No. of Printed Pages : 12 CHE-010

BACHELOR OF SCIENCE (B. SC.)
Term-End Examination

June, 2026

CHE-010 : SPECTROSCOPY

Time : 2 Hours Maximum Marks : 50

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

is allowed.

1. (a) Why for the ground state of the atom
having configuration 1s2, triplet state

(S =1) is not possible ? 1

(b) What are the selection rules for atomic

spectra for multi electron systems ? 2
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The line spectrum of hydrogen atom is
observed in ultraviolet region of
electromagnetic waves. Name the series
of line spectrum. Find the limiting line
and the first line of that series in wave

numbers. 5

What is the value of the orbital angular
momentum of an electron in 2pz orbital

and its component along z-axis in the

case of hydrogen atom ? 2

Using VSEPR theory predict the shape

of PCls. Draw its structure. 3

CH:Clz has the following symmetry

elements : E, C2 and 2 ov . 2

(1) Identify the point group to which
CH2Clz belongs.

(11) Will the molecule show permanent

dipole moment ?

B—-2824/CHE-010



[3] CHE-010

(c) What do symbols Ai, A2, Bi, B2 and Ag
signify in a character table of a point

group ? 5

3. (a) Prove that for a rigid diatomic molecule,
the moment of inertia, I about an axis
through the centre of mass of the
molecule and normal to the principal
axis of the molecule is given by : 3

I=py?,
where p = reduced mass of the molecule

and y = bond length of the molecule.

(b) Predict the positions of Raman
vibrational lines for the C—H stretching
frequency of alkane at 2960 cm-! if Hg
radiation of 22946 cm-! is used. 2

(c) Rotational Raman spectra of
CleEG(g) shows a series of absorption
peaks separated by 316 cm-! in the S
branch. What is the distance between

two oxygen atoms if COz2 molecule is
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symmetric linear and axis of rotation
passes through carbon atom and 1is
normal to the principal axis of the

molecule. 5

4. (a) Sketch the normal modes of vibrations
of CO2 molecule. Predict which mode of
vibrations is/are likely to be IR active
and which are likely to be Raman
active. 4

(b) The transition from J = 0 to J'=1 for
HCI takes place at 2118 cm~!. What
is the bond length of *H*CI? 6

5. Discuss the effect of any three of the
following on carbonyl frequency in IR
spectra with suitable examples : 10

(1) Inductive effect.

(i1) Resonance effect.

(111) Intermolecular H-bonding
(iv) Intramolecular H-bonding

(v) Steric hindrance
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6. (a) Sketch the high and low resolution

NMR spectum of CH3CHO and discuss

their origin. 5

(b) Discuss in detail the E.S.R. spectra of

CHs free radical. 5

7. (a) The mass spectrum of pentanoic acid
shows a peak of m/z = 60 involving
McLafferty rearrangement. Which are

the fragments that are formed ? 3

(b) A compound having molecular formula
CsHsOs3 shows the following

spectroscopic data : 7

UV : Absorption of Amax = 262 nm.

IR: Very broad band from 2300 —
3333 cm~! and a strong band at

1715 cm™1.
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NMR : A signal at 6 11 with integrated
area of 1 unit, a singlet at 6 212
with area of 3 units and another
singlet
d 2-60 with area of 4 units.

Mass Spectra : Molecular on peak at

m
— =116. The base peak appears
Z
m
at —=43.
z

Deduce the structural formula/structure

of the compound.
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CHE-010
famm T (S, TE.-4t)
i ureln
I, 2026
WU=E.-010 : Weafieht

gag ;2 §u2 SIfeHaH 37%F : 50

HT : fH=l gia g991 & S T g4l g & Sh
A & o grut SR F-grmEE A
FARAN & FATT HT SFAMT &1

1. () Sifcraw &t 7@ steren, s fa=mg 15° %, |
5rer 3t (S = 1) i T T ) 1

(@) sggeiae Harl & fa TR SereH 1 axo
fra e ? 2
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(1) fagd gerwE & TETH & H gEgST
T WEey T S § | e WeeH i Ao

T Y FAET | 3 SO H G e SR e

[T T T TE&AT A0 BT | 5

(91) 2p, FeTH & HeTH DIV G 3R TS &
O § 39 z 3187 & F<eh bl 91 | Bl
T2 2

2. (&) VSEPR fagm &1 START &t PCl; &t i

1 GATTHM ST | ST T Fasy | 3
(@) CH,Cl, & i fr=fafea aafafq se=e € :

E, C, 3R 25, 2

(i) CH.Cl, fFa fag oqg & gafem © ?
Fd hifST |

(i) =P 31v] Tt fgya sl qwiiwm ?
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() Ay, Ay, By, B, 3R Ay Tdieh 11 & F, fog

T &1 901 Alfciehl H SR FANTEA S 2 5

3. (%) 78 fo-Trms o1 % fa fag i fo a1
% TIAM & hg W T[eRA aleft AR T &

& ] & T 318 & SIS el I ot ¢

1= py?
Y SR A © | TG p = 3T T GHHIT GeATH
3R y = 310 T 3Tee] TTE ¥ | 3
(@) afc 22946 cm™* Hg fafwzor &1 ITEmT foha

ST @ 2960 cm ™t W Weshd & C-H @1 &

g T & YEnsit i fafa &1 gmgfea
i | 2
(M C?0¥(g) = =it T Tega # S wwen #
3-16 cm ™ &l g Aol sTewie o el st St
T Bt €1 CO, 319 & QI Siferdis TR
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& o9 i g0 @ Bft afe wwfafa wefm @
3T =[Ol 1 2787 HEF WA F TRl B AR
319 1 Y@ & & = 2 | 5

(%) CO, 31 &t FH= we fawnedi =1 fafa
HIT | JATAE HifsT fh s780 | i A
TEd: IR 9 I B T 9fFa € 2 4

(@) 'H®Cl& faw 1= 09 J' =1 dw%w 2118

em ! w2 &1 THPCI #t smey o F
Bt T 2 6

. SYFH KRN ¥ fFrEfafed & g0 IR TReH T
T At foRegl Wi Tl Rl S FIFT 10

(i) IO g
(i) AT gHE

(iii) STAVAIH TEGISH AL G

(iv) 3T0:37U[ TEESH AELT J9E
(v) Tfoet anen
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6. (&) CHsCHO =1 S=a fawed iR = favew

o aW el

NMR T § fafa #ifag oIk 37t 3afd

1 AT HifT | 5

(@) CH; & Hoish & ESR WA i foed 9

Ui Hifeg | 5

7. (%) U %A 1 THHAM TRH m/z = 60 W

forer wefkfa &l €, 98 Hhaihel qAfa=H

TN 21 €1 -9 gue Ffiq dq € ? 3

(@) Afier w1 emfvasd ¥F CsHgO; © S

frfafed Seefist iws onar e ¢ 7
UV:  Amax = 262 nm T TSN

IR: 2300 — 3333 cm! @& d9
1715 cm-1 W
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NMR : T Hohd § 11 W {91 ameher

AR Th IHE & T §, Fohd o
2.12 1 &A% 3 THE § 3R TH 3R

Tehd & 2.60 TSET &5T%el 4 THE ¢ |

~ m
SHHM WaeH : 3ifuaes iR — =116 w9
4

3R fIrer ?:43 R ¥ 3T AfTH

ST FHAT /AT A1 I |

X X X XX
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