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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 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. 

 (iv) RH = 1.09677 × 107m–1 

  h = 6.626 × 10–34 Js 

   e = 9.274 × 10–24 JT–1 

1. (a) Calculate the   for the first spectral 

line of Balmer series for H atom. 2 
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 (b) Calculate the energy associated with a 

radiation having   430 nm. 2 

 (c) Derive the term-symbol for the p state 

of H atom. 3 

 (d) What is an n-fold axis of symmetry ? 

Explain using an example. 3 

2. (a) Using VSEPR theory, find the shape of 

PCl3 molecule. 2 

 (b) “Although all transitions with   J 1  

have same transition probability, the 

lines corresponding to these do not have 

same intensity.” Explain. 2 

(c) Calculate the moment of inertia of 

12C16O. Given that atomic masses of  

12C = 12.0000 and 16O = 15.9994; bond 

length = 1.1 Å. 3 

(d) Using the appropriate expressions for a 

rigid rotor, show that the spectral lines 

have a spacing (in cm–1) 2B. 3 
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3. (a) Show that for the vibrational spectrum 

of HCl and DCl : 






HCl
osc
DCl
osc

2  

  Given that atomic masses of H, D and 

Cl are 1, 2 and 35.5 respectively. 3 

 (b) Calculate and draw the number of 

stretching and bending modes of water 

molecule. 3 

 (c) Describe the origin of P and R branches 

in vibrational-rotational spectrum of 

CO behaving as a rigid rotor and 

harmonic oscillator. 4 

4. (a) How can you differentiate between the 

following structures using IR and 

Raman spectroscopy ? 2 
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 (b) Arrange the given molecules in order of 

decreasing  IR frequency giving 

reasons : 4 

   

  

 

 

 

 (c) For H2 molecule, the spacing between 

S-branch lines in the Raman spectrum 

is 243.2 cm–1. Calculate H–H bond 

length. Given that mass of a H atom = 

1.673 × 10–27 kg. 4 

5. (a) Explain the following terms : 2 

  (i) Hyperchromic shift 

  (ii) Hyperchromic effect 
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 (b) The IR and Raman spectral data of N2O 

is given below. Deduce the structure of 

N2O from this information : 4 

1/ cm  IR Raman 

589 Strong, PQR 

band 

— 

1285 Very strong, PR 

band 

Very 

strong 

2224 Very strong, PR 

band 

Strong 

(c) Draw and explain the crystal field 

splitting of d-orbitals of metal ion in 

complexes having tetrahedral  

geometry. 4 

6. (a) Draw and explain the 1H-NMR 

spectrum of acetaldehyde. 4 

 (b) An inorganic compound having one 

unpaired electron shows a strong e.s.r. 

line at the frequency 9.5 GHz. Calculate 

the g-value of the line,  

Bz = 0.15 T. 2 
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 (c) Discuss all possible electronic 

transitions in polyatomic molecules 

using an appropriate diagram. 4 

7. (a) Explain McLafferty rearrangement 

with an example. 3 

 (b) Explain the term ‘band pass width’. 2 

 (c) The following data is obtained for a 

compound having molecular formula 

C7H8O.  5 

  Mol. wt : 108 

  Nature : Not acidic 

  IR spectrum : Indicates presence of –OH 

group 

  UV : max at 254 nm and 202 nm 

  NMR ( , CDCl3) : 3.85 (s, 1H), 4.55  

(s, 2H), 7.25 (s, 5H) 

  Mass spectrum : (m/z) 108, 107, 79, 77, 51. 

  Deduce the structure of the compound. 
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 CHE–10 

foKku Lukrd  

(ch- ,l&lh-) 

l=kar ijh{kk  

fnlEcj] 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 

 (iv) RH = 1.09677 × 107m–1 

  h = 6.626 × 10–34 Js 

      e = 9.274 × 10–24 JT–1 
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1- (d) H ijek.kq dh ckej Js.kh dh izFke LisDVªeh js[kk ds 

fy,   ifjdfyr dhft,A 2 

 ([k)  = 430 nm okys fdlh fofdj.k ds lkFk laca¼ 

ÅtkZ ifjdfyr dhft,A 2 

 (x) gkbMªkstu ijek.kq dh p voLFkk ds fy, in&izrhd 

O;qRiUu dhft,A 3 

 (?k) lefefr dk n-xquk v{k D;k gksrk gS \ ,d mnkgj.k 

ds mi;ksx }kjk O;k[;k dhft,A 3 

2- (d) VSEPR fl¼kar ds mi;ksx }kjk PCl3 v.kq dk 

vkdkj Kkr dhft,A 2 

 ([k) ß;|fi J = ± 1 okys lHkh laØe.kksa dh laØe.k 

izkf;drk gksrh gS] ijUrq muds laxr js[kkvksa dh leku 

rhozrk ugha gksrh gSAÞ O;k[;k dhft,A 2 

 (x) 
12C16O dk tM+Ro vk?kw.kZ ifjdfyr dhft,A ;fn 

12C vkSj 
16O ds ijek.kq æO;eku Øe'k% 12.0000 

vkSj 15.9994 gSa vkSj vkca/k yEckbZ = 1.1 Å  

gksA   3 
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 (?k) fdlh n`<+ ?kw.kZd ds fy, mi;qDr O;atdksa dk mi;ksx 

