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CHAPTER

States of Matter

‘ m \ CHEM WATCH

Scan this page to take a short quiz on states
of matter.

LT ¥’ o
< ? QUESTIONS
[ ]

« Imagine that you are close to a geyser.
. ) . . What would you feel when the geyser
Have you ever seen a geyser? It is a hot spring which shoots out jets of erupts?

hot water and steam from a hole in the ground. There are about 1000 Name two other forms of water.
geysers in the world. The water and steam from the Lady Knox Geyser in « What are two other everyday examples of
New Zealand can rise to a great height of 10 to 20 metres. Water is in the changes of state?

liquid state, while steam is water in the gaseous state. The white fumes
from the geyser are actually tiny water droplets that are formed when
steam comes into contact with the cooler surrounding air. Why does
steam change into water droplets when it comes into contact with the
cooler air?

-

: -
lﬁr“ 1 £ -I 'l.g ;]
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+
*ENRICHMENT Q
INFO

Other States of Matter

Besides solids, liquids
and gases, there are
two other states of
matter — plasma and
the Bose—FEinstein
condensate. Plasma

is made of particles
that are electrically
charged. A Bose—Einstein
condensate is a state of
matter that has been
cooled to a very low
temperature.

QUICKCHECK ‘= ¢ ’

Gases do not have mass.
True or false?

WORD ALERT (@)

Compressed: squeezed
into a smaller space

1.1 States of Matter

In this section, you will learn the following:
e State the properties of solids, liquids and gases.

Matter is a substance that has mass and occupies space. All living and non-living things are matter.

Matter can exist as a solid, a liquid or a gas. These three forms of matter are called the states of
matter. The three states of matter have very different properties (Table 1.1).

Table 1.1 Properties of solids, liquids and gases

P ooty | s | vm s

Shape Fixed Not fixed Not fixed
Volume Fixed Fixed Not fixed

Compressibility Cannot be compressed Cannot be compressed Can be compressed

Substances can exist in different states of matter under different temperature and pressure
conditions. Changes in temperature and pressure can change the states of matter. For example,
on freezing, water becomes ice; on boiling, water becomes steam. We will learn more about the
changes of state of matter in Section 1.3.

1.2 Kinetic Particie Theory

In this section, you will learn the following:
e Describe the structures of selids, liquids and gases.

The differences in the properties of the states of matter can be explained based on the kinetic
particle theory. The kinetic particle theory states that all matter is made up of tiny particles that are
in constant random motion.:

The word ‘kinetic' refers to motion. Moving particles have kinetic energy, hence the name ‘kinetic
particle theory’ The kinetic particle theory

o _describes the states of matter;

o explains the differences in the properties of solids, liquids and gases;

« explains the changes of state of matter.

Why does a solid have a fixed shape?

According to the kinetic particle theory, the particles of a solid

o areclosely packed in an orderly manner (Figure 1.1);

« are held together by very strong forces of attraction;

e have enough kinetic energy to vibrate and rotate about their fixed
positions only;

« cannot move about freely.

Figure 1.1 Particles are
closely packed together in
Hence, a solid has a fixed shape. asolid.

Why does a solid have a fixed volume?

A solid cannot be compressed since its particles are already very close to one another.
Thus, a solid has a fixed volume.



Why does a liquid not have a fixed shape?

Compare the arrangement of the particles of a liquid (Figure 12) with that
of a solid (Figure 1.1). In a liquid, there is more space between the particles.
According to the kinetic particle theory, the particles of a liquid

o arearranged in a disorderly manner;

« have weaker forces of attraction than the particles of a solid;

« have more kinetic energy than particles of a solid, and are not Figure 1.2 Particles of a

held in fixed positions; liquid are not held in fixed
« move freely throughout the liquid. positions.

This is why a liquid has no fixed shape.

Why does a liquid have a fixed volume?

The particles of a liquid are further away from one another than the particles
of a solid. However, the liquid particles are still packed quite closely together.
Thus, a liquid cannot be compressed and has a fixed volume.

Why does a gas not have a fixed shape?

According to the kinetic particle theory, the particles of a gas
o arespread far apart from one another (Figure 1.3);
« have weaker forces of attraction than the particles of a liquid;

« have more kinetic energy than the particles of a liquid, and are not held ~ Figure 1.3 Particlesofa
in fixed positions; gas are not held in fixed

positions. They move
e can move about rapidly in any direction. rapidly in all directions.

