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d..a Use the kmettc model of gases to explaln why hght gases -such as He, .

Nz once formed remam abundant

1, O mol Nz at 273 15 K :nltlally AII the H2 then reacts with sufﬂment Nzw

to form NH3 Calculate:

i. The volume cccupled by 8.2 mmol of the gas molecules under

these condltlans

ii. = The molar volume, ¥ of the gas and the approximate value of

second virial coefﬁcnent B at 300 K

(4 marks]

[4 marks]

[2 marks]

C. A’t 300 HK and 20 atm, the compressuon factor of a gas Z is 086

me 22‘ dm? contams gases mlxture of 2.0 mol Hz and -




;change in enthalpy accompanymg a process -
[4 marks]

b. A sample of argon with.a mass of 6 56. g occuples 18.5 dm3 at 305 K

i Calculate the work done when the gas expands 1sothermally agarnst a

constant external pressure of 7.7 kPa until its volume has increased

ii.  Determine the work that would be done if the same expansion

occurred reversibly.

[3 marks]

¢.  The heat capacity of air is - much smaller than liquid water, and relatively

modest amounts of heat are reqmred toc hange the temperature of air, Th|s

at mght. The molar heat capacrty of arr at 298 K and
1.00 atm is approximately 21 J/ K. mol.

i~ Estimate how much energy is required to raise the temperature of the
air in a room with dimensions 4.5m x 5.5 m x 3.5 m by 10°C.
[5 marks]

i Iflosses are neglected, predlct the duration it takes for a heater rated
at 1.25 kW to achieve that increase, given that 1 W =1 J/s.
.. [3 marks]

d. The cold sink is at 0°C in an ideal heat engine. If 15.00 kJ of heat is
withdrawn from the hot source and 4.00 kJ of work is generated, calculate

the temperature of the hot source.

[2 marks]
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3 a. _éDlscuss he,concept of ideal engme |n Carnot Cycle wnth a dlagram’by

[5 marks] E

olecules i is held by a plston

- pre

at 2 5 bar and 40 C respectlvely The plston is released S0 that the gas can

expand. Calculate:

[2 malrks] 0

nd the heat absorbed by the

[3 marks]

Je in total entropy surrounding, AS, .

C. Explam how planes ina lattlce are labelled and state the M|Iler lndlces

lstances

of the planes th }t@%iémtersect the crystallographlc axe
@ 3b —20) . v

[5 marks]
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4. a Flgure Q4 shows the phase dlagram for two partlally mlsc:ble Ilqmds

:water (A) and 2—methylpr< _
a mixture of composrtlon xe=0.3is heated at each stage giving the nump‘er

composition, and relative amounts of the phases present.

Temperature, T :

0 8.2 4 0.6 0.8 1
Mole fraction of B, xB

i Determine the overall mole fraction of aniline in the mixture.

4 marks]

k. Use the lever rule to determine the relative amounts of the two phases.
' : 1 ~ [4marks]:

c. ltwas found that x, = 0.220 when y, = 0.314 by measuring the equilibrium
‘between liquid and vapour phases of a solution at 30°C and 1.00 atm.
Calculate the actlvstles and act|v1ty coefflments of both components in. thlS

solution using Raoult's law.
Given: P*, = 73.0 kPa; P*; = 92.1 kPa, xA = mole fraction in the liquid

and yA =mole fractlon m the vapour -




”reactlons v=3at208 K
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second e actron of eiectroplatmg has

+30 kJ/mcl both at 300 K. Determme the ratio of their equmbrlum constants
at 300 K.

The equnllbrlum pressure of Hz over solld uranium and solrd uranium

hydride, UHs, at 500 K is 139 Pa. Assume activity of solid, a_,., = 1. Calculate
h

[4 marks]

_Zn(s) | ZnSOs(aq) Il AQNO3(aq) | Agls)

Write the half and overall cell reactions and calculate the standard

_ potential of the cell, E°.

i Predrct the spontanerty of this electrochemlcal cell :by calculatlng the

equnhbnumi con stﬁ_nt K for the electrochemlcal syste

[4 marks]

[4 marks]
-END OF PAPER-

standard Glbbs energy of formatlon of -U‘Hs(s) at 500 K if the mltlal

An electrochemlcal reactlon has. a standard Glbbs energy. of ~200 kJ/mol
_}fstandard GIbbS energy of

;a reaction in WhICh stmchlometrlc coefflment of the elect ons in he half-é;f:
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APPENDIX1

Atomic mass unit

1 amu

1.661 x 102 g

1 g 3 e

+6.022 x 10%3 amy: . o |

1.381 x 102 JIK

1602 x 107 C

76,649 x 10° C/mol

. 78.314 JImolK
0.08206 L-atm/mol-K

9.110 x 10¥ kg

ass of pfbfén

1673 x 102 kg

1675x 1027 kg

Atomic mass constant

1.660 x 1027 kg

Pi

Planck’s constant . .

