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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. 

NA = 6.022 x 1023  

h = 6.626 x 10-34  Js 

c = 2.998 x 108  ms-1  

pg  = 9.2741 x 10-24  J T-1  

1. (a) The vibration of a diatomic molecule is 
anharmonic in nature. Draw the typical 
diagram of potential energy of a diatomic 
molecule and compare it with that of a 
harmonic vibrator. 
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(b) Explain what do you understand by the 
following : 	 3 

(i) Fundamental transition 

(ii) Overtone transition 

(iii) Hot band 

(c) The vibrational energy levels of CO molecule 
are given by 

.1  2 
J mol-1  = 25940 (V + -1) - 152 (V + 

2 	2) 
where V is vibrational quantum number. 

Calculate the following for the CO molecule : 5 

(i) Fundamental vibration frequency 

(ii) Anharmonicity constant 

(iii) Zero point energy 

(iv) The energy of the first overtone 

2. (a) How can you differentiate between the 
following two structures using IR and 
Raman spectra : 	 3 

/AN and B —A—B 
B B 
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(b) The infrared spectrum of pure liquid 

1-butanol has a single broad band between 

3500 - 3200 cm-1. When it is diluted with 

CC14, it shows an additional band near 

3650 cm-1. Explain the reason. 	 2 

(c) Explain the appearance of Rayleigh and 
Raman lines from the quantum viewpoint. 	3 

(d) How do intensities of Stokes and anti-Stokes 
lines compare with each other in vibration 
Raman spectra ? 

3. (a) What information can be derived from a 
rotational spectrum ? 

(b) What is meant by degeneracy ? Calculate 
degeneracy for the J = 0, 1, 2 rotational 
energy levels. 

(c) The first rotational absorption of 12C 160 is  

found to occur at 3.8424 cm-1  and that of 
13c  160  at 3.6734 cm-1. Assuming molar 

160 and  12C as 15. masses of 	 9994 g mo1-1  

and 12.0000 g morl, respectively, calculate 
the molar mass of 13C. 

2 

2 
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(d) (i) Predict the shape of PC15  molecule 

using VSEPR theory. 

(ii) How many lone pairs of electrons are 
there on the central atom ? 

(iii) What are the symmetry elements 
present in it ? 
	

3 

4. (a) What do you understand by magnetically 
active and inactive nuclei ? 	 2 

(b) Explain how chemical shift varies with 
magnetic field. 	 2 

(c) The benzene radical anion -C6H6-  has a 
g-value of 2.0025. At what field would 
you search for resonance in a spectrometer 
operating at 9.302 GHz ? 	 3 

(d) Draw the 1H-NMR spectrum of ethyl 
bromide and explain the peaks and their 
splitting pattern. 	 3 

5. (a) [PtC14]2-  has a square planar structure. 

State the name of the two proper axes of 
symmetry. 	 1 

(b) Both CO2  and CO are linear. Which of the 

two can exhibit pure rotational spectrum 
and why ? 
	

2 

(c) Define term-symbol. What is the 

term-symbol for H4 ? 
	

3 
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(d) Write short notes on any two of the 
following : 	 4 

(i) Fluorescence 

(ii) Pre-dissociation 

(iii) Zeeman effect 

6. (a) State and explain Franck - Condon 
principle. 	 3 

(b) What is the difference between 
hyperchromic and hypochromic effects ? 	2 

(c) CH3NH2  exhibits n -> n* transition in basic 

medium but not in acidic medium. Explain. 

(d) The absorption spectrum of 12 vapour 

consists of a series of bands which terminate 

in a continuous absorption at 499.5 nm. 12  

molecule in upper state dissociates into an 

atom in its ground state and one with an 

excitation energy of 90.79 kJ mol-1. 

Calculate the dissociation energy of 12 in its 

ground electronic state. 

7. (a) Calculate mtz values for CH3  , OCH3  and 

OCCH3 . 	 3 

(b) Draw a block diagram of a single beam 
infrared spectrometer. 	 2 

CHE-10 	 5 	 P.T.O. 



(c) A compound shows the following spectral 
data : 

Mass : (m/z) M+ (84), 56, 41 

IR : (cm-1) 2900, 1450 

NMR : (8) F42 

Predict the structure of the compound and 

assign the spectral data to the structural 
units present in the molecule. 
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cdopi timer, ( 1.711:11.) 

TR', 2015 

Turirg 1c iii 

1:11.7w.t.-10 : crcicgl 

Ogg : 2 Flu2' 
	 setwdxf31 : 50 

w 	A7-et 	gral-  * 3 ef4q / mit 3/,947 * 	Hg//4 

g / 

(ii) 	HiT1-  OH 	4k-A-17;77:fiV fitiQ 	 

3/11,1 3737:6- * 

N A= 6.022 x 1023  

h = 6.626 x 10-34  Js 

c = 2.998 x 108  ms--1  

pB  = 9.2741 x 10-24 J T-1  

1. () cbd1r4141I 4, 31 * *crq 	aTsT4-4r-di 

ITTN 	rokiilust, 	:9-Trd7  
3-T413 61-11* 	 skit:14 *EH ak.) 
rokiiitTh aPj* .Prrd7 	aTkur W-A-R I 2 
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(1:4)  	aTfq PIHR1 	tsld 	T TEITeA 

