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PREFACE

The purpose of this work is to provide a course of practical
chemistry suitable to the needs of students in the latter part of their
School Certificate course and throughout their preparation for Higher
School Certificate. By including experimental work in elementary
biochemistry, it is hoped that the book will also satisfy the needs of
medical students preparing for 1st M.B. examinations. While it is
expected that students will have had three or four years’ experience
in experimental chemistry, it is realised that some may have had
less opportunity than others to cover the preliminary work; the
course has therefore been designed to facilitate the work of those
who have lacked laboratory experience.

The choice of experiments, and the order in which they are
arranged, are based on many years’ experience in teaching practical
chemistry to senior students in grammar schools; the book has also
been divided into parts to correspond with the accepted divisions
of the subject in the text-books. As the order chosen by the authors
may not conform to the treatment of the theoretical work by other
teachers, the division into parts should give a flexibility of presenta-
tion to meet individual needs. It is also realised that pressure of
work may, on occasions, prevent the teacher from giving individual
attention to a student, or to a group of students. The instructions
given for each experiment have therefore been fully described, so
that a student may work with a minimum of supervision. The
amount of practical work covered will depend, very largely, on the
limiting factor of the time-table; but with a reasonably generous
allowance of time during the two years of preparation for Higher
School Certificate, there should be opportunity to cover, if not the
whole, at any rate the majority of the experiments.

Although individual views about the relation between the practical
and theoretical aspects of the subject may differ, it is generally agreed
that a sound knowledge of practical work, permitting individual
observations and experience, is of the utmost importance. Wherever
possible in this book, the theoretical considerations have been given
a8 adjuncts to the practical work which is to be performed; but
where it is desirable to have a brief introduction of theory prior to
the performance of experiments, this latter method has been adopted.
It is hoped that this intermingling of theoretical and practical work
will prevent the unfortunate tendency to dissociate the practical
work of the laboratory from the theoretical knowledge of the lecture-
room. It is also hoped that the cross-references from one part of
the book to another, may help the student to appreciate how closely
related are the parts into which the subject is divided for teaching

purposes.
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Wherever possible, reactions which have been chosen to illustrate
properties have been described as small scale test-tube experiments.
This has been done for the dual reasons of economy in the use of
material and inculcation of the practice of manipulating small
quantities. At the same time practice in the use of larger scale
apparatus, particularly in organic preparations, has been included
in order to familiarise the student with apparatus which has been
designed for specific purposes; it will also afford him the satisfaction
of proceeding with the preparation of a given compound to a state
of reasonable purity. A list of apparatus and material which is
required has been given below the title of each experiment, but,
to avoid unnecessary repetition, it is assumed that a number of
pieces of apparatus and a certain range of material are usually readily
accessible in the laboratory; a list of these has been given in the
Appendix.

Part I, Physical Chemistry, has been planned to include those
topics which may readily be illustrated by the use of simple appa-
ratus. Some work of a revisionary character has also been included.
This part is not intended to take the place of a theoretical text-
book; but the student who has followed the experimental work with
understanding will have become acquainted with much of the
physical chemistry which he is required to study. He will also be
able to apply his knowledge to reactions which occur in the course
of practical work in other parts of the book.

Part II, Inorganic Chemistry, is based on the Periodic Table. The
dependence of properties on atomic structure would, in itself, be
sufficient justification for arranging the elements, for the purpose
of study, in the groups of the Table. There is also the further advan-
tage of maintaining a close relation between the theoretical con-
siderations of chemical properties and the practical observations on
which the theory is based. It must, however, be acknowledged that
the comparatively small selection of elements which the student is
required to study for examination purposes makes it difficult to
show, experimentally, the gradation of properties which a more
comprehensive study would make evident.

Part III, Organic Chemistry, is sub-divided in the traditional
manner into an aliphatic and an aromatic section. The experimental
work exceeds the requirements of many examining boards; but no
apology is needed for exceeding minimum demands in favour of a
reasonably comprehensive course. If the amount of time does not
allow for all the work to be covered, a judicious selection may be
made from the preparations which are described.

Part IV, Volumetric Analysis, has stood the test of a very wide
experience as a separate publication entitled ZThe Essentials of
Volumetric Analysis. The text has been revised, and the range of
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experiments affords a sound ground-work for external examinations.

Part V, A System of Analysis, is the scheme of analysis usually
followed, but the use of organic reagents in analysis has been
included. While it may be found possible in the future to replace
the present scheme by one based on spot-tests, using organic reagents
or otherwise, the value of the present scheme as an illustration of
ionic reactions is generally admitted, and the book’s intention is to
use the suggested organic reagents purely as confirmatory tests.

Part VI, Gravimetric Analysis, is intended to serve as an intro-
duction to the subject. Experience shows that little is gained at
this stage by a wide range of gravimetric exercises, and a com-
paratively few illustrations of a fairly simple character have been
selected.

Part VII, Elementary Biochemistry, has been included primarily
for its value to medical students and students of biology; but even
those students of chemistry who are not studying biology will benefit
from some practical work in this highly important branch of chemistry.

It is hoped that the book will prove useful to teachers and students,
and the authors will welcome criticisms and suggestions.
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INTRODUCTION FOR THE STUDENT

The following general points will assist the student to interpret
the directions and arrangement of the book.

(1) After the title of each experiment is given a list of the apparatus
and materials required. Because ice is not usually readily available,
it is given in heavy type thus: ICE.

In giving this list it is assumed that certain simple apparatus and
commonly used materials are to hand.

A list of these is given on p. 370.

(2) A conveniently small quantity of material is termed a “salt-
spoonful”’; this represents approximately 0-25 to 0-5 gm. and is
sufficient to cover the bottom of a test-tube. It will be helpful
to note that a test-tube (6 in. X % in.) holds approximately 30 c.c.

(3) The abbreviation “conc.”, used in connection with liquids,
signifies the highest concentration normally available. Dilute solu-
tions of acids and alkalis are those usually available on the bench
(approx. 2 N. or slightly more concentrated).

(4) Where theorctical considerations are provided, to assist an
understanding of the practical work, they are given in smaller type.
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CHAPTER I

PROPERTIES OF DILUTE SOLUTIONS. OSMOTIC PRESSURE,
DEPRESSION OF THE FREEZING POINT, ELEVATION OF
THE BOILING POINT

THEORY

When a substance dissolves in a liquid, the substance is called a solute and
the liquid a solvent. If a dilute solution of a given solute in a given solvent is
separated from a concentrated solution of the same solute and solvent by a semi-
permeable membrane (i.e., a membrane permeable to the solvent but not per-
meable to the solute), solvent passes through the membrane from the dilute solu-
tion to the concentrated until the strengths are equalised. The pressure causing
this movement of solvent is called osmotic pressure. When a pure solvent is
separated by a semipermeable membrane from a solution of the same solvent,
the pressure exerted by the solvent passing into the solution can be measured.
The presence of a solute in a solvent also has the effect of lowering the freezing
point of the solvent, and of raising the boiling point. The actual value of the
osmotic pressure, or the number of degrees by which the freezing point is
lowered or the boiling point raised, depends upon the concentration of the
solution. Provided the solutions considered are sufficiently dilute, the laws
governing these phenomena are accurate, tue effects being directly proportional
to the number of particles present in a fixed amount of solvent. “Pazticles”
includes molecules of the solute and ions into which molecules have dissociated.
Thus 2 gm.-molecules of the non-ionisable solute urea will have twice the
effect of 1 gm.-molecule of urea in a given amount of a solvent, and 1 gm.-
molecule of urea (60 gm.) will have the same effect as 1 gm.-molecule of cane-
sugar (342 gm.). An ionisable substance, if fully ionised, will furnish as many
particles (ions) as its constitution allows; thus 1 gm.-molecule of sodium chloride
will give twice the number of ions as there were molecules:—

NaCl — Nat+ 4 Cl-
A molecule of barium chloride, when fully ionised, gives three ions:—

BaCl, — Bat++ 4 2Cl-
A gm.-molecule of barium chloride will have three times the effect of 1 gm.-
molecule of urea.

