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BACHELOR OF SCIENCE (B. SC.)
Term-End Examination
December, 2023
(Chemistry)

CHE-10 : SPECTROSCOPY

Time : 2 Hours Maximum Marks : 50

Note : (1) Attempt any five questions.
(i1) All questions carry equal marks.

(iti)Use of Log tables and  Non-
programmable scientific calculators is
allowed.

h=6.626x10"34Js

1. (a) Identify the symmetry elements present in

H20. Explain each of the elements. 4
(b) Using VSEPR theory predict the shape of
PCls molecule. 2

(¢) Derive the term symbol for the ground
state of hydrogen atom. 2
(d) Calculate the difference in energy (in J
units) of energy levels corresponding to two
D lines in the atomic spectrum of Na if
Av=17.2 cm™ L, 2

P.T.O.
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The distance between two adjacent lines in

the rotational spectrum of 1H35Cl was

found to be 21.1868 cm~ !. Given that the

masses of 1H and 3°Cl are 1.0078 amu and

34.9688 amu, respectively find the bond
length of HCI. 4

On what factors does the population of
rotational energy levels depend ? Also

write the relevant equations. 3

Will the spacing between the rotational

energy levels of 13CO molecule be same or

different from that in 12CO molecule ? Give

reason. 2

What is the necessary condition for a

molecule to be microwave active ? 1

Assume that a diatomic molecule behaves
as a rigid rotator and as a harmonic
oscillator. What are the selection rules for
such a vibrating rotor ? Explain the
various types of transitions that are
possible, with the help of a diagram. Draw
a schematic diagram of the expected
spectrum. 4
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Show that :

HCl
Vose  ~ 9

DCI ~
vOSC

where v denotes frequency. Given that the

atomic masses of 'H and 2D are 1 amu and

2 amu respectively. Atomic mass of
Cl = 35.5 amu. 3

What are skeletal vibrations and
characteristic group vibrations ? Give two
examples of characteristic group frequency
values. 2

Define the term zero point energy. 1

Predict the position of Raman vibrational
lines corresponding to the C—H stretching
of an alkane observed at 2960 cm~ ! if Hg

radiation of 435.8 nm is used as the
incident radiation. 3

Obtain the molecular orbital term symbol

for the excited state of Hg2 molecule

1 1
(Ggls) (GgZS) . 3
Compare and contrast Raman and IR
spectra. 2
State mutual exclusion principle. 2

P.T.O.
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Using a suitable diagram, explain the
splitting of energy levels of an electron in
the presence of the magnetic field. 3

Discuss the crystal field splitting of d
orbitals of metal ion in complexes having
octahedral geometry. 2

State the difference between fluorescence
and phosphorescence. 2

Explain the origin of peak at m/z 44 in the
mass spectrum of ethanol. 3

What are the sources of radiation for the
following spectra ? 3

IR, Raman, UV

Acetone shows absorption maximum at
264.5 nm 1n aqueous solution while in
hexane solution its absorption is at 279
nm. Explain. 3

Discuss any one method of sampling of
solids for IR spectra. 2

Why are electronic transitions called
vertical transitions ? 2

The chemical shift of protons in a test
sample occurs at 82 ppm. What is the
difference (in Hz) between TMS and test
proton resonances when measured in a
100 MHz spectrometer and in a 200 MHz
spectrometer ? 2
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(b) Discuss the splitting of lines in the NMR

(©

spectrum of ethyl bromide. 2

Following spectral data is obtained for a

non-acidic compound having molecular
formula C7HsO : 6
UV (nm) : 254, 202

IR (cm~1) : 3420, 3064, 1500, 1455 (broad)
NMR () : 3.85 (s, 1H), 4.55 (s, 2H),

7.25 (s, 5H)
Mass (m/z) : 79 (base peak)

108 (molecular ion peak)
105, 106, 77, 51

Deduce 1its structure and correlate the
spectral data obtained with the structural

units present in the molecule.

