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Alloys a ma& made up by mmbining 
two or more metah 

Analyaie: breaking down a oompouad 
into two or more subshncea. 

' . 
;Anhydrous: free from wttter. 

w " - 
w rjAtom= the mabt unit of an alement 

that can enter into the m d h g  of a 
dlemical ~nnpaund. 

Atamic: weight: the weight of an atom 
compared with the weight of pm olegm 
atom set at 16. 

Basex a comporrnd containing the hy- 
' A  droxide pomp (OH). 
'a-t: a a*tanc& tbet help. io a 
hPchemid  metion without itseIf being 
&W. 
Chemical cbange: a cbange of a 8nb- 
stance into another d s t a m x  baviag 
different pro@ea 
Chemistry: a branch of science deeling 
w i l  the c o r n ~ o ~ w  of substances and 
the &anges that can be made in them. 

- CombtmLion: burning; a chemid 
- ~~Ghaage that pmdn6&ii heat and lighi, 

GDmpoundt a substance oonxisting of 
two or mare ditf-t b d s  of atomg in 
de6nite proportions by weight. 
Crystal: a solid in which atoms or mole- 
calesmarrasgedinadefinitepattem 

Dansitp: the weight of a liquid or a 
d i d  in bpams per cma or millilim. 

DietiZlate: a liquid that has hen turned 
into vapor and again moled into a liquid. 
DistiUation: the p m  of producing 
a disl&te. 

Duetile: capabIe of being drawn out into 
a wire. 

Electro1yais: brding down a substance 
by passing an electric cament through it. 
Electrolyte: a substance that, when in 
a &tion or when meltad, wiIl conduct 
anel& current. 

Elemeat: a substance that mtaias only 
one Bind of ahma. 

Equationr a complete description of a 
chemical reaction by the ase of sydds. 
formda~. and sips. 

Evaporation:. the tihqhg of a s u b  
atanoe into vapor; also the pmcezs of re- 
moving water by heathg- 

Filtrate: a liyaid obfained by filtration. 

Filtration: the pmcess of SI* a 
liquid from a solid though porous mate- 
rial, ater paper. 

Formula : a group of symbols and num- 
bers giving the mmpoaition d a com- 
porn& 
Hgdrater a compovnd containing l d y  
bound water of hydration (water oT 
cqstdhtion)  that can be driven off 
by heating. 

Hydroxide: a mmpormd tbat contains 
tae hydroxyl (OH) radical. 

Ion: an electr idy  GbargwL atbm or 
group of atoms (radical), 

Malleable: capable of being h a m m e d  
or roiled into a f b  &eeL 

Matter: mythjxg that takes up space 
and has weight, 
Metal: an element h t  is a good con- 
ductor of electricity, has Iaster, and 
w h w  &de f o m  a base with water. 
Metalloid: an elsrnent that has proper- 
ties of htb metals and nonmetals. 
BIixture: a mingling of mdstsnws not 
oombined chemically. 

&1~1em&u weight: the sum of the 
atomic weights of the atoms tbat make 
op a molecule d a m m p o d  

Molecule: the smallest rmit of a com- 
p~andthatcanexistinihefreestate. 
Neutralization: the reaction of an a& 
and a h t o  give a At and water. 
Nrmmetal: an element that ia a poos 
cimdnctnr d eh%picityl does not have 
lustert and whose oxide forms an acid 
when combined with water. 

L 
r 

mercury 

Organic rhemis'trg: the chemistry a 
the carbon compounds. 

Oxidation: the process by which a sub- 
stance -3ombinea with oxygen. 

Precipitrtte: an iwluble solid formed 
in a solution by chemical d o n .  

Badid:  rt group of atams that behere 
chemically as a single atom. 

Rednctionr mmaval of oxygen; the o p  
poBite of oxidation. 

Saltr ~omponnd (dher than wafar) 
formed by the reaction of an acid and 
a base. 

Stnrated sdurion: a 50111tiw that 
contains the maximum amount of date 
under tbe 0andit;ioap. 

Sohbili~: tba number of grams aE a 
=lute needed to make a gatnrated so- 
lntbn in 100 grams of solvent. 

SoIufe: the sobstanoe h i v e d  in a 
d r a t  

Solution: a nonsettling mixbm of a 
solute in a solvent. 

Solvent: a Iiquid in which a salute is 
dissovd  

Sublimation: a pmixss by which a wl- 
id is turned into vapor and again cooled 
inta n solid without passing a 
liqoid stag& 

S-ipt: B small numeral indicatiug 
the number of atams of a certain dement 
in the formula of a compound. 

Sabstanw: my sp&c kiod of matter 
whether element, compound, or -. 
SymbI: a letter or two Ltfers repre- 
senting one atom of an element 

Synthd: the making np of a com- 
pound h r n  simpIer compoun& or Erom 
dements; the oppi te  of a n a l e  
Valence: h e  n& of hydrogen atoms 
which one atom of an dement can disc 
place or with which it - unite. 





~ E R Y  HOME K ~ C H  w 1s' A c ~ ~ I E A L  +L~ORXT~RY.  
COOKING AND CLEANING ARE CHEMICAL PROCESSES. 

The Importance of Chemistry 
THEAE IS mmm~abo~oragirIalivewhoisnot 
h n l y  inter& in &ding out b u t  things. And 
that's ettactly what chemistry is: FINDING OUT 
ABOUT THINGS- out what thinga are 
made of and what chaages they undergo. 

What things? Any thing! Every thing! 
Take a look around you, An the things yon see - 

and lots of things you can't see - have to do with 
the science of &emistry. 

kt's start with yourself. !J%e air you breathe is 
a m i x b e  of chemical s ~ c e  and the prmw of 
breathing is a chemicaI reaction. The foods you eat 

are dl chemical products and the ways in which 
your body turns them into muscles and bones and 
nerves and brain &is are some of the greakst of all 
chemid mysteries. 

The cloth= you wear, the books you read, the 
medicine you take, the house in which you iive - 
all these are products of c h d r y .  So is the family 
car - tbe metd in it, the rubber on which it roh, 
the gas that moves it. 

Natuce iW is a tremendous chemical laboratory. 
Evernag in nature is forever passing through 
chemical changes. Here on earth, plants and animals 



grow, die, and decay; rocla crack and cr&Ie under 
the idhenee of air and water. In the universe, new 
stars are formed, others fade. The sun that give3 us 
heat and light and energy is a flaming furnace of 
chemical p m m  that wiU eventudy burn itself 
out, billions of years horn now. 

Chemistry is one of the m& important of dl sci- 
ences for human welfare. 

Chemish-y means the difference betwe& poverty 
and starvation and the abundant life. The proper 
use of chemkkq makes it possible for farmers to feed 
the worId's ever-increasing population, for engineers -- 
ta develop new means of tramportation and com- -' .-.. 
m-m~on a wiu bring the peoples of OIL IS THE BASIS K)R COUNTLESS CHEMICAL PRODUCTS. 

closer together, for doctors to cure the diseases of 
mankind, for mdacturem to produce the thou- 
sands of items that are n m  for beetter and 

: richer living. 
'1 And this is only the w g .  

Witbin recent years, scientists have succeeded in 
penehtbg into the innermost 8eCPeta of chemical ,.-, 
s ~ c e s a n d h a v e ~ t o m a k e u s e o f t h e t r e -  -a 
mendous form that lies hidden in them. This atomic 
power opens up amazing ~ ~ e s  for the future. . 

You will five in a world in which chemistry will 
become ever mom important. To understand that rl- - 
world it is nemsaq to understand the truths and RJRGY K)R 
laws on which modern chemistry is based and to learn THE FUTURE 
how chemists of tbe past unraveled them. 

This book will belp you get this insight-nat 
dune by yonr reading it, but also by your conscien- 

PAPER AND PRINTERS' 
INK ARE MADE W I M  
HELP OF CHEMISTRY. 



borax 

vitriol 

SYMBOLS USED BY ALCHEMISTS 

Chemists of the Past 
MANY momma y- ago, an early anc&or of 
yours pushed a stick into the hot lava flowing fram 
an erupting volcano, The stick b m t  into &e. He 
held it up as a torch It gave off light and heat and 
hally turned into ash=. 

This ancient man might be considered the world's 
h t  chemist. He bad actually taken a substance 
d e d  wood and had, by a chemical pmmss called 
c o ~ d n  or burning, turned it inta =mething else 

The diBcovery of the use of &e was the first great 
step leading toward madern chemkkq. Fire made it 
m e  to turn raw fdstds 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 chieny i n ~ r  
ested m the results of what they did - they didn't 

care about what happened or why it happened. It 
was only h u t  2.500 years ago that philqhers 
began to wonder about what things were made of 
and what happened w e n  a thing changed into same 
thing else. 

h m d  400 B. C., in Greece, a thinker by the name 
of EmpedocIes came up with an idea that seemed to 
make m e .  H e  explained that everything in the 
world was made from just four things which he 
d e d  "elements": fie, watee, air, and earth. TbLik 
of that burning stick mentioned above. It gave off 
h e  - so, obviously, the stick had to oontain h. 
It d e d  - which meant there was water in it. It 
mokd - and smoke would he some kind of air. It 
left ashes -and ashes are earth, as d y  every- 
one shodd h o w .  

Everyone - except mother Greek. Demoaitus, 
born around the time when E p e d d e s  died. He 
had a different notion - that al l  matter was made 
up of tigt particles which he d e d  alomos - some 
thing that cammt be cut further- 

But Democritus didn't get very far wid his idea. 
The greatast Gr& phi lqher  of the day, Arisbtle, 
held out for the four elements. And b u s e  of his 
great reputation this fa3se idea governed the thi&ng 
of scientists far two thousaad years - becaw no 
one dared suggest that he knew better than the great 
Arktatlet 

3RONf E-AGE klAN WAS ONE PARACuSUS TOLD HIS PU- 
OF THE EARLIEST CHEMISTS. PllS TO USE MPERIMENK. 

DEMOCRITUS INSISTED THAT 
MATTER CONSISTS OF ATOMS. 

BOYLE INVESTIGATED GASES 
AND BROKE OLD TRADfTlONS. 



In the meantime, scientists of Arabia began work 
in a subject they called alchemy - from al, 
the, and kimia, pourjag together. They mixed things 
and boiled and distiiled and &acted in the hope, 
some day, of finding a way of ma3hg GOLD! Tbey 
b v e r e d  a great numbet of things not previously 
known, developed many sound labmatory methods, 
and gave the science of chemistry its name - but 
they never mi&d the slightest speck of gold Nei- 
ther did a great number of European dchemists. 

For hundreds of years chemistry made little head- 
way. Then, in 1525, a Swim d&r and scientist 
spoke up. He bad the im-g name of Theophrm 
tus Bombadus Pamcelsus von Hohenheim. He chal- 
lenged his students to tear up their boob with the 
oId theories that had heen developed though reason- 
ing only and to find out for t h ~ 1 v e s  Ihroagh ex- 
perintenis whetha a mien& tbeory was right or 
wrong. But only a few people paid attention to him. 

More tban a hundred years passed before an Eng- 
lishman, Rob&. Boyle, in 1661, succeeded in killing 
off the old idea of the four elements. He did it by 
skbhhhg that there are mmy elemen& - sub- 
stance8 that cannot he formed by other substances 
and cannot be broken into other s u b s t a n c ~ .  

Another hundred years went by. Then, at the t h e  
of the American Revolution, the day h a y  dawned 

A Swede, Karl hhede, and an Fagkhman, Joseph 
Priestley, discovered oxygen, and a Frenchman, An- 
tohe  Laurent Lavoisier, explained the nature 
of bnraing and made ap the k t  scientific listing of 
al l  known elements - twmty-eight at the time. 

Within a few years, more dements were f o d  
With the heIp of elec:trSty, an English chemist, 
Humphry Davy, in a single year brought to light 
& new metals - among them sodium, pbssim, 
calcium, gnd magnesium. 

Twenty years later, in 1828, another im-t 
break-through murred. A German dbemist, 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 happeak. New ele- 
ments were h v e r e d ,  new cbemieals created. The 
advan- in chemistry greatly influend industry, 
agriculture and medicine. 

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

Within the last m y  years, chemistry has m m d  
forward with giant steps. But not a single one of 
t h e  steps would have been possible witbout the 
dedicated work of the chemists of the past who laid 
the foundation on which mdern chemistry r&s. 

PRIESTLEY USED HEAT OF DAW BROUGHT ELHSIRICtTY 
SUN TO PRODUCE. -QzYGEN. & l  CHEMICAL RESEARCH. 

lAVOlSlERGAVETHERlGHf -- - M R I E  CURIE AND HER HU5- ' 

, EXPLANATION OF BURNING. BAND DISCOVERED RADIUM. 



REGULAR LABORATORY WARE 

+ K --. 
uduated cy ers 

ring support A 



Eauimment for CLe-trv IMPROVISED EQUIPMENT FOR HOME LAB 

L 

,'$om of the greatet dkcmeri~ in dhem2h-y were screwtop can 
1 pint made by scientists who had no special equipment -A 

.$ut simply used whatever was at hand. 
I In yam home Iab experiments it will pay  yo^ 

to follow the example of these early chemists. Pul 

gested in mIumn to the right) and buy only what i! 
aJxolutdy naesary (as shown below). Some &m 

ray be purchased in a local drugstore or scientific 
rpply shop. If not, you can buy them from one of 
le suppliers listed on page 110. 
Later on - if you really get excited about chem- 
try - you may want to use your packet money for 
rme of the lab equipment shown on page 8. 

kBORATORY WARE FOR HOME LAB 

custard cup 

stands made 
of dother 
hanger wire 



BOJ TO HOLD HOME 
' *LAB CAN BE MADE 
%ROM.PLYWOOD. KEEP 

BOX LOCKED WHEN 
NOT IN USE AS A PRO- siphon 

TECllON FOR YOUNG- battfe 
ER CHILDREN. 

S e t h g  Up Your Home LaboratopB 
IT IS +le that yon may be permitted to work 
at the kitchen table when tbis is not in use. But it 
is far better if you have a place where you wiU not 
be disturbed and where you can store your equip 
ment - a corner in y~ur room, or in the basement 
or the garage. 

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

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

6ine. Otherwise, make a siphon battle (page 11). 
Waste Disposal. If yon can dump your waste 

directly into the kitchen drain (NOT intn the sink), 
you are all right, If not, collect it in a plastic pail 

I to be thrown ont when you're finished. 
Source of Heat. In the reg& laburatmy, spe- 

cial gas burners are used. In the home lab, you can 

I use a burner for denatured alcohol. Have a shdow 
metal pan under the burner for 5re safety. 

I Storage. If there's no one around to disturb your 
chemhds and quipment, an open shelf is OK, 

I Otherwise, use a box that can be I&ed up. 
I 

Containers. Keep chemicals in glass jars and 
bottles. LABEL THFM ALL CLEARLY. 
; stands. Make your own test tube stand as weil 
d& stands for holding glasware far heating. 



IF YOU W NOT 
HAYE RUNNING 
WATER 1N YOUR 
LAB, MAKE SIPHON 
FROM A IGAUON 
&Om START 
SIPHON BY SLOW- 
ING THROUGH 
LSHAPEU GGtASS 
TUB€ SPRING 
CLOTHES PIN 
REGULATES 
WATER FLOW. 

cut IipsSck 
confaher at 
doEd line ,F 

YOU CAN MAKE A SfMPLE TEST TUBE 
STAND FROM A SALT BOX. CUT OUT 
SIDE AND USE UlT-OOf SECnON TO 
KEEP TEST TUBES LINED UP STWGHt: 

REGULAR LAB STAND FOR 
TEST TUBS CAN BE PRO- 
DUCED FROM STRIPS OF 
%-INCH WOOD. FOLLOW 
PATERM BELOW TO MAKE 
TWO SIDES AND THREE 
HORIZONTAL PIECES. DRllL 
HOLES. ASSEMBLE WITH 
THIN TACKS. 

M K E  AN ALCOHOL BURNER FROM MK - E A PAIR OF PLIERS FOR MAKING 
Born m O S  BOTM COW, AND UP- f ESE STAND5 FROM CLOTHES HANGER 
STlCK CONTAINER. BUY WICK AT A HUG 4 ' - = MAKE THE FUNNU STAND 

LTED ON PAGE 9. 

CARDBOARD MAKES --* 1 
TEST TUBE HOLDER. I F  

MAKE A HOLDEl - 
SHOWN HERE. 



FIRST DECIDE ON 
APPARATUS YOU 
WILL NEED. THEN 
FIGURE OUT SIZES 
OF PARTS. THESE 
ARE THE PARTS 
K)% THE SAFEIY 
GAS GENERATOR 
ON PAGE 29. 

Making Apparatus for Experiments 
MOST of your chemical eqwhent s  you d perform cut a g b  tube, how to bend it, and how to draw 
in t& 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 k wise to use glass tubes of one diameter only, 
stoppers, glass and rubber tubing. with rubber tubing to fit. GIass tubes of an out%& 

A good chemist takes pride in his apparatus. H e  diameter of 6 millimeters ht snugly into the h o h  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 %' fits over the hmn glass tubes. 
flammable gas can be very dangmb. To determine the right size stoppers to use in the 

Before you start to put an apparatus mether, bottles of your apparatus, measure the mouths of 
make a simple drawing of it ao tbat yon will know the bottles against the stoppers h w n  Mow in 
wbat it will consist of. Then get out the various parts actual size. Order stoppers by n&. Keep a dec-  
you will need to put it together. tion of different sizes on hand. * r 

THESE ARE T)1E ACTUAL SIZES OF RUBBER STOPPERS. BY KNOW WHICH TO ORDER. No. 0 FITS THE 16 rnm TEST 
MEASURING THEM AGAINST YOUR LAB WARE YOU WILL TUBE. No. 5 FITS 4-02. WIDE-MOUW BOTTLE. 



:UPTING GLASS TUBES 

\ 
bush t h ~  swmy t o m  yw 

FlRE G W N G  
CUT EDGES 

ROUND l?lE ROUGH EDGES OF CUT 
TUBE BY ROTATING IN FLAME. THIS 
IS CALLED "RRE GWNG." 

heat for about I !h inches 

C - pull 
slowly fire glme tip 

=;=-;; - _rj 

" '6 -- -. .-- - .  -.. 

b HEAT S m O N  OF TUBE EVENLY WHERE YOU WANT 
FORM JIT POINT. BY ROUING IT IN THE W E .  

I HOLDTUBE WITH BOTH HANDS,THUMBS BELOW MARK. 
WHEN SOFT, PULL SLOWLY. CUT APART HARD. 

SNAP TUBE INTO TWO PIECES WITH A QUICK JERK. 

WHERE YOU WANT TO 
Be40 IT, FUR ABOUT 

AND WRTH. 

LY. HOLD U- 
GWS HARDENS. 

IF HEATED TOO 
MUCH, THE WBE 
WILL FLAITEM 

'CT - -  OR "BUCKLE" 



Scient;E;c Meatmemeats 
IN SCEMCR, the metric &em is preferred over our usual SJ+ 
tem. It is much eas$r to work w i d  when mm you have learned 
it - for instead of dividing ox multiplying by 12 or 32 or 16 

7 to go h m  me &t to the next, yon simply mwe the d-d I paint.Jostremembertbesetwo~gs: 
I. That the names of the basic d t s  are meter for lengths, 

liter for volmncs, grams for weights - abbreviated ta m, 1, 
and g (without a period &.er them). 

2. That 1000 of a kind are called kilo; 100, hegta; 10, dem; 
1/10 is d d  a&; X/IOO, mti; X/lOOO,  milli. 

MEIRIC UNITS OF W G T H  METRIC UNITS OF VOUlMf MEZRIC UNITS OF WEIGHT 
1000 meters lml = 1 kilomefer (km) 1 liter (1) = 1000 cubic cenHmeters 1000 grams (g) = 1 Mlogram (kg) 
1 meter [m) = 1000 nilllimefers (mm) Icm' or cc) I gram [g) = 1000 milligrams [mg] 
I meter [m) = 39.37 inches 1 lifer (1) =: 1000 rnillilil.ers ImI] 1 gram Ig] = 0.035 ounces avoirdv- 
2.540 cenfirnefers (cm) = I inch 1 [Rer 11) = 1.06 quarts [liquid] pols 

0.946 liter (i) = 1 quart (liquid) 28.350 gmms (gJ = 1 ounce woir-  
dupois 

1 cubic centimeter = 
l c m a =  1 c c =  
1 milliliter = 
1 ml 

Making a Model 
of a Cubic 

1 Centimeter 

BOTTOM LINE OF FlGURE 
TO THE RIGHT IS 1 DECI- 
METER (1 dm] OR 10 CEN- 
TIMITERS (10 cm) OR 100 
MtUlMmRS (1 00 rnm]. 

FRONT SURFACE OF FIGURE 
IS 1 SQUARE DECIMEER (1 
dm7 OR 100 SQUARE CEN- 
TIMnERS (1 00 ern?. 

VOLUME OF WHOLE FlGURE 
IS 1 CUBIC DECIMETER (1 
dm? OR 1000 CUBIC C W  
TIMETERS (1000 cm' OR 
1000 cc) OR 1000 MIUI- 
LFTERS 11 000 ml) OR 1 LITER 

t WLOGRAM {I kg). 
r (1 I). 1 1 WATER WElGHS - 

I 



\ MAKKNG A HAND BALANCE 

MAKE THE TWO PANS FOR 
THE HAND BALANCE FROM 
TOP AND BdmM Of A 
FROZEN-JUICE CAN. OPm 
CAN AT SIDE. CUT THE 
PANS WITH TIN SNIPS. 

FOR MANY EX- 
PERIMENTS YOU 
NED TO WEEkl YOU CAN USE COINS TO 
CHEMICALS. F U R  WEIGH 2.5 g, 5 g. 7.5 g. 10 g, 

'THIS, MAKE A = 2-5 9 ETC. K)R SMALLER WBGHTS, 
HAND BALANCE. CUT A TIN STRIP TO WaGH WE 

SAME AS A NICKEL. THEN CUT 
ITINFOUR 1 gANDTWO . 5 g  

MAmNG A GRADUATE 
A GRADUATE IS USED FOR 
MEASURING LIQUIDS. 

ASSEMBLE BALANCE 
AS S H O W N .  I F  YOUR 6" TEST TUBE HOLDS 
BEAM DOES NOT 22 ml. YOU CAN USE IT FOP 
BALANCE HORI- ROUGH MEASUREMENTS: 
ZONTALLY, PUT TUBE NOT QUITE FULL IS 20 
SMALL "RIDER" CUT ml, NOT QUFTE HALF FULL I 0  
FROM TIM CAN ml. K>R SMALLER AMOUNTS, 
OVER ONE ARM OF 

COPY WE PATTERNS ABOVE 
ONTO A PIECE OF PAPER. 
TRANSFER DESIGNS TO PIECE 
OF TIN CAN. CUT OUT AND 
BEND A5 S H O W  TO THE LEFT. 



%U::LEYT:N'; TTHH: 
EHEMICALS YOU HEED. 

. .@PUCE, USED EQUIPMEM TO THE 
' E FOR CLEANING WEN MPERC 
MENT IS COMPLITED. 

Correct Laboratory Techniques 
IN  YO^ home labomtmy, three considerations are 
of the greatest importance: SAFETY, NEATNESS, 
and EXIICTNFSS. 

SAFETY - All the experiments in this book are 
safe when done in the correct laboratory way as 
a60m on t h ~ e  pages. 

Treat chemicals with respect. Never taste any- 
thing u n l a  s+ally tdd to do so. If there are 
yo- children in the family, lock up your chem- 
icals when you are not working with them. 

Protect your ~ 1 0 t h  with a plastic apron. 
Be careful with fie. When you use your dcahol 

burner, have a metd pan under it for safety. 

NEllTNESS - Get the habit of lining up equip 
mmt and chemicals you need on one side and placing 
used items on the opposite side - keeping the space 
between them clear for your experiments. 

Put chemicals away and clean glassware as soon 
as you have W e d  an experiment. 

EXACTNESS - Label dl bottles and jars con- 
taining chemicals clearly and comedy. 

Where amounts of chemicals are not given, use 
the smallest mount that wiII tell you what you want 
to kaow. 

O h e  the chemid reactions carefully and make 
complete notes of them as you go along. 

PLAY SAFE WHEN YOU PUT A GUS5 TUBE IN A STOPPER. WHEN YOU MAKE AN APPARATUS FOR A CHEMICAL EX- 
PROTECT WTUR HANDS BY WRAPPING TOWU AROUND PERIMENT, MAKE SURE THAT ALL CONNmONS ARE AIR- 
THEM. MOISTEN GLASS TUBE AND STOPPEll WITH WATER, TIGHT. USE THE RlGM SIZE STOPPER FOR MOUTH OF 
THEN PUSH THE TWBf INTO THE STOPPER WITH A SCREW- CONTAINER, GUS5 TUBES THAT FIT SNUGLY INTO M E  
DRIVER MOTION. STOPPER HOLE, AND TIGHT-FIITJNG RUBBER TUBING. 1 





Mr. Faraday9s Caddle 
IN THE winter of 1859. Michael Paraday, a great 
Br&h scientist, gave a number of lectures for yomg 

b. pecrple. The talks dealt with one subjed only: the 
featares or "phenomena" of- a candle! 

"There is not a law," Faraday told his listeners, 
"nnder which any part of ihis universe is governed 
which dws not come into play and is touched upon 
in these phenomena. b e  is no better, there is no 
mom open door by which you can en* into the , 

I stody OP natural pbilwphy than by considering the 
phenomena of a candle." He then set out to prove 
his point by lighting a caudle and demonstrating d 
the processes involved. 
In b m h g  a candIe you start with a S O D  sub- 

stance that turns, h t ,  intD a LIQUID, then into a 
GAS (or, more corractly, into a gas-like vapor). The 
melted candle grease is held in a level position by 
GRAVITY yet seems to defy gravity by rising in the 
wick by a force d d  CAPILLARY ACTION. In 
burning, the candle produce ENlBlGY in the form 
of LIGHT and HEAT. At the same time, it goes 
into CHEMICAL HEACTTONS that reveal what 
it is made of. 

As you enter the study of chemistry, you u do 
no better than to r e p s t  for yourself some of the 
ejjrbents that Mr. F d a y  demonstrated to his 
young audience. 

n 

MAKE A GAS WORKS ! 
FROM A CANDLE BY 
HOLDING A GLASS 

PLACE A BURNING CANDLE IN M E  SUN AND CATCH TUBE, DRAWN TO A I 
M E  SHADOW ON A PIECE OF WHITE PAPER. YOU POINT, 1N THE M E  
WILL DISCOVER THAT IT IS THE BRlGHtWf PART AND LIGHTING THE 
OF THE FLAME THAT CASTS THE DARKEST SHADOW. VAWRS AT M E  END 

CANDLE aAME IS BURNING VAPOR 

i 

YOU CAN PROVE IN SEVERAL 
WAYS THAT M E  FLAME OF A 
CANDLE CONSISTS OF BURN ING YOU UN ACR~ULY LEP~D [p PARAFFIN VAPORS. M E  VAPORS FROM A BURN- . 

ING CANDLE THROUGH A 
BLOW OUT THE CANDLE, THEN B M  GLASS TUBE tNTO A 
QUICKLY BRING A LIGHTED WATER GLASS. IF  LEFT 
MATCH INTO THE VAPORS. ALONE. WHITfSH VAPORS 
CANDLE IS AGAIN IGNITED. COND~MSE INTO A SOLID. 

18 



CANDLE CONTAIN3 
HYDROGEM 

' A CANDLE FORMS WATER WHEN IT BUR. I LY 
- WDROGEN BURNING IN OXYGEN FORMS WATER. 

) HOLD A COLD G W  FOR A FEW MOMWS OVR 
r BURNING CANDLE. DEW FORMS ON THE INSIDE 

BY WIPING FINGER INSIDE THE GLASS YOU CAN 
KE DEW FLOW T O G ~ E R  INTO WATER DROPS. 