OSMOTIC PRESSURE

Osmotic pressure effects can be shown qualitatively in the laboratory by
means of simple apparatus, but quantitative measurements are not usually
possible because of difficulties of technique.*

Experiment 1. Copper ferrocyanide as a semipermeable membrane.
Apparatus: Glass tubing drawn out to form a capillary; 2 N. copper
sulphate. Material (see also p. 370): potassium ferrocyanide.
Make a concentrated solution of potassium ferrocyanide and allow
* 1 gm.-molecule of a non-electrolyte dissolved in water and made up to

22-4 litres of solution cause an osmotic pressure, at 0° C., of 760 mm. of mercury
(1 atmosphere).

3
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it to drop from a fine capillary into a dilute solution of copper sul-
phate (2N). The drop formed will be surrounded by & layer of copper
ferrocyanide:—

20uS0, + KFe(CN); — 2K,S0, - Cu,Fe(CN),
ionically: 2Cut+ 4 Fe(CN)g~——— — Cu,Fe(CN)g |

The drop, being denser than the copper sulphate solution, will
sink but after a short time will rise by virtue of alteration in density
caused by osmosis.

Experiment 2. Prussian blue as a semipermeable membrane.

*Material: Solid ferric chloride.

Half fill an evaporating basin with a solution of potassium ferro-
cyanide (about 5 gm. in 100 e.c.), and drop in a small lump of ferric
chloride. At the surface of the ferric chloride a layer of prussian
blue will form and act as a semipermeable membrane. Inside the
membrane there will be a highly concentrated solution of ferric
chloride, and water will pass through from the dilute potassium ferro-
cyanide solution. The layer of prussian blue will swell, due to the
dilution of the ferric chloride.

Experiment 3. Vegetable cells as a semipermeable membrane.
Material: Large potato.
Cut a large peeled potato into the shape shown in Fig. 1, and fill
the cavity about half full of salt solution. Stand it in a vessel and

Salt solution s Posttion after a few hours

: m\ mfv"f =

Fi1a. 1.

add enough water to bring the level equal to that of the salt water.
Note the level and leave until the following day. The salt solution will
then have grown in bulk by passage of water molecules through the
membrane.

Experiment 4. Cellophane as a semipermeable membrane.
Apparatus: Short length of glass tube (diam. about £ in.); fine
string; cellophane.

* See also p. 370.
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Take a piece of cellophane about 3 in.
square, and fit round one end of the
tube, tying it firmly in position with
string. Fill the tube with sugar solu-
tion coloured with red ink, and close
the other end of the tube with a well-
fitted rubber bung fitted with a long
picce of glass tubing. (Fig. 2.) Set up
the tube in water and mark the level.
The level rises appreciably after a few
minutes and shows a considerable rise
overnight. Fig. 2.

—-Water

+Sugar solution

ELEVATION OF THE BOILING POINT

A solution has a lower vapour pressure than its pure solvent and will there-
fore boil at a higher temperature. The lowering of the vapour pressure can
be shown to be proportional to the osmotic pressure, and, if the solution is
dilute, the lowering of the vapour pressure is accompanicd by a proportional
elovation of the boiling point (and also a proportional lowering of the freezing
point). The gm.-molecular weight of any non-ionisable solute when dissolved
in 100 gm. of a solvent elevates the boiling point by a constant number of
degrees, the number being specific for each solvent; thus, 1 gm.-molecular
weight of any non-clectrolyte when dissolved in 100 gm. of water elevates
the boiling point by 5:2° C. i.e., the solution would boilat 105-2° C. Calculations
of molecular weights of solutes are based on this statement, but it must be
romembered that the experimental data mnust be obtained by using dilute
solutions. It would boe more accurate to state that if ‘n’ is a small fraction,
then n gm.-molecules of a non-electrolyte in 100 gm. of water would elevate
the boiling point by 5:2 X n° C.

Experiment 5. To determine the boiling point constant for water.

(Given that cane sugar is a non-electrolyte
and has a molecular weight of 342.)

Apparatus: Landsberger (or modified Lands-
berger) apparatus; boiling cans; glazed paper.
Material: cane sugar or urea.

The modified Landsberger apparatus con-
sists of a boiling-tube with a small hole blown
about half an inch from the top and fitted
loosely with a bung which carries a glass tube
and thermometer capable of being read
accurately to ;° C. The whole fits into a
gas-jar, a cork holding the boiling tube in
place (see Fig. 3). With careful handling the
apparatus will last for several determinations.
Weigh accurately about 7 gm. of cane sugar Fic. 3.
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on a weighed piece of glazed paper. Half fill the boiling-tube with
water and pass in steam. Note the temperature when the mercury
has become steady; this is the boiling point of water at the pressure
of the atmosphere. The bung in the boiling-tube must be loosely
fitting throughout, or the tube will crack. Remove this bung, slide
in the sugar, and determine the new boiling point. Weigh the
solution immediately, and subtract the weight of solute to find the
weight of water.

Example:
Weight of cane sugar = 69gm.
Temperature of boiling solvent = 100-1° C.
Temperature of boiling solution = 100-4° C.
Weight of solution = 41-9 gm.

Weight of water = 350 gm.
69 gm. of cane sugar in 35 gm. of water caused an elevation of
0-3°C.
6-9 gm. of cane sugar in 100 gm. of water caused an elevation of
0-3 X 35
100

342 gm. (gm. mol. wt.) of cane sugar in 100 gm. of water caused
an elevation of

°C.

342 % 03 X 35
100 X 69

Note: The error in tho thermometer reading being large, the volume in c.c-
of the final solution may be taken as the weight (in gms.) of the solvent, with-
out serious additional error.

=52°C

Experiment 6. To find the degree of ionisation* of potassium chloride
at a given dilution.
(Given the elevation of boiling point constant for water to be 5:2°C.)
Apparatus: As for Expt. 5. Material: Potassium chloride.

THEORY
If there were no ionisation, 1 gm.-molecule of potassium chloride would
have an effect equal to that of 1 gm.-molecule of cane-sugar, i.e., 74:5 gm. of
potassium chloride in 100 gm. of water would cause an elevation of tho boiling
point of 5-2° C. But ionisation does, in fact, occur and the observed elevation
is therefore higher than this value.

KCl & K+ 4 CI-

Observed elevation Number of particles of solute present
Calculated elevation ~  Number of particles present if there had been no
ionisation

Consider 1 gm.-molecule of a binary electrolyte (i.e., an electrolyte which

* Assuming ionisation in accordance with Arrhenius’s Theory.
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can give two ions per molecule, e.g., potassium chloride). Let the degree of
ionisation (i.e., the fraction of a gm.-molecule present as ions under the con-
ditions of the experiment) be z. Then, in solution there would be 1—z gm.-
molecules of undissociated potassium chloride, z gm.-ions of potassium, and
« gm.-ions of chloride, giving a total number of gm.-molecules and gm.-ions
of 1—z+2x, dr 14-2. If ionisation had not occurred there would have been
1 gm.-molecule only. Hence:—

Observed elevation 14z

Calculated elevation 1

In this expression the observed value is obtained experimentally,
the calculated elevation is based on the constant obtained in Expt. 5,
and z can therefore be determined.

Example:
Weight of potassium chloride == 102 gm.
Boiling point of solvent = 100-1°C.
Boiling point of solution = 100-4° C.
Weight of water = 42-8 gm.

Calculation of elevation if ionisation had mot occurred:
74-5 gm. of potassium chloride in 100 gm. of water cause an elevation
of 5-2° C.
1-02 gm. of potassium chloride in 42:8 gm. of water cause an elcva-
52 x 1-02 x 100
74-5 X 42-8
= 0-167° C.
Observed elevation was 0-30° C.
030 1=
0-167

tion of

*. = 0-8(approx.) or 809, = degree of ionisation.

Experiment 7. To find the freezing point constant for water.
Apparatus: Accurate thermometers (50°C.); stirrers. Material:
ICE; salt; urea.

Note: The constant for benzene may be found in a similar way to that
described below, naphthalene being & suitable solute. In this case ice may
be used in place of the freezing mixture.

