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CHEMISTRY (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Coordinate diagrams, wherever required, shall be drawn in the space provided for answering
the question itself.

Unless otherwise mentioned, symbols and notations have their usual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of
a question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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Wues—A |/ SECTION—A
1. (@) (i) JueR WA R, AfF wedh 9R-T0ARE B T w9 R7
(ii) TT-VWARHA N IR I FHFRY |
(i) Tropolone is aromatic, but fulvene is non-aromatic. Why?

(i) Explain with example pseudo-aromaticity.

(b) Trafafes Tamfe sva § g s qn geEtaal 6 geem ST

(@]
k 1) 3 equiv.
CH3 PCls R NaNH2 & NaNH2 >0
0°C .~ Fo C,HsBr ~
(-POCI,) 2) HA
l”

oW
c=c,

H”  “CH,CHj3

Identify the missing reagent and intermediates in the following chemical
conversion :

CL 1) 3 equiv.

CH3 PCls " NaNH2 & NaNH2 e
o Heat = C,HsBr ~
(-POCly) 2) HA
l”

e
C_/

=i
H”  DCH,CHj

() TP Fige H Aiftan wiwge F @ WA § AN F6 W 1 9™ g@ 3R
# g fafae) s sw @ sifae g i -
H3C>C>-MICH(CH3)2 OEt 5
Yy

Write the structure of the major product when neomenthyl chloride is reacted
with sodium ethoxide in ethanol. Justify your answer :

em(Yuccny, DBy

“c1
Neomenthyl chloride
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(d) () foer @ foa=m Fife 6 & w6l f Ge-2-5g80 F @y 5 abiben | FEh #
TEH AT (S/T) W ufenfa it s wwd 21

(i) FT-FHEHTA F NaNH, /NHy (1) & &9 g8 bl 9 dewanq v fae=m @
T Y& 39T WTH i1 B | 39 sffwan i affifea =i @1 avi e g smen Fif)

(i) Discuss in detail how the reaction of a carbene with cis-2-butene can be
used to define the spin state (S/T) of carbene.

(i) para-Bromophenol on reaction with NaNH, /NH; (I) followed by acidic

workup yields one major product. Explain the reaction by writing the
steps involved.

(e) TF WA % Tl 9 s fagdieo F 3T 0 g wE A

With example, elucidate the permanent and temporary denaturation of
a protein.

2. (a) (i)mqmﬁmﬁﬁﬁmmamﬁm%lmﬁﬁm

(0} (0} 1
kOEt l) NaOEt
2) HCl1

In the presence of sodium ethoxide, the following transformation occurs.
Explain :

(@) (@)
kOEt 1) NaOEt K
PR
(ij) Fraferfaa wiawn % fom swge Brnfafy e A

OH
>&\/\/\/\/ i
TH,0 °

HO

Propose a suitable mechanism for the following transformation :

OH
>&\/\/\/\/ S0,
TH,O

HO

10

10

15
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(b) () Frefilaa s § i gen SR TE W

></ Cat. H2SO4
Pz ey >
Hg0 >§/

OH
(1) ST TS 75 T § T4 910 J&F ITE 1 YAIgAME TR 9 36 a4 ot Ferafafe
% foega seRrt ifsr)
(2) 3| At staeen =it fafaw, Fred v 3amr (31l 3,3-SRARa-2-s5247a) =i
ThA Geryul for < w |

The following reaction does not produce the product shown :

></ Cat. H2$O4
Pz X >

OH
(1) Predict the major product from the conditions shown above, and write
a detailed mechanism for its formation.
(2) Write that reaction conditions which would lead to successful
synthesis of the product shown above (i.e., 3,3-dimethyl-2-butanol).

