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The figures i
for the questions

Symbols used signify their usual meanings

1x7=7

1. Answer in brief :

the operator

(a) Find the eigenvalu€ for

2
—‘—1—— if the func
dx2

tion 1S cos4Xx.

(b) An operatof O is defined 28 oV =
where A is 2 constant:

the operator is lineal 0

(c) Show whether

Qex s>
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{ d) Draw a
OI'ien tation s
momentum

diagr am to

of magnityde
presence of the

in the z-directi o

fe) Find the term
in the d-orbita],

(ﬂ Wr]te the Value o

for s-orbita].

Or

Define the shape of an orbita],

Coordfnate ()C,

A9/278

( Continued J

show
of the orbital angular

applied magnetic ﬁeld

Symbol for an electron

M  having

A9/278

(3)

) a

= <y
the interval0 £ x £ a. Heren=1 2,
Or
. nXx d
that the functions sin—- an
Show . T
i the in
nal within
COSEQi are orthogo
O0<x<a.

i f
isenfunctions o
be the eigen 3
e’ 3 ing the sam
- It"het ‘Elear operator O, havmgthe o
'eenvalue A. Show that e g
1
zogmbination of \ylﬂand q!ngg M N
eigenfunction of O havi

eigenvalue.

(d Consider the following sets of quantum
numbers :
() n=2,1=0m =0
(i) n=21=L,m =01
@i n=2,1=1, m ii—l
b t: :f;hli;hlj n:f these sets yield
Sta

t]- S.
a

imaginary functions.
Or

i Z I'bital as €X : -

( Turn Over )



(4)

function? yl(;u' mean by complete wave
principl Sing  Pauli’s anti-s |
Ple, prove that no tw ymmetry |

o electrons of |

an atom can have all the fo

numbers alike. ur quantum |

1+4

Or |

What do ou ‘I
Write in ybﬁe?ea};’ by spin-orbit interaction?
scheme of about the Russell-Sa !

of coupling of angular m unders |
omenta.

symbols fo
state of He-atom. r the first excited ‘I
1+2+27

4. ‘
Answer any two questions :

E S5x2=1I
a) Write the time-i
e-independent Schrdi
equation  for Hj. St.':lti:hmcg]ger
Oppenhei i
; :‘E tr;lljlelmer approximation. Discuss
S IS approximation can be applied
eparate the Schrodi
ol odinger equation
I 2 Into two equations—one for the
nuclei
clel and the other for the electron

1+1+3=5

(b) Applyin 5
g HUCkEI mol
ecular i
method, calculate the n-bond en:rlg:tzlf

ethe
= :j;lo?;so find t'he expressions for
cular orbitals. 3+255

A9/278
( Continued!

(c)

(@)

(5)

Write how the molecular orbitals of
a homonuclear diatomic molecule can
be classified as ¢ or T. Which of these
two is doubly degenerate and why?
What is the basis of classifying the MOs

as g or u? 2+2+1=5

. 5. Answer either (a) and (b) or (c), (d) and (e) -

A particle of mass m is moving within

a box of lengths &, b and c along X-, Y

and z-axes respectively. The potential
energy within the box is considered

to be zero; outside the box it is
considered to be infinity. Solve the
time-independent Schrodinger equation

for the particle to get the values of the
wave function and the energy- Use these
results to explain degeneracy. 4+2=6

(b) Calculate the zero-point vibrational
_energy of HCl if its force constant is

516 Nm . 4

Or

(c) State the experirnental observation of
the photoelectric effect. Discuss how

Einstein explained the observation. 3+2=5

A9 /278 ( Turn Over )



(6)

(d) A parti
parti
dimens(i::)e :imaSs m is moving i
potenti aln box of lengthg T
: a
average ldenel..gy is zero. Calc Lo
netic energy of the ulate the
particle. 3

