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DT els U s e d by v^ikeixast leimsts 
Acid: a hydrogen-containing compound 
that releases hydrogen ions in solution. 

Alloy: a material made up by combining 
two or more metals. 

Ana lys i s : breaking down a compound 
into two or more substances. 

A n h y d r o u s : free from water. 

A t o m : the smallest unit of an element 
that can enter into the making of a 
chemical compound. 

Atomic we igh t : the weight of an atom 
compared with the weight of an oxygen 
atom set at 16. 

Base : a compound containing the hy­
droxide group (OH). 

C a t a l y s t : a substance that helps in a 
chemical reaction without itself being 
changed. 

Chemica l c h a n c e : a change of a sub­
stance into another substance having 
different properties. 

C h e m i s t r y : a branch of science dealing 
with the compositions of substances and 
the changes that can be made in them. 

C o m b u s t i o n : burning; a chemical 
change that produces heat and light. 

C o m p o u n d : a substance consisting of 
two or more different kinds of atoms in 
definite proportions by weight. 

Crys t a l : a solid in which atoms or mole­
cules are arranged in a definite pat tern. 

Dens i ty : the weight of a liquid or a 
solid in grams per cm3 or milliliter. 

D i s t i l l a t e : a liquid that has been turned 
into vapor and again cooled into a liquid. 

D i s t i l l a t ion : the process of producing 
a distillate. 

Duc t i l e : capable of being drawn out into 
a wire. 

Electrolysis : breaking down a substance 
by passing an electric current through il. 

E lec t ro ly te : a substance that, when in 
a solution or when melted, will conduct 
an electric current. 

E l e m e n t : a substance that contains only 
one kind of atoms. 

E q u a t i o n : a complete description of a 
chemical reaction by the use of symbols, 
formulas, and signs. 

E v a p o r a t i o n : the changing of a sub­
stance into vapor: also the process of re­
moving water by heating. 

F i l t r a t e : a liquid obtained by filtration. 

F i l t r a t i o n : the process of straining a 
liquid from a solid through porous mate­
rial. usually filter paper. 

F o r m u l a : a group of symbols and num­
bers giving the composition of a com­
pound. 

H y d r a t e : a compound containing loosely 
bound water of hydration (water of 
crystallization) that can be driven off 
by heating. 

H y d r o x i d e : a compound that contains 
the hydroxyl (OH) radical. 

I o n : an electrically charged atom or 
group of atoms (radical). 

.Malleable: capable of being hammered 
or rolled into a thin sheet. 

M a t t e r : anything that lakes up space 
and has weight. 

M e t a l : an element that is a good con­
ductor of electricity, has luster, and 
whose oxide forms a base with water. 

M e t a l l o i d : an element that has proper­
ties of both metals and nonmetals. 

M i x t u r e : a mingling of substances not 
combined chemically. 

M o l e c u l a r w e i g h t : the sum of the 
atomic weights of the atoms that make 
up a molecule of a compound. 

M o l e c u l e : the smallest unit of a com­
pound tha t can exist in the free state. 

N e u t r a l i z a t i o n : the reaction of an acid 
and a base to give a salt and water. 

N o n m e t a l : an clement that is a poor 
conductor of electricity", does not have 
luster, and whose oxide forms an acid 
when combined with water. 

Organ ic c h e m i s t r y : the chemistry of 
the carbon compounds. 

Ox ida t ion : the process by which a sub­
stance combines with oxygen. 

P r e c i p i t a t e : an insoluble solid formed 
in a solution by chemical reaction. 

Rad ica l : a group of atoms that behave 
chemically as a single atom. 

R e a c t i o n : a chemical change. 

R e d u c t i o n : removal of oxygen; the op­
posite of oxidation. 

S a l t : compound (other than water) 
formed by the reaction of an acid and 
a base. 

S a t u r a t e d s o l u t i o n : a solution that 
contains the maximum amount of solute 
under the conditions. 

So lub i l i t y : the number of grams of a 
solute needed to make a saturated so­
lution in 100 grams of solvent. 

S o l u t e : the substance dissolved in a 
solvent. 

S o l u t i o n : a non-settling mixture of a 
solute in a solvent. 

So lven t : a liquid in which a solute is 
dissolved. 

