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ANSWER ALL QUESTIONS IN THE SPACE PROVIDED 

<Use the reverse side if necessary) 

Supplied Data: 
k = 1.38 X 10-23 J IC"1

; 

1 bar= 1 x 105 Pa; 

Ql. Answer the following questions 

Symbols carry their usual meaning 

R = 8.314 J IC"1 mor1
; 

1 atm = 1.013 x 105 Pa; 

(7 X 2 = 14} 

(i) The reciprocal of the relation (8U/8S)v = T shows that the entropy always increases when internal 
energy increases at constant volume. Show that (8S/8V)u = P!f 

(ii) Calculate &G when the pressure of 3.0 mol of a pure ideal gas is isothermally decreased from 2.0 bar to 
1. 0 bar at 400 K. 
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(iii) Two identical cannons are loaded with identical gun powder charges. One of them is loaded with a 
cannon ball while there is no ball in the other. Both cannons are fired. From the First Law of 
Thermodynamics determine which cannon will be heated to a higher temperature? Explain. 

(iv) A system undergoes a change by two different paths. By the ftrst path, w1=0, qt=20 kJ. By the second 
path w2=0.5wmax, q2=18 kJ. If the change occurred in a reversible way, what would be the maximum 
work? 

(v) A mixture of two ideal gases is in a container of volume V. Now an impermeable wall is placed inside 
the container so that the container is divided into two equal halves. No heat was generated or absorbed 
during the process of placing the wall. Will the total entropy of the system become lower, higher, or 
remain unchanged? Justify your answer. 
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(vi) For each of the following closed systems, write the condition(s) for material equilibrium between 
phases in terms of the chemical potential of the component(s): (a) ice in equilibrium with an aqueous 
solution of sucrose; (b) a two-phase system consisting of a saturated solution of ether in water and a 
saturated solution of water in ether. 

(vii) For the following processes state whether each of the quantities q, w, L1U, MI is> 0, or< 0, or= 0: 
(a) reversible heating of an ideal gas at constant P; (b) reversible melting of ice at 1 atm and 0°C 

QUESTION2 
(i) Using the following virial equation of state show that for a real gas, 

PVm = RT [1 + B(T)Nm + C(T)N2m + D(T) V3m + ..... ] 

(a)(8U/8V)r ~ 0 asP~ 0 and (b) (Vm - yidm) ~ B(T) asP~ 0 

lAB 

[4+2+4+2=12] 

[4] 
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(ii) Although it is often said that a real gas behaves like an ideal gas (J.Lrr = 0) in the limit of zero pressure, 
show using virial equation of state in Q 2(i) that the Joule-Thomson coefficient (J.Lrr) of a real gas does not 
become zero in the limit of zero pressure. [2] 

(iii) For a fluid that obeys the van der Waals equation, Um,intennol =-a/ Vm. Assuming 

Um,intennol z 0 in the gas phase and Vm is independent of temperature, calculate ~Um,nbp and ~Hm,nbp of 
vaporization ofN2 and HCl at the normal boiling point (nbp) using given data: 

Property N2 HCl 
10-6 a (em(> atm mor') 1.35 3.65 
Tnbo (K) 77.4 188.1 • 
density p(nbp) g/cm' 0.805 1.193 

[4] 

(iv) A perfect gas undergoes an expansion process at constant pressure. Does its internal energy increase or 

decrease? Justify your answer. [2] 
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QUESTION3 [3+3+6=12] 

(i) For the exothermic combustion of a hydrogen balloon: 2H2 + 0 2 ~ 2H20(g) what can you say about 
the spontaneity? Justify your answer. 
A. Always spontaneous because ~S in formation H20(g) is negative. 
B. Always spontaneous because ~S in formation H20(g) is positive. 
C. Spontaneous at higher temperature because ~S in formation H20(g) is negative 
D. Spontaneous at lower temperature because ~S in formation H20(g) is negative. 
E. Spontaneous at higher temperature because ~S in formation H20(g) is positive. 
F. Spontaneous at lower temperature because ~Sin formation H20(g) is positive. [3] 

(ii) Identify X and Yin the expression: (a>) = ___.:!___ and derive the equation from fundamental or s YVT 
thermodynamic relations. [3] 
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(iii) An insulated water bath maintained at 273K contains 20 grams of ice. The pressure is constant at 1 atm. 
A nickel ball at a temperature of 373K is dropped into the bath. The temperature of the bath does not 
change, but when the ball has cooled to 273K, 10 grams of ice have melted. Calculate (a) the mass of the 
ball, (b) the entropy change of the nickel ball, (c) the entropy change of the bath and ice (the surrounding) 
and (d) the entropy change of the universe. 

- -
[Nickel C p=0.46 J i 1K 1

; Ice C p=2.09 J g·1K 1
; Mlrusion,ice=334 J i 1K 1

] [6] 
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QUESTION 4 [3+3+3+3=12] 
(i) In what proportions (mole fractions) should hexane and heptane be mixed in order to achieve the 
maximum entropy of mixing. Assume mixing ofhexane and heptane leads to an ideal solution. [3] 

(ii) The molar volume of a solid is 142.0 cm3 mort at 1 atm and 427.15 K, its melting temperature. The 
molar volume of the liquid at this temperature and pressure is 152.6 cm3 mort. At 1.2 x 106 Pa the melting 
temperature changes to 429.26 K. Calculate the enthalpy and entropy of fusion of the solid. Assume ~Hfusion 

and 11 V (or ~ V m) are independent of temperature. [3] 
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(iii) In the gas-phase reaction A+ B ~ 2C +3D, it was found that when 15.0 mmol of A and 18.0 mmol of 
B were mixed and allowed to come to equilibrium at 600 K, the resulting mixture was found to have a total 
pressure of 1.47 bar and to contain 10.0 mmol of C. Calculate (a) the mole fraction of each species at 
equilibrium, (b) _KlP, (c) ~rG0 [3] 

(iv) For chloroform at 25 oc and 1 atm pressure, p= 1.49 g/cm3
, C p = 116 J mor1 K\ a= 1.33 x 10-3 K 1 

and tc= 9.8 x 10-5 atm-1
• Calculate C v for chloroform at 25 oc and 1 atm. [3] 
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