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 CHE-10  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 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. 

 

  e = 1·602  1019 C 

  m = 9·109  1031 kg 

  o = 8·854  1012 C2 N1 m2 

  h = 6·626  1034 Js 

  c = 2·998  108 ms1 

1. (a) Derive the term symbol for a ‘p’ electron in 

hydrogen atom and hence show that the 

transition of an electron from an s to a p 

level exhibits two lines.  4 

(b) Name and draw the symmetry elements 

present in NH3.  3 
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(c) What is the necessary condition for a 

molecule to show rotational spectrum ? In 

which region of electromagnetic spectrum 

does rotational spectrum appear ? Which of 

the following molecules exhibit rotational 

spectrum ?  3 

 CH4, CH3Cl, H2O, N2 

2. (a) Calculate the value of Rydberg constant for 

hydrogen atom.  3 

(b) If the rotational constant for 1H 35Cl is  

10·59 cm–1, what is the value of rotational 

constant of 2D 35Cl ?  3 

 Masses :  35Cl = 58·1  10–27 kg  

  2D = 3·344  10–27 kg 

  1H = 1·673  10–27 kg 

(c) What are the processes of intersystem 

crossing and phosphorescence ? Discuss 

giving suitable diagram.  3 

(d) Give the selection rule for a harmonic 

oscillator.  1 

3. (a) Explain the origin of P, Q and R branches in 

the IR spectrum of a vibrating rotor using a 

suitable diagram.  4 

(b) What is a normal mode of vibration ? 

Calculate the number of stretching and 

bending modes of PF3 and CH4.  3 

(c) Discuss how (i) isotopic substitution, and  

(ii) resonance, cause a change in frequency of 

an IR band.  3 
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4. (a) What are Stokes and anti-Stokes lines ? 

Predict the position of Raman vibration lines 

for C – H stretching of an alkane at  

2900 cm–1 if Hg radiation of 22946 cm–1 is 

used.  4 

(b) How can you differentiate between the 

following structures with molecular formula 

AB2 ?  

  

                             B – A – B 

 

 Which rule is applicable here ? State the 

rule.  2 

(c) Explain the following :  4 

(i) -cleavage with an example 

(ii) Chemical ionisation 

5. (a) Discuss the ESR spectrum of methyl radical 

giving the energy levels and transitions 

involved. Also draw a suitable diagram.  4 

(b) Explain the following giving reasons : 4 

(i) An aqueous solution of an acetone 

absorbs at 264·5 nm while the solution 

of acetone in hexane absorbs at 279 nm.  

(ii) 1,3-Butadiene absorbs at a longer 

wavelength than ethene.  

(c) K2CrO4 is intensely coloured though there is 

no possibility of d-d transition. Explain 

giving reasons.  2 

     A 
 

B           B 
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6. (a) Draw the NMR spectrum of ethanol and 

explain the observed splitting in the signals.  4 

(b) The chemical shift of protons in a test 

sample occurs at 2 ppm. Calculate the 

difference in Hz between TMS and Test 

Proton Resonances when measured in a  

200 MHz spectrometer.  2 

(c) Which of the following would show an ESR 

spectrum and why ?   2 

 •CH3, N2, CO2, •C6

6H  

(d) Explain McLafferty rearrangement taking 

pentanoic acid as an example.  2 

7. (a) Discuss the sampling techniques used in IR 

spectroscopy.  4 

(b) A compound with a molecular weight of 108 

has the molecular formula C7H8O. It is not 

an acidic compound. It exhibited the 

following spectral data :   

UV$ : max$ at 254 nm, 202 nm. 

