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'M.Sc. 4th Semester Examination, 2025
| CHEMISTRY
PAPER—-CEM-403
Full Marks : 50
Time :'2 hours
. " Answer all questions
Ihé Sigures in the right hand margin indicate marks

- Candidates are required to give their answers in
théir own words as far as practicable

CEM-403
(ﬁhysical Chemistry Special)
GROUP — A |
Answer any fquf questions : - 2 x 4

1. What types of reactions are studied by mole--
cular beam technique and shock tube method ?
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2. Define saddle point.

3. The volume of activation of a reaction is
-4 x 10 m*mol-! at 298 K. Calculate the
pressure required to double the rate constant :
at.10° Pa. '

4. Light scattering method is more acceptable
than viscosity method for determination of
average molecular weight of a polymer—
Justify. |

5. Define Fuel cell with an-éxam;:)le |

6. 'Why acid hydroly31s is preferred over alkalme B
hydrolysis in case of proteins ?

GROUP — B~
Answerany four questions :  4x4
7. Starting from the equation

‘ dy=—quV-('qM /ZjF)dpj .-—ZI“‘;dp,.'
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. Prove that
, 1/2RT(dy/dlnai ). ==T
Where the symbols have their usual meamngs

8. Derivethe expressidn to determine the humber _
average molecular welght of a polymer
sample.

- 9. The size of the molecule does not have strong
effect on ‘the rate constant.of diffusion
controlled reaction—Explain.

10. What are the limitations of convehtional
Transition State Theory ?

- 11. At 20°C, the diffusion co-efficient, the molar
mass and specific volume of haemoglobin'
are 6.9 x 107! m?*s~, 64500 gmol ' and 0.75
cm’g! respectively. Calculate its frictional
ratio and comment on your result. The
co-efficient of viscosity of water at the given
temperature is 1.005 cP.
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12. Explain, with the appropriate graphical
representation, the pH metric tltratlon of
glutamic ac1d

or

Write and explain Hinshelwood theory
for unimolecular reactlon
GROUP — C | |
Answer any two questions : 8x?2 -

13. Using appropriate partition function derive
the expression for the rate constant of
absolute reaction rate theory.

14. Derive Flory-Huggins equation of vapour
pressure for polymer solution.

15. Derive the expression for determination of
~ weight average molecular weight by sedimen-
tation equlllbrmm method.

16. Write note on solid phase peptlde synthems

[ Internal Assessment — 10 Marks ]
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CEM-403
(Inorganic Special)
GROUP — A |
Answer any four questions: = 2x4
1. V(II) is more labile than V(I)— Why ?

2. What are the effects on the rate constant of
positive and negative value of CFAE? -

3. What factors favor the assoclatlve mecha-
nism ? :

4, What are the requirements for to be labile
‘and inert system ?

5. State the role of supportmg electrolysns in
- polrographic measurement.

6. State the limitations of droppmg Mercury
electrode. : .
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GROUP — B

Answer any four questions 4 4x4

7. Derive the expression for dissociative

. PG/IVSICEM/403/25

mechanism for octahedral complex. What _
happen when the concentration of nucleophlle

- is very high ?

- Amino acid exchange reaction at the square
planar complexes of Cu(Il) shows the rate
sequence glycine>sarcosine (i.e. N-methyl
glycine) >glycine while octahedral complexes
of Co(II) rate sequence, i.e. dimethyl
Glycine>sarcosine (i.e. N-methyl glycine) >
glycine. Discuss. -

. The observed rate of the aquation of cr
ligand in the chlorido-ammine complexes of
Co(III) and Cr(III)-complexes are given
bellow : :
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© Complex: . [CoCHNH,)J* [CoCL(NH,)]* [CoClen),(NH )"
k (5%, 25°C), ~10¢ ~107t0 107 ~107

[Ct!CI,(en)(N’H,)!]+ )
~10°*

Complex: [CrCYNH),}* [CrC1(NH),)* [CAl'CI,(en),]+
k (57, 25C): 9.7x10% - 4x10% ~10 - 10

Why these type of differences are found in
rate constant though they have same ligand ?

10. The water exchange rates for the following -
[M(OH,) J** follow the sequence :

* [Se(OH,) P> [Ti(OH,),J* > [V(OH,) P> [Fe(OHz),,]"'*

Explain W1th justification.

