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1 Fig. 6.1 shows a smoke cell. The smoke cell contains air molecules and smoke particles.
A student views the motion of the smoke particles in the smoke cell by using a microscope.

&

microscope

smoke cell

air molecules

—>
light _t+-and
> smoke particles

Fig. 6.1

Fig. 6.2 shows the path of one of the smoke particles.

Fig. 6.2

(a) State the term used for the motion of the smoke particle.
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1(a) Brownian (motion)

B1

1(b) any three from:

air molecules

(air molecules) collide with (smoke particle)
(air molecules) moving randomly

(air molecules moving with) high speed

stemexambuilder.com
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idea of more collisions on one side (of particle at a given time)
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2 (a) The arrows on Fig. 5.1 represent changes of state.

L T 2 e
e —— —_—
solid liquid gas
- ————
G R 4 condensation
Fig. 5.1

One of the arrows is labelled. Label each of the other arrows with the correct change of state.
Write the change of state on the dotted lines next to each arrow. [3]

(b) A beaker contains some liquid with a low boiling point. The beaker is placed onto a small
amount of water, as shown in Fig. 5.2.

beaker

liquid with low
water on boiling point

bench
A

bench

Fig. 5.2
The liquid in the beaker evaporates quickly. The water on the bench cools and turns to ice.

Explain why the water cools.

[Total: 6]

States of matter and the particle model &  Click for more variations

Reduced to 78% to fit the page (wider than A4).

2(a) 1. melting B1
2. boiling / evaporation B1
3. freezing/solidification B1
2(b) Any three from: B3

(evaporation —) most energetic molecules escape from surface of liquid
average KE of molecules remaining in liquid decreases

temperature of liquid decreases

energy transfers from water (on bench) to liquid (so water cools / freezes)
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3 Fig. 4.1 shows some gas, at room temperature, in a cylinder with a piston that can move. The gas
cannot escape from the cylinder.

cyIinder\ piston

. |

gas

Fig. 4.1

(@) (i) Describe the movement of the gas particles.

(b) The piston in Fig. 4.1 moves to the left.
The volume of the gas decreases. The temperature of the gas does not change.
State and explain any change in the pressure of the gas when the piston moves to the left.

[Total: 6]

Gas pressure, volume and temperature &  Click for more variations

Reduced to 77% to fit the page (wider than A4).

3(a)(i) any two from: B2
high speed
moving freely

random (motion) OR (moving in) any/ all directions

3(a)(ii) collisions (of particles with walls of cylinder OR surface) B1

3(b) any three from: B3
pressure increases

(because) molecules are closer together / more densely packed OR area of cylinder decreases
(so there are) more collisions per unit area (with walls of cylinder)

pressure = force + area
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4  Ateacher fills a copper can with solid wax and heats the can. She measures the temperature of
the wax every minute. She continues heating once the wax has melted and stops heating when
the wax is boiling.

(a) (i) State the term used for the process that transfers thermal energy through the copper.

..................................................................................................................................... [1
(i) Fig. 6.1 shows how the temperature of the wax changes as it is heated.
200
temperature
of wax/°C /
/
100
/
/
/
/
0
0 10 20 30 40
time /min
Fig. 6.1
Using the graph in Fig. 6.1, determine:
1. the melting point of the wax °C [1]
2. theboiling point of the wax L °C [1]
3. thetime at which the wax starts to boil. ..., min [1]

(b) Describe the molecular structure of the wax in terms of the arrangement, separation and
motion of its molecules when it is a solid and when it is a gas.

LYo (10 IRLT2= D TR

[Total: 10]
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4(a)(i) conduction B1
Aa)i) |1 80(°C) B1
2 170(°C) B1
3 26 (minutes) B1
4(b) (solid:) particles/molecules any three from: B3
(are) fixed in place/position/arrangement
regular spacing / pattern / arrangement
vibrating
close together
(gas:) particles/molecules any three from: B3
(are)  moving randomly
at high speed
colliding (with each other/walls)
randomly arranged/no pattern
(relatively) far apart

5 Solids have a fixed shape. Liquids adapt to the shape of their container. Gases fill their container.

Explain in terms of forces between molecules and arrangement of molecules, why solids, liquids

and gases have these properties.