• 	 3 

(i) 	Ta tistoqui 

(ii) 	4stovi 

(iii) comic 

(Tr) co 39 *R. 	 IrTr 	rr,r(d ART rL  

2 
Ev  J morl  = 25940 (V + —1) —  152(V + 	/ 2 	11 

it 	e V *Err4 etc110-1 

CO aToj 	PiHroRgo tiRcbrocr trr-A7 : 5 

(i) Ito 4)(4-1  

(ii) 31314-4FPOT -P,14 

rm-s 	 

	

(iv) -sr2gr aTrtrirT- 	.3,31 

2. 	 3 	TP:fq *1, 	4 al-rtr 

144* 51111t ataT 	 : 	3 

/
A

N afr( 
 

B —A—B 
B B 
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(w) 	 aTaKT 4 44 

3500 - 3200 cm-1* 4M i  1 	i i4g 

di t I 74 	cci4* Ti-r4 	 t, 

alak-ffi *.i4avi T att ft 3650 cm-1* 

ITR4 -Seta. -)(11 t I 	chitui 	ceilt9a41 

7 
	

2 

(TT) ctelldli 	 31-1-(TR 	3 ttrgrq 

sr-f44 	oellt.9t11 trNR 	 3 

(v) *trr-A-  TriTR. 	R-1-4g 3 51 	f ci-RY4Tr 

aTrEATi dismal).  go-if W4R I 	2 

3. ()   	eto 	w ,31frictai SERF 	qT 

	 ? 	 2 

aitnivrai. 	3421 	? J = 0, 1, 2 11(.) 

-Rik) 	amiu-d-r tifkchrod -Q77 I 	2 

(T) 1-2C 160  	SPTIT  	3TT4114Err 

3.8424 cm-1  IR 3gitff 	cl t 701% 13C 160* 

iC.-R 3.6734 cm 1 ITT  .7:m. Hi,i; 71* 1603 

12C* R..R 1-1)(it 	st-RI: 15.9994 g morl  

afR 12.0000 g morl -4, 13C it 1-1)c.it 50e1111-1 

kifkaTod AT77 I 
	

3 
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3 

2 

(i) 	(i) 	41.7u.-4.41.3TR. 	I 1 	frd 	dqq)11 
Pc15  39 	3Tr-t-N 	dr-4-R 

(ii) 	*-4t-zr tRIT9 	c7wr-4t 

? 

-4,za 

• .1 	0q-ct) 	 71r1:2Tff t 

4. 	() Tzitrzr 	311-{3i 	c kRTRTO 	al-Fr 

Tfri0 t ? 

NO 	0041(9411 	*F-A7 1 	kftlIelPlch 	cr 	r 	Uch1( 

2 11 WrZI 	1:119.1 tiRciPlo 	dlt I 

(TF) 	4'4tq +tog, 	-C6H6 	g 14T4 

? 3 

2.0025 t 	I 	9.302 	GHz 	4)14 

4 ardR-rq r 	4q.  tR v-414ria.  

1H-7.74.31R. (V) 	7r2TF 	 -11)ct-11-1 	T 34kf 

3 

-4ffq .2tr 	fT4-rwl 	-Ntrreq 
0441(9041 Ali7R I 

5. () [PtC14]2- 	Tri:rddl 	t I 	• 3cfPiff 

31z1 	TITTRIN 31.0 	TIT ffr-4-R I 

(w) co2 3-TIK co 1.1-1 •k41ei t 	 4 	 
	Aftd 	1chclf 3k -4;t4 ? 

(TO 11-5iciich 	tlitITTEIT tr-47 I Het 	TEfT 
1T-q-NIcfich alai t ? 
	

3 
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(v) p-roRsid 4 4 14)4 e 
iRRim : 
(i) 51rd 	4)Ri 
(ii) io_f4z4-4q 
(hi) 	VTR 

4 

5h-k — 	ki.,51C1 %-rkgR 	dti 	041(911 

W-A-R 
	

3 

qui 	 3T4411fr 311TRI 	41EFT atdK 

? 
	

2 

CH3NH2  kliftzT IlluR 4 n --> TC* 

4,(01 	 'WM.  4 Rf I ogitgeil 

SR I 
	

1 

3TR4-giq -kg (arlscr) 	argtErur ct-I 4 	 
Al 	t atT 	flit-welch aTTAIR.  SIT 
499.5 nm 	ART a 	l cl t I .3' 1 3T-4-pm -4 

12  3TS 	-{4-4;47q 4 	troTruj 	3T41:41 4 

111 t 311( coki 90.79 kJ mot l 31111.1 

dI•111 am! lldlt io *Ictkiet) 3T-41:21T 4 12  

dwilliattfZid 4Ir-AR 

+ + 	 + 
7. () CH3 , OCH3  a7T1 OCCH3 	r1V. mlz TTR 

t1r-A-R I 	 3 

(1N) 	)ci 	ard{T  	"qk 31111N 

.4.-11* I 	 2 
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(Ti) -cr-  trTr*  	tsid 	 344 -srrqr 

p411-11-1 : (ink) M+ (84), 56, 41 

31-4•(-  : (cm-1) 2900, 1450 

fq."RTF.3TH. : (8) 1.42 

zIrrK   Agiftff *11-4R 31P4-1-1:11 
aTITO 	R-R 	 aTul 	341 	cl .k11-11t-A-Ich 

r*T4-41 i eellt.90-11 ttr4R I 	 5 
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