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SECTION - A

An alcohol (A) gives Lucas test within 5 minutes.
7.4 g of alcohol when treated with sodium metal
liberates 1120 mL of H, at STP. What will be alcohol
(A)?

(a) CH,(CH,);0H

(b) CH,CH(OH)CH,CH,

(c) (CH,),COH

(d) CH,CH(OH)CH,CH,CH;,

Propanoic acid undergoes HVZ reaction to give
chloropropanoic acid. The product obtained is

(a) stronger acid than propanoic acid

(b) as stronger as propanoic acid

(c) weaker acid than propanoic acid

(d) stronger than dichloropropanoic acid.

A compound contains 21.9% magnesium, 27.8%
phosphorus and 50.3% oxygen. What will be the
simplest formula of the compound?

(a) Mg,P,0; (b) MgPO,

(c) Mg,P,0, (d) MgP,0,

Consider the two figures given below.

Iz Piston
g
~ W< Wy W,
B I Gaseous E 1< Wy Wy
£ particles
Soluti = Solutien

(i)

Which of the following statements regarding the

experiment is true?

(a) The solubility of a gas in liquid in beaker (i) is
greater than that in beaker (ii).

(b) The solubility of a gas in beaker (i) is less than
that in beaker (ii).

(c) The solubility of a gas is equal in both beakers.

~
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(d) The solubility of a gas remains unaffected by
change in weights.

The electrode potential of standard hydrogen

electrode is assumed to be

(a) negative (b) zero

(c) positive (d) fractional.

Which of the statements about solutions of

electrolytes is not correct?

(a) Conductivity of solution depends upon size of
ions.

(b) Conductivity depends upon viscosity of
solution.

(c) Conductivity does not depend upon solvation
of ions present in solution.

(d) Conductivity of solution
temperature.

increases with

Among the elements with atomic numbers 9, 12, 16
and 36 which is highly electropositive ?
(a) Element with atomic number 9
(b) Element with atomic number 12
(c) Element with atomic number 16
(d) Element with atomic number 36
For a reaction P + Q — 3R + S. Which of the
following statements is incorrect?
(a) Rate of disappearance of P = Rate of appearance
of §
(b) Rate of disappearance of Q = 2 x Rate of
appearance of R
(c) Rate of disappearance of P = Rate of
disappearance of Q

(d) Rate of disappearance of Q = %x Rate of
appearance of R
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10.

13.

14.

Q

After understanding the assertion and reason,

choose the correct option.

Assertion : In the bonding molecular orbital (MO)

of H,, electron density is increased between the

nuclei.

Reason : The bonding MO is y, + Wy, which shows

destructive interference of the combining electron

waves.

(a) Assertion and reason are correct and reason is
the correct explanation for the assertion.

(b) Assertion and reason are correct, but reason is
not the correct explanation for the assertion.

(c) Assertion is correct, reason is incorrect.

(d) Assertion is incorrect, reason is correct

The IUPAC name of [Co(NH,) ,CI(NO,)]Cl is

(a) tetraaminechloridonitrito-N-cobalt(III)
chloride

(b) tetraaminechloridonitriocobalt(II) chloride

(c) tetraaminechloridonitriocobalt(I) chloride

(d) tetraaminechloridonitrocobalt(III) chloride.

. If AH is the heat of reaction at constant pressure,

AU is the heat of reaction at constant volume and
An is the difference in number of moles of gaseous
products and reactants, then the relation between
them is

(a) AU=AH+AnRT (b) AH=AU+ AnRT

AH _ AnRT @ AY_ anrt
AH

(c) E

. Actinoids in general show more oxidation states

than the lanthanoids. The main reason for this is

(a) higher energy difference between 5f and 6d
orbitals than between 4f and 5d orbitals

(b) lower energy difference between 5f and 6d
orbitals than between 4f and 5d orbitals

(c) higher reactivity of actinoids than lanthanoids

(d) actinoids are more basic than lanthanoids.

What will be the solubility of AgCl in 0.05 M NaCl

aqueous solution if solubility product of AgCl is

1.5x107'%2

(a) 3x10° mol L™ (b) 0.05mol L™

(9) 1.5x10°mol L' (d) 3x10°mol L

Mark the incorrect statement.

(a) The chemical reactions of H,SO, are as a result
of its ability to act as an oxidising agent.

(b) Dilution of oleum with water gives H,SO,

(c) The key step in the manufacture of H,SO,, is the
catalytic reduction of SO,
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(d) H,SO,, because of its low volatility can be used
to manufacture more volatile acids from their
corresponding salts.

. 2.5 moles of hydrazine, N,H, loses 25 moles of

electrons to form a new compound X. Assuming
that all of the nitrogen appears in the new
compound, what is the oxidation state of nitrogen
in compound X?

(a) -1 (b) -2

(c) +3 (d) +4

. Given below are two statements :

Statement-I : In the titration between strong acid
and weak base methyl orange is suitable as an
indicator.

Statement-1I : For titration of acetic acid with
NaOH phenolphthalein is not a suitable indicator.
In the light of the above statements, choose the most
appropriate answer from the options given below:
(a) Statement-1 is false but statement-11 is true.

(b) Both statement I and statement-II are true.

(c) Both statement I and statement-II are false.

(d) Statement-1 is true but statement-II is false.

. Distillation under reduced pressure is generally

used to purify those liquids which

(a) have very low boiling points

(b) are volatile

(c) have high boiling points and which decompose
below their boiling points

(d) have a large difference in their boiling points.

. Match List I with List II.
[ List | Listu
A CH, I. |Fittig
reaction
+cH,c1 2
8] a 1. wartz-
Fittig
+2Na—> reaction
C. N;'CI” Cl IIL |Finkelstein
reaction
Cu,Cl, +N,
[D.C,HCl+ Nal = C,H + |IV.|Sandmeyer|
NaCl| |reaction

Choose the correct answer from the options given
below:



19.

20.

21.

23,

(a) A—»I;B—=IC—1V; D1
(b) A1 B> C—IV;D—III
(c) A=IV;B=ILC—II;D—I
(d) ASIEB—LC—IED—IV

An alkene X is obtained by dehydration of an
alcohol Y. X on ozonolysis gives two molecules of
ethanal for every molecule of alkene. X and Y are
(a) X = 3-hexene, Y = 3-hexanol

(b) X =2-butene, Y = 2-butanol

(c) X = 1-butene, Y = 1-butanol

(d) X = 1-hexane, Y = 1-hexanol.

Secondary structure of protein refers to

(a) mainly denatured proteins and structure of
prosthetic groups

(b) three-dimensional structure, especially the
bond between amino acid residues that are
distant from each other in the polypeptide
chain

(c) linear sequence of amino acid residues in the
polypeptide chain

(d) regular folding patterns of continuous portions
of the polypeptide chain.

The stability of + 1 oxidation state among Al, Ga, In
and Tl increases in the sequence

(a) Al<Ga<In<Tl (b) Tl<In<Ga<Al
(¢) In<Tl<Ga< Al (d) Ga<In<Al<TIl

. Given below are two statements : one is labelled as

Assertion (A) and the other is labelled as Reason (R).

Assertion (A) : Experimental reaction of CH,Cl

with aniline and anhydrous AICl, does not give

o0- and p-methylaniline.

Reason (R) : The —NH, group of aniline becomes

deactivating because of salt formation with

anhydrous AlCl, and hence yields m-methyl aniline

as the product.

In thelight of the above statements, choose the most

appropriate answer from the options given below:

(a) Both (A)and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true, but (R) is false.

(d) (A) is false, but (R) is true.

In both DNA and RNA, heterocyclic base and
phosphate ester linkages are at
(a) Cg and C; respectively of the sugar molecule

19
e

(%]
w

~
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30.

