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Preface

The New Unesco Source Book for Science Teach-
ing has been prepared with the intention of bring-
ing the Unesco Source Book for Science Teaching
up to date, and of providing a broader coverage
of scientific material likely to be included in intro-
ductory -scierice courses. Provision for the new
edition was made by the General Conference of
Unesco at its fifteenth session in 1968, following
requests by Member States. The revision was co-
ordinated at the Science Teaching Center of the
University of Maryland, U.S.A., under the general
editorship of Dr. J. David Lockard, Director of
the Science Teaching Center and its International
Clearing House on Science and Mathematics
Curricular Developments. Additional members
of the revision team were Drs. Alfred de Vito,
J. Dudley Herron, Ralph W. Lefler, Robert W.
Menefee and Wayne Taylor. Final revision of the
manuscript was carried out by Dr. H. Ibstedt,
J. Kent and E. G. Smith.

In preparation for the revision, large-scale
comment and feed-back from users of the pre-
vious editions of the Unesco Source Book for
Science Teaching was collected by the World
Confederation of Organizations of the Teaching
Profession (WCOTP). Teachers’ organizations
and professional associations were invited to
contribute suggestions for improvement, and a
special study was conducted by the Zambia Asso-
ciation for Science Education. Subsequently, a
meeting was convened under the auspices of the
WCOTP at which guidelines for the revision
were drawn up.

The history of the Unesco Source Book for
Science Teaching goes back to the close of the

Second World War. At that time, Unesco spon-
sored a small volume entitled Suggestions for
Science Teachers in Devastated Countries, written
by J. P. Stephenson (ex-science master at the
City of London School, member of the Royal
Society Committee for Cooperation with Unesco,
United Kingdom). This book, while proving
useful for devastated areas, was a phenomenal
success in regions where previously there had
been little or no equipment for practical science
teaching. In 1956 the book was considerably
expanded, especially by the incorporation of
suggestions from Unesco science teaching field
experts for making simple equipment and for
carrying out experiments using locally available
materials. It became the first edition of the Unesco
Source Baok for Science Teaching.

A second edition was produced in 1962, and
since then the book has been reprinted 24 times
and has been translated into 30 languages. To
date, almost 750,000 copies have been sold.

To give credit to all who have contributed to
the making of this volume would be quite impos-
sible. Much of the material included has its origin
buried deep in the past and has come to be a
part of the common heritage of science teachers
everywhere. In addition to the work of J. P.
Stephenson and of Dr. J. David Lockard and his
collaborators, previously referred to, special ack-
nowledgement is made of the work of the many
individuals and groups who have contributed
in various ways to this edition. Recognition is
also due to those whose names are recorded in the
prefaces to previous editions.
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Introduction

The search for a fuller understanding of the phe-
nomena about us, which is the process of scien-
tific investigation, is pursued by scientists in every
part of the world. Just as science itself is universal,
so the quest for improved methods of teaching
science is also universal. The New Unesco Source
Book for Science Teaching consists of ideas contri-
buted by teachers all over the world for the use of
common and widely available resources and mate-
rials in science teaching. The book is addressed to
teachers, particularly teachers of science in ele-
mentary schools and the lower classes of secon-
dary schools, and to teachers-in-training.

If science is to be learned eifectively, it must
be experienced. Science is so close to the life of
every girl and boy that no teacher need ever be
without first-hand materiais for the study of
science. The world within us, beneath us, around
us and above us, in any part of the globe, provides
an inexhaustible supply of phenomena which can
be used as the subject-matter of science teaching,
and of materials which can be used to construct
scientific equipment and teaching aids.

The New Unesco Source Book for Science
Teaching is intended to serve as a source of ideas
for the devising of simple scientific activities,
investigations and experiments which can be
carried out by pupils themselves, and for the
construction of simple science equipment, using
materials available in the particular locality where
the science teaching is taking place. As local
resources differ widely within a particular couniry,
as well as from one country to another, it is
anticipated that each teacher will draw from it
material appropriate to the needs of his or her
own pupils and particular teaching situation.

The New Unesco Source Book for Science
Teaching may also be used by groups of pupils
engaged, for example, in science club activities, or
by individual pupils wishing to carry out personal
science activities and investigations. However, it
is assumed that such activities will be carried out
under the general guidance and supervision of a
teacher to enable the pupil to derive the utmost
benefit from his experiences and findings, and
also, in many cases, because of necessary safety
precautions. For this reason, the book is not
addressed directly to pupils.

The new, revised edition has been prepared
with the intention of bringing the Unesco Source
Book for Science Teaching up to date and of reflec-
ting modern approaches to science teaching at the
elementary and lower-secondary levels. In view of
the far-reaching nature of recent advances in the
approach and methodology of science teaching,
no attempt has been made to include within this
single volume suggestions concerning comprehen-
sive teaching strategies. These will be contained
in a companion volume, the Uresco Handbook
for Science Teachers, which will also cover aspects
of the learning process in children, and sociolo-
gical considerations as they relate to the activities
of practising school science teachers.

If pupils are to have the breadth of view needed
to tackle the problems arising from the applica-
tion of science to their everyday lives, they should
be equipped to do so through science teaching
which is broadly based. Such teaching draws care-
fully selected material from the whole range of
the sciences, including earth and space sciences
and interdisciplinary areas. To this end, the scope
of the New Unesco Source Book for Science



Teaching has been considerably enlarged. This
new, revised edition includes an expanded section
in the biological sciences and a great deal of new
material in earth and space sciences. The physical
science section also contains considerably more
chemistry teaching material than hitherto.

If science is to be perceived by pupilsasa unity,
key concepts which provide the foundation of
many scientificdisciplines need to be emphasized
in its teaching. Basic scientific concepts such as
matter and energy and their interrelation, and
levels of organization in living things, provide the
key themes for major chapters of the book.

While the style of the source book has been
kept as recognizable as possible to its many users
throughout the world, some major changes have
been made in format and presentation, with the
intention of making it easier to use, and an index
has been included. The material has been grouped
under four major chapter headings: ‘Resources,
Facilities and Techniques for Science Teaching’,
‘Physical Sciences’, ‘Biological Sciences’ and

‘Earth and Space Sciences’. Such headings are not
meant to imply the compartmentalization of the
teaching of science into these particular content
areas. However, since the users of the book will
be following widely differing curricula as far as
content and organization of material is concerned,
such an arrangement has been chosen to facilitate
ease of reference, and no greater over-ail integra-
tion of material has been attempted. An effort has
been made to improve the accuracy of all the
information presented and to include only experi-
ments and equipment of proven reliability under
various climatic conditions. Many figures and
diagrams retained from the previous edition have
been redrawn. Much attention has been paid to
laboratory safety, including a new section on this
subject. International and metric units are used
throughout the book.

Users of the new source book are invited to
submit to Unesco comments, criticisms and
suggestions which may be incorporated in future
editions.



Chapter One Resources, facilities
and techniques
for science teaching



Some suggestions about science teaching

Possible resources in a rural area (ecological
activities)

An abandoned farm field offers an excellent oppor-
tunity to observe the process known as succes-
sion. The earliest plants that seed into the field are
called pioneer plants. As the field community
(ecosystem) changes with time, some populations
are replaced by others. This replacement of popu-
fations is called ecological succession. It is often
possible to observe a mature area such as a forest
adjacent to a recently abandoned field. It is inter-
esting to study the various stages of develop-
ment and to infer what the intermediate stages
must be.

A wood or forest near the school may be in-
structive for discovering seasonal changes in ani-
mals and plants; studying habits of plants and
animals; finding out where animals live; seeing
how animal and plant life depend on each other;
seeing how physical surroundings, such as mois-
ture, temperature and amount of sunlight affect
living things; finding examples of useful and
harmful animals and plants. Possible use: arrange
a field trip to observe and collect materials; bring
selected materials into the classroom.

A building under construction may provide an
opportunity to see how electrical wiring is in-
stalled; how a building is insulated; the different
materials that are used; the difference between
soil dug from the foundations and garden soil;
how sewage is disposed of. Possible activities

inctude coilecting examples of building materials
for study—wires showing different kinds of elec-
trical insulation, various kinds of heat-insula-
ting materials, samples of soil, etc.; talking with
workmen who are wiring the house, installing
plumbing, or doing similar types of work ; observ-
ing the procedure for locating and drilling a well
if there is to be one; examining plumbing; if an
out-door toilet is used, finding out where it is
located in relation to the water supply and why
this location was selected.

A sawmill may be instructive for learning how
trees are selected for cutting; finding out how
young timber is protected; learning which kinds
of trees are considered most valuable and why:
observing the use of machines; learning how lum-
ber is made and cured; observing changes in ani-
mal and plant life when ar area has been cleared.
Possible activities include visiting the saw-
mill to observe the procedures; bringing back
samples of wood to see growth rings; walking
through woods to observe how trees are being
cut; examining various machines to cbserve how
they help workmen.

" A farmmay be instructive for observing various
ways of preserving and storing food; caring for
animals; growing garden vegetables and flowers;
observing the use of machines in house, field,
barn, garden, orchard; observing how buildings

"~ and grounds are protected against fire and how

accidents are prevented.
A vegetable and flower garden may be instruc-
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tive for studying how plants get enough light,
moisture and other essentials for growth; learn-
ing how ground is prepared for planting, how
plants are transplanied, and how seeds are dis-
persed; studying how flowers are self- and cross-
pollinated and how seeds sprout and grow; learn-
ing what kinds of soil are suitable for the growth
of different kinds of plants and how the soil is
tested ; observing how planis store food and how
plants change with the seasons. Possible activities
include visiting the garden to observe plants and
methods of growth; making collections of seeds
and fruits that show methods of dispersal; sprout-
ing seeds in the classroom to learn more about
how plants grow; performing experiments with
plants to see the effects of light, temperature and
moisture on growth; planting a school garden (if
practicable) to learn more about how plants
grow. :

An apiary may be instructive for observing
how bees are cared for; learning how hives are
constructed and how they are prepared for cold
weather; learning what happens when bees swarm
and how they are handled safely and how bees
are helpful to man; observing bees at work and
learning how life goes on inside a hive; seeing
an example of social insects and of insects that
are useful to man.

A creek or pond may be instructive for observ-
ing kinds of plant life and the adaptations of
stems, roots, leaves, flowers and fruit to a moist
environment; learning how animals are adapted
for life in or near water dnd contrasting this with
land animals; observing how these animals and
plants change as the seasons change; observing
the food-getting and home-building habits of the
animal life.

Using the resources

The value of the resources depends on how skil-
fully they are used. Each should be used for a
definite purpose or purposes: to help solve a prob-
lem, to make a scientific principle more graphic,
to increase the tendency of pupils to inquire about
their environment.

In preparing for a trip, the teacher and chil-
dren should have clearly in mind a definitely
stated problem or problems. The teacher and
perhaps a small committee of pupils should first
go to the place to be visited by the class, to deter-
mine its suitability and accessibility.

Whenever the pupils plan to seek information
from someone in the community, make sure that
the informant understands the purpose of the
visit, and keeps explanations easy enough for the
pupils to understand.

Follow-up discussions should be carefully
planned. Appropriate data shouid be used in solv-
ing the problem, and written records made of the
findings whenever it scems likely that the children
will have a use for the records.

Facilities for teaching science

Making a science corner in the classroom. Set
aside a corner in the classroom and call it the
Scienvce Corner. If possible, obtain one or two
tables which may be used for experimenting and
display. Perhaps the scheol custodian will help
you build shelves underneath the table for storage
of materials, supplies and equipment, as des-
cribed elsewhere in the book. Encourage the
pupils to bring in materials to display in the
Science Corner. These materials should never be
allowed to remain on the table so long that their
interest value is lost: the Science Corner should
be a place of activity and change.

A scieace bulletin board. If children are encour-
aged, they will constantly bring to school inter-
esting items they have clipped from newspapers or
magazines. The science bulletin board provides a
place to display such materials, as well as draw-
ings and other things prepared in science classes.
A good place for the science bulletin board is
just above the tables in the Science Corner. The
bulletin board can be made from softwood or
from pressed fibreboard.

A museum shelf. Once children become interested,
they are insatiable collectors. Some of the things
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they collect are bound to find their way to school.
Such activities should be encouraged. Gne way to
do this is to provide a museum shelf where collec-
tions or individual science items may be dis-
played.

Aquaria and terraria. Aquaria and terraria are a
source of constant interest and provide a place
where many important science phenomena may
be observed. Directions for making and caring for
aquaria are found in Chapter Three.

Cages for animals. Several types of animals can be
kept in the classroom for observation. Some ani-
mals adjust to being caged better than others.
Children may be encouraged to bring their pets to
school for short periods of observation and study.
Suggestions for building cages for animals will be
found in Chapter Three.

Setting up a weather station. Simple weather in-
struments aie described in Chapter Four. These
can be made from materials availabie aimost any-
where. Observing the weather changes from day
to day is a source of interest and can form the
basis for useful science lessons.

Growing plants. Small flowerpois placed along a
window-sill where there is plenty of light will pro-
vide ample space for growing seeds and small
plants. If more space is desired for some experi-
ments, shallow wooden boxes may be obtained
or made from new or scrap lumber.

Tropical conditions. In the tropics there are many
causes of trouble in a laboratory, especially dur-
ing the wet season. Materials perish, papers stick
together, instruments rust, specimens go mouldy,
lenses develop a fungus which quickly renders
them useless and ruins their accurately ground
surfaces. In addition, ants, termites and other
insects continue their endless work of destruc-
tion.

Whatever can be kept in an air-tight container
should be so kept. Glass jars, such as specimen
Jars with lids well greased, are ideal. Screw-capped
bottles, e.g. those which have contained sweets,

are very useful. Metal containers, such as biscuit
tins, cake tins, etc., can be rendered fairly air-
tight by strapping the joint between the lid and
container with insulating tape. 4

Lenses of microscopes should be kept in a
desiccator when not in use. A piece of string
soaked in creosote and placed in the lens con-
tainer with the eyepiece has been found useful
for retarding the growth of mould.

During the rainy season, microscopes, gal-
vanometers and other sensitive instruments
should, if possible, be stored in an air-tight cup-
board in which a 50-watt electric bulb is kept bur-
ning continuously. Needles can be inserted in a

piece 0. cloth into which some vaseline has been

rubbed. Metal instruments such as screw gauges,
vernier callipers, tuning forks, etc., should be
greased. The screws of retort stand bases, rings
and clamps should be oiled frequently. Scalpels
shouid be smeared with vaselire and kept in a
case. The metal parts of tools shouid be rubbed
over with an oily rag.

Laboratory safety .

Activities and experiments are tremendous assets
to a science lesson. Doing things can be fun; it
can also be dangerous, and the science teacher
must ensure that work is done in such a way that
no accidents occur.

Many of our daily activities are potentially
dangerous. Lighting a fire, crossing a street, driv-
ing an automobile or even taking a bath may
result in an accident, but we don’t stop doing any
of these things just because of the danger involved.
Rather, we teach our children the dangers invol-
ved in each of these activities so that they are able
to enjoy the benefits of the activity and avoid the
potential dangers. The same philosophy should
be used in science lessons. Pupils should be taught
the dangers inherent in sach activity and how to
avoid hazards. A number of precautions are out-
lined below.

Burns and fire. Perhaps the most common type of
accident in the laboratory is a burn. Most burns
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can be avoided if pupils will remember, ‘When
you heat something, it gets hot—and may stay
hot for some time’. Although obvious, this advice
is commonly disregarded. Pupils will place a
piece of glass or metal in a flame for several
seconds, remove it and touch the end to see if it
is hot. It is! Unfortunately, most hot objects can-
not be distinguished from coid ones by sight,
smell or sound. Only the sense of touch provides
a test, and (f the object is oo hot, even a cautious
touch can result in a burn. Another simple ad-
monition should be given regarding fire. ‘Don’t
put things that burn near open flames.” Pupils
should realize that clothes, hair, paper, wood and
many common chemicals catch fire rather easily.
Burners that are not being used should be extin-
guished. An additional caution concerns alcohol
burners: if a large amounr of heat is reflected
down on to the burner base (e.g. when heating
inside a shiny metal can which serves as a wind-
shield) the alcohol may vaporize inside the bottle
and cause the mild burner to become a very hot
blow torch.

Cuts and broken glass. Minor cuts are a second
type of accident which is commonly encoun-
tered. There are generally three causes; broken
glass tubing, falling glass containers, and gas
generator explosions.

Virtually all cuts from glass tubing will be
avoided if the tubing is wrapped in a towel before
it is inserted into a stopper. The glass should be
lubricated with glycerine or water, held with the
towel and twisted as it is inserted into the stopper.

The ends of all glass tubing should be fire
polished, but care should be taken to avoid seal-
ing the end completely. If the end is accidentally
sealed and the tubing is used as part of a gas-
delivery system, the gas cannot get through the
tube and an explosion may result. Always check
gas-generator systems to be sure that passages are
open. Special care must be taken when oxygen or
hydrogen are being generated because of the addi-
tional explosive hazard. Procedures for the pre-
paration of these gases which require the use of
heat are not recommended.

It is obvious that the danger of cuts from fall-

ing glass objects will be greatly reduced if glass
containers are stored on the floor, or on a shelf
where there is little danger of them being acciden-
tally knocked off. This is particularly true in the
case of large stock bottles of acids, gases, or
inflammable liquids.

When glass is broken, it should be discarded
in a specially marked container rather than in
normal waste baskets. Be considerate of the per-
son who takes away the rubbish.

Hearing substances in test tubes. When heating
substances in test tubes, the tube should be moved
back and forth across the flame and the mouth of
the tube should be pointed away from nearby per-
sons (see figure).

Heating substances
in test-tubes

Heat source

Test tubes should never be filled to more than
one-third to one-half capacity as a precaution
azainst boiling over. When transferring materials
from one container to another, hold the con-
tainers at arm’s length.

Smelling and tasting. The nose is a delicate in-
strument which deserves protection. Be careful
when smelling chemicals. The correct technique is
to fan the gas towards the nose and sniff cau-
tiously (see figure).

Smelling and
testing
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If you detect no odour, you may move closer
and try again. The best rule for tasting is ‘dor’t’.
Only. substances that you know are absolutely
harmless (such as pure table salt or sugar) should
be placed in the mouth. Some chemicals are so
toxic that a fraction of a gramme can be fatal.

Dangerous chemicals. Any chemical is potentially
dangerous ang should be treated as such. Under
no circumstances should pupils be ailowed to per-
Jorm unauthorized experiments and no experiments
should be authorized unless you know that they
are safe. You may assume that the experiments
described in this book are safe unless a-caution is
given. The potential danger should be clear from
the note. If it is not, don’t do the experiment. Just
as it is the ‘unloaded’ gun that kills, it is the “safe’
experiment that often results in accidents. Sub-
stances such as sugar, sulphur, and powdered zinc
are perfectly safe—normally. However, when
mixed with good oxidizing agents such as chior-
ates or permanganates, they form explosive mix-
tures. A few of the more dangerous classes of
chemicals are listed below with descriptions of
their dangers.

Acids and bases. All ‘strong’ or ‘mineral’ acids
such as hydrochloric, sulphuric or nitric acids are
hazardous when concentrated. When diluted, they
are relatively safe to handle and any spilled acid
can be washed off with water. The greatest dan-
ger, of course, arises when acid comes into con-
tact with the eyes. Safety glasses should be worn
to protect the eyes from this danger. Some acids
(e.g. sulphuric and nitric) are more hazardous be-
cause they are also good oxidizing agents. Organic
acids are generally not so dangerous as mineral
acids, but there are exceptions. Phenol (carbolic
acid) and oxalic acid are hazardous, not because of
their acidic properties but because they are toxic.
Strong bases such as sodium hydroxide {(caustic
soda) and potassium hydroxide (caustic potash)
can cause burns just like strong acids. Weaker
bases such as calcium hydroxide (lime and water)
can also cause burns if they are in contact with
the skin for a long time. Dilute solutions of bases
are relatively safe, but even dilute solutions

should be quickly washed from the skin with
plenty of water.

Oxidizing materials. (Oxidizing materials are
chemicals that will support combustion or burn-
ing.) If they are placed in contact with materials
thatact as fuels (any organic matter) there is dan-
ger of an exploston or fire. Some of the more dan-
gerous chemicals in this category are chlorates,
peroxides, perchlorates and perchloric acid.
Since sodium chlorate and potassium chlorate are
fairly common chemicals, special note should be
made of their dangers. These compounds are
stable and may be handled safely providing proper
caution is exercised. They should be kept away
from strong acids since they react to produce
toxic chlorine dioxide and may explode. They
should be kept away from any substances that
are easily oxidized such as suphur, sulphides,
phosphorus, sugar, alcohols, organic solvents,
ammonium compounds, powdered metals, oils or
greases and dust of any kind.

Good habits. A few notes on practices which

should be followed habitually are given below.

1. Always wear protective glasses when there is
a danger of hot or caustic materials being
splashed into the eyes.

2. Always read the label on reagent bottles twice
and read it carefully. There is a very great dif-
ference between potassium chloride and potas-
sium chlorate, between Mercury(I) chloride
and Mercury(IT) chloride, between manganese
and magnesium.

3. Test tubes or any pieces of equipment which
may expel a gas or liquid should be pointed
away from all persons present.

4. Always chéck glassware for cracks prior to use.

5. Glasswear of all types should be placed at the
back of the laboratory bench to prevent un-
necessary breakage. Glass stcrage bottles
should be placed at or near floor level.

6. All injuries, regardless of how minor, should
be given medical attention immediately.

7. When diluting acids, the acid should be added
slowly to the water not vice versa.

8. Good housekeeping is imperative in the labo-
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ratory. Broken glass or scraps of metals and
unused chemicals should be disposed of in
appropriate containers. When chemicals are
disposed of through the drain, always flush
with plenty of water.

Using mercury. Surprising as it may be, mercury
vaporizes even at the temperature at which water
freezes. It produces an odourless, tasteless, and
colourless vapour, the concentration of which
depends upon the temperature. This vapour is
toxic and can result in damage to the nervous sys-
tem. Mercury enters the body readily by inhala-
tion, by ingestion or through the skin. Chronic
exposure may result in cumulative poisoning,
indicated by nervous and psychic symptoms.
Protection against spillage. Mercury seeps into
crevices, mixes with dust and penetrates into
substances such as wood, tile, iron pipe and fire-
brick. Where mercury is used, floors should be
smooth and impervious and cracks should bé
sealed by varnishing the floor surface. Floor spills
must be cleaned up at once. If a spill occurs, the
room must be evacuated and the windows opened
to increase ventilation. Doors opening into hall-
ways must be closed. Spilled mercury should be
picked up immediately by water pump suction
or by a wet sweeping compound. If these items
are not available, a dustpan and broom, or a
squeegee should be used to gather the mercury
into one small mass. It should then be deposited
into a tough plastic, glass, or metal container
which can be sealed tightly. Contamination by
numerous small globules left in cracks and cre-
vices is still possible after the major portion of
mercury has been removed. Calcium, sodium poly-
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Tools

Clever experimenters can achieve a very high
standard of workmanship with a surprisingly
small number of tools. It is impossible to say that
certain tools form a minimum amount of equip-

sulphide, or flowers of sulphur should be care-
fully administered to the contaminated area (the
commercial agricultural dormant spray which
contains sulphur is satisfactory for this purpose).
These substances react with mercury to form an
inert material which does not vaporize. It is
recommended that a supply of flowers of sulphur
be kept near by whenever mercury is handled.

Protection against skin contact. Every effort
should be made to prevent skin contact with mer-
cury liquid or vapour. Non-porous gloves and
rubber-soled shoes should be worn_since leather
will absorb mercury. One should wash hands
thoroughly after contact with mercury to reduce
absorption through the skin. Personal clothing
should be checked for mercury following a spill,
sinde mercury can be accidentally deposited
in trouser turn-ups, pockets and crevices in
clothing.

Storage. Mercury should be stored in a well-
ventilated area where the containers are kept
cool and protected from the direct rays of the
sun. Storage on wooden floors is not desirable.
Heavy linoleum, non-porous concrete and tile
or enamel surfaces are all suitable, provided that
joints and cracks are sealed and a smooth sur-
face is achieved. Do not work with mercury, or
store containers, near sources of heat or ammonia.
Keep the seal on the mercury container closed
tightly except when in use. This is important be-
cause a slow current of air passing over an open
vessel of mercury at room temperature may
pick up several milligrammes of mercury per
cubic metre of air. If available, a leak-proof
cabinet will provide an adequate storage space.

ment. In any case, the experimenter will probably
acquire his equipment stage by stage and need
not be deterred from starting a project because
of some particular lack. As a beginning aim at
acquiring the following:

Metalworking tools: vice, hack-saw, hammer,
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screwdrivers, pliers (flat and round nose),
cutting nippers, electric or other soldering

iron, electric drill, twistdrills, taps and dies,

various files, scriber.

Common woodworking tools: chisels, common
saw, rip saw, steel plane, modern rasp or
rasp plane, brace and bits, a variety of glues
and cements, paints in various colours.