(e) An
electr .
length 100_2 Is confined to a mol
s e
to be a partTpnl (;OnSldeI‘ing th e of
icle in one-ciirmmst'E electron
lonal box

where ¥
=0
energ- 2 Calculate ltS nan
1nimuiIn

6. Answ ther or €] an
er etther (a), (b) and (c) d d
( ) l ( )J [ ) (f} :

(b) Explain .
qQuantization Yyou

C
(c) Calculate ety
€ra

energy of ge
th valu
1s state, e 316ctr0n ok He of potential
“atom in
the

(d) What do yoy
) i

can dra
W from these ol
ots,

A9/278

( Continued )

7. Answ

(7)

rule of maximum

2 p2 electrons of the
the following

(e) State Hund’s
multiplicity. For the
ground-state C-atom,
terms are obtained :

Dy, *Ps 3p, *Pos 'So

ch of these

nergy. 2% 1=3

the maximum probability of
f the gmund-state

Using Hund’s rule, state whi
terms will be the lowest in e

(f) Show that
finding the el
H-like atom i

ectron O
satr= ag/z

3

(b) or (c) and (d) :
for the
lecular

er either (a) and
expressions

poten
Write what in

from this diagram-

(b) Write the ap
molecular orbit theory
or
bital
(c) Write the ground e rni:ie :}:plai
tion O Xplé
Waved fu\:;ack olecu orb_-xtal
gl:::or;ain S e gtate oW He%tler
wave nction-
and Londo odified the e
Turn OV
A9/278 (



(8)

(d) Using LCAO-MO method, deduce the
secular equations of H7 . Hence deduce

the expressions for the MO wave ;
functions and their energies.

Standard integration
!
'f:x" e ¥ dx =

an+l

* ok ok

A9—5500/278 3 (Sem-5) cHM M



The figures int

1. Answer the following question

(@)

(b)

(c)

A9/279
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for the questions

In a system, liquid water and water
yapour are in equilibrium at a pressure
of 1 atm. What is the number of degree
of freedom for the system?

The limiting partial molar volume of

. _j4cm® mol . K
60 g anhydrous MgSO4
1 litre of distilled water, th

difference petween a

What is the exact :
and an activated

transition state

complex?

( Turmn over )

s in brief : 1x7=7



(2)

(d) What is the main difference between a
photosensitizer and a catalyst?

(e) Atth 1600 nm, tris-(2,2"-bipyridyl)
;u enium (II) complex shows
tiuorescence with an emission life-
me of 6x107 s, On addition of 2
small an;ount of 9-4x10™* mol dm™

+
EC(OHQ)s ] solution, the emission
ifetim
2.1137)(1% _:,)f the complex decreases to
. s. What is the role of Fe>"
solution in this cage?

Why d i
W y does phymsorption decrease with
crease of temperatyre? |

(9) Predict the effect of ionic strength on the

rate constant of the reaction

[Pt(NHa)2C12]

+OH™ 5 Products

2.
Answer the following Questip
ns

(a) “A mix
water) tur:a;;}:f 1/ 120 (80% by mass of
d. 3 . » e Se b
1stillation Justify the stgf:;texft ;
ent.
(b)

st-order reget;
i aCtlo ' .
energy is 1084 olr-li the activation

2x4’8

(3)

(c) Both fluorescent and phosphorescent
radiations are of shorter frequencies

than the exiting light. Explain.

(d) A graph between log(x /m)andlog Pis a
straight line at an angle of 45° with
intercept on Y-axis equal to 0-3010.
Calculate the amount of gas adsorbed
per gram of the adsorbent when the

pressure is 0:2 atm.