(i) FrafaRaa sfufen § s 9 7= 3amR/Iak! i G fafae) o 3w w1 e
g Hifs -

AN 8,
v

Write the structure of the major product(s) formed in the following

reaction. Justify your answer :
BrCCl
O Wk

hv
(c) T=fafaa sfufernet 4 s 9@ g& IR /3arRt f e fafew

- 1) KOH

U 2) HA ¢
o}

OH

(i) @<§OH _H .5
N Ph

Q

1) NH,OH
EtO,C CO,E »
EtO,C. o ~ORtis s

L CO,Et
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Write the structure of the major product(s) formed in the following reactions :

O

(i) 1) KOH 5 2
2) HA
OH
.. Ph H*
(ii) OH —>7?
N Ph
(0]
1) NH,OH
(iii) Bt ?
2) Al,04
EtO,C CO,Et -
(iv) EtO,C _OEt 45
CO,Et
20
3. (@ () Frafafga sfufrmstt § s o= e 6 @ fafag
(@)
Br o
(@)
Eto)kNH—OSOQ@'NO2
i e |
(2) CH, = > ?
CHjy .
Write the structure of the product formed in the following reactions :
(0]
Br e
(1) OMe )
@)
_ in excess
@ ( on 2 2
3
cH, NEt,
10
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(ii)ﬁm(A)%wﬁwmavhﬁmmmm@a@ﬁamwﬁ%mﬁ

9T &
e

O
A

Describe the synthesis of ketone (A) when only isobutanol is available
as the starting material :

Yy

A )

(b) (i) Frefafaa wqian § wftfaa = 1 fafag
OztBu

c
e
a Nco, By — 2t il

tBuOK

Write the steps involved in the following conversion :

,'Bu
s AM

co.tB
CO, Bu
tBuOK 2 10
(ij) Fraffaa waia § C @ D H TWaT B W FRT
HO E 1) O
NI Nop D 98 c HelPt o
| 2) HOAc  cgH,, CgHy6
Elucidate the structure of C and D in the following conversion :
HO (li
(@)
Nl NN Nl g 1) O c Ha/Pt 5
y) 2) HOAc  CgH,, CgHie
5

(© () FreafaRaa dvemm § gu sifvedel qu werEfdal i dteEn Iueed FEY

A, M")\/\O Lro-Ea ) L0 N,
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Provide the structure of missing reagents and intermediates in the
following synthesis :

OH
*/\ _IM—>)\/\ L>O_P-—>)\/I\/NHZ
OH N0

10
(i) Trfafaa aifafen & 3 3@ A w9 wflifm ol # fafeo .
hv 2
MeOH
N,
Write the structure of the product formed and the steps involved in
the following reaction :
hv 2
MeOH
Ny 10

4. (a) (i) p-EEGAIESIEH A % TgARA F a3 IR RS 0-2% =1 g3 —COOH zwtan 2
g & 3ok IR H oFT AR o ) i i
After polymerization of p-hydroxybenzoic acid, IR analysis shows 0-2%
unreacted —COOH. Calculate the molecular weight of the polymer and
categorize it. 7

(ij) p-TRGFHSSIEH T F qgAFA § 99 Sgeieh ol T foaRan
Write the structure of the polymer formed when p-hydroxybenzoic acid
is polymerized. 3

(i) TTHTAH TR % GeA TeF F1 @A T R Theih a9l Sgash, H1 F GEATE FE)
What is the precursor of the main component of natural rubber? Draw
the structures of both monomer and polymer. 5

(b) (i) TEAE 6 A AFAA 6,6 F F&A ORI hil Jo HIfT|

Compare the salient properties of Nylon 6 and Nylon 6,6. S
(i) Fafeafas uifterda = fmfn 3 w57

How would you prepare syndiotactic polystyrene? 5]
(iti) Tt Rferd % affaan, Wit A srafime o wfy sl e % dEy § e @ wn §

Uewt dforee % wgE ferlew s @0 37

What are the salient features of alpha helix in regards to handedness,
residues per turn and elongation per residue? What are the principal
stabilizing factors for an alpha helix? 5
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(© () D 1 7m 2 A NaN, % @ g sl 3§ aam 3o o @ et A 1 FR S
AT W SRR T § i Afe 2 i iR 200 °C W B B 1 R AT 3R
1 ve= FIR qon D 1 @ 2 A sfifrmfier & s & smen Hifg

Cl H
H Cl
H
Cl
Cl
H
1 2
Compounds 1 and 2 on reaction with NaN; yield same product but
compound 1 reacts at room temperature while compound 2 reacts at

200 °C. Identify the product formed and explain the reasons for different
reactivities of compounds 1 and 2 :

Cl H
H Cl
H
Cl
\ Cl
H
1

2
10
(ii) FrfeRaa siffen  gea sar A Team AR aa 7 W F e g Rl
1) LDA/THF 1) snfe@a# NaOH
PNl sl S >
2) D,0 2) D,0
Identify the major product in the following reactions and justify your
answer :
1) LDA/THF 1) Excess NaOH
- >
2) D,0 2) D,O
10
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©vs—B / SECTION—B

5. (a) Frffes sifufen § a1 9@ See/3arl qun werEd 6 g il

1) EtzN
Cl,CH—COCI > ?

