaceable by a metal.

But 98 grams of the acid contain 2 grams of replaceable hydrogen,

therefore the equivalent weight of sulphuric acid % =49, i.e., the

221
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number of grams of the acid which contain one gram of hydrogen
replaceable by a metal.

The basicity of an acid is the number of atoms of replaceable
hydrogen contained in one molecule of the acid. (See Demonstra-
tion 17, page 79.)

Hence the basicity of hydrochloric acid is one.

5 e 1 ,,» sulphuric s 5 two.
,» carbonic by 5y LWOL
,» phosphoric  ,, ,, three.
molecular weight
equivalent weight.
. . a o

Similarly, @9!%%}:12%‘;‘12@? =equivalent weight.

The substance potassium bisulphate contains one atom of re-
placeable hydrogen in a molecule, therefore the equivalent weight
of potassium bisulphate will be, from its formula,

KHSO;=39+1+32+64=13€.

For a base we have a similar reasoning.
If caustic soda is allowed to interact with hydrochloric acid the
reaction which takes place may be represented by the equation

NaOH + HCl .= NaCl + H,0
(23+16+1) (1+35°5)
i.e., 40 grams of caustic soda is the amount of caustic soda required
to neutralise 365 grams of hydrochloric acid.
But 36'5 grams of hydrochloric acid contain one gram of re-
placeable hydrogen.
. the equivalent weight of caustic soda is 40.
Again Na,CO, + =2HClI = 2NaCl 4+ H,0 + CO,
(46+12+48) (2x36'5)
[ N —

106 73

From the equation we see that 106 grams of sodium carbonate
require 73 grams of hydrochloric acid for their complete decom-
position. But 73 grams of hydrochloric acid contain 2 grams of
replaceable hydrogen.

. 106 grams of sodium carbonate require two equivalents of
hydrochloric acid to react with them.

A v 2

» » bR

or generally, basicity =

. . . . 106
. the equivalent weight of sodium carbonate is - =53

The equivalent weight of any substance can be worked out in
terms of hydrogen.
NoTte.—Some bodies may function in two different ways and
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under such circumstances may have two different equivalent
weights—according to which particular duty the body i¢ performing
at the time, e.g., formic acid, II-COOIl, contains two atoms of
hydrogen. Only one of these is capable of being replaced by a
metal. Therefore as an acid its equivalent weight will be
(1+12+32+1)=46.

On the other hand formic acid can behave as a reducing agent
and, when oxidised, forms water and carbon dioxide, 1*COOH +0=
C02+}120.

From the equation it can be seen that 46 grams of formic acid
require 16 grams of oxygen for their complete oxidation.

But the equivalent weight will be number of grams which
requires the amount of oxygen required by one gram of hydrogen,
i.e., eight grams of oxygen

", the equivalent weight of formic acid, as a reducing agent, is

46
=23

Conditions necessary that Volumetric Analysis may be possible

It will be seen that, taking advantage of this system of equiva-
lents, we have a means of performing quantitative analysis In
solution (VOLUMETRIC ANALYsIS) providing that—

1. We know exactly what chemical action is proceeding, and
can represent it by a chemical equation. If then we know the
amount of one of the substances which has taken part in the re-
action, the amounts of the other substances which take part in the
reaction can be calculated.

2. The reaction proceeds to entire completion under casily
procurable circumstances.

3- We have a means of determmmg exactly when the deﬁmte
action is complete, 7.e., a means of determining the “ end point ”
of the reaction.

4. The reaction should be definite and complete over a fairly
wide range of concentration.

Indicators

The substances used to mark the “end point” of a reaction

are called ‘indicators.” They are substances which do not
affect the reaction which is proceeding, but which give a charac-
teristic colour with one of the bodies taking part in the reaction.
e.g.: If a drop of phenolphthalein is put into some dilute hydro-
chloric ‘acid the solution is colourless. Add caustic soda slowly.
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So long as there is acid present the caustic soda is destroyed, but
as soon as the acid is all neutralised the caustic soda is in excess
and immediately reacts with the indicator, phenolphthalein, and
produces a pink colour in the solution.

Some indicators change from one colour to another, e.g., blue
litmus is turned red by an acid. If you make a habit of always
putting the acid in the burette you will get accustomed to telling
when the colour changes from blue to pink. This isan advantage,
so make a practice of always putting your acid in the burette an
your caustic alkali or carbonate in the beaker.

The commoner indicators are :—

Indicator Conditions for use. Acid. Alkaline.

Litmus. Use for mineral acids and Pinl{.)\gg‘) Blue.

oxalic acid. Unrehable in N
presence of carbon di-
oxide

Methyl-orange. It is itsclf an acid. Use as | Pink. Yecllow.
hittle as possible, and al-
ways add a constant
amount. -

Not affected by CO, or H,S,
Use for stronger ac1ds.*'\§“l, . L

T

Phenolphthalein. | Dissolved 1n dilute alcohol. | Colourless | Pinki:t

Do not use for carbonates
or ammonium compounds.

Use with weak acids, but the
acid used must be stronger
than phenolphthalein (in-
cludes most organic acids).
The base uSed must be
strong,e g.,NaOH,Ba(OH),
etc.

Carbonates, phenol, and am-
monium salts give unre-
liable results.

For notes on the use of indicators, see Demonstration 47, page
229.

Note to Demonstrators.

The above indicators may be made up as follows :—

Litmus.—Digest 50 grams of litmus with 250 c.c. of hot water.
Stand for twenty-four hours, filter. Add 200 c.c. of 50 per cent.
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alcohol (rectified spirits) and make up to 500 c.c. with distilled
water.

Methyl-orange.—Dissolve 1 gram of methyl-orange (Tropaeolin
D.) in a little methylated spirits or rectified alcohol. Make up to
one litre with 50 per cent. methylated spirits or 50 per cent.
alcohol.

Phenolphthalein —Dissclve 2z grams of phenolphthalein in 5o c.c.
of rectified spirits (warm if necessary on a water-bath). Make up
to 500 c.c. with 50 per cent. rectified spirits.

STANDARD SOLUTIONS

If a gram-equivalent weight of a substance is dissolved in water
and made up to a litre (1,000 c.c.), the solution is said to be
“normal,” e.g., normal sodium hydrate contains 4o grams of
sodium hydrate (NaOH) in one litre of solution (not one litre of
solvent).

. .98 .
Normal sulphuric acid contains -9;, .e., 49 grams of sulphuric

acid in one litre of solution.

It will be seen from the above that one litre of a normal solution
of any strong acid will just neutralise one litre of a normal solution
of any strong base.

(The word “ strong ” is inserted because actions between weak
acids and bases arc incomplete, but at this .stage of your study
we are not concerned with weak acids and bases.)

In other words, normal solutions of acids and bases are inter-
equivalent.

A solution which contains {4 of a gram-equivalent of an
acid or base or any substance in a litre of solution is said to be
“ decinormal.”

Similarly, ¢ centinormal ” solutions contain ;35 of a gram-
equivalent ina litre of solution, and “ seminormal ”” solutions contain
3 of a gram-equivalent in a litre of solution.

It is not always possible to arrange that our solutions are exactly
normal or even an exact fraction or multiple of normal strength.

Although calculations are frequently more simple if the strengths
of the solutions used are a fraction of the normal strength, this is
by no means necessary, and we can use solutions of any known
strength for the purpose of volumetric analysis.

Any solution the exact strength of which is known is a standard
solution.
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The strength or concentration of a solution is usually given by
stating the number of grams of solute per c.c. or per litre, but it
may be given in terms of normality.

e.g. : A solution whose strength is three-quarters normal strength
is said to have a normality of § V.

It must be clearly understood that all normal solutions are
standard solutions, but all standard solutions are not normal
solutions.!

A “normal 7 solution is a standard solution of spécial strength.

The various strengths are often indicated by symbols, e.g.,

N
N ——normal ~decmormal etc.

The student is advised to work out his results in terms of ‘ grams
per c.c.” or ¢ grams per litre.”

He should also state the result in terms of normality, which can
always be calculated after the strength in grams per c.c. or per
litre has been determined. Thus :—

number of grams of substance in one litre of solutlon

Normallty~ _‘“_c-rame quivalent weight of the substance

.. Normality = the number of equwalcnts of that substance
dissolved in one litre of solution.

A titration is the process of using a solution of known strength
in order to determine the strength of another solution

1 This statement sometimes confuses the student. The difficulty is
usually removed by giving some parallel case in terms of familiar
objects, ¢ g., ““ All cats are animals, but all amimals are not cats.”



RULES to be observed when doing Volumetric Analysis.

1. Keep your bench clean and dry.

2. Wash out your burette and pipette with the solutions to be
used in them respectively.

3. Pour acid or permanganate into the burctte by means of a
glass funnel. Remove the funnel from the burette before perform-
Ing your experiment.

4. It is waste of time to try to fill the burette up to the zero
mark ; any point will do providing that it is on the scale, not above
the level of your eye, and that there is sufficient solution present
for your titration.

5. See that the burette is vertical, and place a picce of white
paper behind it to throw up the scale.

6. See that the tap is tight and not leaking, and that it does not
contain any air bubbles.

7. For transparent (colourless) liquids read the height of the
bottom of the meniscus formed in the liquid in the burette or
pipette.

For dark-coloured liquids (e.g., potassium permanganate, etc.)
read the upper edge of the meniscus.

8. A pipette is made to deliver the volume staled on the bulb.
Let the pipette deliver its contents slowly, and just touch the
surface of the liquid with the tip of the pipette when all the liquid
has apparently been delivered from it.

Do NOT BLOW OUT THE LAST DROP OF LIQUID.

9. Use the INDEX FINGER (not the thumb) to close the open end
of the pipette (Fig. 25, page 21).

ro. For titrations to be done in the cold a white tea~cup is an
excellent piece of apparatus.

For reactions requiring heat use an evaporating basin.- If a
beaker or flask is used for titrations put it on a piece of white
paper or a white tile so that the colour-changes in the indicator
may be shown up as clearly as possible.

11. Wash out the cup first with tap water and finally with
distilled water between two titrations. Do not dry the cup after
washing.

12. See that no drops splash on to the sides of the vessel, and
see that no drops are left hanging on to the tap of the burette.

Dunnicliff’s Pract. Chem. 227 Q
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13. Thoroughly mix the solution during the titration by stirring
with a glass rod. Do not splash. Wash the stirring rod between
each titration.

