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 BACHELOR OF SCIENCE (B. SC.)  
Term-End Examination 

December, 2020 
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 calculators is allowed. 

1. (a) If the ratio of mass of electron to mass of 

nucleus for deuterium is 0.0002715, 

calculate the value of Rydberg constant for 

deuterium. Use R∞ =  1.09737 −× 7 110 m . 

Also calculate the wave number for the 

first Balmer line for deuterium. 3 

(b) Derive the term symbol for D state of H 

atom.  3 
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(c) Draw the structure of PCl5. List the 
elements of symmetry present in it . To 
which point group does it belong ?  4 

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

15NO, it was found that B 1.0361
B

=
′

, 

where B and B'  are rotational constants 
for 14NO and 15NO, respectively. Calculate 
the atomic mass of 15N if the atomic 
masses of 14N and O are 14.004 and 
15.9994, respectively. 3 

(b) Name the sources of radiation for the 
following spectrometers : 2 

(i) Microwave 

(ii) IR  

(iii) Raman 

(iv) UV 

(c) What is the criterion for a molecule to 
exhibit vibrational spectrum ? How many 
vibrational degrees of freedom does H2O 
molecule have ? Discuss the various 
normal modes of vibration corresponding to 
them.  5 
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3. (a) What are the selection rules for rotational 

Raman spectrum ? Show that the formula 

for rotational Raman spectral line is given 

by :    

( ) 1
rotE B 4J + 6 cm−∆ =   

for linear molecules. 3 

(b) What is anharmonicity ? Explain its effect 

on the vibrational spectrum of a diatomic 

molecule. 3 

(c) The IR and Raman spectral data for N2O 

are given below : 

1/ cmv −   IR Raman 

589 Strong; PQR band – 

1285 Very strong; PR 
band 

Very strong 

2224 Very strong; PR 
band 

Strong 

Deduce the structure of N2O giving 
appropriate explanation. 4  



 [ 4 ] CHE-10 

   

4. (a) What is Franck-Condon principle ? Discuss 

its application to the systems, where  

′R > Re e  and ′R >> Re e  (where Re  and ′Re  

stand for internuclear distance in the 

ground and excited states). 4 

(b) Discuss the various types of electronic 

transitions possible in polyatomic 

molecules with the help of a suitable 

diagram. 3 

(c) Give the expression for the vibrational 

energy for a diatomic molecule behaving as 

a harmonic oscillator. Also draw its energy 

levels.  3  

5. (a) Discuss the effect of nature of solvent 

(polar/non-polar) on *π − π  and *n − π  

transitions in polyatomic molecules. 3 

(b) Discuss the sampling of solids for recoding 

IR spectra. 3 
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(c) Explain the origin of peaks at /m z  45, 59 

and 73 in the mass spectrum of 2-butanol. 
Which will be the most abundant peak ? 4 

6. (a) Briefly explain the chemical ionisation 
method used in mass spectrometry. 3 

(b) The chemical shift of protons in a test 
sample occurs at δ  2.4 ppm. What is the 

difference in Hz between TMS and test 
proton resonances when measured in a 

100 MHz spectrometer ? By how much will 
it increase when measured in a 200 MHz 
spectrometer ? 3 

(c) Draw and explain the 1H-NMR spectrum of 

ethanal. 4  

7. (a) Draw and explain the origin of signals 

observed in the ESR spectrum of methyl 
radical. 4 

(b) Deduce the structure of an organic 

compound having molecular formula, 
C9H10O2 and exhibiting the following 
spectral data : 



 [ 6 ] CHE-10 

   

IR spectrum : 1740, 1220, 1600-1400, 749 
                          and 697 cm–1 

NMR spectrum : δ  (CDCl3) : 

1.96 ( ,s  3H), 5.0 (s, 2H), 7.22 (s, 5H) 

Mass spectrum : 150, 91, 43. 

Also relate the spectral data to the 
structural features of the compound. 6 
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      CHE-10 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk  

fnlEcj] 2020 

lh- ,p- bZ--10 % LisDV ªfedh 

le; % 2 ?k.Vs     vf/dre vad % 50 

uk sV % (i) fdUgha ik ¡p iz'uksa ds mÙkj nhft,A  

 (ii) lHkh iz'uksa ds vad leku gSaA 

 (iii) ykWx lkjf.k;ksa rFkk vizksxzkeh; dSYdqysVjksa ds 

mi;ksx dh vuqefr gSA 

1- (d) ;fn M~;wVhfj;e ds ukfHkd ds nzO;eku vkSj 

mlds bysDVªkWu ds nzO;eku dk vuqikr 

0-0002715 gks] rks M~;wVhfj;e ds fy, fjMcxZ 

fLFkjkad dk eku ifjdfyr dhft,A 

R∞ = 1-09737 −× 7 110 m  dk mi;ksx 

dhft,A M~;wVhfj;e dh igyh ckej js[kk ds fy, 

rjax la[;k Hkh ifjdfyr dhft,A 3 
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([k) gkbM ªkstu ijek.kq dh D voLFkk ds fy, 

in&izrhd O;qRiUu dhft,A 3 

(x) PCl5 dh lajpuk vkjsf[kr dhft,A blesa 

mifLFkr lefefr rRoksa dks lwphc¼ dhft,A ;g 

fdl fcUnq lewg ls lacaf/r gS \ 4 

2- (d) 14NO vkSj 15NO  ds ?kw.kZu LisDVªeksa ls ik;k 

x;k fd B
B'

1.0361= ] ftlesa B vkSj B'  