2) WEFENEEA,
S

Write the structure of the product(s) and the intermediate formed in the

following reaction :
1) Et3N
cl,cH—cocl )t iy
2) Cyclopentadiene,
Heat 10

(b) uiia srfafEedl & mem & 93 Frefafad sar % g g @l (4) 39 T@% = §
T4 I wft memafdE ft awE w5 e B

1) NaNH,, EtI

PR fiemsds, H, e
3) NBS, ROOR, A W

4) NaOMe, MeOH

Deduce the structure of the starting material (A) and all the intermediates
formed in each step that would lead to the formation of the following
product through the defined reactions :
1) NaNH,, Etl
A 2) Lindlar’s cat., H, 5 OM;
3) NBS, ROOR, A
4) NaOMe, MeOH

10

(c) T THRI-THEFS ARMRN 7 s & mem @ ad R S-S, AR Sy-T Il R
FAY: 290 nm 3R 450 nm F FEY ¥ | Th FIA THE-TaRH ARfH TW 3 F fag
T 200 nm A1 450 nm # ¥ T w1 1 ST FHAT TRC? I Fecreh sRE@ TR
Fd gL G IR AR

A photochemical reaction takes place through 7; state. Sy—S; and S,-T; energy
gaps correspond to 290 nm and 450 nm, respectively. To get an efficient
photochemical reaction should we use light of 290 nm or 450 nm? Give your
answer presenting the relevant Jablonski diagram. 10

(@ () F=feaRea s & & *F-w1/3 ) piarers Qe § aiFa dm/En ol @i
CH,, H,0, NH;, BCl;, XeF,

Which of the following molecules is/are active to rotational spectroscopy
and why?

CH,, H,0, NH;, BCl;, XeF, 5
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(i) CO % gemaen Wagn & @A F o A g 12 M BC A sfowarfa FA W F D
S 7 |

The spacing between lines in the microwave spectrum of CO decreases
by substituting 2C by '*C. Why? 5

(e) (i) 100 MHz NMR 300 #f 9 & o fofw @ §=3.0 W awif[ &a 8
J=4.5 Hz % @9| Nl % 99m @ % f7g 500 MHz I #§ et gfd
(Hz #) 3R gma Regiss J #1 7R P

In a 100 MHz NMR instrument, a particular set of protons absorbs at
§=3.0 with J=4-5 Hz. Find the chemical shift (in Hz) and the coupling
constant J in a 500 MHz instrument for the same set of protons. 5

(i) n-=Ifte @ FRA (CgHsCOCH,CH,CH,CH,) % 59HH WagH m/z 162,
120, 105 @1 85 W Rrer swia &1 @ wferew i wmfh Hifer

The mass spectrum of n-butyl phenyl ketone (C¢H5COCH,CH,CH,CHj3)
shows peaks at m/z 162, 120, 105 and 85. Predict the fragmentation
pattern. )

6. (@ (i fraferiad i § 57 a0t 3ae iR qegadt (IR @) i G B e AN

H,, pMe

1) BH,

(A) ?

T
Et0,C CO,H 2) H

= O\/\ | = ?
2 NCHO

Elucidate the structure of the product and the intermediate (if any) in
the following reactions :

Hy, Me

1) BH,

(A) ?

+
Et0,C CO,H 2) H

o () e
7 NCHO 5+5=10

(i) N-AREETHER N-atfFEe (NMO) 1 Sufeif # 0s0, 1 ISR 76 1 37 Hh
& Ve ¥ eEEEeieTE iR § NMO it qfie # av Hifse)
Describe the role of NMO during the dihydroxylation of an alkene

using catalytic amount of OsO,4 in the presence of N-methylmorpholine
N-oxide (NMO). 5
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(b) (i) HCl % quiHTeHes Sagi § J =4 § J =5 % TA0 & o s1rawas fafskon 6t smafy 6
o hifSg | o Reri® B =106 cm ™.
Calculate the frequency of radiation required for a transition of J=4

to J=5 in the rotational spectrum of HCl. The rotation constant
B=10-6 cm™'. 5

() HCl %! 7 F94 g 2990 cm ™! }| ¥AF ey wm=d WM §¢ DCl A 7@ F
gt it T ifs)
The fundamental vibrational frequency of HCl is 2990 cm™!. Calculate

the fundamental vibrational frequency of DCl assuming the same bond
strength. 5

(iti) T A F S C,H,N B 366 IR 21awimw emgfodl 1650 cm ™!, 2250 cm™ iR
3100 cm™! % @fi ¥ forw s v fPfde Hifg)

