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“Chemistry
Paper — Il
Time : 3 hours

: Fulf Marks : 300 ‘ .
The figures in the right-hand margin indicate marks.

Candidates should attempt Q. No. 1 from
Section—A and Q. No. 5 from Section - B which -
are compulsory and three of the remaining questions,
selecting at least one from each Section.

"SECTION-A

1. Answer any three of the following questions :
20x3=60

(a) (i) Considerthe pKa data for the following-
aromatic N contaming systems :-

pK =38 :}+H@ QpK -46©

@NH3 NH,

K, =562
e (o i B

" Henderson-Hasselbach equation:
pKa=pH +log (A-J/[HA])
Which species is the strongest acid ?

D I%j
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(i) Why wnormally‘ benzene does not
undergo addition reaction a!though
benzene is hzgh!y unsaturated 7 -

(:n) Arrange m terms of the resonance . '
energles (m compansor; to one an(sther)
' of each of the following compounds

.“O

(") (m) ,

(iv) Rate the relattve ‘stability in descendlng
order of the following carbocations (in
comparison to one another) : |

(b) () Which is the main product of the
follo\mng reac:tcon’? B T

_ CH3 ,,}C‘:ls: C L NaOMe
b LTI e
-H‘g iﬁ o0 iWeOH o

Br  CH,OW
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: LBUOK
e BuOH

(i)

B8r
(w) Eltmmation reac‘hons of c:;s«and trans-1-
o “bromo- 2 methylcyclohexanes with
o "_"_’NaOEt in EtOH can give the same or
- different main_ product,  1-

methylcyclohexene (1) or 3- - -

methylcyclohexene (2) whlch is the

main prcduct?
B - NaOEt
¥ 3 ——p
- . EtOH
g Me 2 M.e

(c:) (l) Wnte the order of decreasmg wbrattonal
frequency for the following

-~Cl,C~Br,C~C,C- Oandc H

(ii) A compound of mo!ecular formula

| C H. CIO shiows a prominent band in its

R spectrum at 1690 cm™. 1H NMR
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spectrum revealed only two major types
of protons in the ratio of 5 : 2. Which one -
of the following structures best fits the
abovedata? - . s
(iil} An organic compound Q exhibited the
following spectral data obtained by mass
spectroscopy.

IR:1760cm™ .

1HNMR : Chemical reference (ppm): 7.2
(1H, d, 16.0 Hz), 5.1(1H, m), 2.1 (3H, s),

- 1.8(3H,d,J=7.0H2) -
13 CNMR chemical reference (ppm) : 170
.{carhonyl carbon). What is compound Q ?

(iv) A 0.1 M solution of compund A shows
50% transmittance when acell of 1 cm
width is used at A, nm. Another 0.1 M
solution of compound B gives the opticai
density value of 0.1761 using 1cm cell
atA, nm. What will be the transmittance

 of asolution that is simultaneously 0.1
_ MinAand 0.1 M in B using the same
“celland at the same wave length ? [log

" 1.301; log 1.4771; log 50 = 1.699].
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d) (i) '.Write the structure of the productinthe
given reaction. Give the mechanismof

the reaction :
" oH

(i) The major product formed in the
following reaction is : '

oo,

~ (iif) The major prddu,‘ct P of the following

reactionis :
' o -
. _Me
' LiligNH; o
—_—

t-BuOH

(iv) The major product formed in thé_‘ |
following reaction sequence is :

1. hv .
2, KOHMeOH ~
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-.(a) Answer the following as directed :

@)

(i)

BD - 17/11

!dentrfy two reactions from the foilowmg |
which will go faster if the c_oncentratlon
of the nucleophile is raised. Explain with

mechanism : : o _ 10

H B HOC H-

' “ylov, Gl ch,
-(A) + H,C—~0— ,

; ®ub AN + HG—8— /\/\/S\

CHC CH,
"HC Br o HC o SHs
(©) +H3€k0“ -—»Ej ﬁg’

— o
(D) NOV+H;,C 5= 1 8 N v?aHa

Whlch confi guratlon will be adcpted by

 Xand Y respectively ? K 10

' @ CHMa)CH
O — CH(Me)OSOCH

) -C-i’ﬁcnwe)m
‘
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- _(b) Answer all questions as directed :
, . 5x4=20
_ () Predict the product of the following
reaction ? : '

KNOG/H,80, .-
a7° .