3

(b) C; and C; respectively of the sugar molecule
(¢) C/ and Cy respectively of the sugar molecule
(d) CJ and C/ respectively of the sugar molecule.

. Carboxylic acids are more acidic than phenol and

alcohol because of

(a) intermolecular hydrogen bonding

(b) formation of dimers

(c) highly acidic hydrogen

(d) resonance stabilization of their conjugate base.

. Aniline can be converted into benzylamine by

which of the following processes in sequence?
(a) NaNO, + HCI, CuCN, H,/Ni

(b) Br,/CCl,, KCN, LiAlH,

(c) HNO,, K,Cr,0,/H", Sn + HCl

(d) CH;0H, KMnO,, OH", H;0"

. What is the energy of activation of a reaction if its

rate doubles when the temperature is raised from
290 K to 300 K?
(a) 12 kcal

(c) 13.8 kcal

(b) 41 keal
(d) 52keal

. A solution containing a group-IV cation gives

a precipitate on passing H,S. A solution of this
precipitate in dil. HCI produces a white precipitate
with NaOH solution and bluish white precipitate
with basic potassium ferrocyanide. The cation is
(a) Co** (b) Ni** (¢) Zn** (d) Mn*

. Which of the following is wrong regarding fuel cells?

(a) They are light mass.

(b) They are efficient.

(c) They cause no pollution.

(d) They cannot work continuously.

. Name of the structure of silicates in which three

oxygen atoms of [SiO,]*" are shared is

(a) pyrosilicate (b) sheet silicate
(c) linear chain silicate

(d) three dimensional silicate.

Salicylic acid on heating with sodalime forms
(a) phenol (b) benzyl alcohol
(c) benzene (d) benzoic acid.

. The reagent, from the following, which converts

benzoic acid to benzaldehyde in one step is

CHO
OOH
o
(a) LiAlH, (b) KMnO,
(c) MnO (d) NaBH,

CHEMISTRY TODAY | APRIL ‘24
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32. Reaction of thionyl chloride with white phosphorus
forms a compound [A], which on hydrolysis gives
[B], a dibasic acid. [A] and [B] are respectively
(a) P,O,and H,PO, (b) PCl,and H,PO,

() PClyand H,PO,  (d) POCI,and H,PO,

33. B (CH,),C—OCH, =123 4

(a) A is the mixture of (CH;);C—OH and CH,—I
B is the mixture of (CH,),C—I and CH;,—OH
(b) A is the mixture of (CH;); C—I and CH,—I
B is the mixture of (CH;),C—I and CH;—OH
(c) A and B are identical mixtures of CH,l and
(CH,),C—OH
(d) None of these
. When but-2-yne is treated with Na in liquid
ammonia
(a) cis-2-butene is obtained
(b) trans-2-butene is formed
(c) n-butane is the major product
(d) it rearranges to but-1-yne.

35. Which of these compounds represents the major
monochlorination isomer formed in the following
reaction?

S
Q,CH<CH ®) Q,E<§:3
HyC }

cH3
CH,
a
© CH; (q) d(
):S' CH<CH} CH(CH,),
ol

Attempt any 10 questions out of 15.

Cl,
_) ?

36. The order of stability of the following carbanions is
S arel
1 i1 m w

() I>II>UI>IV
() IV>II>11>1

(b) I>MI>M>IV
(d) MI>IV>I>11

37. Given below are two statements, one is labelled as
Assertion (A) and the other is labelled as Reason
(R).

@
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38.

40,

. Identify the correct

Assertion (A) [CoCl(NH,);]** absorbs at

lower wavelength of light with respect to

[Co(NH,)5(H,0))**.

Reason (R) : The wavelength of the light absorbed

depends on the oxidation state of the metal ion.

In the light of the above statements, choose the

correct answer from the options given below :

(a) A is false but R is true.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) Both A and R are true and R is the correct
explanation of A.

(d) A is true but R is false.

In the redox reaction,
MnOj + 8H" + 5Br” — Mn™ + 4H,0 +

which one is the reducing agent?
(a) H* (b) MnO,; (c) Br

5
—Br
30T

(d) Mn2*

. In which of the following pairs, the outermost

electronic configuration will be the same?
(a) Cr*and Mn** (b) Ni**and Cu*
(¢) V¥*andCr (d) Fe*and Co*
At temperature T, a compound AB,, dissociates
according to the reaction, 2AB,,) == 2AB,, + By
with a degree of dissociation x, which is sma
compared with unity. The expression for K, in
terms of x and the total pressure, P is
3 2

Px Px Px’ Px?

= m = 2@ =
(a) a2 (b) 3 () 3 (d) 2

.In a first order reaction, 75% of the reactants

disappeared in 1.386 hours. What is the rate
constant ?

(a) 3.6x 107 sec”
(c) 72x 107 sec™!

(b) 2.7x 107 sec™"
(d) 1.8x 107 sec™

statement regarding a

spontaneous process.

(a) Lowering of energy in the reaction process is
the only criterion for spontaneity.

(b) For a spontaneous process in an isolated
system, the change in entropy is positive.

(c) Endothermic processes are never spontaneous.

(d) Exothermic processes are always spontaneous.

. Specific conductance of 0.1 M nitric acid is

6.3 x 1072 ohm™ ecm™. The molar conductance of
the solution is

(a) 630 chm™ cm® mol™

(b) 315 chm™ cm® mol™

(¢) 6.300 ohm™ cm? mol™!

(d) 63.0 chm™ em® mol™
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48.

49.

. The bond order of N on the basis of molecular
orbital theory is [At. number of N = 7]
(a) 3 (b) 2.5 (c) 2 (d) 15

. Benzoic acid is dissolved in benzene, the value of
van't Hoff factor will be
(a) lessthan 1
(c) more than 1

(b) equaltol
(d) zero.

. The species Ar, K* and Ca® contain the same
number of electrons. In which order do their radii
increase?

(a) Ca®* <K'<Ar
(c) Ar<K'<Ca™

(b) K*<Ar<Ca®
(d) Ca™*<Ar<K*

7. Match List I with List I1.
ListI List IT
(Test) (Functional group/Class
| L of Compound)
(A | Molisch’s Test | 1. |Peptide

| B. | Biuret Test | IL. | Carbohydrate
C. 1Carb).-lamine Test | III. | Primary amine
D. | Schiff’s Test | IV. | Aldehyde
Choose the correct answer from the options given
below:
(a) (A)-IIL, (B)-1V, (O)-IL, (D)-I
(b) (A)-IL, (B)-L, (C)-1IL, (D)-1V
(¢) (A)-IIL, (B)-1V, (C)-1, (D)-1I
(d) (A)-1, (B)-IL, (C)-111, (D)-1V
The wave number of first line of Balmer series of
hydrogen is 15200 cm™". The wave number of the
first Balmer line of Li** jon is
(a) 15200 cm™ (b) 60800 cm™
(c) 76000 cm™ (d) 136800 cm™

H,C_ CH,

Z:S—Br+Mg

The product B’ is

(a) Z:S—Mg]}r
© Zj—on

Dry ether
—_—>

(b) @—OH
e

H,0
AT

. The amount of sugar(C,;H,,0,,) required to

prepare 2 L of its 0.1 M aqueous solution is
(a) 136.8¢g (b) 342g
(c) 684¢g (d) 17.1g

SOLUTIONS

W

P
W

(b): ROH + Na —> RONa + 1/2 H,T
We have to get molecular mass of alcohol
corresponding to half mole of H, only.

