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' M.Sc. 3rd Semester Examination, 2019
' CHEMISTRY

PAPER — CEM-302

| Full Marks : 40

Time : 2 hours

The figures in the right hand margin indicate marks

Write the answers to questions of each Paper
in separate books

(Physical Special)
' GROUP--A
Answer any four of the following : 2 x4

1. What is meant by linear vector space ? Give one
. example.

2. Calculate the first order correction to ground
' state energy of a simple Harmonic Oscillator

' perturb by the following function,
H' = g(x) = bx.
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3. A three level system has energy eigenvalues £
E,and £, (E < E < E,). After a small perturbation
‘its Hamiltonian is given by,

E] a b
H=|a* E2+d 0
a* 0 E

3
Write down the matrix form of the perturb term.

4. According to Hickel theory, the n-electron
charge on the central carbon atom in propyl
cation (CH,CHCH,)" is (in unit of electronic
charge),

(7) 7 (if) NG (fin 1 (iv)2
5. Matrix form of a certain system is given below,
{2 2
4 “(5 _J'
Find the ground state energy of the system.
6. Vibrational modes of C H, belongs to the

irreducible representation (IR), 2Alg, E E,. A,
Raman active modes of C,H, belong to the R,
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(9 Alg and E,
{(iD) AlgandE]”
(z'ii)ElgandAlu
(iv)E, andA

7 The highest energy n-molecular orbital for the
allyl system is :

(i) j—5¢1+%¢2+%¢3
(if) —j—i%—%%

(ifi) %tbl —%% +-é—¢3

(iv) Ifb ——¢ \/—

8. A certain two level system has stationary state
energies £, and E, (E, < E,) with normalized wave
- functions ¢, and ¢, respectively. In the presence
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of a perturbation V, the second-order correction
to the energy for the first state (9,) will be,

0 (Givie,)
EI_EZ

o )
{(iii) <¢t | V|¢2> 2
' E-E

(iv) _<¢1 v ¢2>
(E -E)

=~

GROUP-B
Answer any four questions of the following : 4 x4

9. The unperturb wavefunction for the infinite
square well is given by,

ey = [2 gin (7,
v (x)—\/:sm(a x)
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Suppose one perturb the system by simply raising
the floor of the square well a constant amount,
V,. Find the first order correction to energy. 4

. A two level unperturb system is described by the

Hamiltonian,

(10
Ho_(O 4)'

Now a small perturbation is switched on and the
perturbing potential, ¥ is represented by,

_f(a ¢
V_(c b]'
Find the second order correction to energy
eigenvalues. 242

. | j, m) are the simultaneous cigenkets of operator

J? and J_. Find the matrix representation of o,

operator for j = % 4

. Deduce the expression of transformation matrix

which transform one basis to another in an
n-dimensional linear vector space. 4
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(6)

IR active normal modes of methane belong to the
irreducible representation,

(iy E+A4,
(i) E+ 4,
(T,
W) T, |
character table of T, point group is given below ; 4
T, \E 8C, 3C, 6s, 6o,
4,11 | 1 1 1 X2 Pzt
A |1 -1 -1
E 12 -] 2 0 0 (227 - x' - y*, x2— 1?)
7|3 0 -1 1 -l |R,R,R)
T, |3 0 -1 -1 1] (xy2 |(x Yz, zXx)
14. Deduce the general expression of first order

18.

correction to wavefunction using first order time
independent non-degenerate perturbation theory. 4

Calculate the first order correction to the ground
state energy of an anharmonic oscillator whose
potential is,

dp2 1, 3 1,4
U(x)—sz +6yx +24bx.
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glven, ‘([ X € 2m+l am =

l. { e "mzdxz@m—"-l)!(_il)llz

o s —ax'/2
and y,()=(2) e } 4

16. What is meant by charge density and bond order
for m-conjugated system 7 Calculate bond order
for allyl cation system. o 2+2

GROUP-C
Answer any two questions of the following : 8 x2

17. Use first order time dependent perturbation
theory for atwo level system to obtain the
following expression of probability of transition
from state 'n' to 'k'. 5