Speed of light

2.998 x 108 m/s

Rydberg con

1.097 x 107 m”

2179 x 1078
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unit : Pascal (Pa)
=iNm:
1 kg s’
= 101325 Pa
760 torr
760 mmHg
14701bin?
(of bpsi)
=10°Pa

I

""" = 750 torr

Volume: Sl unit: cubic meter (m?)
= 22046 Ib ‘ : 1L = 103 m?3

Mass: Sl unit: kilogram (kg)

g = 1.0567 qt
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FORMULAS

A
29 =2x51n“1 (_Z_C_l_

) -:_._pmodu_(:t 55:;5: i ::b

Preactant

4,G = 4,G° + RTInQ

C,=C,—R
= T = :-. i E gy -;;:;:0.0592 VI Q s
 H=U+pV | Rmter g B

T, Eru=E s Bl

. RT

el | Molar heat capacity at

constant pressure, Cpm = 3R

K, ===
P i

S W =T . Molar_heat capacity, at

_constantvolume,Gom =R o

W nRT In 7

W = =P AV
Cah i T

ASeys + ASqyr =0
. AYU =ﬂC\/,m (T2-T4)

P L AR s =
i P R 3B z.; TI i Bt BE iR R i & S
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Hy00 + 2H* + 2¢ — 2H,0

Cet* +¢” - G

PO, + 4H™ + 50,7 + 2¢- ~ PbSO, + 2,0
" H4H” 367 = MoO, + mle

i’bi}g—réﬁ*-&«ze‘” o Pblwznza
Ch 2 — 201

CrO->" + 14H* + 6e~ — 207" + 7TH0
02+4§'§+ +d4e” -—vllig(% .
MnO; + 4H" + 2o~ — Mn?* +
10" +6H* + 5 i;3+ 11»13
Bry+ Jem v 2
VOt +2H 40" — V’Ol*‘ +!~izO
AuCL™ + 3™ —» Au+aCh
NO;™ + 4H* + 3¢~ — NO+ 2,0
ClOs+e™ — GGI
%Z*+2e - ;{g o

Q;-PZH*’-?-Z! '-95‘{3{}3
Mﬁf},{; AR %Mﬂi)
Iat2e” = 20
Cut+el G

: i{aif-rtacm&

Cu FeT e

m’*’* 25T e Ma
AP 4 367~ Al
H} + e - 2HT
Tk 2eT s Mg
Je - La

HaaCly + 2e- — 2Hg + 2C1°
AgCl+ e = Ag+Cl™ 0.22
SO + 4HT + 2e™ — HiS0; + H10 0.20

’rgaov# Te~ — H, + 20H
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, . LIST OF ELEMENTS | |
Name Symbol mmic number Atomic weight Name Symbol Atomic numbér | Atomic weight
actinium ( 227.03% mendelevium | Md 101 ‘ 258.102
aluminium 2698 merc H; 80 : 200.59
americium 243.06° molybdenum Mo 42
“antimon 12175 “p'neodymium | Nd 60
argon 11139:95 neon S Ne 10
arsenic 17492 | neptunium 93
_astatine | 209.99* ] nickel
barium 137:33 niobium
berkelium 247.072 "_ﬁtrogen
beryllium 9.01 nobelinm
.| 208.98 | osmiium
264120 “oxygen
110,81 ' palladium

02

79:90 il phosphorus
11241 platinum T
40.08 plutonium 244.06
251.082 olonium 208.982
12.01 ! potassium 39.10
140.12 | prascodymidum | Pr 14091
1:132.91 rométhium .00
33.45 i rofactinium
52.00 " radium
5893 radon::
copper Cu 29 63.55 thenium
curinm Cm 96 rhodium
. dubnium Db i Tabidium
lysprosium [ Dy = 66 | 162 ruthenium
| europium Eu 63 , | scandium
fermium EFm 100 257.102 seaborgium
fluorine F 9 19.00 selenium
 francium Fr 87 223.022 silicon
- gadolinium Gd .64 SR 15725 silver. = i
gallium Ga = |31 16972 :
germanium - [ Ge .0 132 . U761
gold Au 79 196.97 e
hafnium Hf 72 178.49 tantalum
hassium Hs 108 269.13* technetium
helium He 2 4,00 tellurium

F’ ‘holmium Ho i 67 164.93 shpterbiumy,
hydrogen H [ 1 1101 thallium
indium I 149 - 11482 _}therium™
“iodine i 153 - 126.90 thuliym ~"
iridium Ir 77 192.22 tin
iron Fe 26 55.85 titanium
krypton Kr 36 83.80 tungsten
i 1o lapthanum La. 1.57 ) 138.91 yranium

| Jawréncium | L 1103 . ] 262112 vanadium

| lead Pb 82 b 207.19 . lxenons il -
lithium Li 13 G il 6.94. e Poytterbium
lutetium Lu 71 174.97 yttrium
magnesium . | Mg 12 24.31 zinc -
manganese Mn 25 54.94 zirconium
meitnerium | Mt 109 268.14° F
" *™Mass of longest:lived or most important isotope o

P







