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BACHELOR OF SCIENCE (B. SC.) 

Term-End Examination 

June, 2025 

CHE-10 : SPECTROSCOPY 

Time : 2 Hours  Maximum Marks : 50 

Note : (i) Answer any five questions.  

 (ii) All questions carry equal marks.  

 (iii) Use of Log tables and Non-

programmable/scientific calculators 

is allowed. 

1. (a) Derive the term-symbol for the ground 

state of hydrogen atom. 2 

(b) Define and illustrate the following 

symmetry elements : 4 

(i) n-fold axis of symmetry 

(ii) Plane of symmetry  
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(c) Discuss the vector nature of orbital 

angular momentum. Represent 

pictorically the allowed directions for 

angular momentum vector for the case 

of 1l  . 4 

2. (a) Show that the difference in energy 

between the successive rotational lines 

is 2B; use energy of first three levels. 2  

(b) From the rotational spectra of 12CO  and 

13CO  it was found 
B

1.046
B




, where B 

and B  are rotational constants for 

12CO  and 13CO , respectively. Calculate 

the reduced mass of 13CO  if the reduced 

mass of 12CO  is 6.857/NA, where  

NA = Avogadro’s No. 2  

(c) Using 1 1 2 2
m r m r , derive 1

2

1 2

,
m r

r
m m




  

r being 1 2
r r . 2 



 [ 3 ]  CHE–10 

B–1473/CHE–10 P. T. O. 

(d) What is the basic criterion for  

a molecule to exhibit rotational 

spectrum ? Which of the following 

molecules will be rotationally acting 

and why ?   4 

2 2 3
CO , O ,CHCl , CO   

3. (a) For a harmonic oscillator, show that :  

2+1 

(i) osc

1

2

k

m
 


  

(ii) 2 2

osc
4k m    

(b) Explain the following terms : 3 

(i) Fundamental transition 

(ii) First overtone 

(iii) Zero point energy 

(c) What are the selection rules for the 

following : 2 

(i) A harmonic oscillator to show its 

vibrational spectrum. 

(ii) An anharmonic oscillator. 

(d) Find the vibrational degrees of freedom 

of CO2 and H2O. 2 
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4. (a) Which of the following molecules would 

give pure rotational Raman spectrum 

and why ?  2 

H2O, CH4 

(b) What are Stokes and anti-Stokes lines ? 

Predict the position of Raman 

vibrational lines for C–H stretching of 

an alkane observed at 2960 cm–1, if Hg 

radiation of 435.8 nm (22946 cm–1) is 

used.  4 

(c) Give reason : 4 

(i) The IR spectrum of 1-butanol has 

single broad band between 3500-

3200 cm–1. When it is diluted with 

CCl4, it shows an additional band 

near 3650 cm–1. 

(ii) The   C = O frequency of RCHO is 

observed near 1735 cm–1 while for 

O

CR R   it is observed around 

1720 cm–1.   
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5. (a) Discuss the effect of polarity of solvents 

on *  and *n   transitions. 3 

(b) In the ultraviolet absorption spectrum 

of oxygen, continuum absoption begins 

at 56876 cm–1. The oxidation energy of 

oxygen atom is 15868 cm–1. Find the 

dissociation energy of the O2 molecule 

in the ground state in kcal/mol. 3 

(c) Polarized Raman spectrum of CHCl3 

gave the following data for three of the 

bands : 4 

S. No. 
Raman 

band/cm–1 
II III 

1 357 5.8 79.2 

2 660 1.3 83.2 

3 760 4.7 6.0 

   Identify those which are polarized.  

6. (a) “HgS, KMnO4 and K2CrO4 are all 

intensely coloured though there is no 

possibility of d-d transition in them.” 

