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CHEMISTRY
SECTION-I
MULTIPLE CORRECT CHOICE TYPE

Q.1 to Q.6 has four choices (A), (B), (C), (D) out of which ONE OR MORE may be correct.

1.

Ans.

Sol.

Ans.

Sol.

The compound(s) which generate(s) N, gas upon thermal decomposition below 300°C is (are)
A1 i1 300°C @ el ST Suees 814 WR N, IR Seq=] BRal (HR) & (8)

(A) NH,NO,

(B) (NH,),Cr,0O,

(C) Ba(N,),

(D) Mg.N,

B, C

(A)NHNO, 2 yN.O+2H0

A
volcanic Reaction

(B) (NH,), Cr,0, > Cr,0,+N,+H,0

A .
(C)Ba(N,), —> Ba+ 3 N, (Extra nitrogen)

(D)Mg, N, —A) Does not decompose easily

The correct statement(s) regarding the binary transition metal carbonyl compounds is (are) (Atomic numbers:
Fe =26, Ni=28)

(A) Total number of valence shell electrons at metal centre in Fe(CO), or Ni(CO), is 16

(B) These are predominantly low spin in nature

(C) Metal—arbon bond strengthens when the oxidation state of the metal is lowered

(D) The carbonyl C-O bond weakens when the oxidation state of the metal is increased

fg—aift Ashwor g wratfret A1 (binary transition metal carbonyl compounds) & IR # F& UdHH 2 (2 1)
(IRATY] HHTH - Fe =26, Ni = 28)

(A) Fe(CO), aNi(CO), # €1g < & TATSIHAT Bl &b Felag i Bl Aqul a1 16 & |

(B) 3 &= ®U ¥ {711 Tah01 W@Ha & 81 B |

(C) ST g1 Pl ATRNGROLIARAT HH & ST 2,7 €T BT MG Yt BIell ¢ |

(D) 519 1g DI RGN & e gt Sl 8, a9 draifa C-O 37ay gl Bl ¢ |

B, C

CO
OCl

Fe—CO
oc”” |
Co

e DUTUITUITU o e Ly gl g
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18 ¢ invalence shell

CcO

¥ NlTlTlTlTlTl¢ o

/Tl
OC
Co "0 e

18 ¢ in valency sheet

(B) Both complex are predominanty low spin (w.r.t. isolated metal)

(C) On decreasing oxidation state of metal, donating tendency of metal (M —Co) will increase there for
M —Co bond strength increases

(D) On increasing oxidation state of metal donating tendency of metal (M —Co) will decrease there for
M —Co bond stength increases (According to synergic bonding)

3. Based on the compounds of group 15 elements, the correct statement(s) 1s (are)
(A*) B1,0, is more basic than N, O
(B*) NF, is more covalent than BiF,
(C*) PH, boils at lower temperature than NH,
(D) The N-N single bond is stronger than the P-P single bond
T 15 & Tl & DT B IR R I YHAA B (8)
(A) Bi,0, ,N,0, 3 SI7eT &iRBIT & |
(B)NF,, BiF, I T;knk Igl;ktd gA
(C) PH,, NH, 3 f# aT991 R Saer & |
(D) Tl N-N ¢, Ut P-P &8 3 3ifdeh Yl & |
Sol.  (A) Bsic nature :- Bi,O, [on moving down the group metallic characterT T and Basic nature of oxide T 17
(B) Covalent nature : NF.>Bif, [EN difference [EN ~EN| [<[EN ~EN_ |
(C) Boiling point : NH.>PH,[H-bonding in NH,]

(D) P-P single bond is more stronger than N — N [due to greater electronic Clectranic repulsion in N-N

single bond]

4. In the following reaction sequence, the correct structure(s) of X is (are)

frrforRad srfafehan s § X 1 981 a1 (FR=0) § (B 1)

