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M.Sc. 2nd Semester Examination, 2025
~ CHEMISTRY
PAPER — CEM-201 -
Full Marks : 50
Time : 2 hours |
Answer all questxons
| 'The ﬁgures mthenghthandmargmmdzcatemarks ,

Candzdates are reqwred to give thezr answers in
their own words as far as practicable

GROUP—A

Answer any fonr of the followmg questlons
. 2x4
1L Deﬁne autocatalyuc reactlon with an example
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The following reactlon occurs in aquequs.

- solution

S.
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CH,CICO0™ +OH™ - CszHCOO' rcr
deduce qualitativeiy

() The effect on the rate of increasing
dlelectnc constant (e)

(ii) The 51gn of entropy of actlvatlon

Use energy balance equatlon to explain the
appearance of Stockes and antl-Stokes
Raman scattering.

Rotétional Raman shift is twice as that of |
rotation frequecy of the molecule Explain. -

Posmon of minimum of potentlal curve of

'aSHO is at x = 0. Find the position of

maximum of its ground state wave function. = -
How does it differ from a classical Harmonic -

oscillator ?
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6 The: trial wave functlons ¢1 =ex (1 -x)
and ¢, =¢x (1 —x) +cx*(1 —x)? give the
- ground state energiés E, and E, respectively
. for-a particle moving ina 1-D box. If the
exact energy is E' then arrange E |, E, and
E, according to thetr mcreasmg order w1th‘
‘ Justlﬁcatlon :
: GROUP—B
" Answer any four questions of the following:
4x4
7. Deduce the followmg expressnon for alinear
Harmomc Oscillator, |

a' |n>-—_-Jn+ |n+'1'>

| ’and' heric'e_ show that,

_@
Saeiid

(symbols have their usual significances).
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8. Show thatin the nth eigen state of a Harmonic
Oscillator, the average kinetic energy (<T>)

is equal to the average potential energy (<V>)
Comment on your result. -

9. What is meant by MASER ? Use Einstein’s
treatment of absorption and emission
phenomena to explain that even ambient or
higher temperature is favourable to observe
MASER. :

10.Give the classical explanation of Raman
scattering. State it’s drawback. How was it
resolved using the concept of quantum
'mechanics ?

ll Derive the expression for relaxatlon t:lme of
the reaction : A :

A+B =X

Where A and B have dlﬁ'erent uutlal concen-

tratlons '
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~ 12. Antibiotic resistant bacteria have an enzyme,
penicillinase, that catalyzes the decomposition
of the antibiotic. The molecular mass of
penicillinase is 30,000 g mol-!. the turnover

- number of the enzyme at 28°C is 2000 s™.

If 6.4 ug of penicillinase catalyzes the
destruction of 3.11 mg of amoxicillin, an
antibiotic (molecular mass 364 g mol!), in

20 seconds at 28°C, how many active sites

does the enzyme have 7.

- GROUP--C _
* Answer any two questions of the following :
- _ 8x2
13. What do you mean by enzyme inhibition ?
| Discuss different types of enzyme inhibition
l _ ‘processes in details. | 2+6

| 14, (a) State Franck-Condon principle. Use this
- principle to explain the relative intensities
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of v1bronlc transition of a dlatomlc |
molecule when ,

@ r,=r, (ii) r,>>r,.

' and 7, are the position of mlmma of
t.he ground and excited state potentlal

energy curve respectlvely

(b) Show that - Stokes and Antt-fstokes
~ rotational Raman lines are Equi-spaced
with respect to the central Rayleigh

15.(a) State and proof Eckart’s theorem.

(b) Use p= 4e =" as trial wavefunction
for the ground state of a linear harmonic
oscillator and hence deduce the normalized

- wavefunction and energy for its ground
state. (‘A’ is the normalization constant
and ‘e’ is the variational parameter)

3+ S

PGAIS/ICEM/201/25 - . {Continued)

Scattered line. - 1+3+4 .'



16.Use linear Harmonic Oscillator model to -
"deduce the essential criteria and the selection
-rule for a diatomic molecule undergoing
transition from the vibrational quantum level
vtov'. Recursion relation of Hermite
- polynomials is given below, -

EH,®=vH,_ ®+12)H, . @

| [ Internal Assessment. — 10 Marks] . . }
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