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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination, 2019 

CHEMISTRY 

CHE-10 : SPECTROSCOPY 

CHE-10 

 

Time : 2 Hours] 	 [Maximum Marks : 50 

Note : Answer Any Five questions. All questions carry equal 

marks. Use of log tables and non-programmable 

calculator is allowed. 

h = 6.626 x 10 -34 Js, c = 2.9913 x 10 8  ms-1 , e = 1.6x10 -9  C 

(a) Find the term symbols for the ground state and 

1s1 221  (triplet) excited state of helium. 	[4] 

(b) What is the necessary condition for a molecule 

to : 	 [3] 

(I) 	exhibit rotational spectrum 

(ii) exhibit vibrational spectrum 

(iii) be optically active? 



(c) 	What do you understand by n-fold axis of 

symmetry ? Explain by giving two examples. [3] 

	

2. 	(a) 	Show that for a diatomic molecule 

-
M

2  = r 
(mi + m2) -  

where r, and r 2  are the distances of atoms 1 and 

2 from the centre of mass, r is the bond length, 

m, andm 2 are their masses. 	 [2] 

(b) If the fundamental vibrational transition for 0 - H 

species is observed at 3735 cm -1  find out the 

position of the corresponding transition of 0 - D 

species. Given that m = 15.99 x 10 -3  kg, m H  = 

1.0078 x 10-3  kg m D  = 2.014 x 10 -' kg. 	13] 

(c) Draw and explain various normal modes of 

vibration of H 2O. 	 [3) 

(d) Give the difference between the fundamental 

transition and overtones. 	 [2] 

3. (a) The transition from J = 0 to S = 1 for AB takes 

place at C = 22 cm -1 . Calculate the bond length 

of AB Atomic masses of A and B are 1.008x10-3 



kg and 35.45 x 10 -3  kg, respectively. 	[4] 

(b) 	The IR and Raman spectral data of N 20 are given 

below. Deduce its structure : 	 [31 

    

    

589 
1285 
2224 

IR 
Strong; PQR band 
V.strong; PR band 
V.strong; PR band 

Raman 

V.strong 
Strong 

 

  

    

    

(c) Arrange the following in order of increasing 

carbonyl group frequency. Give reason for your 

answer : [31 

(a) 	Define the following terms: 

(i) Chromophore 

(ii) Bathochromic shift 

(b) In the UV absorption spectrum of oxygen 

continuum absorption begins at 56876 cm -'. The 

excitation energy of oxygen atom is 15868 cm -'. 

Find the dissociation energy of 0 2  molecule in 

the ground state in kcal mol - '. 	 [31 
rum i nncnn 	 ( 3 1 	 [P.T.O.] 

[2] 



(c) 	A compound having molecular formula C 5 H803  

shows the following spectral data : 	[5] 

UV spectrum (,max) : 262 nm 

IR spectrum : 3333 - 2300, 1715 cm -' 

'H - NMR spectrum (5 , COCI 3) : 11.0 (s,1 H), 2.12 

(s, 3H), 2.60 (s, 4H), Mass spectrum (m/z) : 116, 

43 

Deduce the structure of this compound on the 

basis of the above spectral data. 

(a) Explain the process of predissociation using 

potential energy curves. 	 [4] 

(b) Draw a block diagram of a spectrometer and 

explain the role of various components in it. [8] 

(c) (i) 	Why are esr spectra recorded as 

derivatives curves? 

(ii) 	Which of the following would show an esr 

spectrum : 

CO 2 , NO 2 , NO, N 2 	 [3] 

I ft-10/3500 
	

A 1 



6. 	(a) 	Predict the signals in the 'H-NMR spectra for the 

isomers of butyl chloride, assuming coupling only 

between protons on adjacent carbons. 	[4] 

(b) The chemical shift of protons in a test sample 

occurs at 2 ppm. What will be the difference in 

Hz between TMS and test proton resonances 

when measured in a 100 MHz spectrometer and 

in a 200 MHz spectrometer ? 	 [3] 

(c) Explain the term "band pass width" with the help 

of a suitable diagram. 	 [3] 

7. 	(a) 	Draw and discuss the mass spectrum of 

bromomethane with respect to the origin of lines 

and their intensities. 	 [3] 

(b) Draw and explain the ESR spectrum of ethyl 

radical. 	 [3] 

(c) What are the selection rules for transitions of a 

vibrating rotator ? 	 [2] 

(d) State mutual exclusion principle. 	 [2] 
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