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SECTION - 1 (MAXIMUM MARKS: 12)
This section contains FOUR (04) question stems.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.
For each question, choose the option corresponding to the correct answer.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +3 ONLY the correct option is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 Inall other cases.

According to Bohr’s model, the highest kinetic energy is associated with the electron in the

(A) first orbit of H atom (B) first orbit of He*

(C) second orbit of He" (D) second orbit of Li**

gR #rsal (Bohr's model) & 3TAR, ff&recH st il (kinetic energy) aTell Seldg 4 §
(A) H TRHTY] &1 G2 el H§ gelag i (B) He* @1 U2rH &efT § Solagid

(C) He' &1 S8 el H Seldg i (D) Li** &1 831 Hell H gerag 4

B

2

K.EE.= +13.6Z—2€V
n

2

(1)2
- +13.6 =13.6eV
(A) K.E. 0

> =

2
_ +13.6(2) =54.4¢V
(B) K.E. (i

7=

(2)
_ +13.6--L-=13.6¢eV
(C)K.E. B

> =

(3)
(D) KE.= +136(2 =30.6eV
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2. In a metal deficient oxide sample, M, Y,0, (M and Y are metals), M is present in both +2 and +3 oxidation
1
states and Y is in +3 oxidation state. If the fraction of M?* ions present in M is 3 the value of X is
T 1 =Y (metal deficient) sifairgs M, Y,0, (M @Y €7 €) @ T 5 M, +2 3R +3 3iferfiepxor saveraii
: . : 1
ﬁawY,Heﬂmﬁwwwﬁwﬁ%%m%Mz*zmMﬁmg%,?ﬁXfmm:r =
(A)0.25 (B)0.33 (C)0.67 (D)0.75
Ans. D
Sol.  Total —ve charge = Total +ve charge
X 2x
2x4 = 2x3 +2x—+3x—
Chargeon Chargeon
Oxygen v Chargeon
M
8=6+ 2% +2x
3
2=
3
x= 6 =0.75
8
3. In the following reaction sequence, the major product Q is
fferReaa sififosan & e #, yg@ STg Q ®
(1) HL, A Cl, (excess
L-Glucose > P d ) > Q
(i1) Cr,0,, 775 K, uv
10-20 atm
Cl Cl Cl Cl
Cl Cl Cl Cl Cl Cl
(A) Cl Cl (B) © D) Cl Cl
Cl Cl Cl Cl
Ans. D
Cr,0,, 775 K, Cl G cl
HI/ A -
Sol.  L-Glucose ——— n-hexane — o202 Cl, (excess) |
Uv Cl Cl
Cl
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Ans.

Sol.

The species formed on fluorination of phosphorus pentachloride in a polar organic solvent are
(A) [PF,J'[PF,] and [PCI ][PF ] (B) [PCL]'[PCLF,] and [PCL ]'[PF ]
(C) PF, and PCI, (D) PF, and PCI,

B R R UTdRTS S (phosphorus pentachloride) @1 U e~ gard fdelrde (organic polar solvent) H TR R
(fluorination) #x+1 U= g1+ dTet I (species) &

(A) [PF,]"[PF ] @en [PCL,]'[PF,] (B) [PCLJ'[PCLF ] e [PCI,]*[PF, ]
(C) PF, e PCI, (D) PF, @ PCI,
B

In polar solvent PCl. is fluorinated and ionic isomers [PCL]" [PCIF, | & [PCI, ] [PF ] are formed.
SECTION - 2 (MAXIMUM MARKS: 12)

This section contains THREE (03) question stems.

Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four

option(s) is (are) correct answer(s).

For each question, choose the option(s) corresponding to (all) the correct answer(s).

Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks : +2 If three or more options are correct but ONLY two options are chosen, both of
which are correct;

Partial Marks : +1 If two or more options are correct but ONLY one option is chosen and it is
acorrect option;

Zero Marks : 0 If unanswered;

Negative Marks : =2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;
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Ans.

Sol.

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and choosing any other option(s) will
get -2 marks.

An aqueous solution of hydrazine (N,H,) is electrochemically oxidized by O,, thereby releasing chemical
energy in the form of electrical energy. One of the products generated from the electrochemical reaction is
N,(8).

Choose the correct statement(s) about the above process

(A) OH ions react with N,H, at the anode to form N (g) and water, releasing 4 electrons to the anode.