ST 0] [To L= TSR
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5

6 Arubber balloon is inflated with helium and sealed so that no helium escapes.
The balloon is positioned immediately below the ceiling in a room.

Heaters are switched on and the temperature of the air in the room increases.

Solids — molecules in lattice arrangement B1
solids — strong forces between molecules B1
liquids — molecules not fixed in place OR molecules have an irregular arrangement OR molecules (slightly) further apart (on B1
average) than in solids OR spaces between the molecules

liquids — (average) forces too weak to keep molecules in a definite pattern OR forces just enough to hold molecules in the B1
bulk of the liquid

gases — molecules far apart B1
gases — weak / no forces between molecules (except during collisions) B1

(@) When the heaters are first switched on, the temperature of the air immediately below the

ceiling increases more quickly than the temperature of the air in the rest of the room.

Explain why this happens.

(b) The temperature of the helium in the balloon increases and as the rubber stretches, the

volume occupied by the helium increases.

(i) State what happens to the motion of the helium particles as the temperature increases.

(i) As the rubber stretches and the volume of the helium increases, the pressure of the

helium remains constant.

Explain, in terms of the particles of helium, how the pressure of the helium remains

constant.

[Total: 6]
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6(a) heated / hot(ter) / warm(er) air is less dense OR cool(er) air is more dense B1
heated / hot(ter) / warm(er) air rises (to ceiling displacing cooler air) OR cool(er) air falls (displaced by warm(er) air) B1
6(b)(i) speed / velocity (of particles) increases OR (they) move faster B1
6(b)(ii) (higher temperature means) particles collide (with rubber) harder / with more force / with greater momentum (change) B1
(larger volume means) particles collide (with rubber) less frequently B1

g;ger volume means) larger (surface) area (for particle collisions)
effect of larger volume cancels effect of increased temperature / owtte B1

OR

the effect of larger area cancels the effect of larger force / owtte
OR

P = F/ A so the two changes cancel each other / owtte

stemexambuilder.com Page 9 of 18



7 (a) (i) State two ways in which the molecular structure of a gas differs from the molecular
structure of a liquid.

(iiy Compressibility is the ease with which a substance can be compressed.

State and explain, in terms of the forces between the molecules, how the
compressibility of a gas differs from that of a liquid.

&= Y

Fig. 6.1

(i) The helium that inflates the balloon had a volume of 0.035m? at a pressure of
2.6 x 108Pa, inside the cylinder.

The pressure of the helium in the balloon is 1.0 x 10°Pa and its temperature is the
same as it was when in the cylinder.

Calculate the volume occupied by the helium in the balloon.

VOIUMIB = cciuciimn s smimms s s diivnms s s [3]

(iiy As the balloon rises up through the atmosphere, the temperature of the helium
decreases.

State the effect of this temperature change on the helium molecules.

............................................................................................................................. [1]
[Total: 8]
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7 (a) (i) anytwo of:
(gas) molecules further apart
greater PE
move singly / in straight lines

OR vice versa for. liqguid molecules

(allow faster)

(i) gases compressible OR liquids incompressible
forces between gas molecules weaker OR vice versa for liquid molecules

(b) (i) pV = constant OR p;V; = p,V, OR 2.6 x10°x0.035 OR 91000
2.6 x10%°%0.035/1.0x 10° OR 91 000/1.0x10°

0.91m?

(ii) slower/less KE

stemexambuilder.com
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8 Fig. 3.1 shows gas trapped in the sealed end of a tube by a dense liquid.

N -
\
[~ open end

sealed

trapped gas\ér—ns\/ end

\_/ dense liquid

Fig. 3.1

The scale marked on the sealed end of the tube is calibrated to read the volume of gas trapped
above the liquid surface. Fig. 3.1 shows that initially the volume V, of the gas is 60 cmS.

The pressure of the atmosphere is 1.0 x 10°Pa.