14. Do not be satisfied with a titration of less than 10 c.c. As
a rule try to arrange your titrations so that zo to 235 c.c. of the
solution have to be run in from the burette. The larger the amount
used the smaller should be the percentage of error.

15. If you are not getting concordant results you are doing
something wrong. Consult the demonstrator. All titrations
should agree to at any rate the first place of decimals. Reject
any titration which differs widely from the others.

Do not be satisfied until you have three concordant titrations.
They should not differ by more than o035 c.c.

16. Write down what you do when you do it, and immedialely
record the litrations in your note-book.

17. Clearly state the units in which each measurement and
calculation is made.
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ExpT. 215.—To find the strength of a solution of hydrochloric
acid by means of a standard solution of sodium hydrate.—Wash
out your burette and tap with the given hydrochloric acid, and
then, having dried the outside of the burette, clamp 1t 1n a stand
and sec that it is vertical.

Do not clamp the burette by metal directly. See that the
inside of the clamp is padded with rubber, paper or cork, otherwise
there is a chance of breaking the burette.

Place the burette in the stand in such a position that you can get
your eye on exactly the same level as the graduation at which the
liquid in the burette is standing, otherwise error due to  parallax ”
will be introduced.

Pour the acid into the burette by means of a glass funnel until
the level of the liquid is near
the top of the graduated part

rd
of the tube. Remove the glass oo
funnel and see that the tap X
contains no air bubbles (Expt. . el
15, page 22). <~ U

You will see that the top of S Right - - 'JB\
the liquid has the appearance =
of a half moon (this is called s
a meniscus) (Fig. 26, page
21). Read the graduation
which makes a tangent with —
the curved surface of the Fi16. 70.
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meniscus when looked at by the eye placed at the same level as
the meniscus. If the eye is not at the same level as the meniscus,
Fig. 70 shows how an error in reading is introduced by what is
called ‘ parallax.”

Now wash out your pipette (20 c.c. or 25 c.c.) with the given
caustic soda solution and throw the washings down the sink.
Suck some of the caustic soda solution into the pipette until the
level of the liquid is above- the scratch on the stem. Remove the
end from the mouth and at once close it with the INDEX (Or FIRST)
finger (Iig. 25, page 21). You will find it an advantage first to
moisten the finger slightly. Allow caustic soda gradually to drip
from the pipette by slightly lifting the finger, and continue doing
so until the graduation on the stem of the pipette makes a tangent
with the curved portion of the meniscus when viewed at eye level.
Practise this until you acquire precision in filling the pipette
correctly.

Now allow the caustic soda to run slowly from the pipette
into a tea-cup. Add sufficient indicator to give a distinct colour,
but always observe the following advice :—

1. Use as little indicator as possible. (Different students
have different powers of detecting colours and intensity of colour,
so it is impossible to give a general rule as to how much indicator
will be requisite for any particular experiment ; moreover, in
different laboratories the indicators supplied are certain to vary in
strength.)

2. Always use the same number of drops of the given indicator
for a given set of titrations.

3. Always arrange your experiment in such a way that your
colour change for a given indicator is observed in the same order,
e.g.,in acid and alkali titrations always place the acid in the burette
and the alkali in the tea-cup or beaker in which the reaction will
take place. By doing this you will get accustomed to observing
the litmus changing from blue to red, and thus become more expert
in determining the end point. If desired, a pink-coloured solution
may be kept for comparison.

‘Read your burette and note the entry in your note-book at
once.

Now run in acid from the burette. Stir well, but do not splash.
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Have your burette tap sufficiently near the liquid in the cup
to prevent splashing and do not leave drops hanging on to the
burette tap.

As soon as the neutral point is attained, read the burette again
and write the reading in your book at once vertically below the
reading taken before you started running in the acid.

Wash your cup and stirring rod first under the tap and then with
distilled water.

Do not wash the pipette between different titrations in the same
experiment.

Repeat the titrations until a constant result is obtained.

Write out your results in the following form :—

Volume of caustic soda used
for each titration = 25 C.C.
Strength of caustic soda = 00038 gram NaOII per c.c.

Indicator used . . . . . hitmus.

Titrations (against hydrochloric acid of known strength) :—

No. 1. No. 2. No. 3. No. 4. No. 5.
Height of burette .

at beginning } 020 G«
Ditto, at end .. 19°35c.c. 38:35C.C. 2205 C.C. 4I'05C.C. 24°40C.C

1935 C.C. 300 C.C. 22°05C.C. 5°40C.C.

Volume runin .. X9'15c.c. 19:00 c.C. I9-05C.C. 19°00 C.C. 19°00 C.C.

It will be observed that—

(1) Titrations 1 and 2 and titrations 3 and 4 were performed
without refilling the burette.

(2) The first (trial) titration is clearly high ; reject it entirely.
This has been signified by drawing a neat line through it. From
the above readings it is obvious that 19 c.c. of acid is the
quantity required to neutralise 25 c.c. of the given caustic soda
solution.

(3) Try the titration with other indicators, e.g., methyl-orange
or phenolphthalein. (In this case identical results should be
obtained.)

Write out clearly the reasoning by which you calculate your
result thus :—

19 c.c. of hydrochloric acid neutralise 25 c.c. of caustic soda
solution containing 0'0038 gram of NaOH per c.c.

<. Weight of caustic soda neutralised=25x0°0038 grams.
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From the equation representing the reaction
HCI + NaOH = NaCl + H,0
(35°5+1) (23+16+1)
e — e e’
36's 40

We see that 36'5 grams of hydrochloric acid exactly neutralise
40’0 grams of sodium hydrate (caustic soda).

*. Quantity of hydrochloric acid neutral- }__ .
ised byy4o grﬁms of caustic soda = 365 grams.
and quantity of hydrochloric acid neutral-\ _ 365
ised by 1 gram of caustic soda Jo 40 7
*. Quantity of hydrochloric acid neutralised by 25 X 0°0038 grams

of caustic soda = i‘f—oi X 25 X 0°0038 grams.
But this is the quantity of hydrochloric acid in 19 c.c. of the
given solution.
. Strength of the given solution of hydrochloric acid is
36°5 X 25X 00038
200X 1g | Brams perc.c.

Required vesult=0'004563 gram HCl per cc. . . . Ans.

(What is the “normality ” of the solutions used ? See page 226).
This result in general terms becomes
No. of c.c. of base used X strength of base in grams per c.c.
a Equivalent weight of base
No of c.c. of acid used x strength of acid in grams per c.c.
Equivalent weight of acid

Any five of the above factors being known, the sixth can be
determined.

N.B.—Do not try to remember too many formule. Try to
argue out your results as explained above, and then you will not
find yourself in difficulties if you forget the formula.

The above result may be obtained by working out the calculation
in terms of normality.

Data :—

Strength of sodium hydrate solution=0"0038 gram per c.c.
A normal sodium hydrate solution contains o'o4 gram
NaOH per c.c.
00038

". Normality of solution = Sogo 0095 N.
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By experiment 25 c.c. of 0’095 N sodium hydrate are neutralised
by 19 c.c. of hydrochloric acid.

. Strength of hydrochloric acid isz—g %X 0’095 N = o'125 N.

But a normal solution of hydrochloric acid contains o0'0365
gram hydrochloric acid per c.c.

». A o125 N solution of hydrochloric acid contains

(0'0365 X 0°125) gram hydrochloric acid per c.c.

=0'00456 gran hydrochloric acid per c.c. . . . Ans.
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ExpT. 216.—{a) To prepare a decinormal solution of sodium
carbonate. (b) To standardise a given solution of nitric acid.—
(@) The molecular weight of sodium carbonate, Na,COs, is 2 x 234-
124+ 16X 3=106.

From the equation Na,CO;+21ICl=2NaCl4-H,04-CO, it can
be seen that one molecule of sodium carbonate requires fwo equiva-
lents of hydrochloric acid for its decomposition.

. . . . 106
. The equivalent weight of sodium carbonate is 53_ =353.

It is required to make a decinormal solution of sodium carbonate,
i.e., a solution containing 5'3 grams of sodium carbonate in one
litre of solution. (See page 226.)

Take either some chemically pure sodium carbonate or sodium
bicarbonate and powder it finely in a mortar. Heat it strongly
in a crucible until its weight is constant. Allow the vessel to cool
in a desiccator each time. (Do not put the vessel in the desiccator
until it has cooled sufficiently for you to be able to bear your hand
close to it.)

In the case of sodium carbonate any water present is driven off
and the salt is left anhydrous.

In the case of sodium bicarbonate the following action takes
place:

2NaHCO, = Na,CO, + H,0 + CO,
and anhydrous sodium carbonate is left behind.
Weigh a small stoppered glass weighing bottle very carefully

and note the weight in your note-book at once.
234
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Weigh out 265 grams of your pure dry powdered sodium car-
bonate in the little weighing bottle. Add or withdraw the salt
by means of a clean, dry spatula.

Select a clean, dry, glass funnel and a thin glass rod which will just
pass through the stem of the funnel. Place the funnel in the neck
of a clean 500 c.c. flask into which a little distilled water has been
poured. Spill the dry sodium carbonate from the weighing bottle
into the funnel and help the powder through the neck by means of
the glass rod. Do not let the glass rod slip through the funnel or it
will make & hole in your flask. When all the powder has been
added and only traces cling to the walls of the funnel and to the
bottle and rod, wash all these instruments thoroughly with dis-
tilled water and pour the washings through funnel into the flask.

Note.—Do not attempt to shift a block in the neck of the funnel
by adding water. If you do so the sodium carbonate combines
with water and, in doing so, swells and makes the obstruction harder
than before. If your carbonate is properly powdered any
stoppage can always be removed by shaking or by gentle pressure
with the glass rod. Give the rod a twisting motion as you press
the obstruction.

2. Water is put in the flask to a depth of about o'235 inch to
prevent the sodium carbonate forming a cake on the bottom of
the flask. This would happen if all the carbonate were added
first and then water poured on top of it. The error is not irremedi-
able as the caked sodium carbonate will dissolve eventually, but
it results in loss of time.

Add sufficient cold, distilled water to make the solution up to
500 c.c., and shake up the solution thoroughly.

This will be a decinormal solution and contains 00053 gram of
sodium carbonate per c.c.

(b) To standardise (estimate the strength of) the nitric acid
supplied.—Wash your burette first with water, then with the given
nitric acid solution. Clamp the burette in the stand. Pour nitric
acid into the burette by means of a funnel and see that there are no
bubbles in the tap.

Read again all the instructions given in the previous demonstration.