Øe'k% 14NO vkSj 15NO  ds ?kw.kZu fLFkjkad gSaA 

;fn 14N  vkSj O ds ijek.kq nzO;eku Øe'k%  

14-004 vkSj 15-9994 gksa] rks 15N  dk ijek.kq 

nzO;eku ifjdfyr dhft,A 3 

([k) fuEufyf[kr LisDVªeekfi;ksa ds fy, fofdj.k ds 

lzksr dk uke fyf[k, % 2 

(i)  lw{e rjax 

(ii)  vojDr 

(iii)  jeu 

(iv)  ijkcSaxuh 
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(x) fdlh v.kq ds fy, dEifud LisDVªe n'kkZus ds 

fy, D;k vko';d 'krZ gksrh gS \ 2H O  v.kq 

ds fy, dEifud Lora=krk dh dksfV;ksa dh la[;k 

fdruh gksxh \ muds laxr fofHkUu lkekU; 

dEiu fo/kvksa dh ppkZ dhft,A 5 

3- (d) ?kw.khZ jeu LisDVªe ds fy, D;k oj.k fu;e gSa \ 

n'kkZb, fd fdlh jSf[kd v.kq ds fy, ?kw.khZ jeu 

LisDVªeh js[kk dk lw=k fuEufyf[kr }kjk O;Dr 

fd;k tkrk gS % 

∆E ?kw.kZu B=  ( ) –14J + 6 cm  

([k) vizlaokfnrk D;k gksrh gS \ fdlh f}ijek.kqd 

v.kq ds dEifud LisDVªe ij blds izHkko dh 

O;k[;k dhft,A 3 

(x) 2N O ds vojDr vkSj jeu LisDVªeh vk¡dM+s uhps 

fn, x, gSa %  

1/ cmv −   vojDr jkeu 

589 izcy PQR cSaM – 

1285 vR;ar izcy PR cSaM vR;ar izcy 
2224 vR;ar izcy PR cSaM izcy 

mfpr O;k[;k djrs gq, 2N O dh lajpuk 

fu/kZfjr dhft,A 4 
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4- (d) Úkad&dkWUMu fl¼kUr D;k gksrk gS \ mu fudk;ksa 

ij blds vuqiz;ksx dh ppkZ dhft, ftuesa 

′R > Re e  vkSj ′R >> Re e  gksA tgk¡ Re  vkSj 

′Re  Øe'k% ewy voLFkk vkSj mÙksftr voLFkk esa 

varjkukfHkdh; nwfj;ksa dks O;Dr djrs gSaA 4 

([k) mfpr fp=k dh lgk;rk ls fdlh cgqijek.kqd 

v.kq esa laHko fofHkUu izdkj ds bysDVªkWfud 

laØe.kksa dh ppkZ dhft,A 3 

(x) vkorhZ nksyd ds leku O;ogkj djus okys fdlh 

f}ijek.kqd v.kq ds fy, dEifud ÅtkZ dk 

O;atd fyf[k,A blds ÅtkZ Lrjksa dks Hkh vkjsf[kr 

dhft,A  3 

5- (d) cgqijek.kqd v.kqvksa esa *π → π  vkSj *n → π  

laØe.kksa ij foyk;d dh izd`fr (/qzoh;@v/qzoh) 

ds izHkko dh ppkZ dhft,A 3 

([k) vojDr LisDVªeksa ds vfHkys[ku ds fy, Bkslksa ds 

izfrp;u dh ppkZ dhft,A 3 
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(x) 2&C;wVsukWy ds nzO;eku LisDVªe esa /m z  45] 

59 vkSj 73 ij iznf'kZr f'k[kjksa dh mRifÙk dh 

O;k[;k dhft,A buesa ls lcls vf/d izeq[k 

f'k[kj dkSu&lk gksxk \ 4 

6- (d) nzO;eku LisDVªefefr esa iz;qDr jklk;fud vk;uu 

fof/ dh laf{kIr O;k[;k dhft,A 3 

([k) fdlh ijh{k.k izfrn'kZ esa izksVkWuksa dh jklk;fud 

l`fr 2.4 ppmδ  ij gksrh gSA 100 MHz  

LisDVªeekih }kjk ekius ij Vh- ,e- ,l- vkSj 

ijh{k.k izfrn'kZ ds izksVkWuksa ds vuquknksa ds chp 

fdruk vUrj gksrk gS \ ;fn 200 MHz okys 

LisDVªeekih }kjk ekiu fd;k tk,] rks blesa 

fdruh o`f¼ gksxh \ 3 

(x) ,FksuSy ds 1H&,u- ,e- vkj- LisDVªe dks 

vkjsf[kr dhft, vkSj mldh O;k[;k dhft,A 4 

7- (d) esfFky ewyd ds bZ- ,l- vkj- LisDVªe esa izsf{kr 

ladsrksa dks vkjsf[kr dhft, vkSj mudh mRifÙk 

dh O;k[;k dhft,A 4 



 [ 12 ] CHE-10 

   

([k) vkf.od lw=k] 9 10 2C H O  okys fdlh dkcZfud 

;kSfxd dh lajpuk fu/kZfjr dhft, tks 

fuEufyf[kr LisDVªeh vk¡dM+s iznf'kZr djrk gS %  

vojDr LisDVªe % 1740] 1220] 1600&1400] 

               749 vkSj 697 1cm− A 

,u- ,e- vkj- LisDVªe % ( )3,CDClδ  % 

1-96 (,dd] 3H)] 5-0 (,dd] 2H)] 7-22 

(,dd] 5H)] 

nzO;eku LisDVªe % 150] 91] 43A 

bu LisDVªeh vk¡dM+ksa dks ;kSfxd ds lajpukRed 

vfHky{k.kksa ds lkFk Hkh lacaf/r dhft,A 
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