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2025

CHEMISTRY
« (Major)

Paper : CHE4300204 MJ

( Molecular Spectroscopy-1)

Full Marks : 45

Time : 2 hours

The figures in the margin indicate
full marks for the questions.

Answer either in English or in Assamese.

1. Answer the following questions : 1x5=5
o A Ted foral ¢

Pl

P

Which type of molecule shows pure
rotational spectra?

@R SR W e ] e e

Name a factor affecting population of
energy levels.

wfewad Gyl 2ol 4 ol B N
ferell |
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M Name one molecule that is IR inactjy
&

but Raman active.

<o IR iEew o = A& w9m A forgy

(iv) What is meant by photosensitizer»
Name a photosensitizer used ip
photochemical reaction.

WCEAE AW eTo! N 1 2 St
fferare aRa R Bt SiER TR
LIRS

£ Which type of light source is commonly
| used in Raman spectroscopy ?

AIRATS T (IR (e (ohzeq
T IAZ® 5 2

2. Answer any five of the following questions :
2x5=10
oot Al eI Ricpiea Sfistre S forat ¢

() What are auxochromes? Give some

examples.

A1 5o fmme SR |
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{jif What is quantum yield ? Give the
causes of high and low quantum yield
of photochemical reaction.

(@RIGN 37 T2 Tn oiF {0 @RI 2759
IR

(B~ Write mutual exclusion principle.

ATRS Io qife Bl |

(iv) How does hydrogen bonding affect the
IR spectra?

232G (G AFEE IR IR TS (FLRET
O (oeTT ?

(v) Explain why polyenes show absorption
in the visible region ?

ATICZ T PN ST (e (Y 2

v What is selection rule of IR
spectroscopy ?

R IFifResre A e e

(viif Explain the reason for the colour of
nitro and azo compounds.

G S G&r (TIERE I8N (R PILE R0
34 |

B11F0O 0014 3 . Contd.



(viii) The incident light has a wavelength or
4358A and the scattered light g
observed at 4477A. Calculate th,
Raman shift in em™1L.

45! Iwifew IR ©129i07 4358 A =i e
I SR 4477 A1 eml© T BTG st
9 | ’

(ix) Calculate the energy associated with
(1) one quantum (ii) one Einstein. Given
that the wavelength of radiation is
7500A (h=6'62 x 1027¢erg sec,
c=3x 1010%¢m/sec,
lcal=4-184 x 107ergs).

(i) B! (PRIDINS (1Ce &ioe “IfE W= (i) <5
TRABET (IS ST *If& som) 1 | RFfd=eim
OR<An Al SR 75004

(h=6'62 x 1027erg sec,

c=3x 101%m/sec,

1cal=4-184 x 107 ergs)

(x) Using IR spectra, how will you
distinguish between (i) ethanol and

ethanal (i1) acetone and acetic acid ?
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R T O (FEE O (i) 2AE O
B (i) A5 Wi o5 «fow er A1y

FfRata #ff<are

3. Answer any four of the following questions:
5x4=20

R fcieal bifabre ©ex fordl 8

4 Ae) Discuss the various factors
affecting the intensity of spectral

lines. 3
AU SHOF delTS T TR
SIGIPTIRSS N
4b” What is hypsochromic shift ?
| 2
o ae Frh N 62
(i) Write short notes on : 2Yax2=3
5% Brl foTal ¢
(a) Wave-particle duality
w2l (@0l
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(b) Absorption cross-section and
Einstein coefficients

SRR 20N Sl SI2ADI2q 3739

(,UA}/,(CO/ State basic principle of the
Woodward-Fieser rule. 2

TIG-RebRT T G Aife e

(by Calculate the A, for
1,3-butadiene using the Woodward-
Fieser rules. 3

TTAG-RebI T ams I/ 1,3
[ACOIezTT A, 56 3 |

(tv) Explain the Franck-Condon principle.
Discuss its significance in electronic
spectra with the help of a potential
energy diagram.