(i) Out of the following four reac;tions, one
is incoirect ? Find the reaction and

explain. :

(A)“ Sas @ffr“’”
_ @

B)
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. .

(i) What Wil_l be the (X) in the below
- mentioned reaction sequence ?

NH,

NaNO, . NaNO,/Cu® _

Sn/HCI
ConcHCl ~ i (X) .

(iv) Which is the main product of the'.
following reaction ?

+ NasSGC 6H 5 Propanone_

'(C)' Predict the product in each of the reaction :
| 5%4 = 20

NHCOCH,

0] -~ HOMA | NeNO, .~ KNOH/Cu
- Ty

NO,
(i) Where will nucleophile (-~ OH) will attack
to form the product X ?

1)
_OHIA_ 1y

4D - 17111 (8) . Contd.




(il Predict the product for the following

reaction : S ‘
XN QO Lo

\ . KGPO,DMSO

" (iv) Write the structure of A, B, C, D in the

following reaction :
NHZ ‘

NaNG, n  GUCN o HNO,
ez A— 5B % 5C—225D
.3. (@) ‘Answer the followingquestiéns as directed :
5x%4 = 20

© (i) What is the major organic product

obtained from the following reaction ?

9 " 1.DIBAH,

tolue{ge.—?t}"c N
CHal 2.H30 !

(i) Predict the 'product obtained from the
following reaction :

: 1.0 ¢
U . 2.Z0H0"
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(i) The followmg transformation |nvolves :
sequentla! '

Z/%/\( = [\->7L<(N

(iv) The foilowmg reactlon is an example of
which type of pericyclic reacu;on

— NG,
' +
993
N CN
NC CN
.. (b) Predict the product obtained from the
- followingreaction: = 5x4=20
s f HyO* '
(') ' HQSOS
. CHaNHz | |
+
iy _"59_._,,

(;u) /"\ PhaP CHZ R
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(iv) What is the name of the following
reaction of enamine?

S
{7

(c) Answer the qtie;stions as directed : 5x4 = 20
(i) The following photochemical
transformation proceeds through which

- type of mechanism ;-
) ‘ OH
' - : hy  Ph—
LN\' e 1 |
] o . Me - fo _-*-""_-N

, Ph
(i) Draw the resonance structure of azulene

and predict the dipole moment.
(iif)y What is the mechanism involved in the
following conversion 7.~

Ph

= +H2Nl *‘(— +CO,

COOEt

BD-17/11 = (11) {Tum over)




(iv) The cyclic product (8) of the following
photochernical reaction is

hv L.
Vapourphase *

0

4. Answer any ten questions as directed :
| 6%10 = 60
(a) Wirite the products of the following reaction :

o ,
‘ -N_ " NaOH

'(b) Write the product of the following reaction :
oy ? |
Bl’z :
__-___.b,
dack -
JMI”’CH

(¢} Wnte the products of the foltovnng reactions ;-
\/Jl\ /lk/ﬁ\ "“002 .
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© (d) Which of the followmg compound is

“aromatic 7

5a8)

.
Hage

(¢) The major product formed in the following

photochemical reaction is :
hv

'/\/\/\/ONO . ) '
® “The correct order for- the rates of
electrophilic substitution of the following

compound is :

@06

0] oy
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() The major product formed during the
~ hydroboration- oxic_iation of 1-methyl
- cyclopentene is

(h) The major product formed in the reactlcn of
- 1, 5-cylooctadiene with 0 5. equwalent of
dlborane is

(i) The product formed in the followmg reactlon

) Orderof reactivity of the following dienes X,
" Y and Z in Diels-Alder reaiction is :

/
~
X

| {k) The conversion of excited singlet (S Yofa
- moleculs to triplet state (T )8 known as:
(i) Fluerescence '

D17 (14)  Conid.