P.T.O.
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fag™ e (. TE-H)
qAta gdreT
fawar, 2023
(TR famm)
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T ¢ (i) fp=l gier g9 & IW U
(i) Gt G % STF GHA Bl
(iii) T GROEF e TqrHg SHegcied &

SYANT &1 FHld &

h=6.626x10"34Js

1. (®)H0 ¥ 3Sufted Twfafq dei ! wg=dQ

3R IR AT HITST 4

(@)t TE g W R fag & SWm g™

PCls 319] ! 3Th{d 1 STIHM oFmeUl 2
(77) BIESSH WA H oA HAaE & faw U]

Jodieh S hifaIu| 2
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() AR Av=17.2cm 18 @ Hfead & THY
WaeH d D W@ & 9 Sel-wl
9 S-3T<X ki J HEhI H  GReh{dd

EIIELY 2

(F)IHCl® JUH Wagn ¥ J Fkead @i
% o9 & T 21.1868 cm~ ! A HI TR
HCl &1 &Y o 9d hifee af H
3R 35C1 % FeAWH HEI: 1.0078 amu 3R
34.9688 amu Bl| 4

(@) o WU w1 gEfe fodd FREAl W
e Fet @ 2 3faa e of fafen) 3
(1) 18CO AT & FHUA Tl WA & W= i d,
1200 319] % HUA FHel WU & &= w1 gl
% THE B W SEd 9 Bt 2 SR

difa) 2
(=) fordt o] & ged @ 9fRa BW &
JMETIF: I ¢ ? 1

(F) WM ST o T fg-TEmE o T e
oich 3R THA ik IHI H W TR
w3 B UE FHEHH A & fau g oo
fem B € 2 sfea fox &1 wewmar @

P.T.O.
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faf = 9R &% U9 HHAUT hi HTEAD
Fifoq| eTafad ween & fou Sfeq fo o

aRfEa sifsm) 4
(@)<eme fo
Voro.
DCT = V2

el v g 1 oFed hial @1 & T ©
fF 1H @R 2D & WA FOEH  HAI:
1 amu 3 2 amu 21 Cl & TIHM] KSAHTT
35.5 amu €| 3

() B wrE SR fenefie 9 e F
e € 2 sfwenerfes wgE emgfa Wl %
g1 3R S 2

(=) ¥ fog sl 98 o6t aftwmn <SSy 1

. (®)afg ga fafer & ®9 ¥ 435.8 mmHg

fafewor &1 Swam feen o=, @ fee
Tehd o T 2960 cm- ! W U= C-H
T & Gd 09 wHe @nst & feafa
hl AFHT TET| 3
(@)Hg 9] 1 I7fSd STaEe, (0,18)! (0,25)!
&% faq o10] 95 Wil A Hifeg 3
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() TAT 3R STaRad TaeH ki ol Hifee
3R 7Y 3R Fqsy )

(%) IR 3199 fagra fafau) 2
(%)3fa o= g0 g=a &7 &1 Iurefa o
SaE & el Wl % faued &1 e
HITST| 3
(@) STHAR I AT Il Fepell H g 3T
% d Fehl & fhea &F foues &1 ==
Ty 2
() wfadifa iR wptif o stR waEu 2
(9) T & SIHEM WaeH H m/z 44 W A<
ferer &1 safa =1 =aren wifsu) 3
(&) frafafea Waeal =1 R&ie &0 & fau
fafeor & fFa @l &1 S fean S
g ? 3
(@)THRA ofd Wegd #2645 nm W
FIO  Afyhad SR wLd ®  Sfef
e faeea ° orawiyur ifyhdd 279 nm

W Bl 21 A RS 3

(1) T WaeHl & fau 3™ & Wfawad &t

frdl war fafu =1 =aren +ifs) 2

P.T.O.
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(9) SRR THATT I SedieR GHHT FA
HE Wl ® 2 2
7. (F)fFdt uleo wfasel § wWeA w1 g
2 ppm W B 81 100 MHz SeRaemd 31
200 MHz SaHamd | A9 W 3. TH. T4,
AR wemr wieyl & Wi @ S ER @
st ferdeT 3T (Hz ®) 81 @ 2 2
(@)TfUa SMEE & U4 TH IR WeeH H
wf¥ dedl & foures =i fo3 4feq titﬁ
IS
(U)C7Hsoaﬂ1¥frmé@@wﬁ¢ﬁrq
S erelg el R, Fefafea weed stiwe
grd gu e 6
ST (nm) : 254, 202
K (em— 1) : 3420 (To&gd), 3064,
1500, 1455
T TH 3R (5): 3.85 (W&, 1H),
4.55 (Taheh, 2H), 7.25 (Theh, 5H)
SHM (m/z) : 79 (Tosga feR), 108 (319
A i), 106, 105, 77, 51
THh! G i wifSe o) W Seed
kel 1 AU H YR GEHHS ShTgal
% 1Y T hifsg|
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