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The Jipres in the margin indicate full marks.

Condidates re rcquired to give their ans$,ets

in their own words as tu as practicable.

(Advance Physical Chemistry-I)

GrouP - A

Answ* aylour questions : 2x4=8

l. Ar external perturbation, H'=bx3 (where 6 is a
consanQ is applied to a linear Harnronic Oscill,ator Find

the first order conection of arergr to its gomd stste.

2. Sr(A operation on a molecule with the axis of rotation

as tlre Z-axis moves a nucleus at (X Y 4 tD,

(a) (-X -Y, 4;
(b) (x,-Y,-4;

(c) (-X, Y, -4;
(d) (-x, -Y, -z).

Justif, pur answer.

v-31R4 - Im

P.T.O.



(2 )

3.' Write down the steps involved in determining the

vibrxional modes of a linear molecule rsing inrcgration

mettrod

4. What is intermediate normalization? Show that,

(Vl.t lU*l) = O; (rynbols harrc treir uslal significares).

5. The matix regeserrtdion of Flaniltonian of a ttuelevel

system is given bY f/ = write down

the matrix form of eigen Kets and the corresponding

eigen- vafts of the sYsern.

6. Use Hiickel approximation of n-MO and tterce ohain

tre maEix form of the Seurlar equdiors for hrtadiene'

GmuP-B

AnsurcranY.,/ozrqrstions : 4x4=16

7. Use 3N cafiesian coordinate as base vector to obtain

tre symmery of tlre vibrational mode of N[I,.

(Chamcter table of the required point group is given at

the end of tbc qrxtion PaPer)

8. Symmetry of the vibrational modes of HrO is,

tnit =24+ Br. Find whether the above modes arc

Raman rtirae or not

(Ctnrrcter table of tbe required point grol+ is given d
the end of the question PaPer)'
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9. Find the mtlx representation of J-aurrd "P op€rdors for

an electron having total angular momentum quantum

number, J: 312.

10. Use intemal coordinate as base vectors to obtain the

symmetry of the vib,rational modes of ClF, CEshaped).

(Character table of the required point group is given at

the end of the question paper).

I l. Mahix representation of tlre tlamiltonian of a system is

2t
I

'given by, 11 = Find the eigenvalues and the
0

corrcsponding eigen vectors of Ole system.

12. Cefficient marix of tbe t-MO of allyl mdical is given

by,

Obtain the total elocbon charge density on each of the

caton alom of tlre allyl radical.

I
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GrouP - C

. Answeranyarroquestions: 8x2=16

13. Use degEr rrde pertutation ttefry to ottain tp +liuing
of n:2 state of H-atom in presenoe of an extemal

elecuical p€rtubatiorL H' = e.E.Z (symbols have their

rrsul slgnifcam)

14. The Hamiltonian of a twoJevel system is grven by,

ho\
rro =[o ,)-

A snalt prtnbation is sxirched on and the rndix form

of the prtubation is given W, r =(" I[c b)

Find the fiIst ard second ordcr conection to arergl of
eh level.

15. Ground and the excited state of a twelevel system is

described by I n > and lt> respectively. An oscillatory

p€rnrbation, H' = I/ cos(ot) is applied to the system.

De&s the orpression of transition p*u"fmty (41.)

from state Iz> to |t>. Justiry the idea of induced

absortrion ad fudtrd emissim ftoNrl the above derived

o<P'ression

16. Use group theoretical principle to obtain the state of
tr5foridizaion of ceotal aom in CH..



(s)
(Character table of the required point gpup is given at

the end of the question paper)

List of Character Tablqs :

o

4
4

Td E8C J 6,Sn 6o,
x2+y2+22

(222-x2-tz,
x2 - y2)E

\
T2

G)

I

I

2

3

3

I

I

-l
0

0

I

I

2

-l
-l

I

0

I

-1

0

-l
1

(x,,Ry,
(x, y' z)

R")
(xz, yz, ry)

Czn

4
A2

4
B2

O C2 o"(n) o',(w)
I

I

I

I

I

I

I

I

-l
I

-l

R,

x,Ry

!,R,

,2,y2,12
ry
xz

yz
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Intcrrel Assessment : l0 mrrks
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(Advanced Organic ChemistrY-I)

Group - A

Answer anY /our questions : 2x4:8

l. Why tlammett equation is catled a linear ftee enerry

relaion$ip?

2. Give an example of [9, 9] sigmatopic rcariltgem€nt

3. What werc the r€asons for choosing the ionizations of
meta- and para- substituted benzoic acids as reference

rcactions by tlalnmete

4. What is Tebbe's rcagent? Wlrat is it usd for?

5. Show quantitatively that pnitrophenyl acaic acid is 2.4

times more acidic than ptrenyl acetic rcid. Given : op

for -NO, group = + 0.78; P for the ionization of

H-C6H4CH2COOH=+0.49.