S u b l i m a t i o n : a process b\" which a sol­
id is turned into vapor and again cooled 
into a solid without passing through a 
liquid stage. 

S u b s c r i p t : a small numeral indicating 
the number of atoms of a certain element 
in the formula of a compound. 

S u b s t a n c e : any specific kind of matter 
whether element, compound, or mixture. 

S y m b o l : a letter or two letters repre­
senting one atom of an element. 

S y n t h e s i s : the making up of a com­
pound from simpler compounds or from 
elements; the opposite of analysis. 

Va lence : the number of hydrogen atoms 
which one atom of an element can dis­
place or with which it can unite. 
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EVERY HOME KITCHEN IS A CHEMICAL LABORATORY. .--
COOKING AND CLEANING ARE CHEMICAL PROCESSES. 

Tiie Importance of Ohemistry 
THERE IS HARDLY a boy or a girl alive who is not 
keenly interested in finding out about things. And 
that's exactly what chemistry is: F INDING OUT 
ABOUT THINGS — finding out what things are 
made of and what changes they undergo. 

What things? Any thing! Every thing! 
Take a look around you. All the things you see — 

and lots of things you can't see — have to do with 
the science of chemistry. 

Let's start with yourself. The air you breathe is 
a mixture of chemical substances and the process of 
breathing is a chemical reaction. The foods you eat 

are all chemical products and the ways in which 
your body turns them into muscles and bones and 
nerves and brain cells are some of the greatest of all 
chemical mysteries. 

The clothes you wear, the books you read, the 
medicine you take, the house in which you live — 
all these are products of chemistry. So is the family 
car — the metal in it, the rubber on which it rolls. 
the gas that moves it. 

Nature itself is a tremendous chemical laboratory. 
Everything in nature is forever passing through 
chemical changes. Here on earth, plants and animals 

CHEMISTRY PROVIDES FUEL FOR 
ALL KINDS OF TRANSPORTATION. PURIFICATION OF WATER 
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grow, die, and decay; rocks crack and crumble under 
the influence of air and water. In the universe, new 
stars are formed, others fade. The sun that gives us 
heat and light and energy is a flaming furnace of 
chemical processes that will eventually burn itself 
out, billions of years from now. 

Chemistrv- is one of the most important of all sci­
ences for human welfare. 

Chemistry means the difference between poverty 
and starvation and the abundant life. The proper 
use of chemistry makes it possible for farmers to feed 
the world's ever-increasing population, for engineers 
to develop new means of transportation and com­
munication that will bring the peoples of the world 
closer together, for doctors to cure the diseases of 
mankind, for manufacturers to produce the thou­
sands of items that are necessary for better and 
richer living. 

And this is only the beginning. 
Within recent years, scientists have succeeded in 

penetrating into the innermost secrets of chemical 
substances and have begun to make use of the tre­
mendous force that lies hidden in them. This atomic 
power opens up amazing possibilities for the future. 

You will live in a world in which chemistry will 
become ever more important. To understand that 
world it is necessary to understand the truths and 
laws on which modern chemistry is based and to learn 
how chemists of the past unraveled them. 

This book will help you get this insight — not 
alone by your reading it, but also by your conscien­
tiously doing the experiments described and learning 
what each of them has to tell you. 

OIL IS THE BASIS FOR COUNTLESS CHEMICAL PRODUCTS. 

ATOMIC ENERGY FOR 
THE FUTURE 

UNITED STATES IS THE WORLD'S 
LEADING PRODUCER OF STEEL. 
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copper 
SYMBOLS USED BY ALCHEMISTS 

Olieiiniisls of m e i r as£ 
MANY THOUSAND years ago, an early ancestor of 
yours pushed a stick into the hot lava flowing from 
an erupting volcano. The stick burst into fire. He 
held it up as a torch. I t gave off light and heat and 
finally turned into ashes. 

This ancient man might be considered the world's 
first chemist. He had actually taken a substance 
called wood and had, by a chemical process called 
combustion or burning, turned it into something else. 

The discovery of the use of fire was the first great 
step leading toward modern chemistry. Fire made it 
possible to turn raw foodstuffs into edible meals, to 
bake shaped clay into pottery, to make glass, to 
drive metals out of their ores. 