1120 7.4

—_—M=74

11200 M
C,H,,.,OH=74 —>CH,,, =74 17=57
= CH,,=57-1=56 12n+2n =56
= n=56/14=4
Thus molecular formula of (4) is C;H,OH. As
(A) gives Lucas test within 5 min., thus 2° alcohol
corresponding to molecular formula C,H,0OH is
CH,;CH(OH)CH,CH; (butan-2-ol).
(a)
(a):

Element Percen-

ie.,

Molar ratio Relative Whole

tage _ratioc  no. ratio
Mg 219 21.9/24= 1 2
| | oo | |
P 27.8 27.8/31 = 1 2
| 090 | ]
o 50.3 50.3/16 = 3.48 7
34

Formula of the compound = M;52P207

(b): The solubility of gas in a liquid increases with
increase in pressure and is directly proportional to
the pressure of the gas.

(b): E° for SHE has been assumed to be zero.

(¢) : Conductivity depends upon solvation of ions
present in solution. Greater the solvation of ions,
lesser is the conductivity.

(b) i

(b): Rate of disappearance of Q = - x rate of
appearance of R 3
(¢) : Bonding molecular
constructive interference.

orbital involves

. (a)
. (b): AH=AU+ PAV

But PAV = A nRT at constant temperature for gases.

2. (b): Due to lesser energy gap between 5f and

6d-orbitals, a large number of oxidation states are
shown by actinoids.

. (a): K,y = [Ag'] [CI']: [CT] = NaCl=0.05 M

1.5x10710
0.05
[Ag"] = solubility = 3 x 10° M

[Ag'] = =3x10°M
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14. (c) : The key step in the formation of sulphuric acid

16.
. (c): Compounds which decompose below their

18.

19.

20.

2

14

[

=y

is catalytic oxidation of sulphur dioxide to sulphur
trioxide with atmospheric oxygen.

. (c) : Let the oxidation no. of N in new compound

Xbex.

-2 +x
ie, NyHy——2N+ne”
Suppose no. of electron lost per mole = n
s 2(-2)=2x+n(-1orn=2x+4=2(x+2)
No. of electrons lost per mole = 2(x + 2)
No. of electrons lost by 2.5 mole = 2.5 x 2 (2 + x)
Now, 2.5 x 2(2 +x) =25
5(2+x)=250r2+x=5 or x=+3

(d)

boiling points or which have very high boiling

points are distilled under reduced pressure.

(b):
X+R—X+2N3M)©—R

(A)
(Wurtz-Fittig
reaction)

(Fittig reaction)
N,CI” X

CuX, 5

(Sandmeyer reaction)

(D) C,H;Cl+ Nal —> C,H;l + NaCl
(Finkelstein reaction)

© +Ny

(b): Products of ozonolysis:

o]
CH;CH=CHCH,; —;
: 2-Butene * Zo/h0
X) H H

| |
CH;—C=0+0=C—CH,
2-Butene is obtained by dehydration of 2-butanol.

.

CH,—CH,—CH—CH,
2Bul:uml

|
(vy OH CH;—CH=CH—CH,+H,0
(d): Secondary structure of protein refers to

regular folding patterns of continuous portions of
the polypeptide chain.

. (a): In group 13 elements, stability of +3 oxidation

state decreases down the group while that of +1
oxidation state increases due to inert pair effect.
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30. (a

31.
. () : White phosphorus reacts with thionyl chloride

. {€)
. (d): Conjugate base of carboxylic acids

. (a):

. (€):Zn* + H,$ —> Zn$

Hence, stability of +1 oxidation state increases in
the sequence: Al< Ga<In< TL
23. (o)
i.e.
carboxylate ion is resonance stabilised.

¢0

<> CH—

R -0
cHy—coon 5>~ -

C\
| o

£07-
CH,—C' }

RS

CH,NH, | Hy/Ni

N.NO, +HQ
(D-S‘C)

Benzylamine

0 loglt-_fa | BT
k 2303R| T,T,

E, [300-290
2.303x2 | 290% 300
(ky = 2 k), R = 2 cal/K/mole)

E, = 12062 calories = 12 kcal.
dil. HCL

log2=

Zn(OH), 22 znl,

(white ppt.)
PPE) K fFelenyg)

Zn,[Fe(CN),]
(Bluish white ppt.)

(d)

. (b): When three oxygen atoms of each [SiO,]*

are shared, it results in a two dimensional sheet
structure.

OH
COOH
O = O

Salicylic Phenol
acid

(c)

to form PCL, :
P, + 880Cl, —> 4PCl, + 450, + 25,Cl,
(4]
PCl, hydrolyses in presence of moisture :
PCl; + 3H,0 —> H,;PO, + 3HCI
(8]



33.

34.

(b): When one of the alkyl group is a tertiary group,
the halide formed is a tertiary halide. When HI
is in excess and the reaction is carried out at high
temperature, the alcohol formed reacts with another
molecule of HI and is converted to corresponding
alkyl iodide.
lig. NH.
(b): CH;— C=C—CH; + 2Na———>
But-2-yne
H,C. H
e
H CH,
2-butene:

+2NaNH,

. (b): 3° radicals are more stable.

. (d): III and IV are resonance stabilized as negative

charge is in conjugation with double bond, also 1°
carbanion is more stable than 2° carbanion.

. (a): Co in +3 oxidation state will absorb greater

energy at lower wavelength as compared to Co in
+2 oxidation state.
Increase in oxidation number
(reducing agent)

+7 + 1_ 2+ 5 0
- (¢): MnO, + 8H™ + 5Br™—>Mn 4-4H,_01»IBrz
N ]

39. (a)

Decrease in oxidation number
(oxidising agent)

. (a): ZABZQ,, = ZAB(L,, + Bl(sl
Initially 1 0 0
Atequilibrium  (1-x) x x/2

2+
Total no. of moles =(1 —x)+x+£=l+ 22
2 2 2
Partial pressure = Mole fraction x total pressure
2
. Pap X PB
Applying, K, =——
Pas,
x
X x| —2—xp
2+x 2+x
2 2 _ P
[1—x ]2 @+x)1-x7?
—XP
2+x
2

Since x << 1 so (1 - x)* can be neglected and (2 + x)
can be taken as 2.

P

L]

41.

48.

49,

(b): k= 2.303 log 100
1.386 x 60 x 60 100-75
=238 g a—27x10sec!
1.386 x 3600
(Time 1.386 hours need to be changed to seconds)
. (b)
1000
. (a): lyi A, =KX ———
(a): Applying A, Molarity

=63X%1072 % % =630 ohm™' em? mol™

. (b): N;(13): 015" 0" 15’ 625 025" i2p} =m2p 62p;

N,-N, 9-4 5
b T 2 35
2 2

Bond order=

5. (a)

.(a): In case of isoelectronic

species, radius

decreases with increase in nuclear charge.

7. (b):

Molisch's test - Carbohydrate (A-1I)

Biuret test - Peptide (B-I)
Carbylamine test - Primary amine (C-III)
Schiff’s test - Aldehyde (D-IV)

- 1 1
(d): Applying D=R| — - — 72
noon

Ty 20 =Ty X 3% =15200x9=136800cm™"

(d): G—Br-'-Mg Dry_zlher) CS—MsBr

HzoxH'l A
+ Mg(OH)Br
1,2-dimethylcyclohexane
‘B

. (c) : Weknow, M= huid xL

Mol wt. V(L)
1

01=""x- = m=342x2x01=684g

342 2

L 2 4

Quotable Quote

®eChance favours only the prepared
mind.??

Louis Pasteur
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SECTION-A (MULTIPLE CHOICE QUESTIONS)

1.

16

For per gram of reactant, the maximum quantity
of N, gas is produced in which of the following
thermal decomposition reactions ?