(a) State how Fig. 3.1 shows that the pressure of the trapped gas is equal to the pressure of the
atmosphere.

(b) Explain, in terms of the momentum of its molecules, why the trapped gas exerts a pressure
on the walls of the tube.
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(c) More of the dense liquid is poured into the open end of the tube. The level of the liquid surface
in both the sealed and the open ends of the tube rises as shown in Fig. 3.2. The temperature
of the trapped gas and atmospheric pressure both remain constant.

open end

15¢cm

sealed

dense liquid

Fig. 3.2

(i) Inthe sealed end of the tube, the volume V, of the trapped gas is 50cm3. In the open
end of the tube, the liquid surface is 15cm above the new level in the sealed tube.

Calculate the pressure p, of the trapped gas.

PrESSUIE Py = ooviiiiiieniaiisieieei e [2]

(i) Calculate the density of the liquid in the tube.

density = ..o [2]

[Total: 8]
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8(a) liquid levels in the two limbs of the tube are equal B1
8(b) molecules collide with the walls (of the container) B1
momentum of molecules changes (reverses) B1

this causes a force AND force spread out (over area of walls) B1

8(c)(i) (p2=)p1V1/ V2=1.0x105%x60/50 C1
1.2x10° Pa A1

8(c)(ii) | p2=pam+hpg OR 1.2x105—-1.0x 10° OR 2.0x 10* OR (p=)2.0 x 104/ (0.15 x 10) c1
1.3x10*kg m3 A1
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9 (a) Interms of the momentum of molecules, explain how a gas exerts pressure on the walls of its
container.

(b) Afixed mass of gas of volume V, is at a pressure p,. It is compressed to a volume V.,

(i) Complete the equation for the final pressure p, of the gas when the gas is compressed
at constant temperature.

Py =
(2]

(i) State and explain how the final pressure compares with p, when the temperature of the
gas increases during compression.
L] =1 (=0 0= o | SRR

L=y (o] F= T =1 1 o 1SS

[Total: 9]
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9(a) molecules strike walls B1
momentum (of molecules) changes / momentum = mass x velocity B1
force = rate of change of momentum B1
pressure = (sum of) force(s)/ area/ pressure = rate of change of momentum/area B1

b)) | (p2=) p1Vi/ V2 A2
p1Vi = p2Va C1

9(b)(ii) greater B1
molecules move faster / have greater KE / molecules have greater momentum B1
(leads to) more frequent/harder collisions (with walls) / great rate of change of momentum B1
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10 (a) The lowest possible temperature is zero kelvin (0K).

(i) State the name of this lowest possible temperature.

..................................................................................................................................... 1
(i) Nitrogen boils at 77 K.
Calculate the boiling point of nitrogen on the Celsius scale.
boiling point = ... °C [2]
(b) The temperature of a fixed mass of gas at constant volume changes from 300K to 400K.
State and explain, in terms of particles, the effect on the pressure of the gas.
LS = 1= 0 01T o | PN
L= (0] F= T =1 o o U
[4]

(c) A sample of gas is at a pressure of 120kPa. The volume of the gas is doubled at constant
temperature.

Calculate the new pressure of the gas.

PIrESSUINE = iiiiiiiiiiieee e e e e e eeeetee e e e e e e e eer e e e eaes [2]

[Total: 9]
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1Qa)(i) absolute zero B1
1Qa)(ii) | =196 (°C) A2
(absolute zero /0 K) = -273 (°C) C1
10(b) increased (pressure) B1
particles of gas move faster OR have more KE / momentum / velocity B1
any two from from: B2
e more frequent collisions of particles (with walls)
e particles collide (with walls) with a larger force OR larger impulse
e (greater change in momentum of particles) causes greater force (on walls)
e pressure = force/area
10(c) (pressure =) 60 kPa OR 6.0 x 104 Pa A2
p1 Vi=p2 Vo OR (p2 =) p1 Vi/ V2 OR pV = constant C1

ORpx1/VOR1.2x10°x0.50R 6.0 x 10"
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