State the Stark-Einstein law of
photochemical equivalence. What do you
mean by one einstein of energy? When a
4-heptanone was irradiated with
a power output of 50 W
f total absorption for
0-8x10~2 mole CoHg

sample of
313 nm light with
under conditions 0
100 s, it was found that
rmed. What is the quan
hene?

was fo tum yield for

the formation of et
Or

diagrams for an

dothermic reactions.

bimolecular reaction

Draw energy profile
exothermic and an €n
Show that for a gaseous

Alg)+ Bl (B FRIEE

1+1+3=5

enthalpy of get; What is the
ct: : ’
130 °C? tvation of the reaction at E =A H:;I +ORT, where the subscript rln -~
a 1+ +3=
HIpain stands for molar.
( Turn Qver )
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(&) (5 )

4. Answer either (a) and (b) or (c) and (d) : 5. Answer either (a) and (b) or (c) and (d) :

(a) What.qo you mean by partial molar (a) What are the assumptions on which
quantities? Explain with an example. Langmuir isotherm is based? The
I free. energy change (AG) following data were obtained for the
accompanying a given process is adsorption of CO gas on 3:022¢g of
—8577kJ at 25°C  and -83-68 kJ at charcoal at 0°C and 1 atm pressure.

35 °C. Calculate the change in enthalpy Verify that the data obey the Langmuir
(AH) for the process at 30 °C. 2+3=5 monolayer adsorption isotherm. Also

b Dbt e determine the conétant k and the
NG COXI(; ain the phase diagram of volume corresponding to complete
the fo ondensed phase system with surface coverage : 2+3=5

rmation of an eutectic solid. Give
an example of it. 4+15 m 100 | 200 | 300 | 400 | 500 | 600

o 3, |10-2|18°6|255|31:4|36:9|41-6

“ :f;i dz you mean by upper critical and s U , .

& ritical  solution temperatures? (b) Derive BET equation for multilayer
W;:; one exa.r'nple of each such system adsorption of an adsorbate on an
an ex:nmr;pn?te Phase diagram. Give adsorbent. _ aani My :
i di;) of a s.yStem along with the (c) Derive Langmuir aldsqutlorl 150 er_rill;
and IOWergraI-T{ Which shows both upper Show that for adsorption of a gas Wil
Gritical temperatures. dissociation (X2 —2X) the Langmur
1’/2+11/e+2’5 adsorption isotherm becomes

(d) Derive Gibbs’ )% i
number ofbcsmf hoase rule. How is theé 9=1~(:6C"]§)7{ i
systems involvinp nent C calculated for .

: g lons : ! . for BET adsorption
chemical reactjo, and having some (d) Write the expression = ly show how
the constituentg > Cquilibrium among isotherm. Diagrammaucaly § tant C
KCI'—NaCI-Hgoi _Hence explain why increasing value Of the*ﬁ“,’;;‘{:'1i~1f>‘so’merm.
System whereag chsjl P H-gomipailep: changes the s}%apc g Btion isotherm
3-component SystEm““NaBr——HQO is al/¢ Derive Langmuil adS’?fP Jation, 1+2+2=5

A9/279 ' 2+1%r1% ) equation from the BET < ( Turn Over )



(6)

6. Answer either (a) and (b) or (c) and (d) :

(@) For the elementary gaseous reaction

()

(c)

A9/279

1{&+B — Products, obtain an expression
tc;lr the 1-'ate constant of the reaction on
e basis of transition state theory.

Wnte. the mechanism of unimolecular
reaction as proposed by Lindemant:
Using .this mechanism, deduce an
expression for the rate of unimolecular

reaction i
: 2+37

Write
an expression for the rate

CO
rezsziix:ltogftha birrllolecular gas-phase
theory. Wh te basis of simple collisio?
rEquirementE; Ac110 you mean by steric
is normall f though the steric facto”
1'nr=1g1'1ituc1y ound to be several orders of
reaction ‘ Sl{nlager than 1, for the
experim Iy >KBr+Br,  the
found e;tal J alue of steric factor 18
observation & Ag Explain this
H, +C,H ;->C oy the reaction
experime;tal 2Hg, at 628K, the
and theoretical valu®®

of the
pre"eXPOn .
1-24x108 Lmg)-1 S_lentlal éactor7 ;;i
an .