The molecular formula of a compound is C3H3N. The IR absorption

frequencies are 1650 cm ™!, 2250 cm ™! and 3100 cm 1. Assign a structure
for the compound. S

¢ (i) Ffafaa yem-taate saao F foae Srfafy fafee -
Q= O

Write the mechanism for the following photochemical transformation :

O - O 5

(ii) R o 1 BRI 480 nm TR % WEHW H IUF wEh foR TN,
ety g 1-5x1073 J-s~! oft| 10 fiFe ¥ 3g9EA | Br, § 0-05 firefidia
1 = € K| T WA g Fieew wfed Y o Hifg e Bafie s grn 80% et
Jania foran s 1
(@i feRi® h=6-627%x1073* J-s 3R W™ &1 a1 ¢ =3x10% m-s71)

Photobromination of cinnamic acid was carried out by using light of
wavelength 480 nm with a light intensity of 1-5 x 1074 37", An exposure
of 10 minutes showed a decrease of 0-05 millimole of Br,. Calculate
the quantum yield assuming that 80% of radiation is absorbed by
cinnamic acid.

(Planck’s constant h=6-627x103* J-s and velocity of light
c=3x10% m-s7}) 5
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(iii) Freffaa wehm-affsen 3 s o e 1eq IaE] h wrRe i) @ R

CH, _E
>CH—CH2 —CHy —BY 39
HaC—HC

CH,

Predict the major and minor products for the following photoreaction.
Give the logic :

_XH—CH;—C—CHy R
H3C—HC|3
CH,

(iv) Trefafaa sfufen # 4, B 3k ¢ fifde fifv

PhQCH—@—CHPhQ + PhCHz—ﬁ—CHQPh

[

A+ B+ C+ CO
(F=)

Assign A, B and C in the following reaction :

Ph,CH—C—CHPh,  +  PhCH,—C—CH,Ph

[

A+B+ C + CO
(Major)

7. (@) (i) UV Sam § TEeH 280 nm W goa sEEmo R 190 nm R Yad HE901 S0 2
T IalHT H TR

Acetone shows a weak absorption at 280 nm and a strong absorption
at 190 nm in the UV spectrum. Account for the observation.

(ii)ggaé-ﬁmﬁaﬁmmmﬁmﬁmﬂﬁiﬁ%xmxﬁmmaﬁﬁm:

~ %k O

SLPM-B-CHM/4 12



Using Woodward-Fieser rules, calculate A, for the following
compounds :

10
(b) (i) SeE-Te=R sifufsen @ freforfaa sedt i s sfiframia % w6a g w9 § weg
o (1= F afufemfa, 4 = oft sifufrania) ) s sw @8 3 ws Hiftw
T L~
5 A
A B C D
Rank the following dienes in order of increasing reactivity in a Diels-Alder
reaction (1 = least reactive, 4 = most reactive). Briefly explain your answer :
1T 0O
L AN
A B C D
10
(i) efafaa sifufen & seae 1w fafay -
Me
1) F=m
ZR P N ?
=z 7 ¥
N 2w Hp
Write the structure of the product in the following reaction :
Me
1) Heat
Z + N ?
. “XN 2wt e 5

(c) (i) Trferes Rerged gafd=m 3 o 9t 3ere i s ey qon suge smen w4 g
T afigpa FIY | heffr 3TR@ SR 38 = ) Sefe sraeria 6 e SR ;

H y
80 °C
e
X X ccl, “
Bu

SLPM-B-CHM/4 13 { BT,



Write the structure of the product formed in the following sigmatropic
rearrangement and categorize it with suitable explanation. Explain the
thermal feasibility of this rearrangement by drawing orbital diagram :
H H
80 °C
N X cCl

