
No. of Printed Pages : 8 I  CHE-10  
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CHEMISTRY 

CHE-10 : SPECTROSCOPY 

Time : 2 hours. 	 Maximum Marks : 50 

Note : 

(i) Answer any five questions. All questions carry equal 

marks. 

(ii) Use of log tables and non-programmable scientific 

calculators is allowed. 

NA = 6.022 x 1023  

h = 6.626 x 10-34  Js 

c = 3 x 108 ms-1 

K = 1.3806 x 10-23  J K -1  

1. (a) What do you understand by group vibrations 
and skeletal vibrations ? 

	
2 

(b) What are the essential requirements for a 

diatomic molecule to exhibit 

vibration-rotation spectrum ? What 

information can be derived from a 

vibration-rotation spectrum ? 3 
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(c) The fundamental and first overtone 

transitions of 14N160 are centred at 

1876.06 cm-1  and 3724.20 cm-1, respectively. 

Evaluate : 5 

(i) the equilibrium vibration frequency 

(ii) anharmonicity constant 

(iii) zero-point energy 

2. (a) A compound having molecular formula 

C4H80 shows the following spectral data : 

Mass (m/z) : 72, 57, 43 

IR (cm-1) : 1716, 2941 - 2857, 1460 

UV (nm) : 274 

NMR (8) : 1.0 (triplet, 311), 2.47 (quartet, 2H), 

2.20 (singlet, 311) 

Predict the structure of the compound and 
assign the peaks to the structural units of 
the molecule. 

(b) For a molecule AB 2, the following 
spectroscopic data are available. Predict the 
geometry of the molecule : 

Wave number IR 	Raman 
- c 1m 

519 	Active (//) 	Active 

PQR 	(Polarised) 

1151 	Active (//) 	Active 

PQR 	(Polarised) 

1361 	Active (1) 	Active 

PQR 	(Depolarised) 
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3. (a) State the symmetry elements present in the 

water molecule. 	 2 

(b) What is the effect of decrease in moment of 

inertia on the rotational energy levels ? 	2 

(c) Why, for the ground state of He atom, 

having configuration 1s 2, is the triplet state 

not possible ? 	 2 

(d) Sketch the rotational energy levels and the 
spacing between spectral lines for a rigid 
rotator and a non-rigid rotator. 	 4 

4. (a) Explain why TMS, (CH3)4Si, is used as one 

of the internal references in the 

measurement of chemical shifts of protons. 	2 

(b) State and explain the Mutual Exclusion 
principle. 	 2 

(c) Describe the expected low resolution and 

high 	resolution 	PMR 	spectra of 
CH3CH2OH. 

5. (a) What is the function of rotating mirror in 
Raman spectrometer ? 

	
2 

(b) Explain the principle of mass spectrometry. 	3 

(c) The mass spectrum of chloroethane shows 
two peaks at m/z 64 and 66. The peak at 
m/z 66 is of one-third intensity as the peak 
at m/z 64. Which one is the molecular ion 
peak ? Account for the origin of the other 
peak. 	 2 
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(d) Although the spectra of [PtBr 4] 2-  and 

[PtC14] 2  are very similar, L ---> M band in 

the first complex is at 36,000 cm -1  while in 

the chloride complex is at 44,000 cm -1 . 

Suggest a reasonable explanation for this 

difference. 

6. (a) Explain the difference between intersystem 

crossing and internal conversion. 	 3 

(b) What is hyperfine splitting ? 	 2 

(c) Phosphorescence is intense from solid 
samples. Why ? 	 2 

(d) Acetone shows absorption maximum at 
279 nm, in hexane solution, whereas in the 
aqueous solution, the absorption maximum 
is at 264.5 nm. Explain. 	 3 

7. (a) What are the factors on which the intensity 

of a spectral line depends ? 	 2 

(b) Electronic transitions are called vertical 

transitions. Why ? 	 2 

(c) Obtain the molecular term symbols for the 

following three excited states of hydrogen 

molecule : 	 6 

(i) (ag  1s) 1  (ag  2s) 1  

(ii) (ag  1s) 1  (ag  2p) 1  

(iii) (ag  1s) 1  (Tru  2p) 1  
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idoH 	tict) (41.7441.) 

Trwiff trftvr 

14to-wt, 2015 

tt.1 I 0-1iI11M 

.. 

	

: to ar 	 

: 2 E102 
	

3TrErd-17.  31w : 50 

We: 

(i) A7-e reW 3R-11 	er--47 ?ir.* TR-4-7 31  flHM 

/ 

(ii) elm fikPleti ff2IT3731717-J74-4" 4c.-35c-iej mg ,/ 954 

3757/0* / 

NA = 6.022 x 1023  

h = 6.626 x 10-34•Js 

c = 3 x 108  ms-1  

K =1.3806 x 10-23 J K —1 

	

1. ()     aTriffizil a1 t *--*-r4t (Giv) 4o-4-1 
aTrif9741 	w wrsifi ? 

