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 CHE-10  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2022 

 

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 calculators is allowed. 

 

  RH = 1·097  107 m1 

  h = 6·626  1034 Js 

  k = 1·38  1023 JK1 

1. (a) Calculate the value of 
–
v  for the first spectral 

line of Balmer series for H atom. 2 

(b) Draw the planes of symmetry in H2O 

molecule. 2 

(c) What are the selection rules for rotational 

spectrum of a rigid rotator and a non-rigid 

rotator ? 2 

(d) Derive the term symbol for the D state of 

hydrogen atom. 4 
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2. (a) What is zero point energy ? Write its 

expression. 2 

(b) Using VSEPR theory, explain the shape of 

NH3 molecule. Which are the symmetry 

elements present in it ? Write the point 

group of this molecule. 4 

(c) Calculate the relative population of first two 

rotational energy levels for HCl at 300 K. 

Use B = 10·5 cm1. 4 

3. (a) Draw and explain the normal modes of 

vibration of an angular triatomic molecule 

AB2. 3 

(b) Explain the terms (i) fundamental 

transitions, and (ii) overtones. 2 

(c) Which of the following has higher carbonyl 

frequency ? Give reason. 2 

 

(d) HCl molecule shows an absorption at  

2886 cm1. Determine its force constant and 

the maximum displacement for v = 2.  

 Given : mH = 1 g mol1  and   

               mCl = 35·5 g mol1. 3 
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4. (a) Draw and explain the NMR spectrum of 

methyl acetate. 2 

(b) How are ESR spectra presented ? Explain 

using a suitable diagram. 2 

(c) Why is the intensity of Stokes lines 

generally greater than the intensity of  

anti-Stokes lines ?  2 

(d) Derive the expression for rotational Raman 

shift for a linear molecule.  4 

5. (a) The   * transition shows a red shift 

when the solvent is changed from hexane to 

ethanol. Explain giving reasons.  2 

(b) Discuss Franck-Condon principle for the 

following cases :  

(i) Re = Re 

(ii) Re >> Re 

 where Re and Re are the nuclear separations 

in the ground and excited electronic states, 

respectively. 4 

(c) Explain the origin of peaks at m/z 45, 59 

and 73 in the mass spectrum of 2-butanol. 

Which one of these is the base peak and  

why ? 4 

6. (a) With the help of a suitable diagram, explain 

the splitting of 3d orbitals of a metal ion M
2+

 

in the presence of (i) an octahedral crystal 

field, and (ii) a tetrahedral crystal field. 4 
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(b) The benzene anion has g = 2·0025. At what 

magnetic induction Bz, would its ESR 

spectral line be centred at a frequency  

9·35 GHz ? Given :  e = 9·274  1024 Am2. 2 

(c) Draw the block diagram of a spectrometer 

and briefly explain the function  of various 

components.  4 

7. (a) Explain any two of the following terms : 4 

(i) Chemical shift 

(ii) Phosphorescence 

(iii) McLafferty rearrangement 

(b) Arrive at the structure of an organic 

compound having molecular formula, C4H8O 

using the following data : 6 

IR$ : 1716 cm1, 2941 – 2857 cm1, 

1460 cm1 

NMR : 1·0 (Triplet, 3H),  
(, CDCl3)   2·47 (Quartet, 2H), 2·2 (Singlet, 3H) 

Mass m/z : 43, 57, 72  

UV : max$ at 274 nm 
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 gr.EM.B©.-10  

{dkmZ ñZmVH$ (~r.Eg gr.)  

gÌm§V narjm 

OyZ,  2022 

 

agm`Z {dkmZ 

  gr.EM.B©.-10 : ñnoŠQ´>{_H$s           

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE & g^r àíZm| Ho$ A§H$ g_mZ 
h¢ & bm°J gma{U`m| VWm Zm°Z-àmoJ«m_r` H¡$ëHw$boQ>am| H$s AZw_{V 
h¡ & 

 

  RH = 1·097  107 m1  

  h = 6·626  1034 Js  

  k = 1·38  1023 JK1 

1. (H$) hmBS´>moOZ na_mUw Ho$ {bE ~m_a loUr H$s àW_ 
ñnoŠQ>́_r aoIm Ho$ {bE –v  H$m _mZ n[aH${bV H$s{OE & 2 

(I) Ob Ho$ AUw Ho$ {bE g_{_{V Vbm| H$mo Amao{IV 
H$s{OE & 2 

(J) {H$gr Ñ‹T> KyU©H$ Am¡a AÑ‹T> KyU©H$ Ho$ KyU©Z ñnoŠQ´>_ Ho$ 
{bE Š`m daU {Z`_ hmoVo h¢ ? 2 

(K) hmBS´>moOZ na_mUw H$s D AdñWm Ho$ {bE nX àVrH$ 
ì`wËnÞ H$s{OE & 4 
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2. (H$) eyÝ` q~Xþ D$Om© Š`m hmoVr h¡ ? BgH$m ì`§OH$ {b{IE & 2 

(I) dr.Eg.B.nr.Ama. {gÕm§V Ho$ Cn`moJ Ûmam NH3 AUw 
H$s AmH¥${V H$s ì`m»`m H$s{OE & Bg_| H$m¡Z-go 
g_{_{V VÎd CnpñWV ahVo h¢ ? Bg AUw H$m {~§Xþ 
g_yh {b{IE & 4 