CANDLE CONTAINS CARBON 

PLACE-HECE:OF w nnc 

SCREENING OVER 
: FLAME. SCREENING 

COOLS THE FLAME 
i AND SOOT KIBMS. '3 

CRUSH A FEW ICE CUBES 
AND SPRlNKLE THEM WITH 
SALT. WRAP IN ALUMINUM 
KIIL HOLD OVER BURNING 
CANDLE. WATER DROPS WILL 

WHAT PART OF THE F 

F U M E  IS HOTTEST? 
TO FIND O,m, PUSH 
PIECE Of CARDBQA. SIDEWAYS I N 0  F m .  

'oRM ON ME OUTSIDE OF 
'HE FOIL. 

M A T  TOlJ FOUND 
HEAT 

water 
" Y' tap.. 

,HtO) 

I OWSIDE OF M E  SCORCHES A SOOTY RING. I 

!$owing A ; g 2 .  

brning 

1 r::::icle 
b KO1 
GAS-LIKE 

a9SBlw 
acfiara 
LIQUID 

ANOTHER WAY ' 
TO SHOW THAT 
CANDLE CON- . 
TAlNS 
IS  TO 
THAT 

PLACE FUNNEL 3VE1 
HTED MATCH IN HOT I M FLAME. 
ICH GOES QUT IN THI 

PLACE T ER FUNNEL AND 
, ,,LLEn HO IME WATER INTO 
-TUBE AND SHAKE. LIME WATER GETS - - 'CLOUDY FROM CARBON DIOXIDE. 
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h 1896, a young Polish &adst, Made Gurie, and 
her French husband, Pierre, decided to h d  out why 
a certain uranium m e  called pitchblende gave off 
rays that were much shmnger than the uranium eon- 
ten% of the ore d d  eaplain. 

They sect& a whole ton of powdered ore from 
a in northam Bohemia and net to work. First 
the powder had to be bailed with h n g  acids to 
extract the myskrhus sdxhnce  bidden in it. Then 
the soIution had Zo he i&mI and boiled down. 

What remained had ta be p d e d  by various p m -  
eases which the Curies had ta invent t h d v e s .  

After two years of back-bmahg work thsy mad+ 
ed their goal. One nigh* they went 20 the shed in 
which they had been working* Thy  opened the door 
and stepped in without putting on the lights. Ail 
around them, the containers that held the. solutions 
of the new glowed in the dark! They had 
discovered a new element - radium - a million 

SDLUTlO~nR W A m  INTO THE DECANTATION-LET DIRT-MIXED FlL'IRATlON 1-THE LIQUID IS PRO& I 
W R E  OF SALT AND DIRT. THE WA- SALT SOLUTION STAND UNTIL MOST A3f.Y STILL MURKY. fQ CLEAR IT, If 1 
TER Wlll DISSOLVE THE SALT BUT NOT OF THE DIRT HAS SEtTLED. MW POUR NEEDS TO BE FILTER@ BY -NC ll 
T?lE DIRT. YOU NOW HAVE THE SALT OFF THE UQUlD. TWS PROCESS IS RUN THROUGH flLTER PAPER (PAPER 
IN = m ~ ~ ~ ~  SOLUTION." CAW u ~ ~ ~ m ~ ~  TOWING WILL WJ, 



Why tdi again the stmy of the k v e r y  of 
mdium? Because it contains all the features that 
ahow the mature of the true wienw 

Cmio&y first. The Curies were curious abod the 
mystery that lay in that grey-ish-black powder. They 
became o m  with a d 6  to h d  out - not hi 
the hope of gaining money or fame blrt to 
a scienac tsuth. 

Before starting their work, the Curies gathered ail 
the hown facts h u t  the material with which they 
were to work. To this knowledge they added their 
own imagination, -g out the methad they had 
to w e  to arrive at the result they were d g .  

For the next two years they li-y slaved in the 
drafty shed that was their laboratmy. 

After they had made their discovery, the Curies 
made tbeir method of exfmcting radium known to 
the world so that other scientists could check and 
tat what they had done. 
As an example of the SJenMc metbod the Curies 

1 MIX MOROUGHW ONE TABLESPOON OF DlRT AND 
ONE TEASPOON OF ORDINARY TABLE SALT. NOW DE- 
CIDE THAT YOU WANT TO  ACT ME SALT FROM mls 
MlXTURE AS EARNESTLY AS THE CURIES DECIDED TO EX- 
TRACT M E  MYSTERIOUS SUBSTANCE FROM PITCHBLENDE 
-WITH W E  EXCEPTION THAT YOU KNOW WHAT YOU 
ARE AFTER. 

2 GIT THE FACTS TOGElMER. DlRT IS "DIRTY," SALT IS 
WHITE. DIRT PARTICLES ARE OF MANY DlF FERENT SHAPES, 
SALT CONSISTS OF TiNY CUBES. DIRT DOES NOT DISSOLVE 
IN WAfW, SALT DOES. 

3 NEXT FIGURE OUT A SUITABLE WAY OF SEPARATING 
THE TWO SUBSTANCES. ON THE BASIS OF WHAT YOU 
KNOW YOU SHOULD BE ABLE TO SEPARATE THEM WITH 
A PAIR OF TiNY TWEEZEIlC4UT IT WOULD PROBABLY 
TAKE YOU A YEAR TO W IT. OR YOU COULD DISSOLVE 
THE SALT I N  WATER AND SDPARATE THE SOLUTION FROM 
THE INSOLUBLE DIRT. 

4 YOU DECIDE ON THE SECOND WAY, USING THE 
STEPS SHOWN ON THE BOTTOM OF THESE PAGES. IN 
DOING MIS, YOU DO WHAT THE CURIES DID IN EX- 
TRACTING RADIUM AND EARN, IN THE PROCESS, THE 
IMPORTANT LABORATORY TECHNIQUES OF SOLUTION, 
DECANTATION, FILTRATION. EVAPORATION, AND CRYS- 
TAWZAIION. 

d, let us foflow in their footsteps - but with a 
5 RNALLY, YOU CHECK THE RfSLILT. THE WHITE SUB 

much simpler problem: STANCE LEFT AFTER EVAPORATION SHOUU) BE SALT- 
BUT IS IT? IT LOOKS LIKE SALT. IT TASTES LIKE SALT. BY 
CHEMICAL TESTS YOU CAN PROVE THAT IT iS SALT. 

ALTRATION U L D  FILTER PAPER EVAPORATIO%THE FILTRATE CON- CtYSTAUUATtOYAS WATER O 
AS SHOWN ON OPWStTE PAGE AND TAlNS THE SALT. THE SALT CAN NOW REMOVED, THERE IS TOO UnLE OF 
FIT IT IN FUNNEL. POUR LIQUID ONK) BE FREEO BY REMOVING THE WATER IT LEFT K I R  THE SALT TO STAY fN 
FILTER PAPER. CLEARED LIQUID IS BY BOILING IT AWAY. M I S  IS KNOWN SOLUTION. THE SALT MAKES ITS AP- 
W E D  " FI LTRAE. " AS "EVAFORATION." PEAMNCE AS -MY CRYSTALS. 



- 3 'A- LIQUj 
/ <--z: ,. 

Elements, ComP-ds, and Mixtures; 
IN m your experimenw in &misky, you dl be 
d d n g  w i t h  "matter." 

Matter is anything that takes up morn and has 
weight {or "rnptss"). An iron bar is matter - it fakes 
up mum and is heavy, as you very well know. Water 
is matter - it take% up room when you fill a pail 
with it, and a fuII pail weighs plenty. The air around 
you Is matter - it takes up lots of room; it may not 
seem very heavy, yet the earth's atmosphere presses 
down on every square inch of your M y  with a 
wdght of almost h n  pounds. 

Matter has three distinct forms. Iron, for in- 
stance, is a SOLID. Water is a LIQUID. Air has 
the form of a GAS. 

Xf you should h k e  iTon and divide it again and 

again until you couldn't divide it any further, every 
t h y  p d d e  would stiU be iron. A thing that consists 
of one kind of matter only is called an ELEMENT. 

Take water, on the other hand. You will learn to 
break water up into two kinds of matter - each of 
them an element. A thing in which two or more e l e  
ments are combined chemically is d e d  a COM- 
POUND. In a compound &e proportions of the dif- 
ferent elements that make it up are always exactly 
the same. 

Air aIso consists of different kinds of matter, but 
t h y  are not combined chemically - they are simply 
mixed together. m e n  you make a MIXTURE, you 
can mix the ingredients together in any proportions 
that suit you. 

TWO ELEMENTS AND A MIXTURE n ~..t 
NIAKING A COMPOUND 

MIX TOG~HER 2 g OF FLOWERS OF SULFUR 
AND 3.5 g OF IRON FILINGS. PLACE MIXrClRE 
IN A DAMAGED TEST TUBE. HEAT. SHORTLY 
A r H f M p K € S  PLACE. 

ED SULFUR AND IRON CAN BE MIXED 
ER IN ANY PROPORTIONS AND 

/ AGAIN SEPARATED. 

B DRAG A MAGNET THROUGH THE SULRIU-IRON MIXTURE. 
E MAGNET WILL PICK UP THE IRON PARTICLES. 

WUR HYDROCHLORfC ACID ON SOME OF THE MIXTURE 
IN A TBT TUBE. IRON DISSOLVES, SLlLKlll  DOES NOT. 



COMPOUNDS-INORGANIC. A N  COMPOUNDS COMPOUNDS {WITH A FEW EXCEPTIONS] ARE THOSE 1 CONSlST OF TWO OR MORE ELEMENTS. INORGANIC THAT DO NOT CONTAIN THE ELEMENT CARBON. 

I CARBON C O M P O U N D U R G A N I C ,  ORIGINALLY, ANIMALS) WERE CALLED "ORGANIC." TODAY ORGAN- 
COMPOUNDS MADE BY LIVING WINGS (PLANTS AND IC CHEMISTRY COVERS THE CARBON COMPOUNDS. 

- -- 
T -4 - :A 

-- 
MIXTURES CAN CONSIST OF ELEMENTS OR COM- LOIDSI CONTAlN TINY PARTICLES. STIU OTHERS LSO- 
POUNDS. SOME MIXTURES ARE COARSE. SOME [COG LUTIONS] ARE OF SAME STRUCTURE THROUGHOUT. 



Evaporcrtion from ocean 

\ '++ haporaiion 
\ \A f r  om vegetation 

Wate-Our Most. Imporkant Compound 
YES, W A ~  is the most important of dl chemical 
mmponnds. Without it, there would be no lite - all 
human beings all minds wodd &kt tn death, 
and d plant life would wilt and die. 

Fortmatel J, water is is the ma& common m- 
porn8 in the world. Almd three qumkrs of *e 
4 s  surf- is c o d  by water. Tbis water is 
forever traveIing. it f tnrPed into invisible vapor 
by evaporation frQm ocleans'and Iakes and growing 

things. When cooled, the vapor forms clouds of tiny 
water drops. M e r  cooling makes the drops fd 
to earth as rain or snow that 6ll up rivers and lakes 
and oceans and continue the water cycle. 

Chemists use nature's methad to produce chem- 
idly pure water. They turn ordinary tap water in- 
to steam by bailing, then turn the steam back * 
water by c&gB This process is & distillation 
and the water is d e d  distilled water. 

WA1 
WATER F 

IfR AS A CATALYST 
IELPS BRING ABOUT MANY 

CHEMICAL REACTIONS WmlOUf IT- 
SELF WERING INTO THEM. A SUB 
STANCE THAT ACTS THIS WAY IS 
CAUED A CATALYST. 

)DROP I TABLE- I 
3-POON WASHING , 
SODA IN t~ GUS! 
OF COLD WATER 

h ST1 R, PART OF THI 
SODA olss?LVEs Tb.-\yl  SLOWLY. 

!EPEAT WITH 

WATER AS A SOLVENl 
THE MOST IMPORTANT FWNaON 01 
CHEMtCAL M P E R W S  IS AS A SOLVW- 
THAT IS, A DQUID IN W4tCl-I CHEMICALS MAY 
BE DtSSOLVED. FtND OUT BY &4 EASY W D C  
M M  WHETHER HEAflNG THE WATER HELPS IN 
D1SSOLVlNC A CMFMICAL. 

r 
W U W  VI.l rnUN'.II'.W. 

DISSOLVES QUICKLY. R WARM WATER ON THE 
HOT WATER 0 USU- POWDER- A CHEMICAL REAcflON 
ALLY FASTER THAN 

I F  
MAKES THE POWDER KIAM. THE GAS RE- 
W E D  IS CARBON DIOXIDE. IT - 

H WIRE TO 
F ~ D  LOWER n 

EANDLE W E  FLICKER AND GO OUT. 



EEClRICTTY CAN BE USED TO BREAK WATER APART 
INTO THE TWO ELEMENTS OF WHICH IT CONSlSTS 
-WE GASES HYDROGEN AND OXYGEN. 
YOU CAN GET THE REQUIRED ELECTRICIIY FROM THREE 
OR FOUR ORDINARY FLASHLIGHT BATERIES. YOU WILL 
ALSO NEED -OF INSULATED COPPER WlRE 
AND "ELECTRODES" MADE FROM CARBON RODS. 

Making Electrodes . SCORE ME MIDDLE OF THE 
&UN ROD W M  AN OLD 

A-ILltHT BAllEIIY, USING 
~ R E A K  THE ROD IMO 

CES. 

rw w . ~ M  

BIND M R E M R ,  BEITER, FOUR-FLASHLIGHT 
BAllERlES TOtElHER WIW ADHESIVE TAPE, TOP 
OF ONE TOUCHlNG BOTTOM OF ME NEXT. 

3 THAT NO WlTH ADHESIVE TAPE FASTEN THE BARED END 
., EXPOSED. =THE WIRE LEADING FROM ONE CARBON ROD 

"-CTRODE TO THE TOP OF THE FIRST BA7TERY. 
LTAPE THE a A m  END OF THE WIRE FROM THE 

01 I£R ELECTRODE TO BOTTOM OF LAST BATTERY. 

SeHing up Electrolysis 
WATER 15 A POOR CONDUC- 
TOR OF ELECTRICITY--SO YOU 
DISSOLVE I TABLESPOON OF 
WASHING SODA IN 1 PINT OF 
WATER AND Fllt A WATER 
GLASS AND TWO TEST TUBES 
WITH THIS SOLUTION. THM 
SET UP THE APPARATUS AS 

b HYDROGEN 

WITH YOUR THUMB, CLOst BROOMSTRAW 



-75 % OXYGEN 

-- 'b o m m  

Oxygen- The Breath of Life 
IP YOU d d  hold yuur breath for a few Hydrogen @de contains 2 parts of : 

minutes so that no air could gek into your hydrogen to 
lungs, you would die. 

For thousands of years, people have H,O,? You're perfectly right1 
k n m  that no human being can live HaO, becomes water (EtO) and give8 
without air. But it was not until KarI offoxygen (0) 
Scheele, a Sw& chemist, in 1772, and into it. Fa a catalyst, you can nse 
Jmqh Priestley, m- Englishman, in 1774, manganee dioxide from an old 
dkovered and d m x h d  oxygen that battery @age 25). 
people knew that it is the oxygen in the 
air that is important to life. 

~ ~ t h  of am ~ e n h b  hVer- &at IT'S A LONG STEP FROM M E  DIS- 
COVERY OF OXYGEN IN 1 772 TO 

thi"ss more f i e r d ~  in pure oxygen ITS PRESENT-DAY USE IN [NDUS 7 
than they do h the mixture of o x y g ~  TRY AND HOSPITALS, AIRPLANES 

and ather gases d e d  "air." AND SPACE SHIP5, AND FOR SEND 
ING SATELLITES INTO OR8FT. 

In the I&, oxygen is p0duc.d by driv- 
ing it out of certain oxygen-coataihg 
compounds. A gmd one to nse in the 
home lab is hydrogen peroxide. Yon can 
get it at a drug stme in a 3% solution. 
Hydrogen peroxide is rekited to water. 

Water, as you know, oonsists of 2 parts 
of hydrogen to 1 part of oxygen. Yon 
mdd write it: Hydrogen 2- Oxygen 1. 
That's pretty much- what chemists do - 
except that they abbreviate the: names 
ihithh, use small numbem, and don't 
bother h u t  the nnmber 1. The formula 
becomes H,O. 



OF OXYGEN 
Flu JAR F U L L  OF 3% HYDROGEN PER 
OXIDE. ADD PINCH OF MANGANESE Dl- - OXIDE FROM FlASHUGHT BATTERY IS= 
PAGE 25). TEST FOP OXYGEN WITH 
GLOWING BROOMSTRAW. EMBER GLOWS 
BRIGHTER AND MAY BURST INTO FLAME 

THE HOME LAB m  TO COLLECTOXYGEN, YOU NEED A-PNEUMATICTROUGH.=* 
THIS IS A DEW, WATER-RUED TRAY WITH M A L  "BRIDGE." 

I FIT B0lTJ.E WlTH STOPPER WITH WHAPED GLASS TUBE AND 
lBER TUBE LONG ENOUGH TQ BEACH HOLE Of BRmGE 

oxygen is slighdy 
heavier than air 
40 keep mouth 
of jar up 

FILL BOTTLE 5 FULL OF 3% HYDROGEN PROXLDE. ADD 
TEASPOON OF MANGANESE DIOXIDE. PUT THE STOPPER IN. 

ALL JAR WlTH WATER AND PLACE IT UPSIDE DOWN ON WE 
B R I ~ E  IN SUCH A WAY THAT THE OXYGEN BUBBLES INTO IT 
AND RUS IT BY FORCING OUT AND REPLACING THE WATER 

) WHEN JAR IS FULL OF OXYGEN, SUaE A GLASS PLATE UM- 
R OPENING [OR PUT STOPPER IN IT). TURN JAR RIGHT SIDE 

TO PREVENY THE OXYGEN FROM ESCAPING. 

MAMY MATERlAlS BURN IN OXYGEN 

OF STEEL WOOL TO W1RE. HEAT 
! ALCOHOL BURNER. LOWER INTO 
10N BURSTS INTO FLAME. 

.-.:.I- 
ALL P I K E  OF SULFUR IN CROOK OF 

? MTSTRIP OF TIN CUT FROM CAN. IGNITE SULFUR 
C I ~ V  J WITH MATCH. INTO JAR OF OXYGEN. SUL- 

"BRIDGE" K)R "PNEUMAT- 
IC TROUGH" MADE FROM 
2%" STRIP OF TIN CAN. 

- .. ----  .-- - -  - 

FUR BURNS WITH A BRIUIANT,. BLUE LIGHT, 



is tbe lightest b e n t  in erdstence-%r 
the weight of air. For tbis reason one of its early 
uses was for fWqg Moons. The h t  
gas ballmu wm sent ug by the Rendman, Jaqma 
Charh, in 1783. The danger of uaing an q l d v e  
gas for-thie purpose was demomtrated in 1937 in 
the Hindkditrrg disaster, w b n  the hydrgg-md 
Zeppelin dirigible exploded on arriving at Lakehm, 
New Jersey, after a hip across the Atlax& Ocean. 
~ y &  people lost their lives. 

Hydrogen is one of the most important of d the 
b e n t s ,  It is found in alI living things - your own 
body is approximately 10 per cent hydrogen. Water, 
as you know, is part hydrogen. So is the food you 
ea& the d you drink, the cIothes you wear, and 
mmh cmmmn, everyday things as g a s o h  and fuel 
oil and cooking gas. 

- . . -  h g ~ o f ~ c f r o m a h l d i g h t ~ t t e q t o  hydra- 

A 
HmRY CAYENDISH, WHO DiS- chI& acid which consists of hydrogen 0 and 
=oVERED mRmEN 1766, another gas d i e d  chlorine (CI). The zinc forms a 

HAD NO IDEA OF THE ASTOM c o r n p o d  (ZnCl3 with the chlorine and sets the 
ISHING KIRCE OF HYDROGEN hydrogen free @I,). 
WHEN RELEASED M A WMB. 

WDROG€M FORMS WAffR W E N  If W R M  

' d FILL TEST TUBE % FULL OF HYDRO-CHLORIC ACID. ADD A COUPLE 
F ZINC STRIPS. BUBBLES 

-- - -  - - - 
SEN FORM IMMEDIATELYY 

WE:=- m 

son --Pgp.- 
HOU) A COD GLASS OVER HYDROGEN 

OF THE GLASS SHOWS THAT WATER IS FOF 

HYDROGEN I UGHTEST 
GAS KNOWN 

nu A POP E O ~  I WLL OF WF- 
AND-HALF MlXllJRE OF HYDROCHLORIC 
ACID AND WATER. DROP IN W F A  DOZEN 

HT 8AltWN ON MOUTH OF BOmE 

WHEN BALLOON I S  INFLATED, TIE 
OkENING WtM STRING AND REMOVE 
FROM BOTTLE. If PERMlllED, BALLOON 
WILL RISE TO CEILING INDOORS. OUT- 
DOORS, IT WllL SOAR UP IN ME SKY. 



SH UP PNEUMATIC TROUGH AS ON PAGE 27. 

PARTS OF HYDRO- 
CHLORIC ACID 
AND WATER, 

- -* 
'*. 'i- 

PLACE J " LAYER OF SMAU PEBBLES . , O  WmM - 
BOTTLE B. DROP DNC STRlPS ON TOP OF PEBBL 

FIT STOPPERS AND TUBES AIRTIGHT. 

7 POUR AClD FROM BOTTLE A INTO BOITLE 1, 
KIRCE IT OVER BY BLOWNG IN TUBE C. n E l e m e n t  1 .  

Af. wt. 1.008 
Cotorless, odorless 
and cornbusfible 
gas. Highly explo- 
rive in mixtures 
w i t h  a i r .  1 / 14  
w - i g h t  of  a i r .  

htly soluble in 

water-1 -8  vol- 1 

JCLOSE TUBE OF BOlTLE A WITH CLOTHESPIN. 

)AS SOON AS HYDROGEN STARTS TO BUBBLE UP THROUGH WATER 
IN PNEUMATIC TROUGY COLLECT SOME IN WATER-FILLED TEST TUBE. 
WHEN FULL OF GAS, TEST IT AS DESCRIBED AT BOTTOM OF PAGE. WHEN 
HYDROGEN IS PURE, BUBBLE IT INTO UPSIDE-DOWN, WATER-FILLED JARS. 

1 WHEN YOU HAVE MADE THE EXPERIMENTS YOU WANT. CHANGE 
SPRING CLOTHESPIN FROM RUBBER TUBE OF WlllE A TO RUBBER TUBE 
OF BOlTLE B. HYDROGEN FORCES ACID FROM 3 O l l L E  6 BACK IMO A. 
W E N  ACID NO LONGER TOUCHES ZINC, REACIION STOPS. 

mes in 100 vol- 
mes at 20' C. 

. . 

N M m E S  AIR, I-IYDRUGH 15 HIGHLY 
I ~ P L O S I V E .  FOLLOW SAFFlY RULES BELOW. 

M A K E  ONLY SMALL AMOUNTS OF HYDRO- 
GEN IN THE HOME LAB. A 4-02. GENERATOR 
BOTTLE WILL GIVE YOU ALL THE HYDROGEN 

4 
YOU NEED. MAKE ALL CONNECTIONS AIRTIGHT. 

a TEST HYDROGEN FOR PURITY BY COLLECTING 
A TEST TUBE FULL OF IT AND BRINGING A LIGHT- 
ED MATCH TO MOUTH OF TUBE, AS SHOWN 
ON PAGE 25. HYDROGEN MIXED WlTH AIR EX- 
PLODES WlTH A SHARP "BARK." PURE HYDRO- 

I GEN BURNS WITH A QUIET "POP." 

1 KEEP FLAME AWAY FROM YOUR MAIN GEN- 
ERATOR BOTTLE. 

IGNITE HYDROGEN ONLY FROM TEST TUB1 
GENERATOR DESCRIBED ON OPPOSITE PAGE, 
AND THEN ONLY AFTER YOU HAVE TESTED IT 
FOR PURITY. 

WHEN YOU KNOW FROM TESTING SAM- 
PLES OF GAS COUECTB) IN  TEST WBES 
THAT HYDROGEN IS PURE, FILL SMALL JAR 
WITH IT. L I f l  JAR OW OF WATER, M m  
DOWN, BRING LIGHTED CANDLE UP INTO 
JAR. M O G s l  BURNS AT MOUTH OF 
JAR. CANDLE GOES OUT. 



Carbon Dioxide 
You HAVE already h d  in rqmhenting witH 
burning caadle that when something conhhing 

is formed This is one of the mod importaat ' for human life. The reason is that green plan 1 ~ t , a r e a b i e t o t a h e t h a c m b o ~ ~ o u t o ~ t h e  
h n  dioxide in the air and, by d i  it 

-- CRRBON DIOXIDE CYCU mygeuaudhydmgenfmmwaterandwithvadons 
C "' 

I 
' mineraIsinthesoil,produ.ealIthevegetab~e 

that hmnans and animals eat. 
You cannot see the Cot in the air - btct yon can. 

seeitwhenithasbeencwleddrxlmp'd into 
GIYE ,, , a d i d  Hmk of "dry ice." When b 1 v e d  in water. 
O F  
o m m  

amm @,O), carbon dioxide (COJ forms a weak acid 
DIOXIDE 

@,CO,). You know the of this acid h m  d a  
water-the bubbles are CO, being set free. 

C a r h i c  add combines with many r n d  to 
make "carbonates." You can  drive the CO, out of 
mogt carhates with the help of a weak acid - even 
with vinegar, which is diluted acetic acid. 

LIQUID CARBON DIOX- 
IDE IS USED IN FIRE EX- 
TINGUISHERS. 

MAKING A FCRE ERCINWISHOC MODEL I 

CHEMICAL ARE O[TINGUISHm 2- CONTAIN SOLUnON OF BAKING a, 

SODA A BOmE OF SUL- 
FURlC ACID. WHEN TURNED UP- 
SIDE DOWN, THE CHEMICALS MIX - 
AND FORM CARBON DlOXlDE 
WHICH e R C E S  OW THE WATER. 

* HOLD STOPPER FIRM- 

I/ 
L IN PLACE WITH TWO 
FINGERS. TURN BOllLE 
UPSIDE DOWN. THE CO, 
FORMED BY MIXING 
VINEGAR AND SODA 
DRIVES WATER OUT IN 

S L  POWERFUL Jf3. 
/ 1  



t FLATURES OF CARBON DIOXIDE 

COz IS HEAVIER THAN AIR AND 
DOES NOT SUPPORT BURNING. 
YOU CAN PROVE BOTH POINTS: 

WATER 

STIR 1 TEASWON OF 
HYDRATED LIME INTO 
1 PINT OF WATER. 

L I T  STAND UNTIL LlME SINKS TO THE 
TTOM. FILTER LIQUID INTO A BOTTLE. Q 

CLOSE BOTnE TIGHTLY. 

P PLACE 1 TEASPOON OF BAKING SODA IN A PITCHER. POUR 
SMALL AMOUNT OF WHITE VINEGAR OVER THE SODA. BURMINO PRODUCES CARBUN DIOXIDE 

9 HANG A LlGHTED CANDLE IN A JAR BY A WIRE. POUR THE HANG BURNING CANDLE I N  JAR CONTAINING A 
RBON DIOXIDE FORMED IN THE PlTCHW INTO M E  JAR THE FEW ml LIME WATER. COVER TOP WlTH A GLASS 

WAY YOU WOULD POUR WATER. WHEN THE CARBON DIOXIDE PLATE. WHW CANDLE NAS GONE OUT, S F W E  
REACHES THE TOP OF THE CANDLE, THE FLAME GOES OUT. UME WATER UP WITH THE AIR, MlLKlNBS PROVES 

THAT CO. HAS BEEN PRODUCED. 

