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 CHE-10  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2021 

 

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. 

 

 Constants, h = 6·626  1034 Js,   

    c = 3  108 ms1              

1. (a) In the hydrogen atom spectrum, how many 

lines will appear for the following  

transitions ? 

(i) 
2/1

2S  to 
2/1

2P  

(ii) 
2/1

2S to 
2/3

2P  

 Will the number of lines change in presence 

of magnetic field ? Explain your answer.  4 
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(b) Identify the symmetry elements present in 

the molecule of CHCl3 and hence identify its 

point group. Can it be optically active ?   4 

(c) Which of the following would absorb at 

higher wavelength and why ?  2 

 

2. (a) Show that for a diatomic rigid rotator, the 

kinetic energy Ek is given by Ek = 
2

1
I 2.    3 

(b) From the rotational spectra of 14NO and 

15NO, it was found that 
B

B


 = 1.0361 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 

(c) Draw and explain the esr spectrum of 

.CH2OH radical.  4    

3. (a) Define Zero Point Energy. 2 

(b) What do you understand by first and second 

overtones ? 2 

(c) Draw and explain the various modes of 

vibration of H2O molecule.  3 
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(d) HCl molecule shows an absorption at  

2886 cm–1. Determine the force constant and 

maximum displacement for V = 0 and 1. 

Given :  = 1.627  10–27 kg.    3 

4. (a) State Mutual Exclusion Principle.   2 

(b) The IR and Raman spectral data of Nitrous 

Oxide (N2O) is given below :  

1–cm/v  IR Raman 

589 Strong, PQR band — 

1285 V. Strong, PR band  V. Strong  

2224 V. Strong, PR band Strong  

 Deduce the structure of N2O. 3 

(c) List and briefly explain different ionisation 

methods used in mass spectrometry.   5 

5. (a) What is Magnetic Anisotropy ? Explain with 

the help of a suitable example.  3 

(b) The absorbance of a 1  10–4 M solution of a 

compound A taken in a cuvette of path 

length = 1 cm at 500 nm was found to  

be 0.26. Another sample of the same 

compound in the same cuvette exhibited an 

absorbance of 0.32. What is the molar 

extinction coefficient of A and the 

concentration of the second sample ?    3 
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(c) Discuss the effect of solvent polarity on  

 –  * and n –  * transitions in electronic 

spectra. Draw a suitable diagram. 4   

6. (a) Discuss the crystal field splitting of  

d-orbitals of a metal ion in complexes having 

tetrahedral, octahedral, tetragonal and 

square planar geometries. Draw appropriate 

diagram.     5 

(b) Draw a block diagram of a Raman 

spectrometer and describe in brief the role of 

each component.  3 

(c) Explain the method of sampling of a liquid 

in IR spectroscopy.  2 

7. (a) Draw and explain the high resolution NMR 

spectrum of ethanal.    3 

(b) A specimen of ZnO shows a strong esr line at 

the frequency 9.45 GHz. Calculate the  

g value of the line.  2 

 Given that  = 9.274  10–24 JT–1,  

                                                  Bz = 0.1569 T. 
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(c) Given the following spectral data, deduce the 

molecular structure of the compound having 

the molecular formula, C9H10O2. 

 Mass spectrum :  

 m/z = 150 (M+), 108 (base peak),  

                     91 and 43 

IR spectrum :  1740, 1220, 1600 – 1400,  

                 749 and 697 cm–1  

NMR spectrum (, CDCl3) : 

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

 Also correlate the above spectral signals 

with the structural units present in the 

compound.   5      

 



CHE-10 6 

 gr.EM.B©.-10  

{dkmZ ñZmVH$ (~r.Eg gr.)  

gÌm§V narjm 

OyZ,  2021 

 

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¡ & 

 

 {Z`Vm§H$  h = 6·626  1034 Js,  

  c = 3  108 ms1  

1. (H$) hmBS´>moOZ na_mUw ñnoŠQ´>_ _|, {ZåZ{b{IV g§H«$_Um| Ho$ 

{bE {H$VZr aoImE± àX{e©V hm|Jr ?   

(i) 
2/1

2S  go 
2/1

2P  

(ii) 
2/1

2S  go 
2/3

2P  

 Š`m Mw§~H$s` joÌ H$s CnpñW{V _| aoImAm| H$s g§»`m 
n[ad{V©V hmoJr ? AnZo CÎma H$s ì`m»`m H$s{OE &  4 
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(I) CHCl3 Ho$ AUw _| CnpñWV g_{_{V VÎdm| H$mo 
nhMm{ZE Am¡a {\$a CgH$m {~ÝXþ g_yh kmV H$s{OE & 
Š`m `h AUw Y«wdU KyU©H$ hmo gH$Vm h¡ ?  4 

(J) {ZåZ{b{IV _| go H$m¡Z-gm A{YH$ Va§JX¡Ü ©̀ na 
AdemofU H$aoJm Am¡a Š`m| ? 2 

 

2. (H$) Xem©BE {H$ {H$gr Ñ‹T> {Û-na_mUwH$ KyU©H$ Ho$ {bE, 
J{VO D$Om©, Ek {ZåZ{b{IV ì`§OH$ Ûmam Xr Om gH$Vr 

h¡ :  3 

 Ek = 
2

1
I 2 

(I) 14NO Am¡a 15NO Ho$ KyU©Z ñnoŠQ´>_m| go kmV hþAm {H$ 

B

B


 = 1.0361, Ohm± B Am¡a B   H«$_e: 14NO Am¡a 

15NO Ho$ KyU©Z pñWam§H$ h¢ & `{X 14N Am¡a O Ho$ 

na_mUw Ðì`_mZ H«$_e: 14.004 Am¡a 15.9994 hm|, Vmo 
15N H$m na_mUw Ðì`_mZ n[aH${bV H$s{OE &  3 