Use 20 or 25 c.c: of sodium carbonate for each titration. Use a
teacup. i

Use methyl-orange as indicator.
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From the equation
Na,CO; + 2IINO; = 2NaNO; + IH,0-+CO,
106 + 2 X 63
we see that 53 grams of sodium carbonate are equivalent to 63
grams of nitric acid.

Write out your data and calculate the strength of the nitric
acid solution in a similar manner to that shown in the previous
demonstration.

(¢) Litmus is not reliable as an indicator in the presence of
carbon dioxide. If, however, the solution be heated to expel the
carbon dioxide then litmus may be used as an indicator for the
titration of carbonates with strong acids.

Repeat the above experiment (b), using litmus as indicator and
an evaporating basin as the reaction vessel.

If you usc a beaker or flask as reaction vessel, place a white
tile or a piece of white paper under the vessel when adding acid
from the burette. It facilitates the observation of any colour
change. -

The pink colour indicating the end-point should persist after
heating.

You should get results identical with those obtained with methyl-
orange as indicator.

NOTE ON THE USE OF LITMUS WITH CARBONATES.—Students
frequently complain that it is difficult to obtain consistent or
reliable results with litmus in carbonate determinations as litmus
often seems to coagulate when the solution containing it is boiled.
There is no doubt that this complaint is often justified either from
the method of the preparation of the litmus solution or from some
other cause.

The following method gives satisfactory results. Obtain a
rough titration so that you know to 1 c.c. how much acid to add for
a titration. Take your carbonate solution, add to it what you
know will be about 1 c.c. too litle acid. Boil the solution till the
CO, is evolved. Now add indicator (litmus) and it will be found
that the titration can be completed without coagulation taking
place. It appears that repeated heating produces the coagulation.
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Expr. 217.—Given a standard solution of potassium hydrate,
to find the strength of a solution of potassium carbonate.—Take
the dilute sulphuric acid off your bench and dilute it with distilled
water until it requires roughly 1o c.c. of the acid to neutralise 1o c.c.
of one of the alkali solutions.

(The dilute sulphuric acid is not of constant strength n all
laboratories, but try adding about g c.c. of the bench dilute sul-
phuric acid to 500 c.c. of distilled water. Shake up well to ensure
thorough mixing.)

Wash out your burette, first with distilled water and then with
the dilute acid you have just made up. Observe the precautions
given in the previous exercises.

Fill your burette with the acid.

Now titrate 25 c.c. of each of the given solutions (potassium
carbonate and potassium hydrate) against the dilute sulphuric
acid.

Use methyl-orange as indicator.

Write down your titrations a¢ once in your note-book.

Suppose as a result of your experiments you find that x c.c. of
acid neutralise 25 c.c. of KOH solution, and y c.c. of acid neutralise
25 c.c. of K,CO; solution.

Then
1 c.c. of acid neutralises ?&5— c.c. of KOH solution,
and 1 c.c. of acid neutralises 2y—5 c.c. of K,CO; solution.

In other words 2?5 c.c. of KOH contain as much base as %S c.c. of
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K,CO; because they are capable of neutralising the same quantity
of acid (¢.e. the amount of acid in 1 c.c. of solution).
Suppose the strength of the KOH is S grams KOH pcr c.c.
Weight of KOH in 2?5 C.C. = Z%S grams.
But, since the equivalent of KOH is 56 and the equivalent of
. 8 8
potassium carbonate, K,COy, is (‘@i——r-}fﬁ—> = I—z- =69
. 6
(? 5:§> grams of KOH are equivalent to (%SXS xé—g) grams
of K2C03~

But this is the weight of K,CO; in ES c.c.
. . . 6
- Weight of K,COj, in 1 c.c. of solution = (27; xS ><5~Z X 2y’5> grams

6 -
= <);/ XS X 5—2) grams K,CO,.

y and x have been determined by experiment. S is known.
(You do not need to know the strength of the acid solution used.)
. Required strength of potassium carbonate is. . . grams per c.c. Ans.

q 1 g P

Note.—Solutions of bicarbonates are titrated in exactly the
same way as carbonates, using litmus or methyl-orange as indicator.
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TExpT. 218.—To make a decinormal solution of sulphuric acid
from the acid on your bench.—Take some of the dilute sulphunc
acid from your bench, dilute it about 40 times with distilled water
and thoroughly mix the solution by shaking it. Or, take strong
sulphuric acid from your bench and dilute it about 200 times with
distilled water, adding the acid cautiously to the water. Shake to
mux thoroughly.

Wash out the burctte with distilled water and then with the dilute
acid. Then fill the burette with the acid and titrate the acid
against a standard alkali.

Then

number of c.c. of alkali X strength of alkali in grams per c.c.

equivalent weight of alkali

number of c.c. of acid x strength of acid in grams per c.c.
= equivalent weight of acid T

From this the strength of the acid is obtained in grams per c.c.

Let it be x gram H,SO, per c.c.

To take the particular example in question, sulphuric acid
H,S0,=2+32+64=98 is a dibasic acid and its equivalent weight
is 49.

A decinormal solution contains 49 grams H,SO; per litre, 7.e.,
00049 gram H,SO, per c.c..

If the strength of the acid, as determined by the above experiment
and calculation, works out at less than o'oo49 gram H,SO, per
C.C., the experiment must be started again, using acid which has been
less diluted. The degree of dilution can readily be found by simple

calculation.
239



240 PRACTICAL CHEMISTRY

Suppose the calculated strength x grams H,SO, per c.c. is greater
than o'oco49, then, by adding water to the standardised acid, the
strength can be reduced to o'oo49 gram per c.c.

To find the amount of water to be added to v c.c. of standardised
acid :(—

Weight of the acid in v c.c.=v X x grams H,SO,.
-~ If the strength is to be o'oo49 gram H,SO, per c.c. the

oy UX K .
volume of the acid will be <o‘652§> c.c. Mix thoroughly.

Take v c.c. of your acid and add sufficient distilled water from a

XX .
burette to make the volume up to <~-“~ ‘> c.c. Mix thoroughly.

00049
Conversely, to have just one litre of N/ro acid we must take
0°00. . .
(IOOOX"' x—4~9> c.c. of the standardised acid and make that

volume up to one litre. Mix thoroughly by shaking.

NoTE.—By “ making the volume up” to a given volume any
error due to the contraction of the solution on dilution is avoided.
This error is negligible in such weak solutions as are being used
here.
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Expr. 219.—Estimation of the percentage of ammonia in an
ammonijum salt.—Fit up an apparatus as shown in Fig. 71, and
see that all fittings are air-tight. Round off the ends of all tubes
before pushing them through the corks.

Notice that the tube directly connected to the side-tube of the
distillation flask does not reach the bottom of the flask into which

FiG. 1.

it dips. This is to prevent liquid from getting sucked into the
distillation flask.

The tube 4 dips to the bottom of both flasks. The first should
be of about 500 c.c. capacity, and the second about 300 c.c.
capacity.

Finely powder some ferrous ammonium sulphate crystals and
put about 2°5 grams into a weighing bottle. Weigh the salt and
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the bottle accurately. Shoot the salt into the distillation flask
by means of a glass funnel, taking care to hold the flask in such a
position that none of the salt goes down the side-tube. Now weigh
the weighing bottle again.

The difference in these two weighings gives the weight of the
salt taken.

Let it be denoted by w.

Add some water to dissolve the salt, also some glass beads.

Into the 500 c.c. flask put 350 c.c. of standard acid of about
N /10 strength, and into the 300 c.c. flask put 50 c.c. of the same
acid. Then total volume of standard acid used = 400 c.c.

Fit the apparatus together. Now pour some strong caustic
soda solution into the distillation flask and replace the cork con-
taining the long tube shown in the figure.

When the caustic soda is added a dirty green precipitate forms.
It is for this reason that the salt is dissclved before adding caustic
soda. If the caustic soda were added to the solid salt it would
form a gelatinous mass over the surface of the crystals and it would
be very difficult to ensure that all the salt would be attacked. If
all the products of the reactiofi were either volatile or soluble it
would not be necessary to dissolve the original solid before adding
the caustic soda, though it would not be incorrect to do so.

Boil the liquid in the distillation flask. The ammonium salt
will be decomposed according to the equation

(NH,),SO; + 2NaOH = Na,SO, + 2H,0 + 2NH,.

The ammonia gas passes along the delivery tube and, dissolving

in the dilute sulphuric acid, neutralises a portion of it.

2NH; + H,S80, = (NH,),S0,.

Some steam will have been given off during the boiling, and so
the volume of the sulphuric acid will have increased a little. Blow
air through the side tube B to drive out the last traces of
ammonia. '

Make it up to some known volume, say 450 c.c. Take 50 c.c.
for each titration and standardise against standard caustic soda
solution, using litmus or methyl-orange as indicator.

Strength of caustic soda=y grams per c.c.
Quantity of caustic soda required for each titration=v c.c.
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Total quantity of soda used for neutralisation of the acid not
neutralised by the ammonia

=7 X 4555 = Qv C.C.

= guy grams NaOH.
This is equivalent to guy x ig grams H,SO,.

Suppose the strength of the sulphuric acid used was z grams
per c.c.,
then weight of sulphuric acid used:=400z grams,
and weight of sulphuric acid used to neutralise the ammonia

= {400‘, - ( X g'vy)} grams 11,S0,.

But 49 grams of sulphuric acid are equivalent to 17 grams ot
ammonia,

~.the \welg,ht of ammonia neutralised was

17 (4 )}
ooz — | == X gv rams NH
204 10 X)) 8 a
= grams ammonia (supposc).
Weight of salt taken = 0 grams.
Weight of ammonia in w grams of salt = x i
Weight of ammonia in 1 gram of salt == w 5
Weight of ammonia in 1oo grams of salt = =X 100 ,,

Substituting for x we have :
Percentage of ammonia in the given salt 1s
I I00
5 ()

». Required percentage of ammonia= . . . % Answer.

A simpler apparatus may be employed—(see Figs. 72 and 73).
Instead of the pipette and flask containing acid a funnel and a
beaker may be used for the absorption apparatus.

- The above is a general method applicable to all ammonium salts,
but if all the products of reaction are soluble or volatile the following
procedure is also applicable.

e.g., Suppose you are required to find the percentage of ammonia
in commercial ammonium salt.

Boil a weighed quantity of the ammonium salt with a known
volume of standard caustic soda. After all the ammonia is ex-
pelled (use turmeric paper to test for the gas) make up the volume

of the solution to the original volume. (Some water will be lost
Dunnichfl’s Pract. Chem. . R
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as steam.) Titrate the excess of soda against a standard acid
solution and calculate the result in a manner similar to that ex-
plained in the above experiment.

