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Q.l. (a) Complete the following table for the two systems 1 and 2. For each system, p; . refers to the 

probability of occupying the i-th energy state. 
System 1 System 2 

System 1 System 2 
Single particle 
partition function, q 

Po 
PI 

\ 
P2 
Probability of fmding the system 
at energy_ levels with E ~ 3p-1 

2.0 

1.5 

1.0 

0.5 

0.0 

(b) Compute the probability p1 of finding the systems 3 and 4 in 

the energy level corresponding toE = p-1 . 

--1.0 

(c) Is the Ptsystem4 fp
1 

expected to be equal to 2.0? Why?. /l system3 

System 3 System 4 

5+4+1=10 

Q.2. (a) The Sackur-Tetrode equation for a monatomic ideal gas is given by 

S _ 5 3 Sezec 
Nk

8
- 2 -ln(nA) + Nk

8 

where n=NIV is the number density of the gas and A is the thermal de Broglie wavelength. Using this 
expression, explain the Gibbs paradox. 

(b) Complete the following table in your answer script. eR and ev represent the rotational and vibrational 
temperatures, respectively. 

I SR(K) 
9v(K) 

4+6=10 

0.0 



k, 

A 

1 
Q.3.Consider the reaction: 

(a) Set up the differential rate equations for this reaction. 
(b) Obtain the integrated rate laws for A, Ph P2 and P3. 

(c) Draw one rough plot showing the variations of concentrations, CA, CPI> Cn and Cp3 with respect 
to time ifk1 = k2 = 2k3. 

(d) Express the yield, <Di of i-th product Pi in terms of the rate constants as shown above. 

(e) In the acid catalyzed dissociation of benzyl penicillin, three products are formed in parallel at 22° 

C with the rate constants 7.0XJ0-4 s-1
, 4.1 X 10-3 s·1 and 5.7X1(J3 s·1. What percentage of the 

reactant dissociates into the product that is formed at the slowest rate? 

2X5=10 

Q.4. Answer the following questions in brief. 

a. What are the two basic assumptions of the transition state theory? 
b. For the reaction A+ B·~ P, assume that an activated complex X# is formed from A and B with 

an equilibrium constant K' and decays into P with a rate constant of I!. If the overall rate constant 

for this reaction is k = R~ k# K# , obtain the Eyring equation. You may model the reactive motion 
p 

across the transition stat~ as a loose vibration. 
c. What is the fraction of molecular collisions having at least the kinetic energy Ea = 10 kJ mor1 at 

300 K? What would be the percentage increase in this fraction if the temperature is doubled? 
2+5+3=10 

Q.S. Explain briefly the diagram shown on the 
right by completing the following table in your 
answer script. 

(i) Name of the diagram 
(ii) Chemical reaction represented 
(iii) x andy axes 
(iv) · Solid lines plotted 
(v) Numbers associated with the 

solid lines 
(vi) Dashed line passing through X 
(vii) The region (ABC)* 
(viii) The region A+B+C 
(ix) Increase or decrease in energy 

if the system evolves along the 
path shown by the arrow P 

(x) Is this reaction expected to be 
exo- or endothermic? 

1X10=10 

Report the tables exactly in the format shown. The mathematical calculations done, if any, to complete the tables MUST be 
shown AFTER the table is drawn up. k 8 = 1.38X10-23 j K-1 • 
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