(Given : Atomic wt. Cr=52u, Ba=137u)

(2) 2NH,NOy,)— 2Ny + 4H,0, + Oy

(b) Ba(Ny)y, — Bay, + 3Ny,

(€) (NH,);Cry0y = Ny + 4H,0p + CryOy,
(d) 2NHy — Ny + 3Hyg

Identify the correct statement.

(a) Quantum numbers (1, I, m, s) are obtained
arbitrarily.

All the quantum numbers (n, I, m, s) for any
pair of electrons in an atom can be identical
under special circumstance.

All the quantum numbers (#, I, m, s) may not
be required to describe an electron of an atom
completely.

All the quantum numbers (n, I, m, s) are
required to describe an electron of an atom
completely.

(b)

(c)

(d)

Given below are two its : One is labelled as

Assertion (A) and the other is labelled as Reason
(R).

Assertion (A) : Metallic character decreases and
non-metallic character increases on moving from
left to right in a period.

Reason (R) : It is due to increase in ionisation
enthalpy and decrease in electron gain enthalpy,
when one moves from left to right in a period.

In the light of the above statements, choose the most
appropriate answer from the options given below.

CHEMISTRY TODAY | APRIL 24

w

Assertion is false but reason is true.

Both assertion and reason are correct and
reason is the correct explanation of assertion.
Both assertion and reason are correct but reason
is not the correct explanation of assertion.
Assertion is true but reason is false.

(a)
(b)

(¢)

(d)
A piston filled with 0.04 mol of an ideal gas expands
reversibly from 50.0 mL to 375 mL at a constant
temperature of 37.0°C. As it does so, it absorbs 208 |
of heat. The values of q and w for the process will be
(R =8.314)/mol K) (In 7.5 = 2.01)

(a) q=+208],w=208]

(b) q=+208],w=-208]

(¢) q=-208),w=-208]

(d) g=-208],w=+208]

For areaction, A = P, the plots of [A] and [P] with
time at temperatures T, and T, are given below.

[Pt {mol L)

[Al(mol L)

If T, > T,, the correct statement is

(Assume AH® and AS® are independent of
temperature and ratio of InK at T, to InK at T, is
greater than T,/T,. Here H, S, G and K are enthalpy,
entropy, Gibbs energy and equilibrium constant,
respectively.)

L AH"<0,A8°<0
III. AG*<0,A8° <0
(a) LI

(c) LI

II. AG°<0,AH°>0
IV. AG°<0,A8°>0
(b) 1L IV
(d) ILIV



6.

~

Which of the following options are correct for the

reaction

2[Au(CN), ], + Znyy —> 2Au, + [Zn(CN), 1"

(A) Redox reaction

(B) Displacement reaction

(C) Decomposition reaction

(D) Combination reaction

Choose the correct answer from the options given

below :

(a) Aand B only (b) Aonly

(c) AandD only (d) CandD only

Match the orbital overlap figures shown in List-I

with the description given in List-II and select the

correct answer using the code given below the lists.
ListI List I

1L p-d

7 anti-bonding

(agq)

Q 2.|d-d
o bonding

. p-d
7 bonding

S. 4. |d-d

@ anti-bonding

Code:

P
(a) 2
(b) 4
() 2
(d) 4

Match the items in column I with its main use listed
in column II.

—

o —
[ N S 2]

L Column I | __ Column II

| (A) Silica gel | (i) | Transistor
(B) | Silicon (ii) | Ion-exchanger
(C) | Silicone (iii) | Drying agent
(D) | Silicate (iv) | Sealant

(a) (A) - (iii), (B) - (), (C) - (iv), (D) — (i)
(b) (A) - (iv), (B) ~ (i), (C) - (i), (D) - (iii)
(c) (A) - (i), (B) - (1), (C) - (iv), (D) - (iii)
(d) (A) - (ii), (B) - (iv), (C) - (i), (D) - (iii)

Given below are two \ts - One is labelled as

Assertion A and the other is labelled as Reason R.

Assertion A : Thin layer chromatography is an

adsorption chromatography.

Reason R : A thin layer of silica gel is spread

over a glass plate of suitable size in thin layer

chromatography which acts as an adsorbent.

In the light of the above statements, choose the

correct answer from the options given below.

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) Aistrue but R is false.

(d) A is false but R is true.

. The major product of the following reaction is

2cH,—al
(d)
H

. Given the equilibrium constant K, of the reaction :

Cuy, + 2Ag(,,) — Culy,) + 2Ag, is 10 x 10%,
calculate the E;,, of this reaction at 298 K.

[2_303 };—T at 298 K = 0.059 V]

(a) 0.0472V
(c) 0.472 mV

(b) 0472V
(d) 0.0472 mV

. The decreasing order of electrical conductivity of

the following aqueous solution is

0.1 M formic acid (A), 0.1 M acetic acid (B),
0.1 M benzoic acid (C)
(a) C>A>B

(c) A>B>C

(b) A>C>B
(d) C>B>A
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13.

14.

w

16.

17.

From the following data for the reaction between
Aand B,

[A] [B] Initial rate

mol L™ mol L™! mol L' 57

1 25x107 | 3.0x107 50x 107
I | 50x10™ | 60x10~° 40x107
m | 1ox10” | 60x10° 1.6 %107

the order of reaction with respect to A is 2 and with
respectto Bis 1.

Using the value of activation energy 55.3 kJ mol ™",
calculate the pre-exponential factor.

Given T = 27°C.

(a) 2.280 x 10"® (b) 1.131x 10"

(c) 2280 x 10" (d) 1.140x 10"

In aqueous solution, Cri*is stronger reducing agent

than Fe™. This is because

(a) Cr**

(b) Cr** ion with & configuration has favourable
crystal field stabilisation energy

(¢) Cr** has half-filled configuration and hence
more stable

(d) Fe*in aqueous solution is more stable than crt

ion is more stable than Fe?*

. The pair having the same magnetic moment is

[At. No.: Cr = 24, Mn = 25, Fe = 26, Co = 27]
(a) [Cr(H,0)¢]** and [CoCl,)*

(b) [Cr(H,0)¢)** and [Fe(H,0),]**

() [Mn(H,0))** and [Cr(H,0),]**

(d) [CoCl,]* and [Fe(H,0)*

The correct combination is

(a) [Ni(CN),]* - tetrahedral;
[Ni(CO),] - paramagnetic
(b) [NiCl4]z' - paramagnetic;
[Ni(CO),] - tetrahedral
() [NiCL)* - diamagnetic;
[Ni(CO),] - square-planar
(d) [NiCL)* - square-planar;
[Ni(CN), ) - paramagnetic

The major product of the following reaction is

Cfl
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1. K,CO5
2 CH,l (1 eq)

OCH;
(c) CE/
“
OH

OCH;,

18. Benzaldehyde + Methanol %) A

1.diL HCI
2.(CH;C0),0 +
CH,COONa
The compounds A and B above are respectively

Ph OMe
(a) Y and  ppC0H
a

OMe

and  PhCOCH,
OMe
OH

Ph OMe
© N e Ph)\/cozﬂ

OH

Ph OMe
@ Y and pponrCOH
OMe

Ph
(b

19. Products A and B formed in the following reactions

are respectively
+ -
NH,CH,C00

C,H.NH,
+HNQ, — A — 8

SOH
N=NCOCH,

(a) and
SO;H

= Omz

N=N— OCCH, N= N—N

Q -

SO;H SO3H



o
]
N=N—OCCH, N=N—<j>—r«m2

(c) and
SOH SO,H
N=NCOCH,
&0
SOH SO,H

20. The predominant form of histamine present in
human bleod is (pK,, Histidine = 6.0)

H H
N N +
(a) (\}VNHZ (b) (\}\/NHJ

N
H
N i
© (\Q’\/\an @ (\}vffﬂa
H

Attempt any 5 questions out of 10.

