
Total Pages-17 PGIIVSICEMJ4O2I2S

M.Sc. 4th Semester Examination, 2025

CHEMISTRY

PAPER- CEM-402

Full Marks :50

Time :2hours

Answer all questions

The figures in the right hand margin indicate marks

Cindidates are tequired to give their answers in their
own words as far as practicable

' cEM - 402

( Inorganic Chemistry Special )

GROUP - A (a)

- Answer any two ofthe following questions : 2 x2

l. State'Lande interval rule'.

( Turn Owr )



2 I

(2)

Why a diamagnetic material is weakly rcpealed
by the external magnetic field ?

3 The number of y'electrons in Eu(III) and
Am(III) are same, but they have different
magnetic moment valub. Explain.

GROT.JP - A(b)

Answer any two of the following questions : 4 x 2

4. Derive the expression for magnetic dipole
moment associated with the orbital motion
of an electron,

I5. Explain ;; versus temperature (T) plots

for paramagnetic, antiferromagnetic and

ferromagnetic materials. (where ?( ru = molar
magneticsuseeptibility). f +l+2

Write the magnetic moment equation which
is commonly used to calculate the magnetic

6
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(3)

moment for 4f metal compounds. Explain
why Sm(III) and Eu(III) compounds do not
follow this equation.

GROLJP - A (c)

Answer any one of the following questions : g x I

7. Derive an expression for "diamagnetic volume
susceptibility" of a material. State the factors
on which "diamagnetic volume susceptibility';
depends. 6 + z

8 (a) Which one ofthe following two complexes
will have more superexchange interaction
and why ?

[(NH3)5Cr-O-Cr(NH3)5] Bra

[(NH:)sCr-OH-Cr(NH3)5] Br5

(b) How does an antiferromagnetic substance
differ from a diamagnetic substance ?

(c) Write short note "Super exchange".

3
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(4)

GROLTP - B (a)

Answer any two of the following questions : 2 x2

9. Cite one example (with stn"rcture) for a;ro-CO
bridging complex. Write the C-O stretching
frequency (in cmr) for this complex.

10. Complete the followingreaction :

H tAl A - tBIFe(CO)j ....'...-.....*
A

11. Predict the structure of HRu5(CO),7B.

cRoIJP -,B (b)

Answer any two ofthe following questions : 4 x2

12. Complete the following reactions :

PO/MCEIl/40225 (Contimed)



(s)

(r) Ru(acac)r + CO + H2
MeOH

150"C, 155 atrn.

(rr) CoO + CO
1900 atm.

800c

(iu) Mo(CO)6 +

(rv)

Zr(Cl)a(TI{F)z + KCroHr
l5-Crown-5

13. How will you synthesize [Fea(CO)p]r- from
Fe(CO)5 ? Discuss the structural features of
[Fea(CO)13]'- cluster. 2+z

I 4. (r) Calculatethe W-Wbond orderin WdOph)6.

(ii) Predict the structure of [Fer(CO)rzC]r-
applying Wade's rule. 2 + z

A

THF
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(6)

GROUP - B (c)

Answer any one ofthe following questions : 8 x I

15.(t) HzOsr(CO)1 has a bicapped square
pyramidal cluster geometry. Is this
consistent with the number of valence
electrons available ?

(rr) [Oss(CO)rr]2- has an octatredron structure
with trro meal atmrs on the tiangular frces,
i.e. bicapped octahedron stmcture-justify.

4+4
16. (r) Draw the d-orbital oi,erlapping in the

edge-sharing bioctahera structure. Cite
one example ofan edge.sharing bioctahera
complex. Calculate the bond order
between the metal centres in that complex.

(ii) Howwill you synthesize Os5(CO)1e from
Os5(CO)1s ? Wtite the structure of.
Oss(CO)rg. (3+ I +2)+(t + l)

I Internal Assessment - 10 Marks I
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(7 )

CEM - 402

( Physical Chemistry Special )

GROUP - A

Answer any four questions of the following :
2x4

1 Deduce the expression of Hamiltonian ofan
N-electron atom.

2. Write down the Slater determinant form of
wavefunction ofBe atom.

3. Write down the eigen value equation of 52
operator of N electron system having N1
number of electrons with o spin and N2
number of electrons with p spin. Hence obtain
the eigen value of 52 operator for the following
function, lq r=l qr 0,,p, Orl.

4. What is meant by Coulomb operator and
exchartge operator in multi-electron atomic
system ?

PG|NStCEW4t2n5 ( Tun Over )



(8)

5. "Energy ordering ofnuclear and electron spin
in presence ofan external magnetic field are
opposite to each other.',-Explain.

6. Write down the magnetic interac,tion tlamil-
tonian and the nuclear spin functions for A.2
spin system.

GROI.JP - B

Answer any four questions ofthe following :

7. Write down the Slater determinant form of
wavefunctions of excited Helium (lsr2St)
and indicate their spin multiplicities.