Measure 30 c.c. ( gm.) of water by means of a burette into a
clean boiling-tube. Place this in a beaker and pack round alternato
layers of ice and salt, making 5 or 6 layers of each (Fig. 4). Insert
a thermometer (capable of being read accurately to 14;° C.) and a
stirrer. Note the temperature when pure water begins to freeze.
If the indicated temperature is much below 0° C. before freezing occurs
there is probably supercooling and the true freezing point is the value
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obtained when ice has separated out and
. . the thermometer is steady. Have ready an
accurately weighed quantity of urea (about
1 gm.) on a piece of glazed paper. Warm
the boiling tube in the hand to melt the ice
and then slide the urea into the water and
stir to dissolve. Find the freezing point of
the solution. Given that the gm.-molecular
weight of urea is 60 gm., use the results
to calculate the lowering of the freezing
point when 1 gm.-molecule is dissolved in
100 gm. of water.

Note 1. Thorough stirring is necessary through-
out the experiment to avoid supercooling.

Fia. 4.

Note 2. This experiment is capable of reason-

ably good results because of the much greater value of this constant than the
corresponding boiling-point constant, and because the freezing point is much
steadier during the period of observation than is the boiling point. The degree
of ionisation of an electrolyte is found from freezing point data by & similar
method to that given in Expt. 6 and a suitable variation would be to use
the tertiary electrolyte barium chloride (about 1 gm. in 30 gm. of water).

Experiment 8. To determine the molecular weight of
naphthalene, given the freezing point constant
for camphor as 400. Rast’s method.

Apparatus: Ignition tubes; thermometer (360° C.);
olive oil. Material: Camphor, naphthalene.

Note: The freezing point constant of camphor has a high value
and this method is suitable for a small quantity of solute.

Weigh an ignition tube empty and then with about
0-5 to 1-0 gm. of camphor. Add about one-tenth of
the camphor’s weight of naphthalene, weigh and insert
a thermometer with a piece of rubber tubing to act as
a cork (Fig. 5). Place in a boiling tube containing
olive oil and warm gently until the whole melts. Remove
the ignition tube and adjust the thermometer so that
it dips into the molten contents. Replace the tube and
allow to cool while in the oil. Note the temperature
when the camphor becomes cloudy and take this as the
freezing point. Use another ignition tube to find the

* freezing point of pure camphor.

Fia. 5.

Example:
Freezing point of pure camphor = 175°C.
Freezing point of solution = 124°C.
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Weight of ignition tube 3:02 gm.
” 2 3 s + camphor 3-83 gm.
9 ”» ”» » C&mphor + naphthalene = 3-96 gm.

Calculation:
51° C. is the depression caused by 0-13 gm. naphthalene in 0-81 gm.
camphor :

0-13 X 100

51° C. is the depression caused by 081

gm. naphthalene in

100 gm. camphor
0-13 X 100 x 400

0-81 x 61

400° C. is the depression caused by gm. naphtha-

lene in 100 gm. camphor
= 126 gm. (correct value = 128)



CHAPTER II
REVERSIBLE REACTIONS AND THE LAW OF MASS ACTION

THEORY

A reversible reaction is one which can proceed in either direction by altering
the conditions of the reaction. One of these conditions is the relative concen-
trations (or active mass) of the reactants. According to the Law of Mass
Action the velocity of a chemical change is directly proportional to the “active
mass’ of the reactants, and active mass in a homogenous system is usually
expressed in gm.-molecules of a substance per litre, or in the case of ions,
in gm.-ions per litre. Other conditions which can influence the direction are
temperature and pressure.

Experiment 9. Dependence of rate of reaction on concentration.

Apparatus: Measuring cylinder. Material: Magnesium ribbon;
potassium iodate; starch; saturated solution of sulphur dioxide;
measuring cylinder; 2 N. sulphuric acid.

() Qualitative, using magnesium-acid reaction. Measure into each
of four beakers 10 c.c. of cone. hydrochloric acid. Leave the first
beaker unaltered, but to the second, third and fourth add respectively
10 c.c., 30 c.c., and 70 c.c. of water, thus giving solutions of concen-
trations in the ratios 1: % :}: 3. Measure four equal lengths (about
3 in. each) of magnesium ribbon, and drop one piece into each beaker
simultaneously. Observe that the rate of reaction is approximately
proportional to the concentrations of the acid.

(b) Quantitative, using iodide-iodate reaction. Make up solutions A
and B as follows:—

A. 6 gm. potassium iodate -+ 25 c.c. 2 N. sulphuric acid made up
to 1 litre with water.

B. 12-5 c.c. of a saturated solution of sulphur dioxide in water
made up to 1 litre.

Add to each of two beakers the reagents in the order and quantities
given, noting the time as the sulphurous acid solutions are simul-
taneously added. The time is noted again when the starch solution
turns blue.

Beaker 1 Beaker IT
125 c.c. water, 50 c.c. A 125 c.c. water, 50 c.c. A
2-5 c.c. starch 2+5 c¢.c. starch
Finally 12-5 c.c. B diluted 25 c.c. B diluted
with 62-5 c.c. water with 50 c.c. water
Time ca. 12 secs. ca. 6 secs.

10
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tonically: 105~ + 3HSO4~ — I 4 3HSO,- 1)
5I- 4 104~ +6H* — 3I, | 4+ 3H,0 (2)

Reaction (1) is slow and (2) is rapid but does not take place until (1)
is complete. Hence presence of iodine indicates the end of reaction (1).

THE LAW OF MASS ACTION

In many chemical reactions a point is reached where action apparently
ceases in the forward direction although some of the reacting substances remain
unchanged. If A and B represent the reacting substances, and C and D repre-
sent the resulting substances, an equilibrium is reached with some A and B
unchanged and a definite quantity of C and D formed. The explanation,
based on the Kinetic Theory, is that initially A and B react at a rate which
depends on their concentrations (in gm.-molecules per litre) and since a change
in the concentration of either A or B will produce a corresponding change in
the rate of the reaction, the rate of the forward action is proportional to the
product of the concentrations of A and B.

Rate of reaction of A and B oc (Cone. of A) (Conc. of B)
= k; (Cone. of A) (Conc. of B)

As soon as A and B react, their concentrations will decrease, and the rate
of reaction will progressively decrease. At the same time the reaction between
A and B will have formed some of C and D, and the concentrations of these
will progressively increase, and will in turn react to form A and B. The rate
of reaction will be proportional to the product of their concentrations.

Rate of reaction of C and D ¢ (Cone. of C) (Cone. of D)
= kg (Conc. of C) (Conc. of D)

When there is apparently no further action, an equilibrium has been reached
with the rate of reaction of A and B forming C and D, equal to the rate of C
and D forming A and B.

At equilibrium, &, (Cone. of A) (Cone. of B) = k, (Cone. of C) (Cone. of D)

(Cone. of C) (Cone. of D) ke rep e
or, (Cone. of A) (Como. of B) — kp — K (called the equilibrium constant)

The expression means that, at equilibrium, the product of the concentrations
of C and D, divided by the product of the concentrations of A and B has a
definite value. Hence, if at equilibrium the concentration of, say, A is increased
by addition of more of it, the concentrations of B, C, and D will assume such
new values that the value of the expression (K) will remain unchanged. Clearly
this will involve the combination of some A and B to form more C and D,
that is, the previous equilibrium concentration of B will be decreased and
those of C and D will be increased. Examples of the effect of addition of one
of vhe reacting substances are given in Expt. 10.

Experiment 10. To show the effect of alteration of concentration.
Material: Bismuth chloride; antimony chloride; saturated solutions
of sodium chloride and barium chloride.

(a) Hydrolysis of bismuth chloride. Put a smear of bismuth chloride



12 PRACTICAL CHEMISTRY

into a test-tube and add about 1 c.c. of water. A white substance
bismuth oxychloride is formed.

BiCl, -+ H,0 < BiOCl| -+ 2HCI

Add 1 drop of concentrated hydrochloric acid and further drops
until the white precipitate disappears. Add a few more drops of
water and notice the reappearance of the white oxychloride.

On first adding water, equilibrium was reached when definite
concentrations of bismuth oxychloride and hydrochloric acid had
been formed:—

[BiOCI] [HCI]2
[BiCl,] [H,0]

On adding concentrated hydrochloric acid, some bismuth oxychloride
and some hydrochloric acid reacted to form more bismuth chloride
and water. By these changes the value of the expression assumed
the original mathematical value of K.