Me N3
X (1)PBr3,Et,0 .
(2)Nal,Me,CO 7

(3)NaN, ,HCONMe,

enantiomerically pure

(1)PBr; Et,0

AN

(2)Nal,Me,CO 7 Wi

(3)NaN, ,HCONMe, eI U
(enantiomerically pure)
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Me OH
WSO
Me OH
(B%) \Q’
© /O\,
Me OH
W ON
(D) Me om
Me OH Me \Q)Br Nl Me I
7 Acetone
Sol. ELOGy2) (Sx2)
NaN,(DMF) (S,2)
5. The reaction(s) leading to the formation of 1,3,5-trimethylbenzene is (are)

arfafsran (srfaforamd) S 1,3,5-cEAfredui @ a9 Xl & (B 1)

O
(A¥%) )j\ Conc.i{ZSO4 N

heated iron tube
% —_— N\
(B*) Me———H 273 K >

g AAfetdr

heated iron tube
i 873 K 4

T

1) Br, ,NaOH
2) H,0*
©) 3) Sodalime, A

N

CHO

Zn/Hg HCI
(D*) A >

OHC CHO
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CH,
0O
C H,SO,/Heat
Sol. (A) H3C—< one H,SO,/Heat
CH, HC CH,
CH,
(B) H,C———=——=CH Heated Iron tube/873 K N
H,C CH,
© COOH
(DB, NaOH_ (3)Sodd lime__
©) (2)H;0° 7 A >
HOOC COOH
o 0o
S CH,
(D) 0 Zn, Hg, /HCI V.
C,) H,C CH,

energy, respectively.

N
AP,V,,T) C(P,.\V,,T,)

Yan
>
SN

(]

g

=2

o

~ B(P,,V,,T)

Temperature (T) -

The correct options (s) is are
(A)q,.=AU,.andw, =P (V,-V))
(B*) w,.=P,(V,-V))and q,. =AH,_
(C*)AH_, < AU_,and q, . =AU
(D) q,.=AH,.and AH_, >AU_,

A reversible cyclic process for an ideal gas is shown below. Here, P, V, and T are pressure,volume and

temperature, respectively. The thermodynamic parameters g, w, H and U are heat, work, enthalpy and internal
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,d vin'k xLk d fy, ,d mR@e.lh; pdh; 1@e (reversible cyclic process) ulp vkdfr e fn[[k;k x;k gA ; gk
P,V rRkT @eki nkc vk;ru vkj rietu gA A'ekxfrd ikpy q, w, H rFk U vkj @e'k A'el] dk;], URYah wkj
vkrfjd Atk gA

N
A(P,V..T) C(P,V,T))

Volume(V)

B(P,,V,,T))

Temperature (T) -

Igh fodYl g (Q)
(A)q, =AU, .rFkw,, =P (V,-V))
(B*)w,.=P,(V,-V,) rflkq,. =AH,
(C*) AH,, < AU_, rfkq,. =AU,
(D) q,. = AH, rfk AH_, >AU_,

Sol. AC = isochoric process
AB = isothermal process
BC = isobaric process

= qAC=AU, . =nCv,m(T,-T ) =AU,

V2
= W, =—nRT, 0| T~

1
= W, . =-P(V,-V)=P,(V.=-V)

= Qg =AH, . =nC (T, - T)=AH,_

= AH_,=nC, (T -T))

= AU, =nC (T -T))

AH_, <AU_, since both are negative (T, <T)
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SECTION-II
INTEGER TYPE QUESTIONS
This section contains EIGHT (08) questions Q.7 to Q.14. The answer to each question is a
NUMERICAL VALUE.

For each question, enter the correct numerical value (in decimal notation, truncated/rounded-off to
the second decimal place; e.g. 6.25, 7.00, -0.33, -.30, 30.27, -127.30) using the mouse and the on-
screen 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 : +3 If ONLY the correct numerical value is entered as answer.

Zero Marks : 0 In all other cases.