For thousands of years people were chiefly inter­
ested in the results of what they did — they didn't 

care about what happened or why it happened. It 
was only about 2,500 years ago that philosophers 
began to wonder about what things were made of 
and what happened when a thing changed into some­
thing else. 

Around 400 B. C . in Greece, a thinker by the name 
of Empedocles came up with an idea that seemed to 
make sense. He explained that everything in the 
world was made from just four things which he 
called "elements": fire, water, air, and earth. Think 
of that burning stick mentioned above. It gave off 
fire — so, obviously, the stick had to contain fire. 
I t sizzled — which meant there was water in it. It 
smoked — and smoke would be some kind of air. It 
left ashes — and ashes are earth, as certainly every­
one should know. 

Everyone — except another Greek, Democritus, 
born around the time when Empedocles died. He 
had a different notion — that all matter was made 
up of tiny particles which he called atomos — some­
thing that cannot be cut further. 

But Democritus didn't get very far with his idea. 
The greatest Greek philosopher of the day, Aristotle, 
held out for the four elements. And because of his 
great reputation this false idea governed the thinking 
of scientists for two thousand years — because no 
one dared suggest that he knew better than the great 
Aristotle! 

BRONZE-AGE MAN WAS ONE 
OF THE EARLIEST CHEMISTS. 

DEMOCRITUS INSISTED THAT 
MATTER CONSISTS OF ATOMS. 

PARACELSUS TOLD HIS PU­
PILS TO USE EXPERIMENTS. 

BOYLE INVESTIGATED GASES 
AND BROKE OLD TRADITIONS. 
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In the meantime, scientists of Arabia began work 
in a subject they called alchemy — from Arabic al, 
the, and kimiu. pouring together. They mixed things 
and boiled and distilled and extracted in the hope. 
some day, of finding a way of making GOLD! They 
discovered a great number of things not previously 
known, developed many sound laboratory methods. 
and gave the science of chemistry its name — but 
they never created the slightest speck of gold. Nei­
ther did a great number of European alchemists. 

For hundreds of years chemistry made little head­
way. Then, in 1525, a Swiss doctor and scientist 
spoke up. He had the imposing name of Theophras-
tus Bombastus Paracelsus von Hohenheim. He chal­
lenged his students to tear up their books with the 
old theories that had been developed through reason­
ing only and to find out for themselves through ex­
periments whether a scientific theory was right or 
wrong. But only a few people paid attention to him. 

More than a hundred years passed before an Eng­
lishman, Robert Boyle, in 1661, succeeded in killing 
off the old idea of the four elements. He did it by 
establishing that there are many elements — sub­
stances that cannot be formed by other substances 
and cannot be broken into other substances. 

Another hundred years went by. Then, at the time 
of the American Revolution, the day finally dawned 
for modern chemistry. 

A Swede. Karl Scheele, and an Englishman, Joseph 
Priestley, discovered oxygen, and a Frenchman, An-
toine Laurent Lavoisier, explained the true nature 
of burning and made up the first scientific listing of 
all known elements — twenty-eight at the time. 

W ithin a few years, more elements were found. 
W ith the help of electricity, an English chemist, 
Humphry Davy, in a single year brought to light 
six new metals—among them sodium, potassium. 
calcium, and magnesium. 

Twenty years later, in 1828, another important 
break-through occurred. A German chemist, Fried-
rich Wohler, working in his laboratory produced a 
chemical, urea, that had never before been made 
outside the body of a living animal. 

More and more things were happening. New ele­
ments were discovered, new chemicals created. The 
advances in chemistry greatly influenced industry, 
agriculture and medicine. 

And then, in 1898. the Polish-born Marie Curie 
and her French husband. Pierre, discovered the •"mir­
acle element." radium. This opened up a whole new 
age in chemistry. 

Within the last fifty years, chemistry has moved 
forward with giant steps. But not a single one of 
these steps would have been possible without the 
dedicated work of the chemists of the past who laid 
the foundation on which modern chemistry rests. 

PRIESTLEY USED HEAT OF 
SUN TO PRODUCE OXYGEN. 

DAVY BROUGHT ELECTRICITY 
INTO CHEMICAL RESEARCH. 

LAVOISIER GAVE THE RIGHT 
EXPLANATION OF BURNING. 

