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Question 1(25 marks) 

a) 	 Define the variable, compressibility factor, z. With the aid of Lennard-Jones 
potential plot, compressibility and isotherm plots, compare and contrast real and 
ideal gases. 

Your account should make mention of interactions, equations and any necessary 
theories to help clarify your discussion. 

[15] 

b) 	 Write short notes on any One of the following: 
i) Virial equation [10] 
ii) van der waal's equation [10] 

Use diagrams, equations or plots to clarify your notes where necessary. 

QUESTION 2 [25 marks] 

a) A real gas equation of state for a gas is given by: 

P RT(Vm - fit -(a/T)V;,2 (1) 

(i) Derive an expression for Vm,c, Tc and Pc. [12] 
(ii) 	 Find an expression for the Boyle's temperature, T B. [4] 
(iii) 	 Estimate the temperature at which oxygen behaves as an ideal gas, T B given the 

constants: (1=1.748 L2atm mor2K and p= 0.0345 L mOrl. [2] 
(iv) 	 Estimate the radii of real gas molecules using equation (1) for real gases given a 

3critical molar volume of250 cm morl [4] 

b) 	 Using the critical point expressions for Vm,c, Tc and Pc find an expression or value 
for compressibility at the critical point, Zc [3] 

Question 3 [25 Marks] 

a) Write short notes on the following 
i) enthalpy change [5] 
ii) Hess's Law [5] 

b) 	 Derive Kirrchoffs equation: [6] 

&lr(T2 ) &lJT]) + ArC p,mAT 
where Cp,m is temperature independent. 

b) Using the data in the table below calculate 
i) LlrH9 at 298 K [4] 
ii) LlrH at 346 K [5] 

for the hydrogenation reaction: 

C2H2 (g) + H2 (g) --). C2~ (g) 

Hz ( ) 
43.93 
o 

28.82 
+226.8 



Question 4 [25 Marks] 

a) 	 Using examples and/or diagrams compare and contrast anyone pair of the 
following terms 
i) reversible and irreversible expansion [10] 
ii) path and state functions [10] 

b) 	 4 moles ofpentane occupies 25 L at 315 K. 
i) Derive an expression for reversible isothermal expansion. [6] 
ii) Calculate the work done and heat involved when the gas expands 

isothermally against a constant external pressure of 115 torr until its 
volume has doubled. [4] 

iii) Calculate the efficiency of the system in 1 b (ii) above. [5] 

Question 5 [25 Marks] 

a) Defme internal energy change [10] 

b) To Calibrate a calorimeter a 0.120 g naphthalene, ClOHg(s), was burnt at constant 
volume and it caused the temperature of the calorimeter to rise by 3.05 K. Then 
0.10 g of an unknown compound was burned in the same calorimeter, causing a 

temperature rise of 2.05 K. 

i) Calculate the heat capacity of the calorimeter [3] 

ii) Is the unknown compound phenol, C6HSOH(s) or ethanol, CH3CH20H(l) 

whose enthalpies of combustion are &;H9=-3054 kJmor i and -1368 kJmorl 


respectively. [4] 


c) Calculate the standard enthalpies of formation of: 

i) KCI03(s) from the enthalpy of formation of KCI [4] 

ii) NOCI(g) from the enthalpy of formation of NO [4] 


Given the attached table and the following information: 


2KCI03( s)-7 2KCI( s)+ 302(g) ~tH9=-89.4 kJ/mol 
2NOCI(g) -72NO(g)+Ch(g) ~rIf=+76.5 kllmol 

Useful information: 

Molecular weights/g mor l 

Benzoic acid 122.12 
D-ribose CSHIOOS (s) 150.13 

QUESTION 6 [25 MARKS] 

a) 	 Write short notes on any Two of the following: [10] 
i) Eutectic temperature and Congruent melting point 
ii) Zeotrope and Azeotrope 
iii) Lower consulate and upper consulate temperature 



b) 	 a) Draw a sketch of the phase diagram of carbon dioxide and explain briefly 
the slopes and curvature of the liquid-solid and the liquid-gas boundaries, 
respectively. [5] 

c) 	 i) Derive the Clausius-Clapeyron equation for evaporation in the form 

d(lnpXr' 	 [5] 

ii) 	 The triple point of benzene is at 5.50 C and 36 mm Hg. Predict the 
boiling point ofbenzene at 0.1 atm pressure. [5] 
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186.26 

