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BACHELOR OF SCIENCE (B. SC.)
Term-End Examination
June, 2023
CHE-10 : SPECTROSCOPY

Time : 2 Hours Maximum Marks : 50

Note : Answer any five questions. All questions
carry equal marks. Use of Log tables and
Non-programmable/Scientific calculators is

allowed.

B, = 9.274 x 10724JT1,

h =6.626 x 1034Js,c = 3x10%ms™L.

1. (a) Derive the term symbol for the D state of
hydrogen atom. 3

(b) Explain improper rotation about an axis

using staggered conformation of ethane. 2

(¢) Using VSEPR theory, find the shape of PF5

molecule. 3

P.T.O.
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Which of the following molecules would
exhibit rotational spectrum ? 2

HF, H,, CO,, NO

From the rotational spectra of ¥NO and

I5NO, it was found that 5—1.0361,

where B and B' are rotational constants
for NO and °NO, respectively.
Calculate the atomic mass of N if the

masses of *N and O are 14.004 a.m.u. and
15.999 a.m.u., respectively. 3
Calculate the force constant for HCI if it
absorbs at 2886 cm™l. Given that

w=163x10"27kg. 5
) . .
Using my = myl,, derive r, = _ mr ,

(m +m,)
where r =1 +1,. 9

How many normal modes of vibrations
does H20 molecule have ? Out of these,
how many are (1) stretching and

(i1) bending modes ? 2
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3. (a) Explain the following : 3
(1) The IR frequency of >C = O group in
acyl chlorides is higher than that in
alkyl esters.
(1) The IR frequency of :C = O group in
methyl acetate is less than that in

phenyl acetate.

(b) Discuss the origin of Stokes and anti-
Stokes lines in Raman spectrum. Why are
anti-Stokes lines generally weaker in

Intensity than Stokes lines ? 3

(¢) The following table gives the data obtained
from IR and Raman spectra of N2O : 4

v /cm™! IR Raman

589 Strong; PQR band -

1285 | Very strong; PR Very strong
band

2224 | Very strong; PR Strong
band

Establish the structure of N2O.

P.T.O.
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What is Franck-Condon’s principle ? What
kind of electronic spectrum is expected
when R, =R, ? Explain using suitable
diagram. 3

Explain the difference between
intersystem  crossing and  internal

conversion. 3

Explain the various types of electronic
transition that can occur in an organic

molecule. Use an appropriate diagram. 4

Discuss the effect of solvents on m1 — © *

and n — © * transitions in UV spectrum. 4
Explain the following terms : 3

(1) Chromophore
(1) Bathochromic shift
Discuss the origin of peaks at m / z 86, 71

and 43 in the mass spectrum of

2-methylpentane. 3
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HgS and KMnO; are intensely colored
though there is no possibility of d-d

transitions in them. Explain. 2

Name the radiation sources used in IR and

Raman spectroscopy. 2

Discuss the method of handling liquid
sample for IR spectroscopy. 2

Draw a block diagram of a spectrometer
and explain the role of various components
in it. 4
Draw and explain the high resolution NMR
spectrum of ethanol. 2
The benzene anion has g = 2.0025. At what
magnetic induction, B, would its spectral

line be centered at a frequency of 9.4 GHz ?

2

A compound having molecular formula

C4HgO shows the following data : 6

P.T.O.
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UV (nm) : 274
IR (cm1) = 1716, 2941 — 2857, 1460
Mass (ml/z) : 72, 57, 43
NMR (5) : 1.0 (triplet, 3H)

2.47 (quartet, 2H)

2.20 (singlet, 3H)
Predict the structure of the compound and

relate the spectral data to various units

present in the compound.
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faqm= = (& TE-4t)
TAq areT
[, 2023
U= g-10 : WefHent

gag ;2 Hyue TR dq 37 : 50

e : fH=l gier gvAt & SW Jfw gt g &
HH  GEA &1 o GrRfrE qer
R e A e T
s77afa 2

B, = 9.274 x 10724JT1,
h = 6.626 x 1034Js, ¢ = 3x10%ms™!