(i) Phosphorescence
(i) Intersystem croséing
(iv) lntemal conversion

() Which of the following reactionis an example
ofan atqm economy reactlon_ ?

() Wittig reaction
(i) Grignard reaction _
iii) Dieckniann condensatio.n :_
(iv) Diels-Alderreaction -
SECTION-B
5. Answer any thrée of the following questions :
7  20x3=60
 (a) Wite the synthesis of the following polymer
with chemical equation ' |

' F’olyvmyl chlonde Teflon, Synthetnc rubber,
| Borazines, Po!ythene '

(b) Write any two mostimportant synthetzc uses of
the following compounds (all compounds) :

HIO,, NBS, NaBH,, mCPBA.
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(© Exblaih the chemical shift in NMR
spectroscopy. Which of the following
compounds would be expected to show spin-
spin splitting in their TH NMR spectra?

() (CH).C-O-CH,
(i)) Br—CH,CH,CH, - Br

- (d) Consider the molecules CClI » CHCI, and
.CHZC|2 |
(i) Write the rotor in these compounds.
(ii) Will they show _pu're rotationat spectra ?
Assume that ammonia shows a pure
rotational spectrum. i the rotational constants

~are 9.44 and 6.20 em™", use the energy

80 - 17/11 (16) - Contd.




AN

(@)

~6.. Answer any five quesﬁons of the following :

expression : E = (A=B) K2+ B J(J + 1), to

- calculate the energies (in cm"1)of the first -
" three lines (i. e. those with lowest K, J

guantum number for the absorbing !evel) in
the absorption spectrum (ignoring higher
order terms in the energy expression).

| 1256 =60
Write the process step by step for the

’ determi_natﬁoh of the molecular weight of a

(b)

 polymer by osmotic pressure method.

Find out number average molecular weight

_ (Mn) and weighted average molecular weight

(MW) for a sample obtained by mixing 10g
of polystyrene .(MW = ‘iO0,000 and Mn =
70,000) with 20g of another polystyrene (MW
= 60,000 and Mn = 20,000) 7

Write short notes on any 'two of thé following:
() Slicones
(i) Polyvinyl chloride

(iii) Flory-Huggins Model

BD-17M1 . (17) {Tum over)




(c)

An organic compound Q exh'ibi'ted the

_ fol[owang spectral data obtdmed by different

(d)

spectroscopy

IR: 1760 cm™! _ , .

"H NMR : Chemical reference (ppm) : 7.2
(1H,d,16.0 Hz), 5.1 (1H, m), 2.1 (3H,5), 1.8
(3H, d, 4= 7.0 Hz)

3CNMR chemlcal reference (ppm) 170 -
(cabonyl carbon). What i is compound Q ?

. The mass spectra of two constitutional
-isomers are presented below. Both are

gaseé at room temperature. The molecular
ion is the small peak at m/z = 102 amu.

Rel Abund

160
80

G0-

40

© 204

51

. 83
- 33

102

4]
m/z 0

10 20 30 40 50 60 70 80 90 100
) !somerl
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Rel Abund
1007 , 33
80

69
T 83
80~

‘ 51
40 -

204 | 102

0 DA UM '
“mfz0 10 20 30 40 50 60 70_ SQ 20 100
C Isomer 2 -

Write the name of the isomer that would give
mass spectrum 1 and mass spectrum 2,

(e) What are the main criteria on which mass
spectrometer used for ? A PMR
spactrometer operates at 300 MHz. Find the
value of magneticfield.