21. Consider the sulphides HgS, PbS, Cus$, Sb,S;, As,S,
and CdS. Number of these sulphides soluble in 50%
HNO, is

. A Uracil is a base present in RNA with the following
structure. % of N in uracil is

Given : Molar mass N = 14 g mol™
O = 16 mol™
C=12gmol™
H=1gmol
23. Consider the reaction sequence from P to Q shown
below. The overall yield of the major product Q
from P is 75%. What is the amount in grams of Q
obtained from 9.3 mL of P?

20
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[¥]
u

]
~3

[
B

30.

(Use density of P = 1.00 g mL™"; Molar mass of C =
12.0,H=1.0,0=16.0and N = 14.0 g mol ™)

O
P

(i) NaNO, + HCl/0-5°C

(iii) CH,CO,H/H,0

. Among the following, the number of compounds

that can react with PCl; to give POCl, is
0,, CO,, SO,, H,0, H,80,, P,0,,

. The reaction of sulphur in alkaline medium is given

below
- 2 2
Syy + @ OHp, —>bS%, 45,05, + dH,0,

The value of ‘@’ is (Integer answer)

. The mole fraction of urea in an aqueous urea

solution containing 900 g of water is 0.05. If the
density of the solution is 1.2 g cm™, the molarity of
urea solution is
(Given data : Molar masses of urea and water are
60 g mol ™' and 18 g mol ™', respectively.)

. The dihedral angle in staggered form of Newman

projection of 1, 1, 1-trichloro ethane is
degree.

. 50 mL of 0.1 M CH;COOH is being titrated against

0.1 M NaOH. When 25 mL of NaOH has been
added, the pH of the solution will be %1072,
(Nearest integer) (Given : pK, (CH;COOH) = 4.76)
log2 =0.30, log3 =048, log5=0.69

log7 = 0.84, logll =1.04

. Electromagnetic radiation of wavelength 663 nm is

just sufficient to ionise the atom of metal A. The
ionization energy of metal A in kJ mol™ is
(Rounded-off to the nearest integer)
[h=6.63x107]5,c=3.00x10°ms ™, N, =6.02x 10%
mol™]

To measure the quantity of MnCl, dissolved in an
aqueous solution, it was completely converted to
KMnO, using the reaction,

MnCl, + K,$,0; + H;0 = KMnO, + H,50, + HCl
(equation not balanced)

Few drops of concentrated HCI were added to this
solution and gently warmed. Further, oxalic acid
(225 mg) was added in portions till the colour of
the permanganate jon disappeared. The quantity
of MnCl, (in mg) present in the initial solution is

(Atomic weights in g mol™': Mn = 55, Cl = 35.5)



SOLUTIONS

B

(d): () 2NH NOy ) — 2Ny + 4H,0p) + Oy
Mol. mass Mol mass
=80g mol™ =28 gmol™

2 x 80 gof NH,NO; gives 2 x 28 gof N,

. 1gof NH,NO, will give gxl =035g

(b) Ba(N3)y,— Bag,) + 3Ny
Mol. mass
=221 gmal™
221 g of Ba(N,), gives 3 x 28 gof N,

3x28
.~ 1 gof Ba(N;), will give i x1=038g

(©) (NH),Cr,0yy —3Ny + 4H,0, + Cr,04,
Mol. mass
=252gmol™
252 g of (NH),Cr,0, gives 28 g of N,

1 g of (NH,),Cr,0, will give % x1=0111g
(d) 2NHy—> Ny + 3Hy

Mol. mass
=17 gmol™
2 x 17 g of NH, gives 28 g of N,

x1=0823¢g

*. 1 g of NH, will give
(d)
(d): LE. increases on going from left to right in
a period. Electron gain enthalpy becomes more
negative on going from left to right in a period.
(b): As it absorbs heat, g = + 208 ]

2x17

V,
W, = —2.303nRT logq [—2]
Y
375
W, = —2.303%(0.04) x8.314 x 310 logy, 0
Wiy = — 207.76 = - 208 ]
InkK;, T,
(€): —L>-2
Ink;, T
On increasing temperature, concentration of
product decreases and hence, K decreases.

(Given)

Since, reaction is exothermic, therefore, AH® <0

From the graph, [P],, > 5. [A]., <5

qu= m>1
(4]
AG":—RTLnK,q = AG° <0
—-AH® AS°

LAF
hk, TR R _T,

—_
Ik, -AH® A5 T,
TR R

(AHC4TAS) Ty Ty
(-AH°+TAS°) T, T,
-AH® + T\AS® > -AH® + T)AS® = AS°<0
(a) : The given reaction is redox reaction as well as
displacement reaction.
()
(a) : Silica gel absorbs moisture thus, acts as drying
agent. Silicon being a semiconductor is used in
transistors. Silicone is a sealant while silicates
including zeolites are ion-exchangers.
(a) : Adsorption chromatography involves
differential adsorption of the various components
of a mixture on a suitable adsorbent such as silica
gel or alumina. In TLC, the mixture is passed over
adsorbent on a thin glass plate of suitable size.

H,C HC

10. (b): CI>Z‘CH2L‘, ¢H,
H H

l + Less stable carbocation

H, or
CH, H,C
H
Stable carbocation wz(l}[z_ cl
LCI‘ Minor product
Cl

Major product

wmte

ONLINE TEST SERIES

Practice Part Syllabus/ Full Syllabus
24 Mock Tests for

JEE Main

Now on your android smart phones
with the same login of web portal.

Log on to test.pcmbtoday.com

CHEMISTRY TODAY | APRIL'24 (21



11.

13.
14.

-
U

22

2.303 RT
(b): E2y = TlogK

c

0.059x16
2

59 log (10x10'%)= =0472V

. (b): Electrical conductivity of the given aqueous

solutions depends on the degree of ionization.
Degree of ionisation is directly proportional to the
acidic strength.
The acidic strength decreases in the order :
HCOOH > C¢H;COOH > CH,COOH

(4) © (B)
(b)
(b): Cr** ion with & (tjzg) configuration has
favourable crystal field stabilisation energy.

. (b): [Cr{H,0)¢]** : Cr** > [Ar]3d*4s°

3d
(lefedr] |

0
4 unpaired electrons
[Fe(H,0),)** : Fe?* > [Ar]3d°4s

3d 4s
BT O
4 unpaired electrons
[Cr(HZO)6]2+ and [l-'e.'(Hz(.')),,]2+ have same
number of unpaired electrons. Therefore, both the
complexes have same magnetic moment.

. (b): [NiCl,)*" : Oxidation state of Ni in [NiCl,|*” =

3d 45
N ad[a e e [T]T] []

CI is a weak field ligand and cannot cause pairing
of electrons.
[NiCl,)*

3d ds 4p
B T8 T
1 I" CI” CI
_—

sp® hybridisation
Hence, the complex is tetrahedral and paramagnetic
with two unpaired electrons.
Oxidation state of Ni in [Ni(CN),]*" = +2
CN is a strong field ligand, thus pairing of electrons
takes place in d-orbitals.

3d 4s 4p
BRpoEe
o av_avar

CN- CN CN CN_
dsp® hybridisation
Hence, the complex is square planar and
diamagnetic.
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[Ni(CO),] : Oxidation state of Ni in [Ni(CO),] is
zero. CO is a strong field ligand, thus pairing of
electrons takes place

Ni: Iﬂﬂ.l -
|1l[1L]1L[1l[1L| |§| [xx[xx[xxl
T

€O €O coco
& A el

sp>-hybridisation
Hence, the cm:nplex is tetrahedral and djamagne'r_ic.