Thus, a gas has no fixed shape.

Why does a gas not have a fixed volume?

The particles of a gas have'a lotmore space between them compared to the particles of a liquid or
a solid (Figure 1.4(a)). The large space between the particles allows the gas to be easily compressed
when pressure is applied (Figure 14(b)). In other words, the particles of a gas can be forced to move
closer together. Since a gas can be compressed, it has no fixed volume.

—— particles of a gas gas syinge

seal

——
(@) ©
I A O £ LJ plunger ——

Figure 1.4(a) Particles of a gas are far apart.

particles of a gas m
seal

8 i }”‘pressureisapplied
LIONHTT T 111

v
Figure 1.4(b) Particles of a gas become closer together when compressed.

Chapter 1

‘@ LINK

You will learn more about
the effect of pressure on
the volume of a gas in
Section 1.4 of this chapter.

—X 4 ’ QUICK CHECK

In which state of matter
do the particles have the
greatest kinetic energy?

<+
Q ENRICHMENT*
ACTIVITY

Use the Internet to search
for an animation of the
kinetic particle model.
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Exercise 1A

woro LBk ()

Reversible: change back
to the original form

Worked Example 1A A

Imercury oil water vapour commonsalt)

At 20°C, which of the substances above

(@) does not have a fixed shape and volume, and can be compressed;
(b) contains the most orderly arrangement of particles?

Solution

(a) Water vapour

(b) Common salt

- J

Let’s Practise 1.1and 1.2 A

1 State whether each of the following substances is‘a solid, aliguid or a gasat room temperature.
(a) Air (b) Carbon dioxide (¢) Coal (d) Coekingail
(e) Oxygen (f) Petrol {g) Rock (h).Steel (i) Water

2 (a) In which state of matter can the particles move most freely?
(b) In which state of matter are'the particles closest tagether?

(c) Sketch a simple diagram t@ compare the arrangements,of the particles in (a) and (b).
\3 Mind Map Construct your own mindimap for thelconcepts that you havellearnt in these sections.

J

1.3 Changes of State of Matter and the

Kinetic Particle Theory

s of melting '@.

kine

What are the changes of state?

Have you ever wondered why water droplets form on a cold surface and why water changes to ice in
a freezer? These changes happen due to a change of state of water.

Matter can change from one state to another when it is heated or cooled. When you lick a popsicle,
it changes from a solid to a liquid. Heat from your tongue is transferred to the popsicle, causing it to
melt. Changes of state are reversible (Figure 1.5). There is no gain or loss of matter when there is a
change of state.

solid \gr*k liquid gas—

'r,i. upon heating ¥ ___" upon heating

- —_— N e
= - <

[ upon cooling upon cooling

e

Figure 1.5 Changes of state of water
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Table 1.2 shows the processes that involved a change of state.

Table 1.2 Changes of state

Melting Solid to liquid
Freezing Liquid to solid
Boiling Liquid to gas LPFUL NOTES

Evaporation Liquid to gas i i
The melting point of a
Condensation Gas to liquid \6pure substance is the
same as its freezing point.
The temperature at which
o asolid melts is called its melting point;
o aliquid freezes is called its freezing point;
« aliquid boils is called its boiling point.
Differences between boiling and evaporation @
Both boiling and evaporation involve a liquid changing to a gas. How%p sses are

not the same.

Boiling takes place only at the boiling point. When a liquid boils, f gas are see
(Figure 1.6). These bubbles are formed when the liquid chan%es to also co

other gases dissolved in the liquid. The bubbles rise to th ce and escape in €

Evaporation takes place if the liquid changes to a gas beldw its bailing point. ) -
Figure 1.6 Bubbles containing
Table 1.3 shows the differences between boiling and evapo water vapour are seen when

water boils.

