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1. CHEMISTRY

Possibly you are sitting at your desk with some paper and
& wooden pencil or a plastic pen at hand® to take notes. Maybe
there are some metal paper clips, a bottle of ink and a pottery
tea cup on your desk. What could you do to investigate
the materials in your paper, your pencil or pen, the paper clips,
the cup or the bottle? Scratch them. Which is harder? Put
adrop of water, or alcohol, or acid on each one. Whathappens?
Weigh pieces of equal size. Which is heavier? Try to burn
a small piece of each. Which one burns? What is left af-
terwards?

If you have a curious nature, your next questions should
begin with ‘Why ...? and ‘How ...? Why does wood burn,
but pottery not?® How can I predict whether other things will
or won’t burn? Why are some things heavier or. harder than
others? Why don’t these things dissolve in water? How does
acid change a metal paper clip?

Chemistry has its roots in@ just: this kind of uspecnlatm

-about the nature of simple-things. In early times,@ people
wondered about air, and water, and rocks, and fire, and looked
for mysterious answers to questlons about the phys:cal world
around them. Once. the 1mportance of systemauc obscrvahon
was recogmzed the foundation was lald Eor chmstry and all

(D at hand: “E%Jﬂ”&“ﬁﬂ#ﬁ*' T @ XB not Ri does not
burn, & —#HEWHR. @ has its roots in ...: “XMWETF..". @
early times: “#HR”. Cr . .



the sciences.®

Simply defined, chemistry is the science of matter. Chemis-
try is necessary in the study and manipulation of any material.
Our automobiles are made of metals, fabrics, and plastics.
Few of these materials can be obtained from natural sources in
forms that are readily usable. The metals are recovered from
mineral ores; the fabrics are produced from plant, animal, or
synthetic fibers; the plastics are made by combining simple
materials to form new and more complex materials.

We travel on highways surfaced with asphalt and concrete,
We drink water that has been purified with® chlorine. "We'
read from paper made from cellulose and printed with highly
colored inks. We watch television screens that have been coated
with tiny chemical spots, each of which responds with® a color
when energy is applied. With chemistry, we alter an almost
ehdless variety of materials to form other materials with charac-
teristics that we desire.

" ~Not all chemistry has a practical product as its objective,
of ‘course. Chemists search for understanding and the ability,
based ‘or understanding, to predict what will happen when
changes occur.® And some chemists pursue inquiries ®into
the hature:of matter solely because they ‘emjoy it.-

. ‘'With thes¢ observations:in mind®; we may consider a
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more formal definition of chemistry. Chemistry is the branch
of science that deals with matter, with the changes that matter
can undergo, and with the laws that describe these changes.

2. A NEW VIEW OF MATTER
(Part One)
Gases ... liquids ... solids! Which of these kindsv’_ of

matter are around you right now?
Surely some of the things around you are gases, like the

| gases in the air® you are breathing. Some are liquids, like the

water you drink, or the rain that sinks into the soil. Some are
solids like the paper in this book, or like steel wool®. Some
arg- mixtures of solids and liquids ... like the soup you take,
Some of the things around you are mixtures of liquids and
gases, like beer or some soft drinks®. ,

The paper, the steel wool, the soup, water, rain, so:l——all
the things around you, you can take in your hands or tquch@
You know that these are matter. But you have also learned'
that a large mountam—much too big to take@ m XOP" 1%1,«,2
—is matter as well. *
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O fEmaREh7RE, air mmmmaﬁ the. AEh“SeiR"A,
M. AHER. @ steel wool: “REZH”. @ soft drinks: “FETHMEH
KE” B “HRKH. @ EX—WE, HE take 1 touch MIIFE the
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And you have begun to understand that all matter is con-
stantly changing. Iron rusts. Oxygen is being taken from the
air. And a mountain breaks down®. Day in, day out®,
the matter of every mountain is slowly breaking dewn.

You have investigated many of the changes in the earth’s
matter. You have studied how changes take place in the matter
in mountain and in air. You have studied how changes take
place in steel wool, in a burning candle.

- What different changes in matter there are! What different
kinds of matter there are! At first it seems that there can be
no likenesses at all among all this matter. '

~ Is there any way in which® all this matter is alike? We
know that all matter, whatever kind it is, is made up of tiny
particles.

" The gases you breathe, the water you drink, the paper of this
page —most of the matter around you is made up of the tiny
particles that we call molecules. A molecule is the smallest
part of a substance that is still that substance. A molecule of
alcohol for instance, is the smallest part of alcohol that is still
aloohol

" Yet the tiny particles we call® molecules are made up of
still smaller particles that we call atoms. Some molecules are
made up of atoms that are all of the same kind. Some molecules
are made up of atoms that are different.

i (@ break down: “PM”, “RAE®M”. @ day in, day out: “RR
(BERERTN)", ® #W4eid, that B RRRE which Rrid.

