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CHEMISTRY 

CHE-10 : SPECTROSCOPY 

Maximum Marks : 50 

Note : Attempt any five questions. All questions carry equal 

marks. Use of log tables and non-programmable scientific 

calculators can be allowed. 

N A  ---= 6.022 x 1023  

h = 6.626 x 10 -34  Js 

C = 2.998 x 108  ms —1  

PN= 5.050 x 10 —27JT —1  

g N  = 5.585 

(a) Derive the term symbol for the excited state 
	6 

configuration Islip' for an atom. What are 

the states associated with this term ? If the 

triplet ground state of this atom is 3S1, check 

whether the transitions from this ground 

level to the above states are allowed or not. 

(b) Give the two factors on which the 
	4 

population of the rotational energy of the 

state depends. Provide the necessary 

expression and explain the terms involved. 

1. 
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2. 	(a) State Franck Condon principle. Draw the 	4 
labelled potential energy diagram for 
(i) CN —  radical and (ii) CO molecule. 

(b) Which of the following molecules will 	2 
exhibit infrared spectrum ? 
C12, F2, NH3, CO. 
Briefly explain. 

(c) Presentations of the NMR and the ESR 	2 
spectra are different. Explain. 

(d) Which of the following will show ESR 2 
spectrum ? 

H, CO2 — , CH3  , O2 , C5 H5, Na+ 

	

3. 	(a) Write short notes on the following : 	6 
(i) Predissociation 
(ii) Fluorescence 
(iii) Phosphorescence 

(b) What are the two types of mass 	4 
spectrometers available ? Give a suitable 
example to show their utility. 

4. 	(a) The pure rotational spectrum of gaseous 	4 
HC1 consists of a series of equally spaced 
lines separated by 20.80 cm — I. Calculate 
the internuclear distance of the molecule. 
The atomic masses are : 
1H =1.673 x 10 — 27kg 
350= 58.06 x 10 — 27kg 
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(b) Give one detector for any three of the 	3 

following spectral techniques : 

(i) IR 

(ii) UV 

(iii) Raman 

(iv) Microwave 

(c) Explain the following : 	 3 

(i) Hot band 

(ii) Fundamental transition 

(iii) Overtones 

	

5. 	(a) Find the force constant for a molecule HX 	4 

for which the reduced mass is : 

1.627 X 10 -27  kg. 
The Molecule shows an absorption band at 

2886 cm-I. 

(b) Sketch the high resolution NMR spectrum 	4 
of methyl ethyl ether with respect to TMS. 
Is the separation between the peaks 
dependant on the applied field ? Explain. 

(c) Give reasons in favour of the use of TMS as 	2 

a reference compound in NMR studies. 

	

6. 	(a) Sketch all possible modes of vibration in CO2 	4 

(linear molecule 0 = C = 0). Briefly explain 
which of these are active/inactive in 
vibrational and Raman vibrational 
spectrum. Is the rule of mutual exclusion 

applicable in this case ? 
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(b) Explain the following terms : 	 3 
(i) Base peak 

(ii) Nitrogen rule 

(iii) a - cleavage 
(c) 	(i) 	The molecules belonging to which of 11/2 

the point groups may have dipole 
moment. 

(ii) The molecules having which of the 11/2 
symmetry elements are not optically 
active ? 

7. 	(a) What are the transitions present in carbonyl 	3 
chromophore ? 

(b) A compound having molecular formula 	7 
C9H1002  exhibited the following spectral 
data : 

Mass spectrum : — = 150(M+), 43, 91 

IR spectrum : 1740, 1220, 1600 -1400, 749 
and 697 cm -1  

NMR spectrum : (6, COC13) : 1.96 (s, 3H), 
5.0 (s, 2H), 7.22(s, 5E1) 

Deduce the structure of the compound 

using the above spectral data. 
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fq-jra.  

	 iTfta-T1 

171, 2013 

“11q-1 f-d7r9.  

