No. of Printed Pages : 12 CHE-10

BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
December, 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.
(iv) Ru=1.09677 x 10"m™!
h=6.626 x 10734 Js

Be=9.274 x 10724 JT-1

1. (a) Calculate the v for the first spectral

line of Balmer series for H atom. 2
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(b)

(©

(d)

2. (a)

(b)

(c)

(d)

[2] CHE-10
Calculate the energy associated with a

radiation having A = 430 nm. 2

Derive the term-symbol for the p state
of H atom. 3
What 1s an n-fold axis of symmetry ?
Explain using an example. 3

Using VSEPR theory, find the shape of
PCl3 molecule. 2
“Although all transitions with A J=+1

have same transition probability, the
lines corresponding to these do not have
same intensity.” Explain. 2
Calculate the moment of inertia of
12C160. Given that atomic masses of
12C = 12.0000 and 60 = 15.9994; bond
length = 1.1 A. 3
Using the appropriate expressions for a
rigid rotor, show that the spectral lines

have a spacing (in cm1) 2B. 3
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3. (a)

(b)

(©

[3] CHE-10
Show that for the vibrational spectrum
of HC1 and DCI :
Ve _ 3
Voke.
Given that atomic masses of H, D and
Cl are 1, 2 and 35.5 respectively. 3
Calculate and draw the number of
stretching and bending modes of water
molecule. 3
Describe the origin of P and R branches
in vibrational-rotational spectrum of
CO behaving as a rigid rotor and
harmonic oscillator. 4
How can you differentiate between the
following structures using IR and

Raman spectroscopy ? 2

A
/\ B—A—B
B B
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(b)

(©

[4] CHE-10
Arrange the given molecules in order of

decreasing >C =0 IR frequency giving

reasons : 4
) 0)
1) CH3—(|3|——CH3, CH3—(‘3‘—CH20H3,
0]
CH3—C—CH = CH,
0) 0)
(i1) H—g—H, ch—(|;|‘—H, CH3—(|J|—CH3

For H2 molecule, the spacing between
S-branch lines in the Raman spectrum
is 243.2 cml. Calculate H-H bond
length. Given that mass of a H atom =
1.673 x 10727 kg. 4

Explain the following terms : 2
(1) Hyperchromic shift

(1) Hyperchromic effect
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[5] CHE-10

(b) The IR and Raman spectral data of N20

1s given below. Deduce the structure of

N20 from this information : 4
o/em ! IR Raman
589 Strong, PQR —
band
1285 Very strong, PR Very

band strong
2224 Very strong, PR Strong
band

(¢c) Draw and explain the crystal field
splitting of d-orbitals of metal ion in
complexes having tetrahedral
geometry. 4

6. (@) Draw and explain the H-NMR
spectrum of acetaldehyde. 4

(b) An 1inorganic compound having one
unpaired electron shows a strong e.s.r.
line at the frequency 9.5 GHz. Calculate
the g-value of the line,

BZZO.15 T. 2
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[6] CHE-10

(¢) Discuss all possible electronic
transitions 1in polyatomic molecules

using an appropriate diagram. 4

7. (a) Explain McLafferty rearrangement
with an example. 3

(b) Explain the term ‘band pass width’. 2
(¢c) The following data is obtained for a

compound having molecular formula
C7HS8O. 5
Mol. wt : 108

Nature : Not acidic

IR spectrum : Indicates presence of —OH
group
UV : Amax at 254 nm and 202 nm

NMR (8, CDCls) : 3.85 (s, 1H), 4.55

(s, 2H), 7.25 (s, 5H)
Mass spectrum : (m/z) 108, 107, 79, 77, 51.

