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Part-A 
Answer all questions 

Al. For a reaction between A and Busing the activated complex theory, the rate constant 
may be written as 

k= RT e K# 
Po 

where a rapid pre-equilibrium is established between an activated complex and the 
reactants with an equilibrium constant J<!1 and I! represents the rate constant of 
dissociation of the activated complex into product(s). If a loose vibration is assumed to 
contribute to the step of dissociation, derive suitable expressions for J<!l, !! and k. 
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A2. Molecular beam experiments show that the reaction 
Cs + Br2 ~ CsBr + Br 

proceeds with a reaction cross section of 1.50 nm2
• Analyze this observation in terms of 

the following data. Ionization potential of Cs is 3.9 eV and electron affinity of Br2 is 1.8 
eV. 
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A3. In the gas phase bimolecular reaction2 N02 ~ 2 NO+ 0 2 , the rate of reaction is 

found to be k [N02J with the following temperature dependence of the second order rate 
constant k. 

T(K) 600 

k (cm3 mot1 s-1
) 4.6X ](/ 

Taking O" = 0.60 nm2
, calculate 

(a) the pre-exponential factor, A 
(b) steric factor, P and 
(c) reactive cross-section, O" • • 

700 800 

9.7 X lrY 1.3 X Irf 

Please use the method of least square fitting to estimate A. 4+4+2=10 
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PartB 

Answer all questions 

Bl. Indicate if the following statements are true or false with a brief justification in each 
case. 
(a) For a gas phase reaction with a minimum energy requirement Ea and a steric factor of 
113, if two colliding molecules approach each other with a kinetic energy of 4Ea, the 
probability of a having reactive collision is 0.25. 
(b) For an ideal photon gas in the thermodynamic state (T V p), the average thermal 
occupation number for the k-th energy level C:k is 

exp(- P(&k- ,u )] 
nk = l+exp(- P(&k- ,u)] 

(c) A reaction that is attractive in one direction is repulsive in the reverse direction. 
(d) The electronic and phonon contributions to specific heat in solids are linear and cubic 
in temperature, respectively. 
(e) The quantum degeneracy temperature of electrons in a metal is much smaller than 
room temperature. 
(f) The thermal wavelength, A ofH2 gas at 298 K with a number density of2 X 1019 cm-3 

is much smaller than the average intermolecular separation under the same conditions. 
(g) The classical Hamiltonian of a monatomic ideal gas in three dimensions includes the 
translational motion of the atoms only. 
(h) The excess internal energy of a liquid depends on its radial distribution function, g(r). 

3+1X7=10 

B2. Find the second virial coefficient, B2(F) of a real gas comprised of hard sphere 
molecules (with diameter cr) starting from the following expression 

"' 
B2(T) =-2;r Jdrr2 [exp(-pu(r))-I]. 

0 
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B3. (a) First two quantum states of an atom A ePo and 3P1) are separated by 300 cm-1. 
Calculate the electronic partition function at 1000 K for this 
system. 
[ks = 1.38066 X 10-23 JK1

; Jcm-1 = 1.9864 X 10-23 Jj 

(b) What is the difference between ortho- and para-hydrogen? 
Write down the expression for the ratio of ortho and para-Hz 
molecules at a temperature T in terms of its characteristic 
temperature of rotation, Br 

2+3'=5 

B4. Explain the diagram shown on the right in terms of 
(a) the axes rAs and rsc; 
(b) the solid lines and the numbers associated with them; 
(c) the dashed line and 
(d) the regions marked by the stars. 5 

* 




