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BACHELOR OF SCIENCE (B. SC.)
Term-End Examination
June, 2025
CHE-10 : SPECTROSCOPY

Time : 2 Hours Maximum Marks : 50

Note : (i) Answer any five questions.
(it) All questions carry equal marks.

(iti) Use of Log tables and Non-
programmable/scientific calculators

1s allowed.

1. (a) Derive the term-symbol for the ground

state of hydrogen atom. 2

(b) Define and illustrate the following

symmetry elements : 4
(1) n-fold axis of symmetry

(i1) Plane of symmetry
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(¢) Discuss the vector nature of orbital
angular momentum. Represent
pictorically the allowed directions for
angular momentum vector for the case

of [=1. 4

2. (a) Show that the difference in energy
between the successive rotational lines

1s 2B; use energy of first three levels. 2

(b) From the rotational spectra of >CO and
CO it was found g =1.046, where B

and B’ are rotational constants for
CO and "CO, respectively. Calculate
the reduced mass of "CO if the reduced
mass of 2CO 1is 6.857/Na, where

Na = Avogadro’s No. 2
. . mr
(¢ Using mpn =m,r,, derive r,=—="——,
m, +m,
rbeing r, +71,. 2
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(d) What 1s the Dbasic criterion for
a molecule to exhibit rotational
spectrum ? Which of the following
molecules will be rotationally acting

and why ? 4
Cco,, 0,,CHCl,, CO

3. (a) For a harmonic oscillator, show that :

2+1
: 1 [k
) v, =—.—
W Vo 2t \m
() k=4n" v m
(b) Explain the following terms : 3

(i) Fundamental transition
(1) First overtone
(111) Zero point energy
(¢ What are the selection rules for the
following : 2

(1) A harmonic oscillator to show its

vibrational spectrum.
(1) An anharmonic oscillator.

(d) Find the vibrational degrees of freedom
of COz2 and H»20. 2
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4.

(a)

(b)

(©
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Which of the following molecules would
give pure rotational Raman spectrum
and why ? 2

H-20, CH4
What are Stokes and anti-Stokes lines ?

Predict the ©position of Raman
vibrational lines for C—H stretching of
an alkane observed at 2960 cm-!, if Hg
radiation of 435.8 nm (22946 cm™!) is
used. 4

Give reason : 4

(1) The IR spectrum of 1-butanol has
single broad band between 3500-
3200 cm~!. When it is diluted with
CCly, it shows an additional band
near 3650 cm1.

(i) The >C = O frequency of RCHO is

observed near 1735 cm-! while for

0)
|

R-C-R it is observed around

1720 cm™1.
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(a)

(b)

(©

(a)
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Discuss the effect of polarity of solvents

on m—>7n* and n— n* transitions. 3

In the ultraviolet absorption spectrum
of oxygen, continuum absoption begins
at 56876 cm-1. The oxidation energy of
oxygen atom i1s 15868 cm-!. Find the
dissociation energy of the O2 molecule

in the ground state in kcal/mol. 3

Polarized Raman spectrum of CHCIs

gave the following data for three of the

bands : 4
S.No, | aman | p In
band/cm-!
1 357 5.8 79.2
2 660 1.3 83.2
3 760 4.7 6.0

Identify those which are polarized.

“HgS, KMnOs and K3CrOs4 are all
intensely coloured though there is no
possibility of d-d transition in them.”

Explain. 2
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(b) Explain the origin of peaks at m/z 114,
85, 71, 57 in the mass spectrum of

n-octane. 4

(¢) Using a suitable diagram, discuss the
splitting of 3d orbitals in presence of an
octahedral crystal field. 4

7. (a) Discuss the techniques for handling
liquids for measuring IR spectrum. 2

(b) Draw and explain the block diagram of

a Raman spectrometer. 3

(¢ A compound with molecular formula
CsHsO3 exhibits the following spectral
data : 5

IR spectrum : 2300 — 3333 (broad),
(cm™1) 1715 (intense)

IHNMR spectrum : 11 (1H), 2.60 (s, 4H),
(8,CDCL,) 2.12 (s, 3H)

Mass spectrum : 116, 43

(mlz2)

Arrive at the structure of the compound

on the basis of the above spectral data.
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CHE-10
fomm Tae
(sft, TH-Ht)
LEIGRE]
S, 2025
W3 -10 : WS Hant

gHg ;2 qU2 SIfeFaH 37%F : 50

qT: (i) = gier g % SW ST
(ii) T FIH P GHA 3F &
(iii) & SR SR -G degeaed o
TIElefrer Sogeied] & 3TN i STTHIT &1