9 ’ -
‘ (1) oy bA(D _ 1 ' 1
f:c n(t)—le (I)‘ _whz _([Hkn(t)e dt

! where symbols have their usual significances.
Use H'as constant perturbation and then show
_the plot of Pk(in Vs. W, . Interprete the plot. 8

' 18. Use Linear variational principle with Hiickel
approximation to obtain the energy and wave
function of n-MO for butadiene. 8

PGAIIS/CHE-302/19 ( Turn Over)



(8)

19. Use degenerate perturbation theory to obtain the
splitting of n = 2 state of H-atom in presence of
external electric field and also {ind the energies
and wavefunctions of the resulting states. b

20 Use group theoretical principle to determine the
state of hybridization of central atom in [PtCl, ]
Also obtain the hybrid orbitals as lmear
combination of atomic orbitals. Character table
of D, point group is given below o8

Dy (£ €, C, 2C, 2¢", i 25, 0, 26 20

4 h W o

Ay g1 | 1 1 | 11 1 I xEA

Ey2 020 0 2 0 -2 0 0B G

&
|35
==
L
(=1
<
o
<
Lhe]
=]
(=]

{(x, )
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(Inorganic Special)
' GROUP-A(a)

1. Answer any fwo questions : 2x2

(a) Complete the following reaction
@e BBr, - CH2C12> Cu(OAc),

| @ aq- NaOH
| | T
" (b) How will you synthesize @— Ni —@-— Ni @

F from nickelocene ?

(¢) Comment on the structure of manganocene.

| GROUP—A(b)

|
2. Answer any iwo questions : 4x2
| 5 ‘: \\ »
(a) What will be the product when 1|36 is
' (Co),

treated with HBF , CO 7
If this similar kind of reaction is performed

I in absence of any ligand what happens ? Cite
an example. 4

' PGALIS/CHE-302/19 ( Turn Over )



(10 )

(b) () How electrochemical preparation
(industrial) of ferrocene is carried out ? 2

(ii) Predict the product with structure . 2
cive,- £ —

(¢} (/) Comment on the 'stereochemistry' during
the oxidative addition reaction. 2

(if) Identify 'A' and 'B' in the following

scheme : 2
(§) TaCl,
/(ii)NaBH,, THF
Nan
() WCl,

(if)NaBH,, THF

GROUP—A(c)
3. Answer any one question : | 8x1

(a) (i) When Cp:Ti is reacted with ethylene.
What will be the product ? 2

(/i) Schematically present the catalytic
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| cycle for BP's cativa process for the

| production of acetic acid. 4
! (iii)Mention the problems with the monsanto
processes. 2

(b) (i) Complete the following reaction : 2
| \@' AgBF, Et,N
I Fe > E

- i A 1 CSHG
i CO CO
| (ii) Schematically present the catalytic
| cycle of hydrogenation using Crabtree's
: 4

catalyst.

(ii{) Write down the chemical composition
' of Schrock-Osborn's catalyst and Mark's

catalyst. 2

GROUP—-B(a)
|

4, Answer any two of the following q'uestions z 2®d

I
! (a) What do you mean by "vibronic polarization” ?
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(&) Using group theory how can you explain
the intensity of colour of the following
complex ions :

[CO(H,0),]*" : light pink
[COCL]”  :deepblue

(c) Write the all possible term symbols for ¢
electronic configuration. How these terms

- will split in presence of tetrahedral crystal
field ?