1111m! %&#A 

-'lLKYBim 
CHANGING 

TO CALCIUM 
-ONATE. A 

IN LABORATORY, CARBON DIOXIDE IS USUAL)Y MADE BREATHE THROUGH GLASS TUBE INTO 
FROM MARBLE CHIPS AND DILUTED HYDROCHLORIC LIME WATER IN TEST TUBE. LIME WATER 
ACID (1 PART ACID TO 1 PART WATER). PLACE CHIPS GETS MILKY. THIS SHOWS THAT BREATH- 
ON TOP OF PEBBLES IN YOUR GAS GENERATOR, THEN ING IS A BURNING PROCESS. 
PROCE€D AS KIR MAKING HYDROGEN (PAGE 29). 



-T I 

NITKOGEN GUb ad0 
BOTH FERTiUZERS AND 

DRY AMMQbhA GAS IS &ED M THE 
L A R G E ~ ~ E  &ODU&ON OF ICE. 

N NITROGEN 
E l e m e n t  7 .  
At-wt. 14.008. 

Colorless, odorless 
gas. Doe5 not burn. 
Does not support 
combustion (burn- I 

ing). .967 weight 
of air. SlightIy sol- 

uble i n  water-1.5 

v o l u m e s  i n  I00 
2 0 G C .  

?ogBn and Its Comp~ds  
=.w - WBENYDU~VRI q@ingia&pieb onlyabout one- 
= $ f t h d t h e a i r ~ h t o ~ c o ~ d w # i t h  

what you are b d g ,  The rest { m p t  for a d 
hCtirm)dmsnotakrintathepmcm. Itbagas 

m O G E N  FROM IHE ATMOSPHERE d e & ~ m i p n  - tbe most abundant free e b  
ment on earth. 

1% RARE GASES? Ni- is what yon might d a "lay" &mart. 

*ARGou It does not frelp in bnrning nar does it bukn if you 
HEON try to ignite it. I t  is only at bigb tempera- and 
m N  
xmou m-der great presswa that a &mist a m  make ni- 
HEUUM 
-cQt.w 

comb"ie with another b e n t , ,  hydrogen, t;O 
fmm muhonk gas 0, from tbkh,other-ai- 

can 
, 5  2 - ' h y '  r 25%:; L LEA. - 

Ykh in -xm@q, +y hp@k on,* roots of'=- 
RE??? CANDLE-BURNIMG EXPERWENT ON PAGE 27. && plants eBn takje-&@j& f&m tbe air &&make, 
6 1 .  

uru- GAS LS A W T  ACt N t T R O G w W m  SM& it @ ~ e ~ ~ - ~ g , B n n ~ d d ~ P & & - ~  *-a 
=WAGE OF RARE GASES AND CARBON DIOXIDE, 

.e'nirnww h$&&>d, - i,:, . hwDBtc! p .  ,. - r _. 
- dofk,-fcd. &,@&&&&& if&* are, 

NlraooEN D I O ~ ~ Q E  f ~ ~ m W a d d d d $ b ~  ~ ~ & ~ & & i i & ~ e  fm of m e  
- - 



PRODUCCNG AMMONIA 
SIMPLEST WAY OF PRODUCING 
AMMONlA IS TO GET IT FROM ITS 

A 

SOLUTION AS HOUSEHOLD AM- ' 
MONU. 
Flu PINT I 

N OPENING. 
. GLASS TUBE. 

h M E .  TEST 

'H TURNS BLUE. 

~ U I B I U l Y  OF 

REMOVE A, 
TEST "" 
G ' -  
C 

'BE- u- 
TER. AMMONIA DIS- 

1 
SOLVES EASILY, 
WAT€R RUSHY IN 
AND Flu$ TUBE. 

THE Ah 

AMMONIA' 
SHOWN 

1 MAKE 

CAN BE 

HrL IT WI mdPS OF PHUlfOLPHTfW- 

RED .. .. 
PAPER - t F i l l  DRY, EMPTY BOTTLE WFM AMMONIA FROM 

TURNS BLUE GENERATOR CAN. KEEPING BOTTLE UPSIDE DOWN, 
IN AMMONIA. PLACE IT FIRMLY ON TOP STOPPER OF AFPARAfLIS, 

MAKING AMMONIA FROM BLOW lNTO L 4 W E D  GLASS TUBE TO DRNE A FEW 
SAL AMmNIAc DROPS OF WATER UP INTO THE UPPER BOTTlE. 

F PAPER, M I X  1 PART OF SAL AMMO- ) SUDDENLY, WATER SPURTS A(OM LOWER WmE 
UP INTO UPPER BOTTLE IN A FOUNTAIN M T  TURNS 
PINK AS AMMONIA REACTS ON PHENOLPHTM~N. 

W E D  GLASS 

WE W I T E  SMOKE 
MYSTERY 

( MOISTEN INSIDE OF 

FIU ANOTHm 

~RIIBOABD AWAK IMEWIATELV, BOTH 
C F lu  WITH **%MOW'O~ TINY. BMHOb 



7 -  

Foe 
Cmom ~s a gas of great imporhm. We wouldn't 
be certain of safe drinking water in om cities if it 
weren't for chlorine - a small amount of it in the 
water kills the dangerous germs that may lurk in it. 
Chlorine is a h  used extm&eIy in in1eacbg.- 

Chlorine is a fiendIy gas when it is used correctly. 
Bnt it is dangerous when used impmpeiky because 
it deds the lungs. As a "poison g d  it caused many 
casuaIties in WorId War I. 

You can produrn chlorine as a gmmish-yellow gas 
by driving it out of one of its compounds- hydra- 
chIoric acid (Ha), which consists of hydrogen (H) 
and chlorine (Cl), or a common laundry bleach 
CLCIorox" or others], which is a solution of sodium 
kypwhlorite (NaQO) . 

pa& 

a '\ CHLORIHE FROM 
HYDROCHLORIC ACID 

F 

m p *  -5 0 (.* T~SPOON) MANGANESE MDX~DE two 
TUBE ADD 3 m l [ &  fESf TUBf) UNDlLWED HYDRO- 

TEASPOON) STmMM WITH 30 ml 

CHLORIC ACID. HEAT GENTLY. CHLORINE KIM. WAR 
A UITE CAREFULLY TOWARD YOU FOR A SNIFF. 

A SMALL AMOUNT OF ~TASSIUM IODIDE [AS 
MUCH AS TWO GRAtNS OF RICE). DIP STIllPS 
OF FILTER PAPER IN MIXTURE; MEN DRY THEM 1 TEST GAS BY HOLDING MOISTENED STARCH-IOMDE 

P&= AT MOUTH OF m E .  PAPER TURNS BLUE. 



MAKING CHLORINE IN lHE HOME LAB 

MAKE APPARATUS SHOWN AT 
RIGHT. POUll 1 INCH OF LIQUID 
BLEACH (CLOROX) INTO BOTTLE A. 
8OIl.E B 15 EMPTY. BOfTLE C HAS 
WATER IN WHICH TEASPOON LYE 

TAKE STOPPER OUT 
OF BOTTLE k DROP IN 
H TEASPOON SODIUM 
SISULFAfE [SANI-FLUSH). 
REPUCE THE STOPPER. 

R CHLORINE GAS 
RMS AND FILLS 6. 

Ad- 

LYE WATER 1N BOf- 
TLE C ABSORBS MCESS 
OF CHLORlNE GAS. WHEN REAClION SLOWS 

ADD MORE SODIUM BISULFATE 

3 WH?l CHLORINE 

CHLORINE REACTS 
YIWFlOUStY WITH 
MOST OTHER ELE- 
MWTS. IF IS PAR- 
TICULARLY ACTIVE 

TO SHOW THE SOLUBILITY OF CHLORINE, 
POUR A SMALL AMOUNT OF WATER INTO 
A CHLORINE-FILLED BOmE. CLOSE THE 
BOTTLE MOUTH WlTH YOUR PALM. 
SHAKE. M E  CHLORINE DISSOLVES AND 
THE BOlTLE STICKS TO YOUR PALM FROM 
T H E  SUCTION CREATED. 

I WITH HYDROGEN 
AND MANY HYDRO- 
GEN COMPOUNDS. ( - 
LOWER A BURNING CANDLE INTO 
A BOTTLE OF CHLORINE GAS. A - 
DENSE SMOKE OF CARBON IS 
FORMED, THE CHLORINE COMBINES 
WITH THE HYDROGEN OF THE CAN- 
DLE AND sm THE CARBON IN TT 
RE€ AS SOOT. 

CHLORINE HAS 
GREAT USE IN 
BLEACHING COT- 
TON AND LINEN 
A N D  W O O D  
PULP. YEI IT 15 
NOT THE CHLO- 
RINE THAT PER- 

m v w  - F O R M S  T H E  
BLEACHING. 

FILL A BOTnE WFM CHLORINE GAS. HANG 
m ET (FROM A CORK OR FROM A PIECE OF CARD- 
BOARD) A STRIP OF DRY, BRlGCITLY COLORED COT- 

FASTEN A SMALL WAD OF TON CLOTH. NOTHNG WPWS. COLOR OF 

STEEL WOOL TO A PIECE OF CLOTH IS NOT AFFECTED. 

WIRE. HEAT IT WITH A MATCH MOISTEN THE CLOTH AND AGAIN HANG IT 
AND LOWER 1T INTO CHLO- IN THE CHLORINE. SOON THE COLORS FADE- 
INE-FILLED B O W .  A HEAVY ONLY TRULY "FASF COLORS REhWN. CHLORINE, 
BROWN SMOKE OF IRON IN CONTACT WIM WATER, COMBINES WIM THE 
CHLORiDE WURS OUT. HYDROGEN AND LIBERATES OXYGM. THE LIB- 

ERATED OXYGEN DOES THE BLEACHING. 
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REPRESM k~ CHEMICALS WITH WHICH THEY 
WORKED. 

sulfur hydrogen 

.- 
JOHN DALTON SUGGESTED 
MARKED CIRCLES TO INDICATE 
DIFFERM ELEMNTS. 

1 Shorthand - . Chemida 
So ~m YOU have experhenfed with oxygm. and 
hydrogen, carbon dioxide and and chIoriue; 
yon have also aeparated water into the two e3e- 
men& of which it omists, and have m d i d  the 
two dements iron and sulfur into a chemicd com- 
pound. In biking notm of your expmhmta yon are 
certaio to have learned that it is much quicker to 
write "H" than ' % y M J  and easier to write 
"CO;' than "carbon dioxide." Before long, it wiJl 
seem the simplest and meet Iogical thing in the world 
to use these abbreviations of the names of the dit- 
ferent dements rather than the MI names. 

Yet it took && hundreds of yean before they 
settled on this d o r m  method of writing out their 
chrtmical formuIas. 
In the early days of chemistry no one hothered to 

do much writing about it. But it became n w t  
for the alchemists to write down their experiments 
- how else could they retrace their steps in ~ a s e  they 
actually hit upon the gold they were seeking? Tbey 
invented a whole line of cornpficakd &Is that 
only they cauld nndeJstmd. 
As ch& delved deeper and deeper into the 

mysteries of matter it became more and more im- 
p m t a ~  for them to write out their experiments in 
such a way that all other chemists would h o w  what 
they were trying to explain. 

The ht to invent a usable system was John Dal- 
ton, an English scientist. The invention was almost 
forced upon him. 
In his study of clhem&ry he bad W m e  convinced 

that dI chemid reactions could be explained in 
terms of the tini& pomible part of one element re- 

s c actingwiththetini&i+Iepartofanother.~ 
-suW Au 

mi ."rum 
partide8 he d e d  "atams." The smallest possible 

u, (goldl part af the compund that raulted he d e d  a "corn- fcur60~~ 
pound atom1'- tcrday we dl it a "molecde." 
To expIain his "aatomic theory" Dalton made use 

of t ides ,  each with a matking to indicate a speJfic 
eIernent. These d e s  m e d  to explain Dalton's 
theory but they were tao &ult to work with to 

b. show oomahted.&emical reactions. 

h JmJ J u O B  BE% A SW& &e&t, Jons Jahab Berzelius, worked 
-IJs DNnopED out. simpler system --the same system 

"s2 May- TODAY, IN WHlCH 
THENAMESOF Forhis&he-theMletterofthehh 
E L E M E ~ T S  ARE nameofeachdement-Cfor"mb,"Sfor"*sd- 3 



disth&h the two elements &om each other - h~ 
4 Ca for "dim," for htauce, ta distiaguish 
it from carbon (C). 

I 
But BerxeIius went an imporhnt step further. 
By then the Frencb chemist, Joseph Louis Proust, 

had dkmexed that whenever elem- form corn- 
p o d  these are dways of a very d&te cmnp 
&on - the "Law of Definite Gmpodtion." Water 
m o l d s ,  for example, d w a p  contain the same 
number of hydrogen md oxygen atams. And Dalton 
had found that when two elements combine in dif- 
ferent ways they do this in aj~~pls  propo&om - the 
"h of Multiple Proportions." One atom of carbon 
and one atam af oxygen make carbon monoxide; one 
atom of carbon and two a- of oxygen make car- 
bon dioxide. 
To dw&e these things in a simpIe way Berzelius 

made each of his @Is staud not only for a s p d c  
element but also for its relative weight as - p a d  
to the weight of other elemen-its "atomic weight." 
To show the m@tion of a compound he simply 
put tugether the symbols for the dements into a 
"formula"-CO, HCl, FeS, and so on."CO" then not 
only maant that one atom of carbon aad one atom 
of oxygen combine to make one molecule of carbon 
monoxide, but also that 12 weigbt units of carbn 
(12 being the atomic weight of carbon) combiue with 
16 weight units of oxygen (16 being the a b d c  weight 
of oxygen) to farm 28 weight units of the compound 
carbon monoxide. 

When a wmpound contained several atoms of Ehe 
same element B d n s  indicated this by p b h g  a 
number in front of the symbol. It was later found 
necessary to change tbis to a smaller n&, called 
a "mbhpt," placed at the lower right of the gym- 
bol - HP, CO,, 
Xn recent years it has been newsary to cbmge 

Dalton's idea of an atom as being the smallest in- 
divkible part of an element. Nowadays we have 
maehins, such as the cyclotr~n, that can bombard. 
or "smash" atoms into still d e r  parts-ueulmns, 
and elwh-ically charged protons and el-IIS. Ac- 
cording to today's atomic t b r y  protons and neu- 
trons form the nucleus of the atom and electmns 
whir1 around the nucleus with such txemendous 
speed that they rn to form a "shell" zound it. 

But even witb our new idea of rtn atom, Dalton's 
main theory is stin useful for explaining chemical re- 
actions, and BerzeIius' metbod is still the simple 
c ' s b o ~ d "  method any scientist has ever de* 

_ for writing them down. 

I 
F r0U COULD % L W  
ATOM YOU MIGHT SEE TWO 
MG ARWMD THE NKLW IM AN u~rw~ mew w 
~ U U M O R E ~ L F I . ~ G . ~ M I ~ ~ ~ U T ~ S H ~ ~ . ~ ~ ~  . , .  . . _ .  1 . - n  



- ~ r : ~ ~  The Periodic Table of Ele-~~br .- - . - +  

FROM THE eadi& -times people b8- to exp~ain 
what " m ~ "  was made of. Mast. &rIy phiI0s- 
ophers agreed h t  'rnatkr" WM made up of what 
they d e d  "'dements." Bt && idea of an "& 

d ment" was q&e different h what we mean by , 

tbat word today. K 
The early Greek ~ o a o p h e r s  thqht  the entire 

universe was c o m m  of only four basics-=: 
fie, earth, water, and air. This explanatien made 
sease at the -time and was not seriody challenged 
for many cm&, 
Tbe old Romans actually knew nine of the 6 

stan- we dl elements today. They caTled -them, 
of cotuse, by tbeir Latin names (the same we nse 
today in chemical s y d o h ) :  carbo (mhon- C), 
saifur IS). aanon (gold - An], argerdtm (dver - 

FOR MORE THAN A THOUSAND YEARS PHILOSOPHERS 
INSISTED THAT ALL SUBSTANCES WERE MADE UP OF FOUR 
ELEMENTS: FIRE THAT WAS DRY AND HOT, EARTH THAT WAS 
HOT AND MOIST, WATER THAT WAS MOIST AND COLD, 
AIR THAT WAS COtD AND DRY. WE KNOW BEfTER NOW1 

M E  MODERN PICKIRE OF AN ATOM HAS A NU- 

TONS (p) AND NEUTRONS In), WITH ELXlRONS 
IN RINGS AROUND IT. 

2 

T H E  P E R I O D I C  T A B L E  O F  T H E  E L E M E N T S  
3 

4 

5 

6 

7 

ROWS RUNNING FROM LEFT TO 
RlGW A R E  CANED PERIODS. COL- I I 
UMNS RUNNING FROM TOP TO 
-OM ARE CALm GROUPS. THE 
UEMarrS WITHIN A GROUP HAVE 
MANY T W T S  IN COMMON. 



Ag), ferrmn (iron - Fe), caprum (copper - Cu), 
s- (tin- Sn), plumbum (lead- Pb), hydra+ 
m (merr:ury-rn). 
By 1800, thirty-four elmmnts had been discovered, 

Within the nmt ten years, thirteen more had been 
added and had been given made-up Latin names - 
among t h m  nafriiun (sodium - Na), kuliwn (potas- 
Gum - K), and a7uminium (duminum - Al). By 
the beginning of the twentieth century, eighty-four 
eZemeats were hown* 
Today the number has reached 102 - the laat ten 

man-made, produced by splitting the atoms of other 
dements. Within a short time, Etexnent 103 will 
probably be discovered. 
In this table you wiU h d  Iisted the 102 dements 

that are known d a y .  Each dement is descritKd by 
its c h e d  qmhl ,  its atomic n&, its fd name, 
and its atomic weight. 

magnesium 

MANY SClENTlSTS HAD 
NUTICED THAT IF YOU LINE 
UP THE ELEMEMS ACCORD- 
ING TO ATOMC WEIGHTS, 
CERTAIN CHEMICAL TRAITS 
OCCUR PERtODICALLY. THE 
RUSSIAN SC[WTiST, DMI- 
7nl MENDELEEFF, ON THIS 
BASIS DISCOVERED THE PE- 
RlODlC LAW AND DEVE1- 
OPED THE PERIODIC TABLE 

A YOUNG ENGLISH SQEN- 
TIST, HENRY MOSW, PER- 
F-0 THE PERIODIC TA- 
BLE. HE DISCOVERED THE 
LAW OF ATOMIC NUMBERS 
AND ARRANGW THE Elf- 
MENTS ACCORDING TO 
THE ELECTRIC CHARGE 
FOUND IN THE NUCLEUS. 

L 

Ill B ZV B V B 
THE NUMBER OF PROTONS IN AN ATOM 15 M 

VI B WI B 

ATOMIC NUMBER. AN ATOM ALWAYS fIAS THE 

HYDROGEN IS THE SIMPLEST OF AU ATOMS. 

RARE UNSTABLE 
I ELEMENTS 



The Mysteries of Solutions 
&OM THE earlkt days, scientists exprhenting 
with chemistry have worked with solutions. The 
liquid they wed for making a solution ( d y  
water) they d e d  the "solvent." The chemical d b  
solved was tbe "801ute." 

When chemists began ta use electricity as one of 
their tools, they dhovered that merent 501utiona 
behaved in different ways. The solution in water of 
a great n& of chemicals - a u p r  among them 
-did n d  let electricity pass through- They were 
"nonanductms." Some chemicals, on the other ' hand, conducted e 1 6 c i t y  very eaeily.  hey were 
good conductors - "dectrolytes." 

SVANTE ARRHENIUS DEVELOPED M EORY TO EX- 1,1874 a & d h  s-k ~ ~ ~ h +  4 - How mNwcr arcra'cm. dev&& a to help exp& the mysteri4 

ous behavior of solutions. H e  was ody 25 years 
old at the time. 
E w  idea was that when a chemical that conducts 

&chicity is dkolved in water, d molecule is 
broken up - ' c ~ t e d ' '  -into dechicdy char- 
gedatomsorgroupsof atonmThcseatonwor g r o u p  
of atoms Brrbenius called "ions" from a Greek word 
that meam "to wander." His new theory came 
to be d e d  " A r r h d d  theory of ionkatio~~" 

When table d t  (dm chloride, NaCl), for in- 
- stance, is dkdved in water, it i o k  into positively 

@ charged sodium ions ma+) a d  negatively cbarged 
chlorine ions ((3-). These ians ''wander" about in 

2z - [I aIIdirecti0118~an~currentisappliedtothe 
solution. When that happens, the negative ions m h  

P to the positive pole, the p d t i v e  ions to the negative 
pole. It is the ions that d n c t  the current through 
the 801ntion. 

- The ream that non-hdw do not mnduct 
e l d c i t y  b that they do not dimxiate into ions. 

Arrhenius' theory of ionization helped explain q 
great number of things that have p d e d  chemists. 

IN HIS EARLY EXPERIMENTS, WANT€ 
ARRHENIUS USED A SIMPLE SET-UP. 

His -theory has h modified mewhat  over the 

YOU CAN EASILY REPWT SOME OF HIS yeam bnt in m a  r v t s  holds true today. 
EXPERIMENTS - [PI YOUR OWN LAB, 
USING FtASHUGHT BbmIE. ILST1NG C 0 - m  OF SOWTIOMS 

5- UP THE SAME APPARATUS 
AS ON PAGE 25. ADD FLMK 

\ UGHT BULB TO BID OF ONE 
WIRE TRY DlAWWT X I L U -  
TIONS IN GLASS. SOME B 
DUCT ELECtRlCrrY AND BULB 
LIGHTS UP. OTttWS DO NOT 
AND THE BULB DOES NOT 
UGHT UP. 



SAIURATED SQUPnONS 
A SATURATED SOLUnON IS ONE 
IN WHICH NO MORE OF THE 
CHEMlCAL WILL W IN SOLU- 
I O N  AT THAT 

P m  WES NOT DISSOLVE. CLEAR ' 

LIQUID IS SATURATED AT R W M ~  
TEMPERATURE. [AT 20°C., 63 g ,/, 

KNO, MAKES SATURATED SOLU- 
TION IN 20 ml WATER.) 

PLACE CUSTARD CUP OVER ALCOHOL BURNER. ADD 10 g MORE SALT- RER. SOON ALL SALTPEER olsson~o. AT H~GHER TEMPERATURES NaISz0,-5H,0 @- IT TAKES MORE SOLm TO MAKE A SATURATED SOLUTION. (AT BOILING, 
20 ml H,O DISSOLVES 49 g SALTPETER.) 

TAKE SOLUTION OFF FIRE AS IT COOLS, MUCH OF THE SALTPETER 1 

OUT AS CRYSTALS BY SLOW CRYSTAUIZAnON. UQUlD IS AGAIN 
A SOLUTION SATURATED AT ROOM TEMPERATURE 

CRIISTAUKA~ON 
YOU CAN K)LlOW 
CRYSTALUZATlON OF 
Mg SO,. IN TEST TUBE, 
HEAT MIXTURE OF 
5 ml WATER AND 1 
TEASPOON EPSOM 
SALT UNTIL SALT DIS- 
SOLVES. POUR HOT MANY CHEMICALS 

LOWER SOLUf ION OVER FORM CRYSTALS OF 
PANE O F G L A S S  DISTINCTSHAPES. 

USED. CLEANED WITH DE- 
TERGENT. CRYSTALS 

E T ~  'NDIYIDUAL MAKE NEEDLE-LIKE 
F ~ s o , - ~ ~ o  

CUPS, FOUR WATER NETWORK. 
H CUP, IN ONE, D1S- 

, - PINCH OF SALT, IN I---.T; ,;?a"%, ~a--&g I , -.- - . --- , . 
?INCHES, AND SO ON. 

~ N E  WITHOUT SALT. MAKE 50 ml GRADUATE FIRST: MEASURE SO rnf WATER; 
:E IN FREEZING COWART- INiO A NARROW JAR, USING 10 mI T€ST TUBE G W U -  

M~NT. CUPS LEAST SALTED ATE SHOWN ON PAGE 1 5. MAKE A MARK AT 50 rnl LEVEL., 
i 

FREEZE FIRST. 10% [lo PER C m  SOLUTION: MEASURE 40 d WA-! 
SOLUnON HAS l-UWW BOILING TER INTO A CUSTARD CUP. ADD s g OF THE CHEM~CAL.~ 
POINT THAN THE SOLVENT USD. STIR. (ro M U ~ E  IT DISSOLVE QUICKER, YOU MAY WANT/ 

WITH CANDY THERMOMETER, TO HEAT THE WATER SLIGHnY.) POUR SOLUTION INTO 
D-NE AT WHAT POINT 50 mI GRAWATE. ADD WATH TO THE 50 mt MARK. 

I - 
WATEP 80115' ADD )ye SOLUTION: ,MEASURE 40 rnl WATER INTO NSTARD ! 

OF SALT- WHAT IS mIUNG 
CUP. ADD 1 g OF THE CHEMICAL. STIR 10 DISOLYf +: 

POINT NOW? ADD MORE 
SALT. READ AGAIN. ,g!g&g#g-&'yAm --- ----A -.Tg&p$ . -+ -- 
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HOW DO YOU KNOW AN ACID? 

) ACIDS TASTE SOUR. 

ADD 5 ml HYDRO- 
CHLORlC ACID M I 5  
mI WATER. DROP 5 
DROPS OF MMIURE IN 
GlAS!j OF W A m  DIP 
FINGER IN THIS IUGK 
LY DILUTED ACID. 
TASTE DROP ON FIN- 
GER nP. 

c,Ds *-ti.-. m -  ' 
. 

INDICATORS. 

PLACE DROP OF DUUTED HYDRO- 
CHLORIC ACID ON STIUP OF BLUE 
UTMUS PAPER. THE COLOR CHANGES - 
TO ICED. 

C 

AQDS have many baib in common. They tada 
som. Thy change tbe color of pIant snb- 

ACIDS ACT Wl 

... 

PLACE A STRLP NC IN 
A TEST TUBE. POUR A FEW 

ON IT. ZINC DISSOLVES, 
SEIINO THE HYDROGEN 
OF ACID FREE 

Worlnng With Acids 

stances--which are Caned "indicators." They con- 
k&~ hydrogen (E) that can be r e p M  by a metal. 
They neutsalize b. 

But what is an acid? ear lie^, the "acidic" ka3s 
were used to d e h e  an wid But with the modern 
m d d g  of t h ~  atom, a different dehition is 
d. You will remember that the nucleus of an atom 
contains positivdy charged protons. Acids in d u -  
tion liberate p&ms as ions e*), Aad po we say 
t h a t a n a c i d i s a s ~ e t h a t f l g i v e u p - o r  
"donate" - pmmm to another s n h c e .  A ~ i d s  are 
"proton donom" The foremost acids used in indusw 
are s* aud @$OJ, nitric acid (HNOJ, and 
hydrochl& acid (Ha). 

"The&i t~-st j fnt r ioaddm~d#dc&-  
&d$lNEmmhdh*bomelab .Thega~e  
mu&* DANGEROwC They destroy th~ &in aad 
d t  hUnd y m  i€ yw,gat in tbe eym. F r -  
ever a c h d d  experiment would ordinarily call for 
suIfmic acid, this book uses sodium acid sulfate - 
NaHSOa sodium b-iate.,  "Sani-Flush" ; wherever 

(CONTINUED ON PAGE 44) 

kerns wumalz€ 
&ASS. 

--4 

2 ml LYE SOLUTION 
ROP OF PHENOL- 

PHTHALEIN SOLUTION. 

WUR INTO 5 ml HYDROCHLORIC 
THE PINK COLOR DISAPPEARS. 

