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INSTRUCTIONS: 

Answer Question ONE and any other TWO Questions 

QUESTION ONE (30 MARKS_} 

a) differentiate between the following terms: 

i) Spontaneous reaction and Non-spontaneous reaction (2 marks) 

ii) Phase diagram and Phase boundary (2 marks) 

iii) L\S and L\S 0 (2 marks) 

iv) Intensive property and Extensive property (2 marks) 

v) Path function and State function (2 marks) 

b) i) With examples, state processes that are accompanied by an increase or decrease 

entropy (two for each process) (2 marks) 

ii) What is the property of a system described by entropy? (2 marks) 

iii) What is the importance of Maxwell relations? (2 marks) 

c) i) Estimate the boiling point of bromine. (4 marks) 

6.H vap .. 30.91 kj /mol 
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ii) Calculate 6G0 at 25°C for the following reaction. 

2N02cg) ~ Nz04w> 
Given: 6H0 = - 57.20 kJ/mol and 6S0 = 137.55 J/moJ · K. 
Is this reaction spontaneous? (4 marks) 

d) i) Calculate the entropy change at 25°C of the following reaction. fs the 
reaction spontaneous? (4 marks) 

N2 H4co + 2H202C9) -.. N2Col + 4H20(B) f1H 0 = -642.2kj /mol 

ii) Water can exist as solid, liquid or vapour. How many components does a 
water system have? (2 marks) 

QUESTION TWO (20 MARKS) 
a) i) State Clausius-Clapeyron Equation (2 marks) 

ii) The vapor pressure of 1-propanol is I 0.0 torr at I 4.7 °C. Calculate the vapor 
pressure at 52.8 °C. 

Given: 
Heat of vaporization of 1-propanol::::; 47.2 kJ/mol (4 marks) 

iii) Discuss the advantages of phase rule. (6 marks) 

b) i) Explain how signs and magnitude of 6H, 6S and Temperature affect spontaneity 
of a process. ( 4 marks) 

ii) Given b.H0 = -98.2 kJ, 6S0 =- 70. IJ/K. Calculate the value of kp for this reaction 
at 25°C is this reaction spontaneous? ( 4 marks) 

QUESTION THREE (20 MARKS) 

a) Given au ;;;;; ras - Pav derive the following <!~)s = -c::)r (4 marks) 

b) Most spontaneous reactions are exothermic, but some are not. Explain. (5 marks) 
c) i)lllustrate Gibb' s phase rule (5 marks) 

ii) Calculate f (degree of freedom) of water at triple point. (3 marks) 
iii) Distinguish between Bivariant and Trivariant systems (3 marks) 

QUESTION FOUR C20 MARKS) 

a) Justify 9..!!. = Th 
qc Tc 

(6 marks) 

b) i) Draw and label a basic structure of carnot cycle (5 marks) 
ii) Give the Maxwell relation for U, H, A, and G (4 marks) 

c) When liquid water vapourlzes spontaneously at 25°C, what is the sign of 6G. Under 
what conditions would b.G=O at 25°C, if any? (5 marks) 
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QUESTION FIVE (20 MARKS) 

a) Estimate the temperature range for which the following reaction is spontaneous. 

Si02<o) + 2C9rapnite + Cl2<o> ~ SiCl4<o> + 2CO(g) 

b) i) Will a spontaneous process always occur rapidly? 
(6 marks) 

(5 marks) 

ii) At the boiling point, 35°C, the heat of vaporization of MoF6 is 25Kj/mol. 

Calculate L1S for vaporization of MoF6 (4 marks) 
c) Calculate L1G at 700K for the following reaction mixture that consist 30.0 atm of 

H2, 20.0 atm ofN2, and 0.5 atm ofNH3. L1G0
rxn = 26.9 Kj/mol (S marks) 

1 3 
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6H( ~GI S° ilH( ilG( S° 
Substance and State (kj/mol) (kj/mol) U K- 1 n10l- 1) Substance and State (kj/mol) (kj/mol) (j K·1 mo1· 1) 

Aluminum Bromine 
Al(s) 0 0 28 Brz(/) 0 0 152 
Ali01(s) - 1676 - 1582 51 Br1(g) 31 3 245 
Al(OH)J(s) -1277 Br1(aq) -3 4 130. 
AICl.i(s) -704 -629 11 I B((aq) -121 - 104 82 

Barium HBr(g) -36 - .B 199 
Ba(s) 0 0 67 Cadmium 
BaC03(s) -1219 - 1139 112 Cd(s) 0 0 52 
BaO(s) -582 -552 70. CdO(s) -258 - 228 55 
Ba(OH)i(s) -946 Cd(OHJi(s) -561 -474 96 
BaS04(s) -1465 - 1353 132 CdS(s) -162 - 156 65 