MARIE CURIE AND HER HUS­
BAND DISCOVERED RADIUM. 





JJ/quipmeiLi£ for OJieiMLisfry 
SOME of the greatest discoveries in chemistry were 
made by scientists who had no special equipment 
but simply used whatever was at hand. 

In your home lab experiments it will pay you 
to follow the example of these early chemists. Put 
your imagination to work. Use whatever suitable 
equipment you can find around the house (as sug­
gested in column to the right) and buy only what is 
absolutely necessary (as shown below). Some items 
may be purchased in a local drugstore or scientific 
supply shop. If not, you can buy them from one of 
the suppliers listed on page 110. 

Later on — if you really get excited about chem­
istry — you may want to use your pocket money for 
some of the lab equipment shown on page 8. 

LABORATORY WARE FOR HOME LAB 

IMPROVISED EQUIPMENT FOR HOME LAB 

screwtop can 
1 pint 



I T IS possible that you may be permitted to work 
at the kitchen table when this is not in use. But it 
is far better if you have a place where you will not 
be disturbed and where you can store your equip­
ment — a corner in your room, or in the basement 
or the garage. 

These are the things you'll need in your lab: 
Work Table. An old. sturdy table will do. Cover 

it with a plastic top to protect the wood. 
Water Supply. If you have a faucet nearby, 

fine. Otherwise, make a siphon bottle (page 11). 
Waste Disposal. If you can dump your waste 

directly into the kitchen drain (XOT into the sink), 
you are all right. If not, collect it in a plastic pail 
to be thrown out when you're finished. 

Source of Heat . In the regular laboratory, spe­
cial gas burners are used. In the home lab, you can 
use a burner for denatured alcohol. Have a shallow 
metal pan under the burner for fire safety. 

Storage. If there's no one around to disturb your 
chemicals and equipment, an open shelf is OK. 
Otherwise, use a box that can be locked up. 

Containers . Keep chemicals in glass jars and 
bottles. LABEL THEM ALL CLEARLY. 

Stands . Make your own test tube stand as well 
as stands for holding glassware for heating. 
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IF YOU DO NOT 
HAVE RUNNING 
WATER IN YOUR 
LAB, MAKE SIPHON 
FROM A 1-GALLON 
BOTTLE. START 
SIPHON BY BLOW­
ING THROUGH 
L-SHAPED GLASS 
TUBE. SPRING 
CLOTHES PIN 
REGULATES 
WATER FLOW. 

YOU CAN MAKE A SIMPLE TEST TUBE 
STAND FROM A SALT BOX. CUT OUT 
SIDE AND USE CUT-OUT SECTION TO 
KEEP TEST TUBES LINED UP STRAIGHT. 

REGULAR LAB STAND FOR 
TEST TUBES CAN BE PRO­
DUCED FROM STRIPS OF 
'/4-INCH WOOD. FOLLOW 
PATTERNS BELOW TO MAKE 
TWO SIDES AND THREE 
HORIZONTAL PIECES. DRILL 
HOLES. ASSEMBLE WITH 
THIN TACKS. 

cut lipstick 
container at 
dotted line 

use half 
of Thermos 
bottle cork 

& l<— 3"-> 
make 2 of these—cut 
one along dotted line 

7 ' / 2 " 

screw lip­
stick tube 
through cork 

l«— 3 ft" 

6 o o o o o 
*®%o o o o o 2V2 B 

J * 

— > l 
MAKE AN ALCOHOL BURNER FROM INK 
BOTTLE, THERMOS BOTTLE CORK, AND LIP­
STICK CONTAINER. BUY WICK AT A HARD­
WARE STORE. 

USE A PAIR OF PLIERS FOR MAKING 
THESE STANDS FROM CLOTHES HANGER 
WIRE. ALSO MAKE THE FUNNEL STAND 
ILLUSTRATED ON PAGE 9. 

STRIP OF THIN CARDBOARD MAKES 
AN ADEQUATE TEST TUBE HOLDER. IF 
YOU LIKE, YOU CAN MAKE A HOLDER 
FROM CLOTHES HANGER WIRE AS 
SHOWN HERE. 
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FIRST DECIDE ON 
APPARATUS YOU 
WILL NEED. THEN 
FIGURE OUT SIZES 
OF PARTS. THESE 
ARE THE PARTS 
FOR THE SAFETY 
GAS GENERATOR 
ON PAGE 29. 