Standard molar Gibbs free energy and molar entropy of formation at 298.15 K 

~ tlO.. 9/KJ/mol s9IIK-I morl ~ tlOr9/KJ/mol s91IK-l morl 

H,O(g) 18.015 -228.51 188.83 O,(g) 41.998 163.2 238.93 
H, 0(1) 18.015 -120.35 109.6 NO(g) 30.006 86.55 210.16 
H,O,(I) 34.015 -120.35 109.6 NO, (g) 46.006 51.31 240.06 
NH,(g) 11.031 -16.45 192.45 N,O.(iJ 92.012 91.89 304.29 
NH.(l) 32.045 149.43 121.21 80,(g) 64.063 -300.19 248.22 
N,H(l) 43.028 321.3 140.6 H2S(g) 34.080 ·33.56 205.79 
N,H(g) 43.028 328.1 238.97 SF.(g} 146.054 -1105.3 291.82 
HNO,(l) 63.013 -80.71 155.60 HF(g) 20.006 -213.2 113.18 
NHOH(s) 33.030 HCI(g) 36.461 -95.30 186.91 
NH Cl(s) 53.492 -202.87 94.6 HC1(aq) 36.461 -131.23 56.5 
HgCI,(s) 211.50 -118.6 146.0 HBr(g) 80.911 -53.45 198.10 

H.80.(l) ) 98.018 -690.00 156.90 HI(g) 127.912 1.10 206.59 
H,SO.(aq) 98.078 -144.53 20.1 CO, (g) 44.010 -394.36 213.14 
NaCI(s) 58.443 .384.14 72.13 CO(g) 28.011 -131.11 191.61 

NaOH(liL 39.997 -379.49 64.46 Al,O,(O s) 101.945 -1582.3 50.92 
KC1(s) 74.555 -409.14 82.59 Sial 60.09 -856.64 41.84 
KBr(s) 119.011 -380.66 95.90 FeS(s) 87.91 -100.4 60.29 

• KI(s) 166.006 -324.89 106.32 FeS,(s) 119.915 -166.9 52.93 
AgCI(s) 143.323 -109.19 96.2 

He(g) 4.003 0 126.15 Hg(g) 200.59 31.82 114.96 
Ar(g) 39.95 0 154.84 Hg(I) 200.59 0 16.02 
H,(I!') 2.016 0 13().684 Ag(g) 107.81 245.65 113.00 
N,(2) 28.013 0 191.61 Ag(s) 101..81 0 42.55 
0,(2) 31.999 0 205.138 Na(g) 370.95 76.76 153.11 
O.(g) 41.998 163.2 238.93 Na{, 22.99 0 51.21 
Cl.hl 10.91 0 '223.07 

Brz(iJ 159.82 3.110 245'.46 
Br,(l) 159.82 0 152.23 

I,(ld 253.81 19.33 260.69 
4(8) 253.81 0 116.135 

Source: American Institute ofPbysics hWldbook. McOmw·Hill. 

, 

organic compounds 

CH4(g) methane 
C2H2(g) ethyne 
C2H4(g) ethene 
CzH6(g) ethane 
C;iH6 cyc!opropane(g) 
C3H6 propene(g) 
C4HI0 n-bularu! (g) 
C5H12 n-penlane(g) 
C6H 12 cyclohexane (1) 
C6H14 n·hexane (I) 
C6H6 benzene 0: 
C6H6 benzene (g 

CSHIS n-oclane 
1) 

Cl0H8 naphthalene (1) 
CH30H(g) 
CH30H(l) 
CH3CHO (g) 
CH3CH20H (l) 
CH3COOH(l) 
CH3COOC2H5 (1) 
C6H50H(s) 
C6H5NH20) 
CH2(NH2)C02H, glycine (5) 

C6H1206. D-D-glucose (s) 
C6HZZO(i, D-D-glucose (8) 

C12H220U sucrose(s) 
CH3CH(OH)C00H 
lactic acid (8) 

Mr 

16.043 
26.038 
28.05 
30.010 
42.081 
42.081 
58.124 
12.151 
84.163 
86.178 
18.115 
78.115 
114.233 
128.175 
32.042 
32.042 
44.054 
46.01 
60.053 
88.101 
94.114 
93.129 
15.068 
180.159 
180.159 
342.303 
90.019 

tlOllKJ/mol 

-50.12 
209.20 
68.15 

-32.82 

104.45 
62.18 

-11.03 

-8.20 

26.8 

124.3 
129.72 
6.4 

·161.96 
-166.27 
-128.86 
-114.18 
-389.9 
-332.1 
-50.9 

-313.4 

-910 
-1543 

801IK-1 morl 

200.94 
219.56 
229.60 
231.55 
267.05 
310.23 
348.40 

204.3 
113.3 
269.31 
361.1 

239.81 
126.8 
250.3 
160.7 
159.8 
259.4 
146.0 

103.5 

212 
360.2 



2 
Standard molar enthalpies of formation at 298.15 K Temperature dependence of heat capacities, Cp,m = a+bT+cr 
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NaOH(s) ____.~,~97 -426.7 AI~3{a.,S) 101.945 -1675._7___ 

~CI(s), 74.555 '''.____~~~__~i02('') ___~.08~__ Standard molar enthalpies of formation and combustion at 298.15 K. 
KBrf!!.L_______1t~,()1J..___ -392.?__._-E..!~.M __. 
Kl{s) 166.006 -327.6 FeS2(s) nHc9/KJ/moi 
DiATOriICS--Eg.N;:o;~-·"-"""-o--" __,_~H~ ---.. 