6. Ideiliry the poduc(s) of 6e following reactiut"

Hsc

350'C-----..-------- )

r)i

v-31/34 - 100

P.T.O.
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Group - B

Alls'wcr. arrylour questions '. 4x4:16

7. Stale the Gnmwald-Winstein equation and explain tlrc

terms involved in it. In this context also discuss the

significance of the compourd w.a;lrfer m.

t. Whzc will you mmt for tle Harrnr:t p vahs in the

fillowirg rwriors?

G)

-N:./Br
+

NO:

=+4.9

Nq
H

Ar OBut
CO Br tBuO-/tBuOH Ar

P=+9.0O

Ar
2+2

9. What is NegBshi coupling? Draw the cmlyic cycle for

Negistri corpling rwtion and nrention the vriow steps

inrrcIr,ed in it l+3

10. Predict the products of the following reactions with

plf,sible rmhmism :

AI

I

I



(e)
G)

cooc,Hr-Pg!!- (A) --!gat--, (B)

G)
heat ,p+

2+2

I l. What is Shapiro reaction? Explain with a proper

example. Illustrate ),oLIr answer with suitable meclranisrn.

Comment on ttre stereoselectivity and regioselectivity of
the prodw{s) formed in Shqiro reaction 3+l

12. How does ene reaction differ from cycloaddition

reaction? Using FMO approach show that thermal ene

reactiors arE sYmmetry allowed

Group - C

Answer any rno questions :

13. (a) Draw the two calalytic cyctes for mpper catalyzed

Sonogastrira coupling. What are the dranibacks of
using copper as cocatal$ in this reac-tion?

8x2=16

v-3 t/34 - I00
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@) How will you prepare 2-subsituted benzofiran

starting fiom eiodopkml? (3+2F3

14. (a) Exarnirn using PMO ryoach whaher srytafrcial

and antarafacial [,5] sigmatropic r€arnngements

are thermally or ptptochemically allourcd

(b) What do you mean by Modified and Degenerate

Cope Rearrangements? Explain with suitable

examples. Wrat are the essential conditions for a
1,5-diene substructure to undergo Cope

rcarrangem€nt? 4<3+l)

15. What do you mean by substituent coDstaDt (o) and

reaction const rt 1p) in tlammet equation? Disctss the

signifcance of the tlrnnH (p) wftrcs Grrc an exrnple

of an equation with a small Hammet (p) value. How
will pu ascatain the rnectrrrign of ttldolfsis of benryt
drldide in uider rsiry l{snmen @) valtrc? 2+2+2+2

16. (a) Discuss how the p valqe helps us to und€rstand

the mechanism of hydrolysis of meta and para

substituted methyl and ethyl benzoates n 99.9/o

4So.'
' O) Whd is Stille rwtion? Drarr dE cmlyic cple for

Stille rwtion 5+3

Intcmal AssgJlrcnt : l0 marks
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(Advanced Inorganic Chemietry-I)

Group - A (a)

Answer any rt p questions : 2*24

1.. Explain why the intensity of A2 -+T2 electronic

tansition is around 100 times less than the intensity of

Az + I electonic trarsition in [CoCn ]2- anion Civen

below the character table for I, point group.

tu
x2+y2+22

(222 - x2 - yz,
,2 - y2)

ET,

Al

4
E

Tl

T2

c8 6sr3C

I

I

2

3

3

I

I

-l
0

0

I
I

-l
-l

I

-l
0

I

-l

I

-l
0

-l
I

(Rr, 1R/, xr)
(x, v, z)

(xz, yz, ry)

2. What do you rnean by "vitrcnic polarization'?

3. Though purc di elecuonic transitions are symmetry

forbidden, most of the coordination compounds exhibit

characGristic dJ electronic spectral bands. Explain the

obs€rvation using gFoW tlrcoretical priDcipal.

v-31/34 - 100

P.T.O.
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Gtoup-A @)

Answer anylnro questions :

4. Wilh the help of glottp theory determhe ttre symmefries

of nonnal modes of vibrations of C\ using 'Cartesian

coordinate method" and "Intemal coordinate method'i

Comment about the results obtained from the two

m€{hods Idfntify tE s}'mm€ti€s of IR ad Ranal rctive

Erod€s in this molecule. (Given below the clrarcter table

fo. Cr)

Rz

,, Ry

!,R,

5. Determine the symmetries of the group of orbitals of
hydrogen atoms which are effective for o -bond

formation in HrO molecule. Write the appropriate

SALCs for this group of orbitals of hydrogen atoms.