Glass cutting

1.1 Making a straight cut

A glasscutter does not cut glass, but splits ‘it
with a tiny wheel. If the wheel is sharp and it is
drawn over the glass at the right speed and pres-
sure, it makes a fine score or groove by slightly
crushing or pulverizing the glass. The bevelled
sides of the wheel act as wedges which push
against the sides of the groove and pry the glass
apart so that a crack is started. If a crack fails to
start, tap the scratch or score with the ball end of
the glasscutter. Before trying to make a finished
cut, practise on a scrap piece to learn the speed
and pressure required to obtain a smooth edge
(see figure). Ordinary window glass comes in two
thicknesses, single light and double light. Single
light is thinner and easier to cut. Plate glass up
to 0.6 cm in thickness can be cut in the same man-
ner as ordinary window glass. Safety glass,
which consists of two or more glass sheets
cemented together by a transparent plastic,
requires special cutting equipment.

1.2 Cutting glass tubing

One way to cut glass tubing is to score the sur-
face with one forward stroke of a three-cornered
file. The corner of a mill file will also work well.
Make the score mark at right angles to the centre
line of the .tube so that the tube will snap
squarely across. To snap the tube, place it on the
bench top with a matchstick or toothpick dir-
ectly beneath the upward-facing score mark.
Then, holding one end securely, press down on
the other end and the snap will be immediate.
Another method frequently used is to scratch
the glass tubing with a quick smooth file stroke,

1.1 Glass cutting

then hold the scratched tubing firmly in both
hands with one’s thumbs pointing towards each
other (but on opposite sides of the scratch) and
snapping the glass tubing away from one’s body.
Fire-polish the cut ends.
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1.3 Resistance wire glass cutter .

Obtain about 60 cm of 24-gauge nichrome wire,
and improvise heat-proof handles (one with a
switch) for the ends. Connect to a suitable 12-V,
5-A power supply (a car battery, or step-down
transformer). Make sure that the leads and the
switch are strong enough for the current to be
carried. The wire should become red hot a few
seconds after switching on. If it does not, first
check the power supply and the connexions. It

may be necessary to reduce the length of the.

resistance wire if it still does not get hot enough.
Now file a small groove on the glass jar where
the nichrome wire will cross. Adjust the wire in
a loop in the desired position for cutting. Keep
the wires from touching where they cross in the
groove, Switch on, and after a few seconds, the
- glass will usually crack in a clean cut where the
wire has looped the jar. If this does not happen
after 15 to 20 seconds, switch off, quickly remove
the nichrome-wire loop and hold the jar under
running water. This will cause the necessary
contraction to break the jar on the desired line.
Use caution during the actual breaking operation
{see figure).

Cleaning glassware, Strong cleaning. solvents
should be used by the teacher, not by pupils.
Dissolve 100 g of potassium dichromate in a
solution of 100 g of concentrated sulphuric acid
in 1 litre of water. Glassware can be soaked in
the solution, which may be used over and over
again,

Caution: great care should be taken to avoid
getting this very corrosive solution on skin or
clothes. When diluting concentrated sulphuric
acid, use a stone or earthenware vessel. Pour the
acid very slowly into the water, as a great amount
of heat is given out in the process,

The teacher should use his knowledge of
chemistry to remove stains of known origin. If
dirty vessels have contained alkalis, or salts with
alkaline reactions, then obviously the cleaning
effect of a little dilute acid should be tried first;
if the stain is due to potassium permanganate,
then the effect of sodium sulphite solution, acidi-
fled with dilute sulphuric acid, should be tried,
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Resistance wire glass cutter

A 24 gauge nichrome wire

8 small notch filed in side of bottle
¢ swiich in handle

D connecting cable to supply source

etc. Alkalis slowly attack giass, and bottles
which have contained caustic soda, etc, for a
long time will never recover their original trans-
parency.

Soldering

Soldering is used to join metallic surfaces such as
copper, iron, nickel, lead, tin, zinc and alumi-
nium. It is particularly useful for making elec-
trical connexions, joining sheet metal and sealing
seams against leakage. Electric soldering irons
or guns are widely used for electrical connexions,
but soldering may also be done with coppers
which do not have an electrical heating element.

1.4 Solders

Most soft solders are alloys of tin and lead. Sol-
ders used for joining aluminium are usually
alloys of tin and zinc or of tin and cadmium. The
melting points of most tin-lead solders range
from about 165° C upwards. Tin-lead solders are
usually identified by numbers which indicate the
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respective proportions of tin and lead. The first
number gives the percentage of tin, the second
the percentage of lead. Solders with a high tin
content are more expensive than those contain-
ing much lead. In general, solders which contain
a high percentage of tin have lower melting
points than those with a high percentage of lead;
the former are best for electrical joints, whereas
the latter have greater mechanical strength.

Solders are available in various forms, includ-
ing bars, wires, ingots and powders. Wire solder
is available with or without a flux core.

1.5 Fluxes

To make a good joint, the metal to be jointed, the
tip of the soldering iron and the solder itself must
be freed of dirt, grease, oxides and other foreign
matter which would prevent the solder from ad-
hering to the metal. Fluxes are used to clean the
joint area, to remove the oxide film which is nor-
mally present on metal, and to prevent further
oxidation. Fluxes also decrease the surface tension
of the solder and thus make the solder a better
wetting agent. Use a flux which is suitable for the
metal to be joined, as shown below.

Metals Fluxes
Brass, copper, tin Rosin
Lead Tallow, rosin

Iron, steel
Galvanized iron
Zinc
Aluminium

Borax, sal ammoniac
Zinc chloride
Zingc chloride
Stearine, special flux

Fluxes are generally classified as corrosive,
mildly corrosive and non-corrosive. Non-
corrosive fluxes are used for soldering elec-
trical connexions and for other work which must
be completely protected from any trace of corro-
sive residue. Rosin is the most commonly used
non-corrosive flux. In the solid state, rosin is
inactive and non-corrosive. When it is heated, it
becomes sufficiently active to reduce the oxides on
the hot metal and thus perform the fiuxing action.
Rosin may be obtained in the form of powder,
paste, or liquid.

Rosin fluxes frequently leave a brown stain
on the soldered metal. This stain is difficult to

remove, but it can be prevented to some extent by
adding a small amount of turpentine to the rosin.
Glycerine is sometimes added to the rosin to make
the flux more effective.

1.6 Methods of soldering

The following general considerations apply to

most soldering work :

1. Be sure that all surfaces to be soldered are
clean and free of oxide, dirt, grease or other
foreign matter. If possible, the materials should
be joined mechanically, so that the solder sim-
ply fixes the joint in place, just like carpenter’s
glue holds a woodworking joint.

2. Use a solder and flux which are appropriate
for the particular job. Remember that the melt-
ing point of the flux must be below the melting
point of the particular type of solder you are
going to use.

3. Heat the surfaces just enough to melt the sol-
der. Solder will not stick to unheated surfaces.
However, you should be very careful not to
overheat solder, soldering coppers or surfaces
to be joined. In general, solder should not be
heated much above the working temperature.
As the temperature of molten solder is in-
creased, the rate of oxidation is increased.
When molten solder is overheated in air, more
tin than lead is lost by oxidation.

1.7 Electrical connexions

To solder electrical connexions, use rosin-core
solder. The reason for this is that it is usually
difficult or impossible to wash off acid flux,
whether applied in core solder or with a brush,
from electrical gear. Any acid that remains from

Electrical joints
A rosin core solder
B soldering iron
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the soldering operation causes corrosion which
cannot be tolerated. To solder electrical connex-
ions, hold the soldering iron (copper) beneath the
splice being soldered, with the greatest possible
area of mechanical contact so as to permit maxi-
mum heat transfer. Apply the rosin-core solder
to the splice (see figure). Be careful not to over-
heat electrical components.

1.8 Torch soldering

Torch soldering is often used for small jobs or for
work which is relatively hard to reach. A propane
torch or an alcohol torch may be used. The
general procedure is to play the flame from the
torch on to the surfaces to be joined and then
apply cold solder in bar or wire form. The heated
surfaces will melt the solder. As the solder melts,
any excess solder should be wiped off with a
damp cloth before it hardens.

Blueprints and diazo prints

Obtain two glass plates approximately 25 cm by
35 cm. Tape the edges and hinge the plates along
one long edge.

1.9 Blueprints

Place a sheet of blueprint paper, greenish side up,
on one of the two glass panes; lay the object to
be printed on the paper (see figure); a photo
negative, leaf or piece of lace will work well. Hold
these in place with the second pane of glass.
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Expose them to the sun for a period of 20 seconds
to several minutes, depending on the brightness
of the sky. Then wash the blueprint paper by plac-
ing it in a pan of water for several minutes. This
removes all the remaining light-sensitive sub-
stance. Lay it on a smooth, flat table to dry.

1.10 Diazo prints

The procedure is the same as for blueprint paper
up to the step of washing. Do not wash the paper
in water. Instead, expose it to ammonia fumes in
a large jar for several minutes. Then light can
make no further changes on the paper (see figure).

A lid

B wide mouth jar

c diazo paper

p household ammonia
e ammonia fumes

These experiences may induce some children
to work with the more sensitive photographic
materials used with cameras. Refer to local photo
supply stores for more information about devel-
oping photographic films and prints.

1.11 Making blueprint paper

Prepare solutions of: potassium ferricyanide
(10 g, 50 cm?® of water) and ferric ammonium
citrate (10 g, 50 cm3 of water). The solutions are
prepared separately and kept in a dark room or
in subdued light. For use, mix equal quantities in
subdued light and place in a shallow glass or ena-
melled tray. The paper is sensitized by brushing
the mixed solution over it with a soft, wide brush
or the paper may be placed on the surface of the
solution and allowed to float there for a few
seconds. After sensitizing, the paper should be

hung to dry in the dark room.
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Making some general equipment
Weighing devices

1.12 A simple balance

Punch four holes in an old tin can with a nail, spac-
ing them equally round the circumference. Pass
pieces of string through these holes and tie them
together. Now attach this scale pan to a rubber
band hung from a nail (see figure). If weights are
not available, it is possible to graduate the balance
using known volumes of water poured from a mea-
suring jar and by making marks on the support-
ing stick opposite the edge of the pan. Stones can
then be found which will give the same extension
and these should be marked for future use as
weights. Coins may also be used.

1.13 A spring balance

A coiled steel spring is protected from damage by
enclosing it in a tube. The reading is made at the
bottom of the tube on a graduated wooden plun-
ger (see figure). First wind the spring, attach it
by a screw eye to a piece of dowelling which will
just fit into the tube selected (bamboo or plastic).
Fasten the other end of the spring by a wire staple
to a wooden stick which will slide in the tube.
Fix the dowelling to the top of the tube and insert
into it a hook for suspending the balance. Screw
another hook into the wooden plunger which can
now be graduated.

1.12 Simple balance

1.15

1.14 Steelyards

Either Roman or Danish steelyards can be impro-
vised using short lengths of lead or iron water
pipe as counter-weights and loops of wire as
pivots (see figure).

The rod can be of either wood or metal; in the
latter case notches can be filed on the underneath
of the bar to indicate the balance points for
various weights.

1.15 A drinking-straw balance

Obtain a small bolt which just fits inside the tube
of a drinking straw, and screw it a few turns into
one end. Determine roughly where this arrange-
ment balances and punch a sewing needle through
the straw to serve as a pivot. To ensure stability
the hole should be made a little above the dia-
meter of the straw (see figure overleaf).

Cut away the other end of the straw to form a
small scoop. When the needle is in place set it
across the edges of two microscope cover slips
(or two razor blades) held parallel by a block of
wood and a rubber band. Adjust the bolt until the
straw balances at about 30 degrees to the horizon-
tal. Support a piece of card vertically behind the
scoop using a clothes peg or another piece of
wood and a drawing pin; this will serve as a scale.

Hang a hair or a small piece of tissue paper
from the scoop and notice the deflection. To

1.14 Steelyards

1.13 A spring balance



1.15

1.15 A drinking straw balance

obtain quantitative readings the scale must be
calibrated. Aluminium foil from cigarette packets
is suitable for making small weights.

Cut the foil into areas weighing 1 mg, 2 mg,
etc., and place them in the scoop using a piece
of copper wire bent to form tweezers. Record the
positions of rest of the beam by making marks on
the card. The sensitivity of the balance can be
varied by adjusting the position of the bolt.

1.16 A sensitive beam balance

The materials needed for this balance include a
clothes peg, a rigid knitting needle about 30 cm
long, two pins or needles and a support such as a
milk bottle or preserving jar (see figure).

The beam of the balance is made by passing
the knitting needle through the hole in the spring
of the clothes peg. The pivots for the beam are
the two needles or pins placed one on either side
of the clothes peg, slightly below the hole through
which the knitting needle passes. The latter must
project equally on either side of the clothes peg,
and can be wedged in this position inside the
spring by a small splinter of wood. The lower
end of the clothes peg grips a pencil which serves
as the pointer of the balance. The pans of the
balance are made from two tin lids with equally
spaced holes pierced at the circumference.
Threads are passed through the holes and tied
together to form a loop from which they can be
suspended from the beam. Once the scales are
balanced it is advisable to make a nick with a file
to prevent the loops slipping off the knitting
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needle. Finally, a graduated scale is placed inside
the bottle in such a way that the pointer swings
in front of it.

The weights may be coins, crown corks,
matches, etc., correlated to standard weights, If
none of the latter are available two similar smali
bottles may be used, one in each pan, and known
amounts of water poured into one of them from
some graduated vessel. Failing all else, an old
syringe graduated in cubic centimetres may serve
as a very small measuring cylinder. Fractional
weights may be improvised by hanging a loop
of wire from the beam.

Optical devices

1.17 A simple magnifier

Make a single turn of copper wire around a nail
to form a loop. Dip the loop into water, take it
out and look through it. You will have a magni-
fier like the earliest ones used. Often such a lens
will magnify four or five times (see figure).

—/
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If you tap the wire sharply against the edge
of the glass a drop of water will fall off. Because
of adhesion between the wire and the water, the
liquid remaining will form a lens which is very
thin at the centre, i.e. a concave lens.

1.18 A water-drop magnifier

Place a drop of water carefully on a plate of glass.
Bring your eye close to the drop and look at
something small through the water drop and
glass. This serves as a simple magnifier.

1.19 A model refracting telescope

Arrange a long-focus lens on the end of an optical
bench (see Chapter 2, experiment 2.219) pointing
at some scene through a window. Bring a piece
of white cardboard up on the opposite side of the
lens to the place where the sharpest image of the
scene is formed. Now bring a short-focus lens up
behind the cardboard until the cardboard is a
little nearer the lens than its focal length. Remove
the cardboard and look through the two lenses at
the scene. ’

1.20 A projector for filmstrips or slides
The base of the instrument is a piece of wood 40
by 10 by 3 cm. A plywood board 10 cm wide and
25 cm long fits into a groove cut across the base,
and serves as filmstrip carrier. A hole 35 by 23 mm
cut in this wood serves as an ‘aperture’ or gate to
limit the light passing to onz frame of the strip.
The strip itself is held close to the gate, in a verti-
cal position, by staples made from wire paper fas-
teners. These are easily bent to the width of the
film; the ends are cut off short and sharpened
with a file, and they can then be pressed into posi-
tion on the plywood board. No reels are necessary.
The strip can be moved on from one frame to
‘he next by pulling on the end of the film; there is
sufficient ‘curl’ to hold it stationary (see figure).
The lamp, which is an automobile headlamp
in a holder mounted on a block, is adjustable; it
can be slid between two strips of wood nailed to
the base. A carafe or flask of water can be used as
condensing lens and should be placed so that the
whole of the gate is illuminated by the image of
the lamp. When it has been so positioned, the
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lamp and condensing flask are fixed in place with
glue.

The object lens is mounted on a piece of
wooden dowelling which is a fairly tight fit in a
hole drilled into a block of wood arranged, like
the lamp support, to slide between two wooden
guides. The lens can then be adjusted by sliding
the rod in or out of the hole so that the centre
of the lamp, condenser and objective are all the
same height above the baseboard. -

A plywood, metal or cardboard case is requi-
red to enclose the lamp and the condenser as
shown by the dotted line in the diagram. A dar-
kened room is necessary for this apparatus. Com-
mercial instruments using 100-watt bulbs can be
used in a semi-darkened room, but the problem
of dissipating the heat from the lamp is then
considerable.

1.21 A microprojector
The optical system of this instrument is the same
as that of the strip projector. The differences in
construction are necessary because of the size of
the objects (microscope slides or small objects
similarly mounted) and the need to use a very
short-focus objective to obtain high magnifica-
tion. The lamp is a car headlight bulb, the con-
denser is a small glass bulb 1.5 to 2 ¢cm in dia-
meter blown on a piece of quill tubing, and
the object lens is the objective of a commercial
microscope.

The base of the apparatus is a small wooden
trough 10 by 7 by 4 cm made by nailing two
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1.21 A microprojector

strips of wood 4 cm wide to the sides of a piece
measuring 10 by 5 by 1 cm. These sizes are not
critical, and may be varied to suit the other mat-
erials. An end plate to support the objective (a
piece of plywood 9 by 7 cm with a 2.5 cm hole
in it) is fixed to the end of the trough.

A rectangular lamphouse fits into the channel.
The lamphouse is easily improvised by fixing a
car bulb and holder inside a household mustard or
other rectangular tin. Holes drilled round the top
and at the bottom provide ventilation, and a hole
1.5 cm in diameter serves to support the conden-
ser. Copper wire passing round the stem of the
bulb and through holes punched through the tin
hold the condenser firmly in position.

The slide holding the object to be projected
fits into grooves cut across the edges of the chan-
nel, and is thus held in a vertical plane so that
the light from the condenser passes through it.
The position of the grooves is determined in the
way indicated below.

The microscope objective fits tightly into a
hole in a piece of plywood, 7 by 4 cm, which is
held in contact with the end plate by a trouser
cycle clip and is adjusted so that the lens lies on
the axis of the optical system.

The diagram shows the components mounted
further apart than in actual practice; this is done
to show the relative positions more clearly. In
adjusting this apparatus the slide, lamphouse
and condenser are moved forward together until
the light passes through the objective and forms
an image (of, say, a botanical specimen) on a
ground glass screen 30 cm square placed about
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60 cm away from the end of the trough. Once the
correct position for the slide has been found, the
sawcuts are made in the edge of the trough and
serve for all other slides used. This apparatus
can also be used for projecting Newton’s rings
and diffraction phenomena (see diagram).

1.22 Using a microscope as a microprojector

If a very bright light source is used, the image
from the eyepiece of a compound microscope can
be reflected on to a screen with a mirror. A
powerful slide projector is a good source of light.

Heat sources

1.23 A candle burner

A simple burner can be made using a tin lid or
the bottom of a tin can and candles. The candles
are fixed on to the lid by melted wax. The burner
is most efficient if the length of the candles is kept
approximately the same (see sketch).

1.24 A tin can charcoal burner

A large tin can at least 10 cm in diameter should
be used. About halfway from the bottom mark
off six triangular windows around the can, as
shown in the first diagram. As shown in the
second diagram cut along the sloping sides of
each triangle to make the windows. Do not cut
along the base line. Bend the triangular parts
inward to form a shelf for the charcoal, file the
sharp edges of the windows and make air holes.

1.25 An alcohol lamp from an ink bottle

Obtain an ink bottle with a metal top which
screws on. Punch a hole in the centre of the metal
top with a nail. Enlarge the hole until it is about
8 to 10 mm in diameter by turning a triangular
file in it. Smooth the opening by using some hard,
round object. Cut a piece of metal about 2.5 cm
wide and 4 cm long from a soft metal can or piece
of sheet metal. Roll this into a tube on a piece of
dowel rod or other round wooden stick of suit-
able diameter to fit the opening in the top of the
ink bottle. Insert the tube in the top and let it go
about 1 cm into the bottle. The tube may be sol-
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1.23 A candle burner

1.24 A charcoal burner

dered to the top and along the seam. A wick may
be made from cotton waste, a bit of cotton bath
towel or from a bundle of strands of cotton
string. Be sure to have enough wick to extend to
the bottom of the bottle and cover it. Use dena-
tured or wood alcohol.

In hot countries a cap should be made to
cover the wick when the lamp is not in use. An
old fountain-pen cap may serve the purpose. If a
brass rifle cartridge is available it can be used to
make both the tube and the cap by cutting it
with a hacksaw at a suitable place (see figure).

1.26 A bunsen burner

If you do not already own a bunsen burner, it is
a simple and instructive exercise to make one from
scrap. There are no precise requirements for the
size of the bunsen burner; the materials to make it
can depend on what your scrap box contains. The
brass tubes may be about 1 cm in diameter, but
if you have brass tubing of different dimensions,
go ahead and improvise.

Pieces of scrap lead are melted on a kitchen
gas range in a strong tin box or discarded pot,
then poured into a shoe-polish can. This casting
(the can may be left on) forms a heavy base, A,
for the burner (see figure). Holes are drilled ver-
tically and horizontally as shown to take the
brass tubes B and C. These must be slightly
tapered and hammered into the lead. The gas sup-
ply tube B should extend about 2 cm into the base,
but the jet tube C must just enter the horizontal
hole. When the tube C has been tested for size,
‘it is filled with a lead plug, cast in the tube. The
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1.26 A bunsen burner
lead base

brass gas supply tube
brass jet tube

barrel

air hole to match air
hole in barrel D

ring of copper wire

1.25 An alcohol lamp
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lead is poured in around a centrally placed greasy
sewing needle which, when extracted, leaves the
jet hole. During the casting, the tube may be heid -
in a shallow hole drilled in a wooden block with
the needle precisely centred in the tube.

Brass tubes of suitable diameter are needed
for the barrel D and the brass collar E in which
matching air holes are to be cut. If the collar
presents difficulty a tin tube may be substituted
but will not look so well. If D is not already a
good fit on the tube C it may be sealed in position
with epoxy glue. The easiest way to make the
matching air holes in D and E is first to run the
tubes on to tapered dowel rods heid in a vice.
Flatten the tubes somewhat with a file, then use
a 0.5-cm drill. Finally, trim the holes to shape
with a round file, again using it to smooth the
inner surface of the collar so that it turns easily
on D. A ring of copper wire, F, is soldered on to
D just above the collar, thereby preventing loss
of the air adjuster.

With double air holes, i.e. drilled right
through the tubes, it may be possible to overdo
the air supply. In this case the burner may ‘strike
back’ in use. It should not be allowed to burn for
long at the lead jet or this may soften and close
up the hole.
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1.27 Using propane gas

An inexpensive and convenient source of heat is
the disposable type of propane gas acrosol can.
These cans are available in a variety of sizes and
attachments and can be used when regular piped
gas is not available in the laboratory.

Measuring devices

1.28 A simple calorimeter

Small soup tins can be found which fit loosely
into a jam jar. If the top of the tin is cut off cleanly
with a rotary type opener it serves as an excellent
calorimeter (see figure).

The tin can be prevented from slipping into
the jar either by a stout rubber band round the
edge, or by cutting nicks in the rim and bending
it slightly outwards. This form of suspension, and
the low conductivity of glass and air contribute
to its efficiency.

Expanded polystyrene (Styrofoam) drink cups
are available in some countries and make excel-
lent calorimeters. Other suitable calorimeters can
be made using two metal cans or glass beakers.
Select containers so that one will fit inside the
other with at least 1 cm of space between them.
Fill this space with glass wool or crumpled paper.

1.29 A measuring jar or graduated cylinder

Select several straight-sided glass jars of assorted
sizes. Olive bottles are very useful for the making
of graduated cylinders. Paste a strip of paper
about 1 cm wide vertically on the outside of the
bottle to within about a centimetre of the top.
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Next, obtain a commercial graduated cylinder
of about the same capacity as the bottle and pour
enough water from it to fill the bottle nearly to
the top of the paper scale. Draw a line across the
paper scale and mark under it the number of
cubic centimetres of water poured in. Repeat
with lesser amounts of water to complete the
scale.

Other useful suggestions

1.30 A simple stand for heating

A useful stand can be made by cutting away the
sides of a tin can. It is convenient to make two
or three of these to suit different burners and for
use as stands. Holes should be punched along the
upper edge to let the products of combustion
escape (see figure).

1.31 A heater

A heater can be made from an old oil tin. Water
is placed in the tin and heated from below. Iron
wire is wrapped round a test tube and twisted to
form a handle. The substance to be heated is
placed in the test tube and the heater is used as
shown in the diagram.

1.32 Making distilled water

A kettle can be used to provide steam, which is
then condensed in a jam jar fitted with a large
cork and immersed in a pan of cold water. Rubber
tubing, adhesive tape or clay can be used to make
the joint (see figure). :

1.33 An air oven

A large tin can be used as an air oven. \ hole
through the lid fitted with a cork holds a thermo-
meter, and the saucer or dish rests on a wire gauze
bridge placed inside the tin (see figure).
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1.31 Heater

1.34 A test-tube holder

A test-tube holder can be made by bending
strong spring wire made of iron or brass into the
shape shown in the diagram. Wire from a coat
hanger works very well (see figure).

1.35 Laboratory tweezers

Very serviceable tweezers can be made from
lengths of flexible strap iron used to put around
boxes and crates for shipment (see figure).

The tweezers shown are about 12 cm in
length. One pair shown in the diagram can be
made by brazing or riveting two pieces of strap
iron together and then bending and cutting to
the proper shape. The other pair shown were
fashioned from a single 25 cm length of strap
iron. The round head was made by pinning the
centre of the strip around an iron rod of suitable
diameter. The sides were then cut and shaped to
size.