C2H2(9) _ -1300 
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.______".. I ____L.,___,_.. __L___ I ol.-- ~____.___~_2H6(9) 3~~~~0 -~:~. __-=.1.~..~,_ 
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'''''7:---''''-'.....---..''..-'''''''--;:;,-;..;:::::-..----'''.-..=-~;=----..---_;:';;:;;-:;,-;;--·---';;;;..-;;;;;c-,..,,-..------·..-----_..-:-:""-:-:-:-'-'--:-·------ "'----44-:-0~ -16Ei':(i-'------'--119-3_ .... 

CH3CH20H (I) 


-·~i;=~=,===---,,~;.~~5=----·"- ~~~-=-----;~!- 2~~~----~~~~~-=~ ~E~~~~;~:~)~=-::.=.. -,,- :~~-=-··--·-----48if6'--"..'-----::-: 


""'ii;O-"" ·--·---273:Ts----"·""G':oiis"''''--'''''----'''373.fs------..ii65s''-(44M6"'it298.1S-K-)-----,,----,--- ---"--~------94:11-4--'··--- --'--:-165:0'--' -- -- -3054---" 
""'NH;----..----"1"9S.'4ir CeHsNH2 (I) 
i 

H2S 
-----''''''''''''-'-·187:if1-----''--2.-37-f-- ---..212.80--"·---18.6ia-----------·"'-'--N-H-2-C-O-.N-H-,~;;·(;)·----.."'-----60~056- ----"-----:.:=';;'""",,-,----·-----;::::-::;:-;:---,, .. ,1 

I c'H;==-.. ----'9O:~,~"'..~_=~=_~·-'~~~~!.=:===ir1":6~__-=Tis ==----==-=::===§H?~~~02H, f!.!YCin;(!1~=-" ~5.06~__.._, ____ 
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.L Sublimation: "various pressures: bat 1aIm Source: American Institute of Physics handbook. McGraw-Hili. 
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Heat capacities at 25°C 

Cv•m Cp,m 

JK"1 morl IK-I morl 

.,.!ie, 1:!e, A!:! Kr, Xe "'___-.!?.:.12______ 20.7~_ 
_!!~_,___,_ ,___,_._..._,_~~ 28.81 

...£.~_____.. f7.43 _____ 
N.o. 77.28 
NO, 37.20 

F.P Depression, B.P. Elevation 

Solvent F.P Kr B.P Kt, 
°c °C kg mor l ("C,lOlkNni1

) ·C kgmlrl 

Water 0 1.86 100.0 0.52 
------~-- -----..-~. ._-,,--------

Benzene 5.51 5.10 80.1 2.60 
-.-----.-------~----------...--~-----

Acetic Acid 16.6 3.90 118.1 3.10-----------------,
_,~yclohexane 6.5 20.2 81.4--------- 2.79 

Camphor 177.7 40.0 205 
Nitrobenzene 5.7 6.9 210.9 5.24 
Ethanol---_._--
Chloroform ·64 61.3 

1.22 
3.63 

Third Law entropies at 2SoC, Smell Kl mor l 

Solids Liquids Gases 

~~2 152.3 ___..,__.. ___J'l2 192.1 

70.0 

Ag(I__......___..,_.___,...Y.2;~..__.___...__._~~:~=.!..-_______.._--!_~!.:.:~__..._________:=:~:~._,__..________~:=:.:=.--,_--. 
.A$:~c ,_...__.__.____124.~________.....£I:!30H. 12.~_.7_______...CH4 186-...1__..______ 
_Qn..§.945..H2Q... ___,____". ___,,__._~Q~.:.'!.____,______.....,___.._...,.._~lEf4 ... ___._..._______..".._,,~.?:Q!._...____ '''''...~,,_,..'''___.''_..f~I:!§.,__ ,.,.______...._______?..?.,~±_."______....._ 
_~_.__......__ ._._,_...._,_14~_.._.,,_____., CH)COOH ..____!...59.8__,,____.....______CI,:hCHO__ ].65.7 ._____ 

360.2 