Table 1.3 Differences between boiling and evaporation

Boiling

Occurs only at boiling point

l% ) HELPFUL NOTES

Occurs throughout the liquid '
Occurs rapidly
At room temperature,
a substance exists as a
Determining th f a substance i gas i s boiling point
rent me .

is lower than the room
temperature. A substance

Different substance Iti i oiling point

Table 1.4 Melting oilin s of oxyg |, water and iro can also exist as a gas
at a temperature below
Substance Oxygen Ethanol Water Iron its boiling point when it
Melting point / < ~219 ~114 0 1535 evaporates. Itis called a

vapour. For instance, water
evaporates at temperatures

. . . . ) N ) below 100°C, and exists as
stances have fixed melting and boiling points. If we know the melting and boiling points Water vapour.

stance, we can determine whether a substance is a solid, liquid or gas at a particular
perature. The temperature ranges for which a substance exists as a solid, liquid or gas are shown

Boiling point/°C -183 78 100 2750

in Figure 1.7.
o
LINK
melting point boiling point Temperature / °C @
> How can the melting
- — and boiling points of a
solid liquid gas substance be used to
Figure 1.7 Line showing the temperature ranges for which a substance is a solid, liquid or gas determine the purity of
the substance? Find out in
Chapter 20.
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QUICKCHECK ‘=« ’

When a solid is heated, its
particles vibrate faster.

True or false?

How can we determine the states of oxygen, ethanol, water and iron at 20°C? First, we can draw lines
and mark out the melting and boiling points of each substance (Figure 1.8).

20 Temperature / °C
Oxygen | |
-219 -183

Ethanol | |

-114 78
Water : :

0 100

Iron |

(Diagram not drawn to scale)
Figure 1.8 Determining the state of oxygen, ethanol, water and-iron at 20°C

2750

Based on Figure 1.8, we can determine that oxygen is a gas, ethanol is a liquid, water is a liquid and

iron is a solid at 20°C.

How does the kinetic particle theory explain the

changes of state?

What happens to the particles when a substance changes from one state to another?

According to the kinetic particle theory, particles of matter are in constant motion — they have
kinetic energy. When matteris heated or cooled, heat is taken in or given out. This causes the kinetic
energy of the particles to change. As a result, there is a change of state. Let us look at what happens
to the particles, and how the temperature of a substance changes during a change of state.

Melting

Figure 1.9 shows what happens to the particles of asolid that is heated until it melts.

“ e Heatis absorbed by
the particles of the
solid.

* The particles start to
vibrate faster about
their fixed positions.
There is an increase in

their kinetic energy.

0.

When the
temperature is high
enough, the vibrations
of the particles
become sufficient to
overcome the forces
of attraction between
them.

The particles begin to
break away from their
fixed positions.

o.

Figure 1.9 Effect of heat on the particles of a solid

The particles are no
longer in their fixed
positions.

The substance is now
a liquid.

The particles can move
freely throughout the
liquid.
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We can use liquid naphthalene to study how temperature changes when a liquid freezes. When a
graph of temperature against time is plotted, Figure 112 is obtained. This graph is known as the cooling
curve. A cooling curve shows how the temperature of a pure liquid changes as it is cooled to its
freezing point (and beyond).

Temperature / °C P-Q: Liquid cools.
A e The temperature of naphthalene
drops until it reaches its freezing
point (point Q).
e Atpoint Q, liquid naphthalene starts
P to freeze.

(freezing
point of
naphthalene)

Heat is absorbed

by the particles of
the liquid.

e The particles start to
move faster as the
temperature rises.
There is an increase in
their kinetic energy.

—eo

80°C ——>» — - — — — —

Q-R: Liquid fre

& showsw: toth cles

When the temperature
is high enough,

the particles have
enough energy to
overcome the forces
of attraction holding
them together.

Increasing temperature

‘QV‘OBP““ o a o

6\’\\8\\0\ on 0 0“

O

R-S: Solid cools?

dified.

e Atpoi I'th i
naph i
. TXat of solid
|

.

liquid that is heated until it boils.

The particles are now

spread far apart.

e The substance is now
agas.

e The particles can

move about in any

direction.
o 6
2 gas O
\\tJ o

Figure 1.13 Effect of heat on the particles of a liquid

e During freezin mpera apht ne rem
the same even though cooiing cont .
e Héatis releaxd asthep f the liquid are attr
toe to forma so tis given outtot S
surrou gs.
. mi tage.
>
Time/ min
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If we record the changes in temperature as a liquid is heated until it boils, we can plot a graph like
the one shown in Figure 1.14. Tetrachloromethane, a colourless and non-flammable liquid, is being
studied here.

Y-Z: Gas heats up.

Temperature /°C ~ W-X: Liquid heats up. o At POintY,a” the liquid has
A o The temperature of boiled.
tetrachloromethane e The temperature of gaseous
increases until it reaches tetrachloromethane rises as A
its boiling point (point X). heating continues.

e AtpointX, liquid
tetrachloromethane
starts to boil.

