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1. Answer any five of the followings:                2×5 = 10 

 

(a) Write down the full mathematical expression for the fraction of ions associated for an 

electrolyte in solution. Define each term associated in the expression. 

(b) What are the numbers of symmetry operations associated with S4 and S7 axes?    

(c) Identify the symmetry elements that a regular octahedron can have.  

(d) Treat a nucleus of size 10
-12

 cm as a one dimensional box and show why electron does not 

exist in the nucleus.   

 (e) Show that, ,
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where n is a positive integer.  

 (f) All collisions are not effective in a reaction - Explain.  

(g) Briefly discuss the significance of volume of activation. 

 

2. Answer any four of the followings:                5×4 = 20 

 

(a) Examine the commutability of operations: (i) C3 and σv(1) and (ii) C2 and σv(1).         3+2 = 5 

(b) Establish the Bulter-Volmer equation which relates the electric field with the rate of electron 

transfer across the interface. Find out the unit of current from this equation.                      4+1 = 5 

(c) Derive the expression of rate constant of bimolecular gas phase reaction between two unlike 

molecules using collision theory. Compare this expression with the Arrhenius equation.   4+1 = 5         
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(d) Derive the expression of rate constant between two ions using single-sphere activated 

complex model.                     5 

(e) (i) Show that the operator px for linear momentum is Hermitian. What is its physical 

significance?                                                                                                                                    3 

(ii) Prove that the operator 
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 is not Hermitian.                                                      2   

(f) Calculate the average potential and kinetic energies of a harmonic oscillator in the ground 

state. Compare these results with the classical results.                4+1 = 5     

 

3. Answer any one of the followings:              10×1 = 10 

 

(a) (i) Define solvation and solvation number? How does the solvation number differ from 

hydration number?                          

(ii) Calculate the average distance of the electron in the 2pz orbital from the nucleus of an H-

atom.                     (2+2)+1+5 = 10 

 

(b) (i) Show graphically the variation of rate constant of a ionic reaction with ionic strength of 

the medium.                

(ii) Explain the influence of pressure on reaction rate of a bimolecular reaction in solution.  

(iii) What is meant by the entropy of activation? How is it related to the frequency factor? Why 

is it usually negative? 

(iv) Two reactions of same order have identical frequency factor but have activation energies 

differed by 10 kcal. Find out the ratio of their rate constants at 300 K.  2+2+(1+1+1)+3 = 10 
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