Chemical solutions

Most of the chemical reactions that are studied
in introductory science courses are reactions that
occur in solution. Normally it is the material that
is dissolved in the water (or other solvent) that
is of interest. It is the dissolved material that is

1.32 Making distilled water

1.33 Air oven

g

1.34 Test-tube holder
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)]

—

1.35 Laboratory tweezers

chemically changed. However, although the above
is a good general rule, it is not always true. There
are several activities in this book where water is
changed chemically; that is, it takes part in
the chemical reaction. Because we are normally
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interested in the material dissolved, it is important
to know how much dissolved material (solute) is
actually present in a particular volume of solu-
tion. For example, vinegar is a dilute solution of
acetic acid. It is the acetic acid that gives the vine-
gar its sour taste and consequently the concentra-
tion is important. Most commercial vinegar is a
5 per cent solution; i.e. 100 g of vinegar contains
5§ g of acetic acid. Percentage by weight is one way
of describing the concentration of a solution.
However, since chemical change involves inter-
actions among molecules, it is convenient to ex-
press concentration in terms of molecules rather
than weight. In other words, we want concentra-
tion defined in such a way that equal volumes of
two different solutions of the same concentration
will contain the same number of molecules. Such
a concentration term is molarity. This is the con-
centration term used throughout this book and is
abbreviated to ‘M’. The notation that a solution
is 1 M means that one litre of that solution will
contain one mole (6.2 X 1028 molecules) of the
solute.

Preparing solutions of known molarity

To prepare a solution of any given molarity you
need only weigh out the number of moles needed
and dissolve this weight of solute in enough dis-
tilled water to make one litre of solution. But how
do you weigh out moles? For this, the molecular
weight of the material must be known. An exam-
ple will help.

Suppose you want to prepare a 2 M solution
of MgSO,. The first step is to determine the
weight of 2 moies of MgSO,. The weight of one
mole is found by adding the atomic weights of
all atoms represented by the formula and writing
the total in grammes:

1atomof Mg: 1 X 243 =243
latomof S: 1 x 32.1 =321
4 atoms of O: 4 X 16.0 = 64.0
Total 120.4 (molecular
weight).

One mole of MgSO, weighs 120.4 g. We can
find the weight of two moles by multiplying by
two. (We could find the weight of any number of
moles by multiplying by that number.) Thus the
weight of two moles of MgSO, is 2 X 1204 g =
240.8 g. To make a 2 M solution, 240.8 g of
MgSO, would be weighed on a balance and dis-
solved in distilled water. Once the material is dis-
solved, more water would be added to make the
total volume of the solution equal to one litre. A
solution of the same concentration (2 M) could be
made by dissolving half as much solid in enough
water to make 500 mt! of solution or one-fourth
as much solid in enough water to make 250 mi of
solution.

Some chemicals contain water of hydration
(or crystallization); i.e. water is contained as part
of the solid crystal. In these salts, the water must
be considered part of the formula when calculat-
ing the weight of one mole of the solid. For exam-
ple, magnesium chloride crystallizes as MgCl,.
6 H;O. This means that six water molecules are
included for each formula unit (molecule) of
MgCl,. The weight of one mole of MgCl,.6 H,O
is:

1 atom of Mg: 1 X 243 =243
2atoms of Cl: 2 X 354 = 70.8

12atoms of H: 12 X 1.0= 12.0
6 atoms of O: 6 X 16.0 = 96.0
Total 203.1 (mole-
cular weight)

One mole of MgCl,.6 H,O weighs 203.1 g.

The concentrations of most solutions used in
this book need not be exact, and they can be prepa-
red by weighing the solute to the nearest gramme.

Preparation of reagents

Volumes are stated in millilitres (ml) and litres (I).
One millilitre is equivalent to one cubic centimetre
(cm?3 or cc) for all practical purposes. Masses are
indicated in grammes (g). The relation to molar
solution (M) is indicated in many cases. Distilled
water should be used.
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Laboratory reagents for general use

1.36 Dilute acids, 3 molar

Use the amount of concentrated acid indicated
and dilute to one litre.

Acetic acid. 3N. Use 172 ml of 17.4 M acid (99 —
100 per cent).

Hydrochloric acid. 3N. Use 258 ml of 11.6 M acid
(35 per cent HCY).

Nitric acid. 3N. Use 195 ml of 15.4 M acid (69
per cent HNO,).

Sulphuric acid. 6N. Use 168 ml of 17.8 M acid
(95 per cent H,SO,). (In this case, pour the
sulphuric acid slowly into three-quarters of
the final volume of water, and add water to
make up to one litre when the solution has
cooled.)

1.37 Dilute bases

Ammonium hydroxide, 3M. Dilute 200 ml of
concentrated solution (14.8 M, 28 per cent
NH;) to 1 litre.

Calcium hydroxide, 0.02 M. Saturated solution,
1.5 g of Ca (OH), per litre. Use some excess,
filter off CaCO, and protect from CO, of the
air, :

Sodium hydroxide, 3M. Dissolve 126 g of the
sticks (95 per cent) in water and dilute to
1 litre.

General reagents

1.38 Accumulator electrolyte (lead accumulator)
The relative density of the sulphuric acid in
various conditions of the battery is: fully charged,
1.28; half charged, 1.21; discharged, 1.15. These
figures are approximate. The recommendations
of the makers for filling and initial charging,
usually printed on the battery, should be fol-
lowed.

A rough guide to the making of a solution of
sulphuric acid of relative density 1.28 is as follows.
Concentrated sulphuric acid is added slowly,
with stirring, to a strong beaker two-thirds full of
distilled water, until the solution is almost boil-
ing. The solution is allowed to cool and more acid
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is added, with similar precautions, until the solu-
tion is again almost boiling. After cooling to room
temperature, the relative density is adjusted by
the addition of more acid or more water, accord-
ing to the hydrometer reading. Always take great
care when handling concentrated acid. Wear pro-
tective glasses and clothing.

1.39 Aqua regia

Mix 1 part concentrated nitric acid, HNO,, with
3 parts of concentrated hydrochloric acid, HCI.
This formula should include one volume of water
if the aqua regia is to be stored for any length of
time. Without water, objectionable quantities of
chlorine and other gases are evolved.

1.40 Bismuth chloride, 0.17 M

Dissolve 53 g of bismuth chloride, BiCl,, in 1 litre
of dilute hydrochioric acid, HCl. Use 1 part
concentrated HCI to 5 parts water.

1.41 Bismuth nitrate, 0.083 M

Dissolve 40 g of bismuth nitrate, Bi(NO,),.
5H,0, in 1 litre of dilute nitric acid, HNO,. Use
1 part concentrated nitric acid to 5 parts water.

1.42 Copper(1l) sulphate, 0.5 M

Dissolve 124.8 g of copper(Il) sulphate, CuSO,.
5H,0, in water to which 5 ml of concentrated sul-
phuric acid, H,SO,, has been added. Dilute to
1 litre.

1.43 Iron(1ll) chloride, 0.5 M

Dissolve 135.2 g of iron(II) chloride, FeCl,.
6H,0, in water containing 20 ml of concentrated
hydrochloric acid, HCI. Dilute to 1 litre.

1.44 Iron( 111} sulphate, 0.25 M

Dissolve 140.5 g of iron(III) sulphate, Fey(SO,),.
9H,0, in water containing 100 mi of concentrated
sulphuric acid, H,SO,. Dilute to 1 litre.

1.45 Iron(Il) ammonium sulphate, 0.5 M
Dissolve 196 g of iron(Il) ammonium sulphate,
Fe(NH,S0,), .6H,0, in water containing 10 ml of
concentrated sulphuric acid, H,SO,. Dilute to
1 litre. Prepare fresh solutions for best results.



1.46

1.46 Iron(II) sulphate, 0.5 M

Dissolve 139 g of iron(1I) sulphate, FeSO, . 7TH,0,
in water containing 10 ml of concentrated sulphu-
ric acid, H,SO,. Dilute to 1 litre. This solu-
tion does not keep well.

1.47 Lime water

Lime is not very soluble in water, but the solution
required for class use is easily made by adding 10 g
of slaked lime to 1,000ml of distilled water. After
shaking, allow it to settle, and decant off the clear
liquid.

1.48 Litmus solution

Powder the litmus and boil with water for five
minutes. Filter the solution and store in a bottle.
A fresh solution will have to be made from time
to time.

1.49 Mercury(I) nitrate
Use 1 part mercury (I) nitrate, Hgy(NO,),, 20 parts
water and 1 part concentrated nitric acid, HNO;.

1.50 Sea water
A useful substitute for sea water can be obtained
by dissolving the following in 2 litres of water:
45.0 g sodium chloride
3.5 g magnesium sulphate
5.0 g magnesium chloride
2.0 g potassium sulphate

1.51 Sodium sulphide, 0.5 M

Dissolve 120 g of sodium sulphide, Na,S .9H,0,
in water and dilute to 1 litre. Alternatively, satu-
rate 500 ml of 1 M sodium hydroxide, NaOH
(21 g of 95 per cent NaOH sticks), with H,S,
keeping the solution cool, and dilute with 500 ml
of 1 M NaOH.

1.52 Tin(Il) chloride, 0.5 M

Dissolve 113 g of tin(Il) chloride, SnCl,.2H,0,
in 170 ml of concentrated hydrochloric acid, HCl,
using heat if necessary. Dilute with water to 1 litre.
Add a few pieces of tin foil. Prepare a fresh solu-
tion at frequent intervals.
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Special solutions and reagents

1.53 Alloys

Lower melting alloys. These may be produced by
using a bunsen burner. Where both bismuth and
lead occur together in an alloy, the bismuth and
lead are melted together, and then the other ingre-
dients added. The temperature should not be
higher than necessary so as to prevent excess
oxidation. The parts indicated are by weight.

Alloy Lead Tin Bismuth Cadmium
Wood’s metal 4 ) 7 1
Solder 1 1 0 0
Electric fuse alloy 8.5 2.5 1.3 0

Higher melting alloys. These may be produced
in a furnace. The copper should be melted first,
and the other metals added to it.

Alloy Copper Tin Zinc
Bronze 80 5 15
Brass, malieable 58 0 42
Brass, casting 72 4 24

1.54 Benedict’s solution {qualitative reagent for
glucose)
With the aid of heat, dissolve 173 g of sodium
citrate and 100 g of anhydrous sodium carbonate,
Na,CO,, in 800 ml of water. Filter, if necessary,
and dilute to 850 ml. Dissolve 17.3 g of copper
sulphate, CuSO, .5H,0 in 100 ml water. Pour the
latter solution, with constant stirring, into the
carbonate-citrate solution, and make up to 1 litre.

1.55 Brom thymol blue

Dissolve 0.5 g of brom thymol blue in 500 ml of
water. Add a drop of ammonium hydroxide to
turn the solution deep blue in colour.
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1.56 Cements and waxes
Cementing compounds can be made up easily by
following the recipes below.

Cements

Acid-proof cement: 1 part rubber solution; 2
parts linseed oil; 3 parts powdered pipeclay.

Aquarium cement: (a) Equal parts of powdered
sulphur, ammonium chloride, and iron filings
are mixed. Boiled linseed oil is then added
and all are mixed thoroughly. White lead
is added to form a thick paste. The cement
should be applied while fluid.

(b) Mix red lead with sufficient gold size
to make a smooth paste and apply imme-
diately. Allow a few days to set, and rinse
the aquarium before using,

Celluloid cement: celluloid scraps can be dis-
solved in acetone or amyl acetate. This cement
is useful when making up small accumulators.

Cement for iron: 90 parts fine iron filings, 1 part
flowers of sulphur, 1 part ammonium chloride.
Mix to a paste with water immediately before
use.

Waxes

Chatterton’s compound: 1 part archangel pitch,
1 part resin. Melt these together and add
3 parts of crépe rubber in small pieces.

Faraday’s cement: 5 parts resin, 1 part beeswax,
1 part yellow ochre. Melt the resin and wax
together in a tin and stir in the ochre.

157 Clarke’s soap solution (for estimation of
hardness in water)

Dissolve 100 g of pure powdered castile soap in

1 litre of 80 per cent ethyl alcohol and allow to

stand overnight (solution A).

Prepare a standard solution (B) of calcium
chloride, CaCl,, by dissolving 0.5 g of calcium
carbonate, CaCO,, in hydrochloric acid, HCl
(relative density 1.19), neutralize with ammo-
nium hydroxide, NH,OH, and make slightly al-
kaline to litmus, and dilute to 500 cm3. One
millilitre is equivalent to 1 mg of CaCO,.

Titrate solution A against solution B (solu-
tion A in the burette). Dilute A with 80 per cent
ethyl alcohol until 1 ml of the resulting solution
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is equivalent to 1 ml of B, after making allowance
for the lather factor (the amount of standard soap
solution required to produce a permanent lather
in 50 cm® of distilled water). One cubic cen-
timetre of the adjusted solution after subtracting
the lather factor is equivalent to 1 mg of CaCoO,.

1.58 Cupric oxide, ammoniacal: Schweitzer’s
reagent (dissolves cotton, linen and silk,
but not wool)

(a) Dissolve 5 g of cupric sulphate in 100 ml-of

boiling water, and add sodium hydroxide until

precipitation is complete. Wash the precipitate
well, and dissolve it in a minimum quantity of
ammonium hydroxide.

(b) Bubble a slow stream of air through 300 ml

of strong ammonium hydroxide containing 50 g

of fine copper turnings. Continue for one hour.

1.59 ‘Dead black’

This is useful for painting the inside of ‘light’
apparatus, so that unwanted reflected light may
be eliminated, rays made less diffused, and images
made sharper. Lamp black is mixed with gold
size, and turpentine added, with constant stir-
ring, until the mixture is sufficiently thin for use
as a paint.

1.60 Dyeing

The dyeing of cotton should be preceded by
removing the sizing from the fabric. This is
accomplished by boiling it for 5 minutesin a dilute
solution of HCl (hydrochloric acid). This solu-
tion is made by adding 1 part of concentrated
HCI to 10 parts of water. The following formula
makes a satisfactory dye:

Congored 0.5 ¢

NaHCO; (sodium bicarbonate) 2.0 g

Na;SO, (sodium sulphate) 1.0 g

H,O (distilled) 200.0 mil
The fabric should be boiled for 4 to 5 minutes and
then rinsed in cold water and dried.

Instead of the congo red, methylene blue or
primuline brown may be used. The dye and salts
should be mixed together first and then added
slowly, with stirring, to the water.

White silk, rayon or wool may be dyed in the
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same way. Heat a piece of white cotton fabric for
10 minutes in a dilute solution of (NH,),SO,
(ammonium sulphate). It should stand for a few
minutes in dilute NH,OH (ammonium hy-
droxide), after which it is rinsed. White silk may
be mordanted by boiling for $ minutes in a tannic
acid solution. It should then stand for a few
minutes in a solution of tartar emetic. The effect
of the mordant may be studied by boiling the
mordanted and unmordanted pieces of cotton
and silk in alizarin solution for a few minutes,
after which they are rinsed and dried.

Boil samples of mordanted and unmordanted
cotton and mordanted and unmordanted silk in
a solution of malachite green (or methylene blue)
for 5 minutes. They are then rinsed and dried.
The malachite green solution is made by dissolv-
ing 1 g of dye in 200 g of water. Two hundred
grammes of water are acidified with acetic acid.
Forty grammes of the dye solution are added to
the acidified water.,

The development in the fibres of colours
known as ingrain or developed dyes requires the
use of three solutions. The first consists of 0.1 g
of primuline and 0.1 g of NaHCO, (sodium bicar-
bonate) dissolved in 100 cm3 of water. Boil a strip
of unsized cotton in this solution for 1 minute,
then transfer it to the second solution. This solu-
tion is made by adding 0.5 g of NaNQ, (sodium
nitrite) and 3 cm? of HCI to 100 cm3 of water.
The strip is left in this bath for 15 minutes and is
then transferred to the developing bath. The devel-
oping bath is made by dissolving 0.05 g of NaOH
(sodium hydroxide) and 0.05 g of phenol in
100 cm?® of water. (Instead of phenol, alpha naph-
thol or resorcinol may be used.) The solution
should be kept warm and the cloth allowed to
remain in it for 20 minutes, after which it is
rinsed and dried.

1.61 Electroplating solutions

1. Copper. About 100 g of copper sulphate crys-
tals are dissolved in about 300 cm?® of water;
6 g of potassium bisulphate and 5 g of potas-
sium cyanide are then added. The solution is
made up to 450 cm3. (The solution should be
kept cold while it is being made.)
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2. Silver. About 20 g of sodium cyanide (poison)
and 40 g of crystalline sodium carbonate are
dissolved in about 500 ¢m3 of water. About
20 g of silver nitrate are dissolved separately
in 250 cm?® of water. The second solution is
added slowly to the first, and the mixture
made up to | litre.

The current to be passed through the solutions

depends on the area of the electrode upon which

the metal is to be deposited. It should "ot exceed
about 2 amps for 100 cm? of surface. About four
to six volts direct current source is usually con-
venient, and may be obtained from a six-volt
car battery. The current should be proportionately
less if the electrode is smaller. The deposited
metal will not present the expected bright and
shining appearance until it has been burnished,
by rubbing, for instance, with a bone spatula or
some other hard, smooth, non-metallic object.

1.62 Fehling's solution (reagent for reducing
sugars)

1. Copper sulphate solution. Dissolve 34.7 g of
CuS0, 5H,0 in water and dilute to 500 cm?3.

2. Alkaline tartrate solution. Dissolve 173 g of
potassium sodium tartate (Rochelle salts, KNa
C,H,0.4H,0) and 50 g of NaOH in water
and dilute when cold to 500 cm3.

Mix equal volumes of the two solutions at the

time of using.

1.63 Fluorescein solution

This is useful because the track of a ray of light
travelling through a dilute solution of fluorescein
can be seen very clearly. One gramme of fluores-
cein is dissolved in 100 ml of industrial, or methy-
lated, spirit.

1.64 Heat-sensitive paper

A solution of cobalt chloride in water is added to
a solution of ammonium chloride in water. (The
proportions do not matter.) The solution is dilu-
ted until it is pale pink. Filter paper soaked in the
solution and allowed to dry appears to be almost
colourless, but on heating it will turn a bright
green colour.
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1.65 Iodine, tincture of

To 50 cm?® of water add 70 g of iodine I,, and 50 g
of potassium iodide, KI. Dilute to 1 litre with
alcohol. .

1.66 Nessler’s reagent (for ammonia)

Dissolve 50 g of KI in the smallest possible quan-
tity of cold water (50 cm3). Add a saturated solu-
tion of mercurig chioride (about 22 g in 350 cm?
of water will be needed) until an excess is indicated
by the formation of a precipitate. Then add
200 cm® of 5 N sodium hydroxide NaOH and
dilute to 1 litre. Allow to settle and draw off the
clear liquid.

1.67 Oxygen absorbent

Dissolve 300 g of ammonium chloride in 1 litre
of water and add 1 litre of concentrated ammo-
nium hydroxide solution. Shake the solution
thoroughly. For use as an oxygen absorbent, a
bottle half full of copper turnings is filled nearly
full with the NH,CI-NH,OH solution and the
gas passed through.

1.68 Silvering solution (for depositing a bright
silver mirror on glass)

For solution A,12.5 g of silver nitrate are dissolved
in 100 cm? of water, and 32.5 g of sodium potas-
sium tartrate are dissolved separately in 100 cm3
of water. These two solutions are mixed, warmed
to 55¢ C, and kept at that temperature for §
minutes. The mixture is then cooled and the
clear liquid poured off from the precipitate and
made up to 200 cm?®.

For solution B, 1.5 g of silver nitrate are dis-
solved in 12 cm?® of water. Dilute ammonium hy-
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droxide solution is added until the precipitate
first formed is almost entirely redissolved. The
liquid is made up to 200 cm?.

Solutions A and B are then mixed. (The surface
to be silvered, after careful cleaning to free it
from all traces of grease, should be suspended
upside down in the solution, just below the sur-
face. The solution can be put into a clean test-
tube, or small flask and a mirror will be deposited
on the inside of the vessel. The solution may be
slightly warmed to hasten the deposition of the
silver.)

1.69 Sodium hydroxide (for CO, absorption)
Dissolve 330 g of NaOH in water and dilute to
1 litre.

1.70 Starch solution

(a) Make a paste with 2 g of soluble starch and
0.01 g of mercuric iodide, Hgl,, with a small
amount of water. Add the mixture slowly to
1 litre of boiling water and boil for a few minutes.
Keep in a glass-stoppered bottle. If other than
soluble starch is used, the solution will not clear
on boiling; it should be allowed to stand and
the clear liquid decanted.

(b) A solution of starch which keeps indef-
initely is made as follows: mix 500 cm? of satu-
rated NaCl solution (filtered), 80 cm?® of glacial
acetic acid, 20 cm® of water and 3 g of starch.
Bring slowly to the boil and boil for 2 minutes.

1.71 Tannic acid (reagent for albumen, alkaloids
and gelatin)

Dissolve 10 g of tannic acid in 10 cm?® of alcohol

and dilute with water to 100 cm8,
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Introduction

The experiments are set out in the simple, pro-
gressive development of concepts as outlined
under the main headings. Teachers may select
and successfully tackle any experiment that
appeals, but on reflection they may feel the
need to go back to some previous experiments.
For example, if they attempt an experiment
on electrical energy from chemical reactions,
they may subsequently feel the need to inves-
tigate electrical conductivity and the properties
of ions; or they may find there is need to know
more about criteria for purity before trying to
separate substances.

It is anticipated that the experiments will
stimulate discussion not only on important
ideas of chemistry but also on how a community
applies and may benefit from these ideas. Industry

has to separate and purify substances before it.

begins to change them to more useful substances.
Industry uses filter plants, classifiers and cyclones,
and takes advantage of differences in melting
point, boiling point, solubilities and densities.
It is envisaged that the experiments in these sec-
tions will cause pupils to question how industry
tackles the problem on a much larger scale.

In their immediate surroundings pupils
see that there are problems of selecting construc-
tion materials such as plasters, cements and
concrete; problems of using metals and the
soldering, alloying and conductivity of these
metals,

A number of questions appear among the
experiments. It is hoped that, as a result of
their experiments, pupils will be stimulated to
ask similar questions, discuss problems, and
search out more information from books so
that their understanding of chemistry may be

enriched.
ﬁ In all diagrams this symbol
represents the source of heat.
The bunsen burner

2.1 Investigating a bunsen burner
When heating things we want to know which
is the hottest part of the bunsen flame.

A. First close the air-hole and turn the gas-
tap full on. Light the gas and hold a piece of.
wire in different parts of the flame, moving it
from the bottom to the top. Where is the hottest
point? Now open the air-hole. Again hold the
wire in the flame, moving from the bottom to
the top. Where is the hottest part in this flame?
Pupils should be able to compare the two flames
and say which has the hottest point.

B. Close the air-hole. Hold a test-tube with
its bottom end just above the flame. Carbon
may be deposited on the glass. Is it unburned
carbon which gives the yellow colour to the
flame? If powdered charcoal is sprinkled into
the flame, does this give the same effect?



21 Chemistry 40

2.1 Burning the gas
in the cone of a flame

C. Open the air-hole again. Is carbon deposited
on a test-tube held in this flame? Air mixing
with the gas helps it to burn more rapidly and
efficiently. What is in the cooler inner cone?
Hold a splint of wood in the flame so that it
passes through the inner cone. Which part of
the splint burns? Put a piece of tubing with one
end in the inner cone as shown in the diagram.
Gas comes out of the other end which can be
ignited. Can a gas burner be designed to give
a_hotter flame?

D. Investigate a candle flame and the flame of a
spirit lamp in a similar way. Which is the hottest
part of the flame? Does the flame contain unbur-
ned carbon particles? Is there an inner cone
of unburned gases?

The identification of pure substances

2.2 Comparing the melting points of naphthalene
and stearic acid
Naphthalene (moth-balls) is a convenient subs-
tance to use. It has a melting point of 80.2° C.
Put about 2 cm of naphthalene in a 100 by 16 mm
test-tube clamped in a retort (see diagram). Hold
a thermometer with its bulb in the naphthalene.
With a small flame gently heat the test-
tube and watch the thermometer reading closely.
What is the temperature of the naphthalene
when it melts? Stop heating when the naphtha-

2.2 An approximate
melting point

lene melts. Let it cool. What is the temperature
at which the naphthalene solidifies again?

With a clean test-tube and thermometer
repeat the experiment using stearic acid or any
other substance with a melting point below
100° C if the thermometer reads to 110° C,

2.3 A more accurate way of finding the melting
point
Put a very small amount of naphthalene in a
capillary tube sealed at one end. (The capillary
tube can be pulled out from glass tubing.)
Attach the capillary tube, with sealed end down
as shown in the diagram, to a thermometer by
means of a rubber band and heat in a beaker of
water on a tripod. The rubber band may be cut
from a piece of rubber tubing. The thermometer
may be used to stir the water, but make sure
that no water enters the capillary tube. Slowly
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raise the temperature of the water and watch
for the temperature at which the naphthalene
melts. Record this temperature. Allow the tube
to cool and record the temperature at which
the naphthalene solidifies. Take the average of
these two values. Which of the last two experi-
ments appears to give the most accurate melting
point? Repeat the last experiment using stearic
acid.

2.4 Impurities affect the melting point of a
substance )

Mix a little stearic acid with the naphthalene,

thus making the naphthalene impure. Look

for changes in the melting point. Impurities

lower the melting point.