1011 I m =l =
the va1:1 S respectively. What
e ¥ iof: : :
reaction? steric factor for th!°
1+1+2%

(@)

7. Answer any fwo from the following :

(a)

(b)

55 |
| A9/279
( Ccontinté

(7))

What do you mean by kinetic salt effect?
Derive Bronsted-Bjerrum equation.
Predict with reasons the effect of
increase in ionic strength of the
following reactions : 1+1+1%+1%=5

() H,0, +H' +Br =P

(i) CioHppOp +OH™ 2P

5x2=10

With the help of 2 Jablonski diagram,

all the photophysical processes

explain
that an electronically excited molecule
Give two major

may undergo.

differences between fluorescence and
3+2=5

phosphorescence.

decomposition of HI is

The kinetics of
mechanism :

given by the following
() HI vy sH T

i) HeHI—2—Ha ¥

(i) 1+1——=12



(8)

Because of the occurrence of this
thermal reaction, the quantum yield of
the reaction decreases from its original
value. Explain this observation.

2V, +2%4=5

(¢) What do you mean by quenching of
fluorescence?  Derive Stern-Volmer
equation. What is Stern-Volmer plot?
Give an example of a quenching
Phenomena observeq in plants. 1+3+1=5

(d) Write the mechanism of the H,—Cly
photochemica] reaction. Prove that the
rate of formation of HCl is directly

proportional to the intensity of the
absorbed radiatiop_ 2+3°9

* %k &

—5500/279 2
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1. Answer the following questions (any seven) :
1x7=7
(a) Write one€ reaction of Pd used as

dehydro genating agent.

(b) Define ‘ketonic hydrolysis’.

c) Write name and formula of an antidot

compound.

(d) Write the structure of benzilic acid

anion.
(e) What is Adam’s catalyst?

is the limited importance of

() What
ement reaction?

Lossen rearrang
A9/280 ( Turn Over )



(2)

(9) Write the structure and name of 2
quinolinium salt.

(h) Fill in the blank of the following
statement :

“Pericyclic reactions are v

2. Answer the following questions (any four) -
2x4=8
(a) Give symmetry properties of n-orbitals
of ethylene.
() What is Hinsberg’s test?
(c) How can CHyCH,SH be prepared from
thiourea? Write with reactions.
(d) How do you get adipic acid from diethy!
malonate? '
(e) Give one reaction each to distinguish
acetonitrile and methyl isonitrile.
3. Answer the following questions (any one from
(a) and (b) and two from (), (d) and () :
(a) How do the f 5+(5x2)=15
a) How do the followin t
in reaction? A parle"'s
() Lead tetraacetate in oxidative
decarboxylation
A9/280 (c:ontin“edJ

(b)

(c)

A9/280

(3)

(i) SeO, in oxidation of allylic C—H
fragments

(iii) LiAlH, in hydride transfer

(iv) Pyridinium chloromate with 2°

alcohol

() CrO; with ag. HyS0, to cleave
=

(i What happens when

CgHsCH,CONg is heated? Give the
mechanism of this reaction. 1+2=3

(i) Identify A and B in the following
reactions (give structure and name
of each) : 2
0

I P,05
i) CHs—C B~ 24

Aq. EtOH

— ——>B
(2) CoHs—1*A L R

Write the mechanism of the following

reaction
1) PCls

18NHPh
_ il PhCO
PhyC=N 2) H,0'®

at (i) original oxygen
ost, (ii) carbonium ion
ediate and (i) it does

and establish th
atom of oxime is 1
is formed as interm

b intramolecular
noth Ig);OCBEd y 2+1+1+1=5
exchange-

( Tumn Qver )



(4 ) { 5

(d) What is Woodward-Hoffmann rule of an (i) With the help of a reaction, prove
electrocyclic reaction? Explain the rule that pyridine ring is present in
with orbital symmetry of 1,3-butadiene. 5 quinoline. 1

(iii) Prepare sulphone from thioether. 1

(e) What is a keto-quarternary ammonium ;
salt? How does it react with strong (iv) Give the product in each of the

base? Write the reaction and its following reactions (give formula
mechanism. 5 and name of each product) : 1x5=5

