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Note : (i) Attempt any five questions. 

  (ii) All questions carry equal marks. 

 (iii) Use of Log tables and Non-

programmable scientific calculators is 

allowed. 
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1. (a) Identify  the symmetry elements present in 

H2O. Explain each of the elements. 4 

(b) Using VSEPR theory predict the shape of 

PCl3 molecule. 2 

(c) Derive the term symbol for the ground 

state of hydrogen atom.  2 

(d) Calculate the difference in energy (in J 

units) of energy levels corresponding to two 

D lines in the atomic spectrum of Na if 
117.2 cm  . 2 
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2. (a) The distance between two adjacent lines in 

the rotational spectrum of 1 35H Cl was 

found to be 21.1868 cm– 1. Given that the 

masses of 1H and 35Cl are 1.0078 amu and 

34.9688 amu, respectively find the bond 

length of HCl. 4 

(b) On what factors does the population of 

rotational energy levels depend ? Also 

write the relevant equations. 3 

(c) Will the spacing between the rotational 

energy levels of 13CO molecule be same or 

different from that in 12CO molecule ? Give 

reason. 2 

(d) What is the necessary condition for a 

molecule to be microwave active ? 1 

3. (a) Assume that a diatomic molecule behaves 

as a rigid rotator and as a harmonic 

oscillator. What are the selection rules for 

such a vibrating rotor ? Explain the 

various types of transitions that are 

possible, with the help of a diagram. Draw 

a schematic diagram of the expected 

spectrum. 4 
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(b) Show that : 

HCl
osc
DCl
osc

2





 

where  denotes frequency. Given that the 

atomic masses of 1H and 2D are 1 amu and 

2 amu respectively. Atomic mass of  

Cl = 35.5 amu. 3 

(c) What are skeletal vibrations and 

characteristic group vibrations ? Give two 

examples of characteristic group frequency 

values.  2 

(d) Define the term zero point energy. 1 

4. (a) Predict the position of Raman vibrational 

lines corresponding to the C—H stretching 

of an alkane observed at 2960 cm– 1 if Hg 

radiation of 435.8 nm is used as the 

incident radiation. 3 

(b) Obtain the molecular orbital term symbol 

for the excited state of H2 molecule 

 1 1( 1 ) ( 2 )g gs s . 3 

(c) Compare and contrast Raman and IR 

spectra. 2 

(d) State mutual exclusion principle. 2 
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5. (a) Using a suitable diagram, explain the 

splitting of energy levels of an electron in 

the presence of the magnetic field. 3 

(b) Discuss the crystal field splitting of d 

orbitals  of metal ion in complexes having 

octahedral geometry. 2 

(c) State the difference between fluorescence 

and phosphorescence. 2 

(d) Explain the origin of peak at m/z 44 in the 

mass spectrum of ethanol. 3 

6. (a) What are the sources of radiation for the 

following spectra ? 3 

                                 IR, Raman, UV 

(b) Acetone shows absorption maximum at 

264.5 nm in aqueous solution while in 

hexane solution its absorption is at 279 

nm. Explain. 3 

(c) Discuss any one method of sampling of 

solids for IR spectra. 2 

(d) Why are electronic transitions called 

vertical transitions ? 2 

7. (a) The chemical shift of protons in a test 

sample occurs at δ2 ppm. What is the 

difference (in Hz) between TMS and test 

proton resonances when measured in a  

100 MHz spectrometer and in a 200 MHz 

spectrometer ? 2 
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(b) Discuss the splitting of lines in the NMR 

spectrum of ethyl bromide. 2 

(c) Following spectral data is obtained for a 

non-acidic compound having molecular 

formula C7H8O : 6 

UV (nm) : 254, 202 

IR (cm– 1) : 3420, 3064, 1500, 1455 (broad) 

NMR () : 3.85 (s, 1H), 4.55 (s, 2H),  

7.25 (s, 5H) 

Mass (m/z) : 79 (base peak) 

                     108 (molecular ion peak) 

                     105, 106, 77, 51 

Deduce its structure and correlate the 

spectral data obtained with the structural 

units present in the molecule.  
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H2O 

PCl3 2
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117.2 cm 

D 

J 

1 35H Cl 

21.1868 cm– 1 

HCl 1H 

35Cl 1.0078 amu 

34.9688 amu 

13CO 

12CO 
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HCl
osc
DCl
osc

2





 

 

1H 2D 

1 amu 2 amu Cl 

35.5 amu 

435.8 mmHg 

]

2960 cm– 1 C–H 

H2 ]  1 1( 1 ) ( 2 )g gs s
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d 

m/z 44 

] ]

264.5 nm 

279 nm 
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δ2 ppm 100 MHz 

200 MHz 

(Hz ) 

C7H8O 

(nm) : 254, 202 

(cm– 1) : 3420 3064,  

1500, 1455 

() : 3.85 1H ]

4.55 2H ] 7.25 5H

(m/z) : 79 108 

106, 105, 77, 51 
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