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39.9702_mil7_MS_42 Q: 1

815

Answer Marks
(a) work done per unit mass M1
bringing (small test) mass from infinity (to the point) A1
(b)(i) Ag=(GM/2R) — (GM/5R) = 3GM/10R A1
(b)(ii) change in GPE = (3 x 4.0 x 10" /10R) x 4.7 x 10* c1
(3x4.0x10"/10R) x 4.7 x 10* = (1.70 - 0.88) x 10" c1
R =6.88 x10°
distance =3 x 6.88 x10° A1
=21x10"m
40. 9702_ w19 MS 41 Q:2
Answer Marks
(a) (total volume of molecules is) negligible M1
compared with volume occupied by the gas A1
(b)(i) | pV=NKT c1
4.60x10°x2.40x102 = Nx1.38x 1023 x (273 + 23) c1
or
pV =nRT (C1)
4.60x10°x2.40x102=nx8.31x (273 + 23) (c1)
n =4.49 (mol)
N = nNx
=4.49x6.02x 10
N=27x10% A1
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816 APPENDIX A. ANSWERS

Answer Marks
(b)(ii) volume of one atom = d® (= 2.7 x 10-2 m3) Cc1
volume of all atoms =27 x 108 x 2.7 x 1024 c1
=7x10°m? A1
or
volume of one atom = (4/3)nr’ (= 1.41x 102 m?) (c1)
volume of all atoms =2.7 x 102 x 1.41 x 1028 (C1)
=4x105m? (A1)
(c) numerical comparison between answer to (b)(ii) and 2.4 x 102 (m3) showing (b)(ii) is much less than 2.4 x 10-2 (m3) B1
41.9702_w16_MS 42 Q: 2
(a) (i) number of moles/amount of substance B1 [1]
(ii) kelvin temperature/absolute temperature/thermodynamic temperature B1 [1]
(b) pV=nRT
49%x10°x24x10°x10°=nx8.31x 373 B1
n =0.38 (mol) C1
number of molecules or N = 0.38 x 6.02 x 102 = 2.3 x 10% Al [3]
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or
pV = NKT
4.9 x10°x 2.4 x 10° x 102 = N x 1.38 x 102 x 373

number of molecules or N = 2.3 x 10

volume occupied by one molecule = (2.4 x 10%) / (2.3 x 10%)
=1.04 x 10%cm®
mean spacing = (1.04 x 107%)"?

=2.2x 107 cm (allow 1 s.f)

(allow other dimensionally correct methods e.g. V = (4/3)nr°)

42.9702_m21_ MS_42 Q: 2

(C1)
(M1)

(A1)

C1

C1

A1

[3]

817

Answer Marks
(a)(i) pV =NKT or pV=nRT and N=nN, c1
_2.3x10°x3.5x107
1.38x107% x 294
=2.0x 103 A1
i c1
(a)(ii) pV = % Nme?
> 3x2.3x10°x3.5x107
2.0x10% x40x1.66x10°%
=182 000
rm.s. speed =430 ms'
or A1
%mc2 :32kT
2 3x1.38x107% %294 (C1)
40x1.66x107%"
=183 000
rm.s.speed =430ms™' (A1)
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APPENDIX A. ANSWERS

Answer Marks
(b) 2 3x2.0x10% x1.38x107 x(294 + 84) c1
N 2.0x10%x40%1.66x10%
¢? =236000
c =485
ratio[:E] =11 Al
430
OR (C1)
vee T or v T
ratio :Jiw or 378 (A1
273+21 294
ratio = 1.1
43.9702_s20 MS_42 Q: 2
Answer Marks
(@) p:NmiV B1
¥ molecules move in three dimensions (not one) B1
so % in any (one) direction
<¢?>: molecules have different speeds so take average M1
of (speed)? A1
(b) pV = NKT c1
N =(3.0x10°x 6.0 x 103)/(1.38 x 102 x 290) c1
=45x103 c1
mass =20.7/(4.5x 10%3) A1
=46x1028g
44.9702_ml19 MS 42 Q:2
Answer Marks
(@) gas obeys formula pV/ T = constant M1
symbols V and T explained A1
(a)(ii) mean-square-speed (of atoms / molecules) B1
(b)(i) use of T=393 c1
pV=nRT Cc1
2.4 x10° x 6.8 x 103 = n x 8.31 x 393 A1
and N =nx6.02 x 102 = 3.0 x 102
or (C1)
pV = NkT
2.4 x10°x 6.8 x 102 = N x 1.38 x 10-2% x 393 (A1)
hence N=3.0 x 102
(b)(ii) | volume of one atom =4/ 3z c1
volume occupied =3.0 x 108 x4/3 xm x (3.2 x 1071 )? A1
=4x10®%m?
(b)(iii) assumption: volume of atoms negligible compared to volume of container/ cylinder B1
4 x 108 (m%) << 6.8 x 10~3 (m?) so yes B1
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45.9702_w19 MS 43 Q: 2

