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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination, 2019 

CHEMISTRY 

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 

calculator is allowed. 

13, = 9.274 x 10-24 	; h = 6.626 x 10-34  Js ; c = 2.998 x 10 8  

ms-'; e = 1.6 x 10-18C 

1. 	(a) 	Derive the term symbol for the possible 

spectroscopic states of carbon. 	 [5] 

(b) The staggered conformation of ethane has S e 

 improper axis of symmetry. Illustrate the 

operations involved. 	 [3] 

(c) Calculate the energy (in Joules) associated with 

a radiation of wavelength, 2 .460nm. 	[2] 

2 	(a) 	The rotational constants of 12C 180 and ' 3C 180 

are 1.92118 cm-' and 1.83669 cm-', respectively. 
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Given that the atomic masses of 12C and 160 are, 

respectively 12 and 15.9994 find the atomic mass 

of ' 3C. [4] 

(b) Give reasons for the following : 	 [3] 

The >C=0 group frequency in acyl 

chlorides is higher than that in alkyl esters. 

(ii) 	The >C=0 group frequency in methyl 

acetate is less than that in phenyl acetate. 

(c) Predict the shape of PCI 3  using VSEPR theory. 

Draw its structure. 	 [3] 

3. 	(a) 	HCI molecule shows an IR absorption at 2890 

cm-'. Determine its force constant and maximum 

displacement for v = 3. Given that the atomic 

masses of H and Ge are 1 x 104  kg and 35.5 x 

10-3  kg, respectively. [4] 

(b) 	The two peaks at 2349 and 667 cm -1  in the IR 

spectrum of CO 2  are found to be absent in Raman 

spectrum while the peak at 1340 cm - ' is Raman 

active only. Explain by assigning the peaks to 

respective modes of vibration. [3] 
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(c) 	What are Stokes and anti-Stokes lines ? Why is 

the intensity of Stokes lines generally greater than 

that of anti-stokes lines ? 	 [3] 

4. 	(a) 	Name the sources used for the following 

spectrophotometric techniques : 	 [2] 

(i) Microwave 

(ii) Infrared 

(iii) Raman 

(iv) Ultraviolet 

(b) State Franck - Condon principle. 	 [2] 

(c) The absorbance of an aqueous solution of a 

substince X at 600nm is found to be 0.45. 

Calculate the molar absorption coefficient if its 

concentration is 1 x 10 -4  M. What will be the 

transmittance of 7.5 x 10 -5  M solution of this 

substance ? Path length, / = 1cm. 	[3] 

(d) KMnO4  and K 2Cr2O7  are intensely coloured 

though there is no possibility of d-d transition in 

them. Explain. 	 [3] 

CHE-10 	 ( 3  ) 	 [P.T.O.] 



5. 	(a) 	Name the reference standard used in NMR 

spectroscopy. Give reasons for its choice. [3] 

(b) Draw and explain the 'H-NMR spectrum of 

CH 3CH 2OH. 	 [4] 

(c) Discuss the sample handling techniques for 

gases and solids for study in the IR region. [3] 

6. 	(a) 	Explain the origin of peaks at m/z 114, 85, 71, 57 

in the mass spectrum of n- octane. 	[3] 

(b) Predict the number of components and their 

intensities in the ESR spectrum of • C6 H6-. Draw 

its ESR spectrum. 	 [4] 

(c) The specimen of ZnO shows a strong ESR line 

at frequency of 9.45 GHz. Calculate the g value 

of the line. 	 [3] 

7. 	(a) 	What is McLafferty rearrangement ? Explain 

using a suitable example. 	 [3] 

(b) 	Give the expression for Boltzmann distribution and 

explain the physical significance of the terms 

appearing in it. 	 [2] 
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(c) 	A compound having molecular formula C 4I-1 80 

shows the following spectral data : 	[5] 

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

IR spectrum (cm -1) : 2941 -2857, 1716, 1460 

UV spectrum, A max : 274nm 

'H-NMR spectrum, (5,CD C .e 3) :1.0 (t, 3H), 2.20 

(s, 3H), 2.47 (q, 2H). 

Arrive at the structure of this compound using 

the above spectral data and explain the spectral 

data. 

x 
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