B, WRNERR—AEM,RERTERA that /W which, A way 2%
RARRA LN FEEERA /A in, M in this way. BiEL, ZR M which
WESRWAR in. @ we call KA T—ARRRW, ik call e
iE. :



(Part Two)

A molecule of oxygen is made up of® two atoms bound
tightly together. The atoms are alike. Since the atoms in
oxygen are alike, oxygen is an element. An element is made
up of only one kind of atom.

A molecule of water, however, is made up of different kinds

~_ of atoms. It has two atoms of hydrogen and one atom of oxy-

gen, all tightly bound together. Water is a compound, for a
compound is made up of atoms of different elements. The
elements in a compound are not just mixed together. They
are bound tightly together by certain forces.

Put a drop of water in a dish, for example, little by little®
the drb{) gets smaller, until it disappears altogether. The drop
of water evaporates, of course. The water changes from a
liquid to a gas. The water molecules move away from the

dish and into the air.
When the water becomes a gas, the water molecules them-

selves do not change. Each molecule is still made up of two
atoms of hydrogen and one atom of oxygen. Each molecule
is still 'a water molecule. Its atoms have not changed. But
the molecules are now moving around more rapidly and are
taking places farther from each other. .

This .change from a liquid to a gas is one kind of physical
change. The molecules themselves do not change. When
water evaporates, a physical change takes place.

There is another kind of change in matter. Here is an
example, As you breathe in now, you are inhaling molecules

Q@ made up of: “H..4X". @ litde by little: “E¥".



of oxygen. As you breathe out, you are exhaling molecules
of carbon dioxide. The molecules of oxygen that you breathe
in are taken apart® into atoms of oxygen in your body. Then
these atoms of oxygen combine with atoms of carbon, which
you get from food. When the oxygen atoms and carbon atoms
combine, they become molecules of carbon dioxide. In this

A scheme for classifying matter

Oxygen,
carbon,
—! Element silver,

iron,
Pure etc.

substances Water,

— | salt,
— Compounds ammonia,
alcohol,

\ etc.
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l AN matter | —
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, Sugar in
Homogeneous - water,
~| mixtures { volka,:
(solution) gasoline,
\ etc.

Dirt, -

| Mixtures |—

‘Heterogeneous| | granite,
mixtures 1 wood,

etc.

@ take apart: “JF”, SR,



way, new molecules are formed.

This is a chemical change. Always®, in a chemical
change, new molecules are formed.

Molecules can take part in a physical change or a chemical
change. - Matter can change because the particles that make
up matter are in constant change. And so you become aware
of® how all matter is alike. You reach this concept of matter:
Earth’s matter is in continuous change. All around you —
all around you — matter is in continuous change,

3. ATOMIC THEORY AND ATOMIC
STRUCTURE

In -the nineteenth century Dalton postulated that:
(1) matter is composed of (@) small particles called atoms;
(2) atoms can be neither created nor destroyed;
(3) atoms of one particular eélement are all exactly alike, but
different from the atoms of all other elements;
(4) chemical combination takes place between whole num-
bers of atoms in definite numerical proportions.
Although we know that not all of these ideas are strictly
correct, they are the foundations on® which modern atomic
theory has been built. While® a detailed study of the structure
of the atom lies in the realm of physics, some knowledge is essen-
tial for a reasonable understanding of how atoms bord together.

O always: ZEREGY,ZFRM. O become aware of: “R %",
“FHRBIAHA". @ tobe composed of: “fi..MA". @ om EXHRM
# built F5E HAE. ROTLPUEX—M4UBE R which. ... has been built
on. {HE, ﬁﬁ?’e%‘ﬁiﬁ#ﬁﬂﬁiSdJﬁﬁ%ﬁﬁﬂE*iRﬂﬁﬁi- @ while
BERHBORE, THY B L BE".



It is now accepted that the atom is not the ultimate parti-
cle, it consists of a central nucleus surrounded by one or more
orbital electrons. The nucleus always contains protons and
usually contains neutrons, and both together make up most of
the weight of the atom. Both protons and neutrons are parti-
cles of unit weight, but a proton has a unit positive charge and
a neutron is electrically neutral (i.e.,® carries no charge). Thus
the nucleus always carries a positive charge which is exactly
balanced by negative charges carried by each of the orbital elec-
trons. FElectrons are relatively light — about 1/1836 the
weight of a proton, and they circle the nucleus in orbits.

