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Question Paper Specific Instructions

Please read each of the following instructions carefully before atltempling questions :
There are EIGHT questions divided in TWQ SECTIONS and printed both in HINIM and in
ENGLISH.

Candidate has to attempt FIVE guestions in all.

Quesiions no. 1 and § are compulsory and oul of the remaining, any 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 il.

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
muarks will be given for answers written in o medium other than the authorized one.

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

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Assume suitable duta, 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 attempied partly. Any page or portion of the page left blank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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e A
SECTION A
QL (a) () [10] U &% o Gvifad SAfudE guEEEl i A SR T
v T it s fifsw |
(1) Toredm aen Zdier i e £ samen fifs

(1) Draw the structures of three pogsible geometrical isomers of

[10] annulene and explain the aromaticity. 5
(ii)  Explain the aromaticity of svdnone and tropolone. 5
(b) FrAfafaa faamas soee sfafFmsi § M awn N #t sfaframsfea 8§ o5 6
ST 39Yh fhafarer gra ifa ;
H H
OTs OAc
CH,COOH
> (stvfEar 1)
M
Ts() H
CH,COOH ) (st 2
N OAe

Through a proper mechanism, explain the difference in the reactivity of
M and N in the following solvolysis reactions.
H H
OTs OAc

CHLCOOH
{ Reaction 17 5

W

M

'FH': i I I

("H,COOH .
. 1 (Reaction 20 5

OAe
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(c) ﬁmﬁlﬁﬂmﬁqﬁmmﬁq@mﬁm W, X, Y @971 Z i qg=a shife :

_AICl;
Hlfﬂ'ﬁ
. (1) PPhg v 0sO 4 cat.), NMO H,S0,
( ,\f Cl > W P X > Y ——— 7
(1) Bula BuOH, H,0

Identify the major products V, W, X, Y and Z in the following reaction

sequences : 5x2=10
K _Alclg
t“\'.L‘(*-w
benzene
i) PPh. T OsO) feat.), NMO H.,s50)
s, SRE O - ry —24, 2
(1) Bul.i BuOH, H,0

() Fr=forfae sfaferr, 3rsmme X aury S 2,
Ph - C = C ~ CH L} >:< " Ph>:<”
CH, Cl CH
X Y
(i)  IeaE X 9T Y & Kz =g fRuifa fife )
(i) X T9TY o ==, Tifereh 76T SRt 3ca1e i Tea hHifa |

(iii) =AMl 5t saen & 3fara, T Ione ei-i TrTias Ie | Sy
T & el T AIRTEET (o) TEad! € | 56 9T S g rafater
yeTfa s |
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The following reaction gives two products X and Y -
HC Cl H Ph H
Ph-C=C-CHy —m >:< + >:<
,r\i_-t ]1': ]:?h {1]:;:1; {i t\'ll._;
X Y

(i) Assign E/Z configuration to the products X and Y.
(i) Between X and Y, identify the kinetic and thermodynamic

products. 5
(iii) Under the reaction conditions, the kinetic product slowly gets

converted to a thermodynamic product, until the equilibrium is

reached. Propose a probable mechanism for this conversion. 5
(e (0 F=fafas sfeme atafrar § 99 T €1 sane 6 deeand forfiae quan
HE Ue Y 1S 1 THETH A1y Jeeid iy |
O
(- X -
| 0 + sty
0
(i) Freforfiaa waiao st 34 G s aewar 2 2 39T 3eame) & ST ST
=1 A=A SR |
S
— || +
X
(i) Write the structures of two products formed in the following
eycloaddition reaction, and mention the major and minor product
with justification 5

)
L R —_—
.

(i1} How may the following conversion be carried out ? Draw the
structures of transition state for both the products.