Instead of a pipette and
flask containing standard
acid, the acid may be put
in a beaker and the am-
monia passed in by means
of an inverted funnel.

AN

FiG 72
A, Ammonium salt, water and caustic Fi. 73.
soda.
B, Sand-bath. A, Connection to flask.
C, 25 ¢ c. pipette. B, Funnel.

D, Flask containing standard acid. C, Beaker.
Pipette tube dips about } inch
below surface of acid.
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ExpT. 220.—To estimate the amounts of sodium hydrate and
sodium carbonate in a solution containing both the substanees.~—
You are given a standard solution of hydrochloric acid

I ¢.c.=z grams HCL

This estimation depends upon the fact that the indicator phenol-
phthalein only shows when the acid has converted the sodium
carhonate to bicarbonate, i.e., the end-point of the reaction repre-
sented by the equation

Na,CO; + HCl = NaHCO; + Na(l
Sodium Sodium
carbonate bicarbonate

In order to decompose the sodium carbonate completely two
molecules of hydrochloric acid are required for one molecule of
sodium carbonate.

When phenolphthalein is added to a solution of sodium carbonate
it gives to the solution a pink colour which is destroyed when, by
the addition of acid, the reaction shown in the above equation is
completed.

Sodium hydrate solution also gives a pink colour to phenol-
phthalein, and this is also turned colourless when hydrochloric acid
is added.

If therefore a measured quantity of the alkali solution is taken
and phenolphthalein added we can, by running in standard hydro-
chloric acid, indicate the amount of acid required (2) to neutralise
all the NaOH, plus (b) the amount of acid required to convert
the carbonate into bicarbonate.

_This will be called the * first titration.”

245 R 2
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Put the acid in the burette.

Use 25 c.c. of the given alkali solution for each titration.

Read your burette and note the reading in your note-hook.
At the end of the “ first titration ” the solution will be colourless.

To the same solution add a little methyl-orange. The solution is
yellow. Now run in acid until the solution turns pink.

Read your burette and note the reading in your note-book.

The ¢ sccond titration ” shows the amount of acid required ta
decompose the bicarbonate.

From this it will be seen that the sodium carbonate is decomposed
in two stages each of which requires the same quantity of hydro-
chloric acid.

Each of these quantities is the amount represented by second
titration.

Write down your titrations in tabular form. (See page 248)

Suppose the “first titration ” (end-point indicated by phenol-
phtbalein) requires x c.c. of standard acid, and that the ““ second
titration 7’ (end-point indicated by methyl-orange) requires y c.c.
of standard acid.

Since 25 c.c. of the alkali were used for each titration,

Then quantity of acid required by the carbonate in 25 c.c. of
mixture 1s 2y c.c., and quantity of acid required by the hydrate
in 25 c.c. of the mixture 1s (x—y) c.c.

But the strength of the standard acid is z grams ver c.c.
~.Quantity of carbonate in one litre of solution

53 _ 1000 .
‘ 63 X 23) grams Na,COj, per litre,
and quantity of sodium hydrate in one litre of solution

{(x—-y) xax -¥°

365
. Given solution contains( + -+ - grams Na,CO, per h”e} Ans.

\ . . . grams NaOIl per hitre

=<2y><z><

X 3.‘2%?} grams NaOII per litre.
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ExpT. 221.-—{2) To determine the equivalent weight of an acid.
(b) To determina the basicity of an acid of known molecular weight.
(¢) To determine the molecular weight of an acid of known basicity.—
The method of nrocedure in all these casesis to weigh out a quantity
of the acid, make a solution of it in water and then titrate against
a standard alkali.

In these experiments a strong base must be used, e.g., sodium
or potassium hydrate with phenolphthalein as indicator. If a
strong acid were given, litmus or methyl-orange would do, but,
as you do not know the nature of your acid, the indicator of the
widest application must be employed, viz., phenolphthalein.

The method of finding the equivalent weight of acid will be given
in detail. .

Take a clean weighing bottle and put in it about 2-5 grams of the
acid. Transfer the acid to a 250 c.c. flask by means of a glass
funnel. Weigh the weighing bottle and the residue of acid. The
acid left sticking to the funnel is washed into the flask and water
added to make up the total volume of the acid to 250 c.c. Shake
up thoroughly to ensure complete mixing.

Wash your burette first with distilled water and then with your
acid solution. Till the burette with the acid.

Take 20 c.c. of the caustic soda supplicd for each titration.
The caustic soda is of approximately N /1o strength.

Repeat your titrations until constant results are obtained.

Write down your weighings and other observations at once in

your note-book.
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Enter your results thus :—

Weight of weighing bottle and acid = W grams.
Weight of weighing bottle and residue == w o,
. Weight of acid taken = (W—-w) ,,

The acid was dissolved in distilled water and the solution made up
to 250 c.c.

. (W=
Strength of the acid is ( 25§9> grams per c.c.

Strength of caustic soda solution=a grams NaOH per c.c
Volume of caustic soda used for each titration=zo c.c.
Indicator—phenolphthalein.

Titrations :—
Height of burette at beginning «.C.C.  ...C.C. ...C.C. ...C.C. ...C.C.
Height of burette at end .. ...C.C. ...C.C. ...C.C. ...C.C. ...C.C.
Volume run 1n .. . .. ..C.C. ...C.C. iC.C. +.iC.C. ...C.C

Average = x C.C. of dCld-
By definition :—

The equivalent weight of the acid is the number of grams of the
acid which are required to neutralise one gram equivalent (i.e.,
40 grams) of caustic soda.

From the above data :—

Number of grams of acid required to neutralise 2oa grams of

NaOH — (W —w)
250
Number of grams of acid required to neutralise 1 gram of
x(W—w)
NaOH = 2 o050

Number of grams of acid required to neutralise 40 grams of
_4ox(W—w) & —w)
NaQH = zoax250 1250

. Required equivalent weight of given acid= Ans.

(b) If you are given the molecular weight of the acid find the
equivalent weight as described above and the basicity is deter-
mined from the ratio

molecular weight of acid _ basicity.
equivalent weight of acid ’

(¢) Given the basicity, to find the molecular weight.

Find the equivalent weight of the acid in the manner described
above.

Then

basicity X equivalent weight of acid=molecular weight of acid.
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Expr. 222.—To estimate the strength of a given solution of
caleium chloride.—When sodium carbonate solution is added in
excess to a solution of calcium chloride all the calcium present will
be precipitated as calcium carbonate. (Cf. Expt. 87, page 93.)

CaCl, 4+ Na,COg = 2NaCl + CaCO,

404-35'5X2 40412448
N e’ M e
III I00

From this equation we see that 111 grams of calcium chloride
are equivalent to 100 grams of calcium carbonate.
When calcium carbonate is dissolved in hydrochloric acid the
equation
CaCO; + 2HCl = CaCl, + ;0 + CO,
S—— N——r N’
100 73 III
shows that 1oo grams of calcium carbonate are equivalent to 73
grams of hydrochloric acid.
». 73 grams of hydrochloric acid are equivalent to 111 grams of
calcium chloride.
By determining how much hydrochloric acid is required to dis-
solve the calcium carbonate produced from given volume of calcium
chloride solution, the weight of calcium chloride can be determined

<multlply the weight of hydrochloric acid by 73

The procedure is as follows :—

An excess of sodium carbonate solution is added to a known
volume of given solution of calcium chloride. The calcium is
quantitatively precipitated as calcium carbonate and the amount
of hydrochloric acid required to dissolve that carbonate is estimated.

In practice the precipitate of calcium carbonate is dissolved in
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excess of standard acid and the excess of standard acid is deter-
mined by a solution of sodium carbonate of known strength.

Take x c.c. of given calcium chloride solution, and to it add
sodium carbonate solution. Shake or stir thoroughly.

Filter off the precipitate of calcium carbonate.

The precipitate of calcium carbonate is washed with distilled
water until the washings show no signs of alkalinity.

Now dissolve the precipitate of calcium carbonate by pouring
over it a known volume (v c.c.) of standard hydrochloric acid, and
wash the filter paper by pouring over it distilled water. Mix the
washings with the original solution and make up to a known
volume (2v c.c.). See that you have completely dissolved the
precipitate and that the solution is distinctly acid.

Put some of this solution in a burette and titrate it against a
standard solution of caustic soda.

Use methyl-orange as indicator.

Write down your data clearly.
Volume of given solution of calcium

chloride taken = xcC.cC
Volume of hydrochloric acid taken
to dissolve the precipitate  _ = v
This volume, after adding washings,
became = _ 20 C.C.
Strength of the acid = a grams HCl per c.c.

Volume of caustic soda used for each titration=10 c.c.
Strength of caustic soda used=5 grams NaOII per c.c.
Indicator, methyl-orange.

Titrations :—
Height of burette at begmmng (+e:C.C. ...CC. .C.C. ,+..C.C. +..C.C.
Ditto atend .. . ¢:C.C. 4.C.C. fi.€C  w.CC. oyoC.Co
Volume run in .. #:CC .CC L. CC .CC\ L

Average quantlty of ac1d used y cic. for 10 c.c. of soda.
. . 2v X 10
Total quantity of soda required = <—~—y ~> c.c

Weight of NaOH in this is (- -;—) X b grams NaOH.

365

This is equivalent to 3; X 10 X b X grams HCl

_ 365ty
=,y grams HCL

Total quantity of HCl used=(v X a) grams HCI.
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Quantity of ICl required to dissolve the calcium carbonate

6°5b

= (va 303 E}> grams ICl.
2y

Now from the equation

CaCO, + 2HCl = CaCl, + CO, + H,0
(40+12+48)  (2X36'5) 40+2X35°5
\_-\_—__J M—\,—-/ \—-\(—_/
100 73 IT1
we see that

100 grams of calcium carbonate l
111 grams of calcium chloride  } are interequivalent.
73 grams of hydrochloric acid J

6 . .
", <a =3 é;bﬂ) grams of hydrochloric acid are equivalent to

111V 650
(%9
3N 2 . - .
But this is the weight of calcium chloride in x c.c. of the solution.
. Number of grams of calcium chloride in one litre of the given
solution is

) grams of calcium chloride.

6°5b
uw (a _ 375 ) X 1000 grams.