819

Answer Marks
(a) (total volume of molecules is) negligible M1
compared with volume occupied by the gas A1
(b)(i) pV = NKT c1
4.60x10°x240x 102 =Nx1.38 x 102 x (273 + 23) c1
or
pV=nRT (1)
460x105%x240x102=nx8.31x (273 + 23) (C1)
n=4.49 (mol)
N =nNx
=4.49x%6.02x10%
N=27x10% A1
Answer Marks
(b)(ii) volume of one atom = &® (= 2.7 x 10-22 m3) Cc1
volume of all atoms =2.7x 1022 x2.7 x 1024 c1
=7x10° m? A1
or
volume of one atom = (4/3)nr (= 1.41x 102 m?3) (C1)
volume of all atoms =2.7 x 102 x 1.41 x 102 (C1)
=4x10°m? (A1)
(c) numerical comparison between answer to (b)(ii) and 2.4 x 102 (m3) showing (b)(ii) is much less than 2.4 x 102 (m3) B1
46.9702_wl8 MS 42 Q:2
Answer Marks
(a) gas that obeys equation pV/ = constant x T M1
symbols p,V and T explained A1
(b)i) | pV =% Nm<c®>> and M=Nm c1
(and so) p = Vsp<c®>
212 x 107 = ¥4 x [3.20/(1.84 x 1079 x<c®> c1
Cims. = 605ms™ A1
(b)(ii) 1. pV=nRT and T=(22+273)K Cc1
n=(2.12x 10" x 1.84 x 107%)/(8.31 x 295) A1
=159 mol
2. mass = 3.20/(159 x 6.02 x 10%%) c1
:ass =[2 x (3/2) x 1.38 x 1072 x 295]/605°
mass = 3.34 x 10 %kg A1
(c) A =(3.34 x 100%)/(1.66 x 107 A1
=20
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47.9702_s17_MS_43 Q: 4

Answer Marks
(a) random/haphazard B1
constant velocity or speed in a straight line between collisions B1
zirstribution of speeds/different directions
(b) (small) specks of light/bright specks/pollen grains/dust particles/smoke particles M1
moving haphazardly/randomly/jerky/in a zigzag fashion A1
(e)i) | pV=1YsNmd c1
1.05 x 10° x 0.0240 = ¥ x 4.00 x 107 x (¢?)
(c* =189 x 10° c1
or
1mic® = (3/2) kT (c1)

0.5 % (4.00 x 103/6.02 x 10%) x (¢% = 1.5 x 1.38 x 102 x 300

(% =1.87 x 10° c1)
or
nRT = 5 Nm{c? (c1)

1.00 x 8.31 x 300 = % x 4.00 x 107 x (63

(c® =1.87 x 10° (C1)
Crms. = 1.37 x 10°ms™ A
Answer Marks
(e)ii) | (HeeT c1
(c? at 177 °C = 1.89 x 10° x (450/300) c1
Crms.at 177 °C = 1.68 x 10°ms™ A

48. 9702 w21 MS_42 Q: 3

Answer Marks
(a)() no loss of Kinetic energy B1
(a)(ii) « molecules have negligible volume (compared with gas/container) B2
+ no forces between molecules (except during collisions)
« molecules are in random motion
« collisions are instantaneous
Any two points, 1 mark each
(b)(i) 2mu A1
(b)(ii) 2L1u A1
(b)(iii) force = change in momentum/time = 2mu/(2L/ u) A1
=miP/L
(b)(iv) | pressure =force/area = (mu2/L)/L2 A1
=mu?/L3
(c) pV = NKT c1
NKT = % Nm<c?> leading to ¥2m<c?> = (3/2)kT and Y2m<¢?> = Ex A1
(d) Ve % 3.34 x 10727 x <¢?> = (3/2) x 1.38 x 1023 x (25 + 273) c1
rms. speed =1.9x 103ms™! A1
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49.9702_s18_MS_42 Q: 2