The hundred odd elements at present known are all built
up from these three fundamental particles in a simple way.
The first and most simple element, hydrogen, consists of a nu-
cleus containing one proton and therefore has one positive charge,
which is balanced by one negatively charged orbital electron.
The second element, helinm, has two protons (and two neutrons)
in the nucleus and hence a charge of + 2, which is balanced

_— Orbital X
27 s~ clectron e N
»*
/ 4 \
/ z !
' \ H \
i 1 \ '
\\ /] \ /]
N Nucleus \‘~X-"/
Hydrogen: atomic number 1, Helium: atomic number 2,
symbol H symbol He

by two negatively charged orbital electrons. This pattern is
repéated for the rest of the elements, and element 103, lawren-
cium, has 103 protons in the nucleus (and some neutrons); hence

@® ie BETIEId est &S, % T thatis ({2t 2, B).



the nuclear charge is 4103 and is balanced by 103 orbital elec-
trons. The number of positive charges on the nucleus of an
atom always equals the number of orbital electrons, and is
called the atomic number® of the element.

One may think of the orbital electrons as being arranged
in certain well-defined orbits. Thus hydrogen and helium have
one and two electrons respectively in their first orbit. The first
orbit is then full, and in the atoms of lithium, beryllium, boron,
carhon, nitrogen, oxygen, fluorine and neon, subsequent electrons
go into a second orbit (see following figure). Similarly in the

atoms of elements 11 to 18 the additional electrons enter a third
shell.

g f’ ., o -~
,',-)t-:::,t /;;,-w-ty\ ,,:,' » N ’r',’ "\}e\

'] A . Y Y
Hfoy Hew o O}
i ' 1 ; \ A R
‘\‘ \\“- .,"” 'I \ ~-k-/: *’ \\\~,¢’ ,' \\:‘;- ::’*

X i ~ -3
¥, ‘::*::\4' P 3 . ’t"x'\\ *(",-F.\*

The negatively charged electrons are attracted to the posi-
tive nuclei by electrostatic attraction. An <¢léctron nedr the
nutleus is strongly attracted by the nucleus and has'a low poten-

* tial energy. An electron distant from the: nucle'u‘s xs less ﬁrmly’

held and has a high potential energy.

@ atomic number: “E-FF&”.



4. THE GAS LAWS

The thin layer of gases which surround the earth — the
atmosphere — is the only known region of the universe in which
humans® can survive unassisted®. It consists primarily of nitro-
gen and oxygen. . These gases and all other known gases undergo
either expansion or contraction as either their temperature or
their pressure is changed. In this lesson we will discuss the rela-
tions of temperature and pressure changes to the volumes of
gases. Those relations are sometimes called the gas laws.

The molecules in a gas are relatively far apart and move
in a constant random motion. They are far enough apart that®
attractive forces between them are negligible. Heating the gas
causes them to move more rapidly. Increasing the pressure
forces them closer t’oge.ther

At constant temperature, the volume ot‘ a gas is h‘iversely
proportronal to® the pressure, Thi¥ s statement is ‘kmown as
Boyle’s law, and it is expressed mathematically ap BV=k,, =

- Atconstant pressure, the volume of a gasis directly propor-:
tiongl to®. the absolute temperature®. Thisis known as Charles’
law,. and it is. expressed ‘mathematically as V=cT.

Combining Boyle’s and Charles” laws gives us the combined

® buman: —H{EBARA. E4AWMAY, human being $ human ¥
#&E. © unassisted: R HEHAGRED, RHBENRE, HZEEER
ENTFHIER. ® XE that A4iH@A enough. ZH—HBFEHT
enough FHEERTEREE. @ inversely proportional to: “5..@K
”. @ directly proporticnal to: “5...REN". & absolute tempera-
ture: “MXEHE". o
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gas law, P,V,/T,=P,V,/T,. The volume, pressure, tempera-
ture, and moles of a gas are related in the ideal-gas law®,

PV=nRT.

In a mixture of gases the total pressure is merely the sum

of the pressures due to each gas.

This relation, known as Dal-

ton’s law of partial pressures®, can be expressed mathematically

The pressure;volume re-

1htnship is liké 2 see- -
saw. (@) When the pres-.
sure, goes down, - the,

volume goes up. (b)
When the pressure goes
up; - the. velume . goes
down. (From an idea
by Cindy Hill)

(a)

TEMPERATURE YOLUME
® ‘

Temperature and volume

are liké passengérs on
-an elevaton, (a) When

one goes up, the other
must go up also. (b)

. When one goes dowr, -
..he other ;goes .dawR._ .. . s

too. (From an idea by _

Cindy Hill)

The volume of a -
gas "varies ‘ “with
temperature  and:
pressure.

@ idealgas law: “BETHEA". @ partgmA!pnéig“ni:e “BEE",
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