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 BACHELOR OF SCIENCE (B. SC.)  

Term-End Examination 

June, 2023 

CHE-10 : SPECTROSCOPY 

Time : 2 Hours     Maximum Marks : 50 

Note : Answer any five questions. All questions 

carry equal marks. Use of Log tables and 

Non-programmable/Scientific calculators is 

allowed.  

    24 19.274 10 JT ,e  

  346.626 10 Jsh ,   8 13 10 msc . 

1. (a) Derive the term symbol for the D state of 

hydrogen atom. 3 

(b) Explain improper rotation about an axis 

using staggered conformation of ethane. 2 

(c) Using VSEPR theory, find the shape of PF5 

molecule. 3 
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(d) Which of the following molecules would 

exhibit rotational spectrum ? 2 

2 2HF, H , CO , NO
 

2. (a) From the rotational spectra of 14 NO  and 

15 NO , it was found that 
B

1.0361
B




, 

where B and B'  are rotational constants 

for 14 NO  and 15 NO , respectively. 

Calculate the atomic mass of 15 N  if the 

masses of 14 N  and O are 14.004 a.m.u. and 

15.999 a.m.u., respectively. 3 

(b) Calculate the force constant for HCl if it 

absorbs at 2886 cm–1. Given that : 

271.63 10 kg   .  3 

(c) Using 1 1 2 2m r m r , derive 1
2

1 2( )

m r
r

m m



, 

where 1 2r r r  . 2 

(d) How many normal modes of vibrations 

does H2O molecule have ? Out of these, 

how many are (i) stretching and  

(ii) bending modes ? 2 
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3. (a) Explain the following : 3 

(i) The IR frequency of    C = O group in 

acyl chlorides is higher than that in 

alkyl esters. 

(ii) The IR frequency of    C = O group in 

methyl acetate is less than that in 

phenyl acetate. 

(b) Discuss the origin of Stokes and anti-

Stokes lines in Raman spectrum. Why are 

anti-Stokes lines generally weaker in 

intensity than Stokes lines ? 3 

(c) The following table gives the data obtained 

from IR and Raman spectra of N2O : 4 

1/ cmv    IR Raman 

589 Strong; PQR band – 

1285 Very strong; PR 

band 

Very strong 

2224 Very strong; PR 

band 

Strong 

Establish the structure of N2O. 
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4. (a) What is Franck-Condon’s principle ? What 

kind of electronic spectrum is expected 

when R = Re e  ? Explain using suitable 

diagram. 3 

(b) Explain the difference between 

intersystem crossing and internal 

conversion. 3 

(c) Explain the various types of electronic 

transition that can occur in an organic 

molecule. Use an appropriate diagram. 4 

5. (a) Discuss the effect of solvents on    *  

and   *n  transitions in UV spectrum. 4  

(b) Explain the following terms : 3 

(i) Chromophore 

(ii) Bathochromic shift 

(c) Discuss the origin of peaks at /m z  86, 71 

and 43 in the mass spectrum of  

2-methylpentane. 3 



 [ 5 ] CHE-10 

  P. T. O. 

6. (a) HgS and KMnO4 are intensely colored 

though there is no possibility of -d d  

transitions in them. Explain. 2 

(b) Name the radiation sources used in IR and 

Raman spectroscopy. 2 

(c) Discuss the method of handling liquid 

sample for IR spectroscopy. 2 

(d) Draw a block diagram of a spectrometer 

and explain the role of various components 

in it.  4 

7. (a) Draw and explain the high resolution NMR 

spectrum of ethanol. 2 

(b) The benzene anion has 2.0025g  . At what 

magnetic induction, Bz  would its spectral 

line be centered at a frequency of 9.4 GHz ? 

2 

(c) A compound having molecular formula 

4 8C H O  shows the following data : 6 
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UV (nm) : 274 

IR (cm–1) = 1716, 2941 – 2857, 1460 

Mass (m/z) : 72, 57, 43 

NMR ( )  : 1.0 (triplet, 3H) 

          2.47 (quartet, 2H) 

          2.20 (singlet, 3H) 

Predict the structure of the compound and 

relate the spectral data to various units 

present in the compound. 
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5PF

ª

2 2HF, H , CO , NO
 

14 NO 15 NO ª

B
1.0361

B



] B B

14 NO 15 NO

14 N O

a.m.u. a.m.u. ] 15 N

HCl ]

12886 cm

271.63 10 kg  
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1 1 2 2m r m r 1
2

1 2( )

m r
r

m m




] 1 2r r r 

2H O

(i)

(ii)

(i) ª

C O

C O

(ii) ª ]

C O ]

C O

ª ]
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2N O

ª

1/ cmv    

589 PQR – 

1285 PR

2224 PR

2N O

R = Re e ] ª

ª

ª
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ª *   *n  

4 

 (i)

 (ii)  

ª /m z ]

HgS 4KMnO

-d d

ª

ª

ª
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] Bz ª

9.4 GHz

4 8C H O

ª

(nm)

1(cm ) ] ]

( / )m z ] ]

( ) ] 3H ]
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] 3H
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