(b) Hydrolysis of antimony chloride. Repeat the above experiment
using antimony chloride in the place of bismuth chloride. The
reactions and the explanations are similar to those for bismuth.

SbCl; 4+ H,0 = SbOCl | 4 2HCI
antimony oxy-
chloride.

= K (Equilibrium constant)

(c) Common ion effect to precipitate sodium chloride from solution.
To a saturated solution of common salt add a few drops of concen-
trated hydrochloric acid. (Hydrogen chloride may be passed in by
means of an inverted funnel as an alternative method.) Sodium
chloride comes down as a white crystalline precipitate.

NaCl = NaCl = Nat 4 CI—
solid dissolved
undissolved but unionised

HCl — H+ + CI-

Increase in the concentration of the chloride ion favoured the back-
ward reaction with subsequent precipitation of common salt.

(d) Common ion effect to precipitate barium chloride from solution.
The experiment is carried out in a similar manner to (c) above.

(6) The increased concentration of ammonium ion from ammonium
chloride reduces the (OH-~) concentration itn ammonium .hydroxide
solution. Add a drop of phenolphthalein to a dilute solution of
ammonium hydroxide. The solution goes pink. Add solid ammonium
chloride a little at a time when the colour will diminish and finally
disappear.
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NH,0H < NH,* + OH-

A
NH,CI produces NH,* ions which
increase the speed of the back reaction

Experiment 11. To show the effect of temperature on chemical
equilibrium.

Apparatus: As shown in Fig. 6. Material: Lead nitrate.

(@) Thermal dissociation of ammonitum chloride. Heat about a
salt-spoonful of ammonium chloride in the bottom of a dry test-tube
with a piece of damp litmus in the mouth. The solid will sublime
and condense part of the way up the tube, leaving a clear space
where the tube is hot. The litmus will turn blue. The clear space
contains the products of decomposition of ammonium chloride, i.e.
ammonia and hydrogen chloride—both colourless gases. The
ammonia, being the lighter of the two gases, diffuses more rapidly,
reaches the litmus first and turns it blue. In the cooler parts of the
tube recombination to form ammonium chloride occurs.

hot .
NH,Cl = HCI 4- NH,
cold
(b) Action of heat on nitrogen tetroxide. Fit up the apparatus shown

(Fig. 6), and heat the tube containing the lead nitrate, and also the
centre of the long horizontal tube. The colour of the gas in the hot

Wet filter paper Darker*brown

\/W ]

NaOH sol?

Fic. 6.

part of the tube is a darker brown than in the cooler part because
of the presence of more NO, molecules which are brown.
heat
N,0, = 2NO,
cooling
pale yellow  brown



CHAPTER III

OXIDATION AND REDUCTION

* THEORY

Oxidation may be regardod as:—
1. The chemical addition of oxygen to a substance.

e.g., 2Pb + Oy —» 2PbO S+ 0, — SO,
4FeO + 02 e 2F9203
ferrous ferric
oxide oxide

2. The increase in the proportion of the non-metallic radical of a salt.
e.g., 2FeS04 + HyS804 + O — Fey(S0,); + HoO

from oxidising agent
3. A chemical action removing hydrogen from & compound.
2H,S + O, — 2H,0 + 28

4. A chemical action bringing about an increase in the valency of a metallic

ion.
ionically:  2Fet+ 4 2H+ + O — 2Fet++ +4 H,0
ferrous ion ferric ion

Similarly reduction may be regarded as a chemical action in which

1. Oxygen is removed from a substance.

2. The proportion of the non-metallic radical of a salt is decreased.

3. Hydrogen is added to a substance.

4. There is a decrease in the valency of a metallic ion.

Experiment 12. To show bromine water, concentrated nitric acid and
hydrogen peroxide are oxidising agents.*

Material: Solution of hydrogen sulphide.

Fill each of four test-tubes to a depth of half an inch with:

(a) acidified potassium iodide solution.

(b) ferrous sulphato solution acidified with dilute sulphuric acid.

(c) sulphuretted hydrogen water.

(d) concentrated hydrochloric acid.
Add two or three drops of bromine water to each of the test-tubes
in turn. Observe and warm if no evidence of action is seen. Repeat
the experiment using concentrated nitric acid and hydrogen peroxide
in place of bromine water.

An oxidising agent will in

(a) turn the iodide solution brown and may precipitate black
crystals of iodine, e.g.,

sonically: 21~ + H,0,— I, | + 20H- (react with H* present)

* Other materials which may be used are chlorine water, manganese dioxide,
potassium dichromate, potassium permanganate, lead dioxide, etc.

14
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(b) form ferric sulphate solution which will be yellow or brown
in colour, e.g.,

tonically: 2Fet+ -+ Br, — 2Fet++ 4 2Br—

The presence of ferric iron may be shown by adding dilute caustic
soda solution (in excess) when a reddish brown precipitate of forric
hydroxide will be seen.

(¢) precipitate sulphur, giving the liquid a milky appearance, e.g.,

H,S 4 2HNO;— 2H,0 + 2NO, + S|

A powerful oxidising agent in excess may oxidise the sulphur to
sulphuric acid.

(d) liberate chlorine which may be tested for with a piece of damp
litmus paper held in the mouth of the tube. The litmus will be
bleached.

Note: The three reagents bromine water, nitric acid and hydrogen peroxide
produce oxygen (for oxidation purposes) according to the equations:—
Br, 4+~ H,0O — 2HBr+ O
2HNO, - H,0 4 2NO; + O
H,0, - H,0 +0

Experiment 13. To compare potassium chlorate and potassium per-
sulphate as oxidising agents.

Material: Potassium chlorate; potassium persulphate.

Arrange in pairs in a test-tube rack, test-tubes containing approxi-
mately equal volumes of solutions (a) to (d) in Expt. 12 above.
Perform the experiment with two of the tcst-tubes containing the
same reagent, e.g., acidified potassium iodide, by adding approxi-
mately equal amounts (half a salt-spoonful) of potassium chlorate
and potassium persulphate respectively. Note the action, warm
if necessary, and observe in which case the reaction appears
to take place the more readily. Repeat with pairs of test-tubes
containing reagents (b) to (d) above. Both solids are powerful
oxidising agents. ‘

Note: Potassium persulphate produces oxygen (for oxidation purposes)
according to the equation:—

K,8,05 + H,0 - K,80, + H,80, + O

Experiment 14. To show that nitrous acid may act as either an
oxidising or a reducing agent.

Material: Sodium nitrite.

(a) Make a solution of sodium nitrite in water and add it gradually
to a solution of potassium iodide acidified with dilute sulphuric acid.
Jodine will be liberated showing that the nitrous acid, produced by
the action of the dilute acid on the sodium nitrite, has oxidised the
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potassium iodide. The nitrous acid has itself been reduced to nitric
oxide (which on coming into contact with the oxygen of the air
forms brown fumes of nitrogen dioxide).

2NaNO, |+ H,80, — Na,S0, 4+ 2HNO,
2HNO, -+ 2KI 4 H,80, — 2H,0+ 2NO+ I, K,S0,
i.e., to act as an oxidising agent the nitrous acid decomposes according
to the equation:—
2HNO, — H,0 + 2NO + 0)

for oxidation.