7. Among the species given below, the total number of diamagnetic speciesis .
H atom, NO, monomer, O, (superoxide), dimeric sulphur in vapour phase,
Mn,O,, (NH,),[FeCl,], (NH,),[NiCl,], K MnO,, K. CrO,

A1 ford T <RI 3 Q) SRR e @) ¥ < |
H wH19], NO, Usbeld, O, UR ifergs, arsd rarer H feaq-iid fHepy
Mn,O,, (NH,),[FeCl,], (NH,),[NiCl,], K. MnO,, K,CtO,

34
Ans. 1
Sol. * H-atom = Paramagnetic
0
*NO, = //N\ odd electron species Paramagnetic
O O
* O, (superoxide) = One unpaired electrons in 7 M.O. Paramagnetic
* S, (in vapour phase) = same as O,, two unpaired ¢~ s are present in ©* M.O. Paramagnetic
+2 +4 .
* Mn,0, =2MnO . MnO, Paramagnetic
*(NH,),[FeCl,] = ~Fe'*=3d°4s"
LR R R K
VoV VN, .
Cl® ciPcP cl aramagnetic
sp’ - hybridisation
0°
I
* K,MnO, =2K* P 1\/|[In\oe ,Mn"® =[Ar]3d' Paramagnetic
O
0]
i
% — + +6 — 0 . .
K,CrO, =2K 5 P (Ijr \09 ,Cr*® =[Ar]3d Diamagnetic
)
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Sol.

Ans.

The ammonia prepared by treating ammonium sulphate with calcium hydroxide is completely used by NiCL,.6H,0
to form a stable coordination compound. Assume that both the reactions are 100% complete. If 1584 g of
ammonium sulphate and 952 g of NiCl,.6H,0 are used in the preparation, the combined weight (in grams) of

gypsum and the nickelammonia coordination compound thus produced is .

(Atomic weightsin gmol: H=1,N=14,0=16,S =32, Cl1=35.5, Ca=40, Ni=59)

IR Aehe B DI BESIAISS @ WY fAdem Breb g1 T A= ol NiCL.6H,0 &R I3 TRE A
Ta ReR Sugaiare A1 a1+ # SUANT faan w11 | /1) o <M1 s1fafehamg 100% et B [f 1584 g st
Fehe AR 952 g NiCL.6H,0 39 favad § SUAN fbd 731 € a1 39 YR Scurfed e SR fepet st
SUHEAAD AP BT FYad 4R (Combined weight) (IFH) 7|

(AR g mol ' #: H=1,N = 14, 0 = 16, S = 32, Cl = 35.5, Ca = 40, Ni = 59)
2992

(NH, ), SO,+Ca(OH), — CaSO,.2H,0+2NH,

1584 g gypsum(M=172) 24mole
=12mol 12mol

NiCl,.6 H,0+ 6NH, — [Ni(NH,),]Cl, +6H,0
952g =4mol 24mol E‘I\/I;:O%}Z)

Total mass =12 x 172 +4 x232=2992 g

Consider an ionic solid MX with NaCl structure. Construct a new structure (Z) whose unit cell is constructed

from the unit cell of MX following the sequential instructions given below. Neglect the charge balance.
(i) Remove all the anions (X) except the central one

(i1) Replace all the face centered cations (M) by anions (X)

(ii1)) Remove all the corner cations (M)

(iv) Replace the central anion (X) with cation (M)

(' number of anions ) o
The value of L MUmMber of cations J inZis____

NaCl =1 & U 3RS o’ MX IR AR & | Ta T 621 (Z) BT FH10 ) ] Udha Igdh! o
T MX &1 Gebep DIfSSehT 3 =i <1 11 3TeIeh i 312l o STIRAR0T gIRT T 1 8 | =TSt Aer bl SUet o |
(i) D= a1l DI BIS IR A Fomg=i (X) BT gl |

(i) 9 HAd—aad g9 (M) BT Foma=i (X) ¥ 98 |

(iii) T P eI (M) P 8

FOTIT BT T
AT Bl AT

(iv) B Fomad (X) B g9 (M) 3 98 Z H ( jaﬂqﬁ%l

3
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Sol.  As per given information cation form FCC lattice and anion occupy all the octahedral void.