Beryllium CdS04(s) -935 -823 123 
Bc(s) 0 0 10. Calcium 
BeO(s) -.599 -569 14 Ca(s) 0 0 41 
Be(OH)i(s) -904 - 815 47 CaCz(s) -63 -68 70. 
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Mfl tiG1 S" M41 uG1 S' 
Subsr:rncc and St:llc (kJ/mol) (kj/mul) (J K- 1 mul- 1) Substance and Smee (kJlnw H (kj/mol) (JK- 1mol- 1) 

N02(g) 34 52 240. NaHCOJ(S) - 948 - 852 102 
N10(g) 82 104 220. NaCl(s) -41 1 -384 n. 
N204(g) JO. 98 304 N;1H(s) - 56 - 33 40. 
N!04(/) - 20. 97 209 N;il(s) - 288 - 282 91 
Ni05(S) - 42 134 178 NaNO!(s) - 359 
N~H4(/) 51 149 121 NaNO.i(s) - 467 - 366 11 6 
N1H.1CH3(l) 54 180. 166 Nn!O(s) -416 - .~77 71 
HN03(11q) -207 - ll I 146 Na10i(s) - 5l5 -451 ~5 

HNO,,(/) - 174 -81 156 N;iOH(s) -427 - 31!1 64 
NH4C10 4(s) - l9S - 89 186 NaOH(nq) - 470. - 419 50. 
NH.Cl(s) - 314 - 203 96 Sulfur 

Ox)•gcn S(s) (rhom bic) 0 0 32 
O~(g) 0 0 205 S(s) (nmnoclinic) (l.J 0.1 33 
O(g) 249 232 161 S2- (aq) 33 86 - IS 
Oi(.i:) 143 163 239 SK(g) 102 50. 431 

Phosphorus SF6(g) -1209 - 11 05 292 
P(s) (white) 0 0 41 H2S(g) - 2 1 -.H 206 
f'(s) (red I - 111 - 12 23 SO!{gl -2~7 - Joo. 248 
l'(s) (black) - 39 -33 23 SO.;(g) -396 -371 2$7 
P-1(.11) 59 24 280. so.~-(aq) -909 -745 2<i 
Pfs(g) - 1578 - 1509 296 H1S01(/) - 814 - 690. 157 
PH.1(g) 5 13 210. H1S0,1(aq) - 909 - 745 20. 
H)>04(s) -1279 - 1119 110. T in 
H1P0 1(/ ) -1267 Sn(s) (whirc) 0 0 52 
H_1P04(aq) -12!!8 -! 143 151! Sn(s) (l)ril)') - 2 0,1 44 
P-101o(s) - :m14 - 2691! ii~ SnO(s) - 285 -257 56 

Pot:issium SnOz(s) - 581 - 520. 52 
K(s) (l 0 64 Sn(OH )~(s) -561 -492 15.) 
KCl(s) - 436 - 408 83 Tiranium 
KCIOJ{$) -39} -290. 143 'fiCl41g) - 763 - 727 355 
KCl04(S) - 433 - 304 ISi Ti01(s) -945 -1!90. .50. 
K20(s) - 361 - 322 98 Uranium 
KlOi(s ) - 496 - 430- 113 U (s) 0 () 50. 
KOi (s) - 28.3 - 231! 11 7 ur6(sl -Zl .37 -20(18 .?.28 
KOH(s) -425 -379 79 UP6(g) - 2113 - 2029 380. 
KOH(aq) - 481 - 440. 9.20 IJC)z(s) -1084 -JU29 78 

Silicon U10~(s) -3575 - 3393 282 
Si01(s) (QU(ltri) - 911 - 856 41 LJOJ!~ I - 12JO. -1150, 99 
Si Cl~(/) - 687 - 620. 240. Xenon 

Silver Xc(g) () 0 170. 
Ag(s) 0 0 43 XeF!(g) -108 -48 254 
Ag+(11q) 105 77 73 Xcf.t(s) - 25 1 - 121 146 
AgBr(s) -100. -97 107 XcF6(gl -294 
AgCN(s) 146 164 84 Xc0,1M 402 
AllCl(s) -1 27 -11 0. 96 Zinc 
As2Cr0-1(s) -7!2 - 622 21 7 Z11(s) 0 () 42 
Agl(s) -62 -66 11 5 ZnO(s) -348 -3 18 44 
Ag!O(s) - 3 1 - .11 122 Zn(OH)i(s) - 642 
Ag1S(s) -32 -40. 146 ZnS(s) 

Sodiuni (wurtzircJ - 193 
N11(s) 0 0 SI ZnS(s) 
Ni\ ' (<1q) - 240. - 262 59 (zinc blcndc) - 206 -201 58 
NnBr(s) - 360. - 347 84 ZnSO,(s) -~83 -1!74 120. 
N11iC01(s) -1131 -1048 136 

--END--

Knowledge Transforms Page 5of5 e ISO 9001 :2008 Certified 




