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Note : (i) Attempt any five questions.

(ii) All questions carry equal marks.

(iii)Use of Log tables and Non-

programmable calculators is allowed.

(iv) Electronic charge,   191.6 10 C,e

Mass of electron = 319.1 10 kg,

 6.626h  3410 Js,

     12 2 1 2
0 8.854 10 C N m ,

  8 13 10 msc .
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1. (a) Derive the term symbol for the excited
state of Helium atom with electronic

configuration 1 11 2s p . How many lines do
you expect in the atomic spectrum of He for
transition from ground state to this excited
state ? Give reasons. 4

(b) Write the symmetry elements present in
NH3 molecule. Draw suitable diagrams. 3

(c) Discuss the effect of conjugation on the
electronic transitions in a carbonyl group
with suitable energy level diagram. 3

2. (a) The spacing between the lines in rotational

spectrum of 1 35H Cl is found to be

21.18 cm–1. Calculate the bond length of
HCl. Consider the atomic masses of H and
Cl to be 1 and 35, respectively. 4

(b) Which of the following molecule(s) will
have a net dipole moment ? Give reasons
for your answer : 2

(i) SF6

(ii) NH3
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(c) Which of the following molecules are

microwave active ? Why ? 2

CHCl3, CH4, CO2 and H2O.

(d) Aldehydes, in general, have higher

carbonyl frequency in IR spectra than

corresponding ketones. Give reason. 2

3. (a) SiF2 vapour belongs to 2VC group. The

frequencies for its symmetric stretching,

symmetric bending and antisymmetric

stretching modes are 855 cm–1, 345 cm–1

and 872 cm–1 respectively. Calculate its

total zero point energy. 3

(b) Show that the ratio of vibrational

frequencies of fundamental absorption is

given by





HCl

DCl
2 . Given that atomic

masses of H, D and Cl are 1, 2 and

35.5, respectively. 3
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(c) Draw a block diagram of an IR

spectrometer and describe in brief the role

of each component. 4

4. (a) Calculate the position of Raman

vibrational lines for C-H stretching of an

alkane at 2900 cm–1, if Hg radiation of

435.8 nm is used. 2

(b) C2H2 exhibits two IR bands and three

Raman bands, none of them occur at the

same wave-number. One of the IR bands

shows a simple PR structure. Comment on

the structure of C2H2 giving reason. 3

(c) With the help of suitable diagrams, explain

the following : 5

(i) Predissociation

(ii) Phosphorescence
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5. (a) The dissociation energy for chlorine

molecule in the ground state is 239.42 kJ

mol–1 . If the excitation energy for chlorine

is 881 cm–1, compute the continuum

vibrational wave-number for chlorine

molecule. 4

(b) What do you understand by the term ‘band

pass width’ ? 2

(c) Why are e.s.r. spectra presented as

derivative spectra ? 2

(d) Which of the following will have higher

max and why ? 2

1, 3-butadiene and 1, 5-hexadiene.

6. (a) Calculate the value of nuclear magneton

for proton. Given : 3

Mass of proton = 1.672 × 10–27 kg.

(b) Explain the origin of peaks at m/z 114, 85,

71 and 57 in mass spectrum of n-octane. 4
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(c) Give reasons : 3

(i) Mercury (II) iodide is brick red in

colour.

(ii) The aqueous solution of NiSO4 which

is pale green turns deep blue on

addition of ethylene diamine.

7. (a) Derive the following formula : 2

 N N ZBhv g starting from


 


ZB

2

(b) Draw and explain the e.s.r. spectrum of H

atom. 2

(c) Using the following data for a compound,

arrive at its structure : 5

Molecular weight : 108 (not an acidic

compound)

UV spectrum : max at 254 nm and 202 nm
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IR spectrum : 3420 (broad), 3064, 1500 and
1455 cm–1

NMR spectrum :  3,CDCl : 3, 85 (s, 1H),

4.55 (s, 2H) and 7.25 (s, 5H)

Mass spectrum : m/z 108 (molecular ion)
79 (base peak).

Prominent M-1 peak. Large peaks at m/z
77 and 51.

Also correlate the spectral data with
structural units present in the compound.5
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(i)

(ii)

(iii)

(iv) ª ]   191.6 10 C,e

ª 319.1 10 kg  ]

346.626 10 Js,h  

     12 2 1 2
0 8.854 10 C N m

  8 13 10 msc
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ª 1 11 2s s

ª ]

3NH

ª

1 35H Cl ª

1cm HCl

H Cl

]
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2

(i) 6SF

(ii) NH3

3 4 2CHCl ,CH ,CO 2H O

ª ]

2SiF 2VC

]

1855 cm , 1345 cm

1872 cm
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HCl

DCl
2




H, D Cl

]

ª

nm Hg

] 2900 cm–1

C-H
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2 2C H

PR

2 2C H

(i)

(ii)

239.42 kJ mol–1

cm–1 ]
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2

ª ª

max

] ]

271.672 10 kg 

n ª /m z ]

]
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(i) (II)

(ii) NiSO4




ZB

2
v

 N N ZBhv g

ª ª

1
22
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]

ª max 254 nm nm

ª ] ]

cm–1

ª  3( , CDCl )

 ,1H ,s 4.55 ( ,2H)s  ,5Hs

ª  /m z ]

]  M 1

ª
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