L — 1A I
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Q2. (a) Tamferfiga sfuferan sger § o= ot gea 3eaEl M, N, O, P a1 Q i HeeHTd

%ﬁﬁt{:
NOs
e
Sn/HC ™ (1) SOCL
i & s/ HC C . O 9 =)
Br
(i) NaNO/HCl (i) Bro/NaOH
0-510C \
(i) CuCN tit) H,0
N Q
Write the structures of the major products M, N, (J, P and @ formed in
the following reaction sequence : 15
NO.,
Sn/HCI @\ (1) SOCI
S : CN 1 SOCLH
M > () ————=> P
in) NIEH;
Br
(i) NaNO/HCI (i) Bro/NaOH
0-57C A
(1) CalC’N (1) H,0
N 9]

by () Tafanam wfblEEr 7 e 9 SRl 5 39 51 i et F
ﬁ“ﬂﬁ'{:
0 al
D,O H
H HZ NaOD

I
*
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i) F=feafes 2 S v a9 72 & e B2 s & siaria e

sAffr = war 2 7 sme £ |
CH, CHj
i[: o Br ér Br
CHy CHy
Y Z
(i)  Fefafee sfuframst & a3 art e saEi M e N #:i fafag
)
NaCN, HON
)I\? : »
5= 10°C
0
PhSH
L 3
25°C

(i) Write the products formed in the following reaction along with the
mechanism of their formation. 5

()
conce, NaQD

@A H D0

(ii)  Which one of the following two compounds, Y and Z, ean undergo

elimination reaction under E2 conditions ? Explain. 5
CHaq CH
Br
CHq

& Download FREE UPSC E-BOOKS ¢ 2



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

Get Printed Study Notes for UPSC Exam - https://iasexanportal .conl notes

(i1i) Write the major products M and N formed in the following
reactions : 5

()

,)l\/ NaCN, HCN . M
= TR T o

0
M PhsSH E
— il [
25°C
(00 Fraffaa sfufr & goad] (A S9a12
CHCly + "BuOK —— [A]
(i)  Teddr |A] i gg=H Fifa |
(i)  Ffefigd sl 4w B @ & ae, saeEi =) fwfao

Me Me 1Al
eI EE T
H H
Me H IA]
sfafwa 2 —
H Me

Gii) @ srfufmand 1 awr 2 BfeafEiEe # a Bfagennas o
Gv)  Tefafiaa stfuferan § s e qeg seae $idoa fafeg -
OH

(1) NaOH
(i) |Al, 70°C

(i) H*

() TaAforfiad stfafera i s amen wea eme forfiag .
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Intermediate [A] is formed in the following reaction :

CHCl; + "BuOK ——> [A]

(i) Identify the intermediate |A]. 2

(i1)  Write the products of the following reactions with the correct
stercochemistry. 5

Me Me IA]
Reaction 1 /E< —
H H
Me H IA]
Reaction 2 \/:< e
H Me

(1) Are reactions 1 and 2 stereospecific or stereoselective ? 3

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

reaclion ; 5
OH
(1) Na(OOH
(1) A, 70°C
(i) H

Ch

{(v)  Write the major product formed in the following reaction :

Q3. (a) () TFefafes AWGRT 7 = seEl i d@@ar e 7 s a9 6

Toranfatr ferfigu
0 0
| | g
Sl Nad
HC-C-H+H-C-H i
(AT
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(i) T=fofad Afvfsrar s | &+ o1t &7 Il X 71 Y 6 6=
ferfiaw | X & Y % ewiator i Granfafer Sifew

> X
Y\/Y = {.lr{:m

0 0 [CHgOy]

H.S0),

<t
NH - NH,
i,

Y

(1) Write the structure of the major products of the following reaction

and write the mechanism of their formation ; 5
() O
” ” aq. NaOH
HiC-C-H+H-C-H >
' [excess)

(i)  Wrile the structures of the major products X and Y formed in the
following reaction sequence. Provide a mechanism for the

conversion of X to Y. 10
Il\’(\/\n/ﬂig {i) aq. NaOH
> X
(1) CrO, .
. CeHgOnl
0 0 H,S0, aligtle

<4 -
NH - NH,

acetic acid

k4

Y
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Treferia srufsmn s o g 3emEi M, N, O 997 P o deand fafag | 0 4 P
< waiar =t Sratate =gz difm )
O1
o ,C CHy
(1) K,00, ' ' i1} NaH
A < = >}
) () H4C H
]l ==
(i) CH4CCl H Br
hv . A
220°C
:\: I'_I'
Write the structures of the major products M, N, O and P in the
following reaction sequence. Suggest a mechanism for the conversion of
O toP. 15
OH
Ha CH.,
(i) Koy = ' (i} NaH
M < = oI > ()
0 il Hal t
(i) CH,CC H Br
hy A
2207
W W
N P
G  Fefafen atufraest & s 9o soet ft g fofae | = 2=

sAfafsraTel & 8 FH-ofr sty vigar & 29f 2 s 3w 1 afe Aifm)