17. (a):

CH,I
18. (d) CH
9 g_x‘m
C—H —H
+ CH;OH —DoHa @ HOCH,
C ESZCH,
H" transfer /H
-1,0 HO _c_?f_ CH,
+ H
JCH, OCH,
—H I
(\ H—C—OCH,
© CH,0H
—_—
(A)
i
n~r OMe
L oMe HC C—COOH
DiL Hal, (CHJCO)lo
CH,COONa
(Perkin ‘c
condensation) acid (B)
19. () 20. (d)
21. (4) : CdS, PbS, As,S, and CuS are soluble in 50%

HNO,.

(25) : Molecular mass of uracil
=ldxny+16xXng+12xXnc+1xny
=14dx2+16x2+12x4+1x4
=28+32+48+4=112gmol”

22.



23.

24.

~
i

26.

2

=

o N=5 x100=25%
112
(18.60) :
NH, ﬁZCl' H
(1) NaNO, + HCI (i) m/c:mou R
0-5°C “ 4
(P)
N=N-Ph N=N-Ph
‘0 (iii) CH,CO,H/H,0, QO
—_—
Q)

Molecular weight of Q (C,¢H,,0N,)
=16 x 12+ 12x1+16+2xl4=2483morl
Molecular weight of aniline (P) = C,NH,
=12x6+14+7x1=93gmol™
Density = 1 g/mL, 9.3 mL of P=9.3 gof P

Moles of P = 24_ 0.1 mol
93

Moles of Q obtained = 0.1 x 0.75 = 0.075

Mass of Q=248 x 0.075=186g

(4): PCl, + SO,—> POCI, + SOCI,
PCl + H,0—— POCI, + 2HCI
2PCl, + H,80,— 2POCL, + SO,Cl, + 2HCI
6 PCl; + P,0,,— 10POC,

5. (12) : Balanced equation can be written as

Sy + 120H — 487 + 25,0, + 6H,0
The value of a is 12.
(2.98) : Mole fraction of urea = 0.05

n
0'05 = urea
900
yrea E
0.05=—ure__ 263
.05 = —2r2 n =2,
Nyrea +50 b

Mass of urea = 2.63 x 60 = 157.8 g
Mass of solution = 157.8 + 900 = 1057.8 g

57.8 3
=881.5cm

Volume of solution =

x1000=298 M

263
Molarity = —slute_ 1000 = s

solution

. (60) : Staggered form of 1, 1, 1-trichloro ethane is

given as,
H

cl Cl

Cl

28. (476):

o

CH,COOH,,, + NaOH,, —
Before reaction 5 25
(millimoles)

After reaction 25 -
CH,COONa,, + H,0
Before reaction 0 0
(millimoles)
After reaction 25 25
(millimoles)
Resultant solution is acidic buffer solution with
same concentration of acid and salt.
[Salt]
So,pH = pK, + log ———
PREPRa* 08 acid)
pH=pK,=476=476 x 107
. (181) : Energy required to jonize an atom of metal A

he  663x1073 x3x10°

A 663107
LE. per mole = 3x 107" x 6.02 x 10
=18.06 x 10°] = 180.6 k] = 181 k]

=3x107"° Jatom™

30. (126) : From principle of atom conservation,

2MnCl, + 5K,8,05 + 8H,0—
2KMnO, + 4K,50, + 6H,50, + 4HCl  ..(i)
mmoles of MnCl, = mmoles of KMnO, = x(let)
2KMnO, + 5H,C,0, + 3H,S0,—
K,S0, + 2MnSO, + 8H,0 + 10CO,
meq of KMnO, = meq of oxalic acid

xx5=[£]x2 = x=1
90

W)

(.. mass of oxalic acid added = 225 mg)

.~ mmoles of MnCl, = 1 m mol

Quantity of MnCl, present = 1 m mol x 126 g mol ™!
=126 mg
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This section contains THREE (03) questions.

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 a correct option;

Zero Marks : 0 If none of the options is chosen

(i.e., the question is 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 +2 marks;
choosing ONLY (b) and (d) will get +2 marks;
choosing ONLY (a) will get +1 mark;
choosing ONLY (b) will get +1 mark;
choosing ONLY (d) will get +1 mark;
choosing no option (i.e., the question is unanswered) will
get O marks; and choosing any other combination of options
will get -2 marks.
Copper is purified by electrolytic refining of blister
copper. The correct statement(s) about this process
is(are)
(a) impure Cu strip is used as cathode
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(b) acidified aqueous CuSO, is used as electrolyte
(c) pure Cu deposits at cathode
(d) impurities settle as anode-mud.

‘When O, is adsorbed on a metallic surface, electron
transfer occurs from the metal to O,. The true
statement(s) regarding this adsorption is(are)
(a) O, is physisorbed
(b) heat is released
(c) occupancy of 11:'2‘, orbitals of O, is increased
(d) bond length of O, is increased.
A2, 5 42H,0
(green)

38—, 2C +MnO,+2H,0

(purple)
200K, 244 2KOH+D
In the above sequence of reactions, A and D,
respectively are
(a) KIand KMnO,

(c) KIand K,MnO,

(b) KIO; and MnO,
(d) MnO, and KIO,

SECTION 2 (MAXIMUM MARKS : 12)

This section FOUR (04) q

Each question has FOUR options (a), (b), (c) and (d). Only
one of these four option is the correct answer.

For each question, choose the option corresponding to the
carrecl answer.

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

Full Marks : +3 If ONLY the correct option is
chosen;

If none of the options is chosen
(i.e., the question is unanswered);
In all other cases.

Zero Marks : 0

Negative Marks : -1

The major product of the following reaction is

HyC CoH NaNO,, aqueous HCl
—_—t >
CH, NH, i



(a) HyC NH,

3

CH, OH

(b) H,C COH

:

CH, OH

(©) HyC CO,H

2

CH, OH

(d) HyC NH,

2

CH, OH

Under hydrolytic conditions, the compounds used
for preparation of linear polymer and for chain
termination, respectively, are

(a) CH,SiCl, and Si(CH,),

(b) (CH,),SiCl, and (CHj;),SiCl

(c) (CH,),SiCl, and CH,SiCl,

(d) SiCl, and (CH,),SiCl

The qualitative sketches I, II and III given below
show the variation of surface tension with molar
concentration of three different aqueous solutions
KCl, CH;OH and CH,(CH,),,;080;™Na* at room

temperature. The correct assignment of the sketches is
I u m

Con: hd C i Concentration
(a) 1:KCl II: CH;OH III : CH,(CH,),,
0SO;Na*
(b) 1:CH,(CH,),, 11:CH,OH 111 : KC1
080, Na*
(c) 1:KCl 1I: CH5(CH,),, III:CH,OH
0505 Na*
(d) 1:CH,0H 11 : KCl1 III : CH,(CH,),,

OSO;Na"

7. The standard state Gibbs free energies of formation
of Ciyraphite) A Cigiamond) at T =298 K are

AG[Cgraphiney) = 0 kJ mol™!
AG[Cgiamena)] = 2.9 k] mol™

The standard state means that the pressure should be
1 bar, and substance should be pure at a given
temperature. The conversion of graphite [Cy,ppi))
to diamond [Cigiymonay] reduces its volume by

2x10° m* mol™. If Clgraphite) is converted to

Cidiamand) isothermally at T'= 298 K, the pressure at
which Cig, i) is in equilibrium with Cigiamonay is

IUsefu.lmformatmn 1]= lkgmzs % 1Pa=1 kgm~ g2
1 bar = 10° Pa)
(a) 29001 bar
(c) 14500 bar

(b) 58001 bar
(d) 1450 bar

SECTION 3 (MAXIMUM MARKS : 24)

.In dilute

This section contains SIX (06) questions.