N

€

=

/(@/@ @
(®) c

77°C —>» — — — — —
(boiling point
of tetrachloro-

methane) (,h\&

X-Y: Liquid boils.

e During boiling, the temperature femains the
same even though heating continues.

e Heat taken in by the particles of'the liquidfis used
to overcome the forces.of attraction between the
particles.

W * A mixture of liquid and gaseous

tetrachloromethane exists at this stage.

o,
>

Time7 min
Figure 1.14 Heating curve of tetrachloromethane

Evaporation = () QUICK CHECK

Evaporation occurs because some particles have enough energy to escape asia gas from the surface
of a liquid. The liquid‘partieles leftbehind have less kinetic energy. The average kinetic energy of the
liquid particles decreases and so the avefage temperature of the liquididecreases.

Water can evaporate only
when the air is dry.

True or false?

At a higher tefnperature, the liquid particles have more enefgy. More particles have enough energy

to escape as a.gas from the surface of the liquid. Hence, evaporation occurs more quickly at a higher 2
tempegatuie (Figure 1.15).

Liguids tharevaporate quickly at room temperature are called volatile liquids. They usually have o
boiling peints just above room temperature. Petrol and perfumes are examples of volatile liquids.
<m3‘ LINK

Practical 1A

Figure 1.15 Clothes dry faster on a hot day.

Only we are energetic
enough to escape!

States of Matter
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© C(ondensation

When water vapour touches a cold surface, condensation occurs and liquid water is obtained (Figure 116).

+
ENRICHMENT Q
ACTIVITY

We cannot live without
water. If we were lost in

a desert, we could use
condensation to help us
survive! In groups, design
your own apparatus It's cool to
for obtaining water. condense!
Use some or all of the
following materials:

e One large container
e One plastic sheet

e One collecting vessel
e Onesmall plant

e Some sand

e Some stones

Explain how your
apparatus helps you
obtain water.

den e old surface.

icles: As the temperature drops, the particles
ment of the particles becomes slow enough

u nsationghe
nergy and rf re
@ as to cha@.
P . )
Let’s Practise 1.3
1 What process is taking place in each of the following observations?

{a) Water changes to steam at 100°C.

(b) Water changes to ice in the freezer.

(c) Molten metal solidifies in a mould.

(d) A small puddle of water gradually dries up in warm weather.
(e) Bubbles of ethanol vapour form in liquid ethanol.

(f) Water droplets form on a surface near some boiling water.

2 © Stearic acid is used for making soap. The melting and boiling points of stearic acid are 70°C
LINK <ﬁ3’\ and 287°C respectively. Sketch a graph to show the changes in temperature when molten
stearic acid is cooled to room temperature.

Exercise 1B 3 Mind Map Construct your own mind map for the concepts that you have learnt in this section.

.

J




Chapter 1

1.4 Effects of Temperature and Pressure

on the Volume of a Gas

In this section, you will learn the following:
e Describe in terms of kinetic particle theory the effects of temperature and pressure on the
volume of a gas. ‘

* © Explain in terms of kinetic particle theory the effects of temperature and pressure on the
volume of a gas.

We learnt that the particles of a gas have a lot more space between them as compared to the particles
of a liquid or solid. What will happen to the volume of a gas when it is heated or compressed?

What is the effect of temperature
on the volume of a gas? fecto

move
When a gas is heated, its temperature increases. T ’ T
The particles have more energy and the space
between the particles increases (Figure 1.17).
The volume of the gas thus increases. ‘ < N, Cin=
» ¢
o,

sz l,\

. “ \ :
gas particle R = W = )
"l g,
Figure1.17 The gas particles haveimore energy n

and move further apart when heated.

© How does the kinetic particle theory explain‘the
effect of temperature onthe volume of.a gas?

When a gas istheated, the particles have mare kinetic energy. Thesparticles
« collide with @ne another and with the wall of the container more often and at a greater force,
o move furtherapart from one another.

The higher.the temperature, the faster the particles move and the greater the volume of the gas.
—eo

What is the effect of pressure on
the VOIume Of a gaS? pressure exerted on piStOh

When pressure is applied to a gas, the particles ¢ ¢
move closer to one another (Figure 1.18).
The volume of the gas decreases.

n

I PN V|

7 & m e

gas particle

W
%

wy

7 =

W

W Z

Figure 1.18 The gas particles are closer together
when compressed.
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© How does the kinetic particle theory explain the
effect of pressure on the volume of a gas?