Explain. 2  
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(b) Explain the origin of peaks at m/z 114, 

85, 71, 57 in the mass spectrum of  

n-octane. 4  

(c) Using a suitable diagram, discuss the 

splitting of 3d orbitals in presence of an 

octahedral crystal field. 4 

7. (a) Discuss the techniques for handling 

liquids for measuring IR spectrum. 2 

(b) Draw and explain the block diagram of 

a Raman spectrometer. 3 

(c) A compound with molecular formula  

C5H8O3
 exhibits the following spectral 

data :  5 

IR spectrum : 2300 – 3333 (broad),  

      (cm–1)        1715     (intense) 

1HNMR spectrum : 11 (1H), 2.60 (s, 4H),  

     (
3

,CDCl )             2.12 (s, 3H)  

Mass spectrum : 116, 43 

(m/z) 

Arrive at the structure of the compound 

on the basis of the above spectral data. 
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 CHE–10 

foKku Lukrd  

(ch- ,l&lh-) 

l=kar ijh{kk  

twu] 2025 

lh-,p-bZ-&10 % LisDVªfedh 

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

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

 (ii) lHkh iz'uksa ds leku vad gSA 

 (iii) ykWx lkjf.k;ksa vkSj ukWu&izksxzkeh; dSYdqysVjksa ;k 

lkbafVfQd dSYdqysVjksa ds mi;ksx dh vuqefr gSA 

1- (d) gkbMªkstu ijek.kq dh ewy voLFkk ds fy, in&izrhd 

O;qRiUu dhft,A 2 
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([k) fuEufyf[kr lefefr rRoksa dks ifjHkkf"kr dhft, 

vkSj mUgsa fp= }kjk n'kkZb, % 4 

 (i) lefefr dk n &xquk v{k 

(ii) lefefr ry 

(x) d{kh; dks.kh; laosx dh lfn'k izÏfr dh ppkZ 

dhft,A 1l   ifjfLFkfr ds fy, dks.kh; laosx dh 

vuqer fn'kkvksa dks fp= }kjk n'kkZb,A 4 

2- (d) n'kkZb, fd Øfed ?kw.kZu js[kkvksa ds chp 2B  varj 

gksrk gSA igys rhu ÅtkZ Lrjksa dh ÅtkZ dk mi;ksx 

dhft,A  2 

([k) 
12CO vkSj 

13CO ds ?kw.kZu LisDVªeksa ls Kkr gqvk 

fd 
B

B
 1.046  gS] tgk¡ B  vkSj B  Øe'k% 

12CO vkSj 
13CO ds ?kw.kZu fLFkjkad gSaA ;fn 

12CO dk lekuhr nzO;eku A
6.857 / N  gks] rks 

13CO dk lekuhr nzO;eku ifjdfyr dhft,A ;gk¡ 

A
N  vkoksxknzks la[;k gSA 2 
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(x) 
1 1 2 2

m r m r  dk mi;ksx djds fuEufyf[kr dks 

O;qRiUu dhft, % 2 

1
2

1 2

,
m r

r
m m


  

1 2
r r r   

(?k) fdlh v.kq ds fy, ?kw.kZu LisDVªe dks n'kkZus ds fy, 

D;k ewy vko';drk gS \ fuEufyf[kr esa ls dkSu&ls 

v.kq ?kw.kZu n'kkZrs gSa vkSj D;ksa \ 4 

2 2 3
CO , O , CHCl ,CO   

3- (d) fdlh izlaoknh nksyd ds fy, n'kkZb, fd % 2$1 

 (i) osc

1

2

k

m
 


  

(ii) 2 2

osc
4k m    

([k) fuEufyf[kr inksa dh O;k[;k dhft, % 3 

 (i) ewy laØe.k 

(ii) izFke vf/kLojd 

(iii) 'kwU; fcUnq ÅtkZ 
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(x) fuEufyf[kr ds fy, D;k oj.k fu;e gSa \ 2 

 (i) ,d vkorhZ nksyd ds fy, dEifud LisDVªe 

n'kkZuk 

(ii) ,d vizlaoknh nksyd  

(?k) 
2

CO  vkSj 
2

H O  ds fy, dEifud Lora=rk dh 

dksfV;k¡ Kkr dhft,A 2 

4- (d) fuEufyf[kr v.kqvksa esa ls dkSu&ls 'kq¼ ?kw.kZu jeu 

LisDVªe n'kkZ,¡xs vkSj D;ksa \ 2 

2 4
H O, CH   

([k) LVksDl vkSj izfr&LVksDl js[kk,¡ D;k gksrh gSa \ fdlh 

,sYdsu ds fy, 
12960cm C H   ruu ds fy, 

'keu dEiu js[kkvksa dh fLFkfr dh izkxqfDr dhft,] 

