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BACHELOR OF SCIENCE (B. SC.)  

Term-End Examination 

June, 2026 

CHE-010 : SPECTROSCOPY 

Time : 2 Hours  Maximum Marks : 50 

Note :  Attempt any five questions. All questions 

carry equal marks. Use of Log tables and 

Non-programmable/Scientific Calculators 

is allowed. 

1. (a) Why for the ground state of the atom 

having configuration 1s2, triplet state  

(S = 1) is not possible ? 1 

(b) What are the selection rules for atomic 

spectra for multi electron systems ? 2 
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(c) The line spectrum of hydrogen atom is 

observed in ultraviolet region of 

electromagnetic waves. Name the series 

of line spectrum. Find the limiting line 

and the first line of that series in wave 

numbers. 5 

(d) What is the value of the orbital angular 

momentum of an electron in 2pz orbital 

and its component along z-axis in the 

case of hydrogen atom ? 2 

2. (a) Using VSEPR theory predict the shape 

of PCl3. Draw its structure. 3 

(b) CH2Cl2 has the following symmetry 

elements : E, C2 and 2v . 2 

 (i) Identify the point group to which 

CH2Cl2 belongs.  

 (ii) Will the molecule show permanent 

dipole moment ? 
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(c) What do symbols A1, A2, B1, B2 and Ag 

signify in a character table of a point 

group ? 5 

3. (a) Prove that for a rigid diatomic molecule, 

the moment of inertia, I about an axis 

through the centre of mass of the 

molecule and normal to the principal 

axis of the molecule is given by : 3 

I = µ2,  

 where µ = reduced mass of the molecule 

and  = bond length of the molecule. 

(b) Predict the positions of Raman 

vibrational lines for the C–H stretching 

frequency of alkane at 2960 cm–1 if Hg 

radiation of 22946 cm–1 is used. 2 

(c) Rotational Raman spectra of 

12 16
2C O ( )g shows a series of absorption 

peaks separated by 3·16 cm–1 in the S 

branch. What is the distance between 

two oxygen atoms if CO2 molecule is 
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symmetric linear and axis of rotation 

passes through carbon atom and is 

normal to the principal axis of the 

molecule. 5  

4. (a) Sketch the normal modes of vibrations 

of CO2 molecule. Predict which mode of 

vibrations is/are likely to be IR active 

and which are likely to be Raman 

active.  4 

(b) The transition from J = 0 to J 1   for 

1 35H Cl  takes place at 21·18 cm–1. What 

is the bond length of 
1 35H Cl ? 6 

5. Discuss the effect of any three of the 

following on carbonyl frequency in IR 

spectra with suitable examples : 10 

(i) Inductive effect. 

(ii) Resonance effect. 

(iii) Intermolecular H-bonding 

(iv) Intramolecular H-bonding 

(v) Steric hindrance 
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6. (a) Sketch the high and low resolution 

NMR spectum of CH3CHO and discuss 

their origin. 5 

(b) Discuss in detail the E.S.R. spectra of 

CH3 free radical. 5 

7. (a) The mass spectrum of pentanoic acid 

shows a peak of m/z = 60 involving 

McLafferty rearrangement. Which are 

the fragments that are formed ? 3 

(b) A compound having molecular formula 

C5H8O3 shows the following 

spectroscopic data : 7 

 UV :  Absorption of max = 262 nm. 

 IR :   Very broad band from 2300 – 

3333 cm–1 and a strong band at 

1715 cm–1. 
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 NMR : A signal at  11  with integrated 

area of 1 unit, a singlet at  2·12 

with area of 3 units and another 

singlet  

 2· 60 with area of 4 units. 

 Mass Spectra : Molecular on peak at 

116.
m

z
  The base peak appears 

at 43.
m

z
  

 Deduce the structural formula/structure 

of the compound. 
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 CHE–010 

foKku Lukrd (ch- ,l-&lh-) 

l=kar ijh{kk  

twu] 2026 

lh-,p-bZ-&010 % LisDVªfedh 

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

uksV % fdUgha ik¡p iz'uksa ds mÙkj nhft,A lHkh iz'uksa ds vad 

leku g®A ykWx lkj.kh vkSj ukWu&izksxkeh;@oSKkfud 

dSydqysVj ds iz;ksx dh vuqefr gSA 

1- (d) ghfy;e dh ewy voLFkk] ftldk foU;kl 1s
2
 gS] esa 

f=d voLFkk (S = 1) D;ksa lEHko ugha gSA 1 

([k) cgqbysDVªkWu fudk;ksa ds fy, ijek.kq LisDVªe dk oj.k 

fu;e D;k gS \ 2 
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(x) fo|qr pqEcdh; ds ijkc®xuh {ks= esa gkbMªkstu dk 