2.5 The boiling point of water

A. Put a little water in a test-tube and hold a
thermometer with the bulb just under the water
as shown in the figure. Add a few granules, or
boiling chips, to prevent bumping. Bring the
water to the boil using a very small flame. Read
the thermometer. Is there any change in the
reading if the thermometer touches the bottom?
What explanation would the pupil give?

2.6

B. Suggest that the pupils find out whether the
boiling point of water is dependent on the amount
of water present.

2.6 The boiling point of inflammable liquids

A. What other colourless liquids would the
pupil know? Some of these liquids are very
inflammable; for example, alcohol and acetone.
A different way of heating these liquids must
be used. First put the alcohol or acetone into
the test-tube, about 2 cm deep, and put the ther-
mometer into the liquid. Boil some water at a
distance from the test-tube, then pour the hot
water into the beaker so that the level is higher
than the alcohol in the test-tube (see figure).
Stir the alcohol gently with the thermometer
and watch the reading of the thermometer.
What is the boiling point of the alcohol? Can
pupils explain what makes this a safe method
of finding boiling points of inflammable liquids?

B. Another safe method using small amounts of
inflammable liquids is the following. A piece
of glass tubing about 8 cm in length and external
diameter 2-3 cm is sealed at one end. A little
of the liquid to be treated is put into this tube.
A capillary tube, sealed at one end (like the one
used for the melting point), is put into the liquid
with the sealed end up and the open end in the
liquid (see figure). The tube plus liquid and the
capillary tube are then secured to the bulb of a
thermometer by a rubber band. This is held in a
beaker of water which can be heated gently by
a bunsen flame. As the temperature is raised,
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bubbles slowly come out of the capillary, but
when the boiling point is reached the bubbles
suddenly come out as a steady stream. Read the
temperature. Then let the water cool and read
the temperature again when the steady stream
of bubbles ceases. The boiling point is the average
of these two readings. Find out the boiling point
of benzene by this method. ’

2.7 The boiling point of a mixture of two liquids
The boiling points of benzene and ethanol are
not very different. Use the method described
above to find out the boiling points of a few
different mixtures of benzene and alcohol.
Discuss with the pupils whether a pure substance
could be identified by its melting point or boiling
point.

2.8 Pressure affects the boiling point

Put some water in a test-tube with a side-arm
or with an extra outlet through the cork. Put some
granules in the water to stop bumping. Moisten
the bung carrying the thermometer before fixing
it in the tube (see figure). Heat the gauze strongly
and boil the water. What is the temperature
reading? Now stop heating, and connect a
water pump to A. When the water stops boiling
turn the water pump full on. Replace the bunsen
and heat again. How has the pressure changed
in th= tube? At what temperature does the water
boil now?

Decreasing the pressure
on boiling water

A to water pump

B granules to stop
bumping

Kenya is a country of East Africa. At Mom-
basa, on the coast, water boils at 100° C, but at
Nairobi water boils below 95 C. Can you
explain this?

2.9 Comparing the different solubilities of
substances in water

A selection of salts taken from the laboratory
shelves will demonstrate that each has a different
solubility in water. Take 5 g samples and attempt
to dissolve each in 15 cm® of water contained
in a test-tube. (Solubilities of salts will be given
in data books as grammes dissolved in 100 g
of water at a particular temperature, usually
200 C.) Each test-tube should be stoppered and
shaken vigorously for the same period of time.
This will demonstrate that solubility is one of the
characteristics of a particular substance. The
substances might include sugar, common salt,
potassium nitrate, calcium sulphate, etc.

2.10 Investigating the effect of temperature on
solubility

The solubility of potassium dichromate is approxi-
mately 5g/100 g in cold water and approximately
95g/100 g in hot water. This is quite a large varia-
tion and may be demonstrated in the following
way. Make up about 50 cm?® of a saturated solu-
tion of potassium dichromate at approximately
60° C. Pour the clear solution into a clean
beaker and keep the temperature of this beaker
at 40° C until crystals have ceased to form. Then
pour the clear solution from this beaker into
a third clean beaker. Avoid getting crystals’
into the beaker. Allow the solution to cool to
room temperature. More crystals will form as
it cools to room temperature. The experiment
demoastrates that a saturated solution contains
less dissolved solid at a low temperature than
at a higher temperature.

2.11 Finding out the solubility of a substance
in water at a given temperature

Put about 50 cm® of water in a beaker and add

baking powder (sodium bicarbonate) gradually

whilst stirring. (Potassium sulphate is an alter-

native substance.) Stir until no more will dissolve,
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i.e. until a saturated solution is obtained. Deter-
mine the temperature of the saturated solution.
Weigh a clean evaporating dish. Pour some of the
clear saturated solution into the evaporating
dish and weigh again to give the mass of the
solution. Carefully evaporate the solution to
dryness. Weigh again to find the mass of
the sodium bicarbonate dissolved. The mass
of water is also found from these weighings.
Thus the solubility of the baking powder can
be calculated in g per 100 g water at a particular
temperature.

2.12 Investigating the cffect of particle size on
solubility

Compare the rate of dissolving of coarse particles
of salt with fine table salt, or large crystals of
copper sulphate with crushed fine particles of
copper sulphate. Add 4 g of coarse salt to one
test-tube half filled with water, and 4 g of fine
table salt to a second test-tube containing the
same amount of water. Stir or shake both tubes
equdlly and at the same time. Pause after every
few seconds to observe the amount of undissol-
ved salt left in each tube. The small particles
dissolve faster than the large particles.

2.13 Investigating different solvent tvpes

The solubility of common salt and iodine in
the three solvents, water, alcohol and carbon(1V)
chloride demonstrates this solvent effect. Fill
three test-tubes one-third full; one with water,
one with commercial methylated alcohol and
the third with carbon(IV) chloride. To each
add one spatula (about 1 g) of salt, then stopper
and shake. It is found that the salt dissolves
readily in the water, not so readily in the alcohol
and very little in the carbon(lV) chloride.
Prepare three more test-tubes with these three
solvents. This time use a very small amount of
iodine—just a few crystals—and put equal
amounts into each solvent. Quite different
results are obtained. This time the carbon(IV)
chloride dissolves most iodine and water the
least.
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2.14 The density of a solid

The density of a solid—for example, an element,
a compound or a mineral--is the ratio of mass
to volume. The mass is readily determined by
means of a balance. If the solid is insoluble in
water, the volume can be found from the volume
of water it displaces, regardless of the shape of
the solid. Half fill a graduated cylinder with
water. Note the reading. Immerse the solid
in the water and note the reading again. The
difference in the two readings is the volume of
the solid. A few examples of substances and their
densities (in g cm~%) which can be of interest to
the chemist are: sulphur: 2.0; quartz: 2.6; calcite :
2.7; copper: 8.9; lead: 11.4. Ores such as mala-
chite, cassiterite and cerussite are not uniform in
density as they contain variable quantities of
quartz, feldspar and other minerals. (See also
experiments 2.286, 2.287. 4.9.)

2,15 Density of a liquid

Toluere, carbon(IV) chloride and bromoform
are interesting liquids to investigate. Feldspar and
quartz will float on bromoform, density 2.9 gcm- 3.
Weigh a small container with the liquid inside.
Pour the Jiquid into a graduated cylinder to find
the volume of the liquid. It will not matter if any
of the liquid adheres to the side of the container.
Use a balance to find the mass of the container
and hence find the mass of liquid transferred to
the measuring cylinder. Obtain the density by
dividing the mass of the liquid by the volume. (See
also experiments 2.286, 2.287.)

Energy to change solids to liquids and liquids to
vapour

2.16 Investigating the heat encrgy when a liquid
changes to a solid

Naphthalene is a suitable substance in warm cli-
mates. It is a liquid above 80.2°C. Benzenc is more
suitable for a cold climate because ice is needed
to cool it below the melting point of 5.5¢ C.

Put some crushed naphthalene to a depth of
6cmina 100 X 16 mm test-tube. Heat gently until
all the naphthalene has melted. Put a thermo-
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2.16 Liquid naphthalene solidifies
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meter into the naphthalene. Stop heating when the
temperature of the naphthalene is about 95°C.
Have ready a clock or watch with a second hand.
Stir the naphthalene gently with the thermometer
whilst it is cooling. Record the temperature every
15 seconds. Continue taking readings for about
6 minutes.

Plot a graph of temperature against time as
shown in the diagram. It can be seen that the tem-
perature does not fall so fast at the melting point.
Can pupils explain why the cooling is delayed for
some seconds when the melting point is reached?

Chemistry 4 .

2.7 Specific heat of a liquid and the heat of
vaporization

" This experiment can be done by pupils using

water and by the teacher using ethanol, trichloro-
ethane or tetrachloroethane. The first essential is
to have a very constant source of heat which is
free from the effects of draughts.

A. A bunsen burner with a flame about 5 cm high
is put below a flask or beaker containing a known
mass of the liguid. A suitable volume is about
50 cm3. The set-up is shown in the diagram (note
the draught shields around the apparatus).

Place a thermometer in the liquid and record
the rise in temperature every 15 seconds. Plot the
temperature against time on a graph. The best
straight line that can be joined through the points
obtained (omitting the later ones) has a slope from
which the average temperature increase per
minute can be calculated. Assume that all the
heat goes into the liquid. The heat absorbed by
the flask is small in comparison. The number of
calories absorbed by the liquid per minute can be
calculated by multiplying the mass of the liquid by '
its specific heat and by the temperature increase
per minute. (See also experiments 2.135, 2.136.)

Finding the heat required to vaporize a
Hquid
a draught shields
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B. Without altering the flame or shields in any
way, allow the liquid to boil for a known time
(ten minutes is suitable for water, but five minutes
for the more volatile liquids). From the first part
of the experiment, the amount of heat supplied to
the liquid can readily be calculated for a specific
number of minutes. Can pupils suggest what the
heat has been used for? After the boiling, remove
the bunsen, allow to cool and find the mass of the
liquid which has been vaporized. The results so far
enable the calculation of the amount of heat
necessary to convert a certain mass of liquid into
vapour. How many kilocalories are therefore
necessary to convert 18 g water or 46 g ethanol,
etc., into vapour? This will be the heat of vapori-
zation of the liquid.

Applying melting point, boiling point, solubility and
density to problems of separating substances from
mixtures

2.18 Separating tin from a mixture of tin and
carbon

Make a mixture of tin ‘and carbon, using tin
filings, or small cut pieces of tin, and crushed
charcoal. Small pieces of tin solder could be used,
although the composition of solder is only
approximately 66 per cent tin, the rest being lead.
Lead is an alternative. “Tin cans’ are useless, as
these are iron with only a very thin surface of tin.
Tin melts at 232°C, and carbon at 3,730° C. Heat
the mixture in a crucible. Stir with a splint until
the tin melts and forms a liquid below the char-
coal. Pour the tin on to an asbestos mat or some
other heat-proof surface, holding back the char-
coal in the crucible by means of a wood splint.
Alternatively the tin might be cast in a previously
prepared plaster of paris mould.

2.19 Separation by sublimation

Separate iodine from a mixture containing a few
crystals of iodine and sodium chloride. Heat the
mixture in an evaporating dish with a funnel
placed on top (this is shown in the diagram). The
iodine sublimes on to the cool sides of the funnel.

2.20

2.19 Sublimation of iodine

2.20 Separation by distillation

This is a separation of water from ordinary ink.
Pupils should understand that this is a process of
evaporation of the more volatile water as vapour,
followed by condensation of this vapour back to
water in another vessel. It is important that a
coloured solution like ink is used in order to give
emphasis to the separation. Put about 5-10 cm3
of ink into a container for boiling, together with
some boiling chips or granules. This container
might be a small conical flask or a boiling tube.
Fit a stopper with delivery tube to the container.
The outer end of the delivery tube should go
half-way down a test-tube as shown in the dia-
gram A or into a U-tube as shown in Boverleaf.
Cool the collecting tube. Heat the ink with a
very small bunsen flame. Pupils can observe the

Condensing the vapour (see overleaf)
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visible boundary between the hot and the cold
parts travel up the boiling-tube or conical flask
and along to the collecting tube. After a few
minutes, drops of a colourless liquid appear in the
collecting tube. The liquid may be identified as
water by its action on anhydrous copper sulphate.
Care should be taken to prevent ink from frothing
up or splashing into the delivery tube.

2.21 Separation of crude oil by fractional distilla-
tion

Crude oil can readily be separated into three or

four fractions each having interesting fuel or

lubricating properties. A substitute for crude oil
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may be obtained by mixing suitable proportions

of used car oil, petrol, paraffin, thin lubricating

oil, diesel oil and a little vaseline. Set up the hard
glass test-tube, the delivery tube and the five small
ignition tubes as shown in the diagram.

Use a 0-360°C thermometer if one is avail-
able, but in this case a test-tube with a side arm as
shown in the diagram at B is better than an ordi-
nary test-tube as at A in the diagram. Put about
4 cm?® of oil into the test-tube. Either asbestos
wool or boiling chips should be added to prevent
bumping. Set up five small ignition tubes to collect
the fractions. Heat the oil very gently. Collect
about 10 drops of distillate in the first tube, then
10 drops of distillate in the second tube, etc. The
boiling point of the remaining oil will become
higher as distillation proceeds and more heat will
then be required from the bunsen. Arrange the
fractions in order of increasing distillation tem-
perature. It should be possible to make the fol-
lowing observations.

1. The colour should change from colourless to
yellow.

2. The viscosity should increase. ‘Runniness’
should decrease.

3. The high-temperature fractions should be more
difficult to ignite than the low-temperature
fractions.

4. The high temperature fractions should burn

fl
|
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Collecting fractions of crude oil
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with more soot in the flame than low-tem-

perature fractions.

Bottle tops, with the cork removed from inside,
make suitable containers in which to burn the
fractions. After this experiment, which fractions
would pupils select for use as petrol, paraffin,
diesel oil and lubricating 0il? What use could be
made of the dark residue remaining in the test-
tube?

If a thermometer (0-360° C) has been used, the
fractions are collected over suitable ranges of
temperature: (a) up to 80°C; (b) 80-120°C;
(c) 120-180° C; (d) 180-220°C. With their know-
ledge that pure substances can be recognized by
their boiling point, would pupils think that each
fraction collected is a pure substance? Suggest
that pupils search out information on oil refineries.

2.22 Separating salt and sand
Prepare a mixture of salt and sand. Put about
2 cm? of the mixture in a 100 X 16 mm test-tube.
Add about 5 cm?® of water and shake until all the
salt has dissolved. Pour the contents of the tube
into a filter paper held in a funnel and supported
over an evaporating basin. Wash the test-tube
with a little water and add this to the filter paper.
The sand will remain on the filter paper and may
be dried and collected. The salt can be recovered
-from the filtrate by warming the evaporation
basin to drive off the water.

2.23 Solvent extraction of oil from nuts

Put about twelve ground nuts (or pieces of chop-
ped coco-nut) into a mortar. Add 20 cm?® of
acetone or methylated spirits. Grind the nuts as
finely as possible for a few minutes with the sol-
vent. Then pour off the liquid into a test-tube.
Filter the liquid into an evaporating basin. Leave
the basin in a sunny place for about 5-10 minutes,
or, if there is no sun, place it on top of a beaker of
hot water for 15 minutes. The solvent will evapo-
rate and leave the oil which has been extracted
from the nuts.

2.24

2.24 Chromatography as a separation technique

A. Collect some leaves and grass. Dry them.
Tear or cut the leaves and grass into small pieces.
Put them in a mortar. Add about 5 cm?® of acetone
or alcohol. Grind the leaves and grass very
thoroughly with the solvent until a deep-green
solution is obtained. (The reason for not adding
much solvent is that as concentrated a solution as
possible is required.) Cut a strip of filter paper
1 cm wide and long enough to be suspended in a
test-tube without touching the bottom. Using a
fine dropping tube, put one drop of the concen-
trated solution on a point 1 ¢m from the bottom
edge, as shown in the diagram at A. Wave it
gently to dry it quickly. Then add another drop on
the same spot. Dry this. Add more drops, each
time drying the drop before another is added.
The idea is to obtain a small concentrated spot of
the coloured substances in the leaves and grass.
Now put 1 cm? of the solvent in a test-tube. Hang
up the strip of blotting paper in the test-tube with
the bottom end just immersed in the solvent and
with the spot A well above the solvent level.
This is shown in the diagram. The solvent will be
drawn up the filter paper by capillary attraction.
The coloured substances will be taken up with the
solvent to an extent depending on their distribu-
tion between the paper and the solvent. The chro-
matogram should show a top orange band of

A chromatogram

xanthophyll and a lower green band of chloro-
phyll. If benzene or toluene is used as the solvent,
a band of carotene should also be visible between
the other two.

B. Coloured inks, particularly black ink, usually
contain several dye colours. These colours can
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be separated by paper chromatography using the
apparatus of the last experiment. Put one small
drop of black ink at the point A. Hang the filter
paper in an acetone/alcohol mixture made alka-
line with a few drops of ammonium hydroxide.
Try other solvents. A good separation of dye
colours should be obtained.

2.25 Finding out how much gas is dissolved in a
sample of water
Fill a round-bottomed flask right up to the top
with tap water and insert a stopper with a delivery
tube which is also completely filled with water.
(An easy way to do this is to insert the stopper
while holding the whole apparatus under water in
a sink.) Set up the apparatus as shown in the
diagram and heat the flask by means of a bunsen

burner. Bubbles of gas will be released from the
water and will travel into the test-tube. Continue
until the contents of the flask are boiling. About
half a test-tube of gas may be collected from a litre
of water, all of which has been displaced from
solution by heating.

2.26 Separating two immiscible liquids of different
density

Suitable mixtures with their densities, d, in gcm~3,

are: (a) water and benzene (d= 0.88); (b) water

and carbon(IV) chloride (d = 1.59); (c) water and

mercury (d = 13.6).
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Suitable vessels for separating one liquid from
the other would be a burette or a piece of wide
tubing fitted with a stopper, tube and rubber tube -
with clip as shown in the diagram. A single
crystal of iodine added to mixtures (a) and (b) °
would show up the benzene and carbon(lV)
chloride layers more clearly. Shake the mixture
and run it into the separating vessel. Wait until a
clear boundary appears between the two liquids
and then run off the heavier layer into a beaker -
below. ;

2.27 Separation of two solids by density differences |
In industry, diamonds (density about 3.3 gcm=3)
are separated from feldspar and quartz by floating
the latter in a slurry of magnetic iron oxide made -
up to the appropriate density.

Bromoform is not very familiar to school
laboratories but if it does happen to be there the
following makes an interesting experiment. Beach
sand often consists of quartz particles mixed .
together with heavier particles such as ilmenite or -
zircon. In bromoform, which has a density of
2.9 g cm—3, the quartz particles will float and the
heavy particles will sink. To 3 cm depth of bromo-
form in a test-tube, add a little sand. Is there any
separation of quartz and heavier minerals? Float
glass on bromoform. Can you find any rocky
particles which sink in bromoform? The same
bromoform can be used for many experiments.
Do not throw it away.
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The effect of heating substances

When a substance is heated several changes may
be observed. It may melt, boil, change into a new
substance, change on heating but re-form on
cooling, change colour, change in volume, gain
mass, lose mass, or it may remain the same mass,

2.28 Substances which add on something from the
air

A. Clean a piece of copper foil about 3 cm square.
Hold it in a pair of tongs and heat it. A black
substance forms on the copper. Is this black
substance something from the flame? Is it because
something has been added to the copper from the
air? Has the black stuff come from inside the
copper? Can experiments be planned to answer
these questions? Using a much larger surface area
of copper, is it possible to find out if the copper
changes in mass when heated?

B. An experiment with magnesium. Clean about
25 cm of magnesium ribbon. Cut this into pieces
1 cm long. Put them into a crucible with a lid.
Weigh the crucible plus lid plus magnesium. Place
the crucible on a pipe-clay triangle supported on a
tripod. Heat very gently at first and then as
strongly as possible. Hold the lid in a pair of tongs
close to the crucible. The magnesium darkens just
before it begins to melt. At the first sign of burning
place the lid on the crucible and remove the bun-
sen. About every 4 seconds, raise the lid just a
little to allow more air to enter. Try not to allow
any white magnesium oxide smoke to escape.
When the magnesium stops burning on raising the
lid, remove the lid cautiously. Heat the crucible
again strongly. Keep the lid ready in case the
magnesium starts to burn again. Allow to cool.
When cool, weigh the crucible plus lid plus con-
tents. Is there any increase in mass of the magne-
sium? Where has the increase come from?

2.29 Collecting and weighing gaseous products of
burning
Solid products resulting from burning are readily
weighed. But what about the products which are
gaseous?
To find if a candle takes something from the

2.30

air, the gaseous products must be weighed. Candle
wax, being a hydrocarbon, burns to water vapour
and carbon dioxide. Soda lime granules will
absorb both these gases. Assemble the apparatus
as shown in the diagram.

First weigh the whole apparatus. Then turn on
the filter pump to draw air over the candle, and
light the candle. Allow the candle to burn for
5 minutes. Extinguish the candle and disconnect
the water pump. When cool, weigh the whole
apparatus again. Has it gained mass? Does the
candle take oxygen from the air during burning?
Is the increase in mass due to the water vapour
being absorbed from the air being drawn through
the apparatus? Pupils may like to repeat a control
experiment without lighting the candle and
drawing the air through with the filter pump at the

A to filter pump
B loose packing of soda lime

same rate and for the same length of time. In the
experiment the candle by itself has lost mass, but
the increase of mass of the U-tube due to the
trapped gaseous products must be more than the
loss in mass of the candle.

2.30 Substances which lose mass when heated

A. Weigh a test-tube containing potassium per-
manganate to a depth of 1 cm, and with a plug of
cotton wool at the mouth to prevent loss of any
solid during heating (see diagram overleaf). Heat
the tube. Weigh it again. Is there a loss in mass?
Where has it gone?
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ﬁ 2.30 Potassium permanganate
gives off a gas

B. Try heating copper carbonate in the same way.
Does this lose mass? Where has the mass gone?

2.31 Some substances neither gain nor lose mass
when heated

Heat dry zinc oxide in a test-tube in the same way

as in the last experiment. Is something lost or

something gained?

2.32 Observing the effect of heat on copper sul-
phate crystals
Crush some blue copper sulphate crystals and put
them into a dry test-tube to a depth of 4 cm.
Arrange as shown in the diagram. Heat the tube
gently. What can pupils observe? Vapour collec-
ting on the cooler parts? Change of colour from
blue to white? Liquid collecting in the receiving

2.32 Collecting the product of heating copper
sulphate crystals

A cold water in a beaker
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tube ? Can the identity of the liquid be established
by finding out the boiling point? When all the
copper sulphate crystals have changed to white
and the tube has cooled, hold the tube in your
hand and pour the liquid back on to the white
crystals. Is the blue colour restored? Is any heat
given back again? One way of recording what has
happened is to write :

blue copper sulphate crystals + heat ———>
white (anhydrous) copper sulphate + water.

This is a reversible change. Pupils might dis-
cuss whether the previous experiments on heating
substances were reversible changes.

Preparing, collecting and testing some gases

2.33 Hydrogen

A. Place a few pieces of granulated zinc or zinc foil
from the casing of an old dry cell in a boiling tube;
add 2 drops of copper sulphate solution and
assemble the apparatus as shown in the diagram.
An alternative to the thistle funnel at A is a
syringe as shown at B. Syringes may be obtained
as used rejects from hospitals and clinics. Pour
enough molar sulphuric acid (see Chapter One)
down the thistle funnel on to the zinc to cover the

2.33 Collecting hydrogen gas
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bottom of the funnel tube. Alternatively, add some
sulphuric acid from the syringe. In this case gas
cannot escape through the syringe so that the tube
of the syringe does not have to be covered by
acid. Discard the first two or three test-tubes of
hydrogen as they will contain displaced air.
WAaRNING. There can be a dangerous explosion if
any vessel bigger than a test-tube is used when
igniting the gas particularly if it is mixea with air.
Collect a few test-tubes of the gas and cork them.
Test the third test-tube of gas by holding a lighted
taper or splint over the mouth immediately the
cork is taken out. Pure hydrogen burns with a
quiet ‘pop’. Hydrogen should never be dried
with concentrated sulphuric acid.

B. Hydrogen burns in air to form water vapour.
When hydrogen is ignited in a dry test-tube, can
any vapour or mist be detected on the sides of the
test-tube?

C. Investigate whether hydrogen is lighter than
air by ‘pouring” the gas into a test-tube held either
above the first tube or below it. Use a lighted taper
to find out where the hydrogen has gone. Blow
some soap bubbles by holding the delivery tube
of the apparatus in some detergent or soap solu-
tion. The hydrogen bubbles will rise into the air,
again showing the low density value of hydrogen
gas.

2.34 A sl hydrogen generator

A simple apparatus for generating hydrogen is
shown in the diagram. A is a boiling tube with
holes drawn in the bottom. (The holes can be
made by heating both the bottom of the tesi-tube
and a glass rod to red heat in a bunsen flame.
Fuse the glass rod on to the part where a hole is
needed and then, by pulling the rod away, a
shred of glass is pulled out from the boiling tube.
Break this off and round off the edges in a hot
flame. Make three or four holes like this in the
boiling tube.) Put some granulated zinc metal into
the boiling tube and cork it with a delivery tube
and clip as shown. Immerse this in a jam-jar
containing molar sulphuric acid plus a few drops
of copper sulphate solution. When the clip is
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boiling tube with holes
dilute sulphuric acid
zine

screw clip

COw>

opened acid will enter A and react with the zinc.
When the clip is closed the pressure of hydrogen
produced will force the acid from A through the
holes and the reaction will cease. To prevent tiny
pieces of zinc passing through the hoies, cover the
bottom with glass wool.