821

Answer Marks
(a) no intermolecular forces (so no potential energy) B1
(b)(i) mean square speed (of molecule(s)) B1
(b)(ii) kelvin/thermodynamic/absolute temperature B1
(e)i)1. | pV=NkT c1
47 x 107 x 2.6 x 10° = N x 1.38 x 107> x 446 c1
or
pV=nRT and N =nN, (C1)
47 x 107 x 2.6 x 10° = nx 8.31 x 446
n=23.3 (mol)
N=33x6.02x 107 (€1)
N=20x10% A1
(e)(i)2. | average increase = 2900/ (2.0 x 10%%) A1
=15x107"J
(e)ii) | AEc = (312)k(A)T c1
1.5x 107" = (3/2) x 1.38 x 1072 x (A)T
(A)T inrange 70-72K c1
T =173+273+70 A1
=520K
50. 9702_s17_MS_41 Q: 4
Answer Marks
(a) random/haphazard B1
constant velocity or speed in a straight line between collisions B1
girstribution of speeds/different directions
(b) (small) specks of light/bright specks/pollen grains/dust particles/smoke particles M1
moving haphazardly/randomly/jerky/in a zigzag fashion A1
(e)(i) pV =Y Nm(c® c1
1.05 x 10° x 0.0240 = %5 x 4.00 x 107 x (¢}
(¢% =1.89 x 10° c1
or
% m(c®y = (3/2) kT (c1)
0.5 % (4.00 x 1073/6.02 x 102) x (¢* = 1.5 x 1.38 x 1023 x 300
(6 = 1.87 x 10° (c1)
or
NRT = % Nm(c? (c1)
1.00 x 8.31 x 300 = ¥ x 4.00 x 107 x (»
(¢*=1.87 x 10° (C1)
Crms. = 1.37 x 10°ms™ A1
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822 APPENDIX A. ANSWERS
Answer Marks
(e)ii) | T c1
(c® at 177 °C = 1.89 x 10° x (450 / 300) c1
Crms.at 177 °C = 1.68 x 10°ms™ A
51.9702_m21_ MS 42 Q:3
[ Answer Marks
(@) Any 2 from: B2
+ particles/atoms / molecules / ions (very) close together / touching
« regular, repeating pattern
« vibrate about a fixed point
(b) (much) greater increase in spacing of molecules (for vaporisation compared with fusion) B1
(c)(i) -100°C B1
Answer Marks
(c)(ii) time=8.5-3.0 c1
=5.5min
Pt=mL c1
energy = power X time =150 x 5.5 x 60
=49500J
(-E
m
_49500
0.045
=1100kJ kg™ A1
(e)(iii) gas has a higher specific heat capacity (than liquid) B1
52.9702_m20_ MS_42 Q: 2
Answer Marks
(a) n=110/0.032 or 110000/ 32 or 3440 c1
pV=nRT Cc1
T=(1.0x105x 85)/(8.31 x (110/0.032)) = 300K A1
(b) E= mcA6 c1
=110x0.66 x 50
=3600J A1
(e) Any 3 from: B3
* molecule collides with wall
+ momentum of molecule changes during collision (with wall)
« force on molecule so force on wall
+ many forces act over surface area of container exerting a pressure
(d) KE=<T c1
Ve NT
ratio = \(350/300) A1
=11
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QL.

(b)

Q2.