So M* X and  Formulais MX
4ion 4ion

Afterstep | 41ion I ion

After step 11 1 ion 41ion

After step III 0ion 41ion

After step IV 1 ion 3 ion

No.of anion 3

So ratio of No.of cation 1

10. For the electrochemical cell,
Mg(s) |[Mg** (aq, 1 M) || Cu** (aq, 1 M) | Cu(s)
the standard emf of the cell is 2.70 V at 300 K. When the concentration of Mg?* is changed to x M, the cell
potential changes to 2.67 V at 300 K. The value of xis .

F
(given, R 11500 K V!, where F is the faraday constant and R is the gas constant,In(10)=2.30)

EEGNNINIECACK]

Mg(s) [ Mg* (aq, 1 M) || Cu*" (aq, 1 M) | Cu(s)

% forv 300 K R I &1 A& emf 2.70 V & | 519 Mg a1 gl x M # gRafida @ 11,9 300 K =R ¥t fawa
267 VHuRaffagisrarg 1 x &1+ B

F
(Ren e, —= 11500 K V!, i F %1 ReRi olik R =1 Rerras  In(10) = 2.30)

Ans. 10
Sol. Mg — Mg* +2e
Cu**+2e > Cu

Mg+ Cu** Mg > Mg* + Cu
Eo267227- L pX
=20/ =2 8 T E Ay

300
— /nx
2x11500

X=10
11. A closed tank has two compartments A and B, both filled with oxygen (assumed to be ideal gas). The

0.03 =

partition separating the two compartments is fixed and is a perfect heat insulator (Figure 1). If the old partition
is replaced by a new partition which can slide and conduct heat but does NOT allow the gas to leak across
(Figure 2), the volume (in m?) of the compartment A after the system attains equilibriumis .

,d cn Vdh d A rik B nk d{k g, nkuk VD Rieu (vin'k X1 ekuk x 3k gA) nkuk dfik dk vyx dju okyk folTkd
iLFkj g Vij og ifji.k A"ekjiit gA(Figure 1). fn ijlu folked dk u, foked 1 ifrlFifir fd;k ;] t
fQly Idrk g riik A'elokgd g] ijir x1 dk vkj ikj fjlu ugh nrk g (Figure 2) rk fudk; d 1iE;loLFk e
igpu ij d{k Adk vk;ru (m*e)  gA
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Figure -1 Figure -2
Sol.
5
Vv, \Y

40§)R =4 - Ya_3 = VA:§X4:§=2'22

2V vV, 4 9 9

300R
12. Liquids A and B form ideal solution over the entire range of composition. At temperature T, equimolar binary

solution of liquids A and B has vapour pressure 45 Torr. At the same temperature, a new solution of Aand B

having mole fractions x, and x,, respectively, has vapour pressure of 22.5 Torr. The value of x

solution is

(given that the vapour pressure of pureliquid A 1s 20 Torr at temperature T)

9 AT B IS & AYUl ORI H 311S8] fdeia 991 & | T A9HH iR, ad A T21 B & GHATR fgaii [t &1
arey €79 45 Torr & | 3341 10 WX, &4 A &1 B & HH: X, Tl X, AIe1aiel et Y fdera= o1 a1 19 22.5 Torr 2 |

T A x, /X, PIAF B
(2 s ggga A wram = T W= arsd &19 20Torr B)
Ans. 19
Sol. p,=p° X, +p°X;
45 =20 (0.5) + P (0.5)
PO =70
225=20X,+70 (1-X,)

50X, =47.5

X, =273 _0.95
5

X, =0.05

Xa 19

X

A TR
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13. The solubility of a salt of weak acid (AB) atpH=3is Y x 10 mol L™". The value of Y is .