(J) 300 K na HCl Ho$ {bE nhbo Xmo KyU©Z D$Om© ñVam| H$s 
Amno{jH$ g_pîQ> n[aH${bV H$s{OE & B = 10·5 cm1 

H$m Cn`moJ H$s{OE & 4 

3. (H$) {H$gr H$moUr` {Ìna_mUwH$ AUw AB2 Ho$ {bE H$ånZ 
H$s gm_mÝ` {dYmE± Amao{IV H$s{OE Am¡a CZH$s 
ì`m»`m H$s{OE & 3 

(I) nXm| (i) _yb g§H«$_U, Am¡a (ii) A{YñdaH$m| H$s 
ì`m»`m H$s{OE & 2 

(J) {ZåZ{b{IV _| go {H$gH$s CƒVa H$m~m©o{Zb Amd¥{Îm 
hmoVr h¡ ? H$maU Xr{OE & 2 

 

(K) HCl AUw 2886 cm1 na AdemofU àX{e©V H$aVm  
h¡ & BgHo$ {bE ~b {Z`Vm§H$ Am¡a v = 2 Ho$ {bE 
A{YH$V_ {dñWmnZ kmV H$s{OE &  

 {X`m J`m h¡ : mH = 1 g mol1 Am¡a 
                    mCl = 35·5 g mol1. 3 
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4. (H$) _o{Wb EogrQ>oQ> H$m EZ.E_.Ama. ñnoŠQ>́_ Amao{IV 
H$s{OE Am¡a CgH$s ì`m»`m H$s{OE & 2 

(I) B.Eg.Ama. ñnoŠQ´>_ {H$g àH$ma àX{e©V {H$E OmVo h¢ ? 
C{MV {MÌ Ho$ Cn`moJ Ûmam ì`m»`m H$s{OE & 2 

(J) ñQ>moŠg aoImAm| H$s Vrd«Vm gm_mÝ`V: à{V-ñQ>moŠg 
aoImAm| H$s Vrd«Vm go A{YH$ Š`m| hmoVr h¡ ? 2 

(K) a¡{IH$ AUw Ho$ {bE KyU©Z am_Z g¥{V ({dñWmnZ) H$m 
ì`§OH$ ì`wËnÞ H$s{OE & 4 

5. (H$) O~ h¡ŠgoZ H$s ~OmE EW oZm°b {dbm`H$ {b`m OmVm h¡, 
V~   * g§H«$_U aº$ g¥{V (A{^aº$ {dñWmnZ) 
àX{e©V H$aVm h¡ & H$maU XoVo hþE ì`m»`m H$s{OE & 2 

(I) {ZåZ{b{IV pñW{V`m| Ho$ {bE \«$m§H$-H$m°ÝS>Z {gÕm§V H$s 
MMm© H$s{OE : 
(i) Re = Re 

(ii) Re >> Re 

 Ohm± Re Am¡a Re H«$_e: _yb Am¡a CÎmo{OV BboŠQ´>m°{ZH$ 
AdñWmAm| Ho$ Zm{^H$s` n¥WH$Z h¢ & 4 

(J) 2-ã`yQ>oZm°b Ho$ Ðì`_mZ ñnoŠQ>́_ _| m/z 45, 59 Am¡a 
73 na àmá {eIam| H$s CËn{Îm H$s ì`m»`m H$s{OE & 
BZ_| go H$m¡Z-gm AmYma {eIa hmoVm h¡ Am¡a Š`m| ? 4 

6. (H$) C{MV {MÌ H$s ghm`Vm go {H$gr YmVw Am`Z M
2+

 Ho$ 
3d H$jH$m| Ho$ (i) AîQ>\$bH$s` {H«$ñQ>b joÌ, Am¡a  
(ii) MVwî\$bH$s` {H«$ñQ>b joÌ H$s CnpñW{V _| {dnmQ>Z 
H$s ì`m»`m H$s{OE & 4 
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(I) ~oÝµOrZ G$Um`Z Ho$ {bE g = 2·0025 h¡ & {H$VZo 

Mw§~H$s` àoaU, Bz na CgH$s B.Eg.Ama. ñnoŠQ>́_r aoIm 

9·35 GHz Amd¥{Îm na Ho$pÝÐV hmoJr ? {X`m J`m h¡ : 

e = 9·274  1024 Am2. 2 

(J) {H$gr ñnoŠQ´>__mnr H$m I§S> AmaoI Amao{IV H$s{OE 

Am¡a CgHo$ {d{^Þ KQ>H$m| Ho$ H$m`mªo H$s g§{já ì`m»`m 

H$s{OE & 4 

7. (H$) {ZåZ{b{IV _| go {H$Ýht Xmo  nXm| H$s ì`m»`m H$s{OE : 4 

(i) amgm`{ZH$ g¥{V 

(ii) ñ\w$aXr{á 

(iii) _¡Šbm\$Q>u nwZ{d©Ý`mg 

(I) C4H8O AmpÊdH$ gyÌ dmbo H$m~©{ZH$ `m¡{JH$ Ho$ {bE 

{ZåZ{b{IV Am±H$‹S>m| Ho$ AmYma na g§aMZm {ZYm©[aV 

H$s{OE : 6 

Adaº$ : 1716 cm1, 2941 – 2857 cm1, 

1460 cm1 

EZ.E_.Ama. : 1·0 ({ÌH$, 3H), 2·47 (MVwîH$, 2H),  
(, CDCl3)  2·2 (EH$H$, 3H)  

Ðì`_mZ m/z : 43, 57, 72  

nam~¢JZr : max$na 274 nm  


