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CD 	BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 
CD 	 December, 2012 O 

CHEMISTRY 

CHE-10 : SPECTROSCOPY 

Time : 2 hours 	 Maximum Marks : 50 

Note : Attempt any five questions. All questions carry equal 
marks. Use of log tables and non-programmable 

calculators may be allowed. 

NA  = 6.022 x 1023  

h= 6.626 x10-34  I's 

c = 2.998 x 108  m/s-1  

1. 	(a) (i) 	What are the selection rules for atomic 	2 
spectral transitions of multi-electron 
systems ? 

	

(ii) Derive the term symbols for the 	3 

excited state of sodium. 

(b) (i) 	Distinguish between crh, Qv  and ud 	3 

using suitable examples. 

	

(ii) Find the symmetry elements and the 	2 
point group of BC13  molecule. 
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2. 	(a) Briefly explain intersystem crossing and 	5 
phosphorescence. 

(b) Calculate zero point energy of HC1 in joules. 	5 
(Given that -v  = 2990 cm-1) 

	

3. 	(a) Which of the following molecules give a 	2 
rotational spectrum ? 

(i) CO2 	 (ii) N20 

(iii) SO2 	 (iv) Acetylene 

(b) For which of the following molecules IR 	2 
active modes are Raman inactive ? 

(i) H2O 	(ii) CO2  

(iii) XeF4 	(iv) SiF4  

(c) (i) 	In the IR spectrum of CO2  molecule, 	4 
one of the bands is not observed. 

Explain why ? Assign the mode of 

vibration associated with the bands 

appearing at 2349 and 667 cm-1. 

(ii) The zero point energy of a vibrator is 	2 
0.1856 eV. Find T)  of the vibrator. 
(1eV =1.6 x 10-19  J) 

4. 	(a) Explain the following : 	 3 
(i) Isotope effect in IR spectra 

(ii) Population of rotational energy levels 

(iii) Franck - Condon principle 
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(b) Draw the block diagram of an NMR 	3 
spectrometer. 

(c) Explain why n - Tr* transition is weak while 	4 
ir—rr* transition is stronger in carbonyl 

( = 0 ) compounds ? 

	

5. 	(a) Explain why Hg(II) iodide is brick-red in 	2 
colour ? 

(b) Write a short note on phosphorescence. 	3 

(c) Give a scheme to illustrate the formation of 	5 
resonance stabilised cations for molecular 
ions of alkenes and alkylbenzenes in their 
mass spectra. 

	

6. 	(a) Find the ESR frequency of a radical 	3 
with ge  = 2, 13e  = 9.274 X 10 -24  JT -1  and 
Bz= 1 Tesla. 

(b) The H atoms in alkenes appear downfield 
	4 

while these appear upfield in alkynes. Give 
an adequate explanation. 

(c) What is the ratio of intensity of ESR lines by 	3 
hyperfine splitting in 

(i) 	C H3  and 
	

(ii) C D3  ? 

(I for D is 1.) 
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7. 	(a) Arrive at the structure of a compound which 	7 
exhibits the following spectral data : 

(i) There is an rn/z 108 peak in the mass 
spectrum. 

(ii) The compound is not acidic. 

(iii) The UV spectrum shows Xma. at 202 
and 254 nm. 

(iv) IR bands at 3420, 3064, 1500, 
1455 cm -1. 

(v) NMR in CDC13  shows signals at 8 7.25 
(s, 5H), 3.85 (s,1H) and 4.55 (s, 2H). 

	

(b) Match the following items of coloumns 	3 
A and B : 

Coloumn A 	Coloumn B 

(i) Raman spectrum 	CO2  

(ii) Microwave spectrum Polarisability 

(iii) Mutual exclusion rule Dipole moment 
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Tft.70.-10 

	

ftgrff.  ti 1 ct 	cb (it. TR' 	) 

	

-1A 	1.1 TINTI 

f-41:11:41; 2012 

ttilqi aqui 

1:11.70.-10 : 	cl-cs  

Trgrq : 2 ivy 	 3TATWTIT 3.7T :50 

*a-  : f z7rwst.?-i'*- dt1t 	?:14.3/FV*3tWFMTV el NI41 

‘VIAq).  3T 37Trirffitai 4c1g,c.?dj ri*TT 

Tiwff7 

 

ti  

N A = 6.022 x 1023  

h= 6.626 x 10-34  Js 

C = 2.998 x 108  m/s 

1. 	(a) 	(i) 	 TRTETII134-41:11 4911H 	2 

a(ui 	.qzrr t? 

d4,Tict 31--4T-m 	 3  
c~F gild7I 

(b) 	(i) 	3rcId 	 crh, cry  at 0-a il 34-d-{ 	3 

--dt$7 

BC13  *  	Iccf 	f4s illy 	2 

Wr-A-R 

 

~iicr I 

CHE-10 	 5 	 P.T.O. 