1 
HOME-MADE USPICATORS 

CUT UP OR GRATE A 
RED CABBAGE LEAF. 
DROP IN HOT WATER. 
STEEP FOP 5 HOUR. 
POUR OFF LIQUID. USE 
AS INDICATOR. 

io~et bbeberrie 

MANY FLOWERS AND FRUITS CONTAIN COLORING 
M A m  WHICH YOU CAN EXTRACT WITH HOT WATER 
AND USE AS AN INDICATOR FOR ACIDS AND BASES. 



HOW DO YOU KNOW A BASE? 

Bm taste change * dor of ( - 
BASES TASTE BWCKISH, 

"indicators." They contain a combination of Wgeu 
a d  hydrogen atoms d e d  "hydmxylU (033)- They 
neutralbe acids. 

Bnt what is a base? Whm a base is dissolved in - 
water it b a t e s  negatively charged bydroxyl ions 
(OR-). When a bass is n e a  these ions take 
on - or "accept"- positively charged protons from 
another snhhnce. A base is a subdance that wiH 
accept and combine with p r o m  from another 6 
stance. Bases are "proton acceptors." The most im- 
portant bases are d a m  hydroxide ("lye," NaOH) . 
ammoniwn hydroxide ("ammonia." MK4 OH). and 
dcimn hy-de ("slaked be," Ca(0H)d. 

The Grst of these - sodium hydroxide - is used 
in many households to dean sluggish drai115 and to 
keep sinks from stopping up ("ho'?. 

-- 
1-b. 1 
rl dn m 

L mos ta gst lp 
If you &t lye on goa, diI.at~ it quidsly 
I QF W A W .  

(CONTINUED ON PAGE 45) 

LITMUS PAPER W MOST 
COMMONLY USED WICA- 
TOR, AN AUD TURNS BLUE 
UTMU$ RED. BASES TURN 

IS MORE mCT 
IbIDaTObl  OR 
A m S  AND BASES. 

WHITE PHWLFWMAMN 
T u r n  PINK m BASES. 
GET S W  AMOUNT FROM 
DRUG STORE. -1VE A 
PINCH (0.05 g] 50 mI 
DENATURED ALCOHOL 

DlSSOLVE 5 g (1 TEA- 
SPOON) LYE IN 50 ml 

WATER. DROP 5 
DROPS OF SOLUTION 
IN GLASS OF WATER. 
DIP FINGER IN THIS 
HIGHLY DILUTED 
BASE. TASTE DROP 
ON FINGER TIP. 

BASES ACf 
INDICATORS. 

PLACE ~ R O P  OF L Y E  SOLUnON ON 
R r n  m u 5  PAPER. WE COLOR I& 
S T W Y  CHANGES TO BLUE 

ADD TINY LUMP OF FAT 
- FAT. TO 5 ml LYE SOLUTION. 

HEAT GENTLY. FAT DIS- 
SOLVES TO FORM SOAP, 

BA@s NEUtRALUE 
ACIDS. 

2 mi DILUTED HCI ADD 
A SINGLE DROP OF PHENOL 
PHTHALEIN SOLUTION. 

UR INTO 5 ml LYE SOLUTION. 
MJXTURE TURNS A BRILLIANT PINK. 



HOUSEHOLD 1- COMAIN ING A t  l s 
f!. 4 

F- - 
ORANGE TOMATO 

ACfD FROM 
NOW-METALLIC nitric acid would be d e d  for, this book p d u ~ e 8  
OXIDE it in a mixture of a nitrate, m O , ,  and d u r n  bi- 

sulfab.) 
Hydrochloric acid is used in many households un- 

der the name of "muriatic acid." fimya ~ Q I J  

ULFUR CANDLE (OR A h y M &  acid in an USE WfTH 
TiNY HEAP OF FLOWERS OF SUL- GREhT CARE. If anyl of & geb orf p D ,  a n t e  

P FUR) ON A PIECE OF TIN. HOLD -7 mm OF WATEJC, & it 
MOISTENED BLUE LITMUS PAPER 

J * . ,fe gf (bd 
OVRt FLAME. SULFUROUS ACID .-. ..-. -.. 
FORMED TURNS TT RED. 

ACID FROM A SALT 

5 SHOWN. 

P r)P MIXTURE 
ABLE SALT AND 

_ - JIUM BISULFATE. 
WGEN CHLORIDE PRO- 

DUCED TURNS MOISTENED BLUE UT- 
MUS RED. ADD 2 ml WATER TO TEST 
TUBE 8. SHAKE. RESULT IS WEAK 
HYDROCHLORIC ACID. 

pH SYSTEM IS A WAY OF DESCRIBING THE PELA~~VET NEUTRAL WITH pH7. THE LOWER THE NUMBER BE- 
ACIDITY OR ALKALINrrY OF A SOLUTION. PURE WATER LOW 7. THE MORE AClD THE SOLUTION. THE HIGHER 

HYDROCHLORIC ACID LEMONS SAUERKRAUT TYWTOES 

SWURIC ACID -- 1 ACETI[:D C 1 I - = 

I LITMUS 

RED CABBAG1 - - -  



HOUSEHOLD rCEMS CONTAINING BASE $ 

BASE FROM b- . . 
M E r U C  OXID 

Y a u c n a d m m d d h e f t w h h ~ @ t i t ~ ~ t i f  
h th3 eyes). 

Ammonia is a common household cleaning liquid. 
hmmonia s h o d  dm he bandled dh .car8  and 
should be kashed off quickly lf you get th on pn. PLACE A LUMP OF LIME (QUICKUME, 
k;lso wsteb your ncme when y ~ n  wmk with a ~ m o n j ~ .  CALCIUM OX ID^ IN A CUSTARD CUP. 
It has a vem stronsr meTl. ADD AS MUCH LUKEWARM WATER - 

Calcium hydroxide is a white powder. You will 
use it in a great number of experiments. 

IT WILL ABSOU. LIME HEATS UP, GIVES 
OFF STEAM, CRUMBLES INTO wWDm 
QF SIAKED UME (ULCIUM HYDROXIDq. 

BASE FROM A SALT 

red lihnm turns 
blue fmm hse. 

m A CUSTARD CUP, DISS 

SODA, SODIUM CAR601 
50 m! WATER. HEAT SUGC 

STIR. CHWCAL REAcflON PR13- 
DUCES SODIUM HYDROXIDE AND 
CALCIUM CARBONATE. FILTER. , 

CLEAR UQUID COMAINS THE se 
DlVM HYDROXIDE (LYE). THE XAl- 
ClUM CARBONATE IS HELD BACK 
BY THE FILTER. 

THE NUMBER ABOVE 7, THE MORE ALKAUNE THE X1- CHANGES COLOR, .-, ,I DEERMINE THE ACIDITY 
LUTION. WHEN YOU KNOW AT WHAT pH A N  IblDICATOR OR A W N I l ' Y  OF THE SOLUTION YOU ARE TESTING. 

r WATER rS€A WATER r BORAX MLK OF MAGNESIA LYE ' 
UME WATER I I B ~ C A R B O N ~ E  OF SODA I AMMONIA 



NWTRAUZATION IS USED WMT HAPPENS when you neutralize an acid with a 
EXTENSIVELY fN CHEMICAL base or a base with an acid? The hydrogen atomx 
ANALYSIS IN A TECHNIQUE 
CAUED TITRATION. 

(H+ ions) of the acid combine with the hydmxy1 
groups (OH- ions) of the base to form water, and 
the metal atoms of the base combine with wbat re- 

I mainsof the acid to form a&. 0rS;mply: 
BASE plus ACID turns into 

WATER pIua SALT 
This, for example, is wbat happens when you neu- 

t d z e  d m  hydroxide with hydrochl0ri.c acid: 

TO DEERMINE THE UNKN 
B O H  + --- HOEI += 

TRENGTH Ths r d t  is water and sodium ohloride - ordinary OF A BASE, M E  CHEMfST DROPS INTO IT 
FROM A LONG TUBE--A B U R ~ - A S  MUCH table salt which has given its name to other sub- 
ACID OF KNOWN STRENGTH AS IS NKES- smces of a ;- nature. 
SARY "UfRAUE CHECKING *=IC) of dl the silts wei~ in industry, table dt ma~11 
USED HE FIGURES STRENGTH OF BASE. 

and washing d a  (Na2COJ are of greakst impor- 
A TRY mnoNr MIX A tance. &merow other c h e m i d  are p ~ ~ ~ u c e d  f~om FEW ml OF HOUSEHOLD AMMONlA 

WITH 40 mI WATER. ADD A DROP OF them. Our way of H e  would be completely h p t e d  
PHENOLPHTHALEIN. MIS WfLL COLOR if our cormtry's industry did not have enough of 
THE MKWRE A DEEP PINK. these two salts. 

POUR 10 rnl DILWD HYDROCHLORIC Many ather salts are necessary for our wel l -hg .  
-ID INTO MEASURING TUBE. POUR SOME yow*n k d  at l e d  half a dozen merent 
OF THIS ACID INTO THE AMMONIA UNTIL saks & in your home - in cmging snd COLOR HAS ALMOST VANISHED. 

-- A baking, in gardening, for cleaning. 
'ICK A FEW In your chemical experiments you'll be working 

with two of 4~: mrmaZ saUs (such NaCl, 
Na2COI, m) which contain no hee hydrogen or 

ACID SLOWLY INTO hydraxyl ions, and acid s& (such as NaHSO,, 
THE -ON'* MIX- NaITCOJ which cantain repIsceab1e hydrogen. TURE UNnL COLOR IS 
COMPLETELY GONE. Some d these salts dissolve easily in water - all 
RETURN AClD NOT the nitrates (salts of nitric acid) and mast of the 
USED MEASURWG chlorides {salts of hydrochloric acid). Many sdts, 
TUBE. YOU NOW 
KNOW HOW MANY on the other hand, are h I u b I e  - mast of the car- 
rnl ACID YOU HAD TO bonates (salts of carbonic acid) and most sulfides 
USE T O  NEUTRALIZE (saI& of h Y b m C  a d ) .  
WE AMMONIA. 

dOW THE NAMES OF ~ R L I J  rt MADE UP 
FORMULA A N 0  K)UMULA AND 

THE *=lar: 7 I .' - NAME OF ACID N M E  OF SALT 

ULFURIC AClD I: f ( ,50,  HYDROGEN SVtFATE Na,SO, SODIUM SULFATE 
NITRIC ACiD '1 HNO, HYDROGEN NITRATE NnNO, SODIUM NITRAT 1 CARBONIC ACID + HJO, HYDROGEN CARBONATE Na,CO, SODIUM CARM 

CUlC ACID D - HC,H,O, HYDROGEN ACETATE NaC,H,O,SODIUM ACETAi 

YDROCHLORlC AClD HCI HYDROGEN CHlORlOE NoCt SODIUM CHLORl 
nYDROSULFlJRtC AClD H,S HYDROGEN SULFIDE No,S SODIUM SUtFlDt 

'ULIUIOUI ACID HISO, HYDROGEN IULFITI No.50. SODIUM 8ULnTk 
ITROUS ACID HNO, HYDROGM NITRITE NUNO, SODIUM NITRITE 
HLOROUS AClD HCIO, HYDROGEN CHIORtTE NaCIO, SODIUM CHLORITE 

REMWIBER: -It ACII ORM -ATE SALT? 
HYDRO- . I t  ACID< F O R M  -ID€ Sd -0UL ATID< H 



DIFFERENT WAYS OF PRODUCING SALTS SALT FROM METAL 
OXtPE AND ACID 

DROP ZiNC STRIPS L 

SALT FROM INTO A TEST TUBE. 

METAL AND POUR IN A COUPLE 
OF ml HYDROCHLORIC 
ACID. M E  ZlNC DIS- 
PLACES THE HYDRO- 
GEM OF THE ACID TO 
KIRM A SALT [LCI,] 
WITH M E  CHLORINE. PLACE 1 1 

GLASS. 
Ox'"' *clDw 6 M -#L Ti-lTHE 
QUICKLIME DISSOLVES IN THE 
ACID, FORMING CALCIUM 
CHLORIDE AND WATER. 

I DtSSOtVE 5 g EP- 
50M SALTS (WGNESI- 
UM SULFATEJ IN  20 ml. 

WATER. BRING TO 3011. TWO SALTS FROM 

SALT FRQM ANOTHER 
SALT AND ACFD 

DROP PIECES OF CHALK, MARBLE, OR OYS- 
SHEtW (ALL OF MEM CALCIUM CAR- 

ACID. RESULT I S  CALCIUM CHLORIDE 
CAR80NfC ACID W I C H  BREAKS UP 
CARBON DIOXIDE AND WATER), 

-- 
I 

lhmw m a y  ways of producing a salt in ad- base and a salt to form a new base and a new salt: 
Won to neutralization. @{OH), + ~a,= -- 2NaOH + 

When you made iron auKde directly from the two A salt  and an acid often form another salt and 
elements iron and salfur, you produced a salt: another acid: 

I@ + m - R  ~!Bco, -I- 2- - 
When you caused zinc metal to react wikh hydro- + H,CO, (W + c o ~  

chtoric acid, you made a salt: ;. Two m1ubIe salts may also form two other salts- = + z--- + H, one D 

When you made d m  hydroxide, you d a dam+- 

D15SOlVE 5 g SODA 
IK 20 rnl WARM WATER. 

HOT EPSOM 

R THE MlLKY 
,-.-RE THE FILTRATE 

-COMAINS SODIUM SUL- 
FATE. MAGNWlUM CAR- 
BONATE IS RETAIN W BY 
FILTER. 



L o I ) ~  IE aq inmdllg elemat to ~qeriment * 
Itbeady d r i v e n < ~ U t o f i t s ~ ~ & a s ~ ~  
violet f-m that into grayizh-&ck, meWic- 
l d n g  qs&& on -hg. These can lk 
further pmXed by hmhg them into vapoll again, 
and&~&gahemintacsystalfmu.This p m  
ess is called "dlimatign." 

You 6 probably fadim with the 2% almholic 
d & n  of i d ine  hmvn m 'Ctin&re of iadin~" It weqthkg with which it comes in cantact with a 
i s - f d  in ahat every home mediche cabinet and Grown stain that won't come off in washing. That's 
i d  as a ~~t for W D ~  h l h e  has many why it is advisable to have sodium thiosdfate: - 
other uses - in photugraphy and h the prqaratioi photogcapher's dt, "hypo'*- around when 
of varicms medkine and dyes. you wurk with iodine. Hypo in solution forms a 
Iodime has the bad habit d-taining practidly & l a  amponnd with iodine. 

MAKING lODlNE DROP HALF A OOZEN ICE CUBES 
IN A WRM CUSTARD CUP 1 )AJAR.*ODAUlTlLWATER. 

lAOI TOGETHER 2 g POTASSIUM 
DDIDE, 2 @ MANGANESE DIOX- 
IDE, 4 g SODIUM 81SULFATE. HEAT 
MIXTURE GENTLY. S O O N  WOLET 
FUMES EMERGE, I 

/ - *  f.; 

r3/ 

l i  
TO TEST SOLUBILITY OF 
IODINE, DROP A FEW CRYS- 
TALSlNEACHOF~RTEST 
TUBES. ADD SOLVENT AND 
SHAKE TUBE. 

PUCE JAR AS A LID ON TOP OF 
CUSTARD CUP. THE VIOLET FUMES 
SETTLE O N  BOTTOM OF JAR AS 
GRAYISH-BLACK, SHINY IODINE 

' THEM IN SMALL, 1 CLOSED BOTrLE. 

I hardly any iodine iodine iodine 
- iodine dbrotver in mak& violet dissolves 

dissolver w ~ e r  if you wlufion in with brown 
when p d  in add pofas- carbon tet- color in 
plain water. sium iodide. rahhdde. olcohot. 



IODINE FREED BY CHLORINE 

THE CHLORINE IN 
UQUID BLEACH ALSO 
FREES IODINE. ADD 
A COUPLE OF DROPS 
TO SOLUTION OF A 
FEW POTASSIUM 
lODlDE CRWALS It4 
10 ml WAm. 

S H  UP APPARATUS AS DESCRIBED ON PAGE 35 WITH THIS 
EXCEPT1ON: IN BOTnE B, MAKE SOLUTION OF g p0- 
TASSIUM IODIDE IN 40 rnl WATER. AS CtlLdRlNE BUBBlE 

E THROUGH THIS SOLUTION IT TURNS BROW FROM THE 
FREED IODINE. WTH MORE CHLORINE IT u r n s  AGAIN 
WHEN COLORLESS IODIC ACID FORMS. 

MAKING 
HYDROGEN IODlDE 

3 

IODiNE BY OXIDATION 

A DISSOLVE A FEW CRYSTALS OF 
POTASSIUM IODIDE AND A FEW 

A GRAlNS OF SODIUM BISULFATE 
IN 5 mt WATER. ADD HYDROGEN 

mix A FEW CRYSTALS {AS 
MUCH AS A PEA) OF PO- 
TASSIUM IODIDE WITH 5 
TEASPOON SODIUM BiSUt- 
FATE. PLACE STRIPS OF 
WElTED UTMUS PAPER AT 
THE MOUTH OF TUBE. HEAT 1 GENTLY. lODlNE 15 RE- 
WED.  AWO HYDROGEN 
IODIDE-AN ACID THAT 
TURNS BLUE LITMUS BED. 

PEUOXEDE. SHAKE. THE FREE 
IODINE CPLQRS UQUfD BROWN. . - 

I STARCH l€ST FOR 

3 

REMOVING ' IOOlME STAIN 

PAINT PAPER WlTH IODINE. DISSOLVE A FEW CRYSTALS OF SODIUM 
THlOSULFATE (" tfYPO") IN WATER. PANT WIM THIS SOLCITlO?4 OVER 
THE BROWN COLOR. YOU WILL Gm WHITE LmEl lS  AS HYPO FORMS 

' COLORLESS COMPOUND WITH IODINE. - 
S* UP A PINCH OF STARCH WITH 
c 0 l . D ' ~  IN A TEST TUBE. ADfj TO 
HOT WA 
POUR DRO _ v M & f U E E  lw IS mi 

OF IODINE SQLW- 
TION. saew ; 4 ~  ~ T L  



sulfur 
t 

super- 
heuted 

s&ur and Its CompU1lds 
IN mm old days, salfur was called "'brhushne" 
('%mining stone" - h m  at oId word, brennen, to 
burn). When it b m e d  w i d  a blue flame and a wf- 
focating ma, people were certaia that the devil 
himdf  was around. 

Until fairly recently, most sulfur Game from the 
y01canic Italian island of Sicily- But today, America 
produces most of the wmId's suIfur. About a hun- 
dred years ago, big d@ts were found in Loukiana, 
several hundred feet ~~~derground The problem of 
getting it up was salved in 1894 in a very clever way 
by a young German migrant, Herman Frasch. H e  
piped superheated water undergromd to melt the 
salfur, then forced the melted s d h  to the top with 
m m p r d  air. 

Sulfur its&& used for many purposes. By a proc- 
ess d d  "d&ation" it turns sticky, gammy 
raw rubber iato elastic rubber usable for antomobile 
tires and other rubber pducts.  S&m also gats 

into such things as matches and gunpowder and 
medid  preparations. 

But by far the greatest use of sulfur is in the prep- 
aration of sulfaric acid @,SO,). Tbis acid en- 
iatotbe (CONTINUED ON PAGE 52) 

SULWR CAW USUAUY BE BOUGHT IN THREE DIFFERENT 
FORMS: AS STICK SULRlR, SULFUR CANDLES, AND AS A 
Powoat (ROWERS OF SULFUR). UNDER MICROSCOPE, 
SULFUR POWDER PROVES TO BE RHOMBtC CRYSTALS. = * - 

i a' 

Hick sulfur 

A 



WHEN YOU kELT SULF 
GOES THROUGH FOUR 51 

1. IT FIRST MELTS INTO A \'r.,TER,, 
STRAW-COLORED LIQUID. 

3. IT TURNS ALMOST SOLID. 

r 

r CASTING 
WlTH 

TUBE FUU OF 
ULFUR TILL IT IS 
UGHT COLOR. 
tm. AS SOON 
P RLtat PAPER. 
FORMED TINY 

IMELT $ TEST 
TUBE POWDERED 
SULFUR. CONTINUE 
HEATING. XX3H Tr 
NO LONGER FLOWS. 

PRECIPITATED 
SULFUR 

DISSOLVE A FEW CRYS- 
TAkS OF HYPO (SODIUM 
THIOSULFATE] IN $ 
TEST TUBE WATER. ADD 
1 DROP OF HYDRO- 
CHLORIC ACID. SOON 
LIQUID TURNS MILKY OF 
EXCEEDINGLY ANE PAR- 
TICLES OF SULFUR. 



DIOXIDE 
KIR 
BLEACHING 1 

~ L E  CAP 

. ". ALLS WITH FUMU 
MENTS, COVER M E  JAR 

. .FUR. 
gc - L I _ ~ ,  -TO JAR APPLE PEELINGS AND M015 

" . .,.= , ma,, r I-LOLORED FLOWER. COVER AGAIN WITH GLASS 
, ,,, , , d-$w, PLATE. IN A SHORT WILE, COLORS HAVE BLEACHED. 

prdudon - directly or indirectly - of practically 
every manufactured d c l e  we use tday. It is used -- in refining gasoline, in making steel and paper, &em 
and h s ,  plastics and explosives, and thousands of 

- UGHT SULFUR IN B O m E  CAP. LOW- other chemicalscals 
EU BURNING SULFUR INTO JAR. Snlfur Dioxide-The~stepinmakings~mic 

JAR IS NU OF WMES, RE- from soIfur is to burn the suLfur. MOVE SULFUR. ADD A FEW rnl WA- 
TER. SHAKE. AS SO, DISSOLVES IN When burning in the air, each atom of a d f u r  takes 

IT *- A *=IL on two atoms of oxygge to make one moIecule of 
SULFUROUS ACID, H,SO,. TEST F O R  
AUD WITH BLUE LITMUS PAPER. sulfur dioxide gas (EX&). 

By a specid, complicated process, snlfor dioxide 
ean be forced to take on another oxygen atam and 
form sulfur trioxide (SOJ. With water, this makes 
sulfuric acid: 

HO+ so, -- H$O, 
Hydrogen Snlfide-Many sulfur compounds have 
unpleamnt, penebating smells. Some of these corn- 
pounds have very compIex molecules - just imagine 

I a skunk producing a chemical with this formula: 
CH,CH&H,CFI,SH! The smell af rotten eggs, an 
the other hand, comes from the simple compound 
hy h g m  Sdide m a  - 

DlUM THIOSUL- I Hydrogen sulfide. is used in chemical analysis to 
, FATEJ IN 40 rnl WA- 

TERARDAFEWml 
determine what metais are found in a &n sub- 

HYDROCHLORIC C stance. It combines with metals into salts (sdides) 
ACID. SULFUR Dt- that can be distinguished from each other by their 
OXIDE AND RECIP- 

I ITATE OF SULFUR colors and by the way they react with acids aud 
I other chemicals. 



1 HYDROGEN S U m E  HYDROGEN SULFIDE 
I HAS SMELL OF 

IS AN IMPORTANT LAB 
ROm HiGS ' 

TOOL FOB CHfMlCAL - 
ANALYSIS. 



- Silicon-The Element xu &ep On 
SILICON (from the Latin sih, flint) is the second 
mad abundant dement on earth- after oxygen. 
m t h e r  you are w d h g  on sand or day, rock or 
cement, h o s t  half of what you're stepping on is 
sihm. 

S%mu is fonnd in nature ia. d i n a t i o n  with 
oxygen (mostly the dioxide, SiOJ and m different 
silicate (dta of variom d d c  acids). 
Wd few exceptions, silicon ompouuds are in- 

801abIe in water. And that is a g o d  thing for all of 
us. The g h w  of our windowa and the glasses h r n  
which we drink are dicate~. So are the glazes on 
our cups and the enamel on o m  bath*. Most 

glass and many dazes are made by f&g together 
d (Si03, limestone, md soda. 

The &catex of sodiwn and potassium b l v e  in 
water. A concentrated mIution of sodium silicate 
(lVaS10~) is mld in hardware stores under the name 
of w a - 1 ~ .  It is used as a glue, for h p m h g  
wood and for preserving eggs. 

Within recent years, chemists have developed a 
whole line of new silicon compounds d e d  diconea. 
Some of them are oil-like. Some look like putty 
("Silly Puttyy'). Stili &as are rubber-like. Paper 
and &th can be made water-repellent by being 
treated with mitable aiIiwnes. 

MINERAM AND PRECIOUS STONES 
MAbN ARE SILICON OXIDES OR SILICATES. 



MAKING SUlClC ACID . -. 

IN ONE GLASS, DILUTE 20 mi -- ml WATER. 

IN ANOTHER, MIX I 0  ml HYDROC D 10 mlW*TBI. 6 

? POUR M E  TWO MIXTURES AT ONE TIME INTO A THIRD GLASS. 

STAND SPOON UPRIGHT IN THE MIXTURE WHICH, ALMOST MMEDI- 
ATBY, TURNS INTO A JELLY ("GEL'l SO STIFF THAT S W O N  STANDS BY 
ITSELF AND YOU CAN TURN THE GLASS UPSIDE DOWN. 

WEAKNESS OF 
StLICtC ACID 

SlllClC ACID IS SO WEAK 
ACID ()I,CO,) DRIVES IT 
GLASS. MAKE THE CO, BY WURtMG HY- 

MAKING SlUCATES 

JAR UD. HEAT. THE SllICTC ACID {HzSii,) 
GIVg UP WATER (H,Ol AND TURNS 
INTO A GRAYISH-WiTE BWER OF 
SIl ICON DfOXIDE ISDa). 

INAtBTTUBE,MlX 1 g OFTHESIU- 
~ I D E  YOU MADE, 2 g 
/ A m .  HEAT 

4FMR FILTERING, YOU WlLL HAVE A CLEAR 
50iUnON OF SODtUM SIUCATE (Na,Sii,). 

IN A P I M  JAR, PLACE s - l k "  
OF SAND. WUR ON TOP I 

MIXTURE OF EQUAL PARK 
GLASS AND WATER. PUCE I 

___ - WHERE IT WILL NOT BW 
- 

ADD A FEW DROPS M THE 
TERGtASS TO GFT PRECIPI- 

TATE OF COPPER SILICATE IS FULLY "GROW." 



& Bp~am-F~ke  Rocket-Power Element ? 
. ' & m n  A hundred years ago, a mineral called combine with hydrogen in a number of ways. When 

borax, containing the dement h n ,  was carted out the boranes or bomn hydrides burn, they develop a - 
of Death Valley In California by twenty-mule teams tremendous amount of power. 

! -about the slowest tramportation you can think of. Boron can be isolated as a hard, bmwniah-black 
- - Someday, boron may be put in zipfuds for space powder. Its carhn compaund, boron carbide (B,C), 
' &es - the fastest form of tramporbtion imagi- is almost as hard as diamond. 

nable. Baron has the ability (as d a ~  carbon) to But you are probably more familiar with boron 

BORAX BEAD TEST IN W W  IlCAL AMLYSIS _ MAKE BLOWPIPE BY DRAW- .'\ - 
IN THE TIP OF 

POINT, 
He A 

A 

NP- 

'ACTUAL SIZE 4 

-- 
C -,t . 

.- 

STRONG n r ~ C  
I OXIDIZES METAL 

-- - -A- 
PLE OXfDk ~ 0 t  
ORS BEAD. 

IN THE TESTS! - -. 

CERTAIN METAL OXIDES, FUSED INTO A "BEAD" 
OF MELTED BORAX, PRODUCE DISTINm COLORS 
BY WHICH M E  METALS CAN BE RECOGNIZED. 

