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 BACHELOR OF SCIENCE (B. Sc.)  

Term-End Examination 

June, 2024 

CHE-10 : SPECTROSCOPY 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) Attempt any five questions. 

  (ii) All questions carry equal marks. 

 (iii) Use of Log tables and Non-

programmable scientific calculators is 

allowed. 

1. (a) How many normal modes of vibrations 

does CO2 molecule have ? Out of these, how 

many are (i) stretching and (ii) bending 

modes ? 3 

(b) Which amongst the following molecules 

show pure rotational spectra and why ? 2 

NO, H2, CO2 and HCl 

(c) What are the symmetry elements present 

in NH3 molecule ? To which point group 

does it belong ? 4 
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(d) What is the multiplicity of electron in the 

configuration 1st of hydrogen atom ? 1 

2. (a) State Franck-Condon principle. 2 

(b) What is the effect of isotopic substitution 

on rotational spectrum ? 2 

(c) For a diatomic molecule, prove that  

I = 2r , where    reduced mass,  

r = interatomic distance I = moment of 

inertia. 3 

(d) The energy spacing in rotational spectrum 

of 12C 16O molecule is 3.8424 cm–1. Find 

moment of inertia and bond length of  

12C 16O. 3 

3. (a) Define zero point energy and give its 

expression. 2 

(b) Draw a labelled diagram for the transitions 

of a vibrating rotator giving R branches  

P, Q and R branches. 4 

(c) Draw the block diagram of a single beam 

UV-visible spectrophotometer. 4 
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4. (a) The following table gives the data obtained 

from IR and Raman spectra of an AB2 

molecule : 

1/ cmv   IR Raman 

1250 Inactive Active 

2349 Active (PR) Inactive 

667.3 Active (PQR) Inactive 

Predict the structure of AB2. What will be 

the wave number corresponding to 

symmetric stretching mode ?  4 

(b) Why are Stoke’s lines more intense than 

anti-stoke’s lines ? 2 

(c) How can at be established that an observed 

spectral line/band in electronic spectra um 

of a molecule is : 4 

(i) *n   

(ii) *   

(iii) *   

(iv)   *n   

5. (a) Why is esr signal recorded as the first 

derivative of the absorption curve ? 2 

(b) Why is C   C stretching frequency greater 

than C = C stretching frequency ? 2 



 [ 4 ] CHE–10 

   

(c) Why is KMnO4 intensely coloured inspite 

of absence of d-d transitions ? 2 

(d) Define fluorescence and phosphorescences. 

4 

6. (a) Sketch and explain esr. spectrum of methyl 

radical. 4 

(b) Draw low and high resolution NMR spectra 

for CH3CHCl–CH2Cl molecule. 4 

(c) An alcohol molecular formulas with C2H6O, 

gives two fragments in mass spectrum with 

m

z
 = 45 and 31. (base peak). Write the 

structure of the alcohol and the fragment 

giving the base peak.    2   

7. (a) Explain Chemical Ionisation (CI). 2 

(b) Calculate the v  for the first spectral line of 

Balmer series for hydrogen atom (Rydberg 

constant = 1.09677 × 107 m–1). 3 

(c) Arrive at the structural formula of 

compound of molecular formula C4H8O 

from the data given below : 5 

(i) Mass spectrum : 72
m

z
 , 43 

(ii) UV spectrum : 274 nn 

(iii) IR spectra : 1730 cm–1, 2780 cm–1 

(iv) NMR spectra : triplet (3H) sext (2H) 

quartet (2H), triplet (1H) 
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(i) 

(ii) 

(iii) 

CO2

(i)

(ii) 

ª

NO, H2, CO2 HCl 
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3NH

ª 1’s ª

ª

2I r 

  ]

r 

I =

12 16C O ª

3.8424 cm
–1 12 16C O

P, Q R
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ª

AB2

ª

1/ cmv   

1250 

2349 (PR)

667.3 (PQR)

 2AB  

ª ª

ª

 (i)  *n   

 (ii)  *   

 (iii) *   

 (iv)  *n   
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C C ] C = C

-d d

4KMnO

4 

ª

3 2CH CHCl CH Cl

ª

2 6C H O

ª
m

z
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ª

ª v

  7 11.09677 10 m

4 8C H O

(i) ª 72,43
m

z


  (ii) ª 274nm

  (iii) ª 1730 cm–1,  

2780 cm–1 

  (iv) ª 3H ]

(2H) (2H), (1H) 
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