: 	fHCn1  

TR77 : 2 17T4 	 3-TraTTT4 3 : 50 

	: f 	gird TiTqY ,T-K Orsti ?q- 47T/7-qY 	qq/-t 	c-//,/ 

,(4HP/e/)*R-2ir li-/-m?://g7e/ 	 97#77. 	3r-frr i 

N A = 6.022 x 1023  

// = 6.626 x 10 -34  Js 

C=2.998 x 108  ms —1  

ION  = 5.050 x 10 —27JT —1  

g N = 5.585 

1. 	(a) 	H. 	 34--q-Tzu 4,1 
	6 

is' ipi t 	rc-R 	chl 

-crq *7 "19--.-11 JT T 	? 7:Tfq 

1-9 t Fri 	 3s1  

rsh 	314-r 	-cr-{ 	31-q-P-4131 -44 

49nHul 31-1TMerr -161 

(b) 	 7114 	 31-17.2.1T 
	4 

eril 	a),i1 4,1 	fit'T 	t 131ra- 

.-14-i1shoit-t[73t1-{74-431-rcw41:14,10Liit.Ai 

I 

CHE-10 	 5 	 P.T.O. 



	

2. 	(a)   #1-Ztaffft17 I 	 4 

(i) CN 	3fR (ii) CO 39 

GI-11 

(b) F-1 4-1 Frir0 	d -4 A 	373-1--qWEAT:14 -51- 7i-d 	2 

1 ? 

C12, F2, NH3, CO 

4R-fFf 	 

(c) -,11. 4-1.3-Tr-t. 	 ch I 	115r 51 cl.)R 	2 

d fwqr 	061RY-11WiA7 I 

(d) (1 	cl 	 T4-471 51qfqiff 	2 

? 

H, CO2 , CH3 • , 02 , C5  H5, Na+  

	

3. 	(a) 	hi 	ci 1=17 TAM fit ffft17 : 	 6 

(i) 	1-4 Fa 	(ii) 	MFdq 	 

(iii) Tr-Ftfti 

(b) 	31;1-0-aT c=q4-I1-1 •&. 	 9-*-17 	4 

g1[3I1  I 

	

4. 	(a) "417#7 HCl 	 -4 20.80 cm-1 	4 

cl-;) ic11.-1 4-11-1 V ITT turA ch`l err 	MR-I i1 	d1 * I 

319 cb1 	 LiRchrocr 	ITRTrroj 

1H = 1.673 x10 -27kg 
35C1 = 58.06 x 10 - 27kg 
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(b) c-1 4-1 Fel rt5c1 4qa:Iff 	kl.)14  I chl 	ri 	t 	3 

rel 	ch 	ch 	P=1 	 : 

(i) 31-q-rwr*-4,TTE (ii) 4t14+1-11 

(iii) 	k14-1-1 	 (iv) T-44- d 

(c) -14-Irc1rOd rn1 ogfts llc f\IR 	 3 

(i) 	dt-1 	 (ii) 	Hui 

(iii) 31f917-* 

5. 	(a) 	HX 3 	t 	(Dici I1z1dIch 	 4 

-0- 1 (-1 4-11-1c1 oe-11-11-11.627 x10 -27  kg tl 	 

3T 2886 cm —1  1R aTedtiqui 	Fd *cd1 

*1 

(b) Afar @ 	chl 	 4of 	4 

f-44 q-rm 	.714.3TR. alitftrd -w1-f-A7I ITT 

-ftru4 	cril   	ia?r 	117 fT47.  

t? 	WrfA7 I 

(c) 79..714.317. T4-qTlff 3-TWTN 14 	 4q1-f 	2 

tcN4 14 -Erztrr 	fri *tor .1c1 l 	I 

6. (a) -tf* 39 CO2  ( 0= C = 0) t 	*79 ch 	4 

Tfift 1411-4 -NO 31-kfW 	I old15jcb 

	

4 fa 3T-drIT1 3117 	A.q,74 

-44 Trrwzr/31'wq 61o1 t? c4-,41 qer 4tt4t 311-q77 

t zfr 	 
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(b) 	 3 

(i) 31147 -NMF 

(ii) f-97:114 

(iii) a-faT@ 

(c) (i) 	f4-s 4-117 	fq-d 37 fp-p- 11/2 

(ii) 	 11/2 

? 

7. 	(a) 	ch 	I .iiko .-q-urifFT 4 	491-olui 	3 

(b) 	Tfl -FITT 	 5T C9H1002 	7 
rd 4-1 ro 	cr 	Tft 314* f cI'T-cdT 

ifi 
rc=q1111 	— = 150(M+  ), 43, 91 

:1740, 1220, 1600-1400, 749 

afr-{ 697 cm -1  

NMR spectrum : (6, COCK) : 1.96 (s, 3H), 
5.0 (s, 2H), 7.22(s, 5H) 

41 	 T'41=ft 	747 .g-Fr 

~tHI ff 
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