TO MAKE TEST, HEAT WIRE LOOP. DIP HOT LOOP IN 
BORAX. HEAT TO FORM BEAD, TOUCH BEAD TO CHEM- 
ICAL 7 0  BE TESTED. OXIDIZE THE CHEMICAL IN VERY 
HOT F W  GENERATED WITH HELP OF A BLOWPIPE. 
STUDY THE COLOR Of BEAD, HOT AND COOLED. 

hot cold hot cold 
IRON @ @ MANGANESE @ 

COPPER 0 @ COBALT @ @ 
NlCKEl @ CHROMIUM @ @ 

I 



through two of its compounds which me faund in 
ahnost every household: boric acid (HJ303, used as 
a mild antiseptic, and borax (sodium te-te, 
Na3,O7*1O~,o), used for cleaning p u q m ~ ~  and as 
a water softener. 

Borax has a great number of uses antside the home. 
It is used for soldering, for producing certain kinds 
of soap, and for making other bomn compomds. 

r ' 
MAKING BORlC ACID 

TESTS FOR 
BORIC AClD 

The dam industry uses large quantities of hrax 
for mrtIting boron-aIuminumdeate g k .  You know 
-this kind of glass by its trade name, Pyrex. Kitchen 
utensiis aad laboratory ware made of Pyrex glas 
have the great advantage over ordinary glass thnt 
they can be placed directly on the fire and do not 
break sa d y  when h y  are subjected to sudden 
heating or mling. 

T ~ L L U W  I U  :KIL INUILAIU~ PA- 
PER TURNS OWN WITH BORIC 
ACID. YELLOW COlORlNG MAlTEF 
IN TABLE MUSTARD IS TURMERIC. 
TO MAKE TEST PAPER, DIP STRIPS 
n F  PAPER TOWELINC IN MUSTARD. 

MU:-' :D C DRY STRIPS. 

ADD 4 ml W- 
""0" ACID 
TO HOT WRAX 50- 
1UTtON. STIR. RE- 
MOVE FROM FIRE. 
BORIC ACID CRYS- 
TAlLlZES OUT AS 
SOLUTION COOLS. 

UNT OF 
COLD WATER T OVE NuCl - --o W E D  11 E PROCESS. 

5 P * W  o i h m m m  
IC m o  CRYfTM M Y .  

1 m l W E m 5  ONLY. 

- - - t. 
BORIC OX- 

----I YOU CAN 
 THREADS wrrn 

L GLASS ROD- 

HEAT &OR r IN AH 
TEASPOON. IT GI#"' 

dfX 18-6-1 W 



Sodium an d Potassi1~n?. 
THE B A L ~  of sodium and poh&m have been used 
for thousands of years in making map and glass and 
for a great n m h r  of 0th p m p s ~ ~ .  

Sodim chloride (NaQ) is the mmt common sodi- 
u m  salt-itis the &&thatmakesoceanwater 
'Salty." Plants growing in the mean e e  up so- 
much of the d i u m  that peopIe dong the seamads 
of the world nsed to burn dried seaweed to secm 
' M a  ash" (sod- mbonate, NaFOJ. Inland 
plants, an the other hand, pick up p k u m  from 
the soil. Inland peopIe boiled out wmd ashe8 in large 
pats to get ''p&a&" (pota~&um carhnate, K,COI). 
In 1807, the British scientist, Humphry Davy, 

ID IN SALT TO 
mcceded in isohting the metah found in these salts. 
They proved to be waxaft  and dvery- He called 
themsodiwn(6rornsDdaash)andp' (from 
ptaah).These~stilltheirEn~name8.Btrtin 
chemical formulas they are referred to as natriam 
ma) and HaZium (g) - fkm abbrwktions of the 
Arabic n m a  of the &a: &run and (3 qili (aali) .  

DISSOLVE 19 g TABgE " IN 50 ml HOT 
SOLUTION, 

WUR CL& LIQUID INTO LARGE PIE PLATE. PLACE 
SUNNY WlNWW FOR WATER TO EVAWRATE SLOW- * 

LY. THE CRYSTALS FORMED WU BE MUCH LARGER 

MAKING NOIlMAL SALT 
FROM ACID SMT 

SODIUM SULFATE IS PRODUCED 
BY HEATING SODIUM ACID SUL- 
FATE WITH SODIUM CHLORIDE. 

MAKENO ACCO SALT FROM N O W  SALT 

IN A TEST TUBE, HEAT 
A M M U ~ O F 2 g ~  
DlUM ACID SULFATE {SCT 
DlUM BISULFATEJ WITH 
1 g TABlE SALT {Naq. 
HYDROGEH CHLORIDE 
IS Sm -FREE AND SOU- 
UM SUIFATE IS KI~~MED: 

N a m 4  + Naa + 
HQ + k s 5 0 4  

THE ACID CARBONATE (NaHCO,) IS MADE 
BY LEADING CO, TO NORMAL CARBONATE 
(Na=CQ,)- 

b MAKE, SATURATED SpLUnON BY S W  
G 3 T E A S W N S  WASHING SODA IN 30 

11 COOL, NOT COlD, WATER. FILTER IT. 

ST SET UP APPARATUS K)R MAKING 60, AS 
r3W ON PAGE 31. LEAD CO, INTO SODA 

sotti~~m mu i O  MINUTES. MEN SET ASIDE. 
SHORTLY NaHCO, CRYSTALS APPEAR. 



Element 19. 
Afomle wi,: PIONE€R WOMEN MADE POTASH 

FROM WOOD ASHES. 

WHEN YOU HEAT PO- 
TASSIUM NITRATE, IT 
GIVES UP OXYGEN 
AND BECOMES PO- 
TASSIUM NfTRlTE: 

HEAT 5 TEASPOON 
SALfPi3ER AT BUT- 
TOM OF A TEST TUBE 
UNTIL IT MELTS. DROP - ,* 
INTO THE TUBE A 
PEA-SIZE LUMP OF 5 
SULFUR. IT BURNS ?' 
WITH BRlLLlANf BLUE 
FLAME. DO SAME 
EXPERIMENT WITH 
HEAD OF MATCH, 
CHARCOAL Brr. 

S ~ N S  OF 
ASHES WITH 
SKlM OFF W W W  n u m S .  

FILTER THE MIXTURE OF 
HE5 AND WATER. mLLm h 

FILTRATE IN A CUSTARD CUP. 
EYAWRATE MOST OF WATER 
THEN -1 TO PERMIT K,CO, 
TO mSTAWZE OUT. 

THE COMWUNDS OF CatTAlN METALS GIVE 
DISTINCT COLORS TO A FLAME. DIP NI- 

SODIUM COMPOUNDS GIVE 
THE F U M E  A BRIGHT YEUOW- 
RED COLOR. KlTASSlUM COM- 
POUNDS GIM YlOLEr FLAME. 



- -- 
Afmic a 

dO.Q8. Dens i ty :  
1-54. Silver-white 
metel with bright 

tar. W m f s  w f i  

to form hydrwide. 

! 3 r m  UP KKFLMQHT. YOU can do it becaip your 
bones contain caIcilrm, Tell a mason to put up a 
brick house. He cau do it with mortar wn-g 
calcium. Td a masW builder to M d  a mhument. 
H e  wi l l  make it from marbIe- c a l k  again. Tell 
a hen to "go lay an egg." She can do it if she gets 
enough calcium in her feed to make the shell. 

C a l k  carbonate (CaCO,) is tbe starting point 
for mmt calcium compounds - and for other 
calsl as well. It is fomd in nature in CUTS and moun 
tain ranges in the form of chalk and lim-ne and 
marble. And it makes up the sh& of dams and mu% 
sels and billions of tiny sea creahms. 

Cdcium carbone is h o s t  insoluble in water. 
But if the water conbins mbon dioxide, some goes 

"THE WHR CUFFS OF DOVER" CONSIST OF ALMOST =lUtion Plrm.2 P l l P l l l l l  r."--L..- ... -*r ---a. A- -.. . ..- run& - ~ ~ ~ u r n  MWPIAIC IN Int rvw ur LHALK. 
dcium bicarbonate (Ca(HC0l)J- 

-Y This explains the formations m our famous Iimestone 
cay=. Rainwater co11tahbg carbon dioxide seeped 
through the ground and dissolved a small amount 
of limestone. In falling h m  the cave ceding and 
drying, -the drops gave up HtO and CO, and left 
CaCOs behind. T h e  minute deposits of falling drops 
ducing thousands of  yea^ created the stalactites 
haagiag from the roof of the caves and the stalag- 
mites risiag from the floor. 

A wi-d mineral called m u m  is the wl- 
fate of calcium. In this, each molecule of sdfate has 
twomoIec&ofwaterattachedta it (CaS0,-2H.P). 
When gypsum is heatd, it loses three quarters of its 
water and becomes plaster of Paris (2CaS0,.Hs0). 

*-. . . ---- -. -- 
' ' GMITES ARE 

When you mix plaster of Paris and water, it again 

I 
V41Y-UmwV41Y Y L C U a K I ~  OF GCO,* * on the full -unt of and h~~ 

a hydrate &dar ta the o+d gypsum. 
-..-L-- The name of calcium was given to the metal hidden 

iu limegtwe by its discoverer, Rumphry Davy. It 
oomes h m  calz, the old Latin name for lime. 

SIAIALTtTW AND STALA 
irkin-emnt r h r n  nemtmc 

4 

coral 



'IESTINB HARDNESS OF WATER 

I I ' 
TION. CLOSE MO, 
OF JAR. S W E  Vt 4 OUSLY. CHECK A M 0  C DISTiLLED 

. . A  I WATER MAKES 
WASHING LARGE 

FOAM. SQDA MAKES AMOUNT 
TOAM. OF FOAM. 

MAKiNG @'HARDg' WATER 

SIT UP GAS GMERATOR AS SHOWN ON PAGE 
BOTnE A CONTAINS ROCHLORJC ACID. IN 

8QfTLE B, PLACE MARBLE CH "i$ S ON TOP OF PEBBLES.. 
WUR ACID ON MARBLE CHIPS TO MAKE Cot. 

'LEAD THE CARBON DIOXIDE INTO W E  WATW. 
I I I URNS MILKY THROUGH KIRMATION OF CoCO*. 

CONTINUE LEADING CO, INTO MILKY SOLUTION. 
~LXINBS DISAPPEARS. INSOLUBLE CaCO, HAS BEEN ClUM CARBONATE AND SULFATE, AND OTHERS) MUST 
TURNED INTO SOLUBLE b[HCOIJz. MIS IS THE SUB- BE REMOVED FROM WATER TO BE USED AS SOLVENT. 
STANCE THAT MAK W MOST HARD WAzE ,"HARD." THIS IS DONE BY EVAPORATING THE WATER AND 

CONDENSING THE STEAM. YOU CAN MAKE A DIS- 
TILLATION APPARAfllS FROM TWO PINT-SIZE C U S .  

cunw warn ~ m s m  or pmrs 
PLASTER OF PARIS (2CaS0,-H,O} 15 USED 
IN WUCE WORK FOR MAKlNG CASTS OF 

, PRECIPmAm TRACKS. MIX PLAS~ER WITH WATER UNTIL 
CALCIUM IT HAS CONSISTENCY OF MEDIUM CREAM. 

CARBONATE WUR IN TRACK. LEAVE TO SEr ONE HOUr 

61 
' 
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TAKE A LOOK at the peridic table of dements on 
; p a g ~ ~  33-39 In d n m n  HA yon fiad tbe nietal mag- 

nesimn, in COIUQIU IIB the metal &. The fact that 
the two f d e ~  ia wbich they are found both have 
the Roman numeral II would indicate that .they are 

related, But the fact that they are in geparate 4 c ~  

gruupaa d d  suggest that they differ in certain re- 
That is exady the case. 

In their compoundsthey are very much alike. One 
itom rxlmbines with one atom of oxygen to form the 
oxide (MgO and ZnO), and one atom rephm two 

.atoms of hydrogen in forming a s a l t  (MQ, and 
BRILLIANT, WHITE --'- 
FLAME. MIX ASHES CUT SLIVER OF ZINC. 
(ha) WITH WATER. , TT IN IT they do not behave alike - as you will Iearn. 
TEST MIXTURE WITH BURNS BLUISH- Before WorId War II, magne;Siium had little use 
RED UTMUS PAPER. FLAME - mainly in flash photographY because it burns with OXIDE. ZnO IS YEUOW 

WHEN HOT, WHITE a blindiug, white light. But the metal b e  im- 
WHEN COOL. portant when b h e i g h t  planes were n d -  

melted t0gethe.r with other metals it fornu an "doy" 

REPLACEMEM OF COPPER 

I 8OTH M A L S  R E A a  WITH WEAK ACIDS, EVEN WtTH (b DISSOLVE 4 g COPPER SULFATE IN 40 ml WATER. 
rlEGAR-Mg WTH COLD VINEGAR, Zn WlTH HOT. UR HALF OF THE SOLUTION OVER STRIPS OF MAGNE- 

POUR SOLUTION OF 1 g SODIUM BISULFATE LN 10 SIVM, THE OTHER HALF OVER SLWERS OF ZINC. 

~~I'wA= ON Mg AND Zn. Mg UEACK FAST, Zn SLOWLY. Q COPPER IS FORCED OUT AND Mg AND h GO INTO 
NOW TOUCH ZINC WITH A COPPER WIRE. REACTION LUJION. IF ENOUGH METAL IS USED, THE BLUE COLOR 
SPEEDS UP, CAUSED BY EL-IC PROCESS. DISAPPEARS. MgSO, AND &SO, ARE COLORLESS. 



that is light yet very strong. Some magnesimn cum- 
p o d  are d in medicine: milk of mag& (Mg 

and Epmm salt (MgSO4.?H,O). 
Z;ac has been d for a g ~ ~  to coat iron pails and 

Pipes to prevent them from ruskbig - ' ' g a l v d  
iron." Zinc ia also a part of many alloys (German 
silver and bra851 and ia important in the making of 
d r y 4  bawes .  

GNESiUM _, .N 20  WATER. 

G 
ROhi HARDWARE STORE SMALL BOT- 

0 r[NNERS' FLUID." THIS IS A STRONG 
SOLUfION OF ZINC CHLORIDE. DILUTE 5ml OF 
mUID WlTH 15 rnl WATER.  WE SOLUTION OF 5 g WASHING SODA 
(S DIUM CARBONATE) IN 50 rnl WATER. ADD 
SOME OF THlS X)LUTlON TO THE OTHER TWO. 
[N BDTH JARS YOU WILL GIT A HEAW WHITE 
PRECfPITATE. I N  THE Mg JAR, THlS IS NORMAL 
mAGNESlUM CARBONATE (MgCO,). IN Zn JAR, 
CO+ IS SET FREE AND BASIC ZINC CARBONATE 

MAKING THE HYDROXIDES 

ADD SODIUM HYDROXIDE SOLUTION TO SOLUTION 
S F  MAGNESIUM SULFATE. WHITE Mg(OH}, FORMS. 

' @ADD S M A U  AMOUM OF NaOH SOLUTiON TO DL 
LUTED TMNHlS* FLUID (Zncl,). Zn(OH), IS FORMED. ADD 
MORE NaOH. PRECIPTTATE DISSOLVES WtTH FORMATION 
OF SODIUM ZlNCATE @a,Zn 0,). 

1) ,D AMMO,, (AMM0Nll.M ,ROXlDq TO M G -  
3lUM SULFATE SOLmON. AGAIN &{OH), M S .  

ADD W MOUNT OF AMMONIA TO DILUTED TIN- 
NWS' FLUID. Zn(OH), FORMS. ADD MORE. THE 
DISSOLVES, FORMING COMPOUND Wlfff NH,. 

1 SiT UP HYDROGEN SULFIDE APPARATUS SHOWN ON PAGE 53. 

I LEAD HYDROGEN SULFIDE (H,S) INTO DILUTED TINNERS' FLUID 
[mCIJ. YOU GFT A WHITE PRECIPITATE OF Ins. 

HxS INTO SOLUnON OF WSOM SALT (&SO,). HERE 
YOU Gm WHlTE PRECIPITATE. BUT NOT OF MAGNESIUM 

(Z~~OH],,&CO,) RESULTS. SULFIDE THIS REACTS WITH WE WATER TO MAKE Mg[OH)=. 
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HALL OF THE UNITED STATES FOUND' 
A CHEAP WAY Of PRODUCING iT 
IN 1886.. , 

IT IS ~ O S T  impoB8ibIe ta imagine our world with- 
out ahminnm. Almopt everywhere you look you sea 
items made of this silver-white metal - horn the 
pots in the kitchen to the airplanes flying averhead. 

)I! Although dnminum is the most abundant metal 
on earth, no olre had ever wm it until 1825 when a 
D a d  seientkk, Hqm Chistian isolated it 
h m  dnminum chloride (AICIJ. For a number of 

MAKE A S W  AMOUNT 
OF ALUMINUM POWER 8Y 
HUNG IT OFF AN OLD ALU- 
MINUM WT. SPRINKLE IN 
F M E  TO MAKE SPARKS 
OF BURNING MUMINUM. 

years aluminum was so eqmuibe that it wm con- 
sidered in dass with gold and silver. The solid alumi- 
nwn cap placed on tap of the W a s b g b n  Monument 
in 1884 was f$st put on pnbk display ao that every- 
one could have a look at such a grgreat rarity. Two 

L 

GROWING ALUM CRYSTALS - 

WARM. STIR INTO IT POTASSIUM ALUM OR AMMONIUM 
ALUM U N n l  NO MORE DISSOLVES. POUR UQUlD OFF 
UNDISSOLVED ALUM. S I T  ASIDE TO COOL. 
( WHEN CRYSTALS HAVE FORMED, PICK OUT LARGEST 
ONES. ADD TO SOLUTION AS MUCH MORE ALUM AS IS 
REPRESEMED BY THE CRYSTALS YOU REMOVED. HEAT 
GENTLY AGAIN UNTIL ALL IS DISSOLVED. m L .  

W U I  MX)LED SOLUTlON INTO NUROW G U S .  TIE 
THkEAD TO LARGEST CRYSTAL YOU PICKED. HANG THIS 
IN SOWON FROM A PENCIL PLACE IN QUIET SPOT. 
LIT M E  CRYSTAL GROW FOR A WEEK OR MORE. 



years Iafer, a 22-yearsld American ch& Charlm 
Martin Ran, invented a way of producing aluminum 
cheaply from aluminum oxide (AWJ. Since then 
a h i n u r n  bas become one of the most popular of d 
metals-mostly because of its fightmess. 

The mineral ba& (AIRO,, M(OH) ,) is our main 
source of almninm. But duminwn is aIso found in 
nature as oxide and in many canpiex silicates. Clay, 
for hatanm, is an aluminum silicate. 

Two things about aluminum wi l l  inter& yon as a 
chnkt .  One is that aluminum is an "amphotmk" 
element, which means that it can form not only a 
base (AI(OH)J, but a h  an acid (HAlO,). The other 
is that aluminum sulfate (Al,(SOJd has the abiIhy 
to combine with p o h u m  suifate (KmJ and am- 
monium sulfate ((NHJ#OJ into beautiful cubic 
crystals of doable salts ca&d " a i ~ ' * -  KAI (SO&. 
12H2O and NH&I(SOJ,-l2H,O. 

I MAKING ALUMINUM HYDROXDE 
CLEARING 

LE- 

lllSS0LVE 1 g ( yJ TEASKKINJ ALUM IN ., ;ARDEN 

I j a m 1  WATER. ADD A L ~ E  10% N ~ O H  
SOLUTION. YOU GET JELLY-UKE ALUMlNUM 
HYDROXIDE. MIS Wllt DISSOLVE IN MORE S H T E S  FASTER IN THIS JAR THAN IN THE FIRST JAR. 
NaOH TO FORM SODltlM ALUMINATE. 

@ AMMONIA ADDED TO AtUM SOLUTION 
ES ALUMINUM HYDROXIDE. BUT THIS 

DOES NOT DISSOLVE IN MORE AMMONIA. 

TO 5 T€MPM)N OF ALUM IN 20 ml 
ADD Vr TEASPdON SODA IN 20 

AFTER WASHING, BRING PRrnPITATE 
lNTO A TEST TUBE ADD HYDROWORlC 
ACID. NO M, IS FORMED* THIS IS NOT 
A CAUWNATE. ALUMINUM HAS NO CAR- 
BONATE. ALUM MKS ALUMINUM HY- 
DROXIDE WNH SODA 



MANGANESE 
DlOXlOE TO 
MAMGANESE 
SULFATE 

MANGANESE 
SULFATE TO 
MIWGAWE 

5- v 
HYDROXIDE * 

BUBBLE VlGORQWLY BECAUSE OXYGEN IS SET FREE. 10% SOLUTION OF NaOH V W L  NO 
MORE PRECIPITATE FORMS. WHITISH 

Am A FEW MINUTES, ADD 30 rnl WATW. RLT€R. FILTRATE CON- MnlOH), OXIDIZES INTO BROWN MnO(QH). 
MANGANESE SULFATE (MnSU,J AND SODlUM SULFATE. 

~~c has no use by itself, But add 
n r p t o l ~ ~ ~ t o f i t t o s ~ a n d t h e ~ t i s a n  
a l l t i y - " ' ~ ~ ~ - s o h a r d - E h a t i t i s u i t -  
abli fog machine tbat are e x p o d  to a lot of 
r6tQh wear. 

The ma& common ore from which manganese is 
extraM- gges rmda the name of "'pyr01aaIk" This 

ndthing bnt your -old friend rnanganae dioxide 
0,) which yon fomd in your flARhlieSlt battery 

and bave already used in a great number of your 
e h d  exp&mnts. 

The compounds of rnangaww come in aImmt any 
color yon can &ink of: black and brown, white and 
pink and fed, violet and green. In working with 
these wmpouflds, yuur fingers and glasmwe may 
getbromYaucangetridofthisstaineasiEywith 
diluted hydmchIoric acid. Rinse thoroughly with 
waw aftmmds. 

K M ~ O ~  WILL GIVE YOU AN IDEA OF S M U N E S S  OF MOLECULE. 

t DISSOLVE $ g POrASSJUM PERMANGANATE IN 50 ml WA- 
THIS GWES A EOLUnON OF 1 TO 100, OR 1/100. a* DILUTE 5 ml 

w WVh 
10HWml""'WAm.YW 

,000, OR 1 11,000. 
SOUmON 1 /I 0,008. 

6 m ! Q  /100,000. 

RmUCtNG - 0 4  

PLACE A FEW CRYS- 
TALS OF POTASSIUM 
PERMANGANATE ON 
BOTTOM OF A TEST 
TUBE. DROP A FEW 
DROPS OF HYDRO- 
CHLORIC ACID ON 
THEM. THE IS 
REDUCED V A T  IS, TT 
GWES UP OXYGEN}. IT 
OXIDIZES HCI AND 
SITS CHLORINE FREE. 



- &~E,,WWIMWTS UONGTHE 

A "COP bF 'FHESE PAGES SHOW 
%OW IT IS POSSIBLE TO F M ~ Y E  FROM ONE COM- 
; -PC 3 ANOTHER. 

1 -  
t 

INTO SECOND HALF OF 'ET MANGA 
LUTION, POUR SOLUTION OF d C ~ I L E  POUR u 

4 g SODIUM CARBONATE IN 10 TATE. ADD WDROCHLORlC AUD BY SOLWlON OF MnU, IhTO TEST TUBE 
ml WATER. WHITE PRECIPITATE THE DROP UNTIL. DISSOLVED. RESULT D I ~  rr rF NECESSARY. LEAP HG INTO 
IS MnCO,. IS MANGANESE CHLORIDE (MnCl*). IT. YOU GET MANGANESE SULFIDE. 

M4NOANESI 
CHLORIDE TO 
MAMOANESE 
SULFIDE - omic wt.: 54.94 

!nsity: 7.44- Sil. 
- ry-gray mete 
L re$dish tinge 
-acts with wotw 

, cmprwwh wit) 
ygea r n n p  frow 

MANGANESE 
CARBONATE 
TO 

3 MANGANESE 
, CHLORIDE I 

DISSOLVE A FEW CRYS- 
TALS OF POTASSIUM 
PERMANGANATE IN 
WATER. ADD T INY 
AMOUNT OF SODIUM 
BISULFATE {TO MAKE 
SOlUTlON SOUR). POUR 
IN A LllTLE HYDROGEN 
PEROXIDE (HsOl). COL- 
OR DISAPPEARS AND 
OXYGEN 1S UBERATED. 

TO GIVE THE SOLUIIUF 

POUR THE RED SO 
FILTRATE IT IS G 

THROUGH FILTER P 
REDUCED TO WAS a hl b l T t d B  Of RED. PASSING 

! HAS CAUSED KMnO, TO BE .. . . I  L.A..I**r IY 1. C 4 

@&LTL .. -..a OF IRON 
i?E [ F E E m m  MM O,] IN HALF 
IT T W  WLt OF YA" 

r N O 4  CRYSTALS 
WATER. 

F 

a ~ G A N A ~ E  INTO ~RQN SALT. 
CTFLEEN f OUS SULFATE IS OXIDIZED TO 
BROWN FERRIC SULFATE {Fe,(SO,),]. 
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I "  e Live in an Age 
IRON METAL has the peculiar q u a y  of being mag- 
netic - that is, of being attracted and iduenced by 
a force Caned marnetism. Zf you should walk around 
your home and touch merent things with a mag- 
net, you wodd be surprised at the large number of 
them that would prove to mntain iron. They would ." 