Given: g, =5.585 and B, =6.05 1077 g1,

(H Fromthe followmg data of a compound, draw
the structure of the c:ompound

Mass Spectra: :
100+ ' : —
%‘sui C
§ ©0-
2 "
. ‘édﬂ—
£ 20.
0 demerhrieraee
10716720 2536 55 55 8 80785 70 7%
m!z

B 1711 ' HQ,‘: ' | (Tuméygr)_




IR Spectra: -

Absorbencal¥%
i

e - , , .
L4000 . 3000 2500 2000 1600 1000 500
Wavenumbers / cm""

" CNMR:

220 200 180 160 140 120 100 80 60 40 20

| bpm
HNMR :
)
_ Integra 2ls 3
M
Ty L A B A A R A W T L
111u937appms4azto
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7. Answer any ten from the following questions :
' | Gri0 = 60

(a) The major product formed in the following
reaction is:

{N'h’{ © NaNO,HCI

NH, PH=5~0

~(b) Identify most acidic hydrogen in giver
~ compound and explain, why it is more acidic :
O

{©) The order of nudeoph_ilici& of the following
anions in a SN2 reaction is :

- o o
NO,
Oy
AN N
o  NO, NO,

R R

BD~17/11 (21) - (‘Tum over)




(d) Ring flipping of the compound in the

following conformation leads to

Ny S cH
Br ’ . :
. HO\£ l :

(&) Which of the following molecules is chiral ?
H OH '

QM - (ii) - (i) |
() The major-product formed in the following

- reactionis:

R TN N S RN Y

" {g) What“ére he r"ea'ggaﬁ'té'Aléqd B in the

--fo]!owirjg-reactions?w-, R
. OH Ny~ LOH.
josgtToo g
0 'q 0 -.. L




(h) What is the major product formed in thei

~ reaction between benzoic acid and

- isabutylene in the presence of a catalytic
amountofsmfuricafcid‘? :

(D Predlct the most probable product in the
given reaction '

0., / benzoyl peroxide '
e Ml Produst

@) The major products X and Y forred in the'
foliowing. reac.tu)n sequence are.

O

/\No,_. I

3y
EtONa EtOH - H0

(k) Explain the Norriéh-’i‘ype-i{ réaciiéns witht
~ suitable example. \

() Explain Cope rearra,ngément with suitahle

. example with mechanism.
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8. Answer any six questuons of the followmg
' _ 10%6 = 60
‘_(a) Calcufate the"ma.gnetic': moment (,)of B¢
nucleus. ‘
- (1) ‘Using the rigid rotor approxi'mation, estimate
the bond length in a **C"®0 molecule if the
- energy difference between J = 1 and J = 3‘_
are equal to 14,234 cm -, g

(c) ' Answer as required : -

(i) Which of the following organic

. compound with molecular formula

o Cch_lzexmb[tsonlyonamgnai inthe 1H
NMR spectrum ?.

(A) 2, 2-dichloropropane

(B)'1 2-dichloropfopane‘ -
() 1,3 d;ch!oropropane
| '(D) 1, 1-dichloropropane

(ii) An organic compound wuth molecular
: formuIaC H NO shows following 1H™
~ NMR spectrum de[ta 5.30 (broad, 1H),
- 4.10(q, 2H), 2. 80(d, 3H) 1 20t 3H) ppm.

Draw the structure of the compound.
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~ . (fii) Inwhich ofthe following four compounds,
~ three types of hydrogens are present :
(A) Br—=CH= CH, '
(B) 'CHQ ~CH, -— CH,
| (C) C‘:,,HSCII-i2 |
- (D) CH - CH2' —CH(CH,)-NO,
{iv) What type of PMR speciré will be
exhibited by the following compounds :
H,, 9“4' C,Hgand CgH,. ,

(v) Which form of Electromagnetic radiation
aré used in NMR'spectroscopy- ? Give
the descending order of Electromagnetic

' rédiatien:in terms of energy.
| (d) Answéfihe question as dire'cted :

(I) Find out the wavelengfh of a phoion
having a wavenumber 100 cm'.

(i) Calculate the moment ofinertia, /, of the

" “molecule "H3°CI. The masses of the two
atoms are m, = 1673 x 10%7 kg and
=5.807 x 10% kg. The equuhbnum

_ bond Iength of the moleculeis 1. 275A
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BD -

- (iij) Calculate the position In em' of the

()

J=67 line in the pure rotational spectrum

ofthe hydrogen deuteride molecule, HD.
The masses of the two atoms are
m,, = 1.0078 u and m_ =2.0141 u and
the equ:llbrlum bond length of the

“molecule is 0. 749A

The molecule 26328, has been detected
in intersteller clouds using microwave
spectroscopy. Predict which rotational

level in Y2323 will have the greatest

population at a temperature of 70K. The

: massesofﬁbtwo'atomsarem =12.00u
- and m_ = 31.972 u and the equilbnum '

/3

17111

bond length of the moleculeis.{ 534A .
Note ..The Boltzmann constant, k, has a
value in wavenumbers of 0.60503 cm’.