(B) At the cathode, N, H, breaks to N,(g) and nascent hydrogen released at the electrode reacts with oxygen
to form water.

(C) At the cathode, molecular oxygen gets converted to OH .

(D) Oxides of nitrogen are major by-products of the electrochemical process.

1% (hydrazine) @ U STelial fdera @1 O, §RT fdgd A+ SfRiIdRor B+ W (electrochemically
oxidized) IS STl fAE[d STl b wU H Febeldl & | 39 g IR AMfhar A Seu= 81 dTel Sedral |
Y T N,(g) B |

SR I T Ufha1 & oY ALl HAT (HAT) BT FI7 B

(A) TFre W, OH s N H, & Sffifehar v N (g) 3R STet a1 &, FOrRii 4 gelag (< IS UR il & |

(B) deire W, N H, ® <e A N (g) 9l 8 3R -Taoiid (nascent) 8gsIo goldgls TR fHdbercdl &, SIrd b
SifeATST A AT das STl a1l 2 |

(C) BT WR, 319& (molecular) AR &1 gRac= OH ¥ BT & |

(D) faera Iamaf=ias tfifeha (electrochemical process) @ THE ABIIG AGL IO & RIS S © |

AC

Reduction of ‘O’

N,H,+ O, —»N,+ H,0

Oxidation of ‘N’
At cathode :
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0, +2H,0+4¢ ——40H

AtAnode :

N,O,+40H —— N, +4H,0+4e"

The option(s) with correct sequence of reagents for the conversion of P to Q is(are)

H,C

HO

SISI)ZE‘[ reagents 5 — COH
— CHO

HO Q

(A)1) Lindlar’s catalyst, H,; ii) SnC1,/HCI; iii) NaBH ; iv) H,O"
(B)1) Lindlar’s catalyst, H ; ii) H,O"; ii1) SnCl /HCl; iv) NaBH,
(C)1)NaBH,; ii) SnC1,/HCI; iii) H,O"; iv) Lindlar’s catalyst, H,
(D)1) Lindlar’s catalyst, H,; ii) NaBH,; ii1) SnCL/HCl; iv) H,O*
P &1 Q ¥ uRafdd &% & forq aIfA®HRa®T (reagents) & He! gehH aTetl (aTel) faded B (£)

H,C

HO
CO,Et reagents — CO.H
> 2
N — CHO
HO Q

(A) 1) ferseiR stfep®, H,; ii) SnCL/HCI; iii) NaBH,; iv) H,0"

(B) i) ferseiR aifdteseiep, H ; i) H,O"; iii) SnCL/HCL; iv) NaBH,
(C) i) NaBH,; ii) SnC1/HCl; iii) H,0"; iv) fefrseR iffiep+ep, H,

(D) i) fermeeR a1fepHe, H, ; ii) NaBH, ; iii) SnCL/HCI; iv) H,0"

CD
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Sol. @
N =" N = A\
it CO.Et it COEt
N ~ - CN N A~ - CN
\ﬁ —CH, \ﬁ —CH,
Y Lindlar’s catalyst O Lindlar’s catalyst
Q Q
— t s t
N——/\V\ COOE ANe—/\\ COOE
\ — A /CN \ — A /CN
N SnCL/HCl O
ﬁ — CH, ﬁ — CH,
© © H,O"
3
Q
it/\_/\/\— COOEt
Q
S H N—e—/V\
—A/CHO §
~N
C—CH
O ~C—CH,
OH |
( ==V NCOOEt O
CHO SnCL/HCI
~C—CH, l H.O No reaction
| 3
O
OH
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Q =N
Q - {t CO,Et
Q — CN ~C—CH,
-0 I
H.C o Lindlar’s catalyst
’ NaBH,
OH
Q
N—e— '\ COOEt
~C — CH,
l NaBH,
HO A AN
— COOEt
Ve VAVAS
~C— CH,
OH
— l SnCL/HCl
HO A A\
HO — = COOEt
v\ CHO
Lindlar’s catalyst ~C— CH
[ i
OH O l H,0'
>>:\ ~—— A ,CHO
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7. The compound(s) having peroxide linkage is(are)

TRaifeATSS (peroxide) §€rdT (linkage) aTet (arel) A1 & (2)

(A)H,S.0, (B) H,S,0, (C) H,S,0, (D) H,SO,
Ans. BD

0 0
1,S,0, H—O—%—O—%—O—H

0 0

0 0
H,S,0, : H—O—g—O—O—g—OH

o

0
H,S.0, : H—O—ﬁ—
0

0
H,S0., : H—O—ﬁ—O—O—H
o)

SECTION - 3 (MAXIMUM MARKS: 24)

. This section contains SIX (06) question stems.
. The answer to each question is a NON-NEGATIVE INTEGER.
. For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen

virtual numeric keypad in the place designated to enter the answer.

. Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct integer is entered,
Zero Marks : 0 Inall other cases.
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Ans.

Sol.

To form a complete monolayer of acetic acid on 1g of charcoal, 100 mL of 0.5 M acetic acid was used. Some
of the acetic acid remained unadsorbed. To neutralize the unadsorbed acetic acid, 40 mL of 1 M NaOH
solution was required. If each molecule of acetic acid occupies P x 1072 m? surface area on charcoal, the value
of Pis .

[Use given data: Surface area of charcoal = 1.5 x 10° m*’g™'; Avogadro’s number (N, ) = 6.0 x 10 mol™']

1 9T IR®IA 1R TRIfCH YRS (acetic acid) 31 e g1 TahTo[d Aas (monolayer) & i1 & fog 0.5 M gfifes
TRTS (acetic acid) & 100 mL T IuANT foan 721 | o gRafes TR 1 rfdreimor 781 gar | arierenfyd =18l gu
TRAfe® TRTS &1 SaTIM &34 & forg 1 M NaOH & 40 mL faera= &1 srawaandl o=l ¢ | Afe giifes s &1
YA V] ARBIA B FIE BT P X 103 m*eFhARAME AP & AH B

[ 701 8 : "RebIel @ ¥eig Bl &=t = 1.5 x 102 m?g™!; w1 (N,) = 6.0 x 10% mol ']
2500

40x1

Unadsorbed CH.COOH moles = —— = 4x10~

3 1000

100x0.5
=——— " 4x107=10"
Adsorbed CH,COOH moles 1000
1.5x10°
Surface area occupy by 1 mole = 102
1.5x10"

Surface area occupy by 1 molecule = N - Px10%

4
P=2500 x 10%

Vessel-1 contains w, g of a non-volatile solute X dissolved in w, g of water. Vessel-2 contains w, g of another
non-volatile solute Y dissolved in w, g of water. Both the vessels are at the same temperature and pressure. The
molar mass of X is 80% of that of Y. The van’t Hoff factor for X is 1.2 times of that of Y for their respective
concentrations.

The elevation of boiling point for solutionin Vessel-1is % ofthe solution in Vessel-2.

UrE—1 H U ATt faerd X & w, UM &1 w, T4 STa H =Iell S & | are—2 3 T o1 et fdera Y &

W, UTH B W, T8 STel H HIell STl € | G141 ATl @ SO 3R 16 T4 & | X DT HIoR Soq™1e Y @ HIeR SH

B180% & | 3% 37U+ A&l H X &1 aT< 81t U (van't Hoff factor) Y & dT< 81 oTd &1 1.2 T © |
UT3-1 & I &1 92 &1 3194 (elevation of boiling point) UT3-2 & eI &1 FEAATH BT S~1AT Bl

%% |
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Ans.

Sol.

10.

Ans.

150

Let molar mass of Y =100 x
Molar mass of X =80 x

Let Van't Hoff factor of Y=10Z
Van't Hoff factor of X =127

Vessel -1 Vessel -2
(AT,), =iK,m (AT,), =iK, xm
i
= 80x_ w, |( 1000
(22)(x,)| 55 (am). ~(02) (s, 2| 1000
1000
w, |( 1000
AT)) =(12Z)(K,)| —=
(a7, =122k, 2 |
(AT), _12 100 12
(A];)z 10 80 8
(AT)), s 150% of (AT,),.
For a double strand DNA, one strand is given below:
ST 1T 1T T T 1T 1T T T T 7113
AGTCACGTAAGTC
The amount of energy required to split the double strand DNA into two single strands is kcal mol™.

[Given: Average energy per H-bond for A-T base pair = 1.0 kcal mol™!, G-C base pair= 1.5 kcal mol™, and
A-U base pair=1.25 kcal mol™'. Ignore electrostatic repulsion between the phosphate groups.]

