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BACHELOR OF SCIENCE (B.Sc.) 
Term-End Examination 

June, 2016 

CHEMISTRY 

CHE-10 : SPECTROSCOPY 

Time : 2 hours 	 Maximum Marks : 50 

Note : 

(i) Attempt any five questions. All questions carry equal 
marks. 

(ii) Use of log tables and non programmable scientific 
calculators is allowed. 

Take : h = 6.626 x 10-  34  Js 

1. (a) Write the term symbols for 3p 1  configuration 

of sodium. Hence, explain what are D lines 

in the spectrum of sodium. 3 

(b) Using VSEPR theory, predict the shape of 

XeF4. 	 3 

(c) Identify various symmetry elements present 

in BF3  and assign the point group to which it 

belongs. 	 4 
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2. (a) Which of the following molecules will exhibit 

rotational spectrum and why ? 

CO2, HF, N20, H2O, CS2 , SO2 	3 

(b) The transition from J = 0 to J' = 1 for HC1 

takes place at v = 2218 cm-1. What is the 

bond length of 1H 35C1 ? (Use atomic masses 

as H = 1 la; Cl = 35 u) 
	

3 

(c) What is the selection rule for a rotational 
transition in a rigid diatomic molecule ? 
Though all such transitions are equally 
probable, the intensity of the lines are not 
equal. Explain. 	 4 

3. (a) Draw 	and 	explain 	a 	typical 
vibrational-rotational spectrum of a diatomic 
molecule with proper labelling of P, Q and R 
branches. 3 

(b) Draw a block diagram for a microwave 
spectrometer. 	 3 

(c) Illustrate with suitable diagrams, the 
normal modes of vibrations of a linear 
triatomic molecule AB2. Which of these 

modes will be IR active ? 	 4 

4. (a) What is Raman spectrum ? What is the 
essential criterion for a molecule to be 
Raman active ? 2 
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(b) A triatomic molecule, AB 2, showed the 
following spectral data : 

cm -4 	IR 	Raman 
1595 	v. strong, 	observed, 

parallel 	polarized 

3651.7 	strong, 	strong, 
perpendicular polarized 

3755.8 	v. strong, 	observed, 
parallel 	depolarized 

Deduce its structure stating the principle 
used. 	 4 

(c) The dissociation energy for chlorine molecule 
in the ground state is 239 kJ mor 1 . If the 
excitation energy for chlorine is 881 cm 1 , 
compute the continuum vibrational wave 
number for chlorine molecule. 	 4 

5. (a) Illustrate and explain the ESR spectrum of 

hydrogen atom. 	 3 

(b) Draw and explain the NMR spectrum of 

ethyl bromide. 	 3 

(c) The eg  orbitals are higher in energy than the 

t2g orbitals in octahedral arrangement but 

the order is reversed in tetrahedral 

arrangement. Explain. 	 4 
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6. (a) State the basic principle of mass 
spectrometry. 	 3 

(b) The IR, NMR and mass spectra of a 
compound with molecular formula C 31-1 1002  

showed the following results : 

Mass spectrum : m /z 150 (M+), 91, 43 
IR : 1740, 1220, 1600 - 1400, 749 and 

697 cm-1  
NMR (8, CDC13) : 1.96 (s, 3H), 5.0 (s, 2H), 

7.22 (s, 511) 
On the basis of the above data, deduce the 
possible structure of the molecule. 	 7 

7. (a) Write short notes on any two of the 
following : 	 2x3=6 

(i) Spin-spin coupling 

(ii) Effect of solvent on n --> 71* and 7r 

transitions 

(iii) McLafferty rearrangement 

(b) Explain the difference between fluorescence 
and phosphorescence. 	 4 
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2. () 

3 

f4PARtiff 	14 4) -1J4 	*To sr-4ffiff 

CO2, HF, N20, H2O, CS2, SO2  

HC1 	i 	J = 0 	J' = 1 	aicii 	tistoiul 

1H 35C1 37 = 22.18 cm-1  trT -51-4ftiff 	I 

31TitT 7Rfl 	)11i ? (H = 1u; Cl = 35 u 

(q) 

3 1 	N414I WA) 

t-l-RHiujct) aTtg A 	kistolui 

WIT WaT 	? TOR 	ilft kistovi W-11.10: 

Th-T4 	t 1 	Oft 	ft 1m 	*I-  tam kiiim 
4 

-Te 	 trNR I 

3. -ft-litiiiu,14) 	3 	R.R 	Nitcact) 

cto-LAch-vi-i 4crv1 	fA AR-qR 	t zTr-Q- 

cent:V.11 WA I Pc11ft P, Q 3 	R 	iRsII311W 

3 ztrzjw .114414)-1 Oft turr-47I 

(I) -4747 VIT-Wkri 	w Tog aTil-ur 	I 3 

(TO *m em 14-  iWtIRsob 

39, AB2, 	m441 	f410741ta.  
*=tf*R I 4-14 *f 44-141 fqtriq 31c 	ki6ei 

4 ? 

4. () TfgR 144&ril 	? f 	39 	RiR VI:14 

3lfiAT4 	w 	? 2 
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NO 7W ft-tivilujet) 

3ftt "5gRiff 

cm 1  

39, AB21  PHIMR01 *4T:ft 

?PR 

cntoi 	: 

3.7-4-fw 

1595 Ad (17), 

gRff 
3651.7 Nem, wrio,gRa .  

3755.8 3T 11 melo, 7-4fra-

f4gRff tow-at 

3Tal tic *If4 34K 31714 

 	ftiff 	d4ti) 4 1 	 t, 	41 

-PAR 

wIlketq 39 *=t TO.  3r1T 4f4-41--4q 4,11 

239 kJ morl t I wit -4*(1-4 t sA,11.1 d),311 
881 cm-1  tf, *19)-(tq 39 Al klicirem 4)444) 

Tiwzrr 	teAR I 

5. () .141)7q 71:1T5 	-4.7r.3TR. Act 	i1 

fel-ff *rf* 3.T1T dtieGI otiltsql *tr4 

4440 txm 	.11.3TR. A/0 31 
61.11 	 0411(9ell *iflA7 

(Tr) aTuzch-u- 	1.-4.11t1 4 t2g 	 3144 Tr 

eg 	 4),71i 3 	.1c11 

-avt)o 	•-ellti 	7f W:F -37e- T 	'WM t I 

ceritcAii *VA I 
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6. (") roe.14-1H 	 ft;red 	few I 	3 

7• 4-11M Nk:MT alDI 7,7 C9111002  ', 

	

7.74.31-R. afIK 	t>0-1 1-11.-1 

P4471:t 

 

3ft-4 7-40-d cr)01 : 

74-47 : m/z 150 (Mt), 91, 43 

3l4KT : 1740, 1220, 1600 - 1400, 749 att 

697 cm-1  

rg'.1.31-R. (8, CDC13) : 1.96 (s, 3H), 5.0 (s, 2H), 

7.22 (s, 5H) 

7EFIT 31-1-*--41 	alTEITK TR, If 3R 	TrnT4 

tit~I-II 	ii Atf* I 	 7 

7. (*) PH 	riRgi 14 tR1ATcii 	 

frAIR : 	 2x3=6 

(i) 	51'a5bui-5rwut 

n --+ 	, 	ie'$1*gruff tR I 	1Nq)  ii 
3rITT4 

(iii) 	714- rrg 

3rratf4 afR TEFef4 i41•q• 	Ar itsen 
WA7 I 	 4 
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