4. Answer the following questions : T N
| 0 BT pes 2
Either CH\C/

(a) () Discuss relative reactivity of %
If)yndme, thiophene, pyrrole and S
uran  towards  Friedel-Crafts (2) G037 CRICOOH
. . CH,COOH
acyl?‘tlon reaction reflected in the i
Lewis acid catalyst. .
(i) Write d izati i =
e esulphurization reaction (3) a4
HS'—S“CH;J, takes part DY 0
Raney Ni. 1 "
e “ . C
(i) J]ilgfl:fl refluction is regioselective-” (4) @ \O’E&}—L} .
1y with appropriate example- g ﬁ/
2 FOW can thiophene be obtained i
rom n-butane? 1 i _%?
(5) o l Acetic acid
Or .
(b) (i) I;)O: can nitrobutane be converted B
wr-tutanal? Give the reaction and , tic ester prepared? 1
ite the fe et 3 (c) (i) How 18 cyanoace

| Turn Over )
A9/280 ( Continted ) A9/280 { '



(d)

A9/280

(@)

(iti)

(iv)

()

(i)

(117)

(1v)

(6)

How do o-diazoketones undergo
rearrangement with elimination of

- ;
N,? Give the reaction with
mechanism, 1+2=3
WZY fioe.s pyrrole give electrophilic
substitution reaction with mild

reagent? 1

H .

y OW are phosphines converted
(;1 phosphonium  salts and
phosphorus ylides? Show one

synthetic  use i
. Sy of triphenyl- A

Or

- :
OW can tetralin and decalin b€

prepared fr
reaction. S L 2

“Anthra {
Suhstitui?ne 8Ives both electrophilic
equally W01111 ”and addition reactions

€lL.” Justify the statement

with i
" appropriate example. 1]/2”‘/2:3
rit
ph;rfa Haworth synthesis  for
nthrene Preparation :
Sugge |
fouii .st the reagents for the
Ing conversiopsg - %M;Q
2 :
—_

( Conﬁnued )

()

A9/280

(7))

o
(3) CH3CH,CHoNO; ———>
CH3CH=CH, + HNO,

¢} OH
o QU
0] OH
Either
(i Discuss about kinetically and
thermodynamically controlled

product of naphthalene, when it

undergoes sulphonation reaction
with conc. H,SO4 at 80 °C and
160 °C. 3
(i) Show that indole undergoes
electrophilic substitution reaction
at C-3 regioselectively. g
(it} How can yellow oil’ be prepared
from CH3—I]~IH 2 Give reaction. 2]
CH3
( Turn Over )



( 8)

(iv) Identify A and B in the following
reactions (give names  and
structures) : 1x2=2

(1) C,HsONO, +H,0—E A
(2) CH3NO, +3Cl, +3NaOH——B

Or

(i () What are suprafacial and antafacial
processes? Why are suprafacial
migrations more common?

(1+1)+2,4

(i) Prepare pentanone from acetoacetic
ester,

(i) Identify A, B, C and D in the

following reactions (give structur€
and name of each) Tty

(1) CQHSSH + Hgo__) A

2) Z/N\S =

(3) U NHS: steam
0
(4) @>»NI—[2 +Cl—C—1—> D

* &k &

3
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1. Choose the correct option of the following :
1x7=T7

(a) The point-group symmetry for boric acid
BOH)5 is
(i Dzh
(i) Cs
(iii) Czh
(iv) Csy
(b) Three-fold axes of symmetry are present

in
(i) octahedron

| (i) tetrahedron

| (iii) pentagonal pipyramid
(iv) square planar

(’\g, 281 ( Turn Over )



(3)

(2)
() Which of the following complexes has () In biological system, the metal ion
the shortest C—O bond? present in the enzyme carbonic
: 2+
i) [Cr(CO)g] e
“ne 1 2+
(i) Mn(CO)g]* ;e
e iii) Fe3*
(iv) [Ti(CO)g)2~ i
iv) Mn2*
(d) The metalloprotein which is involved in i
the storage of iron in living system is (g) Which of the following is the correct
order of ligand strength?

