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INSTRUCTIONS

ANSWER BOTH QUESTIONS

THE PERIODIC TABLE OF ELEMENTS, A DATA SHEET, AND A
TABLE OF CONSTANTS AND USEFUL RELATIONS ARE
ATTACHED



Question 1
1. An aerosol can is labeled “do not incinerate the can, even when empty”. Explain why
we have 10 adhere to this instruction by using the gas laws. [3]
2. What are the requirements for a reaction to be at equilibrium in terms of:
(a) the Gibbs free energy {(b) the entropy [4]
3. The internal energy change in the conversion of the calcite form of CaCOs to the
aragonite form is +0.21 kJ. Calculate the enthalpy change when the pressure is
1.0 atm given that the densities of the solids are 2.71 g/mL (calcite) and 2.93 g/mL
(aragonite). [6]
4. In terms of solubility rules, salts containing the ammaonium ion are always soluble.
Using thermodynamic arguments and ammonium nitrate dissolving in water as an
example, show that this reaction is both endothermic and spontaneous. (8]
5(a) Derive expressions for wWrev, Qrev, AUm and AHm all in terms of R, temperature,
numerical values, and the heat capacities for an ideal gas undergoing a reversible
pressure change at constant volume. [8]
(b) Prove that isotherms in a P vs V graph cannot cross each other. [6]

6(a) Two different gases, A and B, from two separate containers with volumes Va and
Vb respectively are transferred into a container of volume V. Derive the formula for
the change in total entropy with mole fractions after the two gases have been
mixed. [6]
(b} Is the mixing spontaneous or not? Explain. [3]
(c) What will be the total change in entropy if gases A and B are identical and have
equal pressure? [3]
7. Why is the Helmholtz function not used as frequently as the Gibbs function?  [3]
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Question 2

1(a) Starting from definitions of the thermodynamic functions, derive the expression
AGrev = - NRT In (P1/P2) for an ideal gas undergoing an isothermal change. [4]

(b) Using the expression for AGrev in 1(a) above, draw a graph showing the variation of

the Gibbs free energy with the pressure change. 4]
2. Draw a fully labelled phase diagram for carbon dioxide. €]
3. Using the liquid-vapour phase boundary, derive the Clapeyron equation. [5]

4(a) Calculate the equilibrium constant for the ammonia synthesis reaction at 298K,

O2(9) + 2Hz2(g) = 2H:20 (1) [5]
{b) Is this reaction spontaneous or not. Explain, 2]
5. Derive the Maxwell relations from enthalpy. [8]

6. What will be the freezing point of a solution obtained by mixing 250 g of water and
55.0 g of glycerol, CsHs(OH)s, which is a non-volatile, non-dissociating solute? [7]
7(a) What is the difference between a galvanic cell and an electrolytic cell? [2]
(b) Calculate the standard cell potential and give the cell reaction at 25°C for the cell:
Al(s) | AR+(aq) | Fe?*(aq) | Fe(s)

if AR* (ag) + 3e- — Al(s),E°=-1.66Vand Fe? (aq) +2e- — Fe (s),E°=-040V
[4]
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CONSTANTS AND USEFUL RELATIONS
Faraday constant = 9.649 x 10* C.mol
Avogadro's constant = 6.022 x 10% units/mol

Standard atmosphere (P°) = 1.013 X 10° Pa

Standard molar volume of an ideal gas (V°m) = 22.414 x 103 m®.mol?

1 atm = 101.325 kPa = 760 mmHg = 760 Torr
Gas constant  =8.314 J.K-1.mol-1
= 8.314 kPa.dm® molt.K?
=8.206 X 10 atm.dm®.mol LK
Planck’s constant (h) = 6.626 x 10 J.s
Gravitational acceleration (g) = 9.807 ms™
(P + an?/V?).(V-nb) = nRT
dU=dg+dw
dU =dgy, = CdT
Wrev = - NRTIN(VY/V)), ideal gas
AH =3 AHF (products) — ¥ AHf® (reactants)
AS = AH/T
A=U-~TS
© dU=TdS—PdV
dA = - SdT — PdV
AG® = - RTInK,”

AG = nRT In[P/P?]

Pi = iPsotal

RTf*

ATe= [ M rae

RT?
AHypgp

ATp =]

] Xa

- AHm
dP/dT = Tav,

Normal boiting point (H,0) = 100 °C

Narmal melting point (H;0) =0 °C

1Latm=101.316
1leV=1.602x107)
IN=1)m?
1atm=101.316)
T(K) = t{°C) + 273.15
PiVi = PsVs

P/Ti=P/T;

PVi/Ti = PVy/Te

Vi/ni = Vie/ne

dw = -Fdx = -PeedV
PV =nRT

dH = dqgp = C,dT
H=U+PV

Cp - Cv=nR;ideal gas
ds2dqg/T

G=H-T5

dG ="VdP — SdT,

dH = TdS + VdP

AH
Tz

ao/T,
ETAN

AG = f:f VdP ;const T

LY.

