PARTICULATE NATURE OF MATTER

All matter is made up of mostly three types of particles namely: solids. liquids and gases

Distinguishing properties of solids, liquids and gases

Volume

Shape

Fluidity

Rigidity

Compressibility

SOLIDS

The solids have a
definite volume

The solids have a
definite shape

The solids cannot flow.

Highly rigid

Cannot be compressed

LIQUIDS

The liquids have a
definite volume

The liquids do not have
a definite shape

The liquids can flow

Less rigid

Negligibly compressed
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GASES

The gases occupy the
available volume

The gases do not have a
definite shape

The gases can flow

Not rigid

Highly compressible

Structure of solids, liquids and gases

Arrangement

Proximity

Motion

SOLIDs

The particles in a solid
are arranged in a fixed
pattern

The particles in a solid
are very close to each
other

The solid particles can
only vibrate in their
fixed ( mean ) positions.

LIQUIDs

The particles in a liquid
are not arranged in any
fixed pattern

The particles in a liquid
are close to each other

The liquid particles van
slide past over each
other
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GASES

The particles in a gas
are arranged in a
random manner

The particles of a gas
are further apart from
each other

The gas particles are
free to move
everywhere rapidly
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STATE CHANGES

BOILING/
MELTING EVAPORATION

SOLID LIQUID

&/&/
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FREEZING CONDENSTION

State changes:
Melting: It is a change of state from a solid to a liquid at the solid's melting

point

Boiling :It is a change of state from liquid to gas at the liquid's boiling point
Evaporation: It is a change of state from liquid to gas at a range of
temperatures

Condensation: It is a change of state from gas to liquid at a range of
temperatures

Freezing: It is a change of state from liquid to gas at the liquid's freezing
point

The red arrows indicate that heat is needed for the state change while the
blue arrows indicate that heat is lost during the state change
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EXPLAINING THE CHANGES IN STATE BASED ON KINETIC THEORY

° Between A -B:The temperature of
the solid increases. This is because
increasing the heat energy increases the

80
vibration of the particles in the solid.

temperature/*C . Between B-C:The  force of
attraction between the particles is
weakened so the particles are able to

slide past over each other. The

temperature does not increase as all the
heat supplied goes into overcoming the forces between the particles instead
of raising the temperature. The substance melts.
. Between C-D. As time progresses the average kinetic energy of the
liquid particles increases. Hence the temperature increases.
° Between D-E: The force of attraction between the particles is further
weakened, so much so that the particles move well away from each other. The
temperature is constant because the energy supplied goes into overcoming the
forces between the particles instead of raising the temperature. The
substance boils.
. Between E and F:The average kinetic energy of the particles increases
and hence the speed of the particles also increases. Hence the temperature
increases. The gas particles are now further away from each other.
. Note: In the region BC, The equation of the equilibrium is:

SOIid @ LiqUid X(s) = X(I)

. The graph proves that a pure substance was used as the substance has
a sharp melting point (at BC) and a sharp boiling point (at DE.)

o The temperatures 15°C and 80°C are important as they represent the

melting and the boiling points.
. If an impure sample would have been used, the line BC would have been
lower and the line DE would have been higher.
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CTOD ETOF
Separation between | Close and touching Far apart
particles
Movement of | Random and slow Fast and random
particles
Can the particles | Cannot move apart Can move apart
move apart to fill
the volume
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APPLICATION BASED QUESTIONS WITH MARKING SCHEME-NEW ADDITIONS

MULTIPLE CHOICE QUESTIONS:

1 In which changes do the particles move further apart?

w X
gas = liquid = solid
Y Z

A WandX B WandZ C XandyY

ANSWER:D

2 What are the processes W, X, Y and Z in the following diagram?

w X
solid = liquid == gas
Y VA

D YandZ

W X Y

Z

condensing boiling freezing
condensing freezing melting

melting boiling freezing

melting freezing condensing

melting
boiling

condensing

boiling

ANSWER:C
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3 Diagrams X, Y and Z represent the three states of matter.

Which change occurs during boiling?

A XtoY B YtoZ

MARKING SCHEME:B

4 Which change of state takes place during evaporation?

gas to liquid

liquid to solid

A
B liquid to gas
C
D

solid to gas

MARKING SCHEME:B

5 In which process do particles move closer together but remain in motion?
condensation
diffusion
evaporation

freezing

MARKING SCHEME: A
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EXTENDED THEORY QUESTIONS-NEW ADDITIONS

Compound X is a colourless liquid at room temperature.

1 (a) A sample of pure X was slowly heated from —5.0°C, which is below its melting point, to 90°C,
which is above its boiling point. Its temperature is measured every minute and the results are
represented on the graph.

90°C

temperature

t°C

-5°C

time

Complete the equation for the equilibrium present in the region BC.

MARKING SCHEME:

(X(s) «>) X(I)
melting point/freezing point (of X)
gas/gaseous or vapour

not horizontal or line slopes or line is lower
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The diagram shows a heating curve for a sample of compound X.

2 |
80

temperature/°C

time

(a) Is X a solid, a liquid or a gas at room temperature, 20°C?
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MARKING SCHEME:

liquid;

(I) and (s);

reversible sign;

accept: X in equation

ignore: any compounds just look for state symbols
must be the same compound on both sides of equation

boiling / condensation;
accept: evaporation or vaporisation

(in region BC) solid melts / liquid boils (in region DE);
at one / fixed / sharp / single / specific temperature;
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Ethanoic acid is a colourless liquid at room temperature. It has the typical acid properties
3 and forms compounds called ethanoates.

(a) A pure sample of ethanoic acid is slowly heated from 0°C to 150°C and its temperature
is measured every minute. The results are represented on the graph below.

temperature

time

Name the change that occurs in the region D to E.

Sketch on the graph how the line would continue if the acid was heated to a higher
temperature. [1]
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(iv) Complete the following table that compares the separation and movement of the
molecules in regions C to D with those in E to F.

CtoD

separation (distance
between particles)

movement of particles random and slow

Can particles move apart to
fill any volume?

MARKING SCHEME:

5(a)(i) boiling

(ii) lower temperature or
over temperature range or no plateau

(iii) direct continuation of E to F
(iv) close or touching far apart

fast and random
cannot move apart can move apart
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