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SECTION A  

(Attempt all Five Questions) (5Qx4M=20Marks) 

S. No.  Marks CO 

Q 1 Define partial molar properties. Explain with an example. 4 CO1 

Q 2 Suppose we know that ΔG0 = +3.40 kJ/mol for the reaction  

H2(g) + I2(s) → 2HI(g) at 25°C, then calculate the equilibrium constant. (Given: R = 

8.314 J/K/mol) 

4 CO3 

Q 3 What are colligative properties? Give examples 
4 

 

CO1 

Q 4 Draw the P-V diagram for Carnot cycle. What will be the efficiency of a Carnot’s 

engine, considering the temperature of the source as T1 and the temperature of the 

sink as T2? 

4 CO2 

Q 5 The standard heats of formation of C2H5OH(l), CO2(g) and H2O(l) are -277.0, -393.5 

and -285.5 kJ mol-1 respectively. Calculate the standard heat change for the reaction 

C2H5OH(l) + 3O2(l) → 2CO2(g) + 3H2O(l) 
4 CO3 

SECTION B  

(Attempt all Questions; internal choice is given for question number 9) (4Qx10M= 40 Marks)  
Q 6 (a)  Determine the Gibbs Free energy (ΔGmix) and entropy (ΔSmix) of mixing for 

the formation of an equimolar mixture of two perfect gases (1.2 moles of N2 

and 1.2 moles of O2) at a temperature of 298 K.  

(b) Calculate the standard molar entropy of vaporization of phosphorus 

trichloride, PCl3, at its boiling temperature, 74°C, given that the standard 

molar enthalpy of vaporization of phosphorus trichloride is 30.5 kJ mole-1. 

6+4 CO2  

Q 7 (a) What are the criteria of spontaneity in terms of Gibbs Free energy and 5+5 CO2  



Helmholtz Free energy? 

(b) Check whether the following reaction is spontaneous at 25 ̊C and 11000  ̊C 

C(s) + H2O(l) → CO (s) + H2 (g)Given that ΔH and ΔS are 31400 Cal/mol 

and 32 Cal/deg at 25  ̊C. 

Q 8 (a) The vapour pressure of pure CCl4 (m.w. 154 g/mole) and SnCl4 (m. w. 170 

g/mole) at 25oC are 114.9 and 238.3 torr, respectively. Assuming ideal behavior, 

calculate the total vapour pressure of solution containing 15 gm of CCl4 and 10 gm 

of SnCl4. 

(b) Calculate the enthalpy of reaction for N2(g) + 3H2(g) → 2NH3(g) at 450 K using 

the following crude guesses for the heat capacities: CP (N2) = 3.5 R, CP(H2) = 3.5 R, 

CP(NH3) = 4R. It is known that ΔHf
0(NH3(g), 298 K) = –45.72 kJ/mol. 

10 CO2  

Q 9 (a) Prove that [
𝜕(∆𝐺/𝑇)

𝜕𝑇
]
𝑃
= −

∆𝐻

𝑇2
 

OR 

Derive the expression of entropy change (∆𝑆𝑚𝑖𝑥) for mixing of two ideal 

gases. 

 

(b) With reference to the formation of nitric oxide (NO), discuss the effect of 

change of concentration and temperature on chemical equilibrium, according 

to Le Chatelier principle.   
1

2
𝑁2(𝑔) +

1

2
𝑂2 

𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡
⇔      𝑁𝑂 , ΔH= 90.75 kJ 

 

OR 

Derive the expression for ΔSsyst, ΔSsurr and ΔStotal for expansion or 

compression of an ideal gas under the following circumstances 

(i) Isothermal reversible change 

(ii) Isothermal reversible change involving free expansion 

5+5 CO3 

SECTION-C  

(Attempt all Questions; internal choice is given for question number 11) (2Qx20M=40 Marks)  
Q10 (a) Derive all the four Maxwell’s relations. Using Maxwell’s square write all 

criteria of spontaneity. 
(b) Derive the thermodynamic expression of boiling point elevation of a solution 

ΔTb=T−T*=KbxB where Kb is the boiling point elevation constant and xB is 

the mole fraction of solute B. 

8+12 CO3 

Q 11 (a) State 3rd law of thermodynamics. 

Calculate the third law entropy of a substance at 500 K using the following 

data 

(i) Heat capacity (J/K/mol) of solid from 0 K to normal melting point 

250 K:  

Cp (s) = 0.05T 

10+10 CO3  



(ii) Enthalpy of fusion = 7.5 kJ/mol 

(iii) Heat capacity of liquid from 250K to normal boiling point 400 K 

Cp(l) = 60 kJ/mol 

(iv) Enthalpy of vaporization = 40 kJ/mol 

(v) Heat capacity of gas from 400 K to 500 K at 1 atm : Cp (g) = 70 

J/K/mol 

 

 

OR 

At low temperatures, the heat capacity of some metals has been found to 

follow a modified version of the Debye T3 law, varying with temperature 

according to the relationship  

𝐶𝑝 = 𝑎𝑇
3 + 𝑏𝑇 

with the additional, linear term arising from the electrons. Derive an 

expression for the molar entropy of such a metal at a low temperature T. 

 

(b) Show how following equation can be derived from a Carnot cycle operating 

between two temperatures T1 and T2: 
𝑞1

𝑇1
+
𝑞2

𝑇2
= 0  

 

OR 

From master equation derive the following thermodynamic equation of state 

(
𝜕𝑈

𝜕𝑉
)
𝑇
= 𝑇 (

𝜕𝑃

𝜕𝑇
)
𝑉
− 𝑃 

 

 

 