Maki :LIS t o r Jhl/xperimeailts 
MOST of your chemical experiments you will perform cut a glass tube, how to bend it. and how to draw 
in test tubes and jars. But occasionally you will need it to a jet point. See page 13. 
an apparatus — a device consisting of bottles and It is wise to use glass tubes of one diameter only. 
stoppers, glass and rubber tubing. with rubber tubing to fit. Glass tubes of an outside 

A good chemist takes pride in his apparatus. He diameter of 6 millimeters lit snugly into the holes in 
makes it with great care — not just for looks but. the usual rubber stoppers. Rubber tubing of an in-
more important, for safety. An apparatus that leaks side diameter of Jfg" fits over the 6mm glass tubes. 
flammable gas can be very dangerous. To determine the right size stoppers to use in the 

Before you start to put an apparatus together, bottles of your apparatus, measure the mouths of 
make a simple drawing of it so that you will know the bottles against the stoppers shown below in 
what it will consist of. Then get out the various parts actual size. Order stoppers by number. Keep a selee-
you will need to put it together. tion of different sizes on hand. 

To make an apparatus, you need to know how to Follow the safety precautions on page 16. 

1 5 mm 

10 mm 

1 7 mm 19 mr 20 mm 24 mm 

16 mm 

26 mm 

20 mm 

27 mm 

23 mm 

THESE ARE THE ACTUAL SIZES OF RUBBER STOPPERS. BY 
MEASURING THEM AGAINST YOUR LAB WARE YOU WILL 

KNOW WHICH TO ORDER. No. 0 FITS THE 16 mm TEST 
TUBE. No. 5 FITS 4-OZ. WIDE-MOUTH. BOTTLE. 
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CUTTING GLASS TUBES FIRE GLAZING 
CUT EDGES 

^ MAKE SINGLE SCRATCH WITH FILE—DO NOT "SAW." 

I HOLD TUBE WITH BOTH HANDS.THUMBS BELOW MARK. 

3 SNAP TUBE INTO TWO PIECES WITH A QUICK JERK. 

ROUND THE ROUGH EDGES OF CUT 
TUBE BY ROTATING IN FLAME. THIS 
IS CALLED "FIRE GLAZING." 

M A K I N G JET POINT 

heat for about 1 Vi inches 

T'o 
HEAT SECTION OF TUBE EVENLY WHERE YOU WANT 
FORM JET POINT, BY ROLLING IT IN THE FLAME. 

2 WHEN SOFT, PULL SLOWLY. CUT APART WHEN HARD. 

BENDING GLASS TUBES 

© H E A T THAT PART 
OF TUBE EVENLY 
WHERE YOU WANT TO 
BEND IT, FOR ABOUT 
TWO INCHES, BY ROLL­
ING AND MOVING 
THE T U B E B A C K 
AND FORTH. «WHEN GLASS IS 

FT, REMOVE FROM 
FLAME. BEND QUICK- / 
LY. HOLD UNTIL THE 
GLASS HARDENS. 

IF HEATED TOO 
MUCH, THE TUBE 
WILL FLATTEN 
OR "BUCKLE." 
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QOO meters 

>cien.tific JV1 enfe 
I>" SCIENCE, the metric system is preferred over our usual sys­
tem. It is much easier to work with when once you have learned 
it — for instead of dividing or multiplying by 12 or 32 or 16 
to go from one unit to the next, you simply move the decimal 
point. Just remember these two things: 

1. That the names of the basic units are meter for lengths. 
liter for volumes, grams for weights — abbreviated to m. 1, 
and g (without a period after them). 

2. That 1000 of a kind are called kilo; 100, hekto; 10, deca; 
1/10 is called deci; 1/100, centi; 1/1000, milli. 

METRIC UNITS OF LENGTH 

1000 meters (m) = 1 kilometer (km) 

1 meter (m) = 1000 millimeters (mm) 

1 meter (m) = 39.37 inches 

2.540 centimeters (cm) S 1 inch 

1 cubic centimeter = 
I cm* = 1 cc = 
1 milliliter = 
1 ml 

Making a Model 
of a Cubic 
Centimeter 

BOTTOM LINE OF FIGURE 
TO THE RIGHT IS 1 DECI­
METER (1 dm) OR 10 CEN­
TIMETERS (10 cm) OR 100 
MILLIMETERS (100 mm). 