2 (a)

(b) (i)
(ii)

(c) (@)

(ii)

Q3.

mean (value of the) square

of the speeds (velocities) of the atoms/particles/molecules

@ p= 1 2 <c?>
3
<¢*>=3x2x10°2.4=25x10°
r.m.s speed = 500 ms”’
(i) new <c®> =1.0x 10° or <¢?> increases by factor of 4
<¢?> « Tor 3/2 kT = 1/2 m<c®>
T ={(1.0x 105 /(2.5 x 10%)} x 300
=1200 K

S ]

obeys the law pW/ T = constant or any two named gas laws

at all values of p, Vand T

or two correct assumptions of kinetic theory of ideal gas (B1)
third correct assumption (B1)

mean square speed

mean kinetic energy = %m<c*>

2 =Nm/V and algebra leading to [do not allow if takes N = 1]
vem<c®> = 3/2 kT

Y% x 6.6 x 107 x (1.1 x10*P? =3/2x 1.38 x 102 xT
T=19x10°K

Not all atoms have same speed/kinetic energy

2 (a) e.g.fixed mass/ amount of gas
ideal gas
(any two, 1 each)

(b) (i)

n =pV/RT
=(2.5x 10" x 4.00 x 10* x 10‘ﬁ}f(8,31 = 290)
=415 maol

LRI =T

Total

M1

B1

M1
M1

C1
A1

B1

(i) volume of gas at 1.85 x 10°Pa = (2.5 x 10" x 4.00 x 10*)/ (1.85 x 10°)

Q4.

=541 x 10° ecm®
50, 541 x 10°=4.00 x 10° + 7.24 x 10° N
N =741
(answer 740 or fails to allow for gas in cylinder, max 2/3)

STEMUP.CO.UK

M1
Al

C1

C1
Al
C1

Al

(2]

(1]

[2]

[2]
]

B2

C1
C1
Al

C1
C1
A1

(S0}

[2]

[3]

[3]
[8]

[2]

[3]

[3]
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2

Q5.

Q6.

(a)

(b)

(c)

(a)

(b)

molecule(s) rebound from wall of vessel / hits walls

change in momentum gives rise to impulse / force

either (many impulses) averaged to give constant force / pressure
or the molecules are in random motion

(i) p= 1p<c®>

1.02x 10° = 1 % 0.900 x <¢*>

<cl>
CrMS

3.4 x10°
580 m s

(ii) either <c*> « T or <¢*> = 2 x 3.4 x10°
crms = 830 m s~ (allow 820)

crms depends on temperature (alone)
so no effect

either the half-life of the source is very long

or decay constant is very small
or half-life >> 40 days
or decay constant << 0.02 day™’'

3.5 x 10° x 40 x 24 x 3600
l.£1 = [U13

nRT and n=N/Na

3% 1.38 x 107 x 290

number of helium atoms

either pV = NkT or pV
15%x10°%x V = 121x10
V=32x10"m’

(if uses TPC or n=1 or n = 4, then 1 mark max for calculation of number of
atoms)

STEMUP.CO.UK

B1
B1

B1

C1

C1
A1l

C1
A1

B1
B1

B1

C1

C1

Al

[3]

3]

[2]

[2]

]

3]
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2 (a) ()
(ii)

(b) @)
(ii)

(c) @

(ii)

(iii)

Q7.

272+ 27315 0r 27.2 + 273.2
3004 K

116K

(<r;2> is the) mean / average square speed

p = Nm/V with N explained

so, pV = 1/3 Nm<c’>

and pV = NkT with k explained

so mean kinetic enerqgy / <Ex> = Yam<c’> = 3/2 kT

pVv =nRT

21x10"%x7.8x 10" = nx8.3x290

n = 68 mol

mean kinetic energy = 3/2 kT
= 3/2 x 1.38 x 1072 x 290
= 6.0x107J

realisation that total internal energy is the total kinetic energy
energy = 6.0 x 107" x 68 x 6.02 x 10%
= 246 x10°J

2 (a) number of atoms of carbon-12
in 0.012kg of carbon-12

(b) pV=NKT or pV=nRT
substitutes temperature as 296K
either 1.1 x10°x 6.5x1072=Nx 1.38 x 107 x 298

or

1.1%x10°%x6.5%x102=nx8.31%x298and n= N/6.02 x 10%*

N=17x10%

Q8.

