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1. Answer any five questions from the following: 

The figures in the right hand nargin indicate full marks. 
Candidates are required to give their answers in their own words 

as far as practicable. 

(a) Define 'mean free path' and state how it changes with an increase in pressure. 
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(b) Write down the main limitation of the collision theory of reaction rates for compex molecules. 

(c) What is a heat reservoir? Distinguish between a source and a sink for a Carnot system. 

(d) Explain why SN2 reactions proceed with complete inversion of configuration. 

CaCl,, NaCi, MgCl, 

CaCl,, NaCl, MgCl, 

(e) Using Fajans' rules, arrange the following compounds in increasing order of their melting 
points and briefly justify your answer. 

(CH),C*, CH,CH), (CH),CH 

2x5=10 

(CH),C", CH,CH,, (CH),CH 

(f) Arrange the following carbocations in increasing order of stability and give a plausible briet 
explanation. 
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(g) The dipole moment of NH, C.47 D) is significantly higher than that of NF, (0.23 D), even 
though fluoine is much more elcctroncgative than nitrogen. Explain why. 

(h) Draw the resonating structures of the carbonate ion (CO )and show the formal charge on 
cach oXygen atom. 

2. Answer any two questions from the following: 

(a) 

(2) 

(c) 

(i) The bond length of a hypothetical heteronuclear diatomic molecule A-B is 1.275Á. 
If the molecule has a measured dipole moment of1.03 D, calculate its percentage ionic 
character. (Given: Electronic charge, e = 4.8 x 10 "esu) 

(GrSA| Ata : LaA NNH e = 4.8 x 10"esu) 
(ii) Predict the geometry and hybridization of the central atom for SF4 and ICI, using the 

VSEPR model. 

(b) Why is the O, ion more stable and has a shorter bond length than the neutral O0, molecule? 
Draw the MO diagrams and electron distributions for both species and explain your answer 
in context of bond order. 

H 

(i) Explain the term Chirality' and state the necessary conditions for a molecule to be 
opticaly active. 

OH 

H 

(ii) Assign the R/S configurations to all the chiral centers in the following molecule in 
Fischer projection formula: 

5×2=10 

CHO 

-OH 

H 

2+3 

-OH 

CH,OH 

2+3 

2+3 



(3) 

(d) (i) The root mean square velocity of an ideal gas at T; K is cqual to the most probable 
velocity of the same ideal gas at T, K. Find the ratio T/T,. 

(a) 

3. Answer any two questions from the following: 

(b) 
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(ii) Graphically represent Maxwell-Boltzmann distribution of molecular velocities in 
3 dimensions for an ideal gas at two different absolute temperatures. Also label the 
most probable velocities for both the temperatures. 2+3 

(CH;),C--Br + H,0→? 

10×2=20 

(1) Explain why the presence of a bulky base like potassium ter-butoxide favors Hofmann 
elimination over Saytzeff elimination. 

(i) Complete the following reaction and predict the major mechanism (S1 or SŅ2) 

(ii) Explain why allyl chloride (CH,-CH-CH, CI) undergoes extremely fast S reaction 
compared to n-propyl chloride (CH-CH,-CH,-CI), despite both being primary 
halides. 

(iv) Provide a step by step mechanism for El elimination reaction of 2-Methyl-2-butanol 
in presence of concentrated H,SO,. Highlight the major product based on Saytzeff rule. 

2+3+2+3 

(i) If the rate of effusion of an unknown gas X is Ath that of Hydrogen gas under identical 
conditions of temperature and pressure, calculate the molar mass of the gas X. 

(iü) State the principle of equipartition of energy. Use it to calculate the theoretical value 
of CJC, for a linear triatomic gas at high temperature limit. 
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(c) 

(4) 

(111) The collision diameter of an ideal o3s molecule is 0.35 nm at 298 K and I atm. 
Calculate the mean free path (à) of the as. How will the value change if the 
temperature is doubled at isobarie condition? 

(1V) Differentiate between a 'transition state' and intermediate' in a chemical reaction 
using potential energy profile context. 

(i) Give an example of 'Meso' compound. Why 
despite possessing asymmetric carbon atoms? 

3+3+2+2 

1S a mesO compound optically inactive 

(1) Draw the resonating structures of phenoxide ion and explain why it is more stable than 
the ethoxide ion. Compare the acidity between phenol and ethanol from the above 
observation. 

(iii) Draw the threo and erythro forms of 2-Bromo-3-chlorobutane using Fischer projection. 

(iv) Draw and label E and Z isomers of 2-Butene and 1-Bromo-1-chloropropene using CIP 
priority rule. 2+3+2+3 

(d) i) Discuss the Lindemann mechanism for unimolecular reactions and show how it explains 
first-order kinetics at high pressures. 

(ii) Derive the expression for the efficiency (n) of a reversible Carnot engine operating 
between temperatures T, and T, where (T, > T). 

iji) What is solvation energy? Explain how solvation energy intluences the solubility of 
ionic compounds in polar solvents like water. 3+4+3 
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