P I T 31 | Rz *ifeq @i
RIS FA 2GR 3T Wieste Sigvip; <o |

(v~ Derive energy expression for vibrational
Raman spectra.

TGS A AT W ATege ot
S
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(i A4a]  What are the different factors that

(b)

(vii) (a)

B11FO 0014

contribute to the width of spectral

lines ? 3
eI 2R FRef @i e FReTE
& &2

Assume that a molecule undergoes
spectroscopic transition from
ground state to an excited state
where its lifetime is 10-%s.
Calculate approximate uncertainty
in excited state energy level and
width of the spectral line in Hz.
2

B! ST B TR #A<l Trefers SREite
GO G R TN I J[eT 4@ TGS
TS Trafere SREE SIPH 104 (P9 |
Traftrs wREIR xifes STl S Feffer
[AR &7 (H2z)© 949 91|

The infrared spectrum of an
organic compound with molecular
formula C;HsN shows prominent
bands at 3060cm™!, 2250em™1,
1600cm™!, 1580cm™1, 1500em™,
1450cm=!, 750em™! and 700em™!.
What should be the probable
structure of the compound ?

3
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(b)

451 05 9 C, Hs N, 298I el
3060cm-!, 2250cm™!, 1600cm-1,
1580cm-!, 1500cm™t, 1450cm-1,
750cm-! W% 700cm~1® [T (9

(TR | TGO SRy afon 6 =2

What is the change in the
rotational constant B when
hydrogen is replaced by deuterium

in the hydrogen molecule ? 2

G (T TS F3G (S (GRS Bl
A IR I &8 BT +ARToa

(TP 272

(viii) State the Beer-Lambert law. Write

mathematical form of Beer-Lambert

law. What are the limitations of Beer-

Lambert law ? 2+1+2=5

frra-eTais st o1 | REe-eTis ew snfdfes
<ol foral | FRaa-(oTaIb e ez & &2
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4 Answer any one of the following questions :

10

< 1 i) @b owR Ted Tl g

_#~ What do you mean by Raman effect ?
Explain Rayleigh scattering, Stokes and
anti-Stokes lines. Why Stokes lines are
more intensed than anti-Stokes lines ?

3+6+1=10

wﬁﬁ%%%q@f@ﬁﬁ%%@@@?ﬂ
o GBI @A T 911 B (1 R
AR (RS (@ O 2W?

(@ (a)

(b)

B11FO 0014

Explain how IR spectroscopy is
used for the elucidation of
molecular structure. Give suitable

examples. 5
@EWE IR AR ok sowe
ez 70 M ARy 9| ST
TwieRe |

What do you understand by
degrees of freedom ? Calculate and
explain diagrammatically the
different normal modes of vibration
of H,O molecule. 1+4=5
w1 I O Sl gieeet {6 3@ 2 HoO
SGa FNIRE FBIFE 2P RF0! e sl
o o oifs I&i
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(iii) Construct the Jablonski diagram
to illustrate the following concepts
of molecular emission spectroscopy-
(a) internal conversion (b) vibration
relaxation (c) intersystem crossing
(d) fluorescence (e) phosphorescence.

woTe wal SR Fevel, (oiF CHIo GIRePTR
%513, TR (e oa Ao F—
(a) SIS FAITI (b) T2 MifeTo!
() TBREEN TR (d) FEET (e) PR |

(iv) (a) Discuss the consequences of the
Born-Oppenheimer approximation
in molecular spectroscopy. 3

O e el A b e SR A R D AR
S TR DA

() Show that for a rotational
spectrum of a diatomic molecule,
the rotational quantum number (to
the nearest integer value) for the
maximum populated level is given

by
kT 1
J. = / =
max 2hcB 2 >

10
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fa-eiaoRe ©q @B g IR Crae
oD Sifzge T GOR TR (PRIBIN T2
TN (Hebew o1de A9 Rpiere)

kT 1
J — -
mX\N2heB 2
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