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Answer Question No.1 and 2 which are compulsory and any four from the rest. 
The figures in the right hand margin indicate marks. 

  
Q1  Answer the following questions: multiple type or dash fill up type (2 x 10) 

 a) Gibbs free energy of a system in state 1 and 2 are denoted by  G1 and G2 
respectively. The System will go spontaneously from state 1 to state 2, if and 
only if 
i). G1 – G2 >0       ii), G1 – G2 <0 
iii). G1 – G2 =0     iv). G1<0 and G2<0 

 

 b) Entropy change in case of a reversible adiabatic process is  
i). minimum              ii). Zero 
iii). Maximum           iv), intermediate 

 

 c) Chemical potential is 
i). an extensive property                      ii). An intensive property 
iii). a force which drives the chemical system to equilibrium 
iv). both II). and III). 

 

 d) Which of the following partial derivative is equal to  

i).                            ii).    

 
iii).                             iv).    

 

 e) In case of reversible process (following pvn = constant), work obtained for 
trebling the volume  ( v1 = 1m3  and v2 = 3m3 ) is maximum when the value of 
‘n’ is  
i). 0                      ii). 1 
iii). 1.44               iv). 1.66 
 

 

 f) For metal sulphide system in Ellingham diagram, the position of the formation 
of calcium sulphide line is _____________ ; hence calcium oxide can be used 
to desulphurise many metals. 
i). in the middle                   ii). very low 
iii). very high                       iv). none of these 

 

 g) Intensive thermodynamic variables are 
i). independent of the number of moles in the system 
ii). Dependent on the volume of the system 
iii).dependent on the mass of the system 
iv). independent of the temperature of the system 

 

 h) At constant temperature and pressure, two phases α and β will be in 
equilibrium when 
i). chemical potential of each component is the same in α and β. 
ii). Partial molar free energy of each component is not the same in α and β. 
iii). Gibbs free energy of mixing is minimum.. 
iv). enthalpy of mixing is zero. 
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 i) Clausius –Clayperon equation is applicable to _______ equilibrium 
processes. 
i). solid-vapor                     ii). Solid-liquid 
iii). liquid-vapor                  iv). all ‘a’, ‘b’ and ‘c’ 

 

 j) In an isothermal process of an ideal gas, if the pressure increases by 0.5% 
then the volume will decrease by about ________ per cent. 
i). 0.25              ii). 0.5             iii). 0.75          iv).1 

 

    
Q2  Answer the following questions: Short answer type (2 x 10) 

 a) What is isolated system?  
 b) What is an ideal solution?  
 c) Why molar enthalpy is extensive property where as enthalpy is extensive 

property? 
 

 d) What do you mean by thermodynamic state of function?  
 e) In which thermodynamic process driving force is infinesimelly greater than the 

opposing force? 
 

 f) What is zeroth law of thermodynamics?  
 g) State basic principle of Differential Thermal Analysis.   
 h) Does the heat capacity at constant pressure vary with temperature? Explain.  
 i) What do you mean by Chemical potential of a substance?  
 j) What do you men by degree of reduction of hematite ore? 

 
 

    
Q3 a) Derive Gibb’s Helmholtz equation for a closed system of fixed composition 

undergoing constant pressure and constant volume process. 
(10) 

 b) Calculate standard enthalpy change at 25oC for the oxidation reaction of 
copper from the following reaction and data: 
2<Cu> +1/2 (O2) = <Cu2O> 
ΔGo = -40,500 -3.92T logT + 29.5T Cal 

(5) 

    
Q4 a) What do you mean by fugacity? Derive quantitative definition of fugacity 

RT
A

ePf


 .  from P-V isotherm.  

(10) 

 b) The transformation in Manganese is represented as: 
Mn(α) 720oC →  Mn(β) 1100oC → Mn(γ)1136oC → Mn(δ) 
Calculate the heat of reaction when Mn(δ)is oxidized by pure oxygen to form 
MnO at 1200oC. 
Mn(α) + ½(O2) → MnO              Mn(α) → (Mn(β); 
ΔHo

298= -92,000 cal/mole          ΔHf = 0.48 kcal/mole 
 
Mn(β)→ Mn(γ)                           Mn(γ) → Mn(δ) 
ΔHf = 0.55 kcal/mole                 ΔHf = 0.43 kcal/mole 
 
Cp,Mn(α)  = 5.16 + 3.81x 10-3T cal/deg/mole 
Cp,Mn(β) = 8.33 + 0.66 x 10-3T cal/deg/mole 
Cp,Mn(γ) = 10.7 cal/deg/mole 
Cp,Mn(δ) =  11.30 cal/deg/mole 
Cp, MnO = 11.1 + 1.94 x10-3T – 0.88x105T-2  cal/deg/mole 
Cp,O2 = 7.16 x1.0x10-3T – 1.67x105T-2 cal/deg/mole 
 

(5) 
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Q5 a) a). What is an ideal solution? Explain the important characteristics of an ideal 
solution in terms of Thermodynamics Chemical Potential. 

(10) 

 b) ZnS is completely roasted as per the following reaction : 
  2ZnS + 3O2 = 2ZnO + 2SO2 
Calculate the standard heat of reaction at 25oC and at 827oC from the 
following given data. 
For ZnS :  ΔHo

298= -48.2 kcal/mole 
 Cp = 12.16 + 1.24 x 10-3 T - 1.36 x 105T-2 cal/deg/mole 
 
For O2 :  Cp = 7.16 + 1.0 x 10-3 T- 0.4 x 105T-2 cal/deg/mole 
 
For ZnO: ΔHo

298= -83.2 kcal/mole 
 Cp = 11.71 + 1.22 x 10-3 T- 2.18 x 105T-2 cal/deg/mole 
 
For SO2: ΔHo

298= -70.95 kcal/mole 
 Cp = 10.38 + 2.54 x 10-3 T- 1.42 x 105T-2 cal/deg/mole 

(5) 

    
Q6 a) What do you mean by topo-chemical pattern of reaction? Discuss the 

significance of activation energy in a chemical reaction. 
(10) 

 b) Assuming aluminothermic reduction of Cr2O3 is a first order reaction, the rate 
constant is found to be 7.0 x 10-4 at 57oC. Calculate the energy of activation 
and its specific reaction rate at 127oC. 

(5) 

    
Q7 a) Mention the important characteristics of entropy and Justify “in an irreversible 

cyclic process, there would occur a net increase in entropy”. 
(10) 

 b) Find the increase in molar entropy of copper when it is heated from 127oC to 
927oC.  The molar Sp.Heat of copper is given by Cp = 6.2+0.0017T 

(5) 

    
Q8 a) Mention the important characteristics of entropy and Justify “in an irreversible 

cyclic process, there would occur a net increase in entropy”. 
(10) 

 b) Find the increase in molar entropy of copper when it is heated from 127oC to 
927oC.  The molar Sp.Heat of copper is given by Cp = 6.2+0.0017T 

(5) 

    
Q9 a) Derive Maxwell’s relations. (10) 

 b) What do you understand by one weight percent standards state? Derive the 
relation (hB /aB) = (100MB/γo

BMA) where, A is solvent and B is solute in 
binary solution.  

(5) 
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