. 73% 2y
Required result :—
The solution contains . . . grams CaCly per litre.  Ans.
To caleulate the result in terms of  normalities "’ :—,

Normality of the hydrochloric acid solution=number of gram-
cquivalents of hydrochloric acid in one litre of solution
__strength of hydrochloricacid ~  «a
0'0365 0'0365
When diluted from volume », to v, normality will become

== 1 (suppose).

Y,
7 X z}q = n, (suppose).
1

But let the normality actually found after the acid has dis-
solved the CaCO,=n,.
Then number of equivalents used up in dissolving the
CaCOz=(ny—mny).
It

But the gram-cquivalent weight of CaCl, = — =555

S (my—my) x 55°5=number of grams of CaCly dissolved in one
litre of solution. . . . Ans.
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Note to Demonstrators

Suitable quantities for the performance of this experiment are
as follows :—

Make a solution of calcium chloride by dissolving about 25
grams of pure calcium carbonate in dilute hydrochloric acid and
make it up to roo c.c.

This will enable you to check the accuracy of the final results.

Take 25 c.c. of this solution and add the sodium carbonate solu-
tion to it. This had better be done in a flask or in a beaker covered
with a watch glass, otherwise the effervescence (due to the action
of sodium carbonate on the excess of the acid used in dissolving
calcium carbonate) may cause a certain amount of loss.

Filter, wash and use 250 c.c. of approximately N /1o hydrochloric
acid to dissolve the precipitate.

Make the filtrate and washings up to 500 c.c.

Use approximately N/zo sodium hydrate for the titrations
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PrEcCIPITATION METHOD No. 2

Expr. 223.—Estimation of the percentage of barium in a given
solution of a barium salt.—In this case a known volume of the
solution of the barium salt is precipitated by a standard solution
of sodium carbonate. The precipitate of barium carbonate is
filtered off and the filtrate, after being made up to a known volume,
is titrated against a standard acid.

In this manner one estimates the amount of carbonate which
has been used up in precipitating the barium according to the
equation

BaX’, 4 Na,CO; = BaCO; + 2NaX’
(137 +2x) 106

Multiply the mass of sodium carbonate used up by ;gg and you

obtain the weight of barium which was precipitated by it.
The method is the same as that described in the following
problem :—

Expr. 224.—Determine the number of molecules of water of
crystallisation in the given crystals of barium chloride.—Weigh out
a known amount of barium chloride, keeping in mind the fact that
the equivalent weight of barium chloride is at least 104

. 137+2X35°5
)]

Take 25 to 3 grams of batium chloride and dissolve them in
water (100 c.c.). -

The solution so produced will be somewhat less than N/1o.
To this solution add 100 c.c. of N/z sodium carbonate.

Filter off the precipitate and wash thoroughly with distilled
water, adding all the washings to the filtrate. Make up washings
and the filtrate to 500 c.c.

Put N/1o hydrochlonc acid in your burette and use 25 c.c. of

your solution of carbonate for each titration.
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Use methyl-orange as indicator.

The quantity of acid required for reutralisation of 25 c.c. will
be about 2o c.c., but the exact quantity depends entirely on the
quantity of barium chloride used. Suppose the volume of acid
used for each titration is a cc.

Data .—

Weight of weighing bottle and BaCl,,xI1,0 = W grams.
Wutfht of weighing bottle and residue = w o,
Wewht of BaCl,,xI1,0 taken = (W—-w)

Sucnwth of sodium
carbonate so]ution} N/z=00265 gram Na,CO, per c.c.

Volume of N/2 Na,CO, solution used =100 c.c.

Weight of sodium carbonate used =(o"0265 X 100) grams Na,CO,.
=2'65 grams Na,COj.

Total volume of filtrate=go0 c.c.

Volume used for each titration=25 c.c.

Indicator, methyl-orange.

ITere write the actual titrations.

Volume of N /10 acid required for each titration=a c.c.

. . . 00
Total quantity of acid required=a X 5—— =204ac.cC.

Quantity of sodium carbonate represcnted by (20 a) c.c. of N/10
acid=20a X 0'0053 grams Na,CO;.

Quantity of Na,CO; used for the precipitation of the barium
=(2'65—20 X 00053 Xa) grams Na,CO,.

But 2084 grams of BaCl, are equivalent to 106 grams of sodium

carbonate.
*. Weight of barium chloride (anhydrous) is

(2'65—20 X 00053 X @) 2 grams =W, grams (suppose).

Now weight of salt taken was (W —w) grams.
Hence we have the relationship
BaCly,xI1,0 (W—w) 137+714+xX18
BaCl, — w, = 137471
W—w 18x4208
T w, T 208
208(W —w—W,)
or x=-—"g& Wi
All these quantities are known except «.
.. Required number of molecules of water of crystallisation is . .. Ans.
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[ExpT. 225.—Estimation of a solution of sodium chloride by silver
nitrate solution of known strength.—When silver mitrate is added
to a solution of sodium chloride the reaction which takes place is
quantitative and is represented by the equation

NaCl -+ AgNO; = AgCl4+NaNOQ;
234355 108 F14+48

N, e’ N—— e’

585 170

The silver chloride forms an insoluble precipitate and is thus
removed from the sphere of action. A normal solution of silver
nitrate contains 170 grams of AgNQj; in one litre of solution.

A decinormal solution of AgNO; contains o017 gram AgNO,
per c.c., or o'o108 gram of Ag per c.c.  Also—

A decinormal solution of NaCl contains o'00585 gram NaCl
per c.c., or 0’00355 gram chlorine per c.c.

The sodium chloride is measured into the * reaction vessel,”’
and the silver nitrate solution is run in from a burette.

As soon as all the chlorine is precipitated as silver chloride there
will be a slight excess of silver nitrate.

This “ end-point ” is shown by the indicator potassium chromate,
with which silver nitrate gives a red colour, due to the formation
of silver chromate.

2AgNO; + K,CrOy = Ag,CrOy + 2KNO,
Red precipitate
or coloration
This reaction, however, does not take place until the reaction

between the nitrate and any soluble chloride present is completed.
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In order for the estimation to be successfully carried out the
solutions employed must be neutral.

The pink colour indicating that the reaction is completed should
persist after stirring. Remember that you have a precipitate in
your reaction mixture. So 1t is most important thoroughly to stir
the solution, but do not splash

Make up a standard solution of silver nitrate by weighing out
4 to 4'5 grams of pure powdered silver nitrate in a weighing bottle.

Transfer the salt to a graduated 250 c.c. flask by means of a
glass funnel. Thoroughly wash all the traces of silver nitrate from
the weighing bottle and the funnel and add them to the contents
of the 250 c.c. flask. Make the solution up to 250 c.c.

Use only distilled water.

Make sure that your solution is thoroughly mixed. Run in the
silver nitrate from the burette.

Estimate the strength of the given solution of sodium chloride.

Suppose that for 20 c.c. of your sodium chloride solution you
require v c.c. of silver nitrate solution.

Strength of the silver nitrate.solution=s grams AgNO, per c.c.

Weight of sodium chloride equivalent to 170 grams AgNO,
=585 grams NaCl.

Weight of sodium chloride equivalent to 1 gram AgNO,

= 5 grams NaCl.

170
Weight of sodium chloride equivalent to (vs) grams AgNQ,
8.
= (‘37—85 X vs) grams NaCl.
But this is the quantity of sodium chloride in 2o c.c. of solution.
L. Required strength of sodium chloride solution is

_1. (?;-05 X vs) grams NaCl-per c.c. . . . Ans,
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ExpT. 226.—I1. Find the percentage of potassium in the given
crystals of potassium chloride.—Powder the salt.

Weigh out about 1'8 grams of it and dissolve it in water.

Make up to 250 c.c. with distilled water.

Be sure the solution is thoroughly mixed.

Use neutral potassium chromate as indicator.

Run in the standard silver nitrate from the burette.

170 grams of AgNO; are equivalent to 39 grams of potassium
(as KCb).

Work out your result in a manner similar to that explained in
detail in the previous demonstration.

Express your result thus :—

Required percentage of potassium in polassium chlorideis . . .Ans.

II. Find the amount of chlorine present as chlorides in tap-water.—
Use N/1ioo AgNO;. See that all the solutions used are neutral.
Express your result as parts per million.

Note.—Always keep your silver nitrate solutions in brown bottles.
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Oxidation by Potassium Permanganate.

Potassium permanganate solution may be used in the presence
of sulphuric acid as an oxidising agent.

Its formula may be taken as I\ .Mn,0, and, as it crystallises
without water of crystallisation, 1ts molecular weight is
2> 39+2X55 +8 X 16=316.

To find out what is the equivalent weight of the substance when
it is used as an oxidising agent we must see how much oxygen,
capable of being used for purposes of oxidation, it contains in
one gram-molecule.

With sulphuric acid in dilute aqueous solution the action in the
presence of an oxidisable substance is

K,Mn,04+3H,S0, =31, L0+K,;S0, +2MnSO4+50
316

i.e., 316 grams of potassium permanganate contain 8o grams of
oxvgen which are Laqule of being used as an oxidising agent

Such oxygen is called “ available oxygen.”

Now a normal solution of an oxidising agent is a solution which
contains in one litre 8 grams of *“ available oxygen,” .., the number
of grams of oxygen which would convert one gram of hydrogcn into
water.

316 grams of potassium permanganate contain 8o grams of
“ available oxygen.”

Therefore the normal solution of potassium permanganate con-
tains 316 grams of K,Mn,Oj per litre.

There are three ways of expressing the strength of a potassium
permanganate solution.

(r) The number of grams of potassium permangahate per c.c.

(2) The number of grams of “ available oxygen " per c.c.

(3) The number of grams of iron which one c.c. is capable of
oxidising from the ferrous to the ferric state.

From the equation

2FeO + (0] = Fe,0,
Ferrous oxide Oxygen Ferric oxide
2X56 16
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it can be seen that 8 grams of oxygen will convert 56 grams of
iron from the ferrous to the ferric state.

Therefore a normal solution of potassium permanganate may have
its strength stated thus :—

I c.c. contains 0'0316 gram of potassium permanganate.

I c.c. contains 0’008 gram of “ available oxygen.”

1 c.c. is equivalent to o'056 gram of iron.

The permanganate solution is always run in from the burette.
Read the top edge of the layer of liquid. The solution is too dark
to allow you to see the curve of the meniscus properly.

When potassium permanganate is run into a solution in the
presence of sulphuric acid it colours the solution pink, but if an
oxidisable substance is present the permanganate gives up its
““ available oxygen,” and colourless salts of potassium and man-
ganese are formed. Hence, so long as there is any oxidisable
substance present, the potassium permanganate is decolorised as
soon as it is run into the solution. When all possible oxidation
has taken place, the addition of a drop of potassium permanganate
in excess gives to the solution a pink coloration and indicates that
the reaction is finished.