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 eval, d 1g to the
Sfollowing marking scheme:
Full Marks : +4 If ONLY the correct integer is entered;

Zero Marks : 0 Inall other cases.

Among the triatomic molecules/ions, BeCl,
N;, N,O, NO;, Oy, SCl,, ICl;, I; and XeF,, the
total number of linear molecule(s)/ion(s) where
the hybridisation of the central atom does not have
contribution from the d-orbital(s) is

For the octahedral complexes of Fe** in SCN-
(thiocyanato-S) and in CN ligand environments,
the difference between the spin-only magnetic
moments in Bohr magnetons (when approximated
to the nearest integer) is

[Atomic number of Fe = 26]

. Among the following, the number of reaction(s)

that produce(s) benzaldehyde is
CQ HCQ

© “Anhydrous AICly CuCl

Ch y
L0
100c”

0Cl H
Pa-BaSO;
OZM‘ D[B.AL-H
v. 'l'olnene. 78°C

aqueous H1504, the complex
diaquadioxalatoferrate(Il) is oxidised by MnO,".
For this reaction, the ratio of the rate of change of
[H] to the rate of change of [MnO, ] is

. The molar conductivity of a solution of a weak

acid HX (0.01 M) is 10 times smaller than the
molar conductivity of a solution of a weak acid

®
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HY (0.10 M). If AJ- =sJL°_, the difference in

their pK, values, pK, - PKyuyy is
(consider degree of wmsauon of both acids to
be << 1).

13. In the following monobromination reaction, the
number of possible chiral products is

CH,CH,CH;
Br,(1.0 mole)
H Br 300°C
CH,
(1.0 mole)
(enantiomerically pure)

SECTION 4 (MAXIMUM MARKS : 12)

*  This section contains FOUR (04) Matching List Sets.

*  Each set has ONE Muitiple Choice Question.

«  Eact set has TWO lists : List-1 and List-II.

s List-I has Four entries (P), (Q), (R) and (8) and List-II has
Five entries (1), (2), (3), (4) and (5).

+  FOUR options are given in each Multiple Choice Question
based on List-I and List-II and ONLY ONE of these four
options satisfies the condition asked in the Multiple Choice
Question.

o Answer to each question will be evaluated according to the

following marking scheme:

Full Marks : +3 ONLY if the option corresponding
to the correct combination is chosen;
If none of the options is chosen (i.e.
the question is unanswered);

In all other cases.

Zero Marks ;0

Negative Marks : -1

14. Match the List-I with List-II.
List-T List-11
(Catalyst) | ) (Process)
l (P) |TiCl, | 1. |Wacker process |
|(Q) |PdCl, | 2. |Ziegler-Natta polymerisation |
[{R) ;CuClz | 3 _Contact process
| (8) |V,05 | 4. |Deacon’s process
\’ 5. Ostwald Pprocess

L

(a) (P) - (2) Q)= (3), (R) = (4),(8) = (5)

(b) (P) = (3), (Q) — (1), (R) = (2), (8) = (5)

(c) (P)—(3),(Q)—(2), (R) = (4).(8) = (1)

(d) (P) = (2),(Q) — (1), (R) = (4), (S) — (3)
15. Match List-1 with List-IL

List-I List-11
‘ (P) [Phenol- formaldehyde 1. Glyptal
! | Tesin
‘ Q) Copolymer of |'2. |Novolac

| | 1,3-butadiene and styrene
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(R) Polyester of glycol and 3. |Buna-§
| phthalic acid

(S) Polyester of glycol a.nd 4. Dacron
terephthalic acid
| I's. Neoprene

Choose the correct answer from r.he options given
below:

(a) (P)—>2,(Q—=3.(R)—>4,(8)—>5

) (P)—>2,(Q—-3R)—L(S)—4

(@ P)=2,(Q—1L([R)—5(8)—4
(dP)=3(Q—=2R—4(8)—1

16. Match the transformations in List I with
appropriate options in List IL.

[ sl [ Listm

(P) |COyyy— COy) 1. | Phase transition

(Q)|CaCOyy— 2. | Allotropic
CaQ, + COyy | change

(R) ZH — Hy, 3. |AH is positive

‘(S) _P(wh,,‘.m,i‘,)—’ Pired. solid) | 4. |AS is positive

5. |AS is negative

(a) (P)>4,(Q)=2,(R)>5,(8)—>1
(b) (P)=5(Q—=1L(R)—4(8—>2
() (P)—>2,(Q—=1(R)—3,(8)—4
(d) (P)>1,(Q) =3, (R)—>5(8)—>2

17. Match the chemical conversions in List-I with the
appropriate reagents in List-1I and select the correct
answer using the code given below the lists:

| = List-I | List-II
(P) a —» L.|{(i) Hg(OAc)y;
9_ = (ii) NaBH, .

(Q) 9—0}.;—» é—OEt 2. |NaOEt

(R) 3 Et Br
-
(S) la. (i) BH,;
@, - e
NaOH
[s. Pd/Baso,

(@) (F)>2.(@ =3, (R) = L,(S) >4
(b) (P)—3,(Q—>2(R)>4,(5)—>1
(©) (P)>2,(Q—5((R)>4(5)—>1
d) (P)—=5(Q—4[R)—=1,(8)>2
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This section contains FOUR (04) questions.

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
following marking scheme:

g to the

Full Marks : +3 If ONLY the correct option is
chosen;
Zero Marks : @ If none of the options is chosen

(i.e., the question is unanswered);

Negative Marks : -1 Inall other cases.

The order of basicity of the following compounds is
NH.
—/ =\ 2

P, T B A
1 I 1 v

(a) IV>II>1I>1 (b) II>I>IV>IIL

() 1>IV>II>II (d) IV>I>M>1I

Pure water freezes at 273 K and 1 bar. The addition

of 34.5 g of ethanol to 500 g of water changes the

freezing point of the solution. Use the freezing

point depression constant of water as 2 K kg mol ™.

The figures shown below represent plots of vapour

pressure (V.P.) versus temperature (T).

[Molecular weight of ethanol is 46 g mol” ]

Among the following, the option representing

change in the freezing point is

< Y
@ 7T ®) £ o
; + iWater + Ethanol ; t  iWater+Ethanol
270 27: 270 27,
1k — K —
: % M o e
g | e A 5 [=
© § 7 twater-Exhanol| (4) E { iWater + Ethanol
271273 271 273
K — K —»

The green colour produced in the borax bead test of
a chromium(III) salt is due to

(a) CrBO, (b) Cr,04

(c) Cr(BO,), (d) Cry(B,0,);

The cyanide process of gold extraction involves
leaching out gold from its ore with CN™ in the
presence of Q in water to form R. Subsequently,
R is treated with T to obtain Au and Z. Select the
incorrect option about these reactions.

(a) Ris [Au(CN),]” (b) TisZn

(€) Qis O, (d) Zis [Zn(CN),)*
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SECTION 2 (MAXIMUM MARKS : 12)

This section contains THREE (03) q

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 eval; d ding to the
Jollowing marking scheme:
Full Marks : +4 ONLY if (all) the correct option(s)

is(are) chosen;

If all the four options are correct
but ONLY three options are chosen;
If three or more options are correct
but ONLY two options are chosen,
both of which are correct;

If two or more options are correct
but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 Ifunanswered;

Negative Marks : -2 In all other cases.

For example, in a question, if (a), (b) and (c) 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 +2 marks;

choosing ONLY (b) and (d) will get +2 marks;

choosing ONLY (a) will get +1 mark;

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.