(b) Acidify a solution of potassium permanganate with dilute
sulphuric acid in a test-tube and pour in a solution of sodium nitrite
until the colour of the permanganate is just discharged. Note the
absence of brown fumes; the solution, which contains nitric acid,
can be tested by the nitrate test (see p. 311). The potassium per-
manganate has oxidised the nitrous acid to nitric acid, itself being
reduced to manganous salts. See Expt. 135 for explanation.

tonically: 2MnO,~ -}- 6H* ++ 5NO,~—> 2Mn++ |- 3H,0 -|- 5NO,~

Experiment 15. To show hydrogen sulphide and sulphurous acid are
reducing agents.
Apparatus: Sulphur dioxide syphon. Material: Potassium iodate.
(a) Bubble hydrogen sulphide from a Kipp’s apparatus into an
acidified potassium permanganate solution (very dilute) in a boiling
tube. The colour of the permanganate is discharged but a milky
precipitate of sulphur remains:

ionically: 2MnO,~ 4 6H* + 5H,S — 2Mn*+ + 8H,0 + 5S

(b) Repeat (a) using sulphur dioxide from a syphon or sulphurous
acid in place of hydrogen sulphide. The colour of the permanganate
is discharged but no precipitate of sulphur is formed. The sulphurous
acid has been oxidised to sulphuric acid:

tonically: 2MnO,~ + 6H*+ 4 5S0,~—— 2Mnt++ - 3H,0 4 580,~—

(c) Bubblo hydrogen sulphide for ten minutes through a dilute
solution of ferric chloride acidified with a few drops of hydrochloric
acid. The colour will change from yellow to green. Boil the solution
in a dish for two minutes to expel hydrogen sulphide, filter through
a double filter paper to remove sulphur, and add caustic soda solution
in excess to the filtrate. A dirty green precipitate of ferrous hydroxide
will be obtained showing that the ferric iron has been reduced to
ferrous iron:

tonically: 2Fet++  H,S — 2Fett 4 2H+ 4 S|
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(d) Bubble sulphur dioxide for some time through a dilute solution
of ferric chloride. The liquid turns red (due to a complex sulphite).
Transfer the solution to a dish and boil for a few minutes on a tripod
and gauze. The resulting solution will be pale green or colourless.
Add caustic soda solution in excess to a portion, when 4 dirty green
precipitate of ferrous hydroxide will show that reduction is complete.

tonically: 2Fet++ 4 SO, ~ + H,0 — 2Fet+ 4 SO, - 2H*
(6) Reduction of iodate to iodine. Dissolve a salt-spoonful of potas-

sium iodate in water in a boiling-tube and pass a brisk stream of
sulphur dioxide through jt. Todine will be deposited as black erystals.

tontcally: 10, + 380,~— — I~ 4 380, followed by:
5I- + 105~ 4 6H+ — 31, -+ 3H,0
If the stroam of sulphur dioxide continues for a minute or two the
solution goes clear due to the formation of hydrogen iodide.

onically: 1, 4 SO, + H,0 — 21~ 4 SO~ 4 2H*



CHAPTER 1V
HYDROGEN ION CONCENTRATION

Note: The theoretical considerations of pH value are set out in Chapter
XXXIIIL

Experiment 16. To make solutions of pH value 3 to 11 using buffer
solutions.

Material: Universal indicator; N/10 acetic acid; N/10 sodium
acetate; N/10 hydrochloric acid; N/10 caustic soda; M/10 disodium
phosphate.

THEORY

A buffer solution is one whose pH value does not materially alter for small
additions of acid or alkali. A typical buffer solution is one made up of a mixture
of sodium acetate and acetic acid, the former being highly ionised, the latter
only partially. If hydrogen ions are added to the solution the following reaction
takes place ¢

H+ + Ac~ - HAc
undissociated
thus removing H+ from the solution. Ifan alkali is added more HAc dissociates
to form hydrogen ions which combine with the hydroxyl ions to form water.
HAc —» Ht 4 Ac™
H+ 4+ OH- - H,0
and again the OH- ions are removed from the solution.
[Ac represents the radical CH;COO]

The following figures are taken from the Science Masters’ Book I,
Part II, p. 65.

For preparing solutions of hydrion concentrations of 10~3 to 10-¢
gm. ions per litre, the following are used:—

(1) 0-1 N acetic acid solution.

(2) 0-1 N sodium acetate solution (13:6 gm. of cryst. sodium ace-
tate, CH,COONa.3H,0 per litre). The solutions are mixed as
follows:—

Volume. Volume.
Cy. 0-1N acetic acid. 0-1N sodium acetate.
10-3 1 litre 18 c.c.
104 1 litre 180 c.c.
10-5 655 c.c. 1 litre
10-¢ 56 c.c. 1 litre

For solutions with hydrion concentrations between 10-7 and 10-11,
the following are required.
(1) A solution of disodium phosphate (Na,HPO,), made by dis-
18
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solving 0-1 gram molecule of the crystalline salt Na,HPO, . 12H,0
per litre. (358 gm.) '

(2) 0-IN hydrochloric acid.

(3) 0-1N sodium hydroxide.

The mixtures are made as follows:

Cy Na, HPO, solution. 0-1N HCL 0-1N NaOH.

10-7 1 litro 322 c.c. —_—
10-8 1 litre 47 c.c. —
10-° 1 litre 5 c.c. —
10-10 1 litre — 3:6 c.c.
10-11 1 litre —_ 36 c.c.

A convenient method of exhibiting the changes in colour shown
by the indicator in solutions of various hydrion concentrations is to
arrange three rows of nine 1-in. test-tubes or boiling-tubes in a wooden
stand, covered with white paper, so that the three rows can be seen
simultaneously one above the other, and to place in each tube the
same volume of solution according to the following scheme:

Cy=10-3 10-¢ 10-5 10-¢ 10-7 10-8 10-® 10-10 Q-1

Top row MO MO* MO MO — rr Prr* PP PP
Second row MR MR MR MR* MR — TP TP TP*
Third row — L L L L* L L — —

Methyl orange, MO. Phenol Phthalein, PP. Litmus, L. Methyl red, MR.
Thymol Phthalein, TI.

A few drops of the indicators are then added as shown above,
and the colour changes observed. The asterisks in the table above
show the hydrion concentrations at which the transition colours are
most marked.

To show that the solutions are comparatively stable make a solu-
tion of N/1000 HCI (pH = 3) and N/1000 NaOH (pH = 11) and
add a few drops of universal indicator to each. Pour out approxi-
mately the same volume of buffer solutions of pH = 3 and pH = 11
made as indicated above and add a few drops of universal indicator
to these two solutions. Now add a drop of acid or alkali in turn to
each of the four solutions and observe the change and estimate the
alteration in pH value. It will be seen that there is a rapid change
in case of the N/1000 acid and alkali but little change in the buffer
solutions.

Experiment 17. To find the pH value of solutions of certain salts.
Material: Universal indicator; aluminium chloride; sodium sulphite.
THEORY

A normal salt is one in which the replaceable hydrogen atoms of an acid
have been completely replaced by a metal. A normal salt is not necessarily a
neutral salt since hydrolysis may occur. Thus, sodium carbonate, a normal
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salt, is alkaline in solution whereas ammonium chloride is acidic. The section
on hydrolysis, Chapter XXXIII, explains this.

Arrange several test-tubes in a rack and half fill each with water
and add a few drops of universal indicator. To the test-tubes add a
salt-spoonful of one of the following salts: sodium carbonate, sodium
sulphite, sodium chloride, ammonium chloride, aluminium chloride,
borax, ferrous sulphate. (Use bench solutions of these reagents where
available.) Note the pH value according to the colour produced and
explain the reactions.

Warm the solutions. This increases the hydrolysis in some cases
producing an even greater divergency from neutrality.



CHAPTER V
THERMOCHEMISTRY

THEORY

A chemical change is usually accompanied by an evolution or an absorption
of heat, and the following definitions indicate how these heat changes are
compared by specifying the quantities involved; certain physical changes also
produce a heat change.

Heat of solution is tho number of calories of heat evolved or absorbed when
1 gm. molecule of the substance is dissolved in such a volume of water that
any increase in dilution brings about no further heat change.

Heat of neutralisation is the number of calories of heat evolved when one gm.
equivalent of an acid is neutralised by one gm. equivalent of a base.

Experiment 18. To find the heat of solution of sodium thiosulphate
crystals.

Apparatus: Calorimeter and stirrer; pestle and mortar; thermo-
meter (100° C.) Material: Sodium thiosulphate crystals.

Into a calorimeter of known weight put a quantity of warm water
(at a temperature 5-10° C. above that of the laboratory) and weigh
again, Add finely powdered crystals of “hypo” stirring vigorously
until the temperature falls approximately as far below the room
temperature as the warm water was originally above it. When a
batch of added crystals has just dissolved, take the temperature
and weigh the calorimeter and contents.

Calculation.
Suppose:—

weight of copper calorimeter = agm.

weight of copper calorimeter |+ water = bgm.

weight of copper calorimeter 4 water 4 “hypo” = ¢ gm.

hence, weight of water = (b—a) gm.
weight of “hypo” = (c—b) gm.