Potassium permanganate acts as its own indicator and shows the
“ end-point ”’ by a permanent pink coloration.

Always use a burette with a glass tap. Rubber is likely to be
attacked by the potassium permanganate.

[f the solution goes brown during the addition of the potassium
permanganate, it is possibly due to the fact that you have not added
the sulphuric acid or that the quantity added is insufficient. Try
also adding the permanganate more slowly and stirring more
thoroughly in a fresh titration.

Potassium permanganate crystals are liable to be impure and
the strength of the solution is liable to alter through decomposition,
so it is better, for accurate work, to standardise your solution each
time before use.

Keep permanganate solutions in dark-coloured bottles or in a
cool, dark cupboard.

It is important that all water used should be ‘ air-free.”

Dunnicliff’s Pract Chem, 3
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Expr. 227.—(i) To prepare a decinormal solution of ferrous
ammonium sulphate and (1i) from this standard solution, to prepare
a N/ro solution of potassium permanganate.—Crystals of ferrous
ammonium sulphate can be obtained in a pure state, and are not
likely to undergo decomposition.

The formula of the crystals is ¥eSO,,(NT1,),50,,611,0.

Molecular weight=356-+96+ 3696+ 108 =392.

It is convenient to remember that ferrous ammonium sulphate
contains one-seventh of 1ts weight of iron in a molecule.

A normal solution of a ferrous salt contains as much iron as will
be oxidised by 8 grams of oxygen, 7.e., 56 grams of iron or 392 grams
of FeSO,,(NH,),S0,,6H,0.

Therefore to make a decinormal solution we must dissolve 392
grams of ferrous ammonium sulphate in water and make the
solution up to 1000 c.c. (1 litre).

Weigh out carefully 19'6 grams of pure powdered ferrous ammo-
nium sulphate in a weighing bottle.

Weigh the bottle first, as the last traces of salt must be washed
from the bottle to the flask by air-free water. 1t will be found
convenient to add a few drops of dilute sulphuric acid to the water
used for dissolving the salt.

Make the solution up to 500 c.c. by air-free distilled water in a
stoppered graduated flask.

Put in the stopper and shake the flask thoroughly.

Weigh out in a weighing bottle 1°6 to 1°7 grams of pure potassium
permanganate. Transfer it to a flask and dissolve it in cold water.
Make the solution up to 500 c.c. and shake up thoroughly.

Put the permanganate solution in the burette.
260



DECINORMAL SOLUTION OF FeSO, (NH,),S0,6H,0 261

The reaction mixture has not to be heated, so use a tea-cup for
your titrations.

Take 25 c.c. of ferrous ammonium sulphate solution for ‘each
titration.

Add about 20 c.c. of dilute sulphuric acid from your bench.

Note down the reading of the burette in your note-book.

Run in the potassium permanganate until the solution in the
cup has a permanent pink coloration. Be sure you stir thoroughly.

Do not be satisfied until you obtain three concordant titrations.

Remember that if your titrations are not alike the discrepancy
may be due to—

(r) Imperfect mixing when making up solution.

(2) Insufficient sulphuric acid.

(3) Dirty apparatus.

(4) Improper use of your measuring instruments.

The strength of your ferrous ammonium sulphate is equivalent
to (1) ooo056 gram of iron per c.c.

(2) 0’0008 gram of oxygen per c.c.

(3) 000316 gram of potassium permanganate per c.c.

Suppose, as a result of the titrations, we find that 25 c.c. of the
ferrous ammonium sulphate requires 22 c.c. of the potassium
permanganate solution for the complete oxidation of its iron from
the ferrous to the ferric state. Then the strength of the perman-
ganate solution can be written as containing

2 .
22 X 000316 gram of potassium permanganate per c.c.
25

or > X 0’0008 gram of ““ available oxygen ”” per c.c.

or equivalent to

:2 X 0'0056 gram of iron per c.c.

To make a decinormal solution of potassium permanganate from
this solution :—

Measure out 220 c.c. of potassium permanganate solution into
a 250 c.c. flask and.add air-free distilled water up to the mark on
the neck of the flask. Replace the stopper and shake up thoroughly.
Do not leave the solution exposed to light for a long time.

S 2
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Expr. 228.—Standardisation of potassium permanganate by
means of iron wire.—Take a picce of thin piano wire and clean it
thoroughly by rubbing it with sand- or emery-paper.

Fit a clean 250 c.c. flask with a Bunsen valve.

Fig. 74 shows the structure of the Bunsen valve. Find a piece

of glass tube and a piece of glass rod both of
Glass rod  which fit the same piece of rubber tubing.

Cut off a short length of glass tube, round off
the ends, and™push it through a single hole cork
or rubber bung which fits the neck of your 250
c.c. flask.

Carefully cut a vertical slit about half an inch
long in the rubber tubing. Fit the rubber tubing
on to the glass tubing and then close its end with
the glass rod ; see that the edges of the glass
rod are rounded off.

If a picce of rod of the requisite size is
not available, close a picce of glass tubing and use that
instead.

It will be seen that gas can come out of the flask by way of the
valve, but no air from outside can enter. This prevents the liquid
inside the flask from oxidation by the oxygen of the air.

Weigh out 1 to 1'5 grams of the cleaned pianc wire and put it in
the flask. Add dilute sulphuric acid and fit in the bung containing
the Bunsen valve. Keep the flask away from naked flames. If
the solution of the wire is slow, warm the flask gently by means of
a water-bath.

Rubber tubing
Slit

Glass tubing

Fio 74.
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Allow the action to continue till all the iron has dissolved, or at
any rate until all action has ccased, and only minute traces of
residue remain.

Cool the flask by allowing tap-water to flow over it, and then
make the solution up to 250 c.c. by air-free water. Shake up
thoroughly.

Put your given potassium permanganate solution into the
burette.

Use 25 c.c. of the iron solution for each titration.

Do not forget to add dilute sulphuric acid.

Weight of iron taken = 1'3 grams (suppose).
.~.Strength of solution = g2 grams Fe" per litre.
= o0'0052 gram Fe” per c.c.
No. of c.c. of K,Mn,0q solution required to oxidise 25 c.c. of
iron solution =v c.c. (suppose).
Then strength of permanganate solution is equivalent to

2 .
(o‘oosz X 7?) gram iron per c.c.

" . 35 §_ . 113 3 1 , »
or (00052 X - 6 gram ‘‘ available oxygen ” per c.c,

2 16 .
or <o'0052 X —3) 3;55' gram potassium permanganate per c.c.
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ExpT. 229.—To estimate the amount of iron present in a ferric
salt.—Weigh out a known amount of the salt and dissolve it in
water.

The iron must now be reduced from the ferric to the ferrous state.
This is done by acidifying the solution with dilute sulphuric acid
and then adding zinc. The sulphuric acid forms nascent hydrogen
by its action on the zinc, and the ferric iron is reduced to the ferrous
state.

eg., Fey(S0,)s + 21 = 2FeSO, + H,S0,
Ferric Nascent _. Eerrous Sulphuric
sulphate and hydrogen gve sulphate and act

Close your flask by means of a Bunsen valve.

DO NOT USE HYDROCHLORIC ACID
because permanganate titrations are not reliable in the presence
of hydrochloric acid.

The point when all the ferric iron is reduced to the ferrous state
may be determined by withdrawing a drop of the solution and
bringing it into contact with a drop of potassium sulphocyanide
solution on a white tile. If there is no reaction the whole of the
iron has been reduced to the ¢ ferrous ” state, but if a red coloration
results some ferric iron still remains.

The action must be allowed to continue until the test with
potassium sulphocyanide is negative.

Withdraw solution from the flask by means of a pipette, and

titrate against standard potassium permanganate solution run in
264
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from a burctte. Be sure no fragments of zinc get into your
“reaction vessel.”

To estimate the percentage of iron in ferric alum take about
20 grams and dissolve in water. Make up to 250 c.c.

Titrate against permanganate solution which is approximately
N/1o.
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Expr. 230.—To estimate the strength of a solution of oxalic
acid by means of potassium permanganate.—When potassium
permanganate is run into an acidulated (H,SO,) solution of oxalic
acid or an oxalate, the oxalate is oxidised.

H2C204 + O == HZO ‘*‘ ZCO«z

Oxalic acid on oxidation gives Water and Carbon dioxide

Similarly
(NH,),C:0, + HS0, + O
Ammoniura Sulphuric 18
oxalate acid oxidised

= (NH),SO, + H,0 + 200,
Ammonium and Water d Carbon

sulphate and - dioxide

giving
We see that go grams of oxalic acid are equivalent to 16 grams of
oxygen.
Similarly 124 grams of ammonium oxalate are equivalent to
16 grams of oxygen.
Taking the typical case of oxalic acid, the reaction which proceeds
1s represented by the equation

K.Mn,Os + 3H,80, + 5(COOH),

Potassium Sulphuric Oxalic
permanganate and acid . acid
M—-._.Y__J

316 5X%90
= PIEZSQ, + MzMnSQ. + 10CO0, + 8H,0
otassium anganese Carbon
give sulphate and sulphate and  gioxide 2nd Water

From this we see that 316 of potassium permanganate (i.e.,
8o grams of oxygen) are equivalent to 5x9o=450 grams of oxalic

acid.
266
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Put the standard potassium permanganate solution in the
burette. Use a beaker or an evaporating basin as the “ reaction
vessel,”” because the solution has to be heated in order to make the
reaction proceed to a finish.

Use 20 or 25 c.c. of oxalic acid solution for each titration. Run
the oxalic acid into the beaker. Add dilute sulphuric acid. The
reaction should be carried out at a temperature of about 60°C.
If the beaker 1s just as hot as you can bear to hold with the naked
hand the temperature is about right.

The end-point is indicated by the persistence of a pale pink
colour in the solution.

Write your titrations in tabular form.

Suppose the strength of the potassium permanganate solution
Is @ gram per c.c.

Volume of oxalic acid taken for each titration=25 c.c.

Volume of permanganate solution required for the oxidation of
25 c.c. of oxalic acid=v c.c.

Let the strength of the oxalic acid solution be x gram per c.c.

Hence -2 — 316

25X X 450

450XaxXv  9ay
= 25X 316 = 158 8rAMS per c.c.