IR : 3420,  3064,  1500,  1455 cm–1 

   (broad) 

NMR  : (, CDCl3) : 3·8 (s, 1H), 

   4·55 (s, 2H) and  

   7·25 (s, 5H)  

Mass m/z : 108 (M+), 107, 79, 77 

 Determine the structure of the compound 

using the above data.  6 
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 gr.EM.B©.-10  

{dkmZ ñZmVH$ (~r.Eg gr.)  

gÌm§V narjm 

{Xgå~a,  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| Ho$ Cn`moJ 
H$s AZw_{V h¡ & 

 

  e = 1·602  1019 C 

  m = 9·109  1031 kg 

  o = 8·854  1012 C2 N1 m2 

  h = 6·626  1034 Js 

  c = 2·998  108 ms1 

1. (H$) hmBS´>moOZ na_mUw Ho$ ‘p’ BboŠQ´>m°Z Ho$ {bE nX-àVrH$ 
ì`wËnÞ H$s{OE Am¡a {\$a Xem©BE {H$ BboŠQ´>m°Z Ho$ s go 
p ñVa na g§H«$_U Ûmam Xmo aoImE± àX{e©V hmoVr h¢ &  4 

(I) NH3 _| CnpñWV g_{_{V VÎdm| Ho$ Zm_ ~VmBE Am¡a 
CÝh| Amao{IV H$s{OE &  3 



CHE-10 6 

(J) {H$gr AUw Ho$ {bE KyU©Z ñnoŠQ´>_ Xem©Zo Ho$ {bE Š`m 
Amdí`H$ eV© h¡ ? KyU©Z ñnoŠQ´>_ {dÚwV²-Mw§~H$s` 
ñnoŠQ>́_ Ho$ {H$g joÌ _| àX{e©V hmoVm h¡ ? {ZåZ{b{IV 
_| go H$m¡Z-go AUw KyU©Z ñnoŠQ´>_ àX{e©V H$a|Jo ?  3 

 CH4, CH3Cl, H2O, N2 

2. (H$) hmBS´>moOZ na_mUw Ho$ {bE [aS>~J© {Z`Vm§H$ H$m _mZ 
n[aH${bV H$s{OE &  3 

(I) `{X 1H 35Cl Ho$ {bE KyU©Z pñWam§H$ 10·59 cm–1 hmo, 
Vmo 2D 35Cl Ho$ {bE KyU©Z pñWam§H$ H$m _mZ Š`m  
hmoJm ?  3 

 Ðì`_mZ : 35Cl = 58·1  10–27 kg  

  2D = 3·344  10–27 kg 

  1H = 1·673  10–27 kg 

(J) A§Vam-{ZH$m` b§KZ Am¡a ñ\w$aXr{ßV à{H«$`mE± Š`m hmoVr 
h¢ ? C{MV {MÌ XoVo hþE MMm© H$s{OE & 3 

(K) AmdVu XmobH$ Ho$ {bE daU {Z`_ Xr{OE &  1 

3. (H$) C{MV {MÌ Ho$ Cn`moJ Ûmam {H$gr H$ån_mZ KyU©H$ Ho$ 
Adaº$ ñnoŠQ>́_ _| P, Q Am¡a R emImAm| H$s CËn{Îm 
H$s ì`m»`m H$s{OE &  4 

(I) H$ånZ H$s gm_mÝ` {dYm Š`m hmoVr h¡ ? PF3 Am¡a 
CH4 Ho$ {bE VZZ Am¡a ~§H$Z {dYmAm| H$s g§»`m 
n[aH${bV H$s{OE &  3 

(J) MMm© H$s{OE {H$ (i) g_ñWm{ZH$ à{VñWmnZ, Am¡a  
(ii) AZwZmX {H$gr Adaº$ ~¢S> H$s Amd¥{Îm H$mo {H$g 
àH$ma n[ad{V©V H$aVo h¢ &  3 
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4. (H$) ñQ>moŠg Am¡a à{V-ñQ>moŠg aoImE± Š`m hmoVr h¢ ? `{X 
22946 cm–1 dmbo Hg {d{H$aU H$m Cn`moJ {H$`m 
OmE Vmo 2900 cm–1 na EoëHo$Z Ho$ C – H VZZ Ho$ 
{bE am_Z H$ånZ aoImAm| H$s pñW{V H$s àmJw{º$ 
H$s{OE &  4 

(I) AB2 AUw gyÌ dmbr {ZåZ{b{IV g§aMZmAm| _| Amn 
{H$g àH$ma A§Va H$a|Jo ?  