TWO KINDS OF IRON COMPOUNDS range in size fmm the in the garage and the r e  
IRON FORMS TWO KINDS OF COMPOUNDS. IN FERROUS frigerator and stove in the kitchen to the n& in the I 
SALTS, .EACH IRON ATOM HAS REPLACED TWO HYDRO- ,a ,d the ad in your mo&er*s . 
GEN ATOMS. IN FERRtC SALTS, EACH IRON ATOM HAS 
REPLACED THREE HYDROGEN ATOMS. GREEN FERROUS sewkg box. 
S'ALTS EASILY OXIDIZE INK) REDBROWN FERRIC SALTS. ~ h ,  ,,,,t you step h k  around, 

you wi l l  be even 
RUSnNG OF IRON 
MOISTEN A WAD OF FINE STEEL 
WOOL WITH VtNEGAR WO SPEED UP 
ACIION), WEDGE 1T IN BOITOM OF 

A GLASS. INVERT GLASS IN 
PIE PLATE OF WATER. IN A 
FEW DAYS, WATER HAS 
RISEN fN GLASS. IRON HAS 
REACTED WITH OXYGEN 
AND MOISTURE TO KIM 
RUST-+Fe,0,),-3)I20. - 

MAKING A EERRIC SALT 

TEST FOR IRON SALTS 

IN ONE TEST TUBE, DILUTE SOME 
inlORtDE SOLUTION WITH 

IN ANOTH'" a- 
SET UP APPARATUS FOR MAKING CHLORINE OF S I [SEE PAGE 35). INTO BOnLf B POUR FER- POTA, 
ROUS CHLORIDE SOLUTiON YOU HAVE JUST 50 ml hfit 

MADE. ME CHLORINE TURNS THE GREW A DEEP BLUE 

FERRIC CHLORIDE (FeCI,]. MAKE UGHT 

more amaze Skyscrapers and 

MAKiNG A 
OUS SALT 
POUR HYDROCHLO- iF ACID OVER SITEL 

f O O L .  HYDROGEN IS 
-PEE AS STEEL 

VES. nt- 



W e  are very lucky to have, in America, not oilly 
large amounts of iron ore but also large amounts of - 
the coal h m  which to make the coke that goes into 

, The iron is F v e n  out of its ore (mostly FqO,) mOM FERROUS 

as 1,000 tons of iron at one t h e  from 2,000 tons of 
ore, 1,000 tuns of coke, and 500 tons of limestone. 
A blast of hot air is forced through the mixture. The 
coke burns with great heat ta carhn dioxide. This, 

in tm, reduces the iron axide to metallic iron, In 
chemical Ianguage, t;his is what happens: 

G + 0, - CO, pIlu heat 
CO, + C -- 2CO 
FeZO, + 3CO - 2Fe + 3C0, 

IDtZED Few, TO FERRIC SULFATE 

various impuri-ti~ to form a g b l i k e  compound 
called "slag." This is removed when the whitehot 
iron is poured out into mod& and cwled into bars 

The pig iron is brittle h a u s e  it contains duse to 
5 per cent carbon. To turn it into -1, the carbon 
must be burned out until only from -5 1.5 per c a t  

= remains. This is done either by the B- process 
(d for an Englishman, Henry Bmmer) or by 
the o p e n - h d  pr-. The hished skeI is molded 

TO SQLUflON OF 5 TEAS-N FERROUS SULFATE a into and shipped to manufact- 'lads 50 m1 WATER, ADD SOLUTION OF SODIUM HYDROX- 
I - 

ID€. WRE FERROUS HYDROXJDE IS WHITE. BECAUSE OF IM- 

- 3  
TO ANOTHER PORTION OF FERROUS SULFATE WLU- 
N ADD SQDIUM CARBONATE SOLUTION. PURE CAR- 

lz - 
copperas." Don't let the last name d e a d  p- SONATE MADE WlTH NO OXYGEN PRESENT IS WHITE- 

BUT YOU GET MUDDY, WHITISH-GREW PRECIPITATE OF - 1 i 

RlC HYDROXIDE. 
4 
7 

. ,  I .  + -  , 



-Ymterday, 
of the few metals found % free in 

ture. That is why it was used long before histori~ 
times for weapons add uk&. The main txouble 
with it was its softness. This was remedied when 
some earIy cappemmith diwovered that copper and 
tin (also Iomd free in nature) melted togthew formed 
an dIoy that was much harder than either of the 
two metals. This aUuy gave its name to more than 
two thousand years of human history - the period 
called tbe "'Bronze Age." 
A great number of weapons horn the Bronze Age 

have h e n  found in Greece. When they were dug out 

of the ground, they were covered with a green "rust.'" 
This deposit was called verdigris - litR1:aUy "green 
of Greece" (from old Freud, wri de Grke). It cob- 
sists of basic cupric carbonate - the same campound 
you wiU see on a bronze statue or a copper-clad 

THE GREEK AND TROJAN WARRIORS FIGHTING BEFORE 
M E  GATES OF TROY USED SWORDS AND SHIELDS OF 

lONZCAN ALLOY MADE UP OF COPPER AND TlN. 

r ou will h d  copper in the wiring in your 
and in every electrical gadget you use. 

tom has taken the place of one hydrogen 

MOST JMPORTANT USE 
OF COPPER TODAY IS 
KIR ELECTRIC WIRING. 

church spire exposed to wind and weather. I 
Copper became especially valuable less than a 

hundred years ago when a satisfactory method for ,:-a 
producing a steady flow of dm~city was invented. = 

After silver, copper is the best eonductor of el&ci- 1 ty. Today, the most important use for copper is for * 

electrical purposes. It serves to bring the current 
' 

from the place where it is produced t~ the place 
where it is to be used (although, within recent yeafg, 
some aluminum has taken its phce for high-tension 



MAKCNG COPPER COMPOUN 

10% SODIUM WITH AMMONIA I SODIUM CAR- 
~~YDRoxIDESOLU- YOU'LL ALSO GET BONATESOLUflON 
TION PRECIPITATES Cu(OH],, BUT MIS DIS- GIVES BLUE-GREEN BROWNISH-BLACK 
DIRTY-BLUE CUPRIC SOLVES IN  MOPE AM- CUPRlC CARBON- PREClPlTATE OF 
H Y D R 0 X I 0 E MONlA WrrH DEEP BLUE ATE PRECIPITAX CUPRlC SULFIDE. 
(CU[OHW- COLOR. 

1 

DISSOLVE 10 g COP- I 
PER SULFATE IN 100 
rn! WATER. WUR 10 
rnl INTO EACH OF 
FOUR TEST TUBS. 

FROM CUPRIC 

HYDROCHLOA 
DISSOLVED, I 

I 

3 CUPRIC H' l v x l D E  [IN 
iRlMENT ON TOP OF PAGE] SET- 
F THFN POUR OFF LIQUID. ADD 

!1C ACID UNTIL ALL 15 
4OD S M A L L  PIECES OF 
F. HEAT TO BOILING. F E ~  DROPS OF THE HOT SOLU- 

G E  AMOUNT OF WATER. 
YOU GET INTO A W *&Ye ECIPITATE. WHEN YOU 
DISSOLVED CUPRIC HYPROXlDE IN Ha, YOU 
tAADE CUPRIC CHLORIDE WHICH IS SOLUBLE 
I N  WATER. BY TREAT[ NG THIS WITH METALLlC 
COPPERTOU GOT CUPROUS CHLORIDE, IN- 
SOLUBLE IN WATER. 

REPLACING COPPER WlTH IRON 

JUSH A FEW 
~ P R I C  SULFATE 

i CRYSTALS. HEAT 
WHlLE STIRRING 
UNTIL THEY HAVE 

. TURNED INTO A 
C WHlTE WWDER. 

9 DROP SEVERAL CLEAN NAfLS 
1 TO A SOLUTION OF COPPER SUL- 
FAT€. LEAVE FOR HALF AN HOUR. 

NAILS ARE NOW COATED WlTH % AUlC COPPER AND THE SOLU- 
TION CONTAINS FERROUS SULFATE. - 

9 SHAKE ff P A U r n  ANHYDROUS 
PRlC SULFATE WITH CARBON TET- 

RACHLORIDE. NOTHING HAPPENS. 

ONE DROP OF WATER. 
E, BLUE CRYSTALS FORM. 

METALS CAN BE ARRANGED IN A 
REPLACEMENT SERIES. ANY WAL 
IN THE SERIES WILL DRWE OUT AN- 
OTHER M A L  BELOW IT AND TAKE 
ITS PLACE IN THE SALT. 



SiIve-one of the "Noblep9 Metals 
SILVER - mm COPPER and gold - is found eee in 
nature and was therefore known to man long before 

Sl  LVER IS MALLEABLE- he learned to &a& me* from the$ ores. 

~ $ I $ O C A N A N y B E S ~ ~  Pure silver has one drawback-it is almost as 
DESIRED. SILVER SMlTHlNG soft as -per. That's why most silver is alloyed with 
IS AN ANCIENT ART. copper to make it harder. Sterling silver - a famous 

alloy aged for jewelry - contains 7.5 parts copper ta 

7- 
92.5 parts silver. Oaly % of Ameriean silver coins 
is silver - the rest is copper. 

When you take a snapshot, you get y o d  in- 
voked in a serie5 of complicated, chemical p r m x s ~ ~  

I - d of them having to do with silver. It is b a d  
5 I L V  E B 
Element 47, 
Atomic wt.: 

107.880. Density: 
10.54. Soft, white 
metcil with bright 
luster. Easily horn- 
m e r e d  ou t  a n d  
drawn into wire. 

I Best known conduc- 
tor of electricifv. 

SILVER TARNISHES WHEN TT IS DE- 
POSW TO SULFUR. PLACE A FEW 
CRYSTALS OF SODIUM THIOSULFATE 
("HYPO") ON A SILVER COIN. HEAT 
UMfL HYPO MELTS. WASH. HYW 
HAS LElT STAIN OF BROWBLACK 

to believe that the blacks and grays you w e  when 
yon look at a ph-h are various macentrations 
of metallic silver- 

REMOVING TARNISH FROM SILVER 

LINE BOITOM OF CUSTARD CUP WITH ALUMINUM 
1. PLACE TARNISHED COIN ON FOIL. POUR CUP HALF 
L OF WATER. ADD 1/1 TEASPOON SODIUM CARBON- . 

WSH 
FOR CLEANING SILVER- 

IED IN ALUMINUM TRAY. 
4 BOIL. THE SILVER 

SILVER SULFIDE. 
1 '9 TO 5 mI SILVER NITRATE (AgNO,) SOLUTION, 

SlkWR Gm 5 g SILVER NITRATE 1N YOUR 1- D SODIUM HMROXfDE SOLUTION. YOU GI3 

COMPOUNDS DRUG STORE DISSOLVE IN 50 m] WATER. DARK-BROWN PRECIPlTAT-T OF HYDROXIDE, 
BUT OF SIlVm-IDE. 

11. I I. I c - -  IlUriON, ADD AMMONLA. 

.LITION, ADD TABLE SALT 
SEIJKE PREClPITATE IS SIL- 

m REUPITATE, ADD AMMONIA. 
iSOLVES. 

5 PART OF &a, ADD SODIUM 
pOLVnON. AgU DISSOLVES. 

W N N G  AgCl IN THE SUN. IT TURNS 
ROM MECALUC SILVER. 



In making a photographic h, the manufacturer M 0 R E TH AN 1 5 0 
spreads an emuhion of gelatin that mntams silver L:E ~ c ~ ' L ~ ~ ~  
bromide (Agr) over a transparent aheet of cddwe M A K ~  NG Fl LM FOR 
acetate. When the silver bromide is e x p a d  to light, THE MOVIE- 

I a cerbin amount of it givm rrp metallic silver [AgBr -- Ag + Br). More of this silver is brought out in 
the developing bath When fully developed, the 
is placed in a h h g  bath which rernovB alI un& 
silver b&e. After washing and drying, yon have 
a photographic negative in which the white parts 
you photographed appear black and the black parts 
appear white. 
To make a natural-Imking picture, you place the 

PHOTOGRAPHY IN- negative on a piece of photagraphic paper and go vOLvES * WnOLE 
&ugh a a m  P ~ ~ G S  of @g, SERIES OF CHEMI- 
developing, =g, was-, and drying. CAI. PROCESSES. 

C 

OTOGRAPHING -OUT A CAMERA 
_ I  

I I 



TRACE EACH OF THE CIRCLES SHOWN ABOVE ONTO 
CARDBOARD. WNCH HOLES AS INDICATED. USE AS PAT- 

I USING PATTERNS AT LEm, CUT OUT S WERAL CIRCLES 
OF CONSTRUCTION BOARD IN VARIOUS COLOR5. 

fERPIS K)R m N G  CIRCLES OF CONSTRUCnON BOARD. PUNCH THE W L E S  NECESSARY TO INDICATE VALENCES. 

As YOU rraw stndied the & m m i d  form& in the 
text, you have noticed that one atam of hydr* 
gen comb in^ with one 'atom of chlorine 0, two 
hydrogen atoms w i d  one a k  of oxygen (H,O), 
andthreehydrogenatDmswithomatomof~ 
W d *  
The capacity of one atom to hold on ta other atoms 

3 s  called its vaIence (h Latin &I& ~~~. 

No atom hss a lower valence than the hydrogen 
atom, so we use hydrogen as our stating point and 
give it a valence of 1. TWO hydrogen atoms combine 
with one oxygen atom -that g i v ~  oxygen a valence 
of 2. Nitrogen has a valence of 3. Two oxygen atoms 
conibine with one carbon atom to make CO,. Carbon 
has a valence of 4. 
The chart on page 75 shows some of the common 

THESE DIAGRAMS SHOW WHAT HAPPENS WHEN YOU 
BURN CARBON AND TEST F O R  COX. ONE CARBON 
ATOM FOUR POSlTlVE VALENCES] COMBlNES 
WITH TWO ATOMS OF OXYGEN {EACH WITH W O  
NEGATIVE VALENCES) TO FORM ONE MOLECULE OF 
tOt [ARROW POINTING UP INDICATES THAT THIS IS 
A GAS]. ONE MOLECULE CARBON OlOXIDE COMBINES 
WITH ONE MOLECLltE CALCIUM HYDROXIDE TO FORM 
ONE MOLECULE OF WClUM CARBONATE (ARROW 
POINnNG DOWN INDICATES THAT IT IS A PRECIPI- 
TATE) AND ONE MOLECULE OF WATER. 



Plrr 5" BRASS CLIPS IN HOLES SHOWING POSITIVE VA- 
LENCES. HOLD THEM IN PLACE WITH SCOTCH TAPE. A 

r M + P  '. 
Mtl +P 

S +4+1 e 

* 

WRITE THE NAMES OF THE ELEMENTS WlTH CRAYONS. 

vahmces for making up farmulas. Most af the items plus (H+) and oxygen x&th two minuses(0--) would 
are elements, but some of them are "radicals" - that not fit together - you need Ht to combine w-ivith 0. 
is, groups of atoms that hang together in chemical Similarly, C with f 4 (C+++-t) takes two 0, each 
reactions, such as the ammonium r a d i d  m,) that with -2 (0--1, in order ta balance. 
behaves as a metal, and the sulfate radical (503 T o  get a clea understanding of chemica1 formulas, 
that goes into the making of salts. make yourself a set of atom models as shown on 

Notice that some valences have plus (+) signs, these pages. With these models you will be able to 
others have minus (-1 signs. When you make up 4gure out how compounds are made up and what 
the formula for a compound, there must be the same happens in the various chemical reactions you will 
nuder of pluses and minuses. Hydrogen -Rith one cause in your experiments. 

A- 

m 

SLILWB HAS SEVERAL VALENCES. IT HAS A VALENCE 
OF - 2 IN HzSe OF +4 IN SO* AND OF +6 IN SOI 
AND IN SULFURIC ACID (fI,SO,E IN MAKING THE CIR- 
CLE K3R SULfUk, YOU CAN SHOW THESE VALENCES 
WTH TWO EMPTY WLES AND SIX BRASS CUPS. 

INSTEAD OF USING ONE SULFUR CIRCLE AND WUR 
OXYGEN CIRCLES TO INDICATE A SULFATEe YOU CAN 
MAKE UP A SINGLE CIRCLE TO STAND FOR THE SUL- 
FATE RADICAL (SO,) WITH TWO NEGATIVE VALENCES. 



Carbon-Element of a Miillion Compounds 
To TH& OLD ROALAMS, carh meant cod- a black 
rmk that wodd burn. To the modern chemiat, car- 
bon is an element found in a11 W g  things - plants 
and animals - and in many dead things. I t  is hidden 
in the whitest sugar and the reddest m and the 
greenest apple, in hundreds of thousands of mm- 
pounds produced by nature and in many thmmnds 
more meal%d in the laboratory. 
The soot from a smoking candle is almost p m .  

carbon. So is also the graphite that forms the "lead" 
of your pencil and the diamond in the jeweler's win- 
d m .  The ma1 that we use for fuel contains from 80 

ta 90 per cent carbon - the other 10 to 20 per cent 
is made up of various substances horn which a 
great number of impartat and valuable chemical 
compounds are made. 

All the coaI we mine deep undergronnd m y  is 
made up of the remains of ~lants that grew around 
three hmdred million years ago - huge -tree ferns, 
giant dub r n m  and horsetails. They thrived in 
the hat, humid &mate, died and tumbled to the 
ground. During the ages they were cwered by other 
dead trees and by layers upon layers of mud Even- 
tually, pressare and heat turned them into coaL 

PRESSURE AND HEAT TURNED TREE5 AND OTHER PLANE INTO THE COAL WE USE TODAY. 



THREE FORMS OF CARBON 

. - -  -=-- 

bihlmirrous coal 

W R A C I T E  IS ALSO CALLED HARD COAL. BITUMINOUS COAL IS SOFT COAL. UGNITE IS BROWN COAL 
GRAPHITE IS A SOFT FORM OF CARBON. IT FEELS SLIPPERY. DIAMOND IS THE HARDEST SUBSTANCE KNOWN. 

fo r  dry disfillation of d i r k  wood, whittle fwig info 
slivers, or use woodon 

... "'- - 
CHEMICAL IS WRIFIF" 

leads. 

OLJ DRY DISTIUATION, 
KEN INTO SEY 

=LL OF COARSELY PO- BlJUMINOiiS W A i  (OR -. -2s). PLACE SMALL WAD OF COTTON AT MOUTH OF TEST TUBE. 
WUL wr)UTH OF TUBE WITH STOPPER WITH 1-SHAPED GLASS TUBE DRAWN TO - JET POINT. PLACE TUBE HORIZONTALLY IN HOLDER. HEAT COAL (OR WOOD]. 

t AFER A WHILE, DENSE FUMES DEVELOP. THEY CAN BE IGNITED AT JET. 

COTTON WAD DISCOLORS FROM TAR CONDENSING A m R  BEING DISTILLED. 

STOP HEATING. REMOVE STOPPER. BRING MOISTENED UTMUS PAPER TO 
UTH OF TUBE. IF YOU DlsnLLrn COAL, RED LrrMus TURNS BLUE FROM AM- - MONlA (A]. IF YOU DlSFlLLED W W Q  BLUE LITMUS TURNS RED FROM ACmC 

ACID (B]. COAL HAS TURNED TO COKE, WOOD HAS, B W E  CHARCOAL.. _ 

CAREQN IN 
YOU CAN PROVE PRESENCE OF. 
CARBON IN THE FOOD YOU EAT 
BY HEATING SMAU SAM ES OF 
CHEESE, BREAD, MEA 
E SURE TO DO M i a  

L A P  

,.- ----- .- ----- 

a n F  SUGAR 

F5:$i! 
HEAT 1 TEASPOON CANE SUGAR IN A CUSTARD RM ClUM CAR- 
CUP. FIRST, SUGAR MUTS. THEN IT TURNS BROWN B O l ' r ~ a  iHOWS COX 
---IT " W Q U S . "  N M  TT GIVES OFF THICK IN FLAME-PROVING 
VAPORS THAT CAN BE IGNtTED. RNAUY, A PURE THAT THERE IS CARBON 
KJWA OF COAL R W N S .  . . . . . . . IN SUGAR. 

a I 



v 
IT WAS ONCE B E L I ~ ~  oRGmic towouNDs IN 1828, FRi t m t u  W 8 n m  IN d k ~  AN 
COULD BE PRODUCED ONLY BY LIVING ORGANISMS. ORGANIC COMPOUNDARTlFlClW IN HIS LABORATORY. 

The CLe-lq of Carbon Cornpo- ds 
TEE CEEWSTS of h u t  fxo  hundred years ago &- A few years later, another organic mmpmd - 
vided all campounds very neatly into two p u p s  - acetic acid - was made &dally. And then tbe lid 
organic and inorganic. The a @ e  mi~~pounds were really blew off. More and more prducb of plant and 
~ p m d u c e d b y l i v i n g o ~ g ~ - t h a t i s , p h t s  animalIifewerep~togethes-syntba-inthe 
and The inorganic compounds were made 
up of dead thing9 - racka and m i n d ,  water and 
various gase. No organic o o ~ u n d ,  thew chemists 
iusbkd, cohd ever be prodmxd mt&ially-they 
required the force we call "life' for their creation. 
And then, in 1828, a German chemist, Friedrich 
Wohler, mmp1eteIy ups& this idea. 
In hh laboratory, Wbhler had mixed ammonium 

sulfate((NH4)m3 and potamium cyanate (KCNO), 

laboraimy. And as if this were not enough, chembts 
began producing organic compouuds that were nat 
even found in aatare. 

It became dear tbat the old meaning of organic 
chemistry no longer was right. And so, the definition 
was changed. Today, organic chem$try is defined as 
"the chemistry of the carhn compounds." This d&- 
nition is almmt, but not 100 per cent, come& The 
metallic mbonates, for instance, are still eonsidered 

&g to get amm& cyanate. After evapo- to be inorganic compounds, and carbon dioxide and 
rating, he analyzed the compound he had made. To m h n i c  acid are regarded as being both organic and 
his amazement he h e r e d  that it was not am- inw&c. 
moni- cyanate at a, but urea - a complmnd pro- Y&I may @ink it odd that a whole b r d  of 
d u d  in the kidnqs of animals, inc1uding chmktq should deal with the compounds of a sin- 
zrran. The atoms of the runmoninm cyanate m o l d e  gle element, But you will not be surprised at an when 
hadmuranged t h d v e s  into a urea molede. you start experkmuting with a few of the dose to 

NH, CNO h d  tarn4 into (NH*),CO. 1,000,000 carbon curnpotmds. 



-CONTAIN TWO B.JMB4TS ONLY: FEW ATOMS TO 'RmR MOLECULES ARE GASES. OW- 
CARBON AND HYDROGW. HYDROCARBONS wmt ERS WfM MANY ATOMS ARE LIQUIDS AND SOLIDS. 

M Y  BE COCONSlDWED HYDROCARBONS ARE M MANY OF OUR MOST VAL- 
IN WHICH A HYDROGEN ATOM IS REPLACED BY OH. UABLE #K)DSTUES AS STARCH AND SUGARS. 

a R IN ORGANIC CHEMISTRY CAN BE COMPARED ARE THE MOST IMPORTANT ESTERS. THESE ARE THE 
TO SALTS IN INQRGANE CHEMISTRY. FATS AND OILS "SALTS" OF GLYCERINE AND FATTY ACIDS. 

- ARE NAMED K I R  THE CARBOXYL ARE COMPLM COMPOUNDS THAT CON- 
G R O U M O O M U N D  IN TfiElR FORMULAS. -ON, HYDROGEN. OXYGW, NiTROGEN. 

a 4 N  ADDmON TO NUMEROUS OTHER KINDS OF CARBON COMPOUNDS. 
THE MA1N GROUPS ILLUSTRATED ABOVE, THERE ARE MANY HAVE VERY COMPUCATED KIRMULAS. - 



H ' 
-kI 

H 
H 

mefhane, CH* " ethane, CA ethylene, C,& acetylene, C&% 

How IS rr -for carbon to make so many dif- 
f m t  compounds of such tremendous variety? That 
was one ofthe great qyegtiom facing ch& draiag 
the Xast century. 

It was easy enough to explain m h  dioxide. Car- 
bon bas a valence of 4, oxygen of 2 - the formula 
hadtobeC0,. L t ~ a l s o ~ t o e x p 1 a i n t h e m o l +  
c d e  of tb simple h y h h n  m e b e  (CHJ. But 
h m  explain compounds ~~ of two atoms of 
carbon and six of hydrogen {CJI,, ethane), or two 
atoma of carbon and Eour of hydrogen (C,E4, ethyl- 
ene), or two of carbm and only two of hydrogen 
(C&, amblene)? 

A German chemist and professor, FrXrich August 
Kekulk, came up with the 801don. The answer was 
quite &ple: 

While the atom of most dements %wk on" to 
the atoms of other elements amding  b their va2- 
en-, the atoms of carbon ''hook on" to each other 
as wd. To undembnd this, write out carbon atoms 

with four ha to khte the valence bonds, but 
arrange the lines im thege three merent ways: - - -- -C- - C =  -C= 
Then hook them together, 1x0 by two, in these three 
diEerent ways: 

- = c-c= =c'-c= <=c - 
Nowaddahydcogenatamto e a c h o f t h e f k h d s  
-and there you have the formulas for the three 
hydnxmbons - ethane (C,Hd, ethylene (C,II,), 
and acetylene (Ca,) : 

So far so good But there were skill many carbon 
compound formulas that would not line up in this 
kind of arrangement. C a , ,  for i u s t a u c e - m e ,  
an important hythocmbon obtained by distillation 
of coal. 

Again, it was KekuIi who f i r e d  the explanation. 
T h i s t i m e i t ~ e t o h i m i n a d r e a m . H e h a d h n  

KEKUU'S 
B-NE 
RING 

AUGUST KEKULE HIT UPON THE 
STRUCTURE OF THE BPtZENE MQLE- 
CUtE IN A DREAM. A SNAKE SEEMFD 
TO WHIRL IN A RING BEFORE HIS 
EYE. BY ARRANGING THE SIX CAR- 
BON ATOMS IN A RING, THE PRO&. 
LEM WAS SOLVED. 



A CARBON ATOM (A], THE FOUR VALENCE BONDS 
mlNT AWAY ROM ME CENTER (NUCLEUS) TOWARD 

-, WE CORNERS OF A EIXAHEDRO%A FIGURE MADE 
@,OF FOUR TRIANGLES. IN MODELS OF CARBON ATOMS, 
VALENCE BONDS ARE S H O W  BY RODS (Bb 

gen at0 

TWO LABOMTORY MODELS 
SHOWiNG THE METHANE 
MOLECULE. 

YOUR OWN MODEL OF 
METHANE MOLECULE 

working all day with long lines of organic formulas. bang together in a ring, each atam using three of its 
In the evening he d a d  before the h. In his dream, bonds to bang on to the atoms next to it, with one 
the line3 of formulas turned into makes, twisting and bond h e  to hwk onto a hydrogen atom. 
twining - until suddenly one of the s d e s  grasped Starting from very simple fomula~, mod- 
its own tail and whirled around in a ring. This dream scientists can figure out the most complicated cbmi- 
gave Kekde the due: the carbon atoms in benzene d formulas. 

YOU CAN THINK OFTHE BENZENE RING THIS IS THE WAY THE BENZENE MOL- THIS IS HOW THE BENZENE MDLE- 
AS SIX MONKEYS HANGING ON TO Eti lLE LOOKS WHEN A IS CON- CULE WILL LOOK WHEN YOU P 
EACH OTHER WITH ONE OR TWO STRUCrEII FROM PARTS USED TO TOGETHER FROM HOME-MADE 
HANDS, HOLDING BANANAS IN THEIR MAKE UP LABORATORY MODELS FOR BON ATOMS. YOU CAN DO 
FREE HANDS. DEMONSTRATION. WIW SCOTCH TAPE. 



A HUNDRED rWS A m  THE FIRST OIL % In r M -  
SYLVANIA, OIL RELDS ARE FOUND IN SEVERAL STATES. 

TEE FAMILY cm stap at the m v h  station. 
''FED "es npl" The attendant porn what may be 

a b p m e s e p t a a ~ i 4 n o n a n e  mbtweintofbegas 
tang, "Check yoar oil, &?" Into the engine goes 
another hydrwrbon mixhm - pmibly almg the 
k e  of C,JT,&,,E,,C,&hII And soyon take ofE- 
on hydrocarbon tires. Yes, gasoline, mator oil, and 
mbber are all h y h b o 0 8  - ~ 0 r n - h  that COD 

trtin onIy hydrogen and c a r h  
A great nnumber of hydrocarbons m e  &om pe- 

t d e n m  (crude oil). Caal and natural g a ~  &de 
s e d  others. Many more are prod& by natme 
-natural mbber, tmpenhe, camphor, to mention 
a few. Even the red ooIoring of tomam and the 

yenow o f m t s  mlly-bons. 
One of the remarkable things about hydrmmhfls 

i e t h a t i t h ~ I e t o ~ ~ o m e o f t h ~ w i t h  
dmdecn le s in toa th~w5dhgmonea(as in  
making synthetic rubh), as well as to "dW t b a c  
whh large m o M m  into &em with mak on- 
(as when a heavy oil is "'med" hto gmdhe). But 
that is only the hgiming. By replacing one or more 
hydrogen atomB with hydruxyl groups (OH) or car- 
boxyl groups (CQOl3) or chzorine atams (a), for in- 
h c e ,  it k #Ie to b d d  up more complicated 
m+-wK&canthenbebniltnpfmtbefand 
~ e r . A n d t h a t i e x a & y w h a t c h ~ a r e a o i n g  
today- giving us medicines and dyes, p h t b  and 
expIod~ea, and munth other 



5 CdAL INTO 

TURN JAR UPSIDE 
WN, ? l L l  JAR WITH 

WATER. PLACE A WATER- 
FILLED TEST TUBE OVER 

INEL. IN A FEW DAYS, 
, , J E  1% F i l l  ED WITH 

IN M E  LABORATORY, E IS MADE BY 
WTH ''SOD/ " 

. 

TuREml- 
m E N E I S U S E D I N M A K l N G M O T H B A U S .  CgmHI. 

bWHTHAENE CAN BE WRlAED BY SUBIlMATION. 
TO DIMONSTRATE THIS, CRUSH A COUPLE OF MOTH 
BALLS. HEAT MEM IN A CUSTARD CUP. FIRST THfY 
MELT, THEN GIVE OFF VAWR. PUT J A R  HUED W i l i  
ICE WATER OVER CUP. NAPHTHAEWE S€lTES ON 
B0TK)M IN LEAFY CRYSTALS. 