Required result= . . . grams oxalic acid per c.c. Ans.
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Problems

1. Find the equivalent weight of metal of which the given
substance is a pure dry basic oxide solutle in dilute hydrochloric
acid.

(Given standard HCl and N /10 NaOIl.)

2. Find the proportion in which hydrochloric and sulphuric
acids are mixed in the given solution.

(You are given the total weight of acid per litre and a standard
solution of a base.)

3. Find the percentage of Na,O in a given specimen of caustic
soda which has been exposed to the atmosphere. (Given standard
acid)

4. Estimate the concentration of the lime-water on your bench.

5. Find the number of molécules of water of crystallisation in
the given substances.

(a) Sodium carbonate.

(b) Oxalic acid (two methods). -
(¢) Ammonium chloride.

(d) Ferrous sulphate.

6. The solution is a mixture of dilute nitric and hydrochloric
acids. Find the percentage of each present in the solution.

7. Find the percentage of potassium carbonate and of potassium
chloride present in the given commercial sample of potassium
chromate.

8. Estimate the percentage of ammonia present in the commercial
sample of ammonium sulphate.

9. Find the number of grams of sodium and potassium chlorides
present in one litre of the given solution.

You are told the total weight of salt dissolved.

10. Estimate the percentage of sodium bicarbonate and normal
carbonate in the given solution.
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11. Estimate the percentage of iron present in the given sample
of iron filings.

12. Iind the percentage of iron in iron alum.

13. Standardise the given solution of hydrogen peroxide.

(5H,0,+3H,50, +K,Mn,05=3H,0+450,+K,S0,+2MnS0,).

14. Determine the percentage of combined acid in the given
commercial sample of sodium oxalate.

15. B is a, mixture of oxalic and sulphuric acids in solution.
Estimate the percentage quantity of each acid present.

16. Determine the formula of the given oxalate of iron by a
volumetric method.

17. Find the equivalent weight of the given acid by a volumetric
method.

18. Determine the solubility -of the given oxalate at the
temperature of the laboratory.



APPENDIX I
Atomic Weights

In solving problems and equations use the approximate atomic
weights and valencies given in this table.

Atomic
Formula. weight. Valency
Aluminium . . . Al 27 II1.
Antimony . . . Sb 120  “ic” V. “ous” IIL.
Arsenic . . . As 75 “ic” V. “ous” IIL
Barium . . . Ba 137 II.
Boron . . . B 11 III.
Bromine . . . Br 8o 1.
Calcium . . . Ca 40 11.
Carbon . . . . C 12 Iv.
Chlorine . . . cl 35.5 I.
Chromium . . . Cr 52 VL
Copper . . . Cu 6335 ‘“ic” II.“ous” 1.
Hydrogen . . . H - I I
Iodine . . . . I 127 1.
Iron . . . . Fe 56  ‘“ic” III. “ous” II
Lead . . . . Pb 207 I1.
Magnesium . . . Mg 24’4 1L
Manganese . . . Mn 55 manganate VII.
salts II.
Mercury Hg 200 “ic” II. “ous ” L
Nitrogen N 14 V. or ITL
Oxygen . O 16 II.
Phosphorus . P 3I V. or IIL.
Potasstum K 39 1.
Silicon . . . Si 28 IV.
Silver . . . . Ag 108 1.
Sodium . . . Na 23 I
Strontium . . . Sr 876 II.
Sulphur . . . S 32 VL IV.IL
Tin . . . . Sn 1187 “ic” IV. “ous” II.
Zinc . . . . Zn 65°4 II.
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APPENDIX II

Tension of Water Vapour (Vapour Pressure)

Temp. P- Temp. b
°C (mm Hg). °C. (mm Hpg).
o’ 4°57 26 24-96
1 491 27 26-47
2 527 28 28-07
3 566 29 29'74
4 6-07 30 31°51
5 6-51 31 33°37
6 697 32 3532
7 747 33 37°37
8 7°99 34 3952
9 8-55 35 41-78
10 9°14 36 44-16
I 977 37 46-65
12 10°43 38 4926
13 I1-14 39 52-00
13 11-88 40 54-87
15 12:67 41 57-87
16 I3°51 42 61-02
17 14°40 43 64-31
18 1533 44 67-76
19 16-32 45 71-36
20 17-36 46 7513
21 18-47 47 7907
22 19:63 48 8319
23 20-86 49 87-49
24 22°15 50 91-98
25 23-52
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APPENDIX III
TABLE OF LOGARITHMS.

10
11
12

14

15
16
17
18
19

|
13

oj1|2|3|]4|[8|6]7|8|9]123/45¢6(788
0000 ] 0043 | 0086 | 0128 | 0170 4 9131172126 303438

0212 | 0253 0204 | 0334 | 037414 812162024 | 23 82 36
0414 ] 0453 ] 0492 | €531 { 0569 4 812/151923 278135

0607 | 06450652 0719 | 0755 4 7 11 | 15 19 22 | 26 80 83
0792 ] 0828 | 0564 | 0899 | 0934 3 711(1418 212528382

0969 | 1001 ] 1038 | 1072 110648 7 10|14 17 20 | 24 27 81
1139] 1178 | 1206 | 1239 | 1271 8 710(131620 |23 26 80

1303 | 13351 1367 | 1399 | 1430§3 710{131619 222529
1461 1492 1523 | 1553 ] 1584 8 6 9/121519/222528

1614 | 16441 1673|1703 1732)3 6 9121517 [ 202326
1761]1790 | 1818 | 1847 | 1875 8 6 9/111417 (202326

1903 | 1931 1959|1987 | 2014§3 6 8|111417 (192225
2041 2068 | 2005 | 2122 } 2148 8 58/111416/1992224

2175 | 2201 | 2227 (2253 | 2279]3 5 8101316132123
2304 ] 2330 | 2355 | 2880 ] 2405 3 58/101315/182028

2430 | 2455 2480 (2504 | 2520)2 65 710121517 2022
25531 2577 | 2601 | 2025 § 2648 25 7| 901214(161921

2672 [2605) 271812742 2765§2 5 7| 911141161821
278312810 | 2833 | 2856 | 2878 2 4 7| 91113/101820

2900 2923 2945 | 2967 | 208002 4 6| 811131151719
3010 8032 | 8054 | 30753096 | 3118|8139 31608181 [8201|2 4 6| 81118|151719
8222 3243 | 8203 | 8284 | 8304 | 8324 | 83451 83658385 |3404]2 4 6| 81012({141018
8424 ] 8444 | 8464 | 348313502 8522 8541 3560 | 8579 ( 3508)2 4 6| 81012 |141517
361713636 3655 | 3674 13692 | 8711 8729 3747|3766 8784)2 4 6| 7 911[131517
3302 8820 | 3833 | 3850 | 8874 | 8802 3000 3027 [ 304589622 4 5| 7 911121416
3979 8997 | 4014 | 4031 ] 4048 | 4065 | 4082 | 4009 | 4116 | 4188]2 8 5| 7 910[121415
4150 4166 | 4183 | 4200 § 4216 4232 4249§ 4265 | 4281 | 429842 3 5, 7 810111315
431414330} 4346 | 4362 § 4378 | 4303 | 4409 | 4425|4440/ 445612 3 5| 6 8 9111314
44721 4487 | 4502 | 4518 | 4533 | 4548 | 4564 | 4579|4594 | 460912 3 5| 6 8 9111214
4624 4639 | 4654 | 4669 | 4683 | 4608 | 4713 4728 | 474247571 8 4| 6 7 9101213
4T71] 4736 | 4800 | 4814 § 4820 | 4843 | 4857 | 4871|4886 (4000J1 8 4| ¢ 7 9101118
4014 | 4928 | 4042 | 4955 1 4069 | 4983 | 4997 | 5011 | 5024 | 5038§1 8 4| 6 7 8101112
5051 5065 8079 | 5092 § 5105 | 5119 5132} 5145| 5159 | 5172§1 8 4| 5 ¥ 8| 91112
5185] 61981 5211 | 5224 1 5237 | 5250 5263 | 5276 | 5280 | 6302§1 8 4| 5 6 8| 91012
5315 5328 | 5340 | 5353 1 53661 5378 | 5391 5408 | 5418 | 64281 3 4| 5 6 8| 91011
54411 5453 | 5465 | 54781 5400 | 5502 | 5514 ) 5527 | 5530 | 555101 2 4| 5 6 7| 91011
556315575 | 5587 | 5599 § 5611 | 5623 | 5635 ) 5647 | 5658 | 56701 2 4| 5 6 7| 81011
56821 5604 | 5705 | 5717 | 5729 | 5740 | 5752 5763 | 5775| 57861 2 3| 5 6 7| 8 910
57981 5300 | 5821 | 5832 ] 5843 | 5855 | 5366 | 5877 | 5338(5899]1 2 3| 5 6 7| 8 910
591115922 | 5033 | 5044 1 5955 | 5066 | 5077 ] 5988|5099 6010J1 2 3| 4 5 7| 8 910
60211 6031 | 6042 6053 | 6004 | 6075 6085] 6096 | 6107 (6117§1 2 3| 4 5 6| 8 910
612816133 6149 | 616016170 | 6180 | 6191} 6201 | 6212 6222J1 2 8| 4 &6 6] 7 8 9
6232 6243 | 6253 | 6263 | 6274 | 6234 | 6204 ] 6304 | 6314 | 632501 2 3| 4 5 G| 7 8 9
63351 6345 | 6355 | 6365 | 6375 | 6385 | 6395 6405 | 6415/ 642501 2 8| 4 5 6| 7 8 9
6435] 6444 | 6454 | 64641 6474 | 6434 6493165036513 652201 2 8| 4 5 6| 7 8 9
6532 65421 6551 | 6561 § 6571 | 6580] 65006509 | 6609 6618f1 2 3 4 5 6( 7 8 9
6628 | 6637 | 6646 | 6656 } 6665 | 6675 | 6684} 6693 | 6702| 671241 2 3| 4 5 6| T 7 8
6721] 6730|6739 | 6749 6758 | 6767 | 6776 6785| 679468031 2 3| 4 5 5 6 7 8
6312 6821 6330 | 6339 ) 6848 | 6357 6866 | 6875|6884 689301 2 8| 4 4 5| 6 7 8
6902 ] 6911 | 6920 | 6028 | 6937 | 6946 | 6955 | 6964 | 6972| 698141 2 8| 4 4 5| 6 7 8
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TABLE OF LOGARITHMS,
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THE NUMBERS REFER TO THE NEAREST EXPERIMENT, UNLESS
OTHERWISE NOTIFIED,

PAGE
AceTIC AcID, 158 . . . 142
Acid (defimtion of), 50 . . 64
Acids (systematic tests for)

162 . . .. 148
Adsorption, 28 . . . . 29
Aluminium, 190 . . . . 182
Ammonia (preparatmn) 11T 112

" (properties), 112 . 113

' (estimation of),

219 . . . . 241

" (tests for), 115 . 114

Ammonium hydroxide, 114. 113
Antimony (tests for), 185 . 175

Arsenate (tests for), 163 . 152
Arsenic (tests for), 184 . . 174
,, (tests for), 151(e) . 137
Arsenite (tests for), 163. . 152
Atmolysis, Demonstration
6 (1). I 36
Available oxygcn ... 221

BALANCES (rules for use of) 20
Barium (tests for), 197 . . 193
., (estimation of), 223 253
Basicity, 73 . 222
(determmatlon of) 247

Bendmg glass, 6 .