2 (a) amount of substance
containing same number of particles as in 0.012kg of carbon-12

(b) pV=nRT
amount = (2.3 x 10° x 3.1 x 107%) / (8.31 x 290)
+(2.3%x10° x 4.6 x 107)/ (8.31 x 303)
=0.296 + 0.420
=0.716mol
(give full credit for starting equation pV = NkT and N = nlN,)

QO.
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C1
Al

Al

B1

B1

B1
B1

C1
Al

C1
Al
C1

C1
Al

M1

C1
C1

C1
Al

M1
Al

C1

C1

C1
Al

[2
(1

(1]

[4]

(2

(2

(3

[2]

[4]

[2]

[4]
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2

Q10.

2

Q11.

(a)

(i) either random maotion
or constant velocity until hits wall/other molecule

(ii) (total) volume of molecules is negligible
compared to volume of containing vessel
or
radius/diameter of a molecule is negligible
compared to the average intermolecular distance

(b) either molecule has component of velocity in three directions

(c)

(a)

(b)

(c)

or =0l +o’ +cd

random motion and averaging, so <cx™> = <¢y™> = <>
<c?> = 3<c>

so, pV = “Nm<c’>

<c? o« T or Cpe o ~T

temperatures are 300K and 373K
Cms = 580ms™
(Do not allow any marks for use of temperature in units of °C instead of K)

obeys the equation pV = constant x Tor pV =nRT
p, Vand T explained
at all values of p, V and Tffixed mass/n is constant

(i) 3.4x10°%x25x10°%10°=nx=8.31x 300
n=0.34mol

(ii) for total mass/amount of gas
39x10°% (25+16)x10°x10¥=(0.34+020)x 831 T
T=360K

when tap opened

gas passed (from cylinder B) to cylinder A

work done on gas in cylinder A (and no heating)
so internal energy and hence temperature increase

STEMUP.CO.UK

B1

M1
Al

(M

1)

(A1)

M1

Al
A0

C1

c1
Al

M1
Al
Al

M1

C1
A1l

B1
M1

[3]

(1l

(2]

[3

(1]

[2]

31

[3]
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2 (a) () 1. pV=nRT

1.80 x 107 x 2.60 x 105 = n x 8.31 x 297 C1

n=10.19 mol A1
2. Ag=mecAT

95.0=0.190 x 12.5 = AT B1

AT=40K A1

(allow 2 marks for correct answer with clear logic shown)

(ii) p/T=constant

(2.6 x 10°%)/ 297 = p / (297 + 40) M1
p=295x10° Pa A0
(b) change in internal energy is 120J /25 J B1
internal energy decreases / AU is negative / kinetic energy of molecules decreases M1
so temperature lower A1
Q12.
2 (a) obeysthe law pV =constant x T ... M1
atall valuesof p, Vand T ... Al
(b) N = (29x10°x3.1x 107/ (B.31 X 290) ..ooovieiieeie e c1
R BT 111 e T ST R I Al
(c) atnew pressure, n, = 3.73 = 34 o 298
29 300
S4.23 MOl o e C1
change = 0.50 Mol ... C1
number of strokes = 0.50/0.012 =42 (must round up for mark) ....... A1
Q13.
2 (a) (i) pV=nRT
V = (8.31x 300)/(1.02 x 10%) ... .
=0.0244 m* (if uses Celsms lhen 0}’2}
(ii) volume occupied by one atom = 0.0244 / (6.02 x 10%) =4.06 x 10% m® _.......M1
separation =3V(4.06 3 1028) . ... AT
S BB MO TN i i it s S s 8 A0
(b) () F =GMm/r~ .. -
= (6.67 x 10” % {4 % 1 66 % 102?}2),‘ (344 X 10‘3')2
=249 x10%N . P S
(ii) ratio = (4 x 1.66 x 1077 % 9.8)/ 2.49 x 10™ .o c1
= e MO e i e i R i T i Sl i Al

(¢) assumption that forces between atoms are negligible ... B1
comment e.g. ratio shows gravitational force to be very small

e.g. force is very much less than weight
e.g. if there are forces, they are not gravitational ............................B1

STEMUP.CO.UK
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2]

(1]

3]

[2]

2]

[31

[2
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[3

(2]
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Q14.