The particles of a gas are spread far apart from one another. When we exert pressure on the@as by
pushing in the piston of the container in Figure 1.18 on page 11, the particles

o collide with one another and with the wall of the container more often;

« move closer together.

Thus, when pressure is exerted on the gas, its volume decreases. If the gas parficles are close enough,

the forces of attraction between them become stronger and the gas will change into a liquid.
—e

Let’s Practise 1.4 )

1 Butaneis a gas used for cooking. It is stored in a gas gylinderas.a liquid under a high
pressure. When the pressure is released, butane changes'to a gas and escapes from the
cylinder. Describe the changes in the arrangemént and-motion of the,butane particles
when the pressure is released.

LINK <m3'\ 2 ©Explain, in terms of the kinetic particle theory,why'a gas at constant pressure increases
greatly in volume when it is gently heatedybut a solid does.not.
Exercise 1C \3 Mind Map Construct your own mind map.for the concepts that you have learnt in this section. y

In this section, you will learn ollowing:
e Describe lai ion in ter f kinetic particle
® © Describ in the effect'ofie Iecula& e rate of diffusion of gases.

a o

What s diffusion?

When a bottle of perfume is left open forsome
time, the scent of the perfume soon spreads
throughout the entire room. Similarly, if
someone is cooking curry in the kitchen,
we will soon be able to detect the smell of
spices in every room.

Gas particles escape from the surface

of perfume and spices. These particles

move at random into the spaces

between the air particles. They eventually

spread throughout the entire room. The
CHEM WATCH <°‘ \ process by which particles move freely to

; fill up any available space is called diffusion.
Scan this page to watch a

clip on diffusion. Diffusion is the movement of particles from
What can you conclude? a region of higher concentration to a region of
lower concentration.

A Will the smell of curry spread in
the house if there is no wind?
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Diffusion of gases

Diffusion provides evidence for the kinetic particle theory. We can demonstrate diffusion in the
laboratory using the set-up in Figure 1.19.

gas jar

A few mindtes t

air —m air + bromine .
cover |

colour
asjars

€ ,
) ) of the g
air particle oS5 | same throughout.
oo o say that a homogeneous

air and bromine is

A gas jar of air
(colourless) is
inverted on top of

a gas jar of bromine
vapour (red-brown).
A cover is used to
separate the gas jars.

_)

bromine
particle

bromine

bromine and

air particles
This happens because

both air and bromine are

ma of tiny particles
i random. The

ticles diffuse

o) spaces between

air particles while the
particles diffuse into
the spaces between the

broae Eart'ces.

@ WORD ALERT

cover

D)

Homogeneous: become
the same throughout

fbromine

,
1s

© Effect of relati cular ate of di of gases @ Lk
The rate at as es depen lative e . The molecular mass of &
a gas refers t the particles of t s.Table15s s the relative molecular masses of How is the relative

molecular mass of a
substance calculated?
Find out in Chapter 6.

some

lecular masses of some gases

Relative Relative
molecular mass molecular mass
2 28

. +
Nitrogen < Q' ENRICHMENT*
5 THINK

Helium 4 Oxygen
What other factor do you
Methane 16 Hydrogen chloride 36.5 think affect the rate of
) o diffusion? Explain how
Ammonia 17 Carbon dioxide 44 this factor affects the rate
Carbon monoxide 28 Chlorine 71 of diffusion.
—eo
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We can demonstrate the difference in the rates of diffusion of ammonia and hydrogen chloride
using the experiment shown in Let’s Investigate 1A.

Let’s Investigate 1A A

Objective
To compare the rates of diffusion of two gases with different molecular masses

Procedure

1 Soak one piece of cotton wool in concentrated aqueous ammonia and @nother piece of
cotton wool in concentrated hydrochloric acid using tweezers.

2 Place the piece of cotton wool soaked in hydrochloric acid in ong'end ofithe tube and place
the cotton wool soaked in ammonia in the other end of the tube.