(J) _ybH$ .CH2OH Ho$ {bE B.Eg.Ama. (esr) ñnoŠQ>́_ 

Ambo{IV H$s{OE Am¡a CgH$s ì`m»`m H$s{OE &  4    

3. (H$) eyÝ` q~Xþ D$Om© H$s n[a^mfm Xr{OE &  2 

(I) Amn àW_ Am¡a {ÛVr` A{YñdaH$m| go Š`m g_PVo  
h¢ ? 2 

(J) H2O AUw H$s {d{^Þ H§$nZ {dYmAm| H$mo Ambo{IV 

H$s{OE Am¡a CZH$s ì`m»`m H$s{OE &  3 
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(K) HCl AUw 2886 cm–1 na AdemofU àX{e©V H$aVm  

h¡ & ~b {Z`Vm§H$ Am¡a V = 0 go 1 Ho$ {bE A{YH$V_ 

{dñWmnZ kmV H$s{OE &  

 {X`m J`m h¡ :   = 1.627  10–27 kg. 3   

4. (H$) nañna AndO©Z {gÕm§V {b{IE & 2 

(I) ZmBQ´>g Am°ŠgmBS> (N2O) Ho$ {bE Adaº$ Am¡a am_Z 

ñnoŠQ>́_r Am±H$‹S>o ZrMo {XE JE h¢ :   

1–cm/v  Adaº$ am_Z 

589 à~b, PQR ~¢S> — 

1285 A{V à~b, PR ~¢S> A{V à~b 

2224 A{V à~b, PR ~¢S> à~b 

 N2O H$s g§aMZm kmV H$s{OE &  3 

(J) Ðì`_mZ ñnoŠQ´>_{_{V _| à`wº$ {d{^Þ Am`ZZ {d{Y`m| 

H$s gyMr ~ZmBE Am¡a CZH$s g§{já ì`m»`m H$s{OE & 5 

5. (H$) Mw§~H$s` {df_X¡{eH$Vm Š`m hmoVr h¡ ? C{MV CXmhaU 

H$s ghm`Vm go ì`m»`m H$s{OE &  3 

(I) EH$ `m¡{JH$ A Ho$ 1  10–4 M {db`Z H$m 500 nm 

na AdemofUm§H$ 0.26 h¡ O~ Cgo 1 cm nW b§~mB© 

dmbo Š`ydoQ> _| boH$a _mnm J`m & Cgr Š`ydoQ> _| Cg 

`m¡{JH$ Ho$ Xÿgao à{VXe© H$m AdemofUm§H$ 0.32 nm`m 

J`m & A H$m _moba {dbmon JwUm§H$ Am¡a Xÿgao à{VXe© 

H$s gm§ÐVm Š`m hmoJr ?  3 
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(J) BboŠQ>́m°{ZH$ ñnoŠQ´>_m| _|  –  * Am¡a n –  * g§H«$_Um| 

na {dbm`H$ H$s Y«wdr`Vm Ho$ à^md H$s MMm© H$s{OE & 

C{MV {MÌ ^r ~ZmBE &  4    

6. (H$) {H$gr YmVw Am`Z Ho$ d-H$jH$m| Ho$ MVwî\$bH$s` 

Aï>\$bH$s`, MVwîH$moUr` Am¡a dJ© g_Vbr Á`m{_{V 

dmbo g§Hw$bm| _|, {H«$ñQ>b joÌ {dnmQ>Z H$s MMm©  

H$s{OE & C{MV {MÌ ^r ~ZmBE &    5 

(I) am_Z ñnoŠQ´>__mnr H$m I§S> AmaoI ~ZmBE Am¡a BgHo$ 

àË`oH$ KQ>H$ Ho$ H$m`© (^y{_H$m) H$m g§{já dU©Z 

H$s{OE & 3 

(J) Adaº$ ñnoŠQ>́{_H$s _| {H$gr Ðd Ho$ à{VM`Z H$s {d{Y 

H$s ì`m»`m H$s{OE &  2 

7. (H$) EWoZ¡b Ho$ Cƒ {d^oXZ EZ.E_.Ama. ñnoŠQ´>_ H$mo 

Amao{IV H$s{OE Am¡a CgH$s ì`m»`m H$s{OE & 3 

(I) ZnO H$m EH$ à{VXe© 9.45 GHz Amd¥{Îm na Vrd« 

B.Eg.Ama. (esr) aoIm àX{e©V H$aVm h¡ & Bg aoIm H$m 

g _mZ n[aH${bV H$s{OE &  2 

 {X`m J`m h¡ {H$  = 9.274  10–24 JT–1,  

   Bz = 0.1569 T 
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(J) AUw gyÌ C9H10O2 dmbo `m¡{JH$ {OgHo$ ñnoŠQ´>_r 

Am±H$‹S>o {ZåZ{b{IV h¢, H$s AmpÊdH$ g§aMZm kmV 

H$s{OE &   

 Ðì`_mZ ñnoŠQ´>_ :   

 m/z = 150 (M+), 108 (AmYma {eIa), 

                    91 Am¡a 43 

 Adaº$ ñnoŠQ>́_ : 1740, 1220, 1600 – 1400,  

                           749 Am¡a 697 cm–1 

 EZ.E_.Ama. ñnoŠQ´>_ (, CDCl3) : 

  1.96 (s, 3H), 5.0 (s, 2H) Am¡a 7.22 (s, 5H) 

 D$na {XE ñnoŠQ´>_r g§Ho$Vm| H$mo `m¡{JH$ _| CnpñWV 

g§aMZmË_H$ BH$mB`m| Ho$ gmW ghg§~§{YV ^r H$s{OE & 5 

 