Deduce the structure of the compound.
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[7] CHE-10

CHE-10

fomm Tae

(sft, TH-Ht)

R EIGRCRIE |}

fogwR, 2025
Wu=3.-10 : Wit

gHg ;2 qU2 SIfeHaH 37%F : 50

W (i) (e e 3o & I S
(ii) T FIH P GHIAT 3 &
(iii) T GROPE SR AI7-FArET SHogelesl a1

TEIeFeh Hogheiedl & I 1 ST7HlT &1

(iv) Ru =1.09677 x 10"m™!

h=6.626 x 10734 Js

Be=9.274 x 10724 JT-1
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[8] CHE-10

1. (%) H TTH] i IR AT i GoT THaeHt 3@ &

feTq U YRehferd Shifald | 2

(@) A = 430 nm I fwE fafeo & Ty geg

i o o (aW e

qch[cdd eh(lSIU | 2

(1) TEGISH MY HT p ST o fee 9e-Teiih
T ISl | 3
(%) FEHfd & -7 18 T A 2 Th SR
% STIANT gRI SATEAT ST | 3

2. (%) VSEPR fog@ & 3w g’ PCl3 A9 &1

SR AT T | 2
(@) “gafd AJ = £ 1 a1t Gt WA T hH
<froran 7@ Bt & 1" =ATEA Hif | 2
(1) 12C160 1 STged MU YRehlerd SHifsiT | AfS

12C 3R 160 & TXHM] FFEH HA;: 12.0000
AN 15.9994 T 3R A&y ow=s = 1.1 A
B 3
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[9] CHE-10

(%) fohelt g3 HUh & ToTu ST STl 1 STAMT

Sid g SIET fop Taedt (@t & &9 &

T (cm™! #) 2B ¥ 3

3. (&) HCI 3R DCl & %A Sah & fau g9zt
& .
HCl

L
DO =2

Vosc

fem T ¥ . H, D iR Cl & W] S8

HAT: 1, 2 3 35.5 ¥ 3

(@) 9 & T & U a1 IR dha faenedi &
Tfierfaa sifse X emfem wifsa| 3

(1) 3 ¥UTeh SR ST SIeteh o THH HIRR T

W®W CO & HTA-YuiH daed # P 3R R

IREN3T ahi ST h1 IUH TS | 4
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[10] CHE-10

4. (%) ToRad AR WA RS & ITAN R 39
TrAfafed S | ff8 geR 98 T F&d
g2 2

A
/\ B—A—B
B B

(@) RO Id 3T fu T e7uyei >c:oaroﬂaa
g & Fed HH T HARId HifaT 4
0 0

i) CHs3—C—CHjs, CH3—C—CH2CHj,
i
CH3—C—CH = CH»

I
(i) H—C—H, H3C—C—H, CH;—C—CH;
(77) Hg 1] & folu, T T4aed i S-3m@n @i

& o9 g 243.2 cm~! §1 H-H 3199 T8
qRekfad witwe | foan T § @ H 9] &

TEEE = 1.673 X 1027 kg | 4
5. (%) f=fafen < st samen SIfv 2

(i) afeEvi gfe

(i) MRt e
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[11] CHE-10
(@) N20 & 27aEd 3R WF Tt 3fies
feu T ¥1 TH SEER % SR W N2O hi

T fuifa sife 4
v/em! ek T
589 o, PQR S —

1285 Afd a1, PR o | 2Afd gaoA

22924 3fd g1, PR o' GGl

o

(1) FSheTh T S arel Tehell § 91g 3T &

d-werent 1 forea & faured emfea wifse

3R STh! AT HifST | 4
6. (%) Uelidfeegme w1 IH-TA.GASR.  Feen
ARFEd SIS IR U] AR HifST| 4

(@) U AT el alell Teh STehTel e AT
9.5 GHz 390 W T& Jad 3.TH.3R. @I
wei¥fa Far 1 W & fau g-mm ufiesfed

FINTI B,=0.15T T 2
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[12] CHE-10

(1) 3fea foo g Igaee SAueT & forw g

UG Soarel-eh TehHUT hi ol hifold | 4

7. (%) RO Gigd Hoehel QAMGE hi ]
RIS | 3
(@) 'S U SR UE HY AR HIfSIT | 2
(1) C7H8O 317 ¥ et Afirek & fere Frafafea
S I LT ¢ 5
37 IR : 108
TG : A T
ST g : —OH Tg i Jufeaf < 51
TSR : Amax : 254 nm 3R 202 nm W
TA.TH.3TR. TaeH (5, CDCls) : 3.85 (Tha,
1H), 4.55 (W&, 2H), 7.25 (T, 5H)
T WA : (m/z) : 108, 107, 79, 77, 51
AfiTeR i T e St

X X X X X
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