NaNH,

i = - Br
wAfafFa 1 |
S
st K\I

u‘\ll
\llgh

R —
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() Freferfiea siffram sqen 0 o9 9~ qeg SRl X @ Y i s
ferfiae | X & Y &= o aupe ferantarfe ferfian |
x"’ﬂ"“i’h
Mel NaNH,

* X — >Y
N, i)

(1) Write the structures of the products formed in the following
reactions. Which one of these two reactions would proceed faster ?

Justify your answer. 10
Br  NaNH,
Reaction 1 TR i
NHgq (/)
D
9 NaNH,
Reaction 2 Bt
D NI [3 tl)

(ii)  Write the structures of the major products X and Y formed in the
following reaction sequence. Write a suitable mechanism for the
formation of Y from X. i0

N > i Ph
Mel  NaNH,

% L
> Ea

NI, ()

Q4. (a) (i) (2, 4E)-eW-24-2Eed & ghmraamfs sacr 4 sifufesar 4 39
T ST sare i g fafiae gsn FMO 3um9e & gRT samen

ifa |
(i) Fefafes feded EEam & 5= 3o & od B e F e
qEEH I :
Me o3 x
Me v NF T
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(i) Write the structure of the stereochemical product formed in the
reaction of (2K, 4E)-hexa-2 4-diene under photochemical conditions

and explain using the FMO approach. 10

(ii) Identify the major product with correct stereochemistry in the

following sigmatropic rearrangement 5

Meé
T X

Me ==

® @ ekl fngadt gfbem o semeeare ey g FMO swisEH &
TR ST i

Me b
O_ﬂ/ Me
(i) Tefaiad =shes Afuf 3 o Bl wee =g g ge s ==
SlELS

ey

(1) Write the produet(s) of the following sigmatropic rearrangement

COCH,4

and explain using the FMO approach : i0
Me -
e
Me

(ii)  Write the major product showing correct stereochemistry of the

) |

following eyeloaddition reaction :

I ul_“\(» ‘/LDFH I
& Download FREE UPSC E-BOOKS & _



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal .conl notes

(© () Fefafas sfifer s § g2 5o E 9o Fo# w@e fofeg )
E & F o 6t ranfaf foflae |

()

Bry (1 equiv.) KOH
CH,COOH '

i) g wrfafaen v faem i

HI H.": Br “.I [{3
>—-_< ——s  Mel) >—< Br
R2 pt e R2 R
3w sl § Frafafa tehel f1 sfvfrmica =1 sed gu #a &
ferfem |
Me Me H Ph
>: CH, >:< >: CH, CH,=CH,
Me H Me pe
1 2 3 1
Gi) Frafefan sifuframt § a am ger soamet # fofae
(i) "BuLi
(i) CO,
s | N oy
N GiDH
1
H
(i) 'BuMgBr
(i) COb,
i 2 N .,
N (i) H
I
H
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(1) Write the structures of the major products E and F of the
following reaction sequence. Write the mechanism of formation of
F from E. 10
()

Brs (1 equiv.) . KOH
CH,COOH '

(ii}  Consider the reaction given below :

HI H.“. Br HI HH
>:\/ M jf'lH e ; E >
_— AMed .
R= R1 R2 R4
Write the order of increasing reactivity of the following alkenes
towards the above Teaction. 5
Me Me H Ph
Me 1 Me  Me
| 2 5 i
(iii) Write the major products formed in the following reactions : 5
(i) "Buli
(i) COs
Reaction 1 N b" >
N finn) H
|
H
(i) "BuMgBr
(i) COy
Reaction 2 m = >
4
N imH
|
H
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WUz B
SECTION B
Q5. (a) VI wifde e # a9, Tiow ] € | EErEliad o 38T % gH 3
it =1 =y fifs |

Proteins are dynamic molecules rather than static structures. Explain
this phenomenon using hemoglobin as an example. 10