CRACKING OIL 
poua Fw m m m  - J' 
OIL IN TEST TUBE. PLACE 
WAD OF STEEL WOOL NEAR m- - 

OF TUBE CLOSE IT POUR A UTTLE TURPEN ... JE INTO A 
WlTH STOPPER THAT HAS A BOTTLE W. PLACE A S M A U  WICK IN IT. 

L HEAT SKFL WOOL A UTl'LE PLACE BOTTLE CAP ON PIECE OF PAPER. 
LATER, ALSO HEAT THE 011. 
011 IS CRACKED INTO GAS 
TJ-IAT BURNS WHEN IGNITED. WHICH YOU CAN C O W  IN A JAR. 



USUALLY, when we Ealk about "hydrates" we mean 
chemicals that contain water- But when we talk 
about carbohydrates we mean organic compounds of 
carbon, hydrogen, and oxygen in which the propor- 
tion between hydrogen and oxygen is the same as in 
water (H,O) - that is, twice as much hydrogen as 
oxygen. And so we h d  carbohydrates that have 22 
atoms of hydrogen and 11 atoms of oxygen to 12 
atOms of m h n  (C,,H,,O,,), or 12 hydrogen and 6 

oxygen to 6 carbon (C&,,O,), or I0 and 5 tu 6 car- 
bon atoms (C& ,,Oj). - 

C ~ ~ h y ~ t e s  are produced by plants by a r e  
markable process called photosynthesis - "putting 
tbings tagether with the help of light." When green 
leaves are exposed to sunlight, the chlorophyll in 
them combin- the hydrogen from water withcarhn 
diode from the air, while setting oxygen free- 
along this h e :  

6H,O + 6CO, + sunlight - C6Hl,0, + 60, f 
Carbohydrates are of tremendous importance to 

I 
M E  SWEElPJESS OF FRUITS AND 

all of us. They make up a large part of our food 
emRlw r n ~  MM A supply in the form of sugars and starches. Another 

a 
"53 OF TWO KINDS OF SUGAR carbohydrate d e d  cellulose helps to clothe us (cob 

FRUaOSE AND GLUCOSE. THBE 
SUGARS ARE IN THE GREEN tOn, linen) ad US 

i 4 LEAVES OF THE PLAN# AND SENT SUGARS - Most of our sugar comes from sugar 
IMO K)R beets or sugar cane. The juice is p r d  out, deared, 

X fltered, and evaporatd. The result is pure, white 
crystals of a sugar with the chemical name sucrose 
( C 1 8 ~ ~ 0 i d -  

Another sugar called glucose (CJ3,,06) is found 
in ripe fruits, often in the company of still another 

, sugar of the same formula d e d  fructtlse (C,H,fiJ. 
These two sugars can be made in the laboratory by 
treating the more complicated sucrose with an acid. 
The sucrose picks up water aria spIits intu glucose 
and fruche by a process b o r n  as inversion: 

' (sucrose) (glucme) (frnch3) 
(CONTINUED ON PAGE 86) 
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HEAT A MIXTURE OF 
2 ml FEHUNG A AND 

A G W  SCIENTIST, H E W  FEHLING, THOUGHT UP THE TEST 2 rnt FEHLING B IN 
K)R GLUCOSE THAT HAS HIS NAME. FOR THIS TEST, TWO SOLU- A TEST TUBE. ADD A 
YlONS ARE REQUIRED. THEY ARE MIXED JUST BEFORE USE. FEW DROPS OF SOLU- 

TION TO BE TESTED. 
FEHtlNG A. DiSSOLVE 5 g COPPER SULFATE I N  70 ml WATER. HEAT AGAIN. RED PRE- 
FEHUNG 6. DISSOLVE 7 Q SODIUM HYDROXIDE IN 70 ml WA- CIPFTATE OF CUPROUS 
. IN THIS SOLWON, DISSOLVE 25 g AOCHEUE SALT (SODIUM- OXIDE (Cu,O} SHOWS 

POTASSIUM TARTRATE) FROM YOUR LOCAL DRUG STORE. GLUCOSE IS PRESENT. 

TEST CANE SUGAR WITH FEHLING. YOU 00 NOT 
GET RED PRECIPITATE. CANE SUGAR IS NOT 0 GLUCOSE BUT ANOTHER SUGAR CALLED SUCROSE. - A 

USE fEHL[NG TEST TO FIND OUT IF DIFFERENT SWEET- 
TASTING FOODS COMAIN GLUCOSE SUGAR: CORN SYRUP, 
MAPLE SYRUP. MOLASSES, HONEY. ALSO TRY JUICES OF 
VARIOUS FRUITS: PRUNES, ORANGES, LEMONS, BERRIES. 
SEYERAL COMAJN GLUCOSE AND GIVE RED PRECIPITATE. 
SUGAR IN MILK (LACTOSE) GIVES Cu,O PRKIPITATE. 

MAKING SUGAR CANDY 

IT IS EASY TO MAKE LOUIPOPS. . . . 
OVER LOW HEAT AND W I L E  S~R! ' 

RING, DISSOLVE 'h CUP SUGAR IN 
2 TABLESPOONS WATER AND 2 TA- 
BLESPOONS LIGHT SYRUP. THEN 
CONTINUE HEATING WITHOUT STIR- 
RING UNTIL A SAMPLE DROPPED 
INTO COLD WATER FORMS BRRTLE 
THREAD. SPOON OUT TABLWPOOK 
FUW ONTO A SHEET OF GREASED 
ALUMINUM FOIL. PUSH STICK IN 
EACH BLOB. REMOVE WHM COLD. 

-'T his experi- 
I ,. .. ,..en. . C -. 

17 - - 
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fSSOLVE 1 g CANE SU 
TUBE. ADD 10 DRO 
GENTLY FOR A FEW M 

FEW rnl SUGAR SOLUTION. HEAT AGAIN. YOU - 



STAFlCHES - Starch is distributed in most plant 
parts. It is a carhhydrate with very large molecdes. 
Take a look at its formula: (C&I,,O,), At h t  glance 
it looks quite simple. But note that little x-it d 
stands for "any number of times." A singIe molecule -+"-?a>%F 

z.: = 
of starch may weigh 6,000 times as much as a single ;r 

- I 
molecule of g l u m .  

You can break t;bis p o l y d a r i d e  ('*many-sugar") 
into the monosaccharide ("singI~ugar") glucose by 
treating it with an acid. 
CELLULOSE is the building material of the plant 
world. It makes up the cell w a h  of leaves and stalks, , 

A GROWING PLANT IS THE ' 

MOST ASTONISHING CHEM- 
ICAL FAUORY ON EARTH. 
THE GREEN SUBSTANCE IN 
L E A Y E U A L L E D  CHLORO- mid and fibers. Cotton is 95 per cent cddose. The 
PHYLL-WITH THE HELP OF 
!j"NL[Gm 15 ABLE TO paper On which this hok is prind is specially 
BlNE WATER (TAKEN IN BY treated ddwe. is the dophane around your 
THE m d y  and the rayon that g e  into ladies' dr-. 
DIOXIDE FROM THE AIR 
ITAKEN IN THROUGH THE FOT mOPe h u t  ddO& in b and rayon, . . . . - . - . - . - . - 

~ ~ ~ V E S I  TO FORM SUGAR - pages 102103. ( FIRST AND THEN STARCH. 

cross EXPERIMENTS WITH PHOTOSYNTHESIS 

POT UP A NASTURTIUM OR GERANIUM PLANT b 

SIDES OF ONE 011 MORE EAVES. NOW EXPOSE M E  
GROWING PLAMT TO THE SUNUGHT FOR TWO HOURS. 

section 
iND 

R C E  IT IN THE DARK FOR A COUPLE DAYS. 
THEN F a  STRIPS OF BLACK PAPER ACROSS BOTH 

PICK OFF A LEAF. REMOVE BLACK PAPW STRIPS. ' 
IN BOILING WATER F O R  A MOMENT TO KILL 

THE LEAF. THEN DROP IT INTO DW'fi lRUI ALCOHOL 
1N A CUSTARD CUP. PUCE CUSTARD CUP fN A m T  ! & --. OF BOILING WATER, AS ALCOHOL GETS HOT, IT M- - - 

PLACE LWF IN IODINE TEST SOLUTION. PARTS 1~~3 

TRACTS THE CHLOROPHYLL FROM THE LEAF. KEEP 
LEAF IN ALCOHOL UNTIL ALL CHLOROPHYLL 1S OW. 



EXPrCIIMEHTS WITH STARCH 
TO MAKE 1 PER CENT STARCH SOLUTION, 
STIR g STARCH IN 5 mI COLD WATER. 
ADD 45 rnl MORE WATER. BRING TO BOIL 
WHILE STWRING, MEN COOL SOLUTION. 

LINE UP FWf  TEST TUBES, EACH CONTNNING 5 ml 
WATER AND 1 DROP IODINE TEST SOLUTION. IN AN- 
OTHER TEST TUBE, ADD 2 DROPS OF SALIVA (SPIT- 
TLE) TO S ml STARCH SOLUTION. PLACE THIS IN 
GLASS OF WARM (NOT HOT) WATER. WITH 2-MINUTE 
INTERVALS, DROP 3 DROPS SALIVA-STARCH M M I I R E  
INTO A TEST TUBE wlm IODINE S O L ~ O N .  SHAKE. 
COLOR GETS LESS AND LESS BLUE. SALIVA DIGESTS 
THE STARCH AND TURNS IT INTO A SUGAR, MALTOSE. 



JUST A FEW OF THE 
THOUSANDS Of !T€MS 
THAT CONTAIN ETHA- 
NOL OR A R E  MANUFAG 
T U R D  MlH ITS HELP. 

To ~cisr  P-, ahhd is the &ong st& h beer, 
wine, and hard liquor. But to a dmnh, tHis is just 
one of many aI&Is. 

A h h I s  may be bedered hydmcwborm ig which 
one or more hydrogen (ElJ atoms are replaced by 
hydroxyl (OH) group. Their names are made up 
from the names of the hydmmrhns to which they 
are related by giving t h e  an "'4" ending- In this 
way, CH,, methane, becumes CH,OH, methanol 
(also called methyl alcohol) ; CSH,, ethane* h m e s  
CafOH, ethanol ( a h  h o r n  as ethyl or grain al- 
cohol) ; and m on Methanol (CH1OEiJ was originally 
caIled wood alcohol because it was made by the d e  
m c t i v e  didlation of wood It is very poisonous 
and is thedore  d to "denatare" ethanol, making 

Ethanol (C,R&H) is produced today, to a great 
wt, in the same way in which it was made thou- 
sands a£ yeam ago, by a process called fermentation. 
In this, the tiny plant cells of yeast are made to grow 
in the solution of a simple sugar, such as gIumx 

(C&ltOJ. In growing, the y yeast & give off a sub 
stauce called zymsse. Tbis acts as a catalyst and 
turns t;he glucose iato ethanol and carbon dioxide: 

C&lla06 ZC&l5OH + 2COr f 
The ethanol is M y  separated from the watery 
liquid by dht i lht ioa 

Glycerol (CJ3,(OH)3 is stiu another alcohoI 
which you probably h o w  better under the name of 
glycerin. G l y d  may be cansidered a product of 
propane ( C a d  in which not one but three H atoms 
have been repIaced by OH. 

- THE "FAMILY TREE" OF -0L-WT)I SOME OF ITS CYILDRENf GRANDCt([LDREN, AND GREAT-GRANDCHIlDRPI. 

ETHYLWE 
\ 

DIElt-lYL ECHER 

' ACmC ACID: 

pr 
'STYRBJE 

5mmc RUBBER 

t c m c s  
4 

GLYCOL ,_ 
OXAUC ACID 

\ MPLOSlVES - WM ALCOHOL 
- I L O R O W R M  

ACmC ANHYDRIDE 
d MNYl ALCOHOL 

\ ACElAMfUDE 



,RODUC 
'HF F F D  

- m 
CRYSTALS TO GET DARK 
BROWN COLOR. ADD 5 rnl 
HHANOL. ADD 10 % NaOH 
SOLUTfON UNTIL COLOR 
DISAPPEMS. HEAT GamY 
TWO MINUTES. LET COOL. 
THE YEUOW PRECIPFTATE 
IS t O D O K I M I , .  

m 
W T E  YI 
GENRY. LY. THE Lm i~iv* 
VINEGAR HAS TURNED 
INTO T H E  FRUIlY SMEU 
OF ETHYL ACETATE 
lw-H.I- 1s A g 
MUCH-LISED SOLYaCT. 

G E N ~ L  FOR A FEW MO- 
MENTS W O U T  3OIWG. 
THEN SNIFF CAREFULLY. 
YOU GET THE PECULlAR 

' SWEETISH ODOR OF CHLa 
ROKIRM. THE GHsOH HAS 4 BEEN TURNED IN70 Wf,. 



AC€HC ACID I WHAT 
MAKES VINEGAR TASTE 
SOUR. VINEGAR MEANS 
"SOUR WINE." THAT 1S 
WHAT IT USfD TO BE. 

TANNIC ACID, USED FOR 
TANNING, IS FOUND IN 
THE BARK OF A NUMBER 
OF TREES AND IN GAL 
APPLES ON OAK TREES. 

Some organic acids- can be extracted directly from 
the plant parts in which they are found But to get - them m pure and concentrated form it is nsudy 
necessarytoturnthemintosodiumor&umsalts 
and then free the acids h m  the salts wfth a stronger 
acid. Many of the acids which were formerly o b  

AC JD GOT tained from p lat  p& w now be made ddy 
FROM S A M ,  in thelabmatory. 

Organic acids have one thing in common, They 
LOW TREES. all contain a cambination of one carbon atom, one 

oxygen atom, and one hydmxy1 group (OH). This 
COOH c o ~ t i o n ,  called a c~pbogy1 p u p  (horn 
a joining-up of the words carbon and hydra& 
has given the organic acids their &ntific name, car- 
boxylic acids, When thm acids form salta it is the 
H in the earbagyl group that is replaced by a metal, 
as, for instana, when CH,COOH (acetic acid) forms 

CITRIC AClD GIVES 
THE TART TASTE TO 
CITRUS FRUITS-'EM- 

C m  YOU of anything more rehshing than a 
glass of cold lemonade on a hot summer's day? Or 
a q t h b g  better than c m h m y  mum for adding a 
tangy Wte to t h e  Thanksgiving h e r ?  

The tarhm of lemonade and cranberrg sauce 
comes from organic acids. 

These acids are found ready-made in nature in 
meat nambers. Some of them mur as free acids 
(citric acid, tannic acid, m a k  acid), others as esters 
(products af acids and dcohda, wch a8 fats and oils 
and the flavors of many hits  and the odors of many 
dowers). Still other of k organic acids are pro- 
duced by the action of bade& (acetic acid from 
wim or cider, lactic acid when milk turm sour, bn- 
tyric a d  in r d  butter). 

ONS, LIMES, GRAPE- CHICOONa (sodium acetate). mum AND ORANGES. 

MllLIC ACiD IS FOUND IN MANY 
UNRIPE F R U I T W R E E N  APPLES, 
PLUMS, CURRANTS, AND A GRWT 
NUMBER OF OTHERS. NAME COMES 
FROM LATIN M A L U H P L E  TREE. 

OXALtC AClD ORIGb 1 FORMIC ACID IS THE 
NAUY CAME FROM THE HIGHLY IRRITATING 
WOOD SORREL PLANT- ACID THAT ANTS (FOR- 
OXALIS.  NOW I T  I S  MICA) PUMP INTO YOU 
MADE ARTIFICIALLY. WHEN THEY BITE YOU. 





- 
LARD 

MOST FATS PRODUCED 
BY PLANTS A R E  LIQ- FATS FROM ANIMALS ARE 

' UID OILS FOUND IN MOST COMMONLY SOUD AT 
FRUITS AND SEEDS. USUAL ROOM WERAWRE. 

PlGS - 
S O M E o ~ m ~ m ~ y o u e a t i s  used for y o u r p d ,  
some of it for giving you the energy to do all the 
thine you want ta do. Much of ibis energy w m  

you get from fats - the most concentrated energy 
foods available. 

A11 fats are eskm, that is, cumlimtions of fatty 
acids 7Kith the alcoboI, glycerol (glycerin]. Some fa* 
@utter, lard) are solid at m a 1  room temperature, 
oihm are liquid (olive oil, corn oil). But when heat- 
ed, the solid fats imelt, and, when cooled, the liquid 
fats -torn d i d .  

Liquid fats can be turned completely into solid 
fats by a pmwss caUd h ydmgenation. In this, more 
hydrogen atoms ;are added to their mo1ec:ules with 
the help of a catalyst. That is how vegetable short- 
&gs md margarine are made. The liquid olein in 

np hydmgen andbecome a d i d  Eat known as stearin: 

Fats and oils are nsed for many other things 
addition to their use as food. Soap and c m d h  
made fiom fats. So are paints and vamisb, pria? 

- 

-- 
.+a 

- - -  - = a -  - -- - * =- - - 



EXTRACTING 
FAT 

SHAVE A SMALL SQUARE OF BAKER'S CHOCO- FILTER CHOCOLATE-T€llAtflLO- 
MTE OR BmER CHOCOLATE INTO FINE BITS. RIDE MIXTURE. LFT FILTRATE STAND 

UNTIL CAR80N fRaACHLORlDE HAS 
IN A a S T M D  CUP, POUR CARBON T-cHLa ~YA~OUTED AND Y E ~ O W - ~ I T E  

OVER THE CUT-UP CHOCOLATE AND STIR. COCOA BUlTER IS LEFT. 

IG FAT 

MOST COM- 
-...?ACTING FAT. 

- -- - 
I 

XU UP A SMAU AMOUNT OF SUH-THE FAT L- 
M A PIECE OF BEEF. DROP IT INTO HOT 

,.,.'ER. BOIL WATER FOR TEN MlNLfTES OR MORE. 

R REMOVE THE RENDERED-OUT SUIT. PLACE CUS- 
RD CUP IN REFRIGERATOR. AFTER COOLING YOU 

v TEST FOR 
FAT 

IN A E S T  
SIIL~RIDE AND - r ~ d  DROPS ON A 

TRACHLORIDE EVAPORATE. 
X N  LIFr OFF THE FAT AS A SOLID DISK. I LOOK AFTHE PAPER AGAINST THE LIGHT. THE ALMOST 

TRANSPARENT "GREASE SPOT" IS A TEST FOR FAT. 

i€ST FOR GLYCEROL 
[GLYrnIN) 

TEASPOON SOAP 

WATER. ADD 1 Q ml HYDROCHLORIC 
ACID. YOU WILL GET LUMPS OF 
WE FATlY ACIDS OF WHICH XlAP 

. I$ THE SODIUM SALT-MOSTLY 
STEARIC AND PALMITIC ACI DS. 
STEARIC ACID LS ADDED TO PAR- 

C, H,O + 2H,O AFFlN IN M E  MAKING OF CANDLES. 



IN M E  OLD-FASHIONED SOAP m T O F ; t L Y  A FEW 
GALLONS OF SOAP COULD BE MADE AT ONE TIME. 

IN MODWN SOAP PANS, 
SNERAI STORIES HIGH, UP 
TO 100 TONS OF FAT CAN 
BE TURNED INTO SOAP. - 

&ap and Samp Making 
WHENEV~~ YO- ~ N I W  get dirty, it is an easy matter to get them dean. 
All you need is water and plenty of CCHsCH~CH&HiGH&H&H=GB~CH~ 
CH,CH,CH,~fCHtCHtCHtCEItCOOMa - C,,H,,COONa for the 
sodim salt of stemic acid, a m h t a m e  more g e n d y  B n m  as 5 0 8 ~ -  

I 

Soap has been used for cleaning for thomamds of years. No one knm who 
invenhi it - buk the method for makbg it was paaged down from father 
to son, from mother zo &ugh&. The early map makers first had to bum 
wood to get pta& (E,CO,-see -59) or dried seaweed to get soda ash 
matC03.This was treated with lime to make pata&um or sodim hydrox- 
ide (KOH or NaOH - see page 49, and this, in turn, was Med wi& fat 
to make soap. Very much the same method is used taday - except that the 
h i h g  is done in tremendous map pans under ateam pressure. 

STRONG SOAP BUBBLES RESULT 

MIS IS THE WAY SCIENTISTS BELIEVE THAT SOAP ACTS: ONE 
END OF THE SOAP MOLECULE IS SOLUBLE IN WATER, THE OTHER 
END IN OIL WHEN 011 IS SHAKEN UP IN SOAPY WATER. THE 

THE OIL-DISSOLVING ENDS INTO THE 01. THE WATER-SOLUBIE 

Q 
9Q 



MAKING SOAP 

MAKE A WATER BATH BY WURING 
1 INCH WATER INTO A TIN CAN. 

MET 10 g SHORTENING ("CRISCK3" OR SIMILAR 
ZODU~~) 1N A CUSTARD CUP ON THE WATER BATH. 

DISSOLVE 5 g SODIUM HYDROXIDE (WaOH) IN 15 
1111 WATER. ADD 15 ml DENATURED ALCOHOL (TO 
SPEED UP THE ACTION]. WUR M I S  SOLUTION INTO 
THE MELTED SHORTENING W I L E  STIRRING. CONTINUE 
HEATING AND SnRRING UNTIL A SMAU SAMPLE DIS- 
SOLVES COMPlEElY IN TEST TUBE WATB. THE 
SOAP MAKING (SAPONIZATION) IS THEN C W L m D .  

TIE A P I K E  OF 
Wb A JAR. POUR T 
SOAP CURDS INTO C 
LUTION DRAIN OFF. 
TWO TEST TUBES OF 

u u T  THE CHEESE 

TESTING SOAP 
AND D m G E M T S  

, " . C 
K ,  ::-. 7.  

DISSOLVE I g ~E:YOUP:&M" 
MADE SOAP 1~'~:5;0>hl r.lil2 

I 
W- WAmR,'.?w -uE- 
SOLUTIONS IN 50-'$f;:w~% ' 
OF 1 g TOILET $OM; I igq&, :: 
FLAKES, 1 g X l A P  B ~ E R ' . V - - ,  

I g POWDERED DETERGM 
AND 1 rnl UQUlD DETERGENT. 

WUR 10 rnl OF THE SOAP AND D m -  % SOLUTIONS IN0 SEPARATE TEST TUBES. 
TEST EACH SOLUTION K)R ACID AND BASE 
WITH UTMUS PAPER AND PHENOLPHTHALEIN. 

Q S W  5 DROPS OF OIL INTO EACH SOW- 
ON. NOTE THE DIFFERENCE IN THE WAY 

THE SOLUTIONS MAKE EMULSION WITH OIL. 

AGAIN, POUR 10 ml OF EACH SOLUTtON 
SEPARATE TEST TUBE.  ADD 5 rnl LIME- 

WATER TO EACH. SHAKE AND NOTICE THE 
DIFFERENCE IN M E  AMOUNT O F  KlAM MADE 
BY EkCH SOLUTlON IN THIS '*HARD'' WATER. 



cheese 

4 
beans1 

IBdd;ng Foods 
AT UOBT eveq meal, we look f o m d  qmckdly 
to the prateins: ham and  egg^ for breakfaat, ham- 
burgers or h d f m h s  for lunch, steak or chicken 
fordinner. WedrimkdmostayforthesaEreofits 
pmteins. Eveq many of our desserts are protein ptod- 
nm -from i& cream ta J d 4 .  

While most other foo&dis, such as carbohydrah 
and fats, c o d  of m h n ,  hydmgm and oxygm, 

the prateins also contain nitrogen and, for the ma& 
part, sulfur. Their mo1dez are "gimts'' compared 
with the molecules of other chemical compomds. 
One of them, albnmin in egg, has this estimated 
formula : C~qdLrP*omN~aPS~s- 

Not dl proteins are edible. You would hardly think 
of eathg hair and nails, fnrs and feathers- yet 
t h e  are aSlpmt&s.(CONTFNUED ON PAGE 99) 

THE PROTEIN IN 

1 

CRACK AN EGG. SEPARATE W H R  FROM YOLK BY 
LHIlNt WHtTE FLOW INTO A CUP WHILE RETAIN- 
ING YOLK IN EGG SHELL BEAT WHITE WITH FORK. 



T H E  ITEM ON THE 
TOP OF THESE TWO 
PAGES AU CONTAIN 
PROTEINS. 

bre 

) PIACE A SMALL PIECEOF ALBUMN IS 
3AGULATED EGG WHITE 

-N A PIECE OF TIN. HEAT. 
IN EGGS, BLOOD, 

VAPORS SMELL OF AMMO- 
-MILK, AND GRAIN. 

NIA AND TURN -ED RED 
LITMUS PAPER BLUE. AMMO- 

- - v - - - ~ .  
.POUR A FEW DROPS OF TH GG WHITE SOLU- 
TION ONTO A bRlGW S!LV€R COIN. IN A FEW MlNUTES 
SILVER COIN TURNS BROWNISH-BLACK FROA SILVER 
SULFIDE, PROVING THAT ALBUMIN CONTAINS SULRIR. 

1 I N  TEST TUBE, DIS- 

I - 

crwlVE TEASPOQW 
SODIUM BISULFATE IN 
5 ml WATER. ADD jG 
TEASPOON POTASSIUM 
NITRATE. DROP IN SMALL 
PIECE 01: GOAGUlAm 
EGG WHITE. HEAT. 
NaHSO, AND KNQ, 
FORM HN0,-NITRIC 

HAKE 5 ml OF ME YOLK WlTH 5 ml CARBON Tm- 
TO FIND OUT IF IT CONTAINS FAT. 

POUR A UTnE OUT ON PAPBt. LEI CAR&ON ET- 
EVAPORATE. GPEME SWT REIUAINS. mh%QNlA, THE YEL- 

TEST CHE-, WOOL, Cii1CKEt4, LOW ASbUMlN TURN$ 
L I M A  BEANS M E  SAME WAY. BRIGHT ORANGE. I HEAT THE MUCTURE. YOU GET A WHFTE COAGUIA- 

N. YOLK AND WHITE BOTH COMAIN ALBUMIN. 



L 

ADD ONE TEX TUBE w L Q F  
YrnlTE VINEGAR TO THE W m  
SKIM MILK. THE CASUN SWA- 
RATES IN HEAVY, WHiTE 'a'R&. 

J 

PROiIlN IN MILK 
MILK IS AN IMPORTANT SOURCE 
OF PROTBN, THE PROTEIN IN 
MILK IS CALLED CASEIN. CHEESE 
IS SPECIALLY TREATED CASEIN. 

/-- 

TIE A PIECE OF  CHEESE 
,.JTH OVER A JAR. POUR 
THE CURDLED MILK INTO THE 
CHEESE CLOTH. LET LIQUID 
w n ~ x m  WITH V I N E G ~  
RUN OUT. KEEP THE LIQUID. 

WHAT H S E  IS tM MlW 
h 

v 
I WUR rh CUP SKIM MlLK 

AND CUP WATER] INTO 
A CUSTARD CUP. HEAT 
GENTLY UNTIL IT FEELS JUST 
SLIGHTLY WARM WflW YOU 
TEST IT WITH A FINGER. 

K)UI CHEESE CLOTH UP AROUND 
CASEIN. DIP W E  BAG IN WA- 

TER AND S Q U a  S- TUIES 
TO WASH OUT WHEY AND VINEGAR. 

SQUEEZE THE CASEIN A W S T  , m.SPREADOUfTHECHEBEtLOTH 
TO LET THE CASEIN DRY. 

AKilJG CASEIN GLUE 
- >  - ~usTARD CUP AND BRING IT TO A BOIL. YOU - . 