“The first Stokes line and the first anti-

Stokes line in the rotational Raman -
spectrum of N Oare dispfaced from the"
Raylelgh line by 2.514cm' and +2.514

em? respectively. Determine the

fotational constant of N, 0.

(26) ~ Contd.




(e) @)

in a 9.26GHz ESR spectrometer two

lines appear at 357.3 T and 306.6 MT.

(i)

(iii)
()

)

Calculate the hyperfine constant.

Calculate the freq-u:ency required at a

_ _magnetib’ﬁeld strength of 0.3 T.

Explain the Hyperfine splitting.
The benzene anion has g = 2.0025. At

‘what magnetic induction B, would its

ESR spectral line be centred at

-frequency 9.350 GHz ?

The ESR spectrum of a radzcal wnth a

- single magnetic nuc!eus is split into four

| lines of equal mtensrry What is the sp:n

O 0

- .(ii')r

-of the nucleus 7

Bromine possesses tWo i'sotopes (7_98r_

and ¥1Br) in an approximate 1 : 1 ratio.

In the mass spectrum of Brz, how many
peaks will the parent ion contain ?

While running a new reaction, a chemist

* notices the evolution of agas. Asample

BD —17/11

of this gas gave a mass spectrum in’

o (2?) {Tlﬁm ovér)




~ which the molecular ion (m]Z =44)was

the largest ion peak. The only other
significant peaks were 'obsefved at

" m/z=28andm/z= 16.

il

)

)

Calculate the resolving power (RP) ofa
mass spéctrometer for two adjacent

signals in a mass spectrum due to O;

at miz 47.9847 and H,NOj at m/z

48.0085.

Calculate the degrees of unsaturation,
i.e. number of RDBs (rings + double

 bonds) associated with a C_H,NOF}

ion.

Which of the following pairs of species -

_are the major products formed by alpha:

BD-1711

cleavage of 2-pentanone ?

(A) CH,CH,CH, + g\, |
- CH,
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C @
(C) CH,CH,CH, +C\

@0

(B) CH,CH+ = C
S
H,G - CHy
]

3
O
i, A
©) CHiCHy O
HC  CHy

The molecute 12 0328 h'ie beendetected

in tnterstellar clouds usmq microwave )

| qpectrcscopy._ Predict which rotationat .~

BD — 17/14

value in wavenumbers of 0.68603 crn .

level in 2C%%s wil hava the greatest

papuhtlon ata i@mp@ratu reof 70 . The
Masses af the ftwo atoms arermn, = 12.00
vandm_=31 972uandthe equthbnum '
bond length of the molecule is 1.534 A
Mote : The Boltzrmann consiant, k hasa
1

(29)°
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: (ii) Howmany nornal friodes of vibration are
-there for C60 ?

(iii) The force constants of four diatomic

molecules are given below:
Molecule KN m™! -

F; 450

HCI - 510

co . 1860

N, 2240

Which of the four molecules has the -

highest vibrational wavenumber ?

" (iv) Identify which of the following pairs of

| molecules exhibitboth a pure rotational
spectrum and a rotational ﬁaman
specirum: |
(A) O, andH,0O
(8) ccﬁ2 and NO

(C) COand GH,
(D) NO and DCCH
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(v) Calculate the bosition in cm! of the

J=67lineinthe pure rotationa spscinuan

c;f tlherhydrogén deuteride moiecule,-HD. )

"~ The massas of thé fwo atoms &g

m,, = 1.0078 u and mp = 2.0141 u and

the equilibirurn bond length -of the
molecule is 0.749 A.
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