Ta fgRogy@d (double strand) W@ & DNA &1 T Isgfd 119 &1 718 &

s T 1T 17 17 T 17 1T T T°T°T1T13°
AGTCACGTAAGTC

9 fgRS@ 1 AR & DNA I &1 Ueh I5ufeh| H uRafid e & folg el keal mol™! 1l &1 Arqegeha]
=

[ T & - Ul BTS IS a7 &l 3i™Id SHoll A-T &Ra JTed (base pair) & 1Y 1.0 keal mol™!, G-C 8RS il
& forg 1.5 keal mol ™! 3R A-U &R& Ji7dl & oy 1.25 keal mol ™! 2 | ikt dg! & 41 7 Rer fagga ufdayor
B AR o []

41
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Sol.

I1.

Sol.

Possibility of two single strand

A G TCACGTAAGTC
LI | | | 1 | | (| | I [ I |
TCAGTGCATT CAQG

Total energy = (B.E x Number of A=T pair x 2)

Hbond of A-T

+
(B.E o6 X Number of G = C pair x 3)

=(1x7%x2)+(1.5%6x3)=41Kcal.

A sample initially contains only U-238 isotope of uranium. With time, some of the U-238 radioactively decays
into Pb-206 while the rest of it remains undisintegrated.

When the age of the sample is P x 108 years, the ratio of mass of Pb-206 to that of U-238 in the sample is
foundtobe 7. The value of Pis .

[Given: Half-life of U-238 is 4.5 x 10° years; log 2 = 0.693]

T T H IR H GRITIH BT e U-238 TR (isotope) & | A9Y & A1l 8 U-238 & 101 &g &
By Pb-206 a1 & 3R U-238 &1 o A1 Afqefed w8 9l B | T &1 ag P x 10° 99 89 W, I+

Pb-206 3R U-238 & YR I JUTd 7 GRI AT | P BT AME 7|
[feam 8 : U-238 &1 31 3y 4.5 x 10°d9 &; log 2 = 0.693]

143

Mass ratio of Pb to U is 7

Mass = Moles X molar mass

MassU n, 238 1

%:238X7
207

Ny

1n[1+ﬂj= At
Ny

238x7 In2
In| 1+ =

207 ) 45x10°

t=@x4.5x109
In2

= 142.65 x108 years
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12.

Ans.

Sol.

13.

Ans.

P =142 to 144

Among [Co(CN),]*, [Co(CO),(NO)], XeF,, [PCL,]", [PdCL]*", [ICL]", [Cu(CN),]* and P, the total num-
ber of species with tetrahedral geometry is

[Co(CN),]*, [Co(CO),(NO)], XeF,, [PCL]", [PACL]* , [ICL]", [Cu(CN),]* @er P, # =qshereb g STt
arel TS B T wem . g

4

[Co(CN),I*

Co — 3d’ 4s*

CN- — strong field ligand
After pairing and excitation

dsp* hybridisation
[Co(Co),(NO)]— sp’ XeF, — sp’d’ (PCl)" — sp’ [PACL,]* — sp’d®
[ICL] —sp’d® [Cu(CN),]* — 3d"* —>sp’ P, —> tetrahedral

tetrahedral species are 4.

An organic compound P having molecular formula C .H, O, gives ferric chloride test and does not have in-
tramolecular hydrogen bond. The compound P reacts with 3 equivalents of NH,OH to produce oxime Q.
Treatment of P with excess methyl iodide in the presence of KOH produces compound R as the major
product. Reaction of R with excess iso-butylmagnesium bromide followed by treatment with H,O" gives
compound S as the major product.

The total number of methyl (-CH,) group(s) in compound S is .
T drdf-ie AT P, fS=FaT1 31943 (molecular formula) C H O, 8, BR& FARTSS URIETT ol 8 3R $9H 3(d:

676 3
31Ogeh BTgSIo 3fae (intramolecular hydrogen bond) €1 & | AT P, NH,OH & 3 qeaid 1 A &
TR 3iTfdRT (oxime) Q T 2 | KOH 1 IURIfT #, #iet SMaTers s &l 3Mfda™ ATA1 | P &1 fa9e (treatment)

R IR R IUTG AMHh R §711 2 | AT R 1 1 Teh a1 g AI—G eI e =111 S1H1SS (iso-butylmagnesium

bromide) ! 318 A A B B ggErd HO™H fadem BRI 1R 4 3418 Qe S a9l & |
Qe S F Afdret (-CH,) WY (1) #1 et el 2l
12
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Sol.

i (Excess) ji:\t
MeI

l 3H,NOH l)\/ MgBr

N - OH HO
Q)

No of methyl group = 12

SECTION - 4 (MAXIMUM MARKS: 12)
This section contains TWO (02) paragraphs.
Based on each paragraph, there are TWO (02) questions.
The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-screen virtual
numeric keypad in the place designated to enter the answer.
If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal

places.

Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : 0 Inall other cases.

“PARAGRAPH-I”
An organic compound P with molecular formula C;H, O, decolorizes bromine water and also shows positive
iodoform test. P on ozonolysis followed by treatment with H,O, gives Q and R. While compound Q shows
positive iodoform test, compound R does not give positive iodoform test. Q and R on oxidation with pyridinium

chlorochromate (PCC) followed by heating give S and T, respectively. Both S and T show positive iodoform
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14.

Ans.

Sol.

test.

Complete copolymerization of 500 moles of Q and 500 moles of R gives one mole of a single acyclic copoly-

mer U.
[Given, atomic mass: H=1,C=12,0=16]
T BIe (e Al P, f1eTep1 319REaT (molecular formula) C H

18

O, 8, S1¥IF d1ex (bromine water) @1 IH(AgI

RN & AT SRSB4 (iodoform) TRV ST & | P &1 3SR (0zonolysis) @ gzernd H O, ¥ fad= (treat-
ment) B TR Q 3R R 970 & | Q IMRATSIBIH UKIET0T <l B <ifhd R MATSIhH uRIefor T8l <l 2 | Q 3R R
S TR THE (PCC) & R SMHRITGRUT B & UATd T fohd ST IR AL SR T I & | S &R T ST

&) IMRITeIBH (iodoform) TIET 34 & |

Q & 500 AT 3R R & 500 AT T Y1 FedgaAD DRI (copolymer) U &1 Ush del (moles) g1 2 |

[fen s, e |R : H =1, C =12, O =16]

Sum of number of oxygen atoms in S and T is

S 3R T ¥ SATRAST URHATLS &1 AT Bl A 2|
2

OH OH
H,C ~-HC -H,C - HC = CH-H,C - CH-H,c-CH, (P)

l 0,/Zn, H,0,

OH 0 OH
H,C —(|?H _CH, - (|:| _ OH + HOOC — H,C —H(|J—CH2 _CH,
@ l (i) PCC l (i) PCC ®
(i) A, - CO, (ii) A, — CO,
PN S
® ®

Sum of oxygen atomin S & T =2
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15.

Sol.

16.

Ans.

Sol.

17.

Ans.

Sol.

The molecular weightof Uis

UM 9IR B

93018

500 mol of Q + 500 mole of R — U (1 mole)
Weight of U =wt, +wt, — Wt ,

wt, =500 x 118 = 59000
wt, =500 x 104 = 52000

wty o removed during polymerisation = (2 x 500 — 1) x 18 = 17982 (Considering acyclic polymer)

wt,; = 52000 + 59000 — 17982 = 93018
“PARAGRAPH-II”

When potassium iodide is added to an aqueous solution of potassium ferricyanide, a reversible reaction is

observed in which a complex P is formed. In a strong acidic medium, the equilibrium shifts completely towards

P. Addition of zinc chloride to P in a slightly acidic medium results in a sparingly soluble complex Q.

TR BRINTEARS & el faera # Ui Jaiege &I fia™ WR, U6 SahHui Sifafesan (reversible
reaction) Il & fSTH U& Hehel P 9711 © | Uael 311 HIea H Armawel qoif wu 3 P &) faen # fawenfua g1 il

2 | &fioT el wiews § Aqd P # R delivigs o™ W= e ofed o) daget Q e 21T € |
The number of moles of potassium iodide required to produce two moles of P is

P & GI Hlell I 991 & folQ Maedd RATSISS M @ Al Dl A&l B |
3

3KI +2K,| Fe(CN), |—>2K, | Fe(CN), |+KI,
(P)

The number of zinc ions present in the molecular formula of Q is

QI IRFH NG MR B F= B
2o0r3
3ZnCl, + 2K | Fe(CN), |—>K,Zn,[ Fe(CN,)],
Excess White ppt.(Q)
2ZnClL + K, | Fe(CN), |— Zn,| Fe(CN,) | +4KCI
Whiteppt.(Q)
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