2.35 Oxvgen

A. Oxygen can be prepared safely by decomposi-
tion of hydrogen peroxide solution. Hydrogen
peroxide is often sold in chemist shops or drug
stores. Put about 20 cm? hydrogen peroxide into a
bottle of about 100 cm® capacity. Add two spatu-
las of manganese dioxide and fix a delivery tube
to the bottle. Oxygen will bubble off and can be
collected as shown in the diagram.

A Preparing oxygen
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B. Oxygen is colourless and has no smell. How
can you tell if the test-tube contains oxygen?
Shape a piece of nichrome wire as shown in the
diagram with a shield to fit on the top. Fasten
some steel wool into the loop at the bottom. Heat
to red heat in a bunsen flame and then insert
quickly into a test-tube of oxygen. Fasten a small
piece of charcoal in the loop. Try to ignite the

A B A holder

for burning substances

charcoal in the bunsen flame and then insert
quickly into'another test-tube of oxygen. Dip the
loop into some suilphur powder. Ignite in a
bunsen flame and then put into oxygen. What
happens to these three substances? What happens
to a glowing piece of string or a glowing splint of
wood when they are puv into a test-tube of
oxygen?

2.36 Hydrogen chloride

Put some rock salt (sodium chloride) into a
100 cm? filtering flask. (Coarse rock salt causes
less frothing than the fine salt.) Carefully add
concentrated sulphuric acid down the thistle
funnel. Hydrogen chloride gas can be collected by
upward displacement of air (see diagram).

A. Collect four test-tubes of the gas and cork
them. Remove the cork from one of these test-
tubes under water. How soluble is hydrogen
chloride? '

B. Hold a piece of cotton wool soaked in ammo-
nium hydroxide at the mouth of a test-tube of
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2.36 Collecting hydrogen chloride

hydrogen chloride. The white cloud ofammonium
chloride helps to identify hydrogen chloride.

C. Shake a test-tube of the gas with water to
obtain a solution of hydrogen chloride. Test the
solution with an acid/base indicator (see experi-
ment 2.44). React a little magnesium with the
solution. Can the hydrogen from this reaction be
collected and tested?

2.37 Ammonia

A. Put a mixture of calcium hydroxide and
ammonium chloride into a test-tube to a depth of
4 cm. Fill a U-tube with lumps of calcium oxide
mixed with cotton wool. (The cotton wool is to
prevent blocking of the tube.) Set up the appa-
ratus as shown in the diagram. Gently heat the
test-tube. The calcium oxide dries the ammonia
gas. Test whether the receiver test-tube is full by
holding a piece of red litmus paper at the opening.
Collect test-tubes of ammonia and cork them.
The method of collection illustrates that ammo-
nia gas is lighter than air.



53 Chemustry

2.37A Preparing ammonia
A calcium oxide lumps

B. Fill a flask with ammonia. Fit a cork and tube
into the flask as shown (ideally, the tube should
have been drawn out into a jet). Warm the flask
gently to expand the gas a little and then hold
the flask upside down with the tube in the water.
After a little time water will spray into the flask
from the jet.

2.38 Carbon dioxide
Many reactions can be used to produce carbon
dioxide gas. Marble chips or other carbonate rock

(i) Collecting carbon dioxide

2.38

2.37B A fountain experiment

treated with dilute acid provides a good source.
The gas is not too soluble to be collected by water
displacement (as shown above for the preparation
of hydrogen). Alternatively, carbon dioxide can be
collected by displacing air from dry bottles as
shown in the diagram (i). To test if the bottle is
full, lower a lighted splint or taper into the top of
the jar. If the flame is extinguished at the entrance
as at (ii), then the jar is full. Put a cardboard cover
over the top to prevent diffusion of the gas.
Check the density of the carbon dioxide by
‘pouring’ the gas into another bottle either above
or below the first bottle. Find where the gas is by
testing with a lighted splint. Note: The presence
of carbon dioxide can be confirmed by the fact
that lime-water becomes ‘milky’ when the gas is
passed through it.

(ii) Finding out when the jar is full
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2.39 Cooking and carbon dioxide

Pupils should understand that the purpose of
baking powder or soda in cooking is to produce
tiny bubbles of carbon dioxide. This expands the
pastry, cake or dough, making it light and plea-
sant to eat. Yeast cells do the same thing in
bread-making, though this takes longer. Baking
powder (or sodium bicarbonate, NHCO;) reacts
with an acid such as 'actic acid from sour milk to
produce carbon dioxide. Commercial ‘baking
powders’ often contain a solid acid which only
reacts with the sodium bicarbonate when moist.

A. Put some baking powder into water. Is carbon
dioxide gas given off? Is carbon dioxide given off
if sodium bicarbonate is put into water? React
baking powder in a test-tube with vinegar (acetic
acid) or lemon juice. Is carbon dioxide produced?
What kind of substance is lemon juice?

B. Make a sugar solution and half fill a jar with
this solution. Add a spoonful of yeast. Leave this
to stand for 2 or 3 days. Construct a ‘bubbler’
to go on the top of the jar as shown in the dia-
gram. Is a gas given off by the yeast? Does carbon
dioxide collect in the top part of the jar?

Yeast reacting with sugar solution

What is rusting ?

2.40 What causes rusting ?

Take 7 test-tubes and 11 clean nails. Prepare the

tubes as shown below:

Tube I: Put 2 clean nails in the tube and half
cover them with distilled water. These nails are
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in contact with air and water and form the
control experiment.

Tube 2: Put a few pieces of anhydrous calcium
chloride or silica gel in the bottom of a dry
tube, and also two nails. Put a plug of cotton
wool in the top of the tube. These nails are in
contact with air, but not moisture.

Tube 3: Boil some water for several minutes to
expel dissolved air and pour into the tube
whilst hot. Put 2 nails in the water. Put a little
vaseline or a few drops of olive oil on the
surface of the hot water. The vaseline will melt
and form an air-tight layer, solidifying as the
water cools. These nails are in contact with
water but not air. .

Tube 4: Half cover 2 nails with water containing
a little common salt dissolved in it. These nails
are in contact with air, water and salt.

Tube 5: Wrap a piece of zinc foil round part of
a nail. Put the nail in the tube and almost cover
with tap water.

Tube 6: Wrap a piece of tin feil round part of
the nail. Put the nail in the tube and add tap
water as you did for tube 5.

Tube 7: Wrap a piece of copper wire round a
nail and put it in the tube exactly like tubes
5 and 6. -

Stand these 7 tubes in a rack and leave for several

days. What do the pupils conclude are the condi-

tions for rusting? Which metal is better at pre-
venting rusting, zinc, copper or tin?

2.41 Does iron increase in mass during rusting?
Counterbalance a piece of iron on a knife edge,
using a brass weight or stone as shown in the
diagram. Leave in moist air or on a window ledge
for a few days and note the effect of the rust on the
longer arm of the lever.
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2.42 Finding out what combines with iron during
rusting
Moisten the inside of a test-tube with water,
sprinkle into it a spatula measure of iron filings
and rotate it horizontally so that the filings spread
and adhere to the walls. Alternatively, push a
small plug of moistened iron wool to the bottom
of the tube. Invert the test-tube in a beaker about
- one-third full of water. Use the beaker lip to
support the tube as shown in the diagram. The
water level$ inside and outside the tube should be
the same and the level should be marked on the
tube. Leave the tube in this position for a few
days. The iron will rust and the water level will
rise up inside the tube, finally becoming steady.

Again add water to the beaker until the levels
inside and outside the tube are the same and mark
the new level. It will be seen that one-fifth of the
air volume has been used up, suggesting that
oxygen has been used up in the rusting of iron.
The residual gas does not support combustion of
a lighted splint. (See also experiments 2.318 and
4.58.)

Coloured extracts from flowers as indicators of
acids and bases

2.43 Extracting coloured substances from plants

Select some brightly coloured flowers, such as the
purple and red bougainvillea, or coloured leaves.
Squeeze or grind one of the coloured flowers or
leaves in a mortar with a mixture made of 2 cm?®
acetone and 2 cm?® ethanol. By this means the
colouring matter will be extracted into the solvent.

2.4

Filter and collect the filtrate. Repeat this experi-
ment with one or two other flower colours. Keep
these coloured solutions for use as ‘indicators’ in
the next experiment.

2.44 Using plant extracts to ‘indicate’ whether a

substance is acidic or basic
Put a spot of the coloured flower extract on to a
filter paper and allow the paper to dry. Put one
drop of lemon juice on to the spot. Is there a
change of colour? Select other ‘sour’ fruit juices,
bottled fruit juices and vinegar and carry out the
same experiment. These are acidic substances.
What is the colour change with dilute hydrochlo-
ric acid? The slightly different colours obtained
would suggest that some substances are more
acidic than others. Put some of the original fil-
trate on to another piece of filter paper. When dry,
what are the colours given by sodium bicarbonate
solution, washing soda, lime-water and a dilute
solution of sodium hydroxide? These are alkaline,
or basic, substances. Do they all give the same
colour?

We have seen that plant extracts act as ‘indi-
cators’. They give an idea of how acidic or how
basic a substance is. Add a few drops of sodium
bicarbonate solution to 1 cm? of flower extract
indicator in a test-tube. Then a lemon juice and
note the colour change. Try the same experiment
with lime-water and indicator followed by dilute
hydrochloric acid. What happens? Can the origi-
nal colour be obtained by adding more lime-
water? How many times can the indicator colour
be changed before the test-tube is full? Litmus—
an extract of lichens—is another plant indicator.

Chemists make up a Universal Indicator either
as a solution or dried on filter paper. This Univer-
sal Indicator not only indicates whether a sub-
stance is acidic or basic but also how acidic it is.
Pupils might investigate the effect of Universa)
Indicator on all the solutions mentioned. In order
to avoid using thé name of a colour to indicate
acidity, a scale of numbers from 0 to 14 is used.
This is called the pH scale and although if has a
quantitative mathematical derivation, it may be
used simply to express the degree of acidity and
alkalinity as a number between 0 and 14. Acidity
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is the property of any solution which has a pH
less than 7. Solutions with a pH greater than 7 are
alkaline or basic. Solutions with a pH of 7 are
neither acidic nor basic. They are neutral. Inves-
tigate the pH of water. Is water neutral? On the
bottle or packet of the Universal Indicator there
will be a chart giving the colour and the pH
number associated with this colour. The colour
changes on a simple Universal Indicator may be
as shown:

Colour PH number Acid/Base
Red 1-3 very acidic
Orange 4-5 weak acid
Yellow 6 very weak acid
Green 7 neutral
Blue 8 very weak base
Indigo 9-10 weak base
Violet 11-14 very basic

Use 2 drops of Universal Indicator to 10 cm? of
solution to be tested.

Crystal growth

2.45 Watching crystals grow

Sodium thiosulphate crystals grow rapidly from
a super-saturated aqueous solution. The formula
for the crystals is Na,S,0, 10H,0. On heating,
these crystals dissolve in some of their water of
crystallization. Put sodium thiosulphate crystals
into a test-tube to a depth of 3to4cm. Add 1or2
drops of water. Heat gently until all the crystals
have dissolved. They appear to ‘melt’. Leave to
cool. Crystals are unlikely to form unless a tiny
seed crystal of sodium thiosulphate is dropped
into the solution. When this is done, crystal
growth commences and spreads rapidly through
the whole solution. It is fascinating to watch the
growth from one centre. Are pupils able to make
any further comment if they hold the tube in their
hand whilst crystallization occurs?
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2.46 Watching crystals of naphthalene grow from
the melt

Put a little naphthalene on a glass slide. Hold over
a flame until the crystals melt. Put a cover slip
over the liquid and allow to cool. Watch the crys-
tals grow using a hand-lens. Sometimes crystals
will grow from several points simultaneously and
this will give rise to ‘boundaries’ where they meet.
Pupils might attempt to draw the shape of the
boundary between the forming crystals and the
melt. It is striking to view the crystals through
polaroid filters.

2.47 Crystals with different shapes

Experiment to find the correct concentrations of
the following salts in aqueous solutions which will
form good crystals when placed on a microscope
slide. Too strong solutions will give clusters of
crystals too quickly. Suitable solutions in test-
tubes can be kept warm in a beaker of hot water
during the investigation. The following are
examples of different shapes in crystals: ‘
Cubic crystals: sodium chloride and potassium

chlioride.

B
/4
E

yomm e

A regular (cube)
B tetragonal

¢ orthorhombic
D hexagonal

E monoclinic

F triclinic
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Tetragonal crystals: nickel sulphate, potassium
nitrate, zinc sulphate.

Monoclinic crystals: potassium chlorate, sodium
sulphate.

Triclinic crystals: copper sulphate.

Octahedral crystals are formed when sodium

chioride crystallizes from alkaline, urea or ammo-

nium hydroxide solutions. Funnel-shaped crystals

form from a mixture of sodium chloride and alum

solution. Observe these crystals by putting 2 or

3 drops of the warm concentrated solution onto a

microscope slide and viewing with a hand-lens or

microscope.

2.48 Investigating the two different shapes of
sulphur crystals

Both rhombic and monoclinic crystal forms of
sulphur may be grown from a solution in xylene.
Xylene is inflammable but it can be heated quite
safely in a pyrex boiling tube over a small flame.
Xylene boils at about 140° C, depending on the
isomer proportion. This is above the melting point
and transition point of sulphur. Toluene is an
alternative solvent but as it is much more volatile
and again inflammable, great care must be taken
to prevent the vapour igniting. The boiling point
of toluene is 111° C, which is again above the
transition temperature of monoclinic and rhom-
bic sulphur, which is 95° C.

Dissolve crushed sulphur in hot xylene, leav-
ing an excess of sulphur at the bottom. On leav-
ing to cool, the solution may become cloudy, but
soon after the sulphur at the bottom solidifies and
long needle-like crystals of monoclinic sulphur
grow upwards through the solution. Cool the
solution; it should still be a pale yellow colour due
to the saturated solution of rhombic sulphur
remaining. Pour one or two drops of the clear
solution on to a microscope slide. Crystals of
rhombic sulphur will grow and their difference in
shape from monoclinic crystals can be observed
using a hand-lens.

2.49 Growing large crystals

(a) The starting point for growing large crystals is
a ‘seed’ crystal which should be from 0.5 to
0.8 cm long. These can be prepared by slow

2.49

A cloth cover held in place by wire
B seed crystal

evaporation of about 30 cm? of the saturated solu-
tion in a glass dish. Dry and tie a piece of cotton
around selected seed crystals, Hands should be
washed free of impurities before doing this
because impurities easily affect the size and shape
of the crystal. Hang the seed crystal about 5 cm
from the base of the container by means of a wire
bent as shown in the diagram, Fill the jar with a
solution of the salt a little under saturation
strength before you put the seed crystal in posi-
tion.

(b) Another way of holding a seed crystal, and
also one which provides a mounting for the crystal
when it is grown, is to support it at the end of a
glass tube. Take a length of glass tubing, about
3-mm bore, and heat in a flame until the end sof-
tens sufficiently to squeeze with pliers or tweezers
so as to make a smaller hole. When cool, drop in
seed crystals until one catches in this hole, Keep
this one in place by dropping other crystals on top.
Support the tube so that the seed crystal at the end
is immersed in the growing solution. The seed
crystal should then grow.

If the crystal grows disproportionately, or
little crystals grow on the surface, then screw the
cover on to the jar for a while. This will cause the
little crystals to dissolve. If the crystal is not
suspended it is best to turn the crystal every so
often so that growth on all faces is equal. If a
crystal is grown in a crystallizing dish the liquid
may ‘creep’ up the sides. This can be prevented by
rubbing vaseline round the upper inside rim.
Evaporation may be increased by sitting the
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crystal growing jar on a tin with a 5-watt bulb
mounted inside it. An air flow over the solution
surface given by a fan will also hasten crystal
growth,

Crystals grown from aqueous solution can
be preserved by immersion in carbon(IV) chloride,
benzene, or some similar liquid; or they can be
preserved by painting with a clear varnish.

2.50 Display clusters of crystals

A crystal blossom. Soak pieces of charcoal,
brick or unglazed porcelain in a saturated solution
of sodium chloride. Keep the pieces covered by
adding more saturated sodium chloride solution
over a period of two weeks. At this point mix some
prussian-blue dye or ink with the sodium chloride
and add this to the pieces of charcoal. Then leave
to evaporate to dryness. Blossoms of crystals will
form. A variety of colours may be produced by
adding different dye compounds.

A crystal crown. Cut a crown from ~ piece of
tin taken from a fruit can. Fasten it with a piece
of wire as shown in the diagram. Wrap the crown
with strips of cotton cloth. Dip the whole crown
into a solution of potassium dichromate and then
leave to dry. Seed crystals will form on the cloth.
Prepare a saturated solution of potassium dichro-
mate at 80° C and immerse the crown for a day or
so in this saturated solution. Red crystals should

form and make a beautiful display on the crown.
If the crown is small, only a small amount of
potassium dichromate will be required.

2.51 Splitting crystals

If crystals of calcite or sodium chloride are avail-
able, they can be split apart in the following way.
Obtain a razor blade of the kind shown. A biolo-
gist’s scalpel is also very suitable. Place the blade
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on the crystal with the face of the blade parallel
to the planes of the two opposite sides A and B.
Give a sharp tap with a small hammer on the top
of the blade. Try to split the crystal with the least
possible force. The crystal should split down the
plane of symmetry. If the blade is not directed
correctly the crystal will crumble instead of
splitting into two parts.

The mineral galena (lead sulphide) occurs as
cubic crystals which are easily split along the
three cleavage planes at right angles to each other.
The micas have one beautiful cleavage, and can be
split into very thin flexible sheets.

Matter as particles: movement, number and size

2.52 Brownian movement

A. Colloidal graphite (available commercially as
Aquadag) or toothpaste (which contains particles
of magnesium oxide) may be used to observe the
movement of verv small, but visible particles
suspended in liquids. Put a tiny drop of Aquadag
on a microscope slide and stir distilled water into
it until it is almost colourless. Alternatively, do the
same with toothpaste. (Only the slightest trace of
toothpaste is needed in the water.) Place a cover
slip over the slide and put the slide on to the
microscope stage. Illuminate from the side and
observe with thelens of greatest magnifying power.
It may take a little time to see the very slight
jogging about of the particles. Select one tiny par-
ticle and keep your attention fixed on it. Although
the particle at first appears to stay in one place,
it is being continuously displaced in all directions.
The reason for ihis is that it is being hit on all
sides by the very much smaller and invisible mole-
cules of water.
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A model, which although not exact, may help
pupils to understand what they are observing can
be made by using a tray in which are placed a large
number of small, light beads with one large marble
in the middle. The small beads represent mole-
cules of water and the large marble a particle of
suspended graphite or toothpaste. Our model is
not to scale since, in nature, the smallest visible
particle (even under the microscope) contains
some 100 or 101 atoms. When the tray is shaken,
the small beads hit the marble many times from
all directions. In this case, the forces cancel out
within a small interval of time and the result is
that the marble jogs about with very small move-
ments but returns to the same place.

B, Fill a beaker with tap water and focus sunlight
into the beaker by using a hand-lens. The motions
of the suspended particles of solid matter may be
observed where the light beam is brought to
focus.

2.53 A heavier-than-air gas diffuses upwards

A. Fill a jar with carbon dioxide and invert it
over a similar jar full of air. After a few moments
separate the jars, pour a little lime-water in the
lower one and shake it. The lime-water will turn
milky indicating that the carbon dioxide has fallen
into the lower jar because it is the heavier gas.

2.54

Now repeat the experiment but this time put the
carbon dioxide in the lower jar and invert a jar of
air on top of it. This is shown in the diagram. If
the jars are left for about 5 minutes some carbon
dioxide will be carried into the upper jar by
diffusion; in the same way some air will be car-
ried into the lower jar. The lime-water test will
show the presence of carbon dioxide in the upper
jar.

2.54 Comparing the diffusion rate of ammonia and
hydrogen chloride gases

The apparatus is shown in the diagram. The long
glass tube should be horizontal. Corks should fit
at both ends. Using a pair of tongs or tweezers,
dip a piece of cotton wool into concentrated
hydrochloric acid and another piece into concen-
trated ammonium hydroxide. Drain off excess
liquid. As nearly as possible at the same time, put
the ammonia cotton wool at one end of the tube
and the acid cotton wool at the other. Close the
ends of the tube with corks. After a while, look
carefully for a white ring which will form where the
ammonia gas and the hydrogen chloride gas meet
after diffusing through the air towards each other.
Ammonia is the less dense gas and the white ring
of ammonium chloride should form nearer to the
hydrogen chloride end than from the ammonia
end of the tube.

2,53 Diffusion of heavy carbon

dioxide gas upwards

2.54 A diffusion race

A glass tube 1 metre long, 2 cm diameter

B cotton wool soaked in concentrated
ammonia solution

c cotton wool soaked in concentrated

hydrochloric acid
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2.55 Diffusion of liquids.

A, Place a crystal of potassium dichromate or
ammonium dichromate at the bottom of a beaker
of water. One way of doing this is to put a glass
tube into the beaker of water so that it touches the
bottom, and then to drop the crystal down the
tube. Close the top of the tube with your finger
and remove the tube gently, leaving the crystal in
the beaker. The colour of the dissolving crystal
will spread throughout the water in quite a short
time.

B. Fill a very small open bottle with a strong
solution of potassium permanganate. Place this
in a larger jar. Fill the larger jar very carefully
by pouring water down the side until the water
level is above the top of the small bottle, Leave
this for a few days., The potassium permanganate
solution should have diffused evenly throughout
the water.

2.56 Investigating particulate matter

Put one crystal of potassium permanganate
in a test-tube. Add 1 cm® of water. Dissolve the
crystal completely by shaking vigorously with
your thumb over the end of the test-tube. Then
add water to a total volume of 10 cm® This is
a ‘10 times’ dilution. Pour this 10 cm?® of purple
solution into a 100 cm?® beaker and then fill up
the beaker with water. This is now ‘100 times’
dilution. Fill the 10 cm? test-tube with this solu-
tion and throw the rest away. Dilute this again
in the beaker to 100 cm?®. It is now a ‘1,000 times’
dilution. How many times can the solution
be diluted by a factor of 10 before the colour is so
pale that it is only just visible? The final dilution
factor indicates that if matter is particulate,
the size of the particles must be very small.

2.87 Finding the approximate size of a molecule
An oil molecule is selected because it will have
a density*less than that of water. The oil will
float on the surface and not dissolve in the
water. If the water has a large enough surface
area, it is assumed that thin oil will spread out
in a layer one molecule thick called a monomo-
lecular layer and not form little ‘hills’ of mole-
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A oil layer
B powder on surface of water

cules. If the volume of oil is known and also
the surface area that it forms, then the thickness
of a monomolecular layer can be found by
dividing the volume by the area. A tray or con-
tainer for the water is needed, which should not be
less than about 30 cm square so as not to restrict
the oil film. Sprinkle the surface of the water
with a very fine light powder such as talc powder.
When the oil is put on the water it will push
the powder away and the area covered by the
oil will be seen clearly (sec diagram). To find
the volume of oil, pour thin oil into a burette
(a thin petroleum distillate is best). Find the
volume of fifty drops by running oil from the
burette drop by drop and counting the drops.
Allow one more drop to fall on a piece of plastic.
The point of a glass rod is allowed to touch the
oil drop and then it is touched on the water
surface which has been prepared. The oil spreads
out and an approximate measurement can be
made of the area over which it spreads. Finally
it is necessary to estimate what fraction of oil was
removed by the glass point. This may be done
approximately by using the glass point to remove
successive fractions from the drop until it has
been used up. The volume of oil put on the water
can be calculated and an estimate made of the
thickness of the oil layer. This estimate is likely
to work out at 10-% mm. This is then an approxi-
mate dimension of a single molecule of the oil.

2.58 Investigating a suspension of particles

Shake a little clay soil with water in a test-tube.
Leave this to settle. Note the humus layer at the
top, the cloudy clay suspension next, and the
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tiny particles of rock and mineral at the bottom.
Filter the liquid. Pupils will observe that the
filtrate is still cloudy; this is because the clay
particles have passed through the filter paper.
Do pupils understand why the suspension par-
ticles do not settle, even after a few days? The
size of colloidal particles is roughly between
I my and 100 my (1 my is 1 millimicron, which
is 10~% mm).

Divide the filtrate into parts in test-tubes.
Keep one as a control. To the other add a few
drops of barium chloride solution, or some alu-
minium salt solution. Note what happens in
half an hour and in one hour. The same effect
occurs when a clay suspension in a river meets
the salts contained in sea-water. In many hot
countries salt is crystallized from pans built
on the clay beds near the mouths of rivers.

Electrical conductivity of substances

2.59 Solids which conduct electricity

To test for conductivity an apparatus such as
that shown in the diagram may be used by
pupils. The source of the d.c. supply can be dry
cells in series giving 6 volts. The bulb, which
should be low power, indicates when the current
is flowing. The electrodes may be carbon or
steel, perhaps mounted in a wooden support,
cork or rubber bung so as to keep the electrodes a
constant distance apart.