. (F)TESSH THEW] &I D I & fau

YE-Yciteh Fcd=1 hifeIy| 3

(@)WY & Hiakd HI-HMHEIE T SYAN S

T UM & AMHY 318 H AT HifST| 2

P.T.O.
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(M &t e g 9. SR fagra g0 PR A9 I

eRfd F@ Hifs) 3

(%) frafafed & @ «F-9 o9 o Wagm

T ? 2
HF, H,, CO,, NO

2. (F)UNO &R BNO H o WAl @

§=1.0361 @ g, SE B 3N B

FA9: “NO @R 15NO & ol feeriaw €
afg N SR O % WAV FAHM HA:

14.004 amu. 3 15.999 am.u. ?f, a 15N

ST ILHIV] SHHM A iU 3
(@) HCl &1 9a feerie ufefaa wifvg, afg
Jg  2886cml T ITERNYUT  hIdT Bl

fean TN ® ¢ 1 =163x1027kg | 3
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(1) My = myr, Al YA Hih r, = (mlnjrlrmz)

T HITST, S&l r=1+1, | 2

(%) H,0 319 & fhat FA 1 gmrg faumnd
et © 2 39 9 fRat () o9 IR fema
(i) i foermd € 2 2

. (&) F=fafaa =t =ren sifse 3

G) SToRE Wad H Ufga wEel o
>C=0 g &I A ek Tt o
>C=0 g ® MG ¥ Isa® Bl

2|

() e WagH H, Afyd wHRee |

C=0 g &I 3Mgh, BfHa tHe o

N
~
Sc=0 uge # gl & W e 2

(@) WA § W 3R gfa-wem st
H1 IAMT ®I == ditow| Sfd-=eE @

qM=IG: o § e @netl s e o

gdel i et € ? 3

P.T.O.
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(1) fr=fafeq aoft & N,0 & fau ofaw
AR A S § Wi See iy T € 4

v /cm! 3T w4

589 | yadl PQR ST -
1285 | a1id Yool PR S€ | oTcdd waa

2224 | 37q Yeol PR € | y9a

N,O 1 GL=HT €Ifyd Hifs

4. (F)heh-hived fagra 1 =@ § 2?2 W@
R,=R, @, @ @ T&HR &1 ooz
Ty ouferd Bl € ? Sfud few gm
AT hifSU| 3

(@) 3iqu fwm oed R offafle ®wiawe o

=R 1 ARAT HifSU| 3

() feet FEfw A § fafas ger & @

Th O SRl GHHUN ki SATEA

et 3fad o &1 ITAM S| 4
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(F)IET WegH H 1> ¥ A non*
ThHu TR faaaes & 9™ i ==l hISU|

4
(@) frfafed 9 =1 g dfse . 3
@) virers
(i) FUTRsT gfe

(1) 2-UfYeTU=A & SFHH WA T m/z 86,
71 3R 43 R 9 Rred &t Iafa & ==l
T 3

(F) Hgs 3R KMnO, &1 U1 FATYH &l eial
€ eelifh STH d-d HHHON i HIS HHE
T B 71 sEEn it 2

()3T 3R T el | g fafeo
% gl & - fafau) 2

(1) TR Tkt & T Yiasel & fd=red
&1 fafy =1 ==t sifsm) 2

(9) T TEHAAM w1 @S ARG SET 3R
S fafi= wedl & @& & e
IS 4

P.T.O.
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7. (F)TIAA & =9 fa¥sd . wWH W &

sfEd HIfsT 31k IqHT =@ st 2

(@)= ROMEH & g = 2.0025 21 fwH
TEHE U0, B, W TUHR TagH @

9.4GHz 3Tgfd W &fxd grft ? 2
(1) Y A C,HgO aTenl Tk Aifisr Freafafaa
ezt e <widr € 6

ST (nm) : 274
SR (cml) : 1716, 2941 — 2857, 1460
S (m/z) : 72, 57, 43
T TH AR’ (5) : 1.0 (5, 3H),
2.47 (AJ%h, 2H ),
2.20 (T&HF, 3H)
qifieh &1 WEA WAy SR Afs o
3Ufeerd Sh1Edl & W1 HHEfHd HIfSU)
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