Bismuth (tests for) 182, . 171
Black ring test, 101 . . . 104
Bleaching powder 63 . 71

Bleaching sugar solution, 66 74
Blow-pipe (foot), Demonstra-

tion 1 . . . 7

" (mouth), 4 . . 6
Boiling point determination,

12 . . . ... 16

Borax bead tests, 169, 208 . 155,

203

Boric acid, 157, 162, 205, 142, 148,

201

Bromine, 153. . . . . 138

Burette, 15 . .o 22

Burners (batswmg) 2 .. 4

" (Bunsen), 3 .o 5

Dunnicliff’'s Pract Chem.

PAGE

CapMiuMm (tests for), 181 170
Calcium (tests for), 199 . . 194
Calcium bicarbonate, 72 . 77
Caplllary (to make a), 8. . 10
Carbon, 65 . .. 73
Carbon diwxide, 7o 75, 145
,, monoxide; 78 . 87
Carbonates, 73, 216 . 8o, 234

Carbonic acid gas, 69, 70, 161

. 75> 145
Catalysis, 914, 94 95, 97
Centrifugalisation, . 36
Chalk gas, Demonstration
YEG) . . . . . 78
Charcoal, 66 . . . . . 73
Chemucal change, go. . . 96
Chloric acid, 156 . . 140
Chlorine (preparation), 6o . 68

" properties, 61 . . 68
Chromium (tests for), 189 . 182
Cobalt (tests for), 192 . 177, 186

Combustion, 38 ; Demonstra-

tion 14 (1) 42, 69
Concentration, 95
Conditions affecting chemu-

cal change, go .
Copper (equivalent welght)

12 . . 220
(‘opper (tests for) 180 . . 169
Cork boring, 9 . . 1
Crystallisation, 21, 45 o 27,47

Crystalloid, Demonstration
6(2) . . . . 36

Cutting glass tubes, 5 .

'y wide tubes, Demon-
stration 2 . . . . 8

DEACON’s process, Demon-

stration 14 (2) . . . 70
Decrepitation, 25 . . . 28
Deliquescence, 19 . . . 27
Desiccator . .. 38
Detection of aads 162 . . 148

" ,» gases, 161 . . 146
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PAGE PAGE
Detonating gas, Demontra- IDENTIFICATION of gases, 161 146
tion g9 (1) . 48 Ignition pomnt, . . . 3
Dialysis, Demonstratmn6( ) 36 Indicators .223
Diameter of a shot, 17 . 24  Indigo solution, Demonstra-
Diffusion (gaseous), 27 . 29 tion 14 . 69
Direct decomposition, 88 95 Internal rearrangement 89 95
Displacement, 86 . 93 Intumescence, 23 . 28
Dissociation, 110. rro  Jodine, 61, 154 69, 139
Distillation, 12 L. 1 Iomic theory . . . . 64
7
. ,dry), 65, 117 72,114 Iron (tests for), 188. . 180
Double decompomtlon 87 . 93 ,» (estimation of), 229 264
Dry distillation, 56, 117. 59, 114
EFFLORESCENCE, 22 . . 28 JET (todrawa), 7 10
Electrolysis, Demonstration
13 (1), 96 63, 110 K1pp’s apparatus, 137 125
Equivalent weights .21
,, of aad, 221 247
,, of copper, 211. 216 %gzﬁfm't‘g}i'sé()fo.) - 123
,» of magnesium, 211 216 (tes . 177 - 4
of tin, 211 . 216 Leadtrec,  Demonstration
. of z1ine, 211 216 21 95
Examination of gases, I0I . 746 nghé}fﬁ;gfn;g o.n rhcm“a.l o7
Ferrous ammonwum  sul- MAGNESIUM (tests for), 17 60
! , 174 . I
phate, 227 260 _ ,»  (equivalent weight),
Filter dryer, 30 . 31 212 . .. 219
Filtration, 30. 31 Manganese (testq for) 194 188
Formic acid, 83 . -+ 99  Marsh’s test, 151(¢), 185 137, 175
Flame tests, 171,209 . 157,203  Mass action, 93 . o8
Fluorides, 162, 205 . . 150, 201 Melting point determination,
. . . 13 .
GasEs (identification of), 161 146 Mercury (tcsts for), 173 . 164
Gunpowder, 33 + 35 Mixtures (separation of), 30 31
Molecular weight of acid, 221 247
HarpnESs of water, 52 . . 55
Harmonicon (chemical), De- NAsceNT state, 44B . 47
monstration 9 (3) 40 Nessler's reagent, 52 55
Hydnodic acid, 154. 139  Nickel (tests for), 193 .178
Hydrobromlcacxd(tcsts) I5§ 138 Nitrate, 101, 163 . . 104, 148
Hydrochloric acid gas (pre- Nltratlon 105(6). 107
paration), 57 . 61 Nitric acid (preparahon) 99 103
drochloric acid gas ( ro- (properti 10
Hy portics), 56 gas (p 62 » (p g ft;s) h o) . Iog
, ,» (modes of action 105 10!
Hydrochloric acid (tests for) Nitric oxide, 106. . 108
59, 152 . . 63, 138  Nitrogen, 122 . 118
Hydrofluoric acid (tests) 155 139 Nitrogen dioxide, 108 110
Hydrogen (preparation), 42. 44 " peroxide, 108 . 101
" (properties), 43 45  Nitrous acid, 102 117
" peroxide, 55 . . 57  Nitrous oxxde 119 116
Hydroxyl group, 54, 118 57, 114 Nomenclature of acids, 143 131
Hypochlorous acid, 64 . ., 71  Normality, precedes 211 . 226
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134, 159 . . 123, 143
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228, 230 . . 257,262, 265

Rabrcats, 114 113

Reducing agent, ;;4, 68, De-
monstration 20 (2), 141

. 46, 74, 91, 130

SEALING wide tubes, De-
monstration 2 . 14
Silica, 160, 205 143, 201
Silicic acd, 155 . . 140
Silver (tests for), 176 . 163

Silver tree, Demonstratlon
21 95
Soa; solutxon 53, and Note 55
Sodium (tests for), 172 . 159

Sodium carbonate, 74, 216 531, 234

Solubility, 56. 59
Standard solutions 225
; prepara-
tion of, 216 218, 227 234,
239, 260
Standardisation of Hydro-
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,, calcium chloride, 222. 249
,, nitric acid, 216 234
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217 « . . .237
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,, sodium chlorxde 225 255
«“ Striking back,”” 3 . . 5
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Sulphuides (tests), 137 125
Sulphites, 139 . ‘129
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» (flowers) 127 120

” (milk) 130 121
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v (rhombic), 128) 120
,, dioxide, 139 129
Sulphuretted hydrogen, 135,
161 . . 124, 146
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Synthesis, 40, 85 .. 43,02
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TaBrLEs for separation of
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,, metals, 210 204
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Temporary hardness, 52. 55
Thiosulphates, 144 132
Tin (equivalent weight), 211 216
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VoLuMETRIC analysis, 212. 219
‘WASH BOTTLE, 5-1I . 8-13
Water, Demonstration 11 . 53
,,»  of crystallisation, 2r1. 28
,»  hard and soft, 52. 55

,,  influence on chemical

change, 91 . . 96
Zinc (tests for), 195 . 189

3

(equivalent welght) 211 216



PRINTED IN GREAT BRITAIN BY
Ricuarp CLAY AND Sons, LiMiTED,
BRUNSWICK STREET, STAMFORD STREET, S E.T,
AND BUNGAVy SUFFOLK.
























	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif
	00000198.tif
	00000199.tif
	00000200.tif
	00000201.tif
	00000202.tif
	00000203.tif
	00000204.tif
	00000205.tif
	00000206.tif
	00000207.tif
	00000208.tif
	00000209.tif
	00000210.tif
	00000211.tif
	00000212.tif
	00000213.tif
	00000214.tif
	00000215.tif
	00000216.tif
	00000217.tif
	00000218.tif
	00000219.tif
	00000220.tif
	00000221.tif
	00000222.tif
	00000223.tif
	00000224.tif
	00000225.tif
	00000226.tif
	00000227.tif
	00000228.tif
	00000229.tif
	00000230.tif
	00000231.tif
	00000232.tif
	00000233.tif
	00000234.tif
	00000235.tif
	00000236.tif
	00000237.tif
	00000238.tif
	00000239.tif
	00000240.tif
	00000241.tif
	00000242.tif
	00000243.tif
	00000244.tif
	00000245.tif
	00000246.tif
	00000247.tif
	00000248.tif
	00000249.tif
	00000250.tif
	00000251.tif
	00000252.tif
	00000253.tif
	00000254.tif
	00000255.tif
	00000256.tif
	00000257.tif
	00000258.tif
	00000259.tif
	00000260.tif
	00000261.tif
	00000262.tif
	00000263.tif
	00000264.tif
	00000265.tif
	00000266.tif
	00000267.tif
	00000268.tif
	00000269.tif
	00000270.tif
	00000271.tif
	00000272.tif
	00000273.tif
	00000274.tif
	00000275.tif
	00000276.tif
	00000277.tif
	00000278.tif
	00000279.tif
	00000280.tif
	00000281.tif
	00000282.tif
	00000283.tif
	00000284.tif
	00000285.tif
	00000286.tif
	00000287.tif
	00000288.tif
	00000289.tif
	00000290.tif
	00000291.tif
	00000292.tif
	00000293.tif
	00000294.tif
	00000295.tif
	00000296.tif
	00000297.tif
	00000298.tif
	00000299.tif
	00000300.tif
	00000301.tif
	00000302.tif
	00000303.tif