Reotal

AiS=-R3nilny
=Mt RY %iIn ¥
Kpn = prﬂv = KC (RT)QV

AHuay = 40.67 kl/mol; H:0

AHgs = 6.02 ki/mol; H0



PAC 224 EXAM DATA SHEET

Substance AH® (Il /mol) 5¢ {J.K-1.mol-1} 7:G° (kl/mol)

H* 0 0 0

NHsNO;3 {s) -363.56 151.08 -183.87

NH.* {aq) -132.51 1134 -79.37

NOs (aq) -205.0 146.4 -108.74

CaCO; (s) -1206.9 92.9 -1128.8

Ca* (aq) -542.83 -53.1 -553.58

CO; (aq) -413.80 117.6 -385.98

H;0 {1) -285.83 69.81 -237.13

N2 (g) 0 191.61 0

H: (g) 0 130.684 0

NH; (g) -46.11 192.45 -16.45

0: {g) 0 205.0 0

H20 (1) -285.8 69.95 23741

H.0 (g) -241.8 188.7 -228.6
Density of mercury = 13.6 g/mL Density of water = 0.9970 g/mL
AHrs = 9.83 ki/mol Benzene AHyap = 30.8 kl/mol Benzene

Melting point benzene =5.5 °C Boiling point benzene = 80.1°C



IUPAC Periodic Table of the Elemenis

{1.007: 1.008 2 Key: 13 14 15 16 17

3 4 atomic number 5 6 7 8 9

Li Be Symbol B c N 0 F

Tithium berylium nam; boron carbon nitogen oxygen Tluorine
{6.830; 6.997] 9012 standard atomic welght [10.80; 10.83} | (320001202} | [34.00:44.01) | {15.00; 16,00} 19.00

11 12 13 14 15 16 17

Na | Mg Al Si P S cl

sodium magresium aluminiym silicon phospherus sullur chlorine *
2.09 231 3 4 6 7 8 9 10 " 12 26.98 [28.08; 28.00) 087 [92.05:3208] | {35.44; 35.45]

19 20 21 22 23 24 25 28 27 28 29 30 3 32 33 34 35

K T Ca Sc Ti v Cr Mn Fe Co Ni Cu n Ga Ge As Se Br

potassiom calcium scandium titapium vanadiurm chramium manganess cobalt copper zine gallium germanium arsenic selentum bromine
g o 40.08 44.96 47.87 S0.94 §2.00 54.94 5893 LK £355 65.38(2} 6372 7263 T4.92 78.9613) a0

37 38 40 41 42 43 44 45 46 47 48 49 50 51 52 52

"Rb Sr Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Shb Te i

rubidium slrontium Zircopium niobium molybdenum §  technalium rutherium rhadium paliadium silver cadmium indium tn anlimony tellurium ioding
85.47 B7 62 91.22 92.91 95.96(2) 101.1 1028 1084 7.8 1124 14,8 187 1218 1216 1269

55 66 : 72 73 74 75 76 7 78 79 ac 81 82 83 84 85

Cs Ba Hf Ta W Re Os ir Pt Au Hg T! Pb Bi Po At

caesium barium halnium tanlalum ungsten rhemium osmitm iridiuem plalinum gold mercury thatiium lead bistnuth poloniuvm aslatire
1328 137.3 178.5 180.9 183.8 1862 1902 1822 4951 157.0 2008 [204.3; 204.4) 2072 208.0

87 - 88 i 3a 104 05 106 107 108 1G9 10 111 12

Fr Ra | o Rf (B]+) Sg- Bh Hs Mt Ds Rg Cn

Irancium radivm i | rutherfordivm dubnium saaborgium Lohrium hassium meltnedum | darmstadtium | reentgenium | copamicium

- IUPAC 2009 Standord alomic weights abridged I four significant digils (Table 4 published in Pure Appl. Chem. 83, 359-396 (2011}
doi 10.1351/PAC-REP-10-09-14). The uncesiginty in the last digit of the standard clomic weighl value is lisied in porentheses lofiowing the value.
In the absence of parentheses, the uncertainty s one in thas last digil. An interval in squore brackets providss the fower and upper bounds of the = International Year of
skandard olomic weighl for thol element. N values are listed for elements with no stabiks isolopes. See PAC lor more delails. - n—l— m g —Ml—lm<
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- "Alumirym” and "cesium” are commonly used allemative spellings for “aluminium™ and "coesium.”

For updates 1o this table, see iupac.oig/ reporls/ pericdic_lable/. This version is daled 21 Janwary 2011,
Copyright © 2011 IUPAC, the Intermational Union of Pure and Applied Chemistry.