	

(TO Wt fativilujcb 39 	*14-4-10-1 p4-q- 14 

Tfiff 

 

c4 	 *'r kc344 	 ? 

1-*-tft *TR-v.11.i 	rfr Amcnitl 9-rca.  

? 3 
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1-4N 1-60* ki 4-kci kist)Hui 

9bl-RI: 1876.06 cm-1  atIT 3724.20 cm-1  

iTT 	 t I .1 1-1I i 1:17 

4tr—A7 : 	 5 

(i) TIT1:4  (i) 444 	P 4) aTri 
(ii) 31-50--a-f-cd-r 

(hi)  	d,A1 

2. () 	Alrfffir 31j 	C4H80 t, r+-i1 	Zirod 

Tknift 3T 	Tgigff chtdI : 

(m/z): 72, 57, 43 

314.  (cm-1) : 1716, 2941 - 2857, 1460 

(nm) : 274 

74.7.3TR. (8) : 1.0 (W, 311), 2.47 (maxh, 211), 

2.20 ("cr, 3H) 

	 AtTlitff tfrA7 311T ftrIg4 

39 14 3TIPM kik-c1.110-Ich TWITZI1 	4N.M.  
ttr-A7 	 6 

AB 2  31-aj* 	Pi-iroRgo *TO 3-11-4 

t Iapj 	\reuri-iPi 	31j-i14 

(N.,/ ty(9,4/ 
— 

C 
1

M 

519 	,EfF4T (//) 	11-W1 

PQR 	(gftd) 

1151 	Trrwzr 	-qr----zr 

PQR 	() 

1361 	Trrwzr (I) 	14-4 

PQR 	(W-gr) 
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3. (*) •110 

	

	aTuj 4 3q tic TP:rrrrN dial T 3k 

R 

(w) Asca aTrEkui ala 	e 	 siwi Irkl 
TrIT4 	t ? 	 2 

(7) He it *r q 	i 31.41221T -NTr*T afedPTRi 1s2  
t, * 1-;-R 	3wr 4411 Al-Ta 	 ? 

(v) 	317 	* -Rsivii-1 .1,41 -Rr4 
#t--4 	R=11 T4TR I 	4 

4. (*) 044I(9441 11-4‘i 
	 tt:714.71., (CH3 )4Si *T 3q T 

3liaft**41-11* Tq 4 creil (gal Alc11 t I 	2 

LT 31ti44-4f ii cif 3 c=tr-A7 
00-m9q1 *T-- 7 I 	 2 

(TT) CH 3CH2OH 	Alm PH 1-44-<R-  aT1K 
	 fq4-q9-  ai(4 	 An-I4T aui-1 
SRI 	 6 

5. (*) TTI:F 4v-IHILII 4 Iv c4uI r TErr cni4 al ai 

	

? 	 2 

(t4)   	ri-Ir 	 0411(9441 QrA7 I 	3 

(TT) 	 «1+i 	*To 4 m/z 64 * 66 1R 
ftruK 	61d 	 t I m/z 64 ai(,) -Rpg-{ 

go-it 4 m/z 66 Ilia %UT 	tOT 	cW4 
t I *-I4 .0-I-RI-  i flu( 39-31R 

-ftruT t ? TEr Nu(sR i 	 04iit41I 

2 
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(ET) zref [PtBr4] 2  311{ [PtC14] 2-  

ti ~ili "WI SKR (W)1Tr) 	c A L —*A4 

6. 

(Tr) 

(Er) 

3 

2 

2 

36,000 cm-1  TR 1C11 	 Tif 

44,000 cm-1  tR aldl t IT  3 tic 

onitui eiciiv 

3iffurT*--P4 (.,jq.i 3 aTi—dit 	*a-T*1. 

°o tell Aw4I 

3-11-6{W4 idlTrd-q 	rr 	? 

ci.11 	 aflci >;lcf1t 	1411 ? 

-wr t-4* 	tfra-17 	31-40-Efur 7r--wR5 

279 nm 1Tgliff 	 74r4 id-ezT4 

31-47hur 3 .r- s;3 264.5 nm 'T{ 

cell(9411 AT 	I 3 

7. (-) 44-4 chi kch 	rzt-r 	TE1-4-01-  
2 4t—o-r IR* 	? 

n'IP-p.h 
2 cteil? 

(TO 1 ,31.-1 	aTuj 	tgd 	Atq 
6 -srrcff 3T-4p-u311* Rilr-dt0* 39 trq : 

(i) 	(ag  ls) 1  (ag  2s) 1  

(ag  1s) 1  (ag  2p)1 

 (ag  1s) 1  (mu  2p) 1  
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