(Given that the value of solubility product of AB (Ksp) =2x107"%and the value of ionization constant of HB

(K= 1x10°%)
pH3 1j ncy VEy (AB) d yo.k di foy;rk Y x 10° mol L' gA Y dk efu gA

(fnsk x;kg ABd foy;rk x.luQy dk elu (K )=2x10"" vij HB d vk;uu fLHjkd dk etu

(K = 1x10°%)
Ans. 447
Sol.  solubility AB = £ +B
2X1070=%X(X—Y) ccerreunnn (1)
B +H — HB
(x-y)10° 'y
108 =—2
(x=y)10~
Y 10’
X-y
x—y=10%y........... (2)
From (1) & (2)
2x1010=x2=2%10"
x2=2 x10°
X =+20%10"
=4.47x10
OR

H* E
s_\/KS{[ Llj_\/leo‘O(i((;—gﬂj:\/lew =4.47x10°M

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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14. The plot given below shows P - T curves (where P is the pressure and T is the temperature) for two solvents

X and Y and isomolal solutions of NaCl in these solvents. NaCl completely dissociates in both the solvents.

= fe= T IR ] faamaant X iR Y a2 54 fdaiai # NaCl & SwHIad fdaad &1 P -T 9% ¢ (S8l P 3™
g den T ar9eH & |) fawardt 2 | NaCl 39 a1 faairet 7 gofaan faaiford g e |

A

1
3,4
./ ./
.//./
76 *
4.7
—~ /' ./
= s 1. solvent X
g 0/.’
& ’/// 2. solution of NaCl in solvent X
o ’,;
7
% , f/' 3.solventY
= + A
[l x
2 4. solution. of NaCl in solvent Y
7
s 7
[=3N ~ o0 4
R A&
Temperature (K)
A
1/ 2
3:, 4
.l .l
.//./
76 4
./ ./
—~ / .
20 ) 1. foyk;d X
g % J
) . 2. foyk; d X e Nacl dk foy;u
o =
2 i ]
g A 3. foyk;d Yy
o A
L 4. foyk;d Y e NaC1 dk foy;u
S o 0~ o0 >
= & o3

!

emperature (K)

On addition of equal number of moles of a non-volatile solute S in equal amount (in kg) of these solvents,
the elevation of boiling point of solvent X is three times that of solvent Y. Solute S is known to undergo
dimerization in these solvents. If the degree of dimerization is 0.7 in solvent Y, the degree of dimerization

in solvent X is .
T ATt faeid S & A ATell &1 AT BT 51 fAcid! &1 FH= 7131 H SToi+ WX fdoiged X &1 Fa-id

ST faemas Y 4 7o & | faera S o1 37 femaet # fgaratan<or 81 S 2 | 3 faemaes Y # fgatatasor &

a1 0.7 © @) facas X # feotadiaor &) |7 =
Ans. 0.05
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Sol. 2=2(K,) m
1=2(K,),m
(kb)x — 2
(k, ),

s, =[1-5 o m )
(ATb)x =3

(AT,),

A(Ty), =(1—%j(l<b)y m ..(2)
On taking the ratio of eq. no. (1) & (2)
p

—3=— 242

0.65
1B 1 5%0.65
2

B=0.05

SECTION-III
PARAGRAPH TYPE QUESTIONS

Q.15 to Q.18 has four choices (A), (B), (C), (D) out of which ONLY ONE is correct.
This section contains TWO (02) paragraphs. Based on each paragraph, there are TWO (02) questions.
Each question has FOUR options. ONLY ONE of these four options corresponds to 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 If ONLY the correct option is chosen.
Zero Marks : 0 “Ifnone of the options is chosen (i.e. the question is unanswered).

Negative Marks :-1 Inallother cases.