  

                             B – A – B 

 

 `hm± H$m¡Z-gm {Z`_ à`wº$ hmoJm ? Cg {Z`_ H$mo 
{b{IE &   2 

(J) {ZåZ{b{IV H$s ì`m»`m H$s{OE : 4 

(i) -{dXbZ – EH$ CXmhaU g{hV  
(ii) amgm`{ZH$ Am`ZZ 

5. (H$) D$Om© ñVam| Am¡a gpå_{bV g§H«$_Um| H$mo XoVo hþE _o{Wb 
_ybH$ Ho$ B©.Eg.Ama. ñnoŠQ´>_ H$s MMm© H$s{OE & 
C{MV {MÌ ^r Amao{IV H$s{OE &  4 

(I) {ZåZ{b{IV H$s H$maU XoVo hþE ì`m»`m H$s{OE : 4 

(i) EogrQ>moZ H$m Obr` {db`Z 264.5 nm na 
AdemofU H$aVm h¡ O~{H$ EogrQ>moZ H$m h¡ŠgoZ _| 
{db`Z 279 nm na AdemofU H$aVm h¡ &  

(ii) 1,3-ã`yQ>mS>mBB©Z EWrZ go CƒVa Va§JX¡Ü`© na 
AdemofU H$aVr h¡ & 

(J) K2CrO4 H$m a§J Jham hmoVm h¡ `Ú{n Cg_| d-d 

g§H«$_U H$s g§^mdZm Zht h¡ & H$maU XoVo hþE ì`m»`m 
H$s{OE &  2 

     A 
 

B           B 
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6. (H$) EWoZm°b H$m EZ.E_.Ama. ñnoŠQ>́_ Amao{IV H$s{OE 
Am¡a g§Ho$Vm| _| àX{e©V {dnmQ>Z H$s ì`m»`m H$s{OE &  4 

(I) {H$gr narjU à{VXe© _| àmoQ>m°Zm| H$s amgm`{ZH$ g¥{V 
2 ppm na àmßV hmoVr h¡ & 200 MHz ñnoŠQ´>__mnr _| 
_mnZo na Q>r.E_.Eg. Am¡a narjU àmoQ>m°Zm| Ho$ AZwZmXm| 
Ho$ ~rM A§Va Hz _| n[aH${bV H$s{OE &  2 

(J) {ZåZ{b{IV _| go H$m¡Z-go B©.Eg.Ama. ñnoŠQ´>_ àX{e©V 
H$a|Jo Am¡a Š`m| ?  2 

 •CH3, N2, CO2, •C6

6H  

(K) noÝQ>oZmoBH$ Aåb H$m CXmhaU boH$a _¡H²$bmµ\$Q>u 
nwZ{d©Ý`mg H$s ì`m»`m H$s{OE &  2 

7. (H$) Adaº$ ñnoŠQ´>{_H$s _| à`wº$ à{VXe© hñVZ VH$ZrH$m| 
H$s MMm© H$s{OE &  4 

(I) EH$ `m¡{JH$ {OgH$m AUw ^ma 108 h¡, H$m AmpÊdH$ 
gyÌ C7H8O h¡ & `h Aåbr` `m¡{JH$ Zht h¡ & `h 
{ZåZ{b{IV ñnoŠQ´>_r Am±H$‹S>o àX{e©V H$aVm h¡ :  

nam~¢JZr : max$254 nm, 202 nm 

Adaº$  : 3420  ({dñV¥V),  3064,  1500,  

1455 cm–1 

EZ.E_.Ama. : (, CDCl3) : 3·8 (EH$H$, 1H), 

     4·55 (EH$H$, 2H) Am¡a  
     7·25 (EH$H$, 5H)  

Ðì`_mZ m/z : 108 (M+), 107, 79, 77  

 D$na {XE JE Am±H$‹S>m| H$m Cn`moJ H$aVo hþE `m¡{JH$ H$s 
g§aMZm {ZYm©[aV H$s{OE &  6 