5 (a) changefloss in kinetic energy = change/gain in electric potential energy B1
2 xmv = ¢ | drar C1
2x%x2x1.67x 107 x

= (1.6 x 107"%? / (4n x 8.85 x 107% x 1.1 x 107 M1
v=25x10°ms™ A0 [3]

(b) pV= %BNm<c> and pV = NkT C1

Yam<c®> = /KT (award 1 mark of first two if <c*> not used) c1

Y%x2x1.67x 107 x (25x 10%°= 7% x 1.38 x 103 T C1
T=5x10°K Al [4]

(c) e.g. this is very high temperature
temperature found in stars
(any sensible comment, 1 mark)

(f T < 10° K, should comment that too low for fusion to occur) B1 [1]
Q15.
2 (a) either pV=NkT or pV=nRT and n=N/Nsy i G
clear correct substitution e.g.
25x10°x45x10°x10° = Nx1.38 x 10 %290 oo M
N o= ot B it it it et e e b o e B S it A0  [2]
(allow 1 mark for calculation of n = 0.467 mol)
(b) (i) volume =(1.2 x10")*x 2.8 = 10% or % P x28x10% i .C
= 48x10"m? 253x107"m® e AT 2]
(ii) either 4.5 x 10° cm® >> 0.48 cm® or ratio of volumes is about 10% .............. B1
justified because volume of molecules is negligible ... B1 [2]
[Total: 6]
Q16.
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2 (a) (i)
(ii)

(iii)

(b) (i)
(ii)

(iii)

Q17.

no forces (of attraction or repulsion) between atoms / molecules / particles

sum of kinetic and potential energy of atoms / molecules
due to random motion

(random) kinetic energy increases with temperature

no potential energy
(so increase in temperature increases internal energy)

Zero

work done = pAV _
=4.0x10°x6 x 107

=240J (ignore any sign)
change work done / J heating / J increase in internal
energy / J
P—Q +240 —600 -360
Q—R 0 +720 +720
R—P -840 +480 -360

(correct signs essential)
(each horizontal line correct, 1 mark — max 3)

2 (a) atoms/molecules / particles behave as elastic (identical) spheres

volume of atoms / molecules negligible compared to volume of containing vessel
time of collision negligible to time between collisions

no forces of attraction or repulsion between atoms / molecules
atoms / molecules / particles are in {(continuous) random motion

(any four, 1 each)

(b) pV= %Nmﬂc% and pV=nRT or pV=NkKT

1Nm<c¢®> = nRT or = NkT
or k= R/Ny

‘-EK:‘:% x RN, x T

n= NNy

(c) (i)

(ii)

(iii)

and

<Ey>= %m.:,f;_

reaction represents either build-up of nucleus from light nuclei
or build-up of heavy nucleus from nuclei

so fusion reaction

proton and deuterium nucleus will have equal kinetic energies
1.2x10"=2 x831/(6.02x10%) x T

T=58x10°K

(use of E = 2.4 x 107" giving 1.16 x 10° K scores 1 mark)

either inter-molecular / atomic / nuclear forces exist
or proton and deuterium nucleus are positively charged / repel
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Q18.

2

(a) e.g. moving in random (rapid) motion of molecules/atoms/particles

no intermolecular forces of attraction/repulsion
volume of molecules/atoms/particles negligible compared to volume of
container
time of collision negligible to time between collisions
(1 each, max 2)

(b) (i) 1. number of (gas) molecules

2. mean square speed/velocity (of gas molecules)

(ii) either pV = NKT or pV =nRT and links nand k
and <Ex> = ¥%m<c®>

3
clear algebra leading to <Ey> = 5 kT

(e} (i) sum of potential energy and kinetic energy of molecules/atoms/particles

Q19.

(c)

(i)

(ii)

Q20.

2

Q21.

reference to random (distribution)

(ii) no intermolecular forces so no potential energy
(change in) internal energy is (change in) kinetic energy and this is
proportional to (changein ) T

% x2x% 1.66 x 107 x (5.03 x 10°)? = 3 138x102xT

T = 2030 K

M

either because there is a range of speeds
some molecules have a higher speed

or some escape from point above planet surface
so initial potential energy is higher

(a) (i) sum of potential energy and kinetic energy of atoms/molecules/particles
reference to random

(ii) no intermolecular forces
no potential energy
internal energy is kinetic energy (of random motion) of molecules
(reference to random motion here then allow back credit to (i) if M1 scored)

(b) Kinetic energy « thermodynamic temperature
either temperature in Celsius, not kelvin so incorrect
or temperature in kelvin is not doubled
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1

Q22.

