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CHEMISTRY 

CHE-10 : SPECTROSCOPY 

Time : 2 hours 	 Maximum Marks : 50 

Note : 

(i) Attempt any five questions. 

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

Planck's constant, h = 6.626 x 1044  Js, 

c= 2.998x 108  nas-1  

,r= 3.14 

1. (a) Explain the vector nature of orbital angular 
momentum of an electron in the hydrogen 
atom using suitable diagrams. Also calculate 
its magnitude. 

(b) Name the symmetry elements present in 
water molecules. Also show them using the 
diagrams. 4 
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2. (a) The rotational constants for 12 C 160 and  

13C160 are 1.92118 cm-1  and F83669 cm-1, 

respectively. Calculate the atomic mass of 

13C if the atomic masses of 12C and 160 are 

12.0000 and 15.9994, respectively. 

(b) Explaip the following terms : 
	

4 

(i) Fundamental transitions 

(ii) Overtones 

3. (a) Give the expression for vibrational energy of 

a diatomic molecule and explain the various 

terms appearing in it. 3 

(b) A compound having molecular formula 

C511803, gives the following spectral data : 

UV = Amax  : 262 nm 

IR 	: 3330 - 2300, 1715 cm-1  

1H-NMR - S 2.12 (singlet, 3H), 

2.60 (multiplet, 4H), 

11.00 (singlet broad, 1H) 

Mass 	: m/z at 116, 43 

Determine the structure of the compound 

and assign the observed spectral data to the 

structural units present in the molecule. 
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4. (a) Draw the normal modes of vibration of CO 2 
 molecule. Which of these are IR active ? 

Explain the reason for modes which are not 
IR active. 4 

(b) In infrared spectrum, aldehydes have a 
higher absorption frequency than ketones. 
Explain. 	 2 

(c) For hydrogen molecule, the spacing between 
the S-branch lines in the Raman spectrum 
is 243.2 cm-1. Calculate the bond length 
of hydrogen. Mass of hydrogen atom is 
F673 x 10-27  kg. 	 4 

5. (a) What are the selection rules for 
vibration-rotation Raman spectra ? 	2 

(b) Derive the term symbol for the ground state 
of hydrogen molecule. 	 4 

(c) Explain the following terms : 	 2 

(i) Auxochrome 

(ii) Bathochromic shift" 

(d) Which one has higher crystal field 
stabilisation energy — Cr 2+ or Fe2+ ? Why ? 	2 

6. (a) Why is KMn04  intensely coloured ? Explain. 3 

(b) Draw the block diagram of a microwave 
spectrometer. 	 3 

(c) Explain the nature and splitting of signals 
obtained in the 1H-NMR spectrum of 
CH3CHO. Draw the suitable diagram. 	4 

CHE-10 	 3 	 P.T.O. 



7. (a) Why is tetramethylsilane used as a reference 

in recording the 11-14sTMR spectrum of a 

compound ? 2 

(b) Draw and explain the ESR spectrum of 

hydrogen atom. 	 4 

(c) The mass spectrum of 2-methyl-2-butanol 

shows peaks at m/z 73, 70, 59 and 55. 

Explain the origin of these peaks showing 

the fragments formed. 	 4 
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2. () 12060  4-{  13060 	 9b401: 

 1.92118 cm-1  3.11( 1.83669 cm-1  # I 13C 

WITIoj pe1 111-1 	 Zrft 12C atR 160 

TRI1T5 c'e-11-11-1 ;bilk!: 12.0000 34k 15.9994 

t I 
	

6 

(Iii) 	(ski tra *1.  oel It.o.el I 	: 
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(i) 	c 419b11u1 

3tFi  

3. (ii ) 	 ,itiiius:b 39 Q-  tto-mPia, d.),311 	00-01.4) 

tr-A•R 3.11K 34 3T14 alc. 	few Ira -‘). ce11t9,41 
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(w)   17kr*-T 3T W4-  7 c5H803  t, 

	TEITOt aftwt 74.0% cboi : 

ifrn = Amax 	: 262 nm 

: 3330 - 2300, 1715 cm-1  
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4. () CO2  37 A" *tiq 	ki1 441.-0-4 f4t1r3ll 	3.711%-ff 
Ar4R I 	..14 *1-4-Til 	 ki6er ? 

fkarall 	chikui 	Af-A7 q)-  
3T-qT* tif.4m 	 Tel t 
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31*-T     AftR I 	§) ,11-1 
TIMM 	c1Hi1 1.673 x 10-27  kg t I 	 4 

5. 	 T11:141:44&rff *R.m WTI 	 ? 2 

(W) m§) ,31.1 311g *I" V 3T4 1:21T 	rc.-R trq-3r-d* 
9-e:rw*I-PA7 	 4 

(Ti) 144-.1 	tr-a*r 0,41(9,41 -Q-PA-R : 	 2 

(i) quimiw 

(ii) cq') 	 

(1E0 Cr2+ 7fT Fe2+ *EA:1*Ru aq 1:21A*1111 

d),3113 	? TER-  ? 	 2 

6. 	KMnO4  phi Ti c (ii 	i) 1;Ell 	? oentseii 

tif* I 	 3 

(vr) vsT-wkrr 	*r 	33-473 apilw I 	3 

(ii) CH3CHO i 1H-R".71.37K. k-4.1 -0 	•51171 

Tik-d1 	3r-t-ft 3 t -1WErr-e-4 *1-  otile9,41 *tr--47 
Ili -RN 31-11tiff *tr--A7I 	 4 
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7. () cbtfi 	cb 	1H—*c7.71'.31-R. 

aliiraW4 414i401-1 	 * vcr 

34z1 	Rhea 41101 ? 
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(131) 	 truf1i*i.7r.3TR. 4.1.0 

*tN7 NIT 3tic eingt -Q1--4R I 

(TT) 2-Rici-2-4-e AFT oe.11-11-1 Act 11 m/z 73, 

70, 59 a* 55 tri *eg 3gifff 4)01 t I IR- 

[ti' 	1 dc4 	1 00-11t9q1 	 (siii 

3r-Offf ct)(4*I147 4 
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