WllL SEE TINY WHITE FLECKS. THESE ARE 
ALBUMIN COAGULATED OUT BY THE HEAT. =- 
) FILTER THE WHEY. TEST THE FILTRATE 
wmt FEHUNG SOLUTION (SEE PAGE 85). 
MILK SUGAR GIVES RED Cu,O PREClPflAlE. 

SOFIEN 4 g CASEIN WlTH 4 rnl WATER. 
SHAKE UP I g CALCIUM OXIDE IN 4 ml 
WATER. POUR THE CALCIUM OXIDE MIX- 
TURE INTO THE CASBN WHILE SWRRING. 
THE RESULTING SMOOTH PASTE IS A N  D(- 
CEUENT GLUE K)R PAPER AND mR WOOD. 



GELATIN IS A PROTEIN 

GELATiN tS MADE FROM 
ANIMAL BONES AND HIDES. 

ITHE DILUTED HIDROCH LOIIC 
ALID DISSOLVES THE CALCIUM 
SALTS IN THE BONE, LEAVING 
A RMlBLE SUBSTANCE CALLED 
OSSUN. WASH OFF THE ACID. 
EXTRACr THE GELATIN IN THE 
OSSElN BY BOILING IN WATER. 

REMOVE THIGH BONE m~ AN UNCOOKED 
CHICKEN LEG. SCRAPE IT 
CLEAN OF MEAT. DROP IT 
IN A TEST TUBE. COVER 
WITH 3 ml HYDROUILO- 
RK: ACID IN 12 ml WATER. 
LET STAND F O R  3 DAYS. 

ALTER WE SOLUTtON. ON COOLING, IT BECOMES 
J~LLY-LIKE. IT HAS TURNED FROM "SOL" TO "GEL." 

Pm&*&~u@d GEMTJ[N-GslatinL,apmtein&Imm~ * a?d ham* horns and haom. 
Y m ~ d t o b e @ d h * h -  ~ ~ ~ ~ + ~ ~ ~ p e c o l i a r ~ ~ ~ ~ ~  

p ~ P r n * : ~ ~ ~ ~ * ~ ~ * ~ d  ~ n ~ l d n a t e . i t m ~ ~ , b o t ~ h o t n ~ i t  
e " ~ v e ' '  d y ,  fbmbg a d o W  dkpabn., 
A131hiZN-&g w h b  ~~ & 13 per . A & l o n g m p k e e p ~ ~ n ~ , i t ~  
* e n t r r l b a m i n - ~ ~ & ~ , w h &  i n a ~ f c l o r m ~ % i s & a a * m L "  --&l* 

Whenyot!&akeepegg~hitewitbwater,~& ititintuajdly+liIrefoenhdedab'gel" 

thiB is not a c4tme'' dutim aadh aa yon get when 
you Wive saJt or sugar-a is mother kind df 
''sb1~d~1'' called a "'doidd ~ w . "  Far more 
M . d O i a i l  M a n s ,  m? page4 Iop.101, 

99 



P$- MAYONNhiY 
*:-.+=A in liquid - 

Colloidal Dispemiom 
WOULD YOU WALK up tO a soda fountain and order 
"a triple, c h o m l a ~ ~ v o r e d  colloidal dispersionn? 1 
No? Yet that's what you do when you ask for a 
c h d a t e  sundae. Ice cream is  a coUoidal dispersion 
of solids in a liquid; so is chocolate syrup. Whipped 
cream is a eolioidal dispersion of air in a liquid. 

It was a Scot, Thomas Graham, wha expldned 
mlloids. in 1862. He noticed that some solutions 
p d  through parchment paper, others didn't. He 

111 1 discuvered that most of those that fdterd through 
were of chemicals that fomed crystah - he d e d  

HEMIST, them "crystalloids." The others he d e d  "colloids" 
MAS GRAHAM, PRESENTED 
IDEAS AFiUUT COUO - from Greek kolhdes, gluelike. 

When a colloid is mixed with water, it does not 
form a soluticm but a dispersion. Tn a soIution, the 

f molecules of the dissolved chemical are tao small to 1 
be seen even with the strongest micmwmpe. In a ml- 

, Ioidal dispersion, the much larger particles can be 
m n  in an & a - m i m p e  - and you can see them 

CI as a light effect when you pass a light beam through 
I the +mion. 

-. Collo I diqxmions can h formed by gases, 1 
E -- i s i m  sofid~. ~ ight  combinations are p a x 3  

- MUDDY WAlER 
- - d i d  in liquid 





b WOOL AND SILK [FROM SlLK 
WORMS) ARE ANIMAL FIBERS. 

r ;.:'? r- r Nab1 and Artificial 

ARTIFICIAL FIBERS A R E  VERY POP- 
ULAR: NYLON, DACRON, O m N .  

IT w o r n  BE m m  to get along without iu are rnannfactured synthetically with coal or p&o- 
the modern world Fibers are spun into thraad, and lewn for their &uhg point. 
the thread is made into cloth for cIothing and bed- Fibers belong in different groups of chemical m- 
sheets, curtains and tcrwels, and many other things pounds. Animal &ers are pro*; vegetable i&ers 
amund the house. Fibers atso go into such article6 are cellulose. Heist such as nylon, &Ion 
as string and rope, rugs and auto tires. Some of these and Dacron are very complex chemical mmpowtds 
&m come from the pIant and animal worlds, others and have enormously long molecules. 

h BURNING TEST FOR FIB= 

CUT HALF-INCH STRIPS 
OF DIFFERENT FABRICS. 
IGNITE EACH STRIP IN 
TURN. NOTICE HOW F:A& 
RIC BURNS, THE SMELL, 
AND ASH LEm BEHIND. 

I I COTTON Rapid, yellow flame 

1 2 LINEN Fairly fast, yellow flame Like cotton Like cotton 

13 WOOL 

SILK 

Slow, sizzling f lame Like burning hoir Hollow, black bead 
easy to crush 

Small, slow flame Like wool Shiny, round bead, 
easy to crush 

NYLON Melts; no flnrne l ik  Melts fo black beuc 
hord to crush 

ORLON h k d h  Like broiled fish Black h 

7 VISCOSE 
hard ro crush 

I RAYON Rkpia, ydlw &mi Like cotton Like cofton 

8 CLlLULOSE Like vinegr- Black bod, 
ACETATE qaskc; melts hurd to crud I 



CHEMICAL TESTS FOR FIBERS 

i PLACE TEST TUBES IN 

WOOL AND SILK HAVE DIS- 
SOLVED, TtlE OTHERS NOT. 

TRY SAME D(PERIMPIf 
WITH STRONG HCI. 
SILK AND RAYON DIS- 
SOLVE. BUT THE WOOL 

MAKING RAYON 

WET CUPRIC HYDROXIDE 
INTO A FILTER. WASH SOME 
MORE. THEN LET IT DRIP. 

NlUM AND THEN Sm- 
TtNG IT FREE AGAIN. 

JAR. ADD 10% NoOH SOLUTION UNTIL NO MORE LIGHT- MAKE APPARATUS AS SHOWN 
BLUE CUPRIC HYDROXIDE K ) W .  LET STAND. POUR WA- BELOW, WITH GLASS TUBE 
TER OFF PRECIPITATE- RE-FILL THE JAR WITH WATER. ENDING IN FINE JET TIP. POUR 
AGAIN LET STAND. AGAIN POUR WATER OFF PRECIPTTATE. PAPER SOLUTION INTO 80T- 
REPEAT THIS WASHING PROCESS HALF A DOZEN TIMES. TLE. 

SCRAPE THE MOIST CUPBlC HY- 

6 WE CU(NH,]~(OH]~. 
IS CALLED "SCHWflTZER'S 

PAPER. INTO THE STIR BLUE THEM LIQ- >" 
UID. THEY WILL GO 
INTO X)LWlON. PtACFTllE JET TIP JUST 

LOW THE SURFACE OF A 
MlXTURE OF 10 mI HYDRO- 
CHLORIC ACID AND 500 rn t 

WATER. BLOW. AS BLUE UQUlD STREAMS OUT 
INTO THE DILUTED ACID, IT TURNS INTO WHITISH 
SIXAND OF RAYQN THAT SWLES ON BOTKIM. 

I 1  ..-rn I 
- - . . -. .. IC .. 



wcrter air + c w l  

methyl afcohol LK) H, BAEKEIAND WITH THE AUTO- 
CLAVE IN WIQf HE MADE BAKELITE 
IN HIS YONKERS, N. Y., LABORATORY. 

I&sfi-a Modern Giant formaldehyde phenol 

ABOUT FTQTY P E ~ R ~  ago, Dr. Leo H. Baekdand, a 
Belgian-born American chemist, mixed phenol and 
formaldehyde together during an experiment. Other 
chemists had done thh More Baekeland and had 
wondered how to get the mmy goo that d t a d  
out of their test tabes. But BaeHeland had mother 

phenolic resins approach. He d e d  h h d f l  'What is it g a d  for?" 
He decided to h d  UUL The r d t  was Bakelite - 
the h t  summdd, modern plastic. 

Draringthqear 19I0,Baekehd producsedl~~than 
25 baneels of his "phenolic" plastic in a barn in Yon- 
?am, N. Y. Nowadays, Mty years later, dose to 

< - thm m e  yeam* more than a dozen other types 
of plastics were invented. 

Today, plastim seem to be everywhere. Yon find 
them in your hame in flooring and wall merings, 
in table tops and Ghair uphobkry, in TV d i n e &  
and telephones, in tuys and games, in rigid containers 
and in squeeze bottles. Much of your food comes to 
yon protected by m e  h d  of p k t k  They are ueed 
in p h e a  md tr& and PAIS. A p l d c  puts the 
"safety" into safety g h .  Other p l d m  are used 
for long-wearing engine parts and for ddcal in- 
&& 

3 
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HEAT TIP OF GUSS ROD 
SLOWLY IN F L U E  OF AL- 
COHOL BURNER. PRESS 
HOT TIP AGAINST P W  
TIC. IT MAKES A DENT 
1N THERMOPLASTtC, NOT 
IN THE THERMOSElTlNG. 

HOLD SMALL 
P I E C E  O f  A 

FLAME. NOTE 

MOST THERMOSETTING PUS- 
TICS G W  OR STRONG ODOR 
BUT DO NOT BURN. MOST 
THERMOPLASTIa BURN BUT 
SOME OF THEM STOP BURNING 
WHEN REMOVED FROM W E  



.I Plastics are made from a few aimple raw materials 
-some just from water, air, and d, others with 
the help of petroleum or natural gas, I imbne and 
salt. The plastim chemist breaks down the ompara- 

'IWL MAKING OF A TIIPIGM 
lwnMoPlAsTtc 

vIwn 

tively simple mdecnles of t h e  materials, then 
them op mew into very mmpler molecub. % - 

Plastics may be divided into two main p u p a  ac- 

HEAT SHAPING. THERMOPLASTICS BECOME SOFI 
WHEN HEATED. YOU CAN THEN SHAPE THEM AT WltL 

BRlNG A POT OF WATER TO A BOIL. DROP IN AN 
OLD VINYL RECORD. WHEN SOFT, SHAPE IT WlTH 
TWO LONG STICKS. IT BECOMES HARD AGAIN WHEN 
IT 15 REMOVED FROM THE HOT WATER AND COOLED. 

coding to %heir specid pro+es. One p u p  con- 1 
sists of the thmmening pIastics. These can be natural gas coke limwtone 
molded by heat and pressure, but can not be r e  
melted and remolded. Thq are along the h of egg 

white which, once set by heat, stays set. The pl~eno- 1 I -  1 
lies and uteas are importunt therm-g p h h .  Jh\ A 

The other p u p  m n b  the thermophticg. 
These me soft when heabd, hard when cooled, but 
can be softened and hardened repeatdy. You can 1'. compare them to d f n r  and candZe wax. The poly- 
ethylenpa, pafyskymm, vinyls, and acrylics are io dforine 1 
the thermophtk "family." 

9 calcium carbide 

vinyl vinyl 
chloride acetatr 

) WALLS OF YOUR GAME 
ROOM FROM OLD RECORDS. 

RAPE SC 
i 

&ED PLASTIC ONTO 
r L PRESS A PENNY INTO R s  A PER- MOLD. 

vinyl 



Workg aut Chemical Equations 
Yon HA- mm a great number of experiments by In a DOUBLB DISPLACEMBVT, the two corn- 
now. Yon have worked with gasm, liquids, and solids. ponnds change pattners with each other. Think of 
Yon have precipitated and decanted, f r l t e d  and the time- when you pxipitated dver chloride h m  
distihd. As yon thirrk back overthe experhmta you soIutiom of salt and dver nitrate: 
wil l  dimmer tbat they fall into fonr main grow of 
chemical reactions. 
~h~ ePls t  of Xdans is the D- or when you mxed E y m  d t  and washing soda: 

COMBJNATIONN In this, two or more wbshncm 
+ W o s  I + Nee, 

combine to form a 9ingle more complex sub&tance, 
as when iron and sulfur form iron sulfide: In studying the chemical shorthand abme, you 

EP~S 
notice tbat, in every instance, there is an equaI nnm- 
ber of a m  of each dement on either side of the 

or when quicklime {calcium oxide) mads with water arrow that indim- that a reaction tabs place. Be- 
to make alakd lime (ddnm hydroxide1: caw of this equal ammgement, thee chemical d e  

WQm, 
DECOMPUSITION is the oppcdte of chemical 

d i n a t i o n .  In this, a subgtance is h k e n  down 
into simpler substanc~~ .  This was the case when you 
separated the two elements found in w a k :  

or when you made oxygen from hydrogen @de: 

a to,--za,o + 0, t 
In a SINGLE DISPLACEMENT, m e  dement 

takes the place of another in a compomd, as when 
YOU made h b e n  h zinc and h~thoddoric acid: 

-CI--HJ;ZPQ~ 

or w&n you set copper he. by dropping a nail in a 
solution of copper d a t e :  

S O , - - C U  +FeSO, 

scriptiom are called equations. 
Marry of these equations are smfkered throughout 

this book Many more are found in a d v d  chem- 
istry texthob* But very o h ,  a & m i s t  has to 
work od an equation from mtch 

WB say you want to jigme out the equation for 
hiving ahmhum foil in hydrdhic  acid. YOU 
write ont a W quation: 

But is AlCl amect? Look at the valence chwt on 
page 75. Aluminum has three vale- bonds, &lo- 
rine ody one. One M atom therefore * on three 
Cl atoms, and aluminum chloride must be AIC1,. H 
S t  right, either- Hydrogen in the free stah 
only in molecules contubing two atoms (Ha. So yon 
change the equation to this: 



MEASURE .OUT ALL CHWCALS aft- 
R€CllY AND FOLLOW INSTItUCrtONS 
CAREFULLY. MAKE NOTES AS YOU GO 
ALONG AND WRiTE DOWN RESULT 
WHEN EXPERIMENT IS COMPLET€D. 

a 
--fl 

Naw yon need an amonnt of HQ that wiIl give 
yonCIby~e3'sandHbythe2'~.6HC1~dothis. 
Soyouwritein6HQandchrlngetherestmtjlthe 
equation bdance8: 

Equations tall yon what happens - but they tell 
far more than that. 

Take the &pIe equahu: 

MANGANESE Mn 5 

NITROGEN N 

ThhnatonlyteIlsyouthatironand~make 
iron d d e  but also that it takes one iron atom and 
one d u r  atom to produce one m d d e  of FeS, Fur- 
ther, by iaserting the atomic weights for the two 
elements from the chart on page l07, the equation 
tdb you how much iron and d m  are needed and 
how much iron d d e  you should get: 

Yon can me the atomic weight numerals to indi- 
cate m d m s  of grams or any other unit of weight. 
By dividing by 16 you get tbe number of grams you 
used for experiment on page 22. 

Naw Wse a more campficated equation. 
lit's say you want to produce magnesium carhn- 

ate. T ~ E  chart of suI&ilitim on page 108 tells you 
that MgCO, is insoluble. You should therefore be 
able to precijitate it from a soluble -&urn salt 
- the d a t e ,  for %(3e - and solubIe sodium 
carbonate: 

Now you need to know how much MgSOl and h m  
mu& Na,CO, you need, and how much MgCO, you 
fl get- 

More yon stark -fjguring h m  the eqaation above, 
check the chart on page 108, top right. Here you 
will discover that each molecule of magne9iffm sd- 
fate bas sevenmolecuh of water of hydration(?HtO) 
attached to it, and each sodium carbonate m d w d e ,  

(CONTlNUED ON PAGE 108) 



ten molecuIes of water (lOH,O). These do not enter 
into the chemid reaction- but you have to in- 
clude them in the weight of the chemicals. 

Write the atomic weight below each element. Then 
sguP~ the molecular weight of each compound by 
adding the atomic weights of d tbe atoms found in 
the molecule. 

This is what you get: 

M g  S 0, TE#+Na, C 0, .IOHzO - 
M 32 16x4 7x18 23x2 12 16x3 10x18 
24+32+ 64+ 126 46 +I2 +48+180  

246 286 

M g  C 0 ~ 1  + Nat S o1 Im,O 
24 12 16x3 23x2 32 16x4 17d8 
24+12+ 48 46 +32+ 64 306 

84 142 306 

men a formula contains dmripts - the small 
numerals that indicate how many of a kind - be 
certain to mnltiply the atomic weight by the number 
indicated by the shcript. In c m a  where the for- 
mula is preceded by a large number, be sure to mul- 
tiply the molecuIar weight by this number.) 

Your hishad calculation MIS you that 246 g (or 
24.6 g or 2.46 g) of magnesium sulfate crystah and 
286 g (or 28.6 g or 2.86 g) of sodium carbonate crys- 

will give you 84 g (or 8.4 g or .84 g) magnesium 
carbonate. 

When you get even deeper into chemical mathe 
matics you wil l  be able to w e  out the pawnme 
of elements in a compound for which you know the 
formula, or the formula of a compound when you 
know tbe percentage of elements, or the n u d e n  of 
liters of a gas you prepare in a chemical reaction. 

CHEMISTRY AS A 
HOBBY WILL GIVE 
YOU MANY HOURS 
OF ENJOYMENT. 

CHEMISTRY AS A 
SClENCE TRAINS 
YOUR REASONING 
AND 08SERVAt'ION. 



h x  anm~cm WONDERS of today are amazing 
mmgh - but b y  are like nothing compared to the 
l~onders tnr: future holds in &re far the welfare of 
an humanity. 

FOOD - The fertikm of tomorrow will greatly 
increase the mops grown on farms thoughout the 
world. k t  and diseasdshoyins chemhh will 
make cattle and poultry healthier and better prc+ 
du- of meat, milk, and eggs. Chemicals &wn 
tday will make it -1e to keep food fresh with- 
od refrigeration in any climate. 

HOMES - The houses of the future will be built 
of more durable materials than any we have today. 
Hoofs and wall covering will last almost, indefmitdy. 
New paints will add never-fading colors. 

CLOTHING -Many more man-made &xs win 
be added to those we use today - h with longer 
wear; fabrics that are cool in summer, warm in win- 
ter, easy to keep clean. 

EEALTH - The miracle drugs af today have 
wiped out that ranked among am greatest 
Idlers just a few years ago. In years to come many 
more diseases wiU disappear from the surface of the 
w d d  under the onslaught of dl more effective 
drugs created in the chemicaI laboratory. 

TFWVEL - Much of the travel of the future w5ll 
be at supersonic speeds. PIancs and rockets will r e  
quire materials that can stand tremendous heat and 
new fuels capable of producing enomus energy. 
Chemistry will provide them. 

ATOMIC ENEXGY - The force hidden in the 
atom d be turned in'to light and heat and power 
for everyday uses. Chemists of ihe future, worlJng 
with their brothereen-, the physickts, WU find 
new ways of h a r n d g  and using the atom of nu- 
merous elements - some of them h m  to the 
scientists of today. 
Do you want to slyre in the making of that as- 

tonhbg and promising future2 
I£ you have enjoyed perf- the experiments 

in this book, 1Gguring out formulas and equations, 
jotting down observations, you are the kind of per- 
son who has the ~ c a t i o m  for making a su 
ful career in chemisby. 4 

If you care to look E d e r  into the mtxtter, speak 
to your science teacher about it and drop a h e  to 
one or all three of the organizatiom mentioned below 
and ask for their pamphlets on becoming a e h d :  

American Chemieal Society, 
I155 16th Sweet, N. W., Washingtan 6, D. C. 

American Insiitufe of Chemioal E~qp'ners, 
25 W e t  45th Sbeet, New York 36, N. Y. 

Manufacturing Chisis' Association, 
1625 I Street, N. W., Was-n 6, D. C. 

But whatever you decide for the future, keep up 
your inter& in &emistry as a hobby. In addition 
to giving you fun and enjoyment, your chemical 
hobby will sharpen your powers of o h a t i o n  and 
reasoning and train your mind for whatever txcn- 
pation you decide upon for a l i f e ~ a r k . ~  

. . ., 
CHEMISTRY AS A UFE- 4 WORK ENABLES YOU TO 
CONTRIBUTE TO THE 

rn WELFARE OF MANKIND. 



a 1 d Equipment Where to Get Chemux s an 

Amuw~~oftheexp&mentSintbisbooHcmi 
be performed kth equipmeat found around the 
house: water glasses, c-d -, jars, We, -, 
and funnel. For tbe nst, the following pi- of regu- 
Iar c h 4  laboratory equipment are needed: 

6 t m t ~ r e g n l a r , 1 5 0 m m x 1 6 m m  
3 t e s t t n b e a , ~ 1 5 0 m m x 1 6 m m  
1test tuhebmsh.d 
3 widpmoutb imtflm, 4 O P a  

6 f~ &a inbimg, 6 mm outside diameter 
3 it. robber tnbiig, 5&* inside diameter 
2 No. 0 m b k  stop- one hole 
1 pS,. 5 d d m  stopper, one hole 
3 No. 5 rubber a~~ two holes 
1 trianguk a, 4' CHEMICALS KIR HOME MPERtMENTS ARE AVAILABLE 

lglassdmhgrod. 5' IN JARS OF UNIFORM SIZE, ALL PROPERLY LABELED. 
1 pkg, filter paper, 12.5 50 pieces 

; ,; . 1 vial litinns paper &-ips, Hue 
lviallitmuspprsda-kp,md W r m m m z ~  YOU NEED a chemical for one of the ex- 

If you can not secure this equipment I d y ,  write p a h e n t s  de%cribed in this book, check the kt of 
common dmn icds  on page 111 to h d  out where to 

to one of the companies below asking for price list 
oi mhhg, including cost of catalog where called for. buy it. 

All of these chemicals are, af course, available men you &ye the answer, mail your order and 
-the cmrect amount by bank check or money order. through chemical supply houses. The trouble is that . mauy of these houses do nat sell to individuals but 

'1 ' P ? r v  h, 1743 Murray St, Whi-e 57, N. Y. 
I .(%_oeWh) only to ~hooIs  and established laboratorieses h, 

. - . . W m n , M d  Co., 124 West 23rd SL. New York 11, N-Y. the & e m i d  d l Y  come in a standard amount of 
-I I .(W 255) 

~ ~ Y . . ~ ~ ~ ~ ~ l ~ C o . . 2 8 w e s t 3 0 ~ h s ~ , ~ ~ ~ ~ ~ ~ ,  ~ l b - - ~ r . e v e n ~ ~ b . - w h e r e , i n h u r n e ~ e n t s ,  
51 y., 581 you wodd need I ounce or less. The same is often 

H m W S  ~ 5 1 1 H o m ~ A v ~ . M 0 ~ 1 l t V ~ m r , N . Y .  
(Phiist'E] the ease whm you buy chemicals in a local store. 

3;"" +,h y Co.. 1176 Mt- Hope Am. 20, Th, , inim-d pa&aw or jarsmay be solarge c d w ,  N- - 
&:C. Ch. P. 0. BOX 1610. New Haven 6, Co- that you couldn't m y  use up tbe mutents in a 

( R i C E l i s t h )  
B i d h m i d  Pmdn~& 30 Somerset St. Belmrmh Mass. year of experiments- You will probably also have to 

W repack what you actually meed into glass jars of suit- 
-tory Salq P. 0. Box 161, * Mam 

25E) 
able size for efficienq and to fit your storage space. 

The Porter ( = h d  Ca.. Hagemtown, ~ d .  (Prica ht h) Because of this and the inconvenience of having 
hy SciejnMc mb P- O* Box 615g E- to shop around, you may h d  it advan~gsow to buy ('%Mag 9) 
~ationals * " ~o . .  13 S W ~  M AVK,  amb bard, nt your &emir& by the kit, in mifarmbed m w -  
aaog 3541 

a-~f~-to% Manhwoc. 'Wig (Catalog 20#) top glass aontainers. Such kits are available in the 
science department of many bobby and model supply 
stores. 

Chem-Kit No. 1 contains the ten ch- mark- 
ed C on the opposite page. Chem-Kit No. 2 contains 
the ten &emicds margad m. The kits contain saf- 
fiuent amounts of chemicals to perfom each experi- 
ment many -times over. 

Yon can also make up your own set of chemicals 
in amounts suitable for home experiments by gening 
them from one of the companies h k d  to the lefk. 
Be oxkin to add the mt a£ the catalog wben you 

IF YOU DECIDE TO USE REGULAR LABORATORY WARE ite for one and to send the correct amount when 
IN YOUR HOME M, Gi3  PRICE LIST FROM SUPPLIER. you order. 



Common h e  and Their FOP] 

AMMONIUM r n R 0 m D E  

'BORTCACID 

i=AIX=IUM OXLDE 
C A L C e  SULFATE 

(XRBON ~ ~ R r n E  
COPPER SUWATE 

~ R O C H U E R Z C  ACID 
*ROEEN PEROXLDE solution: peroxide 
m-, m A L ,  m m  

phedphthaleink , 

WTASSTUM IODIDE potasS;um iodide 
?oTASSm m m  

caustic d o .  U r n L  

sdution: Iaundry hI-- 

m c .  MErAL 

Drug store 
43rocery 
Drug 8tom 

E d m m  store 

Bddm' supplies I 
Hardware Store 

Dnrg 
Drug *re 

Drug #me 
Hardwake store 
(Ihsldigllt bat& 
Hardware store 

Drng s 
Chemid supplies I 
Drug store 

. Drug sinre 

Note: Chemicals marked B-any of them mcet e d y  d in I d  -. Chemicals 
marked are found m Chem-Gt No. I, chemicals nuukd 9 in Chem-Eit No. 2 (WE o p e &  page). 






	Front_Cover.png
	1.png
	2.png
	3.png
	4.png
	5.png
	6.png
	7.png
	8.png
	9.png
	10.png
	11.png
	12.png
	13.png
	14.png
	15.png
	16.png
	17.png
	18.png
	19.png
	20.png
	21.png
	22.png
	23.png
	24.png
	25.png
	26.png
	27.png
	28.png
	29.png
	30.png
	31.png
	32.png
	33.png
	34.png
	35.png
	36.png
	37.png
	38.png
	39.png
	40.png
	41.png
	42.png
	43.png
	44.png
	45.png
	46.png
	47.png
	48.png
	49.png
	50.png
	51.png
	52.png
	53.png
	54.png
	55.png
	56.png
	57.png
	58.png
	59.png
	60.png
	61.png
	62.png
	63.png
	64.png
	65.png
	66.png
	67.png
	68.png
	69.png
	70.png
	71.png
	72.png
	73.png
	74.png
	75.png
	76.png
	77.png
	78.png
	79.png
	80.png
	81.png
	82.png
	83.png
	84.png
	85.png
	86.png
	87.png
	88.png
	89.png
	90.png
	91.png
	92.png
	93.png
	94.png
	95.png
	96.png
	97.png
	98.png
	99.png
	100.png
	101.png
	102.png
	103.png
	104.png
	105.png
	106.png
	107.png
	108.png
	109.png
	110.png
	111.png
	112.png
	Back_Cover.png