>+

A 6 volt d.c. supply
B electrodes

2.60

A. Test the conductivity of solids by making
a good contact between the surface of the solid
and the two electrodes (the surface of the solid
must first be cleaned). Pupils might list all the
metals they can find. All metals conduct electri-
city. Carbon conducts electricity. Do pupils
find that non-metallic solids like plastics, naph-
thalene, wax, sugar, sodium chloride and sulphur
do not conduct electricity?

B. Glass can be a conductor. Heat a glass rod
until it becomes very hot and begins to soften.
Test the hot, soft part with the conductivity
apparatus. When molten, glass is a good conduc-
tor of electricity. (See also experiment 2.155.)

2.60 What liquids conduct electricity ?

A. First test liquids obtained by melting substan-
ces. Melt the following substances, but heat very
gently and cautiously because otherwise they
may ignite and burn: sulphur, wax, naphthalene,
polyethylene material, tin, lead and, if available,
a low-melting point salt such as lead bromide
(m.p. 488° C) or potassium iodide (m.p. 682° C).
Test the conductivity of the melt by dipping in
the electrodes and waiting a few moments for
the electrodes to reach the same temperature,
This ensures that the electrodes are in contact
with the liquid and not the solidified melt.
Scrape and clean the electrodes between each
test.

B. Test ethanol (or methylated spirits), acetone,
carbon(IV) chloride, vinegar, sugar solution,
copper(Il) sulphate solution, sodium chloride
solution, and other substances dissolved in
water. Clean and dry the electrodes between
each test.

C. Test pure distilled water for conductivity.
Put the electrodes into a beaker of distilled water.
Pupils find that the bulb does not light up and
therefore pure water does not conduct. Very
gradually stir small crystals of common salt
into the water. What happens to the bulb as the
salt dissolves?

Are pupils now able to classify substances into
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the following groups: (a) those which conduct
electricity in the solid state and those which
do not; (b) those which conduct in the liquid
state and those which do not; (c) those which
conduct when dissolved in water and those which
do not?

Construction materials

2.61 Preparing lead tin alloys

The lead and the tin should be moderately pure.
-Tin melts at 232° C and lead melts at 327° C.
Weigh out pieces of lead and tin to make four
alloys: 20 9/ tin, 40 9 tin, 60 % tin and 80 %; tin.
These are given as the percentage of tin by
weight in the alloy. For each alloy, put the
correct weights of lead and tin in a crucible or
in a pyrex test-tube. Cover the metals with some
carbon (crushed charcoal) to prevent oxidation
of the metals. Heat the metals until they are
molten. Stir the melt with a wood splint to help
the metals dissolve. The molten metal is then
cast into a mould.

A suitable casting mould can be made by
drilling out the thread of a nut to leave a smooth
hole of about 0.6 cm diameter and then cutting
the nut into two halves with a hack-saw (see
diagram). Bind the two halves together with
wire for casting and place them on a piece of
asbestos. Pour the molten metal very carefully
into the mould until full. Hold back the carbon
with a wood splint whilst pouring. When cool,
knock the two halves of the nut away from the
cast alloy.

2.62 Finding out whether lead tin alloys are
harder than the pure metals
Cast the four alloys and the two pure metals
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described in the preceding experiment, and label
them with their percentage composition.
Obtain a metal punch with a good pointed
end and a metal or plastic tube into which the
punch fits loosely. The tube should be about
1 m long. The purpose of the tube is to guide
the punch as it falls freely on to the surface
of the metal alloy (see diagram). The sharp
point of the punch will make a small hole in
the surface of the alloy. With a softer alloy the
hole will be larger. By measuring the diameter
of the hole made by the punch, a comparison of

O

the relative hardness of each alloy can be made.
The 60 9 tin alloy should be the hardest alloy
and the pure metals should prove to be less
hard than these alloys. The diameter of the hole
can be measured satisfactorily with vernier
callipers and using a hand-lens.

2.63 How does alloying affect the melting point
of the metal?

(a) Melt the four alloys and the two pure metals

described in experiment 2.61, and pour a few

globules of each metal on to an asbestos mat.

Label each group of globules with the composi-
tion of the metal.

(b) Next prepare a piece of iron metal about



63

12 cm square and 0.2 to 0.4 cm thick. Mark
the centre of the metal and draw a hexagon on
the metal as shown in the Jiagram. Drill a small
depression at each corner of the hexagon, each
depression being the same size. Each depression
will be the same distance from the centre. Drill
small holes at the four corners, thread wire
through them and suspend the metal plate hori-
zontally by means of a stand. Use chalk to mark
the six depressions on the plate with the follow-
ing: 1. pure lead; 2. 209 tin; 3. 40 % tin;
4. 60 9 tin; 5. 80 % tin; and 6. pure tin.

(©) Select pellets from globules made in (a)
and corresponding in composition with 1 to
6 above. Put each pellet into the correct depres-
sion (see diagram). The metal plate should be
heated exactly in the middle so the heat going
to each pellet is the same. By prodding the
peilets gently with a wood splint it can readily be
seen whether they have melted. When all the
pellets are molten, the splint may be used to
remove molten metal from any of the bigger
pellets so that they are all the same size. While
the pellets are molten, remove the bunsen
flame. Allow to cool. The first to crystallize
will be the pure lead, having the highest melting
point. Obtain a clock with a seconds hand. Start
the clock (or note the time) when the lead
solidifies. Note the time when each alloy and the
pure tin solidify. Results may be tabulated:

Metal or alloy Time, in seconds, from when lead

solidifies to when ailoy solidifies

Pure lead solidifies Zero seconds

20 %; tin solidifies . seconds after lead

40 %, tin solidifies . seconds after lead
etc. etc.
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200

T T T
20% 40% 607 80%

Pure lead
Pure tin

Composition of alloy

(d) Plot the results in graph form (see figure).
It can be assumed that the alloy which takes the
longest time to solidify after lead solidifies
has the lowest of the melting points. The conclu-
sions to be drawn from the last two experiments
are that alloys containing about 60 % tin have
the lowest melting point and they are also the
hardest alloys.

2.64 The effect of heat treatment on steel needles
Obtain some sewing needles about 4 to 5 cm long.
These needles are alloys of iron and carbon, but
the proportion of carbon is very small. Try
bending a needle. It is tough and springy.

A. Annealing. Heat a needle to bright red heat.
Hold it vertically in the flame and then very
slowly raise it out of the flame taking about one
minute. When it is cool, try bending it. It should
be soft and easily bent round a pencil.

B. Quenching. Heat a needle to bright red heat
and, whilst it is still hot, plunge it completely
into cold water. Try to bend it now. It should
be brittle and easily broken into small pieces

C. Tempering. Neither the soft needle nor the
brittle needle are very useful. But the tough
springy form can be restored. Heat and quench
a needle as before to obtain the hard, brittle
form. Carefully clean and shine the surface
with emery cloth. The needle must now be
heated very gently until a deep blue oxide film
appears on the surface. This colour is an indi-
cation of the temperature at which the needle
is tempered. When cool, try bending it. Is it
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tough and springy like the original needles?
These properties of this carbon steel are depen-
dent on the arrangement of the carbon atoms
among the iron atoms. The effect of annealing,
quenching and tempering is to alter this arran-
gement in a specific way. Some types of razor
blades can be used in place of the npeedles.

2.65 Comparing the strengths of mud, clay and
sand bricks
Find a source of clay soil or mud, If it is dry it
must be mixed with water. To do this, put about
350 cm® of water in a suitable container such
as a plastic bowl. The best method is to crush the
dry clay to a powder and then work it into the
water until a thick smooth paste is obtained.
Work it through your fingers until there are no
lumps. It is likely to be of the correct consistency
when it is thick and pliable, and sticks more to
itself than to your fingers. Spread the clay or
mud on to a flat surface very evenly so as to make
a slab of 1.5 cm thickness. Then with a clean
wet knife, cut 3 or 4 bricks, each the same size,
10 cm by 5 cm. Dry one under the sun for two or
three days and bake another by a fire. Try making
a sand brick of the same size. Also obtain a
brick sold by a building contractor. Investiga-
tions with these bricks might include: (a) looking
for cracks; (b) seeing if the surface comes away
by rubbing with a dry finger; () seeing if the
surface comes away by rubbing with a wet
finger; (d) testing the strength of the small
§ X 10 X 1.5 cm bricks by supporting the two
ends of the brick on the edges of two tables
and loading the middle of the brick. This can be
done by weights or, for strong bricks, by suspend-
ing a bucket into which sand can be poured
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until the brick breaks. The weights and the
bucket should be suspended near the floor as
shown in the diagram so that they have only a
little distance to fall.

2.66 Using cement for making bricks

Make 5 boxes out of stiff paper or cardboard
1.5 cm deep, 5 cm wide and 10 cm long. Use
Sellotape or clips to fasten the edges (see diagram).
A cement brick, the same size as the clay bricks,
can be cast in these boxes. Smear a little oil or
grease around the inside surfaces of the boxes.
Obtain some fresh Portland cement from a
builder.

A. A cementjwater brick. Mix the cement with
water to a thick paste and fill the box with it,
smoothing off the top surface level with the
paper. It should ‘set’ in a few minutes but it
will take a few days to ‘harden’. ‘Setting’ is to
change from a fiuid to a firm rigid material
but a mark can still be scratched on the surface
with a nail. To ‘harden’ is to become rockhard.

B. A cement/sandjwater brick. Mix 1 part of
cement powder with 3 parts of clean sand. Work
into a thick paste with water. Pour into the
paper box, smooth off the surface and leave
to set and harded.

C. A cement/sandjgraveljwater brick. Make a
brick as before using 1 part cement powder,
1 part of sand, 3 parts clean gravel and water.
Cast the brick and leave to set and harden. This
is a concrete brick.

D. A cement/lime/sand|water brick. A builder
buys quicklime and mixes this with water to
make calcium hydroxide on the building site
just before he uses it. Mix 1 part of cement,
5 parts of builder’s lime (calcium hydroxide)
and 2 parts of sand and make into a paste with
water. Cast a brick as before and leave to harden.

Suggest that pupils find out the kinds of
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bricks used in their environment. They could
make out a table of the properties and uses of
the bricks. In a village the walls of houses may
be made of mud or clay by mixing suitable soil
with water. This may be plastered on to inter-
woven sticks built up as a wall; or bricks may
be made with mud to build a wall. Such walls
suffer damage during heavy rains. Sometimes the
wall is covered with a cement and sand plaster
inside and outside. The main structure of a
modern building in a town is generally built
of reinforced concrete. This is covered with
a cement and sand piaster which has quite a
rough surface. The smooth surface for inside
buildings is obtained by using lime plaster.

2.67 An experiment with plaster of Paris

This is hydrated calcium sulphate. When mixed
into a paste with water it sets quickly andexpands.
It is used as a fine casting material. Put 4 cm?® of
water into a beaker. Add the powdered plaster
of Paris slowly by means of a spatula. Continue
adding the plaster until it just appears above the
surface of the water. The plaster absorbs the
water and you should finish with a very thin
layer of water (about 1 mm) above the plaster.
Stir the mixture well. When it begins to thicken,
pour it into the paper box and smooth off the
top as with the bricks mentioned in the preceding
experiment. Leave to set for one day. Investigate
the surface and strength of these bricks in a
similar way to the investigations with the mud
and clay bricks. Plaster of Paris is not often
used as a construction material, but calcium
sulphate as gypsum (CaSO;2H,0) is, in fact,
used in the preparation of Portland cement.

Electrolysis of melts and aqueous solutions

2.68 Electrolysis of a melt

There are very few suitable low melting point
salts. Lead bromide has a low melting point
and, if available, makes an interesting electro-
lysis experiment. Potassium bromide may have
too high a melting point (682° C) to melt easily.
The apparatus is shown in the diagram.
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or crucible
B wooden

c 6 volt d.c.
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The lead bromide is melted in a small 50 or
100 cm?® hard-glass beaker, or in a crucible. The
carbon electrodes are supported by a strip of
wood with two holes bored 2 cm apart for the
electrodes. Connect crocodile clips to the rods
and complete the circuit with a torch bulb,
to indicate when a current is flowing, and a
6- to 12-volt torch battery or some cells wired
in series. The electrodes can be labelled positive
and negative.

The only ions present in this melt are the bro-
mide and lead ions. Bromine is readily seen
coming off at the positive electrode which is the
anode. The fact that bromine appears only at
the positive electrode helps in the understanding
of the existence of a negative bromide ion.
Lead has both a lower melting point and a
greater density than lead bromide and therefore
appears as a melt at the bottom of the beaker.
The small globule of lead which accumulates
at the negative electrode (the cathode) can be
seen after about 10 or 15 minutes of electrolysis.
Decant off the moiten lead bromide carefully
into another crucible. The electric current has
split up crystalline lead bromide into bromine
gas and lead metal.

2.69 Electrolysis of an aqueous salt solution
Pupils should understand that in aqueous solu-
tions there are usually four ions present, two

A 100 cm® beaker

support

for electrodes

supply
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pencil lead

rubber bung

screening wire

soldered joint

copper wire

6 volt d.c. supply

two 75 10 mm test-tubes
fastened with wire

to wooden support

QMmO wm>»

from the water and two from the dissolved salt.
The products will be gaseous, or metals which
are deposited on the negative electrode.

The apparatus shown in the diagram is
readily made. It is composed of an open cylinder
of glass approximately 8 cm high and 2.5 ¢cm in
diameter. A small bottle of similar size with
the bottom cut off would do just as well. The
cylinder has a two-hole rubber bung carrying
two carbon electrodes with connecting leads to
a battery, or d.c. supply of 4 to 6 volts. If cork
is used, this must be made leak-proof by cover-
ing the whole of the bottom surface round the
electrodes and the glass edge with Faraday’s
wax or a similar soft wax. The electrodes may be
carbon rods from a dry cell or pencil leads.
The alloy supports for the coiled filament in
electric light bulbs have also been found suitable
for electrodes. The electrodes should project
about 2 cm into the cylinder and also 2 cm
below for attaching the leads to the battery.

Pencil leads are brittle, and if they are used
it is better to fix the electrodes in the following
way. Solder a piece of stout copper wire to a
4 cm length of braided copper screening wire.
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Drill two holes in the rubber bung with a 1 mm
drill (5 inch). Insert the copper wire into the hole
from above and pull it right through the bung
until the screening wire is also pulled a little
way into the hole. Into the core of this screening
wire insert the pencil lead securely. Then pull
the screening wire with the lead further into the
bung so that the lead electrode is firmly held in
the bung. The excess copper wire is cut off. This
procedure is repeated with the other electrode.

Pupils should preferably make up the solu-
tions for electrolysis to emphasize the fact that
both a salt and water are present. The solution
is placed in the glass cylinder. The two small
tubes are then filled with the solution, and care-
fully inverted over the electrodes. The electrodes
are connected to a safe d.c. supply with a small
bulb in series. Increase the voltage until the bulb
lights, showing that a current is flowing. When
this happens, cut out the bulb from the circuit by
closing the §witch, as shown ; this will allow a
larger current to flow. The tubes collect any gas
given off and the properties of the gas should be
tested. Using carbon electrodes, the following
results will be found.

A. Electrolysis of water. Pure water does not
conduct electricity. For this reason 2 or 3 cm?®
of dilute sulphuric acid or dilute sodium sulphate
solution is added to the water in the electrolysis
cell. Connect the cell to the d.c. supply and
watch for bubbles of gas at both electrodes.
If none appear, add a little more acid or sodium
sulphate solution. After 5 to 10 minutes there
should be enough hydrogen and oxygen gas
for testing. Are pupils able to predict at which
electrode each gas will appear?

B. Electrolysis of solutions of ionic salts. Most
ionic salts can be used satisfactorily in electro-
lysis. Concentrations of 1M or less are suitable.
(see Chapter One). Potassium iodide gives iodine
at the anode and hydrogen gas at the cathode.
Zinc sulphate gives a spongy mass of zinc at the
cathode, oxygen gas at the anode. Lead acetate
deposits lead on. the cathode and oxygen gas is
produced at the anode. (If the lead acetate solu-
tion is cloudy, add a few drops of acetic acid.)
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Sodium chloride gives hydrogen gas at the cathode
and chlorine gas at the anode. Copper sul-
phate deposits copper at the cathode and oxy-
gen gas is produced at the anode.

Chemical reactions

2.70 A reaction between two elements

There have been examples in preceding experi-
ments such as the reaction between oxygen
and carbon, oxygen and sulphur, oxygen and
copper. This experiment is a reaction between
iron and sulphur. Mix together a spatula measure
of sulphur with a similar amount of iron filings.
Heat a small portion of the mixture on asbestos
paper or a metal bottle top with the cork re-
moved. Note that the reaction needs heat to start,
but once started it continues without further
heating. Test the product which is iron{Il)
sulphide. How different is it from the original
elements? Powdered copper or zinc will react
with sulphur using the same procedure as that
outlined for iron. Caution. Use small amounts,
because the reactions are usually vigorous.

2.711 Reactions between ions in aqueous solutions
A reaction between ions is readily shown by
precipitation of an insoluble salt. A data book
will give solubility data on salts. Examples of
insoluble coloured salts are silver chromate,
lead iodide and copper carbonate. To obtain
these, dilute-aqueous solutions of the soluble
salts shown. in columns 1 and 2 below should
be mixed in test-tubes. In each reaction, two
ions, one from each salt, will form an insoluble
precipitate as shown in column 3.

I
(a) silver nitrate (aq)
(b) lead nitrate (aq)

[(ag) = aqueous solution; (s) = solid.]

The usual

would be:
2Agt(aq) + CrO,2(aq) —» Ag, CrO(s)
PbZt(aq) 4 2I-(aq) — Pbls)
Cu?*(ag) + COz2(aq) -> CuCOys)

way of writing the equations

272

Pupils should be able to use the solubility infor-
mation in a data book to obtain precipitates
of silver iodide, barium sulphate, iron(IIl)
hydroxide, and others.

2.72 Displacing copper from an aqueous solution
of copper ions

A metal higher in the activity order is needed
to displace copper metal from a solution of
copper ions. Place approximately 10 c¢m3 of
molar copper sulphate solution in a small beaker.
Clean some magnesium ribbon and cut it into
pieces 0.5 cm long. Add these pieces to the
copper sulphate solution one at a time. The
reaction can be vigorous. Copper metal deposits
and the blue colour gradually disappears as the
copper ion is displaced by the magnesium. Is
any heat given out by the reaction? When the
solution is colourless, decant the solution from
the red copper powder at the bottom of the
beaker. Collect the copper and dry it. How
could the pupils show that this was copper and
not magnesium? The usual way of writing the
equation is:

Mg(s) + Cu?t(aq)

Pupils should repeat the experiment attempting
to displace copper metal by using zinc and iron
metal. The powder from zinc and iron is probably
the best to use. Pupils should be able to discuss
the comparative activity of the metals in this
experiment.

— Mg?**(aq) + Cu(s)

2 3
~+ potassium chromate (aq) - silver chromate (s)
+ potassium iodide (aq)
(¢) copper sulphate (aq) + sodium carbonate (aq)

— lead iodide (s)
—» copper carbonate (s)
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2.73 Observations on the reaction of sodium
with water

Pour a thin layer of kerosene, about 2 to 3 mm
depth, on to the surface of water in a test-tube.
Drop a small piece of sodium, 3-4 mm square,
into the kerosene. Sodium will sink in the kero-
sene and float in the water. The layer of kerosene
should be shallow enough to allow the top
of the sodium to protrude above the surface.

The reaction between sodium and the water
is much slower than if the sodium had been
dropped directly on to the water. It is interesting
to watch the reaction through a hand-lens held
at the side (but never at the top). See the diagram.

3

=
|
%\‘\ ///A

B .
A sodium

B kerosene layer
¢ hand lens
D water

Observations

1. Sodium metal is lighter than water but
heavier than kerosene.

2. A small area of the sodium suddenly reacts
causing a stream of bubbles to appear. Is it
the stream of bubbles at one side that causes
movement?

3. The irregular shape of the sodium changes
to that of a sphere. Has the sodium melted
because the reaction gives off heat? (Melting
point of sodium is 98° C.)

4. There are variations in light refraction and
reflection below the sodium. Is something
dissolving in the water?

5. Slight smoke -where the hot sodium is above
the kerosene level suggests a slight reaction
with air.

6. What are the gas bubbles? Can enough of
the gas be collected to show that it is hydro-
gen?
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2.74 Displacement of hydrogen from acids using

other metals :
Pour one of the acids shown in the table below
into several test-tubes to a depth of approxi-
mately 5 cm. Place a piece of different metal
foil in each. Note the evolution of hydrogen-
and compare the different rates at which the
bubbles are formed. Repeat the procedure using
the other acid.

Evolution of hydrogen

Metal 3M hydrochloric acid 3M sulphuric acid
Magnesium Very rapid Rapid
Aluminium Slight None

Zinc Moderate Slight

(see note)

Iron Very slight Very slight
Tin None None

Lead None None
Copper None None
Note.

If pupils wish to recover the zinc after the reac-
tion has ceased, they may first obtain crystals
of zinc sulphate by evaporation of the solution.
Dissolve the colourless zinc sulphate crystals
in water and place two carbon electrodes in the
solution. Connect the electrodes to a 5- to 10-volt
d.c. supply. The zinc forms rapidly on the cathode
(see also experiments 2.33, 2.34).

2.75 Preparation of sulphur dioxide
A. A very simple method of preparing sulphur
dioxide for demonstration purposes is to burn
sulphur in air. This can be done by placing the
sulphur in a porcelain jar, igniting it and collec-
ting the gas formed in a funnel. The gas is then
aspirated into a bottle containing water (see
figure). :

B. The gas can also be prepared in a generator
which allows dilute sulphuric or hydrochloric
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2/75A Preparing sulphur dioxide by burning
A to evacuator

acid to drip slowly on to sodium sulphite. The
acid is contained in a thistle funnel and a tap
controls the flow on to sodium sulphite in a
suitable flask. The sulphur dioxide produced
can be collected in gas jars covered with card-
board discs which have central holes for the
delivery tube (see diagram B).

2.76 Reduction using sulphur dioxide

A. Add 10 cm? of 0.1M solution of potassium
permanganate and 10 cm?® 3M solution of dilute
sulphuric acid to 200 ¢cm?® of water containing
sulphur dioxide. The solution will gradually
become colourless as the sulphur dioxide reacts
with the permanganate. The experiment can be
continued further by stirring in a 0.25M solution
of barium chloride when the solution will
become ‘milky’ due to the formation of barium
sulphate.

B. The generator used in experiment 2.75B is a
convenient piece of apparatus for giving a conti-
nuous supply of sulphur dioxide for bleaching
flowers and other plants. The gas from the
generator is passed through a jar containing

2.76

2.75B Preparing sulphur dioxide in a generator

the plant, and excess gas is absorbed in water
(see the figure below). The colour of the bleached
plant can easily be regenerated by placing the
plant in a solution of hydrogen peroxide. This
experiment could be used as an introduction
to the processes of reduction and oxidation.

Bicaching flowers
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2.77 Reaction of magnesium with carbon dioxide
Fill a gas-jar with carbon dioxide as described
in experiment 2.38. Hold a piece of clean
magnesium ribbon in a pair of tongs; ignite the
magnesium with a bunsen flame and plunge
it into the carbon dioxide gas. The magnesium
continues to burn. Pupils might argue that the
magnesium is taking oxygen from the carbon
dioxide in order to burn. If this is correct, carbon
will be found in the gas-jar. Are pupils able to
detect carbon specks in the gas-jar? If they find
this difficult, the addition of a little sulphuric
acid will remove the magnesium oxide and any
unburnt magnesium and make the carbon more
visible.

2.78 A simple method of titrating acids and
bases

Measure exactly 20 drops of a dilute acid 'such
as vinegar and put these into a test-tube. Add
one drop of indicator (either methyl orange or
phenolphthalein is satisfactory). To this mixture
of acid and indicator, add a dilute base drop by
drop, and count the drops. Within experimental
error, it will always take the same number of
drops to neutralize the 20 drops of acid provided
that the same dropper is used. A teat pipette
makes a satisfactory dropper. If the concentra-
tion of the acid is known, the concentration
of the base can be estimated by comparing the
numbers of drops of acid and drops of base
that just react. )

2,719 Making soap from fats

Soap can be made from many oils and fats.
The-reaction is a double displacement involving
a strong base such as sodium hydroxide and
fats.

(a) Obtain some animal fat from a butcher.
Boil this fat in water and the oil will separate
on the surface. When cold, the fat will solidify
and it can be separated from the water. Melt
the fat again and strain through several layers
of cloth.

(b) Weigh this fat and then weigh out about
one-third as much sodium hydroxide pellets or
flakes. Dissolve the sodium hydroxide in water.
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Take care not to touch either the solid sodium
hydroxide or the solution, because it is very
caustic. Heat the fat in an iron saucepan or
dish and, when it is molten, slowly add the sodium
hydroxide solution with continuous stirring.
Heat with a small flame to avoid boiling over.
Allow the fat and the sodium hydroxide to
boil for 30 minutes. Stir the mixture frequently.

{c) The next stage is to weigh out some com-
mon salt (sodium chloride), about twice the weight
of sodium hydroxide used in (b) is needed. After
the 30 minutes boiling, stir this salt well into the
mixture. Then allow to cool. The soap separates
as a layer at the top. Separate this soap from
the liquid below, melt and pour into match-boxes,
where it will solidify again as small bars of
soap. Pupils might make a comparison of the
efficiency of this soap with commercially made
soap.