(b) FafaRan stafsrmsi § Biaw e =i gwic g 3= s i @ o Gl
ferfia

m-CPBA (1) NBS

ol ¥
{11) 30% NaOH

Write the structure of the major product indicating the stercochemistry

and mechanism of the following reactions : 10
m-CPBA (1) NBS
—_— »
(i) 30% NaOH

(c) =yrer Fifsre, =i 2-ufere S=rEEm Ot (3ften e Ieroia weRET-gae iR
FAAT | T (BNt a4 i Bl woragaar w fd=n fifm

Explain why 2-methyl benzophenone undergoes rapid and reversible
photo-enolisation reaction. Discuss the stereocisomerism of the
photo-enol formed. 10

() @ ﬁmi%lﬁaaaﬁﬁﬁﬁﬂagﬁﬁ>c:uﬁm>m_namﬁﬁiﬁ$qﬁ$
ST & HATEIW T 3R TT F o 8 7

O
i

& CH., 0 CH,
H"\-..“.}_,.r"f _"‘-.,_\_l.ll:i H-r’" H""\.,_[1_,,-"'f ”R{‘[lﬁ
N |l
0

[ |

|
i3 “Ha N Ll
H\f[llu -\H{_ﬁ lld
E|I i ”
Br Br ()
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(ii)  IZAS-HisA T 61 IH wid g, FEffEd T F Ay, F FF A

S5 A5

(i) How can the following pairs of compounds be distinguished based
on the vibrational frequencies of their > C=0 and > N —

bonds ? 5
§]

C CHy~_ . 0 CH.
gt -"““{‘H;-{_l o ol e
AT |_]
()

()

lll and ”
Br Br (1

()  Using the Woodward-Fieser rules, calculate the A,,,, values of the
following compounds : 7}

(e) (i) U a1 waTH F 11 NMR O § 2EsieH! &I TaEie gid s samsr

ERIGCEIEaIE Iy

Gi) FeumH weEafefa § s g & ddfifemm avem ¥ wlEam
Ternfafy forfiaa )

(1) Explain and compare the chemical shifts of hydrogens in 111 NMR
spectra of ethene and ethyne. 5

(1) Write the mechanism of rearrangement of benzyl cation to
tronvlinm cation in mass snectrometrv.

& Download FREE UPSC E-BOOKS%



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal .conl notes

Q6. (a) Trafafan sfifemei d 97 9w el 6 b ) fafae .

O
; NaBH /CeCl,
(il
MeOHH
()
i Na/NHgq (1)
FHL : >
Mo
(1) ByHg
{un} ®
” 2 & (nyH
Et0.( CO,H

w

Me
(i) LiAIH
(i) o +

&
Et0,C Co,a H

CO }\IE‘
e 0 THF

N

<

[y

’h
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Write the structures of the produets formed in the following reactions :

Ix5=10

)

NaBl l_.jrn'"i ‘{'{‘1:1

(il ———— s
MelH

§]
|

Na/NH, ()

(11} >

Me
i1 BoHg
(i)

e ety
}ht]:l" 1'1131| i)

AMe
H\‘ (i LIAIH,,
(iv) .

A
(1l
Ft0,Cc  co,n (VH

COsMe
A_S BaHg
e
v ) () N THF
k Fh

(by (i)  FTEH 6 TUTTEAH 6,6 FH ST AN & ?

Gi)  afg 20 g diferefrefi =t snfamy gar ) aafiafy § gofaar sremar s,
COg ¥ T T 3V (HIeT) SoF BT 2

(i) diferersia yfa § 9 = 8, Sefd difeufe oo gar € 7 s
Hif |

(iv) 3=d A9H W IFH W A i 8, SetE PVC sl 2 |
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b |

(i)  How are nylon 6 and nylon 6,6 prepared ?
(i) If 20 g of polyethylene was completely burnt in the presence of

excess air, how many moles of COg will be produced ? 5
(ii1) Why is polystyrene brittle in nature, while polyethylene is
flexible ? Explain. 5
(iv) Why is Teflon chemically inert, while PVC is reactive at high
temperatures ? Explain. 5
(@ () uaE @ & Hifde o et 4 R ger fie @ 2 smen fifsg )
SHT Sge ol grEATd i fefia |
(i) T 37 AT I € 2 U <o 37T ol TrIfee S0 sh1 ST
7 e |

(i)  low do the physical properties of natural rubber differ from
gutta-percha ? Explain. Also write the structures of both the
polymers. 10