GROUP—B(b)

5. Answerany two ofthe following questions : 4 x2

(a) With the help of group theory determine
the symmetry of vibrational modes of
cis-[ML X.] molecule using Cartesian
coordinate method. Identify the symmetry
of IR and Raman active modes in this
molecule. (Given below the character table
for C, ). 4
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CJ‘z 1 E CZ Uc(xz) o-;(yz)
|
A, |1 ] 1 ! z x? y*, 2?
Az |1 o=l =l R. xy
B.l ] -—_ I 1 - I x, -Rl‘ Xz
B, |11 —1 | v Re | yz

- (b) Explain why the intensity of 4,->7,, transition
' around 100 times less than the intensity of
‘ A,—>T, transition in [COCLJ* anion. Given

below the character table for T, point

| group. , 4
T, |E 8C; 3G, 65, 6oy A

%41 11 1 1 L] Pyt 4 A

W1 1 1 a4

LlE 2 -1 2 0 0 (222 — 2% - %, 2% - )
L3 0 4 1 a|R.A.R)

L1s 0 4 a4 1y (w5,52,27)

(¢} "With the help of group theory determine
: the symmetries of the group of orbitals of
i F atoms which are effective for o-bond
i formation in PF, molecule. Write the
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appropriate SALCs for these symmetries. |
 Construct a qualitative 6-bonding molecular
orbital energy level diagram for PF,
molecule. (Given below the character table
for D,, point group). 4

DMI E 2C3 3C2 15 253 301‘

TR TS T T U S B x* 4 yP 2t
A1 1 =1 1 1 ~1[|R&

E {2 -1 0 2- (x, ) (x* = y%, xy)
A1 1 11 =1 =1 ~]

A7 1~ =1 - 1| z o

E” 2 =1 0 =2 1 0 (R,R) | (xzy2)

GROUP—B(c)

6. Answer any one of the following questions: 8 x 1

(a) (i) Withthe help of group theory determine
the symmetry of vibrational modes of
trans-[ML X, ] molecule using Cartesian
coordinate method. Identify the
symmetry of IR and Raman active
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( 15 )

modes in this molecule. Given below the
character table for D,, point group. 5

1
!
!
1
E |2
I
|
1
I
2

| A S S S A S xt4yd 2t
I 1 =t =1 1 1 I =1 =1] B
~1 b =1 1 -1 1 1 =] _ xt)?
- -1 1 -1 11 1| xy
2

0 -2 0 0 0 -2 0 0 (R,R)!| fazg,y)
I 1 1 =1 =1 «] -1 -1
I =t =1 =1 = =1t 1] z
-1 1 1 =1 1 1 «1 =1 i
-1 1 -1 1= 1 - 1 -
0 -2 0 ¢ -2 0 2 0 0 (5p

(ii) For trans-dichloro bis-éthylenediamine
cobalt (III) complex the ground state is
£ and excited singlet states are ‘A, , 'E,
and ‘,Bzg. Show that ‘A]g—> 'Azg transition
is vibronically allowed with (x, y)
polarized light but forbidden with
z-polarized light. 3

(b) Establish a correlation diagfam forad ion

~ in an octahedral environment. (Given below
the character table for O, point group). 8
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G E 8¢, 6C. 6C, 3. i 85, 85 o, bay
(=Ch
Ay | 1 11t | S O T R A Fey-7
Ay 1 [T RS [ T S D
E, 2 -1 0 0D 2 2 0 -1 2z 8 F -5 4% ¥ -r)
T 30 -] A3 0 0 -l RRGR
Ty 3 Q 1 -1 -1 R 0 -l I (3.2, v2)
A 1 11 I owl =l A =1 A
Ay 1 I | /Y A S S S |
Ey 1 4 0 0 2 2 0 1 o2 0
To 30 - A4 -3 a0 1 1 e
Tr 3 0 1 - A4 -3 10 1 -

(Organic Special)

Answer Q. Nos. 1 and 2 and any two from

Q.Nos.3,4,5.and 6

1. Answer any four of the following questions : 2 x 4

(a) What do you mean by "working ligand" and
'auxiliary ligand" ? Give an example for

each.

(b) Give an example of a reaction with large
positive p (reaction constant) value and also
justify your answer.

PG/TIS/CHE-302/19
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(¢) The Sy2 displacement of iodide from ethyl
iodide by substituted phenoxide anions has
- apvalue of exactly —1-0— Explain.

(d) Give an example of [9,9] sigmatropic
rearrangement.

(e) Complete the following reaction :

Ph Q
T 0, + QI -
a — {
Ph @)

() Show quantitatively that p-nitrophenyl
-acetic acid is 2-4 times more acidic than

phenyl acetic acid.