PARAGRAPH “X” [15-16]
Treatment of benzene with CO/HCl in the presence of anhydrous AICL/CuCl followed by reaction with Ac,O/
NaOAc gives compound X as the major product. Compound X upon reaction with Br,/Na CO,, followed by
heating at 473 K with moist KOH furnishes Y as the major product. Reaction of X with H./Pd-C, followed by
H,PO, treatment gives Z as the major product.
(There are two questions based on PARAGRAPH “X”, the question given below is one of them)

futYk AICL/CuCl dh miflFfr e ctiu d CO/HC/d Nk foopu d i'pkr Ac,0/NaOAc dh vitkfd ;K]
;iixd X ,d e[; mikn d z1 e nri gA ;kfxd X, Br,/Na,CO,d I vikf@;k d i*pkr Hiix KOH d B¥F
473 1) xe dju iy Ye[; miknd -i e nrkgA Xdh H/Pd-Cd Ik vikf@d sk d i*pitk H,PO, dk foopu
e[; miknd -1 e Znrkg

(VUPNN “X” in nk 1*u vikfjr g uhp fnsk x;k 1'u mue 1 ,d gA)
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Q.15 The compoundY is
;kixd Y gA

D
n ©/\/

=z
oy

COBr

Sol CO/HCI
. —_—
AICl,/CuCl

Q.16 ;kixd ZgA

__CHCOONa
—chcoo

OH
Br
B)
HO  ~O
Br
COBr
(Y
Br

Moist KOH
473 K

g Br2/N a,CO,

OH

0 0 0

0

7
C
Ny CH.,COONa
Sol. @ (CH3CO)ZO;

@/CH CH- C

H,PO/A

\C(°)

ol

©/CH =CH-Br

@—CH —CH, C

@:KCH
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PARAGRAPH “A” [17-18]

Anorganic acid P (C, H ,0,) can easily be oxidized to a dibasic acid which reacts with ethylene glycol to

produce a polymer dacron. Upon ozonolysis, P gives an aliphatic ketone as one of the products. P undergoes

the following reaction sequences to furnish R via Q. The compound P also undergoes another set of reactions

to produce S.

T el 37l P (C H,,0,) &1 A A fgamiesa 3t (dibasic acid) ¥ SifeitepRor faba T el €, ST

TRICAH TelTgdhIal & A1 JAMfHAT B TR 9gd Shid (dacron) ST HRAT & | ASAAIARTH 84 IR P U
UfThies BIeH, e ST & U H ol & | P FeforRad sififhan srgswei 4 Q a9max R a1 s | e P o)

AATHATAT & Tz A W BIhR S ST BT 6 |

1)H,/Pd—C
2)NH,/A 1)H,/Pd—C
3)Br,/NaOH 2)SOCl,

HCI
2)Mg/Et;0

N

S <
\

4)CHCI;,KOH, A P 3)MeMgBr,CdCl,

> Q

3)CO, (dry ice
4)H;0°

(There are two questions based on PARAGRAPH “A”, the question given below is one of them)
(3BT “A” W 31 U ARG 2, 71 &2 721 v STHH UF 2 1)

Q.17 The compoundR is

AfH R B
COH
(A*) : (B)
COH
(C) (D)
Ans. A
O. OH HO
1.H,/Pd—C
2.80Cl, R
Sol. 3.MeMgBr, CdCl, ~
4 NaBH,
H,Car H,C
CH,
P Q

HO,C

CH,

CH,

COH
0
H,C
OH
1.HCI
2.Mg/Et,0 \
3.CO, (dry ice) ~
4.H,0°
H,C
CH,
Q
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Q.18 The compound Sis
A6 S B |
(A) i (B) )aj © NH,
NHz HN\
Ans. B
COOH COOH CONH, NH,
HAN | NH/A _ KOH / Br, .
Sol. - - (Hoffmann bromide) -
([EH ICH2 (IZH2 ?H2
Q CH CH CH
7\ / /
HC CH, uce” e, mc” CH, f.c” CH,

(Carbylamine reaction) | CHCL/KOH

NH-CH; NC
_ LiAIH/Et,O
® gt
CH CH
7\ /' N\
H,C  CH, H,C" CH,
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