Q23.

(a) (i)
(ii)

(b) (i)

(ii)

(a) (i)
(ii)

number of molecules

mean square speed

1. pV=nRT
n=(6.1x10°x21x10*x 10%)/ (8.31 x 285)
n=54mol

2. either N= nNy
=54 x 6.02 x 102
=3.26 x 10*
ar
pV = NkT
N=(6.1x10°x2.1x 10*x 107% / (1.38 x 107% x 285)
N =3.26 x 10**

either 6.1 x 10°x 21 %1072 ="/, % 3.25 x 10% x 4 x 1.66 x 107%"x <¢’>
<¢®>=1.78 x 10°

Crms = 1.33 x10° ms™

or

x4 %166 %107 x <c®>=3,x 1.38 x 1072 x 285

<c?> =1.78 x 10°

Crys = 1.33 x 10° ms™

N: (total) number of molecules

<¢?>: mean square speed/velocity

(b) pV =%Nm=<c’> = NkT
(mean) kinetic energy = % m<c’>
algebra clear leading to ¥ m<c?> = (3/2)kT

(c) (i)

(ii)

either  energy required = (3/2) x 1.38 x 107%° x 1.0 x 6.02 x 10%
=125 (12Jif 2 s.f)
or energy = (3/2) x 8.31 x 1.0
=125

energy is needed to push back atmosphere/do work against
atmosphere
so total energy required is greater
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2

Q24.

2

Q25.

(a) (i)

(ii)

(b) (i)

(ii)

sum of kinetic and potential energies of the molecules
reference to random distribution

for ideal gas, no intermolecular forces
so no potential energy (only kinetic)

either change in kinetic energy = 3/2 x 1.38 x 107 x 1.0 x 6.02 x 10% x 180

= 22404
or R =kNa
energy = 3/2x1.0x8.31x 180
=2240J

increase in internal energy = heat supplied + work done on system
2240 = energy supplied — 1500
energy supplied = 3740J

(a) the number of atoms
in 12 g of carbon-12

(b) (i)

(ii)

(iii)

amount = 3.2/40
=0.080 mol

pV=nRT
p =210 x 10 = 0.080 x 8.31 x 310
p=98x10°Pa

(do not credit if T in °C not K)

either pV = 1/3 x Nm <c¢*>
N =0.080 x 6.02 x 107 (= 4.82 x 10%)
and m= 40 x 166 x 10~ (= 6.64 x 107
9.8 x 10° x 210 x 107° = 1/3 x 4.82 x 10% x 6.64 x 1072 x <c*>
<¢*> =193 x10°
Crus =440 m g™

or Nm=32x107°
9.8x10°x 210 x 10%=1/3x3.2x 1072 x <c%
<¢?> =193 x10°
Crms =440 m s~

or 1/2 m<c®> =32 kT
1/2x 40 x 1.66 x 107% <c® = 3/2 x 1.38 x 107 x 310
<¢®>=193x10°
Crms =440 m s~

(if T in °C not K award max 1/3, unless already penalised in (b)(ii))
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2 (a)

(b)

(c)

Q26.

(b)

use of kelvin temperatures

both values of (V/T) correct (11.87), V/ T is constant so pressure is constant

(allow use of n =1. Do not allow other values of n.)

(i) work done = pAV
=42x10°x (3.87 —3.49) x 10* x 1078
=160J

(do not allow use of V instead of AV)

(ii) increase/change in internal energy = heating of system
+ work done on system
= 565 - 160
= 4054

internal energy = sum of kinetic energy and potential energy/Ey + Ep
no intermolecular forces
no potential energy (so AU = AEk)

obeys the equation pV/T = constant
(accept pV = nRT)

(i) pV=nRT
5.0 x 107 x 3.0 x 107 = n x 8.31 x 296 giving n = 6.1 mol

(ii) pressure «« amount of substance
loss=0.40/100 x 6.1mol = 0.0244 mol
= 0.0244 x 6.02 x 10®° (atoms)
= 1.47 x 10% atoms

rate = (1.47 x 10%)/(35 x 24 x 60 x 60)
=49x10%s™
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