3 Immediately after step 2, close both ends of the tube withsrubber stoppers.
Set up apparatus as shown in Figure 1.20. Ensure that the glass tubing is horizontal.

cotton wool
cotton wool soaked in
soaked in concentrated
concentrated glass hydrochloric
agqueous ammonia tube acid
rubber }
stopper S
rubber
stopper
LINK m Figure 1.20 Experimental set-up to compare the rates of diffusion
of two gases
Practical 1B

5 Observe where awhite ring is formed in‘the tube (Figure 1.21). Record the distances of the
white ring from the end with.ammonia and from the.end with hydrochloric acid.

+
ENRICHMENT <Q’ cotton wool cotton wool
THINK

) soakedin white ringof soaked in
Refer to Figure 1.21. concentrated ammonium concentrated
1 Why must the tube aqueous’ ammonia chloride hydrochloric acid

be horizontal and
stoppered?

2 Why does the white

¥

B -—— [-08

— indicates

P o

direction of
diffusion of
gases
QUICK CHECK = o’ Figure 1.21 Formation of a white ring due to the reaction between
= ammonia gas and hydrogen chloride gas
- _/
The greater the molecular
mass of a gas, the slower
its rate of diffusion. When ammonia gas (from concentrated aqueous ammonia) and hydrogen chloride gas (from
True or false? concentrated hydrochloric acid) react, a white ring of ammonium chloride is formed. Since the white
oo ring is formed nearer to the end with hydrogen chloride, it means that the ammonia particles move
- faster than the hydrogen chloride particles.
< ‘ Ammonia gas diffuses faster than hydrogen chloride gas because ammonia has a lower molecular
® mass than hydrogen chloride. Gases with lower molecular masses diffuse faster than those with

higher molecular masses.
—0
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Diffusion of liquids

Diffusion also takes place in liquids. When coffee or tea is added in water, a homogeneous mixture is
formed eventually. This is because the coffee or tea particles have diffused into the spaces between
the water particles.

We can demonstrate diffusion in liquids by putting a small crystal of potassium manganate(VIl) in
a beaker of water. The crystal dissolves to form a deep purple solution at the bottom of the beaker.
Diffusion takes place slowly until the solution becomes uniformly purple (Figure 1.22).

distilled water

potassium
manganate(VII)

(a) At the start of the experiment

(b) After 30ininutes

N/

Figure 1:22 Diffusion of potassium manganate(Vll) in watér.

(c) After a few ho

ENRICHMENT
THINK

Worked Examyplc 1B ) Why do liquids diffuse
slower than gases?

Explain your answer using
the kinetic particle theory.

The rate of diffusion in liquids issmuch slowerthan that in gases. @

When you stira'lump of sdgar in water, theé sugar dissolves@nd disappears. Explain the process
of dissolving in terms of the movement of particles (i.e. the kinéticparticle theory).

Solution

The particles.of sugar move from a region of higher concentration (sugar lump) to a region of lower
concentration (water). The particles of sugar diffuse (slowly move to fill up any available space)
between the water particles. This happens until the particles of sugar and water are evenly mixed.

\ J

Let’s Practise 1.5 A

1  Give two examples from our daily lives to show how important It is for gases to diffuse quickly.
2 ©Table 16 shows the relative molecular masses of some gases.

Table 1.6

_ Chlorine Nitrogen Sulfur dioxide  Carbon dioxide
7N LNk
Relative molecular mass 71 28 64 44 TWEB

Arrange the gas according to their rates of diffusion (from slowest to fastest). Exercises 1D-1E

3 Mind Map Construct your own mind map for the concepts that you have learnt in this section. Exercise 1F Let's Reflect

- J
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Let’s Map It

can be used toexpl

g .

@ describes the

States of matter

melting

freezirV

SOLID

Properties

. ert"

No fixed shape No fixed shape

Fixed volume No fixed volume

annot be compressed Cannot be compressed Can be compressed

articles are closely packed and
vibrate about fixed positions

Particles are less closely packed
than in a solid and can move freely
throughout the liquid

Particles are far apart and move
about rapidly in any direction

% —— Examples

-

 Spread of colour in a solution (
(e.g. when dissolving coffee
powder in water)

* Spread of aromas
(e.g. from perfumes, cooking) ) R — . —
5 | Diffusion
)

rate increases with

[ O Lower molecular mass J




Let’s Review

Section A: Multiple-choice Questions

1

Chapter 1

Figure 1.23 shows the particles of a substance in three
states, R, SandT.

StateR

State S StateT

Figure1.23

Which of the following statements is true?

