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Introduction

We live in a world full of all kinds of matter
that are rich and colorful, such as sparkling crys-
tals, clear water, shining metals, beautiful flow-
ers, black coal, white table salt, and so on.

All matter around us changes constantly. For
examples, flowing water can evaporate to form
vapor that becomes clouds in the sky. And the
clouds may turn to raindrops or snowflakes that
fall back to the ground. Ore can be smelted into
iron and steel that can become iron rust. Coal can
be burned into a pile of ashes.

Why is the world full of tens of thousands of
different kinds of matter? Why is matter different,
for example (in color, state, luster, and odor)?
How is matter formed and what is it made of? Why
does matter change (e.g. why does iron rust and
coal burn)?

You may have found a lot of similar questions
in your daily life. You can answer these questions
about matter and their changes in the chemistry
courses since chemistry is a basic science of nature
that studies the composition, structure, and prop-
erties of matter, and the laws governing change in
matter.

Let’s do some experiments that show how
matter changes. Pay attention to the color and
state of the substances before and after their chan-

ges.



| 7 [Experiment 1]  Fill a test tuoe with a small
amount of water and fix to a support stand (as in Figure
Z0 1. Heat the bottom of the tube carefully until the water
boils. Move a clean glass (or a small beaker filled with
water) near the mouth of the tube. Watch what
happens to the glass surface.
[Experiment 2] Place two or three pieces of
chalcanthite (also called blue vitriol) and grind it in
amortar with a pestle. Watch what happens to the

chalcanthite.
[ Experiment 3] Clamp a small strip of magnesi-

um with tongs and light it (as shown in Figure 3). What
happens?

Figure 2 Grinding of

chalcanthite

Figure 3 Combustion of a stripe of magnesium

[Experiment 4] Add a small amount of copper
subcarbonate (also called verdigris) Into a dry test
tube and plug it with a rupber septum equipped with a

curved glass tube. Place the other end of the

curved tupe in a beaker filled with clear limewater.

Heat the test tupe and watch the changes of the

color of the verdigris and the limewater.

= To help compare substances before and

Copper-subcarbonate

T i + after the changes and during the changes in the

four experiments above, the results are listed

Figure 4 Copper subcarbonate in the table below:
on heating

.2.



Number of | Substance

be- | Behaviors during the change of

experiments | fore the change | the substance

Substance (s) formed

after the change

. | Condensation of the

Water in liquid » _

1 it formed from boiling water to lig-
state

vapor

uid water on the glass

Water in liquid state

Blue
thite pieces

chalcan-| . . .. Ak
Grinding of solid pieces

.

Blue chalcanthite

powder

Burning, releasing large
Silver-white ¥ & g‘ )
. amounts of heat, and giving
magnesium : R,
i off dazzling white light at the
stripe }
same time

White magnesium

oxide powder

Change of green powder to black

Green  copper|in color when heated, appear-

subcarbonate ance of small water drops on the

powder wall of the tube, and formation

of cloudy limewater

Three

stances: copper oxide

other  sub-

(black), water, and

carbon dioxide

You can see from the table that experiments 1
and 2 have a common characteristic in that the
states of the substances change but no new sub-
stances form. A change without forming a new sub-
stance(s) is called a physical change. The things we
see in our daily life such as the evaporation of gaso-
line. the manufacture of desks and chairs from
wood, the casting of pots from iron, and melting
wax are all physical changes.

You can also see from the table that the com-
the

new substances made during the changes. A change

mon characteristic of experiments 3 and 4 1s
in which a new substance is formed is called a chemi-
cal change or a chemical reaction. The things we
see in our daily life such as the burning of wood and
rust on iron are chemical changes.

In a chemical change, in addition to forming new

substance (s), certain reactions occur at the same




time, such as the release of heat, light, a change of
color, the release of gases, and the formation of pre-
cipitates. These can help us to determine whether a
chemical change is happening or not.

Physical changes may occur during a chemical
change. For example, as a candle burns, the wax
melts, which is a physical change, while the paraf-
fin wax burns to form water and carbon dioxide,
which is a chemical change.

What a substance does in a chemical change is
called a chemical property. For examples, a strip of
magnesium can burn in air to form magnesium
oxide, iron can form rust and copper can form ver-
digris in damp air. The property of a substance
without a chemical change, such as color, state,
small, melting point, boiling point, hardness, and
density, is called a physical property.