11. Whatisa polarographic maximum ? How do -
. you eliminate this problem ? |

12. Deduce the relatiohship between half wave
potential and standard redox potential of a
system.
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GROUP -~ C
Answer any two questions : 8 x 2
13.(a) Aquatlon rates of [Co(NH3) (L)]“+
 complexes (at 25°C)

L ¥ Co) Y A W e) B
NO; 24x10°  SOF 8.9 x 1077

I  83x10% F 8.6 x 107
o 17x10¢ N5 21x109
Br~ 6.3x10°% NCS§- 3.7x 10710

H,PO;  2.6x107

- Comment on the rate constant variation.
- By which mechanism the reactions w1ll

- proceed ?
(b) Rate constants for anation of [Ti(OH.l)t,,]'3+
(at 13°C).
) il k (dm? mol-! s)
NCS~ 8x10° a
: ' (at ca. 9°C)
- CH,CO,” . 1.8 x 106
CICH,CO,” 2.1 x 108
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What do these data suggest about the mecha-
nism of these reactlons ? o 4+4

14 (@ The second order rate constant for
reduction of [Co“‘(NH3)5 ** by
[Cr(OH,) )

x= NH, OH, -O0H Cr N,- NCS- SCN-

3

| kdw'mol s = 9x10°° 0.5 1.5110‘ -6x105  3x10° 20 1.Bx10°.
28*C

Explain why these variation observed in.
the rate constant ?

(b) Write down the mechanism for the base
hydrolysis of [CoCI(NH,),]*. 4+4

15.A Thermogram for decomposition of

CaC204.HzO is shown below
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.Mess Change: -12.28% .

Musl.

. Mess Change: -18.08%

’ \ Mess Change: -18.06%
420° . 6s0°\ '

Residual Mess 39.75%

840 980"

'l‘enperﬁure, «c
Correlate the thermogram with mass of the

* product with proper explanatlon - 4+4

16. Cyclic volfammo’gram for a solution is 6.0
mM in K ,Fe(CN),and 1.0 M in KNO is
given bellow : '

PGAVS/CEM/403/25 : ( Continued)




8]
o

~ Cathodic

"
L]

/ﬁ-w Sk RS Biahiis il Eebh it |

N

08 06 04 0z 0 w2
Potential, V vs. SCE -

. Identify the products at the position B, D, F, H,
-J and K on observed cyclic voltammogram. g

I Ihterna'l Assessment — 10 Marks ]
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'CEM-403
(Organic Special)‘
GROUP - A

Answer any four ‘questions : 2x4

1. Whatis point group of A" ?-Octalin ? Where
1s its chlral centre ?

2. What are qua31-enant10mers ? Give an
' example. '

3. Whatdo you mean by A'2-strain ? Give an -
- example.

4 Write down the Drude equation and explain
the terms involved in it. Why Cotton effect
curves do not obey'simple Drude equation ? .

- S What do you mean by "Mean Resu:lue Elhp-'
ticity (MRE)" ?
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6 Draw the most stable steremsomer of
perhydrophenanthrene and dlSCllSS its sallent
features. '

GROUP — B
Answer any four questions : 4x4

. 7. State and explain the axial haloketone rule,

How will you determine the absolute confi-

- guration of (-)-trans-1-decalone using axial
haloketone rule ? : 2+2

8. What do you mean by atomic asymmetry ?
 Why R-lactic acid is weakly levorotatory .
~whereas R-mandelic acid is strongly
leavorotatory in water ? - ' 242

9, How w1ll you ratlonallze the tendency of
trans-2-decalones to enolise to give a2,

' 3-double bond instead of 1,2-bond whereas

- cis-2-decalones tend to enolise towards
C-1instead of C-3? 4
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10. How will you account for the product dls:-
- tribution in the following reactions with the

help of Cieplak model ‘?
® | |
S ' Hb Me Mesey OH
M, K, &
R : : R _ - JR
R _ R~ _ - R
R=COMe %0 <10
R = Et n ’ 8

Nucleophilic Attack of .Subs_titilted |

Norbornones.
N o o
_ ] . N
. _ 0 Nuc ' .uc
| t-Buw —— t_Bw‘OH
 Nue=NaCHNO, = = >90%
Nuc='MgBrCH(CH,)2 - 18%
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11. What are bisignate CD curves ? How will
you study the conformational changes in
(-)-menthone with solvent polarity using CD
or ORD curves ? - 1+3

12. Discuss the effect of ring size on the sign of
the Cotton effect. How CD and ORD with
Cotton effect curves help to determine the
structure of proteins and nucleotides ? 2+ 2 _

GROUP - C
Answer any two questions: ‘3 x2

13. State and derive the Curtin-Hammatt principle.
In this context also cite an example where
the less stable conformer leads to the major

- product. , S

- - 14.Deduce the Winstein-Holness and Eliel-Ro

equations. Why has it become obsolete ?
Calculate the value of equilibrium constant |
(K) for the system.
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Given, the specific rate cb_nstants, ke = 0,

k,=7.1 x 10-% and the overall empirical rate

constant, k = 2.4 x 10-* dm?® mol-! sec-! at
29815 K. - 5+1+2

" 15. Write all the possible stereoisomers of
: perhydroanthracenes and discuss their stereo-
“chemical features

16. What are the symmetry elements presentin . 1
cis- and trans-decalins ? What are symmetry
elements present in cis-9-methyl decalin and ' 1
trans-9-methyl decalin ? Draw all the stereo- |
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isomers of trans-1-decalol and comment on
their stability. Draw the conformers of

cis-1-thiadecalins and comment on their

stabilities. 2+2+2+2

[ Internal Assessment — 10 Marks ]
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