Energy from chemical reactions

The following group of reactions involve ions
in aqueous solution. When the water containing
the reacting ions becomes hotter, then we have
gained this heat and we can make it do work
for us. During the reaction the ions have lost
this heat which we have gained. On the other
hand, when the water containing the ions
becomes colder, it is the ions which have gained
the energy and the water has lost an equivalent
amount.

2.80 Reactions which give heat energy to us

A. Put white anhydrous copper sulphate powder
to a depth of about 1 ¢m in a test-tube. Hold
a thermometer with the bulb in the powder.
Add water drop by drop. Record the changes
of the thermometer reading.

B. Put about 10 em® of strong aqueous copper
sulphate solution into a wide test-tube or small
beaker. Support a thermometer with the bulb
in the solution. Add magnesium powder (or
ribbon) a little at a time until the blue colour
disappears. What are the changes in the ther-
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mometer reading? Caution. The reaction is
vigorous; do not carry it out in a stoppered
bottle.

C. To a little water in a wide test-tube, add
concentrated sulphuric acid, drop by drop,
down the side of the tube. Stir gently with a
thermometer after the addition of each drop.
What are the changes in the thermometer reading?

2.81 Reactions which make the surroundings
colder

Put 10 cm? of water in a test-tube (see diagram).
Read the temperature of the water. Dissolve
about 2 g of potassium nitrate in the water. The
temperature should fall through 9° C approxi-
mately. This means that, in the process of
dissolving in the water, the particles have absor-
bed energy. This energy has been taken from
the surrounding water in the form of heat.
A similar result can be obtained by using potas-
sium chloride instead.

2.83

2.82 Measuring the heat of a neutralization
reaction
Dissolve 40 g of sodium hydroxide pellets in
water and make up to 500 cm3. This is a 2M
solution (see Chapter One). Also prepare 500 cm?
of a 2M hydrochloric acid solution. Leave the
solutions to cool to room temperature. Note the
actual temperature of the solutions when cool.
Then add the acid to the base quite rapidly and
stir with a thermometer. Note the maximum
temperature reached. The increase of tempera-
ture should be about 13° C. Since the volume
of water has been doubled by adding one solution
to the other, the final solution contains 1 mole
of OH—(aq) ions which redcted with 1 mole
of H+ (aq) ior.s to form 1 mole of water molecules.
For the calculation we must assume that the
specific heat of this moderately weak solution
is the same as that of water, i.e. 1 cal per
degree Celsius. Therefore the heat of neutrali-
zation, or the heat of formation of 1 mole of
water molecules from the ions, is 13,000 calo-
ries or 13 kcal g-equation-1, Since the reacting
particles lost energy by giving this to the
solution, the energy change can be written
AH = —13 kcal g-equation—! (AH means
‘change of heat’).

2.83 Measuring the heat energy given to us by
a copper displacement reaction

Suitable reactions which are neither too vigorous

nor become too hot occur between 0.2 M copper

sulphate solution and iron or zinc. Using zinc,

the equation may be written:

Zn(s) + Cu?t(aq) — Zn%t(aq)  Cu(s).

The use of a polythene bottle for the reaction
prevents some heat loss. Alternatively a glass
vessel insulated with expanded polystyrene may
be used.

Materials required are: polythene bottle,
about 50-100 cm?®, fitted with a bung and
thermometer; 0.2 M aqueous copper sulphate
solution; iron powder (or zinc powder) and a
means of taking approximately 0.5 g samples;
a measuring cylinder for 25 c¢cm® portions.

Put 25 c¢m® aqueous copper sulphate in the
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2.83 Finding the temperature rise of the reacting
solution

bottle. Replace the bung, invert the bottle and
shake it gently (see diagram). Record the tem-
perature of this solution. Put the bottle the right
way up, remove the bung and add about 0.5 g
of zinc dust. (This quantity is in excess and
about twice the amount required by the copper
sulphate, so that some should remain after
the reaction.) Replace the bung, invert the bottle,
and shake gently. Record the highest tempera-
ture reached. Obtain the rise of temperature.
This rise of temperature would be the same
whether 25 cm?® or 50 cm8 or 1,000 cm® of 0.2 M
copper sulphate was used. Fora 1 M solution,
the rise of temperature should be multiplied
by five times. Therefore the heat of the reaction
for 1 g-formula of copper sulphate crystals is
5 K temperature increase ¥ 1,000 calories. Since
the reacting particles lost energy, giving this to
the solution, the energy change can be written:

AH == -5 X temperature increase,
kcal g-equation—1.

Repeat the experiment using 0.5 g of iron powder
or iron filings. This amount is again an excess
so that all the copper sulphate will be used
up. The temperature increases obtained for a
0.2 M solution are usually about 9¢ to 10¢ C
for zine, and 6° to 7° C for iron.
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Electrical energy from chemical reactions

In the preceding experiment zinc metal became
zinc ions and copper ions became copper metal:

Zn(s) + Cu*(aq) — Zn%+aq) + Cu(s).

This is a transfer of electrons from zinc metal
to the copper ion. In order to obtain electrical
energy these electrons must be made to flow
in an external conductor from the zinc to copper.
The potential or voltage will reflect the greater
activity of zinc over copper. The current flowing
will depend on the extent and rate of the reaction.

2.84 Electrical energy from

of copper by zine
Put some strong aqueous copper sulphate solu-
tion into a beaker. Connect copper foil to the
positive terminal of a voltmeter reading up to
5V and a zinc rod (or foil) to the other terminal
(see figure). Dip the two metals briefly into the
copper sulphate solution. Note what changes are
shown on the voltmeter.

The questions that will arise are: What is
the maximum reading? What happens at the
copper rod? What happens at the zinc rod? Why
does the voltage fall to zero after a short time?

the displacement

A zinc

B copper
¢ electron flow
Vv voltmeter

2.88 Making a Daniell cell

In the preceding experiment, copper deposited
on the zinc and caused the reaction to stop.
To prevent this happening a porous pot is used
in the Daniell cell.
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C Using a salt bridge
A copper in copper
sulphate solution
B zinc in zinc sulphate
solution *
¢ salt bridge
v voltmeter

A Introducing a
porous pot
A zinc rod
B copper foil
¢ porous pot
v voltmeter

A. Put 0.5 M aqueous zinc sulphate in the
porous pot. Put a strong solution of aqueous
copper sulphate in the beaker surrounding the
porous pot and fill to the same level as that of the
zinc sulphate solution. Make a cylinder shape
with copper foil and place it in the beaker to
surround the porous pot (see figure). Connect the
copper to the positive terminal of a 1-to 5-V volt-
meter. Connect a zinc rod to the negative ter-
minal and lower the zinc rod into the zinc
sulphate solution. What reading is given by the
voltmeter?

B. Insert a 1.5-V bulb in place of the voltmeter.
Does it light up? Insert an ammeter into the
circuit to find out the amount of current flowing.
Can the current be varied by moving the copper
nearer to the zinc, or by altering the surface
area of the copper foil?

C. If a porous pot is not available, a salt bridge
between the two solutions is almost equally
effective. Make a salt bridge by filling a glass
- U-tube with an approximately 1 M aqueous
potassium nitrate  solution which has been
thickened with agar. Assemble the cell as shown
in the diagram and investigate the voltage, the
effect on a light bulb and the current.

2.86

©

2.86 Investigating an electrode potential order
among the metals
In practice, accurate values of electrode poten-
tials of metals are derived from comparisons
with the hydrogen cell under standardized
conditions. Quite good comparative values can
be obtained using copper and copper sulphate
solution as a standard. :
Filter paper, soaked but not flooded with
copper sulphate solution, is laid on very clean
copper foil, as shown in the diagram. A short
piece of wire is clipped or soldered to the copper
and connected to the positive terminal of the

A specimen metal

B clean copper foil

¢ filter paper soaked in aqueous copper
sulphate solution

v voltmeter
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voltmeter (1 to 5 V). The specimen metal is
gripped tightly by a crocedile clip and this is
connected by a short wire to the negative ter-
minal of the voltmeter. Clean the surface of the
specimen metal and press this firmly on to the
blotting paper. Record the voitage for this
metal. Before testing another metal, clean the
copper again with a fine emery cloth and replace
the used blotting paper with a fresh piece.

If the voltmeter reading is not steady, check
that: the copper surface is clean; the specimen
metal surface is clean; the blotting paper con-
tains enough copper suiphate solution; the speci-
men is held in good electrical contact with the
crocodile clip; the specimen is held firmly on to
the blotting paper.

If the voltage starts at a high value and then
falls, record the highest value. The voltage drops
as a deposit forms on the metal. If the voltage
starts at a low value and increases, wait until
the maximum value is reached. This happens
with aluminium as this metal is generally covered
with a film of oxide which is best removed by
chemical means. Because of this oxide layer the
vojtage reading is initially low and increases as
layer is gradually dissolved away. If aluminium
is briefly dipped into strong hydrochloric acid
and then pressed on to the filter paper, a better
value for aluminium is obtained.

The metals magnesium, tin, lead, iron, zinc
aluminium, silver can be tested by pupils.
Calcium, sodium, lithium, can be demonstrated
safely by the teacher.

2.87 Making a lead accumulator cell
A suitable container is a plastic cup, a small
jam-jar or a 250 cm® beaker. A cover to the
container is an advantage in order to prevent
drying by evaporation when the cell is not in
use. Two sheets of thin lead foil are required,
40 cm long and about 10 cm wide. Two lead
strips about 2 cm wide and 14 cm long are needed
as terminals. These lead pieces require thorough
cleaning by means of wire wool.

Fold the long sheets of lead tightly to the
shorter strips so that they make good electrical
contact. The projecting ends will serve as ter-
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A blotting paper
B lead
¢ terminals

minals. A sandwich is made of alternating strips
of lead foil and blotting paper (see diagram).
When the sandwich is ready it is rolled up quite
tightly, secured round the outside with one or
two elastic bands, and placed with terminals at
the top, in the cup or jar. Mark one terminal
positive, and the other negative. The roll is
covered with a solution of sodium sulphate made
by dissolving 40 g of anhydrous sodium sulphate
crystals in 200 cm® water.

The cell is now ready to charge with electri-
city. This can be done with a 6-volt battery
charger, or with any low voltage direct current
supply giving up to 10 amps. Connect positive
on the charger to positive on the cell. After
only a few minutes charging, the cell will light
a 1.5 volt bulb. Provided that the cell is always
connegted to the charger in the same way, as
described above, the more times it is charged
and discharged, the more efficient it becomes.
There will be enough current to make a small
1 volt electric motor spin round. The cell will
remain serviceable for several months if the
cover is put on when not in use.

2.88 Making a dry cell

A. Set up a cell as shown in the figure using a
carbon rod and zinc foil placed in a 1 M solu-
tion of ammonium chloride. The reaction is
complex, but it can be thought of simply as a
displacement of positive ammonium ions. Use
a voltmeter to identify the positive and negative
terminals. Investigate the voltage generated and
the current which will flow in an external circuit.
Is there enough current to light a 1.5 volt bulb?
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A carbon

B zinc

c NH,* (aq)
v voltmeter

B. Pour some of the ammonium chloride solution
into a crystallizing dish (or any shallow dish)
to a depth of about 2 cm. Add 1 cm® of phenol-
phthalein indicator. Fix a carbon rod and a piece
of zinc foil into crocodile clips attached to
conducting wires. Join the wires together to
make an electrical contact. Dip the carbon and
the zinc into the solution and hold them there
for several minutes. Note any changes around
the electrodes. If a piece of pymolusite (solid
manganese(IV) oxide) is available, replace the
carbon with this and repeat the experiment.

C. Several cells connected together are called
a battery. Investigate commercial dry batteries
of the type used in radios, in torches and in
flash lamps for photography. The voltage given
by a single cell is usually about 1.5 volts. The
maximum current will vary according to the
type. The currents may be investigated using
an ammeter reading up to 10 amperes. Batteries
for radios are designed to give small currents
for long periods. An ammeter connected across
the terminals of such a battery may show a
current of 4 amperes whereas an ammeter
connected directly across the terminals of a
torch battery may show currents of 5 to 6 am-
peres. Flash-lamp batteries, which need to give
large currents for short lengths of time, give
currents larger than the above values when
connected directly to an ammeter, which, in all
the above cases, acts as a short circuit.

D. A ‘dry’ cell can be made from the following
materials:

2.89

1. A zinc can; this can be zinc foil rolled into
a cylinder or a cleaned-up zinc can from an
old battery. Place a piece of blotting paper
so that it covers the bottom of the can.

2. Carbon in very fine form; this is carbon
black or acetylene black.

3. Manganese(IV) oxide, the oxidant.

4. A carbon rod, taken from an old battery.

5. Crocodile clips and leads to fix firmly to the
carbon rod and to the zinc.

6. An aqueous solution of ammonium chloride.

Mix 4 g of carbon black with 10 g manga-

nese(IV) oxide. Stir in some of the ammonium

chloride solution until a thick paste (like soft
clay) is obtained. This takes a little time. Cut
some blotting paper to make a cylinder which
will go inside the zinc can. Place the carbon,
manganese(IV) oxide and ammonium chloride
mixture on this paper, compress it into a cylinder
and wrap the blotting paper around it so that
it just fits into the zinc can. When it is in the
can, carefully pour a little ammonium chloride
solution between the paper and the zinc, in
order to ensure a good contact between the
two. Press the mixture into the can firmly and
tightly. Finally, fix a crocodile clip and lead
to the carbon rod and press this rod into the
centre of the mixture so that it does not quite
touch the bottom of the can. Connect a crocodile
clip and lead to the zinc container. The cell is
ready. 1t should easily light up a 1.5-volt bulb
and run a small 1.5-volt electric motor. Test
the voltage and the current obtained. The carbon
is one of the factors which affects the current
available, as it tends to lower the internal resis-
tance of the cell. (See also experiment 2.150.)

2.89 Observing the movement of copper and
chromate ions

Copper chromate is a compound composed of
two coloured ions, the green/blue positive copper
ion and the orange negative chromate ion. The
movement of the coloured ions towards electroaes
may readily be observed. A 20 volt d.c. supply
will be necessary. The apparatus is shown in the
diagram overleaf.

Copper chromate may be prepared as follows.
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2.89 The movement of ions
A 20 volt d.c. supply
B hydrochloric acid
c boundary
D copper chromate solution

It is precipitated as a solid by adding 100 cm?
of 1 M copper sulphate solution to 100 cm?® of
1 M potassium chromate solution. The solid cop-
per chromate is filtered quickly by using a Buch-
ner funnel, filter flask and filter pump. It is
washed with distilled water and then transferred
from the Buchner funnel to a beaker where it is
dissolved in the minimum quantity of bench dilute
hydrochloric acid. As much urea as possible is
now dissolved in the copper chromate solution in
order to increase the density of the solution
because it is intended that this should form a sepa-
rate heavy layer below a solution of hydrochloric
acid.

First fill the U-tube about one-third full of
dilute hydrochloric acid. Then by means of a
pipette full of the copper chromate solution, and
with the jet of the pipette at the bottom of the
U-tube, very carefully deliver the chromate solu-
tion so that it pushes the hydrochloric acid up and
forms a separate layer below. Take out the pipette
carefully to avoid mixing. The carbon electrodes
should be in contact with the hydrochloric acid,
and also connected to a d.c. supply of approxima-
teiy 20 voits.
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After some minutes, the green colour of the
copper on the negative side, and the orange chro-
mate colour on the positive side, are clearly seen.
Boundaries of these coloured ions will move very
slowly towards the electrodes.

2.90 A simple method of showing movement of ions
This experiment illustrates the movement of posi-
tive coloured ions towards a negative electrode.
The electrolyte conducting solution is held by a
strip of filter paper sandwiched between two
microscope slides. Carbon rods serve as electrodes
to lead the current through the filter paper. This
is shown in the diagram. With a 10 to 20 volt d.c.
supply, it is better to use the width of the slide.
A greater voltage is needed to give satisfactory
results if the whole length of the slide is used.
First a strip of dry filter paper is cut about
{ cm wide. A pencil mark is made across the centre
of the paper. The paper is just moistened with tap
water so that it is damp, but not very wet. The
solution containing the coloured ion, such as
Cu?+ or Co?+t jons, is placed along the pencil mark.
Pupils need patience and skill to apply the ions
along the mark with a fine capillary tube. The dis-
penser shown in the diagram might be easier to
handle. A strip of filter paper 1 cm wide is folded
around a thin piece of plastic material to form a

two microscope slides

pencil mark

filter paper

split cork

wick

thin strip of plastic material
solution containing coloured ion

QmMmoawp»
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firm wick. The wick is wedged between a split
cork and placed in a small test-tube containing the
solution of ion. When using this dispenser, first
touch the wick on to some blotting paper to
remove excess solution and then lightly touch it on
the pencil mark. The strip of filter paper is then
sandwiched between the two slides and the ends
folded round the carbon rods. The slides are held
together by paper clips. The carbon rods are
connected to the 20 volt d.c. supply. After some
minutes the coloured ion will be seen moving
towards the negative electrode. Potassium per-
manganate is an alternative substance to use, and
it is then the coloured permanganate ion which
will move towards the positive electrode.

Finding out what affects the rate of a reaction

2.91 The smaller the particles, the greater the rate
of reaction

Marble chips can be broken up with a hammer

and graded into 3 or 4 sizes: (a) coarse powder;

(b) pieces about half the size of a rice grain;

(c) pieces as large as rice grains; and (d) the origi-

nal lumps of marble chips.

Place four 100 X 16 mm test-tubes in a stand.
Weigh approximately 2 g of each grade (size) of
marble chips and put the four grades separately
into each of the four tubes. Obtain four balloons
and blow them up several times to stretch them.
Put 5 cm? of bench hydrochloric acid into each of
the four balloons and slip the mouth of the bal-
loon over the top of the tube without letting any
acid into the tube. This is shown in the diagram.
When each balloon is in place, tip the acid into
each test-tube at the same time and observe which
balloon is the fastest and which is the slowest
to be blown up. The smallest particles should give
the carbon dioxide in the shortest time. Alterna-
tives to marble chips for this experiment are
granulated zinc, zinc foil and zinc powder, reacted
with acid (caution: hydrogen is produced, see
experiment 2.33); or aluminium foil and alumi-
nium powder. Pupils might think of aiternative
reactants. Plastic bags are an alternative to bal-
loons, but extra care is needed to fasten them
to the test-tube.

292

i

Instead of collecting the gas in a balloon or
plastic bag, a more accurate method would be to
collect the gas in a burette inverted over water and
compare the volume of gas given off in unit time
for each grade of marble chips. Another accurate
method is to stand a conical flask containing the
marble chips and acid on a balance and record the
loss in mass every half minute. Carbon dioxide is
a heavy gas and most balances will enable the loss
in mass to be found as the gas escapes.

2.92 Increased concentration of reactants increases
the rate of reaction
The reaction between sodium thiosulphate and
hydrochloric acid can take a noticeable time.
Sulphur is produced during the reaction making
the solution cloudy. The rate of reaction can be
found by finding the time taken to reach a certain
degree of cloudiness in the solution. The degree
of cloudiness in this case may be defined as the
point at which a black cross marked below the
reaction vessel can no longer be seen by looking
through the solution from above. This is illus-
trated in the diagram.
A
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In this experiment the concentration of sodium
thiosulphate is made variable, whilst the concen-
tration of acid is kept constant. Sodium thiosul-
phate may be bought as ‘hypo’ which is used in
photography. Make up 500 cm® of aqueous solu-
tion containing 20 g sodium thiosulphate. 2 M
hydrochloric acid is also needed. Bench dilute acid
is usually of this strength. Using a measuring
cylinder, put 50 cm?® of thiosulphate solution into
a 100 cm?® beaker. Place the beaker on a black
cross marked on a sheet of paper. Add 5 cm?® of
the acid and note the time given by the second
hand of a clock. Stir the acid into the solution.
Note the time when the cross is no longer visible
through the sulphur in the solution.

Repeat the experiment with a smaller concen-
tration of thiosulphate. Take 40 cm® of thiosul-
phate so'ution and add 10 cm? of distilled water.
Stir and then add 5 cm? of acid as before. The time
for the cross to become invisible should be greater
than for the last experiment. Repeat the experi-
ment using 30 cm?, 20 cm® and 10 cm? of thio-
sulphate mixed with 20 cm?, 30 cm® and 40 cm?®
of distilled water.

Pupils might plot concentration of the thio-
sulphate solution against time taken for the
reaction. Concentration values may be taken as
the volume of the original thiosulphate solution
used. Since 1/time (or the reciprocal of time) is the
measure of the rate of the reaction, pupils might
also plot thiosulphate concentrations against
1/time.

The equation for the reaction can be written as:
Na,S,05(aq) + 2HClaq) —

> H,O(I) -+ SO,(g) - S(s)
(aq == aqueous solution; ! -= liquid; g = gas,
s == solid).

2.93 Investigating the effect of temperature on the
rate of a reaction
The reaction in experiment 2.92 may equally well
be used for investigating the etfect of temperature.
Start with a weaker solution. Put 10 cm3 of sodium
thiosulphate solution into the 100 cm?3 beaker and
stir in 40 cm3 of water. Use this concentration for
the series of experiments with the temperature of
the solution as the variable. Add 5 cm? of acid as
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before and record the initial time and the temper-
ature of the solution. Record the final time when
the black cross below the beaker is no longer
visible.

Repeat the experiment, each time warming the
thiosulphate solution to just over 30° C, 4¢° C,
50° C and 60° C. The actual temperature of the
reaction must be taken after adding the 5 cm? of
acid at the start of each experiment. The reaction
goes faster at the higher temperatures. Pupils
might plot a graph of temperature of reaction
against time for the black cross to become invis-
ible. As before, they might also plot a graph of
temperature against 1/time.

2.94 The effect of catalysts on the rate of reaction
The variable in this reaction is the substance used
as a catalyst in the decomposition of an aqueous
solution of hydrogen peroxide. Hydrogen pero-
xide can usually be purchased in a chemist shop
or drugstore as hair bleach.

Set up the apparatus as shown in the diagram
with the burette filled with water as in a standard
water displacement experiment. 2 c¢cm® of 20-
volume hydrogen peroxide will give enough oxy-
gen almost to fill the burette. Weigh out | g each
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of copper(Il) oxide, nickel oxide, manganese(IV)
oxide and zinc oxide. Put 50 cm? of water in the
flask and add 2 cm? of hydrogen peroxide solu-
tion. Add the 1 g of copper oxide. Immediately
insert the bung with the delivery tube into the
flask. Time the volume of oxygen given off at
intervals of 15 seconds. Pupils might plot the
volume of oxygen produced every 15 seconds
against the time of the reaction.

Repeat the experiment using the other oxides
as catalysts. Pupils might plot a graph for each
experiment. They should now be able to discuss
why manganese(IV) oxide is usually used as a
catalyst in this reaction.

Pupils should try to find evidence that the
catalyst is not used up during the reaction and
also evidence that a catalyst may slow down a
reaction as well as speed it up.

The breakdown of large molecules to small mole-
cules

2.95 The breakdown of starch to sugar
Starch can be recognized by the deep blue colour
which develops when it is in contact with iodine
solution. This is a very sensitive test. Sugar does
not react with iodine, but sugar will reduce copper
D) in Fehling’s solution to red copper(l) oxide,
and this is also a sensitive test. Starch does not
react with - Fehling’s solution. Saliva contains
enzyme catalysts which convert starch to sugar.
This experiment investigates the progress of this
reaction.

Put about 10 cm?® of dilute starch solution into
a test-tube. Add to this 1 cm?® of saliva and stir
this into the starch solution. Record the time of
adding the saliva. At 2-minute intervals, remove
2 or 3 drope by means of a dropper and put them
on a clean white tile, taking care to keep them
from running into each other. The dropper must
be washed well between each test. Put a little
iodine solution on each drop. The decreasing
intensity of the blue colour indicates that starch
is being used up.

Test for increasing amounts of sugar at the
same time as testing for starch. To do this, put
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2 or 3 drops of the reaction mixture into a small
test-tube. Add 3 cm® of Fehling's solution and
warm this mixture almost to boiling point. The
test should show that the amount of sugar is
increasing. The enzyme in the saliva is therefore
slowly breaking starch down into sugar, which is
a smaller molecule.

In a previous experiment yeast was used to
break down sugar into ethanol, which is an even
smaller molecule. Living veast, which is a variety
of fungus, produces enzymes which act as cata-
lysts in the conversion:

enzyme
CeH1204 - - -~ > 2C,H,OH + 2CO,
a simple ethanol
sugar

2.96 Breakdown of ethanol to ethene (ethylene)
Absorb ethanol on to some cotton wool or asbes-
tos wool and push this to the bottom of a hard-
glass test-tube. In the middle of the test-tube pack
small pieces of unglazed porcelain. Fit a delivery
tube to collect ethene gas over water as shown in
the diagram. Have 3 test-tubes ready to collect
ethene.

First heat the porous pot strongly and then

A ethanol absorbed on cotton wool
B porous pot or unglazed porcelain
c ethene gas
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gently warm the cotton wool to produce some
ethanol vapour. This vapour will break down over
the hot porous pot to produce ethene gas and
water vapour. The ethene is insoluble in water
{unlike ethanol) and will collect in the test-tubes.
Test the 3 samples by: {a) burning ethene;
{b) shaking with a few drops of dilute potassium
permanganate solution made alkaline with sodium
carbonate solution (the colour should disappear);
(c) shaking with a little bromine water (the colour
again disappears). If pupils attempt this experi-
ment they must take care to disconnect the deli-
very tube when they stop heating to avoid a suck-
back of water on to the hot porous pot.