2. (a) 3-1-thT-fT*-PLT 3t171:Ftfcff Tifk-T71 	 5 

w1-i---A7 

(b) HO*  	\vi -grrir4g, 4rk.brod 	5 

4•F- 7I rgqi 't .13  =2990 cm-1  I 

3. 	(a) 	 4 	41-14 39 Tiski:r-ci ,r ,)-q 4 	2 

Ti7 Tc1-4,1:1 31-q-Mff 	 t? 

(i) CO2 	(ii) N20 

(iii) SO2 	(iv) Vi 	dcl 

(b) 	i 	rid 4 14 Rill 39311 	QA 	2 

3-TqWf Tif-Wzt fq0 	Tir-Wzr 	 

(i) H2O 	(ii) CO2  
(iii) XeF4 	 (iv) SiF4  

(c) (i) CO2 * al-dr*i T4-170 4 -crw 	-5gitff 	4 

• or t i 7rwr cbRui drTRIT4-oTgr, 

3-<ftU 2349 3 667 cm-1  7-{ 31*-9-17 

441d c F1c4 fdttrat 	-4d771 

(ii) f r1 rd krzi f dNif 0.1856 eV 	2 

t I40-1F-1,1 	ro 	 RI 

(1eV = 1.6 x 10-19 J) 

4. 	(a) 	4-1 ZI eslci 	0441tAl 	: 

(i) 3TTdd -q14 4 Trri-T-zur--iw 31Tra 

(ii) Ti-uh 	 rrEz 

(iii) 5,icb-cnic,s1 
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(b) 7i.711.3117.1*OT,11:1711 .W1 46 3-1fti -491-4-R I 
	3 

(c) oiltseir 	cro .11 	Firt trire 	n — m-* 
	

4 
'HshHul 	t 	—err* *istoiui T4F 

t I 

5. 	(a) ceiitsii '4177 	Hg(II) 311t-ZT Tr15 1 CIIM 	2 
tl AzIl 	t ? 

(b) TETttfciA-Ig:1:11:1Pft -97 IffkitTf f 1fRfgfR I 	3 

(c) kOch(1":311•11*39-3TPT9114 31-1-9-1q 	5 
TerrtP $-1-974 * G114 I 

6. (a) 	t(4 ITT* 	WF.347. aff*Tff 	3 

ge  =2, I3e  = 9.274 x 10 -24  JT 1  ath 

Bz=1 "1:1-0T t I 

(b) 7. T.347. 	t0-4-1 H TR179 ri 	4 

t4471 4q .4.  3117 3gfqfff i); t 7-4r*-  

31:1 to-Azr 4q.  ITT wr-71-ff -01 

31-4ff 04iitsqf 1NR I 

(c) F-14-arii(gti 	rrl 	 3lf-RW1 141d1 

1,4-4rTftk 	I ftq-df Tr 3171ff 

ITT i)411? 

(i) C H3  * 	 D3 

(D*R1M=1tI) 
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7. 	(a) 	Pil-irortgd 7:14qTgft alt*-*-ql-c 	T 	tit-aril 	7 

fiqtr--(--a --lf--A7 : 

(i) m/z 108 'TT l cb f4TUT 

(ii) Terrw 31- frq -le t 1 

(iii) i-RI .41-1 iD4.1-,. 4-1 14 254 nm 311-t 202 nm 

R Xmax 

(iv) 3-17c*T T14 71=1 14 3420, 3064, 1500 3 

1455 cm-1 -97 4s I 

(v) -R7.71.3-17. (CDC13) ; 8 7.25 (7WW, 5H), 

3.85 (7WW, 1H), 4.55 (7*-- , 2H). 

(b) 	14-1 ri (Aci -k Tit A . cf-f 	: 
... 	 .,  

chiciii A 	 ctocii-i B 

(i) (Hi 7,c1-4 14 	CO2  

(ii) TO.14 d 	tlf *4'0Tivil-zra-r 

(iii) 1-Rt-k-it 3-T9-447 #141.-ff 	tp 3774 
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