A The change of the substance from state R to S is called
diffusion.

B The change of the substance from state T to R is called
melting.

C The particles do not move in state T.

D The substance has a fixed volume in state S.

Hydraulic brakes in cars are filled with liquids and not

gases. This is because gases are easily compressed but

liquids cannot be compressed.

Which statement supports this explanation?

A The forces of attraction between the'gas particles are
stronger than that between theliquid particles.

B The gas particles are smaller than the liguid particles.

C The gas particles are spaced further apart than the'liquid
particles.

D The gas particlesthave less.energy than the liquid particles.

Condensation occurs when

A aliquiddtrns into.a solid

B aliquid turns.into a vapour

C _asolidturns into a liquid

D' avapour turns into a liquid

Whenbubbles of gas form in a liquid, which physical
change is taking place?
A " Boiling

C Evaporating

B Condensing

D Melting

A boiling tube containing a colourless liquid W was
placed in a beaker of boiling water. Liquid W started to
boil. The boiling point of W is

A lower than 0°C

B between 0°C and room temperature

C between room temperature and 100°C

D above 100°C

6 © Jason, Siti and Megan were discussing the kihetic

particle theory. Jason said that in a solid, thesparticles
are close together. Megan said thagthe particles of a
substance in different states moveé at.ai€onstant speed.
Siti said that the higher the tefperature, the faster the
particles move.

Who are correct?

A Jason and Meganonly

B Jason and Sitienly

C Megan and Sitionly

D JasongMegarpand Siti

Which two statemients are correct?

The'volume of a gas decreaseswhen temperature increases.
Thevolume of a gas increaseéswhen temperature increases.
The volume of ai@as decreases when pressure is exerted.
The volume of a gas increases when pressure is exerted.
Tand3 B 1and4

C 2and3 D 2and4

A teacherwas demonstrating diffusion using nitrogen
dioxide, which'is a brown'gas that is.denser than air. She
invertedia. gas jar of nitrogen'dioxide on top of a gas
jar.containing air. Which option correctly describes the
colours inside the'gas jars after a long period of time?

’
A n Brown

> H/w N

B Colourless Dark brown
| C‘“)ark brown Light brown
D Light brown Dark brown

® Table 1.7 shows the relative molecular mass of
four gases.

Table 1.7
Carbon Carbon
Meth
ﬂ dioxide monoxide ethane  Oxygen
Relative
molecular 44 28 16 32

mass

Which gas will diffuse the fastest?
A Carbon dioxide B Carbon monoxide
C Methane D Oxygen
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Let’s Review

1

3

4

Section B: Short-answer and Structured
Questions

State the process in which the change of state is
opposite to that in

(@) boiling; [1]

(b) freezing. [1]

Figure 1.24 represents particles of a substance at room
temperature.

lele

¢ _©
&)

Figure 1.24

What is the state of the substance at room temperature?
Explain your answer. [1]

Table 1.8 shows the melting and boiling points of thre
substances.
Table 1.8

T
point/°C

Boiling
point/°C

Chlorine
a solid to a liquid. [1]

m will chan
(b) Deduce the st tance aw
O Zaraleftagla ater in her room:. Fi er,
all the wa .
(@) Des ened to the wate lass. [2]

ass in her room. The water disappeared

asion. [2]

e melting and boiling points of five elements, A to E,
are shown in Table 1.9.

Table 1.9
Element Melting point / °C Boiling point / °C
A -219 -186
B -189 -183
C =7 58
D 29 222
E 666 2450

(@) Atroom temperature (30°C), state which eleme
exist(s) as

(i) asolid; [1]
(i) aliquid; [1]
(iii) agas.[1]

(b) © Describe what wil
element C when it
a

O Aliquid, X, was allo

e particles of
om 80°C to —10°C. [6]

parts of the graph where energy is being given
t to the surroundings. [3]

has a boiling point of 128°C. Explain, in terms of the

(e) Sketch a graph of temperature against time for X when it
is heated from 30°C to 140°C. [5]

When a person wearing perfume enters a room, the
fragrance is soon smelt in other parts of the room.
Explain why. [3]

% kinetic particle theory, what happens to the particles of X
(b).On anotheroccasion, Zara left the same volume of water as it is heated from 100°C to 150°C. [4]
ree days.
xplain why the water disappeared more quickly on this

States of Matter
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