Suppose:—temperature of warm water = t,°C.

final temperature of solution = t,°C.
Assuming the specific heat of “hypo’ solution to be unity,
then the heat absorbed =

(ty;—2t3) X a X 01+ (¢,—t3) X (b—a) X 1 calories
heat given out by calorimeter heat given out by water

= A calories, say.

Then (c—b) gm. of “hypo” absorbed A cals. of heat when
dissolved.
21 B*
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Hence 248 gm. (Mol. Wt.) absorbedc—% X 248 cals. when

dissolved.
This value is the heat of solution (assuming further dilution
causes no heat change).

Experiment 19. To determine the heat of neutralisation of caustic
soda by hydrochloric acid.

Apparatus: Glass calorimeter; thermometer (150° C.) and stirrer;
measuring cylindor; large dish. Material: N. caustic soda; N. hydro-
chloric acid; N. acetic acid.

Into a glass calorimeter (beaker, surrounded with non-conducting
material) put 100 c.c. of Normal caustic soda solution, insert a ther-
mometer (reading to 0-1° C.) and allow the beaker to stand in a large
dish of cold water until the temperature is steady. Measure out
100 c.c. of Normal hydrochloric acid into a second beaker and allow
to stand under the same conditions as the caustic soda when the

steady temperature should be the same.

Put the beaker containing the cauastic soda

1 into the container (see Kig. 7) and pour
the acid quickly but without splashing

into the caustic soda solution, stir and

record the highest temperature reached.

(A correction can be made for cooling

V,‘JQQ'”EJ during this time by recording subsequent

7 cooling.) Assuming the specific heat of
the solutions to be unity, calculate the
heat which would be evolved if 1 litre of
Normal caustic soda were neutralised by
1 litre of Normal hydrochloric acid. This
value should be 13-7 Calories (= 13,700
calories).

The exporiment may be repeated using
solutions of any strong acids and alkalis, when the value should be
the same since the action:

Nat 4- OH- + Ht 4+ Cl-— Nat 4 ClI~ 4+ H,0 4 Q calories
is merely the ionic action in cach case:—

OH- + H+ — H,0 4 Q calories.

For accurate determinations the water equivalent of the stirrer
and of the beaker containing the caustic soda solution should be
determined in a separate experiment.

Repeat the above using Normal acetic acid in place of Normal
hydrochloric acid and give the reason for the lower value obtained.

See p. 223.

Stirrer




CHAPTER VI

PARTITION COEFFICIENT

THEORY

If a solid (or liquid) A dissolves in each of two immiscible liquids B and C
then, providing A is in the same molecular state in each, and there is insuf-
ficient to saturate B or C, A will divide itsclf between B and C in a fixed
proportion. This proportion is expressed as a ratio of the concontrations of
A in the two layers and is termed the partition coefficient. The value of the
partition coefficient, although constant at any one temperature, has a different
value at different temperatures.

Experiment 20. Determination of partition coefficient of succinic acid
between water and ether.

Apparatus: Measuring cylinder; pestle and mortar; separating
funnel. Material: Succinic acid; ether; N/2 sodium hydroxide;
N/10 sodium hydroxide.

Grind a little succinic acid in a mortar and weigh out quantities
of 1} gm., one gram, and half a gram (these weighings need only be
roughly done). Pour into a separating funnel about 40 c.c. of water
and add one quantity of succinic acid. Add about 40 c.c. of ether,
shake until the acid has dissolved and allow to stand for a fow
minutes. Run off nearly all the water layer and titrate 20 c.c. of
this against N/2 NaOH using phenolphthalein as an indicator (about
24 c.c. will be required for the initial addition of 1 gm. of succinic
acid) Discard the boundary portion. Take 20 c.c. of the ether layer
by means of a measuring cylinder and titrate this against the N/10
NaOH. Shake well after each addition of caustic soda. (The volume
of N/10 caustic soda solution required will be approximately the
same as the amount of N/2 caustic soda required for the water layer.)
Obtain the distribution ratio:—

__ 5 x Vol. of N/2 NaOH for 20 c.c. aqueous layer
o Vol. of N/10 NaOH for 20 c.c. ether layer

Repeat the process (simultaneously if three separating funnels are
available) with the other quantities of the succinic acid.

NOTES ON EXTRACTION BY ETHER (AND OTHER LIQUIDS)

Extraction by ether is an application of the Distribution Law (or Partition
Coeflicient).

If a substance A is soluble in two liquids which are themselves immiscible,
the substance distributes itself in & ratio of coneentrations which is constant
for the system.

Suppose that 11 gm. of A are dissolved in a litre of water, and that a litre
of ether is available. The question to be discussed is whether it is more profit-
able to use all the ether in one extraction, or to take half of the litre for an

23
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oxtraction and then, after scparating off the used ether, to add the remaining
half litre for a further extraction. Let us assume that the solubility of A in
ether is 10 times as great as its solubility in water, then,

Solubility of A in ether 10

Solubility of A in water 1

(a) On shaking 11 gm. of A in one litre of ether and one litre of water, 10 gm.
of A will dissolve in ether and 1 gm. in water; 10 gm. of A will be extracted and
1 gm. left in the water.

(b) On shaking 11 gm. of A in half a litre of ether and one litre of water
let  gm. dissolve in the ether.

Concentration of A in ether (in gm. perlitre) 22 10
Concentration of A in water (in gm. per litre) ~ 11—z 1
From this, x = 9-16 gm., i.e., 916 gm. of A extracted by the first
half litre of ether.
1-84 gm. of A remain in the litre of water. Shake with the second half-litre
of ether, and let ¥y gm. of A dissolve in the ether.
Concentration of A in ether (in gm. per litre) 2y 10
Concentration of A in water (in gm. per litre) ~ 1-84—y 1

From this, ¥y = 1:53 gm., i.e., 1-53 gm. of A extracted by the second
half-litre of ether.
Total of A extracted = 9-16 + 1-53 = 10-69 gm.
It therefore follows that if the litre of ether were used in three or more

portions the total extraction would approximate closely to the weight of A
originally present.

Experiment 21. To determine the partition coefficient of iodine
between water and carbon tetrachloride.

Apparatus: Separating funnels; weighing bottle; measuring cylinders.
Material: Carbon tetrachloride; iodine; N/100 sodium thiosulphate.

Weigh accurately (in a stoppered weighing bottle) 1 gm. of iodine,
and add to 50 c.c. of carbon tetrachloride in a separating funnel.
Add 50 c.c. of water and shake well. Leave to stand for some time
and then run off the lower (carbon tetrachloride) layer. Take 25 c.c.
of the water layer and titrate against N/100 sodium thiosulphate
(see p. 273). Repeat the experiment with different weights of iodine.

Calculation.
Let the volume of sodium thiosulphate used for 25 c.c. of solution
be 4-5 c.c.

. . .45 N . 45 127
Todine solution 132—5 X l—()—(—)—a.nd contains ~2?)-X 1—O—Ogm. of

iodine per litre
= 0:0114 gm. iodine in 50 c.c.

weight of iodine in the 50 c.c. carbon tetrachloride
= 1—0-0114 gm. = 0-9886 gm.
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. Concentration of iodine in carbon tetrachloride  0-9886 87
"" Concentration of iodine in water T 00114 1

The partition co-efficient will be found to be approximately constant
over the range of experiments, showing that iodine is in the same
molecular state in the two liquids.

Experiment 22. To find the partition coefficient of glacial acetic acid
between water and carbon tetrachloride.

Apparatus: Separating funnels; 10 c.c. burette; measuring cylinder.
Material: Carbon tetrachloride; Normal caustic soda; N/10 caustic
soda.

Run from the burette 1 c.c. of glacial acetic acid into 20 c.c. of
water and 20 c.c. of carbon tetrachloride in a separating funnel and
shake for three minutes. Allow to settle and run off the lower layer
of carbon tetrachloride, discarding the boundary layer. Titrate
10 c.c. of the aqueous layer with Normal caustic soda using phenol-
phthalein as an indicator. Titrate 10 c.c. of the carbon tetrachloride
layer using N/10 caustic soda. Repecat the experiment using 2 c.c.
and 3 c.c. of acetic acid. Allow plenty of time when titrating against
the carbon tetrachloride solution and shake between each addition.
You will observe from the figures for the titration that

Concentration of acetic acid in carbon tetrachloride
Concentration of acetic acid in water

is not constant.