Studing chemistry and understanding the prin-
ciples of chemical change enable us to use chemical
changes for the benefit of human beings. For
example, as we understand burning better, we can
get heat sufficient and save fuel, and prevent fire.
Also as rusting is better understood, it will know
how to prevent different metals from rusting.

The study of chemistry enables us to get mate-
rials from natural materials, such as gasoline, ker-
osene, and diesel from petrol, and to make materi-
als that are not in nature. For example, plastics,
synthetic fiber, synthetic rubber, detergents, and
medicine are made from petrol as the raw material.

The study of chemistry can help people to de-
velop new materials, discover new energy sou‘rces,

study living things, use natural resources proper-



ly, prevent pollution and protect the environment,
increase agricultural production, and improve
human health.

The study of chemistry also can help people to
study and explore natural sciences, such as phys-
ics, biology, geology, and others.

Obviously, the study of chemistry is of great
importance for building a socialist future and for
advanced studies.

China is one of the countries that has a long
history. Some chemical technologies, such as mak-
ing paper, gunpowder, and porcelain, were inven-
ted long ago in China, and they are great contribu-
tions to world civilization. Chinese people made ex-
quisite bronze wares in the Shang Dynasty, and
smelted iron and steel during the Spring-Autumn-
Warring States Period. However, in modern times
the development of science and technology in China has
been slow. Before 1949 even kerosene, caustic soda
and matches had to be imported. After 1949, the
petroleum and chemical industries in China and
research in chemical science developed well. Oil
fields such as DaQing, Shengli, and DaGang,
were built in China, and ended the dependence on
“foreign o0il”. The chemical industry in China has
become an industry of considerable size and scale.

How do you study chemistry? The following
points should be kept in mind at all times. You
should focus on and carefully perform chemistry
experiments. You should be familiar with the com-
position and properties of important substances.
You should understand and be able to use common
chemical terms. You should know the basic ideas



- Study Questions

and laws of chemistry. You should be familiar with the
uses of chemistry in daily life. You should establish
and maintain an interest in the study of chemistry.
You should develop skills of observation, memory,
thinking, hands-on, and self-learning.

Studing hard in school today will prepare you
to participate in the socialist society later. A bright
future and great challenges lie ahead of you. You
should all be confident and aspire to study chemis-
try for the modernization of China.

) Home LLook at the color,
4 .
%Experlment state, and form of a can-

dle and then, light it and

put it out after a few
minutes later. Watch what

happens during the burn-
ing of the candle and the record it carefully.

1. (1) What is the difference between a physical
change and a chemical change? Illustrate with
examples.

(2) What is the difference between the physical
property and the chemical property of a sub-

stance? Illustrate with examples.

2. Which of these are physical changes and which are chemical changes? Why?
(1) Wet clothes are dried in the sun.

(2) Copper forming verdigris in humid air.

(3) Paper burning.

(4) A porcelain bowl broken in pieces.

(5) Iron rusting.
(6) Wax melting.

3. Why is it said that lighting a candle includes both a physical change and a

chemical change?
. 6 .



Air and Oxygen

There is a thick layer of air arourd the surface
of the earth where we live. It not only affects the
climate, because air is also essential for the surviv-
al of human beings, animals, and plants. Air is al-
so important resource that human beings rely on it
for producing goods.

In this chapter, we will study one of the im-
portant gases—oxygen.
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Figure 1-1  Determina-

tion of the oxygen per-

centage in the air

1.1 Air

Air is important for life in human beings, ani-
mals, and plants. It is also an important natural
resource. However, the components of air were
discovered rather late since it is a gas that can not
be seen or smelled. For a long time in the past, air
was considered a single substance. Later, scien-
tists studied combustion and the composition of air
in great detail and showed that air is not a single
substance.

So what kinds of substances is air made of?
Let us answer the question with the following
experiment.

[Experiment 1-1]  Apparatus is shown in Figure
1-1. Put a bell-shaped cover in a water bath. Using the
water surface as the base line, divide the area above
the line into 5 equal parts.

Place on a spoon an amount of red phosphorus.
Light the phosphorus with an alcohol burner, put it into
the bell-shaped cover and seal the cover firmly with a
rupber septum. Notice that as the red phosphorus burns
the water level changes.

From this experiment you can see that a large
amount of white smoke is produced as the red
phosphorus burns, and the water level inside the
bell-shaped cover rises at the same time. After the
burning stops and the white smoke disappears, the
water level inside the bell-shaped cover has risen
about 1/5.

Why does the burning of the red phosphorus
use 1/5 the air inside the bell-shaped cover, and
not all of it?



