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ST. JOSEPH’S COLLEGE (AUTONOMOUS), BENGALURU -27 

B.Sc (CHEMISTRY) – III SEMESTER 

SEMESTER EXAMINATION: OCTOBER 2022 

(Examination conducted in December 2022) 

CH 322 – CHEMISTRY III 

 

Time- 2 h                                                                            Max Marks-60 

 

This question paper contains THREE printed pages, THREE parts and TWENTY 

questions. The periodic table is provided at the end of the question paper. 

 

                                                      Part A 

Answer any SEVEN of the following questions.         [7 × 2 = 14] 

1. Give the Lewis structure of NO2
-
. Calculate the formal charge on N in this ion.  

2. Write two differences between  and  bonds. 

3. Write the autoionization reaction of a) liquid NH3 and b) H2O. 

4. What do you mean by aprotic solvents? Give one example. 

5. State zeroth law of thermodynamics. 

6. Write one difference between homogeneous and heterogeneous catalysis. 

7. What is the role of a catalytic promotor? 

8. State Grotthus-Draper law of photochemistry. 

9. Write an expression for temperature co-efficient of a reaction. 

 

                 Part B 

Answer any SIX of the following questions.          [6 × 6 = 36] 

10. a) Draw the Lewis structure of SF6. Does it obey octet rule?  

      b) Sketch the MO energy level diagram of N2 molecule.        (3+3)

  

 11. Explain the structure of the following compounds using concept of hybridization. 

       a) PCI5      and    b) CO2                                   (3+3) 

 12. a) Both NH3 and CH4 are sp3 hybridized but the bond angle for NH3 is 107.5 instead of a  

        regular tetrahedral angle. Justify.                     

       b) Set up the Born-Haber cycle for CaCl2. From this cycle arrive at an expression for the lattice    

        energy of CaCl2.                        (3+3) 
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    13 a) What is a levelling solvent? Explain with an example.  

   b) Derive an expression for the rate constant of a second order reaction when the initial   

   concentration of the two reactants is same.               (3+3) 

 

    14. Derive Gibbs-Helmholtz equation starting from the relation dG = VdP  ̶SdT.  

 

    15. What is Carnot’s engine? Name the working substance in it. Derive an expression for the  

          efficiency of a Carnot’s heat engine based on entropy concept.  

 

    16. a) From the values of H and S, predict which of the following reactions would be   

          spontaneous at 25 C. Show the calculation or reasoning employed to arrive at your prediction. 

Reaction A: H = 10.5×103 J; S = 30 JK-1 

Reaction B: H = 1.8×103 J; S = 113 JK-1 

b) Write the equation for van’t Hoff reaction isotherm and explain the terms involved in it.  

Write any one application of this equation.           (3+3) 

 

17. a) Sketch the Jablonski diagram and label the following: singlet states, triplet states,   

       intersystem   crossing (ISC), internal conversion (IC), fluorescence and phosphorescence. 

      b) Calculate the entropy change involved in the isothermal reversible expansion of 5 moles  

of an ideal gas from a volume of 10 L to a volume of 100 L at 300 K. [R=8.314 J K-1 mol-1]              

      (3+3)            

Part C 

Answer any TWO of the following questions.         [5 × 2 = 10] 

18. a) Which of these species has a higher bond length, B2 or B2
+

? Explain. 

b) The compound IF7 has been prepared, but a similar compound FCl7 has never been 

prepared. Give an explanation based on the bonding theories that you have studied.   (2+3)                          

      19. a) In each of the following pairs find which system has higher value of entropy? 

                i. CO2 at 15 C and 1 atm or dry ice at 1 atm 

                ii. One mole of CaCO3(s) or a mixture of CaO(s) and CO2(g) in equal quantities  

             b) Give reasons for the following:   

               i) AgI2
- complex is more stable than AgF2

- complex.  

               ii) BF3 readily combines with F- to form stable complex BF4
-.           (2+3) 

   

20. a) The standard free energy of the formation of H2S at 298 K is -32.94 kJ/mol. Calculate the     

equilibrium constant (Kp). [R= 8.314 J K-1 mol-1] 

            b) Explain why N2 has zero entropy at 0 K but CO and NO do not have zero entropy at 0 K.

                   (3+2) 
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