Specimen readings and calculation. At 15° C.

Vol. N/10 Vol. N S
NaOH for 10 c.c.;, NaOH for 10 c.c. \/Co_ncil_n CCl,
CCl, layer aqueous layer Conc. in H,0
I
(1 c.c.acid 080 c.c. 905 c.c. 0-031
added) =008c.c. N
11 2:9 c.c. 17-45 c.c. 0-031
(2 e.c. acid

added) =029 c.c. N

ITI 6-1 c.c. 257 c.c. 0-030
(3 c.c. acid
added) ==061c.c. N
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THEORY

If the acetic acid exists in the carbon tetrachloride layer as double molecules
then it can be deduced theoretically that:—

4/ Concentration in carbon tetrachloride
Concentration in water
The observed results from the above experiment do give a constant in
accordance with this expression, proving the double-molecular condition of
acetic acid in carbon tetrachloride.

is a constant.




CHAPTER VII
CATALYSIS

Experiment 23. To show manganese dioxide is a catalyst.

Apparatus: Deep sand tray. Material: Potassium chlorate.

Mix a little manganese dioxide with about four times its bulk of
potassium chlorate and place in an ignition tube. Into each of two
other tubes put an approximately equal bulk of manganese dioxide
and potassium chlorate respectively. Surround each with sand on
the sand tray so that thoy are close together and vertical. Commence
to heat. After about one minute oxygen is tested for by means of a
glowing splint and found to be coming off steadily from the mixture.
The other two compounds do not decompose for some considerable
time.

To show the weight of manganese dioxide remains unchanged, the
original mixture may be made by weighing 0-500 gm. of manganese
dioxide and 2 gm. of potassium chlorate. When the reaction is
complete wash contents into a beaker, filter, wash, dry and weigh
the residue and show there is no loss in weight. Both potassium
chloride and potassium chlorate are soluble in water.

Experiment 24. Catalytic decomposition of hydrogen peroxide.

Material: 20 vol. hydrogen peroxide.

(a) Fill a test-tube with hydrogen peroxide to a depth of about
half an inch and add a pinch of manganese dioxide. Test for oxygen
with a glowing splint. There is a rapid evolution of oxygen and the
manganese dioxide suffers no discernible loss.

2H,0, — 2H,0 + O,

(b) Take two test-tubes and fill each approximately 1 in. deep
with hydrogen peroxide (20 vol. solution). Make one alkaline with
a little caustic soda solution and the other acid with approximately
an equal volume of dilute sulphuric acid. Immerse both in a beaker
half full of hot water. The alkaline solution rapidly begins to decom-
pose and the oxygen can be tested for by means of a glowing splint.
The acidic solution remains unaffected.

Experiment 25. Catalytic oxidation of methyl alcohol and ammonia.

Apparatus: Platinum spiral; oxygen cylinder. Material: Methyl
alcohol. :

Fill a beaker to the depth of about half an inch with methyl alcohol
and warm it gently by means of a small flame. Prepare a platinum
spiral by winding it round a glass rod leaving a length above the
spiral so that it will be just above the alcohol when lowered into it.

27
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X Heat the spiral strongly in the
bunsen burner and transfer the
glowing spiral to the beaker (Fig.
8). It will continue to glow and
the smell of formaldehyde is
== Methyl alcohol quickly apparent. Have ready a
piece of cardboard to place over
the beaker in the event of the
alcohol catching fire.

2CH;0H + 0, —> 2HCHO - 2H,0

The experiment may be repeated with 880 ammonia in place of
methyl alcohol and a current of oxygen from a cylinder sent through
the mixture when brown fumes of nitrogen dioxide or white fumes
of ammonium nitrate and nitrite will be seen:

4NH, + 70, —> 4NO, -+ 6H,0

Sec also Expt. 172,

o

Experiment 26. To show carbon monoxide will not burn in dry air.
Apparatus: Large flask; carbon monoxide apparatus fitted with
calcium chloride tube. ’
Take a flask with wide neck and pour 20-30 c.c. of concentrated
sulphuric acid into it, close the mouth with a cork and swill the
acid round. Allow to stand for 10 minutes. Meanwhile sct up a carbon
monoxide apparatus as shown in Fig. 9 with a long jet so that the

Calcium
chloride

Sodium
e fOrmate

Fic. 9.

jet will pass into the interior of the flask. After all the air has been
expelled from the apparatus, light the jet and slide the flask towards
the carbon monoxide apparatus allowing the burning jet to pass
into the flask. The flame is extinguished. A similar experiment
using a flask containing undried air may be set up. In this latter
case the jet of carbon monoxide will continue to burn. In this reaction
moisture is acting as a catalyst.
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Experiment 27. To show that dry hydrogen sulphide and dry sulphur
dioxide will not react.

Apparatus: Sulphur dioxide syphon; gas.jars; Woulfe’s bottle;
calcium chloride tube.

Collect sulphur dioxide in a dry gas-jar after passing the gas slowly
through a wash-bottle containing concentrated sulphuric acid to dry
it. Collect a gas-jar of sulphuretted hydrogen, after drying with a
calcium chloride tube (phosphorus pentoxide is the correct, but rather
inconvenient, drying agent). Invert the jar containing sulphur
dioxide over the jar containing the sulphuretted hydrogen and remove
the covers. No reaction takes place. Leave for a minute or two and
then pour a few drops of water into the lower gas-jar and quickly
replace the upper. Sulphur is precipitated at once:

2H,S + SO, — 2H,0 + 3S |

Experiment 28. To show that bromine catalyses the oxidation of
sulphur to sulphuric acid.

Material: Bromine.

Put a salt-spoonful of flowers of sulphur into each of two dishes
and add approximately 5 c.c. of concentrated nitric acid to each
but to one also add one drop of bromine (care!). The whole reaction
is best performed in the fume chamber. Warm each for 2-3 minutes,
decant the solution from each into a test-tube, add hydrochloric
acid followed by barium chloride. In the case of the solution to which
bromine has been added there is a copious deposit of barium sulphate.

One explanation of catalysis is that intermediate compounds are
formed which are more readily decomposed. In this example an
explanation is given by the equations:—

28 4 Br, — S,Br,
sulphur mono-
bromide,
28,Br, 4+ 2H,0 — SO, + 4HBr + 3S
S0, + 2HNO,; — H,S0, 4+ 2NO,
2HBr 4+ 2HNO, — 2H,0 + 2NO, 4 Br,

Experiment 29. To show brucine retards the oxidation of sulphites
to sulphates (negative catalysis).

Material: Brucine (care! very poisonous); sodium sulphite.

Measure out equal volumes of a solution of sodium sulphite into two
beakers. To one add a crystal of brucine. Expose both to the air for
one week. Test for sulphate at the end of a week by adding dilute
hydrochloric acid followed by barium chloride. The solution not
containing the brucine has been oxidised whereas the one containing
the brucine remains almost unaffected.
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Experiment 30. Catalytic decomposition of hypochlorites.

Materials: Sodium hypochlorite; cobalt salt.

Warm & test-tube half full of sodium hypochlorite solution and
notice that there is no decomposition. Add a few drops of a cobaltous
solution, e.g. cobalt sulphate, and there is an immediate evolution
‘of oxygen which will rekindle a glowing splint.

2NaOCl — 2NaCl + O,



CHAPTER VIII

ATOMIC AND MOLECULAR WEIGHTS (INCLUDING VAPOUR
DENSITY)

THEORY

Weight of 1 ATOM of an element
Weight of 1 ATOM of hydrogen.

(i) Equivalent weight = number of parts by weight of an element which
will combine with or displace one part by weight of hydrogen.
(ii) Valency = number of hydrogen atoms which one atom of the element
will combine with or displace.
Let Atomic weight of an element be 4 and valency. ¥, and Equivalent E.
Let the weight of one atom of hydrogen be = gm.
.. Weight of 1 atom of element = Az gm.

Atomic Weight =

From (ii) 1 atom of element combined with V atoms of hydrogen.