Given: o, for -NO, group =+ 0-78
e for ionisation of phenyl acetic
acid = +0-49.

(g) What happens when chromium tricarbonyl
complex of fluorobenzene is treated with
n-butyl lithium followed by y-butyrolactone ?

(#) Give an example of Fischer carbene and
also suggest the pnmary method for its

preparation.
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2. Answer any four questions from the following :4 x 4

(@) Using FMO and PMO method show that
[1, 5] sigmatropic shift is a thermally allowed
process. . 4

(6) What happens when arylidene derivatives
derived from the condensation of chromium
tricarbonyl complex of a-tetralone with
aromatic aldehydes is treated with ethyl
acetoacetate i presence of a base ? Illustrate
your answer with suitable reaction
mechanism. 4

(¢) Predict the .products of the following

reactions with proper justification ; 2+2
: OMe
(1) @ &) m-Bulki
—_——— 9
' (i) Mel
Cr(CO), o
) OSiPr’,
(if) @ (i) n-BulLi
—_— 9
(iiy Mel
Cr(CO),
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. {d) How will you account for the different
,‘ Hammett p values for the two reactions

~given below :
CL

| Br
Fhscl @/% Br, Br
= 2 7 X pP= 57
X

4

(e) The rates of aromatic electrophilic substitution

in the para-positions of monosubstituted
‘ benzenes correlate with ¢* values— Justify
with a suitable example. Also, comment on
the p values observed for such reaction with
proper explanation. 4

' (Y Identify the products and complete the
' following reaction sequence :

i CPBA
AP BB ) A 5 B, () 8, )

' C,H,
! (g) Predict the products in the following reaction
‘ sequence along with their stereochemistry

4

! wherever applicable :
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~OMe '
H Cr(CO), ()R, R-butane-2, 3-diol
g R B S
n-Bu,0 - ) TiCI, (lequ.)
i} Me Al
iif)H,0®
0 () MeCN
E<ol D -
(i) H,80,

(#) () What happens when chromium tricar-
bonyl complex of N, N-dimethyl-1-
phenyly ethyl amine is treated with
n-butyl lithium and subsequently
quenched with a suitable electrophile 7 2

(ii) Identify the product with plausible

mechanism : 2
A () A
+85e0, ——— 9
S (R0
3. Predict the products of the following reactions
with plausible mechanism - 2x4
(a) Ph-S-Br. A
P " Noy Pyidine Y —=>®)
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+/Me
® SN
s ) M NaOMe, A
= ——C——> 1D
A - .
) ©:> > g Malglc anhydride S ¥
A
(d) H.C 0O
. 350°C

TN — G

What were the modifications made by Taft to
Roberts and Morel and work ? What are the
approximations involved in Taft equation ? Write
down the Taft equation and explain the terms
involved in it. Discuss the practical validity of
this eqauiion. 2+2+2+12
(a) Suggest a suitable catalyst for Heck reaction
and draw the catalytic cycle for the reaction.
Arrange the following leaving groups in
order of their reactivity in Heck reaction : 3 + 2

Chloride, bromide, iodide, triflate,tosylate.
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(b) Predict the products with proper justifi-
cation : 3

Pd(OAC),
PPh,

T ﬁ e
ArQTf

 \_PdOAC), _
N dPPR -

R

6. (a) The acid catalysed hydrolysis of ethyl
benzoate has a p value of 0-144. What would

be the effect of (- I) group on the rate of the
reaction ? 2

Lo

(b) The alkaline hydrolysis of methyl benzoate
should be p=2-224. What would be the
effect of introducing electron with drawing
and electron donating groups on the reaction
rate. Explain the reaction mechanism
indicating the rate determining step. 3
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(¢) The following compound (A) gives (1 : 2)

! adduct and compound (B) gives (1:1)
‘ adduct. Predict the products with explana-

tion :

PG/IIS/CHE-302/19

(B)

___).?

N

A
—~
i

CN

3

A
——— Y

=\

NC CN