djrs gq, n'kkZb, fd LisDVªeh js[kkvkas ds chp dh 

nwjh (cm–1
 esa) 2B gSA 3 

3- (d) HCl vkSj DCl ds dEiu LisDVªeksa ds fy, n'kkZb, 

fd %  






HCl
osc
DCl
osc

2  

  fn;k x;k gS % H, D vkSj Cl ds ijek.kq æO;eku 

Øe'k% 1, 2 vkSj 35.5 gSaA 3 

 ([k) ty ds v.kq ds fy, ruu vkSj cadu fo/kkvksa dks 

ifjdfyr dhft, vkSj vkjsf[kr dhft,A 3 

 (x) n`<+ ?kw.kZd vkSj vkorhZ nksyd ds leku O;ogkj dj 

jgs CO ds dEiu&?kw.kZu LisDVªe esa P vkSj R 

'kk[kkvksa dh mRifÙk dk o.kZu dhft,A 4 
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4- (d) vojDr vkSj jeu LisDVªfedh ds mi;ksx }kjk vki 

fuEufyf[kr lajpukvksa esa fdl izdkj Hksn dj ldrs 

gSa \   2 

 

 ([k) dkj.k nsrs gq, fn, x, v.kqvksa dks 
 
vojDr 

vko`fÙk ds ?kVrs Øe esa O;ofLFkr dhft, % 4 

 

 

 

 

 

 (x) H2 v.kq ds fy,] jeu LisDVªe dh S-'kk[kk js[kkvksa 

ds chp nwjh 243.2 cm–1 gSA H–H vkca/k yEckbZ 

ifjdfyr dhft,A fn;k x;k gS % H ijek.kq dk 

nzO;eku = 1.673 × 10–27 kgA 4 

5- (d) fuEufyf[kr inksa dh O;k[;k dhft, % 2 

  (i) voo.khZ l`fV 

  (ii) o.kkZfr'kk;h izHkko 
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 ([k) N2O ds vojDr vkSj jeu LisDVªeh vk¡dM+s uhps 

fn, x, gSaA bl tkudkjh ds vk/kkj ij N2O dh 

lajpuk fu/kkZfjr dhft, % 4 

1/ cm  vojDr jeu 

589 izcy] PQR cSaM — 

1285 vfr izcy] PR cSaM vfr izcy 

2224 vfr izcy] PR cSaM izcy 

 (x) prq"Qydh; T;kfefr okys ladqyksa esa /kkrq vk;u ds 

d-d{kdksa dk fØLVy {ks= foikVu vkjsf[kr dhft, 

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

6- (d) ,slhVSfYMgkbM dk 
1H–,u-,e-vkj- LisDVªe 

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

 ([k) ,d v;qfXer bysDVªkWu okyk ,d vdkcZfud ;kSfxd 

9.5 GHz vko`fÙk ij ,d izcy bZ-,l-vkj- js[kk 

iznf'kZr djrk gSA js[kk ds fy, g&eku ifjdfyr 

dhft,A Bz = 0.15 T gSA 2 
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 (x) mfpr fp= }kjk cgqijek.kqd v.kqvksa ds fy, lHkh 

laHko bysDVªkWfud laØe.kksa dh ppkZ dhft,A 4 

7- (d) mnkgj.k lfgr eSDykQVhZ iqufoZU;kl dh O;k[;k 

dhft,A  3 

 ([k) ̂ cSaM ikj.k pkSM+kbZ* in dh O;k[;k dhft,A 2 

 (x) C7H8O v.kq lw= okys ;kSfxd ds fy, fuEufyf[kr 

vk¡dM+s izkIr gq, gSa % 5 

  v.kq Hkkj : 108 

  izÏfr % vEyh; ugha 

  vojDr LisDVªe % –OH lewg dh mifLFkfr n'kkZrk gSA 

  ijkcSaxuh :  max : 254 nm vkSj 202 nm ij 

  ,u-,e-vkj- LisDVªe (, CDCl3) : 3.85 (,dd] 

1H)] 4.55 (,dd] 2H)] 7.25 (,dd] 5H) 

  æO;eku LisDVªe % (m/z) % 108, 107, 79, 77, 51 

  ;kSfxd dh lajpuk fu/kkZfjr dhft,A 

× × × × × 

 