CoDstruct a qualitative o -bonding mol€cular o6ital
energ lerrel diagran fu tIrO rnlecule- 2+l+1

6. Show that'exclusion rule" is applicable for SFo

mlecule. (Given below the ctrrrta table for 4 poiot

grorP). 4

4x2=8

Czn

,\
A2

4
82

yzoi(or(c2E )xz

I
1

I
I

)
I
I
I
I

I
I

-l
-l

I
I
I

I

y2,12x2,

ry
xz

)z

2+l +l
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E EC.6C26C. 3C2 , 65. &S" 3orr 60
(= c:)

4,,

Au

tr+f+t

(D-r-f,
r)4

(xy, p, lz)

8x I=8

E,

7,,

Tn

Ar.

A

E

Tl

Group - A (c)

Arswer any aze question :

7. Establish a correlation diagram for a d2 ion in an

octalre&al €nvircnm€rfl (Given below the chracrs uble

for Q noint eroun).

8. O With the help of group theory determine the

symmetries of normal modes of vibration of
tror-fun-Srl molecule using Cartesian coordinate

melhod. Identifi the symmeties of IR md Ranan

active modes.

(&fi,,R)

(x" y, z)

ll

ll

z-l
30
30
ll
ll
2-l
30
30

ll

-l -l
00

-ll
l-l
ll

-l -t
00

-ll
l-l

ll
lt
22

-l 3

-l 3

l-l
l-l
.,J

-l -3

-l -3

ll
l-l
20

-l -l

-lt
-l -l
-ll
-20
ll
l-l

I

-l
0

I

-l
-l
I

0

-l
I

I

I

-l
0

0

-l
-t
I

0

0
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E

D4,

Au

B

B.

Ar.

Br.

Rb

( 14)
(i) For rrazsdiclrloro bis<thylenediamine cobalt(Itr)

@mplex ttE gtound stEte is rArs ad o<cied singla
states are rA2s, rEg and rB28. Show that

' 4, - ' 
nz" transition is vibronically allowed

with (x, y) polarized light but forbidden with

z-u:,lfrtzdligh! wherEas lA,* 
- E* rarsitian is

vibronically alloued with both (a y) polaized ligh
and z-polarized light Given below the chaact€r

table for D.o point grorp.

E 2C, C,zC; ?C: i LS, c 1,2ou2o 4

i+f, *

r-t?
ry

(2, tz),

42,

(& RJ

(r, y)

i
lt
t'l
t-l
t-l
20
ll

ll

t-l
l-l
20

ll
l-l
tl
l-l

-20
ll

l-l
II
l-l

-20

I

-l

-l
I

0

I

-l

-l
I

0

I

I

I

I

2

-t

-l

-l
-l
J

I

I

-t

-l
0

-l

-t
t

I

0

I

I

I

I

-2

-l
-l

-l
-l
2

I

-t
I

-l
0

-t
I

-l
I

o

I

-l
-l
I

0

-l
t

I

-l
0

4+4
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Group - B (e)

Arswer anytxu $rstions :

9. Write 6e products of tlre following reactiors :

h!-.---,Zr-(
\

o

G

@

v

2x24

ct
Ni(co)4 .

10. Cornplere 0re following rearfion :

br? cp(co

ll. Complee fu following rwtion :

sb(cl) oH-
?

H+

CO

,|

2

coe(F )3

* v-31/3,{ - 100

P.T.O.
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G)

13. o

(16)
Group - B @)

Answer any fir quesions : 4x2:8

Crffnplde the folloling reagiur :

w(co)6+ Nacp-------+?-Jt--+? b 
>?

Mention th'e oxidation state of the metal ions for

the complexes formed in the above reaction

scttilte.

Which product is formed when nickelocene is

r€act€d with Ni(CO).? 3+l

Comment on the fluxional behaviour of

rElqtCr;r.

CD Wbat hrypans uthen

(a) MoCl, is treated with NaCrH, and sodium

borohy&ide in TIIF d low ternperaurc?

G) [cnre(co)r]- i" t*t"a with a''cl
2+2

14. Draw the catalytic cycle for BP's 'Cativa process' for

the godrrtion of acetic acid 4

GrouP - B (c)

Ansurer any anc qr.rsion : 8xl=8

15. O E:<plain thrce reaction steps along with the net

rcaction for 15p natalytic oxidation of acetylene to

acetal&tryde by 'Pd' using ftCl as co-cataly$.
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(u) Draw the catalytic cycle for Wacker Oxidation for

the preparation ofacetaldehyde. 3+5

16. Prcdict trc producb formed in the following reactions :

KCToHE
G) zrcr4(rHF)2

fz,z,zl-crypt.
I,2dimethoxyethane

low temp.

cHo G)NH2OH

CO?
Cp-Na'

Fe
(ii)

2

,|

GD Ni
HB ? Cp2Ni 

) ?

Gv) n
czHr ,? czPhz r?

v-31/34 - 100
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