;fn 
1435.8nm (22946cm )Hg

 fofdj.k dk 

mi;ksx fd;k tk,A 4 
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(x) dkj.k crkb, % 4 

 (i) 1&C;wVsukWy dk vojDr LisDVªe 3500 & 3200 

1cm
 ds chp dsoy ,d foLr`r cSaM iznf'kZr 

djrk gSA ;fn bls 
4

CCl  ds lkFk ruq fd;k 

tk,] rks 3650 
1cm
 ds fudV ,d vfrfjDr 

cSaM iznf'kZr gksrk gSA 

(ii) RCHO  dh C O   vko`fÙk 
11735cm
 

ds lehi iznf'kZr gksrh gS tcfd 

O

CR R 

ds fy, ;g 
11720cm
 ds ikl iznf'kZr gksrh 

gSA 

5- (d) *  vkSj *n   laØe.kksa ij foyk;dksa dh 

/kzqork ds izHkko ds ckjs esa ppkZ dhft,A 3 
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([k) vkWDlhtu ds ijkcSaxuh vo'kks"k.k LisDVªe eas] 

lkarR;d vo'kks"k.k 
156876cm
 ls vkjEHk gksrk 

gSA vkWDlhtu ijek.kq dh mÙkstu ÅtkZ  

15868 
1cm
  gSA ewy voLFkk esa 

2
O  v.kq dh 

fo;kstu ÅtkZ kcal/mol  esa Kkr dhft,A 3 

(x) 
3

CHCl  ds /kzqfor jeu LisVªe ls rhu cSaMksa ds fy, 

fuEufyf[kr vk¡dM+s izkIr gksrs gSa % 4 

Øekad 

jeu cSaM@

1cm
 

II III 

1 357 5.8 79.2 

2 660 1.3 83.2 

3 760 4.7 6.0 

/kzqfor cSaMksa dk vfHkfu/kkZj.k dhft,A  

6- (d) ß 4
HgS, KMnO  vkSj 2 4

K Cr O  lHkh xgjs jaxksa 

okys gksrs gSa tcfd buesa -d d  laØe.kksa dh dksbZ 

laHkkouk ugha gksrh gSAÞ O;k[;k dhft,A 2 
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([k)n &vkWDVsu ds nzO;eku LisDVªe esa /m z  114] 85] 

71 vkSj 57 ij iznf'kZr f'k[kjksa dh mRifÙk dh 

O;k[;k dhft,A 4 

(x) mfpr fp= dh lgk;rk ls] v"VQydh;  

fØLVy {ks= esa mifLFkr 3d  d{kdksa ds foikVu dh 

ppkZ dhft,A 4 

7- (d) vojDr LisDVªe dks ekius ds fy, nzoksa ds izfrp;u 

dh rduhdksa dh ppkZ dhft,A 2 

([k) jeu LisDVªeekih dk [k.M vkjs[k vkjsf[kr dhft, 

vkSj mldh O;k[;k dhft,A 3 

(x) ,d ;kSfxd ftldk v.kq lw= 
5 8 3

C H O  gS] 

fuEufyf[kr LisDVªeh vk¡dM+s n'kkZrk gS % 5 

vojDr LisDVªe % 2300 & 3333 (foLr`r)]   

 1cm
         1715 (rhoz) 
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1H&,u- ,e- vkj- %  11 1H ,2.60 ( ,4 H)s   

     LisDVªe            2.12 (s, 3H) 

 3
, CDCl                

nzO;eku LisDVªe       %  116] 43 

 /m z  

Åij fn, x, LisDVªeh vk¡dM+ksa ds vk/kkj ij ;kSfxd 

dh lajpuk fu/kkZfjr dhft,A 

× × × × × 

 

 

 

 

 

 

 

 

 

 

 