js[kk LisDVªe ns[kk tkrk gSA js[kk LisDVªe dh Jsf.k;ksa 

dk uke crkb,A bl Js.kh esa lhek js[kk vkSj izFke 

js[kk dh rjax la[;k Kkr dhft,A 5 

(?k) 2pz d{kd ds d{kd dks.kh; laosx vkSj gkbMªkstu ds 

ekeys esa blds z v{k ds ?kVd dk D;k eku gksrk  

gS \   2 

2- (d) VSEPR fl¼kUr dk mi;ksx djds PCl3 dh vkÏfr 

dk iwokZuqeku dhft,A bldh lajpuk crkb,A 3 

([k) CH2Cl2 ds ikl fuEufyf[kr lefefr vo;o gSa % 

 E, C2 vkSj 2v 2 

 (i) CH2Cl2 fdl fcUnq lewg ls lEcfU/kr gS \ 

Kkr dhft,A 

 (ii) D;k v.kq LFkk;h f}/kzqo vk?kw.kZ n'kkZ,xk \ 
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(x) A1, A2, B1, B2 vkSj Ag izrhd D;k djrs g®] fcUnq 

lewg dh o.kZ rkfydk esa budk D;k egRo gS \ 5 

3- (d) n`<+ f}&ijek.kqd v.kq ds fy, fl¼ dhft, fd v.kq 

ds nzO;eku ds dsUnz ls xqtjus okyh vkSj v.kq ds 

eq[; v{k ds lkekU; v{k ds tM+Ro vk?kw.kZ I dks %  

I = µ2 

  ls O;Dr djrs gSaA ;gk¡  = v.kq dk lekuhr nzO;eku 

vkSj  = v.kq dh vkca/k yEckbZ gSA 3 

([k) ;fn 22946 cm
–1

 Hg fofdj.k dk mi;ksx fd;k 

tk, rks 2960 cm
–1

 ij ,sYdsu ds C–H ruu ds  

fy, jkeu dEiu js[kkvksa dh fLFkfr dh izkxqfDr 

dhft,A  2 

(x) 
12 16

2C O ( )g  ds ?kw.khZ jkeu LisDVªe esa S 'kk[kk esa 

3·16 cm
–1

 dh nwjh okys vo'kks"k.k f'k[kjksa dh Js.kh 

izkIr gksrh gSA CO2 v.kq ds nks vkWDlhtu ijek.kqvksa 
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ds chp dh nwjh D;k gksxh ;fn lefefr js[kh; gks 

vkSj ?kw.kZ dk v{k dkcZu ijek.kq ls xqtjrk gks vkSj 

v.kq dh izeq[k v{k ds lkekU; gksA 5 

4- (d) CO2 v.kq dh lkekU; dEiu fo/kkvksa dks fpf=r 

dhft,A iwokZuqeku dhft, fd buesa ls dkSu dEiu 

lEHkor% IR lfØ; vkSj dkSu jkeu lfØ; gS \ 4 

 ([k) 
1 35H Cl ds fy, J = 0 ls J 1   laØe.k 21·18 

cm
–1

 ij gksrk gSA 
1 35H Cl  dh vkca/k yEckbZ D;k 

gksrh gS \ 6 

5- mi;qDr mnkgj.kksa ls fuEufyf[kr ds }kjk IR LisDVªe ij 

iM+us okys fdUgha rhu izHkkoksa dk o.kZu dhft, % 10 

 (i) izsjf.kd izHkko 

 (ii) vuquknh izHkko 

 (iii) varjkv.kqd gkbMªkstu vkca/ku izHkko 

 (iv) var%v.kqd gkbMªkstu vkca/ku izHkko 

 (v) f=foeh ck/kk 
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6- (d) CH3CHO dk mPp foHksnu vkSj fuEu foHksnu 

NMR LisDVªe esa fpf=r dhft, vkSj mudh mRifÙk 

dh O;k[;k dhft,A 5 

([k) CH3 eqDr ewyd ds ESR LisDVªe dk foLrkj ls 

o.kZu dhft,A 5 

7- (d) isUVsuksbd vEy dk nzO;eku LisDVªe m/z = 60 ij 

f'k[kj iznf'kZr djrk gS] ;g eSdykQVhZ iqufoZU;kl 

}kjk gksrk gSA dkSu&ls [k.M fufeZr gksrs gSa \ 3 

([k) ,d ;kSfxd dk vkf.od lw= C5H8O3 gS tks 

fuEufyf[kr LisDVªfedh vk¡dM+s n'kkZrk gS % 7 

 UV :   max = 262 nm ij vo'kks"k.k 

 IR :   2300 – 3333 cm–1 ds chp  

vR;ar foLr`r cSaM vkSj ,d ruu cSaM 

1715 cm–1 ij 
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 NMR : ,d ladsr  11  ij ftldk lekdyu 

{ks=Qy ,d bdkbZ ds rqY; gS] ladsr 

2.12 dk {ks=Qy 3 bdkbZ gS vkSj ,d vkSj 

ladsr  2.60 ftldk {ks=Qy 4 bdkbZ gSA 

 nzO;eku LisDVªe % vkf.od f'k[kj 116
m

z
  ij_ 

vk/kkj f'k[kj 43
m

z
  ij gSA bl ;kSfxd 

dk lajpuk lw=@lajpuk Kkr dhft,A 

× × × × × 

 

 

 

 

 

 

 

 