FRONT SURFACE OF FIGURE 
IS 1 SQUARE DECIMETER (1 
dm1) OR 100 SQUARE CEN­
TIMETERS (100 cm1). 

VOLUME OF WHOLE FIGURE 
IS 1 CUBIC DECIMETER (1 
dm3) OR 1000 CUBIC CEN­
TIMETERS (1000 cm' OR 
1000 cc) OR 1000 MILLI­
LITERS (1000 ml) OR 1 LITER 
(1 I). 1 I WATER WEIGHS 
1 KILOGRAM (1 kg). 

METRIC UNITS OF VOLUME 

1 liter (I) = 1000 cubic centimeters 

(cm* or cc) 

1 liter (I) = 1000 milliliters (ml) 

1 liter (I) = 1.06 quarts (liquid) 

0.946 liter (I) = 1 quart (liquid) 

METRIC UNITS OF WEIGHT 

1000 grams (g) = 1 kilogram (kg) 
1 gram (g) = 1000 milligrams (mg) 
1 gram (g) 53 0.035 ounces avoirdu­

pois 
28.350 grams (g) = 1 ounce ayoir-

dupois 

' s' / ' y y -^—y— 
^—?" 

1Z. 
zzl / y rz 
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1 cubic decimeter = 1 liter = 1000 cubic centimeters = 1000 milliliters 
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M A K I N G A H A N D BALANCE 

MAKE THE TWO PANS FOR 
THE HAND BALANCE FROM 
TOP AND BOTTOM OF A 
FROZEN-JUICE CAN. OPEN 
CAN AT SIDE. CUT THE 
PANS WITH TIN SNIPS. 

FOR MANY EX­
PERIMENTS YOU 
NEED TO WEIGH 
CHEMICALS. FOR 
THIS , M A K E A 
HAND BALANCE. 

) 

ASSEMBLE BALANCE 
AS S H O W N . IF 
BEAM DOES NOT 
BALANCE HORI ­
ZONTALLY, PUT 
SMALL "RIDER" CUT 
FROM T I N C A N 
OVER ONE ARM OF 
THE BEAM. 

USE PATTERN BELOW 
TO MAKE BEAM WITH 
TONGUE ATTACHED. 
CUT CAREFULLY WITH 
TIN SNIPS. FOLD BEAM 
LENGTHWISE. PUNCH 
HOLES WITH NAIL. 

-2.5 g 

- 5g 

YOU C A N USE COINS TO 
WEIGH 2.5 g, 5 g, 7.5 g, 10 g, 
ETC. FOR SMALLER WEIGHTS, 
CUT A TIN STRIP TO WEIGH THE 
SAME AS A NICKEL. THEN CUT 
IT IN FOUR 1 g AND TWO .5 g 
WEIGHTS. 

1 g 1 g i g i g 
& 

M A K I N G A GRADUATE 
A GRADUATE IS USED FOR 
MEASURING LIQUIDS. 

YOUR 6" TEST TUBE HOLDS 
22 ml. YOU CAN USE IT FOR 
ROUGH MEASUREMENTS: 
TUBE NOT QUITE FULL IS 20 
ml, NOT QUITE HALF FULL 10 
ml. FOR SMALLER AMOUNTS, 
COPY THE RULER TO THE 
RIGHT AND ATTACH IT TO 
THE SIDE OF A TEST TUBE 
WITH SCOTCH TAPE FOR 
MEASURING mi's. 

/ 
/ 

Scotch 
tape 

10 

. 9 

.8 

7 

16 

.5 

-4 

•3 

-2 

- l 

read at bottom 
of hollow 
(called miniscus) 

O pattern for bar and O tongue for hand balance o 

o o o 

o 
pattern for support for hand balance 

tack 

COPY THE PATTERNS ABOVE 
O N T O A PIECE OF PAPER. 
TRANSFER DESIGNS TO PIECE 
OF TIN CAN. CUT OUT AND 
BEND AS SHOWN TO THE LEFT. 
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