Bu 10

(i) (1) Fr=afafes e it & v 3 fore s deto faen i vg=m Hifsm -

(2) =iy e TR W () € = foua (z0)7 ;

(1) Identify the mode of ring closure for each of the following electrocyclic

reactions :
H

(2) Are the indicated hydrogens cis or trans? 10

8. (@) (i) Frefeia S % 'H NMR Saga § sefa Mo  forg st famres (3om o J,
Hz #) &1 3gaH sy :

H® Br H? Cl
1 B b, B o s peialh
(1) e G (2) c1/c C\Hb (3) H%—c=c—cH:—cI
A B &

Estimate the expected splitting (coupling constant J in Hz) for the lettered
protons in the 'H NMR spectrum of the following compounds :
H? Br H?
v b 3 a b
. C\ (3) H%—Cc=Cc—CH}—CI

ik
L e
A ¢

SLPM-B-CHM/4 14



(i) frfefea At % 'H NMR S99 3 HO w§ 1P siferd Wit N TaEheE ofy
gam?ﬁﬁqammﬁmwaﬂﬁaﬁaaaﬁm:

HE, _OCHj Hb\ _COCH;
T RNT TORNT!
D E

Compare the chemical shifts of the labelled protons H* and H? in the
'H NMR spectrum of the following compounds and justify your answer :

\___OCH; Hb\_/COCH3
D E 10

(iti) Fr=afafaa @t % 1y NMR@a;qﬁﬁ@ﬁmﬁr@ﬁaﬁéwaﬁmmu
I IN F N g Hifvr

Me
W —_ @) @Me

Count the number of peaks observed in the 'H NMR spectrum of the
following compounds. Justify your answer :

) Me
G acx
Cl Me 5

(b) (i) TF TefeE TR seHm Wagy M* R m/z 166 (10%) | 3R M +2 fra
m/z 168 (9-8%) W Zidl 81 'H NMR ®agq & 7¢ s 2 s 9 v wat mow:
8 29, 3:6 3R 3-8 ppm W fgar A 1:1:1-5 ¥ gwien B N € @1 #0
e i) s s o oife fg Hiftm
A halogenated ester shows M* peak at m/z 166 (10%) and M +2 peak at
m/z 168 (9-8%) in mass spectrum. 'H NMR spectrum of this compound

shows two triplets and a singlet at § 29, 3-6 and 3-8 ppm, respectively
in the intensity ratio 1:1:1.5. Deduce the structure of the compound.
Justify your answer. 10

(ii)amwm,mmwmqgcﬁﬂlz ®, 7HH WagH § yae RRR m/ 2
42 71 56 R wwid #1 IF el % e whwew # vt fifm)

Two isomeric alkenes with same molecular formula CeH;, show strong
peaks at m/z 42 and 56 in the mass spectrum. Propose fragmentation
pattern for both the peaks. 5
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© () (1) ST Aire SETIe TR e W § T srfrenafrs Riet m / z 149 T g3t B
T wirey gwia gU 36 Ra & Jeor 1 HRO SRl

Phthalic acid diethyl ester shows a characteristic peak at m/z 149
in the mass spectrum. Account for the observance of this peak by
fragmentation pattern.

) @mﬁﬁw@mﬁ@mwﬁﬁmm/zglmm%mﬁ
n—ﬁﬁﬂéﬁﬁ?m/z92mmﬁ1@m%ld@m3ﬁm@3@mﬁm

The mass spectrum of ethylbenzene shows a characteristic peak at
m / z 91 while n-propylbenzene shows strong peak at m/z 92. Explain
with the help of fragmentation pattern. 10

(i) T ST wEeE N, Rrew i g3 C,HgNO, §, IR ©FA #2250 cm ™! W

o &5 1 1740 cm”! R T Yo 9 gwiar ¥1 7@ N 'H NMR @FH § Fad
ﬁmszz%mﬁm%|mﬁmmwmlmmmaﬁﬁw
firg, i)

An unknown organic compound with molecular formula C4H5NO,
displays a band at 2250 cm™! and a strong band at 1740 cm ! in
the IR spectrum. The compound shows only two signals in 3:2 ratio in
the 'H NMR spectrum. Find out the structure of the compound. Justify

your answer. 10

* k K
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