(i) ferredoxin
(i) haemoglobin (i) Hy0<OX< NH; <NCS™

(iii) myoglobin (i) NCS™ <H,0<OX <NHj

(i) OX <Hp0<NCS™ < NH;

(iv) ferritin
(e) The crystal field stabilization energy for
a d®-ion in a weak octahedral filed is (iv) NCS™ <NHj3 <HQO<OX
(i) 0-44,
() 0-6a, 2. Write the following Very short answer-type e
: 3
questions :
i) O-
( } SAO (a) Takmg suitable examp]e, show that
(iv) 1-24, s2=Cy
( Turn QOver )

9/281 , ‘
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(4)

(b) Formulate neutral 18-electron
complexes of chromium which contain
only cyclopentadienyl and nitrosyl
ligands.

(c) The tetrahedral crystal field splitting At
; 4
is roughly half (5 Ao) of the octahedral

splitting A,. Explain.

(d) Show by means of a diagram, how the
pattern of d-orbital splitting changes 2%
an octahedral complex undergoes
tetragonal distortion and eventually
becomes a square planar complex.

Write. the following short answer-typP®
questions (any three) : 5><3=15

(@@ What are symmetry elements and

syrqmetry operations? A molecule is
ass1'gned with the point group D4h-
Taking appropriate example, show all

the symmetry elements present in it.

(b) Discuss different modes of coordi_nation

of allyl 1i gands . How are aﬂyl

organometallics prepared? Draw the€
structure and verify the 18-electron rul€

for the allyl complex Mn(C 3HS)(CO)‘;]-

( cenﬁnued ) 'A9/281

(5)

() What s crystal field stabilization
energy ? For each of the following pairs
of complexes, identify the one that has
the largest CFSE :

() [CrfH,0)6)™" ©F MnH,O6l”"

(ii) [Fe[CN]6]3' or [Ru(CN]6]3'

(d) Write briefly about Na/K pump in

biology- Why is saline  solution

(e.g- ORS) prcscribed to patient
suffering from diarrhoea?

(e) In the crystal structure of CuF,, the

cu?t ion is six coordinates with four

g} at a distance of 193 A and two FU

at 227 A. Explain the reason for this.

Answer the following essay-type questilogls3 )
XAH3=
(any three) :

@ (1 Discuss the conditions ander which
a group of symmetry elements

forms & group:
(i) Find the symmetry elements and
respective point &
following molecules -

(1) CO2
(2) PtCla
(3) NH3

3



i &) ()

(b) Taking the general formula MYM™]0,, (¢) The M—M bond lengths for the
complexes  V,(CO)4Ph,P(Bu), and

MO, (CH,Ph)g are 292 and 217 A
respectively. Write what you know about
M—M bonding and give the reason for
this trend. Discuss the formation of a
quadruple bond between Re atoms in

[ReCla]z_ showing overlap between

discuss normal and inverse spinels
(where M is the group IIA elements or
transition metal in +2 oxidation state
and M is the group IITA metal or
transition metal in +3 oxidation state).
With the help of CFSE calculation, verify

the spinel nature of Fe ,0 d Mn304- ;
By BUG 0 : +6=10 orbitals involved in M—M bonding.

2+8=10
(c) (i) Discuss the functions of
haemoglobin  and  myoglobin.
Explain the terms ‘cooperative

effect’ and ‘Bohr effect’.

* &k %

(i) Give an account of toxicity arising
from dioxygen in the living system.
6+4=10

(d () What do you mean by
hydroformylation reaction? DiscusSs
the main featyres and the

mechanism by taking a suitable
example.

(i) Explain the Preéparation, structur®
and bo.ndmg in Zeise salt. The IR
stretching frequency of the C=C

bond in metg] ethylene complex is
found to be 1576 cm™! whereas the

corresl.aonding frequency for fre€
CoHy is 1625 op-l 5510

. Explain.

A9/281 7R G
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