(ii)  What are nucleic acids ? Give a schematic diagram for the primary
structure of a nucleic acid. 10

Q7. (a) () o= uiEeand Fr € o ufomasy v taaiE stfafErst § 39
Finesd U Iegsl qimes I 2 2 0
Gi)  wpEEifh, el & de == 2 2 2 sven fif |

(1)  What are the phenomena that result in the emission wavelength
being longer than the excitation wavelength in photochemical
reactions 7 5

(1)  Why 1s phosphorescence slower than fluorescence ? Explain. 5

(by (i)  fwferiiga ifter ersa T (Norrish Type T) sifsisrar =i i Fifsm -

)
H : h
CgH; = CH - C = CH - CgH,CHq(4) ——>

Cgtly;  CgHCHy4)

o

(i) 4T SiREr 2157 1 (Norrish Type 1) 31fafran, v stagar & aunan G
ST ¥ ST BT § 0 30 I o e &1 41 fie e & are gfe
=Hifsm |
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)
I hv
CgHg =CH=C=CH = CgH,CH4(4) ——

(ii) Do Norrish Type 11 reactions proceed through singlet state and/or
triplet state ? Justify your answer with two different examples. 10

() Tferfiga stfurfsrnail § a3a arer g Iere i dear ferfiag qen franfafe difm

COOCH,
NaBH;
(i) —— s
EtOH
CHO
0
(i) LiAIH,
() >
(i) HoO
H
OMe
Me  xa, NHg ()
(ifi) - >
207

U1

(1v) C=C _—

R N Me

OH

CN
PhiOAc),
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Write the siructure of the major product formed in the [ollowing
reactions and provide the mechanism : Ax5=20

COOCH,

NaBH,
(1) T
y EtOH
C"HO
()
(1) |.i;“'t|H_1
(1) »
{1} H._,l}
H
OMe -
Ej/ IMe Na, NH; (1
(1) 3
ether
ethanol
(iv) /,'3' = (“\ —_—
K Me
OH
CN
P]]'il_:'."t{"_l
{v) >
OH

Q8. (2 () uF Gwanm s @ g ferms ol $ifsg afe sgea smpf
1397 x 1071 kg m? | (Rarmar & : < feri® h = 6-626 x 10734 Js
T W12 61 T ¢ = 2:998 x 10% ms™1)
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Gi) Ffefiad st #r #9f= s (em™) F 9 W/ F99d g A °
syafieq fifee

HF, HI, NO, CO
(i) U24-2,4-212804 qur 2-ersgmdEfugdHE O fafe dule sl
(>[‘;:(‘JW-OH)Ei3ram§qTEﬁﬁfql

(1) Calculate the rotational constant of a diatomic molecule if the

moment of inertia is 1397 x 107" kg m®. (Given : Planck’s

constant h = 6626 x 10724 Js  and velocity of light
= 2998 x 108 ms~1) 5

(i)  Arrange the [ollowmg molecules in increasing order of vibrational
frequency (em=1) : 5

HF, HI, NO, CO

(i1} Explain the specific vibrational [requencies {> = and - OH)

n pentane-2,4-dione and 2-hydroxypropiophenone. b
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(i) Discuss the spin-spm interactions and coupling constants m

14 NMR spectrum of furfuraldehvde. 5
(ii)  Distingunish between (A) anthracene and phenanthrene, and

(B) pure ethanol and ethanol in presence of trace amount of acidic

impurity, based on 111 NMR spectra. 5

(m) How can you differentiate between 2-nitroacetophenone and
3-nitroacetophenone based on approximate chemical shifts and

arm-snin interactions ? (Consider onlv artho-econnlineg)
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(1) Explain the effect of conjugation on A ., and intensity due to n-n*

and 7-n* transitions in 3-buten-2-one compared to acetone.

o

(ii) Explain the formation of charge-transfer complex bhetween
(A) picric acid and anthracene, and (B) tetracyanocethylene and
aniline, using electronic spectroscopy. 5

(iii) Identify the molecular ion peak(s) and peaks due to McLafferty
rearrangement in the mass spectrum of ethvl 4-chlorobenzoate.

&

(iv) Write the structures of ions at m/z 108, 93, 78, 77 and 65 m the
mass spectrum of anisole. 5
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