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(CHE)

CHE-311

CHEMICAL ENGG. THERMODYNAMICS

Time : 3 Hours] [Maximum Marks : 100

Before answering the question-paper candidates

should ensure that they have been supplied to correct

and complete question-paper. No complaint, in this

regard, will be entertained after the examination.

Note : Attempt any Five questions.

1. (a) Prove that for the process of irreversible
heat transfer, S total is always positive,
approaching zero as the process becomes
reversible. 10

(b) The water gas shift reaction : 10

CO(g) + H2O(g)  CO2(g) + H2(g)

Is carreid out at 1100 K and 1 bar.

Equilibrium constant K = 1. Reactants

consist of 1 mol of H2O vapour, 1 mol

of CO and 1 mol of CO2 [CO  carbon

monoxide, CO2  carbon dioxide].

Calculate the fraction of steam reaction.

5. (a) Derive the Gibbs' Duhem equation : 10

M 0i i
i

x d   (at constant T + P)

(b) Discuss any two of the following :

(i) Fugacity and Fugacity coefficinet

(ii) Third law and its applications

(iii) Activity and Activity coefficient.

6. (a) Describe the effect of temperature on

equilibrium constant. 10
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(b) Prove that all the real gases behave

ideally at high temperature and low

pressure. 10

2. Pure CO is mixed with 100% of excess air

and burnt. Only 80% of CO burns. The

reactants are at 100ºC and products are at

300ºC. Calculate the amount of heat added or

removed per kg. mole of CO fed to the reactor.

Mean molar specific heat between 25ºC and

TºC in kJ/kg. mol K are given as under.

Standard heat of formation at 25ºC for :

(a) Carbon Monoxide = –110524 
kJ

kg mol

(b) CO2 = –393514 kJ/kg mol

Specific heat values (kJ/kg mol K) are :

2

2

2

Gas T = 100º T = 300ºC 

CO 29.22 30.61

CO 43.77

O 29.64 30.99

N 29.17 29.66



3. (a) By using fundamental property relation

and criterion of exactness for a

differential expression, prove the

following Maxwell's relation : 10

P T

P P

T T

    
    

    

(b) Define chemical potential and prove that

the multiple phases at the same

temperature and pressure are in

equilibrium when the chemical potential

of each species in the same in all phases.

4. (a) Consider a system in which the following

reactions occur : 10

CH4 + H2O  CO + 3H2 (1)

CH4 + 2H2O  CO2 + 4H2 (2)

where the number (1) and (2) indicate

the value of j, the reaction index. If there

are present initially 2 mol CH4 and 4

mol water, determine expressions for the

mole fraction yi as a function of 1 and

2 [reaction co-ordinates].
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(b) Acetic acid is esterified in the liquid

phase with ethanol at 100ºC and

atmospheric pressure to produce ethyl

acetate and water according to the

reaction :

CH3COOH(l) + C2H5OH(l) 

CH3COOC2H5(l) + H2O(l)

If initially there is one mol each of acetic

acid and ethanol, estimate the mole

fraction of ethyl acetate in the reacting

mixture at equilibrium.

Given :

0
298H 13,110J 

0
298H 9,270J 

7. (a) Derive Clausius Clapeyron equation and

state the assumptions made. 10

(b) Define Lewis/Randall rule. Determine the

standard free energy change for the

relation :

CH4(g) + 2O2(g)  CO2(g) + 2H2O(l)

at 25ºC using the following standard

entropies and heats of formation. Data

given :

4 2 2 2CH (g) O (g) CO (g) H O( )

Cal
Sº 44.5 49.0 51.06 16.75

deg.mol

kcal
ΔHº 19.7 - 94.0 68.3

mol

l

 

8. Write short notes on the following :

(i) First law of thermodynamics and its

limitations

(ii) Criteria for feasibility of a chemical

reaction

(iii) Gibbs' phase rule

(iv) Residual and excess properties.
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