Az gm. ,, » » w Vexgm. »
From (i) Egnl ” ”» i3] EE] lgm- » »”
VEz gm »w » Vogm. »

. Axr = VEx

ie., Atonuc weight = Valency X Equivalent.
For determination of molecular weight by elevation of B.P., etc., see Chapter 1.

Experiment 31. To find the atomic weight of copper, given specific
heat of copper = 0.1.

Apparatus: Reduction tubes; desiccator. Material: Sample of dry

copper oxide.
THEORY

Dulong and Petit’s Law states that the atomic heat of a solid element (i.e., the
atomic weight multiplied by the specific heat) is approximately equal to 6- 4.
The approximate atomic weight using this law will be used in conjunction
with the experimentally determined equivalent to find the valency (which
fmust be a whole number).

Heat some black copper
oxide in a dish for five
minutes stirring all the
while and allow it to cool
in a desiccator. Weigh a
clean dry test-tube (a light
copper boat may be used to
contain the oxide) in which
a hole has been blown at
one end and introduce about
2 gm. of black copper oxide
and weigh again. Fit up the Fia. 10.
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apparatus as shown in Fig. 10 and warm the oxide gently in a stream
of coal gas taking care to have the black copper oxide near the centre
of the tube and a gentle stream of coal gas (the flame should not be
green—this indicates that particles of copper are being carried over
mechanically.) When reduction is complete, allow the copper to cool
in a current of coal gas and weigh the test-tube and copper when cold.
The reduction, cooling and weighing must be repcated until the
weight is constant.

From the weighings find the weight of copper which had combined
with 8 gm. of oxygen and assuming a specific heat of 0-1 for copper
return a value for the accurate atomic weight from your experiment.

Experiment 32. To find the atomic weight of mercury from first
principles.

Apparatus: Specific heat determination apparatus. Material:
Mercuric chloride; hypophosphorous acid or sodium hypophosphite;
industrial spirit; cther.

Dotermine the specific heat of mercury by the usual physical
calorimetric method and hence find the approximate atomic weight.

(It is assumed that Dulong and Petit’s Law applics to the non-
solid element mercury.)

Weigh a clean dry boiling-tube and weigh again with approxi-
mately 3 gm. of mercuric chloride crystals. Half fill the boiling-
tube with water and immerse in a beaker of water and warm the
latter on a tripod and gauze. Add one third of the total volume of
hypophosphorous acid, or a tea-spoonful of sodium hypophosphite.
A grey precipitate of mercury is thrown down which soon scttles out
as globules of mercury. When the mercury is all in the form of
globules in the boiling-tube, wash by decantation with water several
times, dry with alcohol followed by ether (care!). Weigh the boiling
tube and contents and from your result calculate the weight of
mercury which would have combined with 355 gm. of chlorine.
Using this value as tho accurate value for the equivalent find the
accurate atomic weight.

N.B. Valency must be a whole number.

2HgCl, + H,PO, - 2H,0 — 2Hg -+ 4HCI + H,PO,

Hypophosphorous acid and its salts are very powerful reducing
agents.

Experiment 33. To find the atomic weights of potassium, silver
and chlorine. Method of Stas.
Material: N|25 silver nitrate containing free nitric acid; potassium
chlorate.
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THEORY

These determinations are really equivalent weight determinations but since
the valency of each of the above elements is unity, the atomic weight is
obtained.

Stas knew that potassium perchlorate, potassium hypochlorite and potassium
chlorate possessed weights of oxygen in the proportion of 4:1:3 combined
.with equal weights of potassium chloride and he assumed that potassium
chlorate contained six equivalents of oxygen.

(&) Determination of equivalent weight* of potassium chloride.

Weigh out accurately in a clean dry weighed crucible 1-225 gm.
of potassium chlorate. Replace the lid and heat gently at first and
finally strongly for five minutes. Allow to cool and weigh. Repeat
to constant weight. Assuming six equivalents of oxygen have been
evolved calculate the equivalent weight (which is also the molecular
weight) of potassium chloride.

Specimen weighings:

Woight of crucible and lid = 10-200 gm.
v ’ v ,» - potassium chlorate = 11-425 gm.
' ' v ,» -+ potassium chloride = 10-945 gm.
.. 0-48 gm. of oxygen was combined with 0-745 gm. potassium
chloride.
48 gm. ”» »» ”» 3 745 gm. »” 1)

i.c. Equivalent and molecular weight of potassium chloride.

(b) Determination of equivalent weight (atomic weight) of silver.

Transfer the residue from oxperiment (a) completely to a 250 c.c.
flask by putting a short-necked funnel in the flask and emptying
the solid into the funnel and washing out the crucible with distilled
wator, allowing all the washings to flow into the 250 c.c. flask. Shake
at intervals and make up to the mark. Take 25 c.c. of this solution
(it should be accurately N/25 if Experiment (a) was accurately per-
formed) and run in the silver nitrate solution from a burette. The
silver nitrate solution contains 4:32 gm. of silver dissolved in nitric
acid and made up to 1 litre. Tho latter is exactly N/25 and therefore
equivalent (approximately) to the chloride solution volume for
volume. Run in 22 c.c. of the N/25 silver nitrate and then warm
over the bunsen burner to coagulate the precipitate of silver chloride.
Allow more silver nitrate solution to run in a little at a time, repcating
the boiling, and the titration is complete when one drop of silver
nitrate no longer produces a cloudy precipitate of silver chloride.
Repeat the titration by adding a further 25 e.c. of potassium chloride
solution to the titration just completed and running in more N/25
AgNO, until the end point is reached.

* This is the equivalent weight required for (b) and (ec).
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Specimen titration:
25 c.c. KCI containing (0-0745 gm. KCl) required 25-0 c.c. AgNO,
containing 4-32 gm. Ag. per litre.

. 00745 gm. KCl = 232X 250 ) A
1000
. 745 gm. KCI 432 X 250 gm. Ag.

= 108
— Equivalent weight (Atomic Weight) of Ag.
(¢) Determination of equivalent weight
(atomic weight) of chlorine and potassium.
O o Filter the precipitate of silver chloride
Silver chioride Obtained in the last experiment and wash
three or four times with a little hot water.
f Dry the precipitate by allowing the air
! from a small flame to rise on to the filter
2ft paper suspended in a ring, Fig. 11.
| Open the dried filter paper on a sheet of
| glazed paper (alternatively, the paper may
! be ignited in the crucible, a little concen-
trated nitric acid added, followed by a little
concentrated hydrochloric acid and ignition)
and remove all the silver chloride by means
of a feather. Transfer the silver chloride to
a weighed crucible, warm gently, allow to
cool and weigh.
Fra. 11. Specimen weighings: Weight of silver
chloride = 0-287 gm.
The silver was precipitated from 50-0 c.c. of the silver nitrate
solution by 50-0 c.c. of the potassium chloride solution.

Hence weight of silver = ig-gﬁ X 432 = 0-216 gm.

.. 0-216 gm. Ag has combined with 0-071 gm. chlorine
0-071

1 gm. Ag has combined with 0516 gm. chlorine.

108 gm. silver has combined with -gl% X 108 gmi. of chlorine

= 35-5 gm. of chlorine
= Equivalent weight (atomic weight of chlorine).
But weight of potassium chloride in 50 c.c. was 0-149 gm.

weight of potassium united with 0-071 gm. chlorine was
(0-149—0-071) gm. = 0-078 gm.
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0-071 gm. chlorine had combined with 0078 gm. potassium.
3556 gm. chlorine had combined with 39 gm. potassium.
= equivalent weight (atomic weight) of potassium.

Experiment 34. To find the molecular weight of carbon dioxide.*
Apparatus: 500 c.c. flask fitted as shown in Fig. 12; Kipp’s appa-
ratus for carbon dioxide; washing bottle.
THEORY

Wt. of 1 volume of carbon dioxidet

By definition, Vapour density = Wht. of 1 volume of hydrogen

‘Wt. of 1 molecule of carbon dioxide
(by Avogadro) ~ Wt. of I molecule of hydrogen
But the molecular weight of carbon _ 'Wt. of 1 molecule of carbon dioxide
dioxide Wt. of 1 atom of hydrogen

But the molecule of hydrogen contains two atoms

__