2.97 Breaking up a polymer into small molecules
Experiments 2.95 and 2.96 illustrate the break-
down of solid starch to solid sugar and then to
liquid ethanol and gaseous ethene. Usually the
smallest molecules are gaseous or liquid at room
temperature and the large molecules are solids.
Perspex and polystyrene are solid polymers which
can be broken down to smaller molecules by heat.
Put some pieces of perspex or polystyrene in
a hard-glass test-tube. Connect a delivery tube as

2.97 From large molecules to small molecules
A perspex or polystyrene
B receiving tube
¢ cold water
D a liquid collects
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shown in the diagram. The collecting test-tube
must be cooled thoroughly with cold water as the
fumes are harmful. Gently heat the test-tube
containing the perspex. The polymer will melt and
give off vapours which are collected in the receiv-
ing tube. Heating must be carefully controlled
to enable all the fumes to be condensed in the
receiving tube. A liquid is obtained. (This sug-
gests that the polymer has been broken down by
heat to smaller molecules.} The liquid does not
return to the solid state unless a catalyst is used.
The specific catalysts are not usually available in
school laboratories.

2.98 Investigating the common elements in foods
A. Collect small pieces of different foods together,
such as cheese, bread, flour, sugar, leaves, maize.
Heat a piece of each, about the size of a rice grain,
on a tin lid or metal bottle top. Hold the lid with
tongs. Which element is always left on the lid?
Is it carbon?

B. Heat small amounts of food with copper oxide
in a small test-tube. Copper oxide releases oxygen
to the food. Test the gas in the test-tube with

f

i

A food and soda lime
B moist litmus paper
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lime-water by withdrawing a little gas in a teat
pipette and bubbling the gas through lime-water,
Is water also condensed on the cooler parts of the
tube?

C. Put a small amount of crushed food in a test-
tube with 3 spatula measures of soda-lime. Mix
them thoroughly and then heat as shown in the
diagram. Is it possible to smell ammonia at the
mouth of the fube? What colour does the litmus
paper go? If the food does give off ammonia gas
in this reaction, do pupils understand that the
nitrogen in the ammonia must have come from
the food?

2.99 Obtaining a gas fuel from wood

Set up the apparatus shown in the diagram. Heat
some sawdust in the hard-glass test-tube, gently
at first, and then very strongly until almost red-
hot. After a while the gas coming out of the jet
can be ignited. Wood gas burns. The sawdust is
heated without air in the test-tube. The residue is
charcoal. Can pupils suggest any use for the subs-
tances condensing at A?

2.99 Charcoal and a gas fuel from wood
B water to dissolve soluble gases
¢ loosely packed soda lime to absorb
water vapour

2.102

Building up molecules

2.100 Extracting casein from milk

Separate some milk from the cream, and put
100 cm?® of this milk into a beaker. Warm it to
about 50° C and add acetic acid or vinegar until
casein ceases 1o separate out. Remove the lump of
casein and squeeze it with the fingers to free it
from liquid. Work it in the fingers until it becomes
rubbery. Casein is a protein polymer containing
nitrogen atoms. If left in formalin solution it har-
dens. It can be moulded and made into buttons.

2.101 A urea-formaldehyde resin

Place 2 ¢cm® of 409, formaldehyde solution
in a boiling-tube and add about 1 g urea. Stir
until a saturated solution is obtained. Add one or
iwo drops of concentrated sulphuric acid. The
mixture suddenly hardens as it builds up to a large
molecule. Extract it and wash very thoroughly.
This is a condensation polymer.

2102 A formaldehyde-resorcinol resin

Put 5 om® of 459, formaldehyde solution into
a small beaker. Add 2 g resorcinol and mix
very thoroughly with the formaldehyde. Add a
few drops of concentrated hydrochloric acid and
stir. The mixture will suddenly harden as the
molecules build up into larger molecules. Extract
this resin and wash very thoroughly. This is also
a condensation polymer.,
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Heat and temperature

Heat as energy

2.103 Temperature rise resulting from heat energy
intake
The amount of energy in the form of heat absorbed
by different quantities of the same substance
" depends upon. their respective masses. Place a
large iron bolt and a small nail in a beaker of hot
water to bring them to the same temperature. Fill
two beakers with equal masses of water at the
same temperature. Then place the bolt in one
beaker and the nail in the other. Record the tem-
perature of the water in each beaker after one

minute. The differing amount of heat in the two

objects accounts for the difference in temperature
change of water in the two beakers (see diagram).

2.184 Transfer of kinetic energy to heat energy

A small piece of lead sheet, 5 cm® by 1 mm or
thinner, is wrapped around one end of a piece of
thin iron wire (25 ¢m long and 20 gauge, see
figure). Hold the other end of the wire, with the
lead resting on an anvil (an iron kilogramme
weight will serve for this). Hit the lead several
times in rapid succession with a hammer, Pro-
vided the lead is not more massive than suggested,
the temperature will rise.
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Expansion

2108 The ring and plug experiment

Obtain a large wood screw and a screw eye
through which the head of the screw will just pass
(the eye may be fashioned out of heavy wire).
Screw each part into the end of a stick, but leave
at least 2.5 cm of metal protruding (see diagram).
Heat the head of the screw in a flame for a while
and then try to put it through the screw eye.
Keep the screw hot and heat the screw eye in the
flame at the same time. Now try to put the screw
head through the screw eye. Keep the screw head
in the flame. Cool the screw eve in cold water.
Again try to put them together. Next cool the
screw head and try again.

2,106 The expansion of a solid when heated
Obtain a piece of stout copper tubing about
2 m long. Lay it on a table and fix one end by a

A copper tubing

B clamp

¢ Knitting needle or bicycle spoke
p balsa wood pointer
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clamp. Underneath the other end put a piece of
knitting needle or bicycle spoke with a right angle
bend at one end to act as a roller."A thin strip of
balsa wood about 1 m long fixed to the roller by
sealing wax will show any movement of the rod
resting on it (see diagram). Blow steadily down
the tube at the fixed end, and the expansion of the
tube caused by the hot breath will be detected by
this arrangement. Now pass steam through, and
note the motion of the pointer. Damage to the
table top can be avoided by placing a sheet of
asbestos under the copper tubing. Try the experi-
ment with different types of tubing.

2.107 A bimetallic strip

A pair of iron and brass strips, riveted together,
will bend when heated because of the difference of
expansion. Make the holes with a nail and fix
small tacks as rivets (see figure). Another way of
fastening the strips together is to cut them with
projections at equal intervals and bend the pro-
jections over to interlock.

2.108 Expansion of liquids

Fit two or three similar medicine bottles with
corks and tubég. Fill them with liquids of different
viscosity and immerse them in a pan of hot water
(see diagram). The rise inside the tubes will indi-
cate the difference in expansion rates.

2.109 Expansion and contraction of a liquid

Place some coloured water in a flask. Insert a
one-hole stopper and glass tube so that it extends
downward into the fluid and upward about 30 to
60 cm (see diagram). Pour warm water over the
flask and the water rises in the tube. Pour cold
water and the water drops inside the tube.

2.110 Qualitative examination of expansion of air
Air is trapped in the flask by means of a small
bead of oil in the glass tubing (see diagram).
Gentle heating with the hand will produce a
sufficient temperature rise to cause the oil drop to
move up the tubing. Then plunge the flask first
into cold and then into warm (not hot) water. In
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place of the flasks, glass test-tubes and corks with
capillary tubing could be used.

2.111 The expansion of air

A. Stretch a rubber balloon over the neck of a
flask. Heat the flask gently with a candle or an
alcohol flame.

B. Partially inflate a balloon. Hold it over a hot
plate or place it in the warm sun for a while, and
observe the result.

Thermometers

2.112 Is your temperature sense reliable ?

Fill three pans with water. Have one at the highest
temperature you can bear your hand in. Fill a
second one with ice-cold water. The third should
be lukewarm. Put both hands in the lukewarm
water and hold them there for about half a
minute. Does the water seem to be the same tem-
perature for both hands? Does it feel hot, cold or
neither? Next place your left h#fd in the hot
water and your right hand in the icy water for a
minute. Quickly dry your hands and plunge both
into the lukewarm water again. How does the
right hand feel? Do they feel the same as when in
the lukewarm water before? What do you think
about your temperature sense?

2.113 How a thermometer works

Fill a flask with water coloured with ink. Insert a
one-hole stopper carrying a 30 cm length of glass
tubing until the water rises about 5 or 6 cm in the
tube. Place the flask on a tripod over a heat
source and observe the water level as you heat it.
The water expands more rapidly than the glass
and rises up the tube. Careful observation will
reveal that the water level drops at the moment
heating is begun, and then it begins to rise. This is
because the glass bulb starts to expand before the
water inside reaches the temperature of the glass.

2.114 Making a spirit thermometer

To make a simple alcohol thermometer accurate
enough for most purposes, use 20-30 cm of glass
tubing of about 5 mm external diameter with
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A alcohol
B water at 600 C

about 1 mm bore. A bulb of about 1.5 cm external
diameter is first blown in one end of the tubing
(see diagram). The tube is inverted and the open
end is placed in aicohol. The bulb is alternately
heated and cooled. After each cooling the alcohol
drawn into the tube is shaken into the bulb. In
this way the thermometer is filled with alcohol,
care being taken to remove any air bubbles. The
bulb of the thermometer is then placed in water
at 60° C, which is slightly below the boiling
point of alcohol. The excess alcohol is removed
from the top of the tube as it oozes out. Now
seal the open end with a hot flame. Caution:
great care must be taken when sealing the tube.
Calibrate the thermometer by placing it in water
at different known temperatures.

2.115 Testing a thermometer

Thermometer scales are marked at two fixed
points, i.e. boiling-water temperature and the
temperature of melting ice. Obtain a thermometer
and place it in steam immediately above the sur-
face of water boiling in a flask. Leave it there for
several minutes and notice how closely it reads
100° C or 212° F. Note. If you live at a high
altitude, the temperature of boiling water may be
well below 100° C or 212° F because of the reduced
atmospheric pressure. The thermometer will read
exactly 100° C only at sea level or where the baro-
meter reading is 760 mm of mercury. Remove the
thermometer from the steam, allow it to cool for
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a few moments, and then place it in a jar of mel-
ting ice. Now observe how nearly it reads 0° C
or 320 F,

2.116 A simple thermoscope
Flasks, or cut-off light bulbs, can be used to
construct this apparatus (see diagram). Fit both

bulbs with corks and tubes about 15 cm in length.
Pass the lower ends of the tubes through flat corks
and, having made holes about 22 cm apart in a
suitable baseboard, glue the tubes in a vertical
position and connect the open ends by rubber
tubing. Remove one bulb and blacken the other in
a candle flame. Pour liquid into the U-tube so
formed until the level is about 7 cm above the
baseboard. Replace the clear bulb and slide the
tube in or out a little so that the liquid remains
level. Place a candle equidistant between the bulbs
and wait for results.

Conduction

2.117 How heat losses can be red iced

Obtain four large tin cans of equal size and four
smaller tin cans of equal size. Put three of the
small cans inside three of the larger ones and pack
insulating material under and around each of the
smaller cans. Pack one with shredded newspaper,
the second with sawdust and the third with ground
cork (other insulating materials may be substituted
if more convenient). Inside the fourth large can,
place the small can resting on two corks. Fit paste-
board covers to each can. Make a hole in each
cover for a thermometer. Now fill each small can
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to the same depth with water that is nearly boil-
ing. Record the temperature of the water in cach
can. Take the temperature of the water in cach
can at 5-minute intervals and notice which is the
best insulator, as indicated by the slowest rate of
cooling. Cooling curves may be drawn by plotting
temperature versus time for each situation.

2.118 Conduction with a metal gauze

Hold a piece of metal gauze in an alcohol or gas
flame. Observe that the flame does not go through
the screen because the heat is conducted away
from the flame by the wires. If you have gas in
your room, place a burner under a tripod and
cover it with a wire screen. Turn on the gas and
light it above the screen. You will observe that the
gas burns only above the screen because the
screen conducts away the heat and keeps the gas
below it from reaching its kindling temperature.
This observation gave Sir Humphry Davy his
idea for making the miners’ safety lamp which
does not ignite explosive gas found in coalmines.

2.119 A model Davy lamp

The traditional experiments on the conductivity
of wire gauze can be followed by an improvised
Davy lamp (see diagram). A candle enclosed in a
cylinder of wire gauze does not light a jet of gas
played on it from a rubber tube. A block of wood
or plasticine is used as a base. Caution. Do not

leave the gas jet turned on for extended periods.
Disperse the released gas by ventilating the room.

2.120 Snuffing out a candle flame with a copper coil
Place a coil of heavy copper or aluminium wire
over the flame of a small-sized candle (see
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figure). Why does the flame go out? A candle
flame can be snuffed out by depriving it of oxygen:
in this case, however, the oxygen can easily get to
the flame. The fire goes out because the wire
conducts the heat away from the flame so fast that
the temperature is lowered below the kindling
point. This shows that copper and/or aluminium
are good conductors of heat. If the flame is too
large, it will produce heat energy too rapidly to be
carried away by the coil. If the coil is already hot
before the experiment, the temperature of the
flame may not be lowered enough to put it out.

2.121 Metals are good conductors of heat

Hold a piece of paper above a candle flame: it
will char if brought near. Place a metal coin on
the paper and repeat the experiment: the metal
will conduct the heat away and leave a pattern on
the paper.

2.122 Conduction in a metal bar

Obtain a bar of copper, brass or aluminium at
least 30 cm long. Place blobs of melted paraffin
wax at 3 cm intervals. While the paraffin blobs
are still soft, push the pointed ends of nails or
tacks into them. Heat one end of the box with a
flame. Observe the evidence that heat moves
along the bar by conduction.

2.123 Water is a poor conductor of heat*

Hold the bottom end of a test-tube of cold water
in the hand. Heat the top in a bunsen flame until
it boils. The fact that you can still hold the bottom
shows water to be a poor conductor of heat.
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Convection

2.124 Convection in a test-tube

-Fill a hard glass test-tube with cold water. When

the water is still, drop in a single, very small
crystal of potassium permanganate so that it falls
to the bottom, leaving little colour. First the test-
tube should be held in the bare fingers, near the
top of the water but not above water level. It
should then be heated with a bunsen flame at the
bottom of the tube as long as it can be held with
bare fingers. The bunsen flame should not be too
vigorous. The test-tube should be emptied, cooled,
washed and filled again with cold water. When at
rest, a very small crystal of potassium permanga-
nate dye is again added without stirring. This time
the tube is held at the bottom with bare fingers
and heated with the bunsen flame near the top of
the tube, just below the water surface. Heating
should continue as long as the tube can be held.
Caution. Remember that some children, whose
skin is easily burned, do not notice much pain
during the original contact. Therefore, although it
is very important for children to feel the tempera-
ture changes directly, warn them to be careful
not to hold the tube when it feels too hot for
comfort. Test-tube holders—or their equivalent
made from folded pieces of paper—spoil this
experiment.

2.128 Convecrion currents in water

Fill a large jar with cold water and weigh it
accurately on a balance. Empty the jar. Fill the
jar with exactly the same volume of hot water
and weigh. You will observe that the jar of warm
water weighs less. Volume for volume, cold
water is heavier than warm water; so when water
is heated convection currents are set up, the
warm water being lifted, because of buoyancy,
by the cold surrounding water. In other words,
hot water is less dense than cold, and this is the
cause of convection currents in a liquid.

2.126 Another way to show convection currents in
water

Fit an ink bottle or paste jar with a cork carrying

two pieces of glass tubing, as shown in the dia- -
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gram, but for best resuilts one piece of tubing
should be drawn out to a jet like the end of a
medicine dropper. This tube should be put just
through the cork and should extend about 5 cm
above it. The other tube should be just level with
the top of the cork and extend nearly to the
bottom of the bottle. Fill the bottle with very hot
water that has been coloured deeply with ink.
Now fill a large 'glass jar such as a battery jar
with very cold water. Rinse off the ink bottle and
quickly place it on the bottom of the large jar.
Observe what happens. Can you explain this?

2.127 Convection currents in air

Obtain a disc of thin tin from the end of a cylin-
drical tin can. Cut four blades all round the disc
and pivot it on a bent knitting needle (see dia-
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gram). Hold the disc above a candle flame, and it
will revolve rapidly. A paper spiral supported on a
knitting needle will revolve in a similar way.
Another way of showing air currents is by making
use of the difference in refractive index of warm
and cold air. A car bulb without reflector will
cast ‘shadows’ of convection currents from an
electric heater.

2.128 Convection currents and ventilation

Obtain a box with grooves for a lid and cut a glass
window which slides in the grooves to make an
air-tight fit. Alternatively, use any box for which
you can improvise a tight window. Bore four
holes in each end (see diagram). Each end repres-
ents a window. The top holes of each side are
the top halves of each window. Put four candles
in the box, light them and close the sliding glass.
You are now ready to study the best conditions
for ventilation. By putting solid corks in the
openings close completely both windows and
observe the candles for a while. Now try diffe-
rent combinations of opening: one window open
at the top and bottom, i.e., all four holes in one
side open; one window open at the top and the
other at the bottom; both windows open at the
top; one open at the bottom; both open at the
bottom; one open at the top. Which window
openings provide the best ventilation? (See also
experiment 4.120.)

2.129 Temperature at which water attains its
maximum density

Put a large piece of ice into a glass of water.

Arrange two thermometers so that they measure

the temperatures near the top and the bottom of
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the water. It will be noticed that the water cooled
by the ice falls to the bottom; this continues until
the water at the bottom of the glass reaches a
temperature of about 4° C. It will stay at this tem-
perature for a long time, the colder Water remain-
ing higher up near the ice. From this it can be
deduced that the water at 4° C is denser than the
water at 0° C. This curious behaviour of water is
of great practical significance in nature, and
explains why a pond freezes from the surface
downwards while the bottom seldom falls below
40 C. (See also experiment 4.59.)

Radiation

2.130 Heat transferred by radiation

Heat can be transferred by wave motion, even
across a vacuum. This is called radiation. Heat
travels by radiation almost instantaneously. Hold
your hand under an unlighted electric bulb, palm
upward. Turn on the electricity. Can you feel the
heat almost as soon as you turn on the bulb? The
heat could not have reached your hand so quickly
by conduction because air is a very poor conduc-
tor of heat. Neither could it have reached your
hand by convection because this would have
carried the heat upward away from your hand. It
actually came to your hand carried by short elec-
tromagnetic waves of wave length longer than
light. Radiation carries heat in every direction
from the source. Put a piece of glass between a
light bulb and your hand to block any movement
of air. You will still feel the radiated warmth.

2.131 Radiant heat waves can be focused

Hold a reading-glass lens in the sun and focus the
rays to a point on a wad of tissue paper. Observe
that the tissue paper catches fire from the focused
heat rays. Try the effect of using tissue paper
blackened with indian ink or soot. Does it catch
fire more readily?

2.132 Radiant heat waves can be reflected

Heat tissue paper with a reading-glass lens as
above, and note the distance from the reading
glass to the tissue paper. Place a tilted mirror
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about half way between the lens and the paper.
Feel about with your hand above the mirror until
you find the point where the heat waves are
focused. Hold a bit of crumpled tissue paper at
this point with forceps and see if it will catch fire.

2.133 Passage of heat radiation through glass
Hold your cheek about 25 cm away from the
hole in an asbestos sheet which is fixed in front of
a heating element (the sun can also be used). The
hole should be level with the glowing part of the
heating element. A glass plate should be inserted
between the cheek and the hole. Then it should be
taken out and put back, noting what you feel.
The experiment may be repeated using two sheets
of glass plate held together.

2.134 Different kinds of surfaces affect radiation
Obtain three tin cans of the same size. Paint one
white, inside and out, and another black; leave
the third one shiny. Fill the three cans to the same
level with warm water at the same temperature.
Record the temperature. Place cardboard covers
with holes for thermometers on each can, set them
well apart on a tray, and then put them in a cool
place. Record the temperature of the water in
each can at 5 minute intervals. Was there a differ-
ence in the rate of cooling? Which surface was
the best radiator of heat? Which was the poorest?
Empty the cans to the same level. Next fill them
with very cold water, record the temperature,
cover the cans and place them in a warm place or
in the sun. Record the temperature of the water at
S-minute intervals. Which surface was the best
absorber of heat? Which the poorest?

Quantities of heat

2.135 Heat and temperature: the idea of a calorie
Suspend a tin containing 50 cm?® of water and a
thermometer over a small bunsen flame or a
candle. Record the initial temperature. Heat it
for 2 minutes, constantly stirring, and record the
final temperature in degrees Celsius. Empty out
the water and repeat the experiment with 100, 150,
200 cm® of water, using the same flame. It is
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sufficiently accurate to count 1 cm® of wateras 1 g.
Find the product of mass of water multiplied by
rise in temperature in each case. As the same heat
is given out by the flame to each mass of water,
the resiit suggests that a convenient unit of heat
would be that absorbed by 1 g of water rising in
temperature by 1°C. This unit is called a gramme
calorie.

2.136 Calorific value for fuel

As fuels vary greatly in their heating effect, it is
useful to have some way of indicating their rela-
tive effectiveness. A suitable index is the number
of calories given out when 1 g of the substance

Magnetism and electricity

Static electricity

2.137 Obtaining electricity by rubbing things tc-
gether

Make a pile of finely divided cork particles by
filing a cork. Cut up some thin paper into small
pieces. Obtain a plastic comb, ‘a plastic pencil, a
plastic fountain pen, a piece of wax, a rubber
balloon, a glass or china dish and any other non-
metallic objects you may find. Rub each of these
things briskly with your hair or a piece of fur and
then bring near the pile of cork particles (see
figure). Rub again and bring near the pile of thin
paper. Observe what happens. Repeat the experi-
ment, rubbing each article in turn with a silkcloth.
Repeat using a piece of flannel.
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burns completely: this is called the calorific value.
Hang a small can from a stand by means of wires.
Pour 100 cm?® of cold water into it, and take the
temperature. Place a small piece of candle on a tin
lid and weigh it. Now place it under the can of
water and light the wick. Stir the water with the
thermometer and when the temperature reaches
60° C blow out the flame and weigh the tin lid and
candle again. The mass of water (in grammes)
multiplied by the rise in temperature (in °C) gives
the calories produced, and the mass of candle
consumed can be found from the weighings. The
calorific value can be calculated from these two
quantities.

2.138 Attracting water to a comb

Adjust a tap so that a very thin stream of water
flows from it. Now give a comb a charge by run-
ning it through the hair several times. Hold the
comb 2 or 3 cm from the stream of water. The
water is strongly attracted by the charge on the
comb.

2.139 The balloon stays put

Blow up a toy balloon and rub it briskly with a
piece of fur. Place it against the wall and observe
that it stays where you place it. Repeat, rubbing
the balloon on your hair.

2.140 Repulsion with balloons

Blow up two balloons and tie with strings about
one metre long. Rub the faces with fur. Hold the
strings together and observe how they repel. Put
your hand between them and observe what
happens. Bring one of the balloons near your face.
Repeat, using three balloons.

2.141 The newspaper stays on the wall

Spread out a sheet of newspaper and press it
smoothly against a wall. Stroke the newspaper
with a pencil or your hand all over its surface
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LR it

several times. Pull up one corner of the paper and
then let it go (as shown in the diagram). Notice
how it is attracted back to the wall. If the air is
very dry, you may be able to hear the crackle of
the static charges.

2.142 A static electricity detector

Cut a strip about 2 cm by 10 ¢cm from thin card-
board. Fold it in half lengthwise and balance it on
a pencil point, as shown in the diagram. The pencil

ol

Magnetism and electricity 90

point should indent but not perforate the paper,
so that the paper can turn easily. Charge a comb
by rubbing on hair or wool and hold it near one
end of this detector. See what happens. Try other
rubbed objects.

2.143 A pith ball indicator

Obtain some pith from the inside of a plant stem.
Dry the pith thoroughly and then press it tightly
into small balls about 5 mm in diameter. Coat the
pith balls with aluminium, colloidal graphite or
gold paint. Attach each pith ball to a silk thread
about 15 cm in length, Make a wooden stand for
the pith ball (see 2.146 B). Bring objects rubbed
with silk, fur or flannel near the pith ball and
observe how it behaves. Such a pith ball system is
called an electroscope. In place of pith balls you
can use grains of puffed rice, expanded polysty-
rene (styrofoam) balls, ping-pong balls, or any
light objects. The main thing is to make them
conduct electricity by coating with metallic paint.
The white of an egg should be used as an adhesive
to hold powdered aluminium to the surface.

2.144 Metal foil ball electroscope

Roll up about 6 cm? of metal foil from a cigarette
or chewing-gum packet into a ball of about 6 mm
diameter. Use an adhesive to attach it to a piece of
silk or nylon thread about 8 cm long. Secure the
free end to a ball pen or other insulator and rest
the pen across the mouth of a jam jar so that the
ball hangs clear of the side (see diagram). Bring
any charged body near the ball; it should first be
attracted and then jump away. Now rub another
plastic pen on a celluloid set-square or protrac-
tor. Hold the pen near the ball and let it take a
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