1. () TESISH A ki ol 3Teke & U qe-Ydiesh
I HIT | 2
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(@) frfafea gafafa a@l 1 9Refia Fifse
IR 3= ot g gunsy 4

() HHAMET ST 2 -7 AL

(i) wwfafa T

(1) wefiF woE Ham w Gfew gHfa w ==
Fifse ) =1 ufRkfeafd & ferw Hofa g&m
s13Aa feemst =1 forst g0 Swis 4
2. (%)W foh shiten =OM 3@l & 9 2B W
A1 ¥ TeS T Sl Tl hl Hel w1 SN
HifTT | 2
(@) 2CO &R “CO & Touiv TWeaedi | Fd gam

ED g =1.046 ¥, S&l B 3R B’ HA:

200 iR BCO & oM fermm 1 AR

2CO w1 §HHId g9HH 6.857/N, &,
CO 1 HAMIA FAM TRehTed e | Tl
N, STErs §& ¢ 2
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o o o

() myr, =m,r, &1 39AM &Th Efafed =i

Waﬁ foTq 2
mr
r, = , T=1,+T,
m, +m,

(o) forelt 319 & foTg H[uie e =l 9 & fag

F A TERIhd ¢ 2 Afafed § § wH-9
3] F[ui9 g9Td € IR i 2 4
C0,, 0,, CHCL,,CO

(%) fodl ygae! St & fau gomsu for ¢ 2+1

1 |k

1) v, =—.|—
@) * 2 \m

(i) k=4n*vim

(@) T=feAfed uei shi sarea Hifsy 3
(@) T HHH
() vuH e

(iii) ¥ forg i
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~

(M) frafafed & fae s oo f2m € ? 2

() U Aadt gieth o fou SHrafae TeeH
ENIEI]
(i) T Y] Sleteh

(%) CO, IR H,0 & fau wwaftes @a=ar
SHifedl A Hifg | 2

4. (%) Fefafen o1pet § @ #R-9 g$ oH TH
T TR S A 2 2

H,0, CH,

(@) R 3R yfa-re Yerd =0 adt € 2 foweh
Teehd & fe 2960cm ™ C-H @ & fog

A A e 1 feafa st argfet i,

Ifg 435.8nm (22946cm ) Hg faferor =1

I foha ST 4
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(71) SR Jarsy : 4

(i) 1-lel I 3TeRad TRH 3500 - 3200

cem™! & 99 had TF famgd S yefiia
F T AR T8 CCl, & Wy a3 foan
SME, 1 3650 cm™* & e W SAfdfied
EER NGRS

(i) RCHO #! >C=0 379fd 1735cm™

O

I
% gy yefifa et § safh R—C—-R

& faw I8 1720em ™ & 99 YEi¥ia Sl
gl

5. () n>n* 3R n—on* GHAU R ot =i

YAl & J9d & IR § == HitaT | 3
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(@) AFISH & TUoFE!  STeRivy TeeH  H,
Hidsh TR0 56876cm ™ § 3G 2l

T SfRdSH T ® IASH Sl
15868 cm™ ¥ WA TR H O, T HI
foris @St keal/mol # = SHifST | 3
(1) CHCI, & gfod T Wed § dH o€i & fag

frefafed i T aa € ¢ 4
. A g/
shHTh It In
em™

1 357 5.8 79.2

2 660 1.3 83.2

3 760 4.7 6.0
yfeaa 9t o1 erfufaio sife |

6. (%) "“HgS, KMnO, R K,Cr O, 9sft & @i
et B § Safh T d-d GHAUI HI e

HHTeAT &1 aidt § 1" SReAn ity | 2
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(@) n-3ATFA & gTEE WA H m/z 114, 85,
71 SR 57 W yef¥id el @ safq
AT HifST | 4

(M Staa fo W WEEAG W, FAEHARE
foheedt &= # Suferd 3d hafhi & faured =
==t Hifeg | 4

7. (%) T T & AT & foq gai & wia=em

1 TRl 1 ==l HITSTT | 2

(@) T SFRIATI! T WS RE ARG iy
3R YT HRSAT HifTT | 3

(M) wk Afe e e g9 CH0, ¥,

frefafed et sifes geia e : 5
TeRER T : 2300 - 3333 (foeqa),

(cm‘l) 1715 (ter)
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'H-T1. T 3R : 11(1H),2.60 (s,4 H)

A 2.12 (s, 3H)
(8, CDCL,)
T TaH : 116, 43
(mi2)
SR U T et AlFSt & AR W AfTH
T T iR it |
X X XXX
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