8. Deduce the energy ofthe state described by
the slater wavefunction, l4 >=l qrqz l.

9. Write down the steps to evaluate the energy
expectation value ofmulti electron system
and deduce the energy expectation value of
2N electron system.

4x4

PCmrycEw40,2X?J ( Corrtihued)



(e)

10. Use L-S coupling scheme to deduce the
terms for d2 configuration.

1 I ; Calculate the population ratio of p and c spin
in a uniform magnetic field of 5.50 T. (Given,
g* = 5'5854' 0N = 5.051 x 10-27 JlT,
h= 6.626 x l0-34 J.S). Comment on your
result.

I 2. What is meant by AX, AB and A,2 spin system
in tH NMR spectra ? Give the schematic plot
ofenergy of each of the spin system and
show the possible transitions of spin states
stating the selection rules of transition.

GROI.JP - C

Answer any two questions of the followin t , 
, *,

13. Deduce the zero order and first order correc-
tion to energies ofA-X spin system and hence
obtain the frequencies ofall possible transi-
tion.

PG/MiCE|W4oZ25 ( Ttrn Ayer )



(10)

14. Use L-S coupling sch€me for atoinic terms
to deduce Lande's interval rule. Cdculate the
spin-orbit interaction energy of3Fr, 3F3 and
3Fa levels in terms of spin-orbit coupling
constant.

15. Deduce the following expression of total
energy @) for 2N closed electron system.

E=z Z.tet_lG)

Where ey is the energy of the fl orbital and

. (C) isthetotal electron-electronrepulsion
energy of the system.
State and proof Koopmanls theorem to
obtain the energy of the I! atomic orbital.

3+5
I 6. Deduce the pure spin states and indicate their

spin multiplicities for a system ofthree non-
equivalent electron with Ird : -112.

I Internal Asscssment - 10 Marks I
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(11 )

CEM - 402

( Organic Special )

GROI]P - A

Answer any four questions : 2x4

I What happens when l,S-cyclooctadiene and
1,4-cyclooctadiene are subjected to photolysis
separately in presence ofacetone ?

2. What do you mean by photochemical equili-
brium ? Give an bxample.

3. What happens when barrelene is irradiated
: in presence of a sensitizer like acetone ?

4. Write down Isler's synthesis ofVitamintrla3n.

5. How will you prepare nicotinamide from
3-methyl pyridine ?

6. What happens when adenine and guanine are
treated with trifluoroperacetic acid separately ?

PG4VSrcEM/4025 (Hrn Ater )



7

GROUP - B

Answer any four questions : 4 x 4

Write th-e structure ofpenicillin and identify
the products A, B and C.

(r) Suggest a suitable mechanism for the
conversion of 4-phenyl-6-bromopyrimi_
dineto4-phenyl-6-aminopyrimidine. 

t

(12)

e a scheme for the synthesis of
2+2

t

(fr) Outlin
uracil.

9. Predicttlrc product(s)with propermecnanim :

2+2

?
hv

sens ,h, , ?

PG/IVSrcEIW402/25
<Conttnwd)



(13)

10. Predict the products of the following reactions
with plausible mechanism (any nao) : 2 + 2

(,

(rr)

(iii)

oNo

hv

-+

hv

Et2OlEtOH

hv

-+

o

o

PG/M/cEtw4oz2J
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(14)

1 1. Write down the Traube synthesis of r.uic acid. 4

l2.What are coenzymes, holoenzyme and
apoenzyme ? Drawthe structure ofNAD and
state its function. 2 + 2

GROI.JP C

Answer any two questions : 8x2

13. Predictfhe products ofthe following reactions
with plausible mechanism (any four) :

Ph Ph

(') hv+

o

(r,) hv--+
'BuOH

PG/IVSrcErw/t@/25 (Continued\



(,r,)

(rv)

(")

(ls)

hv

->
254nm

o

hv

hv

+
(

o

o

->

MeOH

14. (r) . Write down the scheme for the syrthesis
ofD-penicillaminefromDl-valine. 4

(ri) Predict the product of the following
reaction with plausible mechanism : 4

PGIIIr'SrcErI{f/402t25 ( Turtt Ovcr )



(16)

hv, Alkaline medium

o

15. (r) How will you account for the bands at

3333,1770 and 1506cm-r in the IR
'spectra 

of mettiyl ester of benzyl peni-

E

o

cillin ?

(ir) Suggest a .suitable scheme for the

synthesis of thiamine chloride hydro-
chloride (vitamin Bl).

16. (D trftite down the scheme for the Fischer

syathesis of hypoxanthine.

(r, Write down. the Traube synthesis of
adqrine. 3

3

2

5
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(17)

(rfl What is Hoffmann-Loeffler-Freytag
reaction ? Give proper mechanism to
illustrate your answer.

I Internal Assessment - l0 Marks I

J
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