Partial Marks : +3

Partial Marks : +2

Partial Marks : +1

For ‘invert sugar), the correct statement(s) is(are)

(Given: specific rotations of (+)-sucrose, (+)-maltose,

L-(-)-glucose and L-(+)-fructose in aqueous solution

are +66°, +140% -52° and +92°, respectively)

(a) ‘invert sugar is prepared by acid catalyzed
hydrolysis of maltose

(b) “invert sugar' is an equimolar mixture of D-(+)-
glucose and D-(-)-fructose

(c) specific rotation of ‘invert sugar’ is —-20°

(d) on reaction with Br, water, “invert sugar’ forms
saccharic acid as one of the products.

The nitrogen containing compound produced in

the reaction of HNO, with P,O,,

(a) can also be prepared by reaction of P, and
HNO,

(b) is diamagnetic

(c) contains one N—N bond

(d) reacts with Na metal producing brown gas.



7. The correct statement(s) for cubic close packed

(ecp) three dimensional structure is(are)

(a) the number of the nearest neighbours of an
atom present in the topmost layer is 12

(b) the efficiency of atom packing is 74%

(¢) the number of octahedral and tetrahedral voids
per atom are 1 and 2, respectively

(d) the unitcell edge length is 2\[2- times the radius

of the atom.

SECTION 3 (MAXIMUM MARKS : 24)

«  This section contains SIX (06) questions.

s 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 on-screen virtual
numeric keypad in the place designated to enter the answer.

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

Full Marks +4 IfONLY the correct integer is entered:

ZeroMarks : 0 Inall other cases.

8. According to the following figure, the magnitude of
the enthalpy change of the reaction
A+B—M+Nink] mol™

is equal to (Integer answer)

x=20k] mol™
y=45k] mol™
z=15k mol™

| Energy —>

Reaction coordinate

H,C _H
cal,
9. I +Br, —*3ProductX.
H,C

Consider the above chemical reaction. The total
number of sterecisomers possible for product *X’ is

10. The difference in the oxidation numbers of the two
types of sulphur atoms in Na,$,0, is 3

11. Among the complex ions,
[Co(NH,CH,CH,NH,),Cl,]*, [CrCL(C,0,),1*
[Fe(H,0),(OH),)", [Fe(NH;),(CN),|",

[Co(NH,CH,CH,NH,),(NH;)Cl)** and
[Co(NH;),(H,0)Cl}**, the number of complex
ion(s) that show(s) cis-trans isomerism is

12. The mass of ammonia in grams produced when
2.8 kg of dinitrogen quantitatively reacts with 1 kg
of dihydrogenis .

13. Under ambient conditions, the total number of
gases released as products in the final step of the
reaction scheme shown below is

XeF, —>P+nth:rproduct
¢0H M0

Q
slow disproportionation
l,ln OH /H,0

products

SECTION 4 (MAXIMUM MARKS : 12)

o This section contains TWO (02) paragraphs.

*  Based on each paragraph, there are TWO (02) questions.

¢ The answer to each question is a 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.

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

Full Marks : +3 If ONLY the correct numerical value is
entered in the designated place;
ZeroMarks : 0 Inall other cases.

PARAGRAPH-1
An aqueous solution of metal ion M, reacts separately
with reagents Q and R in excess to give tetrahedral and
square planar complexes, respectively. An aqueous
solution of another metal ion M, always forms
tetrahedral complexes with these reagents. Aqueous
solution of M, on reaction with reagent § gives white
precipitate which dissolves in excess of §. The reactions
are summarised in the scheme given below :
Scheme :
Tetrahedral e;_?—Ml—u%eSqum planar
Tetrabedral €M~ Tetrahedral

S, stoichiometric amount

White precipitate _i-ePredpilate dissolves

2]
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14. My, Q and R, respectively are
(a) Zn>*, KCNand HCl (b) Ni**, HCl and KCN
() Cd**, KCNand HCl (d) Co®*, HCland KCN
15. Reagent S is
(a) K, [Fe(CN)4]
(¢) K,Cr0,

(b) Na,HPO,
(d) KOH

PARAGRAPH-I1
Reimer-Tiemann reaction introduces an aldehyde
group, on to the aromatic ring of phenol, ortho to the
hydroxyl group. This reaction involves electrophilic
aromatic substitution. This is a general method for the
synthesis of substituted sa]icy]aldehydes as depicted below.

16. Which of the following reagents is used in the above
reaction?
(a) aq. NaOH + CH,Cl
(b) aq. NaOH + CH,Cl,
(c) aq. NaOH + CHCI,
(d) aq. NaOH + CCl,

17. The structure of the intermediate [ is

(_)N; 6N:
cHO CHC,
(a) (b)
cH, cH

ONi - 2
HG CHO ONa ONa
_) m —_ 5 HG, cal, CH,0H
(<) (d)
(l) (IJ) (m) CH, CH,
SOLUTIONS
PAPER- 4 (0): HC COH  NaNo,, aq HCI
0°C
1. (b, ¢, d) : (a) Impure copper is made the anode and CH; NH, attack 1 2
a thin sheet of pure copper is made the cathode, while :?H
copper sulphate solution acidified with sulphuric acid H,C c=0
is taken as the electrolyte. Pure copper deposits at the 3
cathode and impurities settle as anode-mud. CH A mNCT
5 _ {unstablc)
Atanode :Cuy,)— Cu',, +2¢
At cathode : Cuz;,q, +2¢"—> Cu,,
2. (b,c,d): As electron transfer occurs from the metal
to O,, it is chemisorption.
Adsorption is an exothermic process i.e.; heat is released. H
The electronic configuration of O, molecule is KK 025, 30
» 2 2_ PPN B ! CH to leaving group
024, 02p;, (2] =12p)), (W 2p = 2p)). . 30H, oerke e
When electron transfer occurs, it occupies m2p, 1L
orbital, so bond order decreases, hence the bond length o
increases. 1]
C—OH
3. (d): 2MnO, + 4KOH + O, — 2K,MnO, + 2H,0 B0
“ Green (B) CH; oH
3K,Mn0O, + 4HCl— 2KMnO, + MnO, + 2H,0 In attack I, inversion of configuration takes place and
Purple (C) in attack I again inversion of configuration takes place
2KMnO, +H,0 + KI 2KOH + 2MnO, + KIO, which finally leads to retention of configuration.
© (4) (D) 5. (b)

Q
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(d):

H,0H

Surface tension

CH,(CH,),,080; Na*

>

Concentration

For KCl curve — Increase of surface tension for
inorganic salts.

For CH,OH curve — Decrease of surface tension
progressively for alcohols.

For CH,(CH,),,0S0™,;Na* curve — Decrease of surface
tension before CMC (Critical Micelle Concentration)
and then almost unchanged.

7. ()t Cgraphite) — Cdiamona) (Isothermally)

= Jun+2) = JI0+2) = 3 =1732BM
In [Fe(SCN),*", SCN™ being a weak field ligand does
not cause pairing of electrons.
4 4 4d
I [ bododed] pexpod T 1]
sp*d® hybridisation
n=Jn(n+2) =5(5+2) =35 =5.916 BM

Difference = 5.916 — 1.732 = 4.184 =4 BM
10. (4) : L. Gattermann-Koch aldehyde synthesis :

CHO
@ +CO +HCI

Benzene

Anhyd. AlCI,
—

el +HCl

Benzaldehyde

II. By hydrolysis of benzal chloride :

8,G° = AG giamond) ~ AGgraphite) = 29 -0 =2.9 kJ mol™ HCl, H(OH),
Gibbs free energy is the maximum useful work, then H,0, 100°C
-AG=w,,, =PAV (zen
-29x10° =3_.P x2x10°° Benzal chloride l(-HLO)
2.9x10
P="2 0 145x10° Pa=145x 10° x 10 bar HO
2x107
= 1.45 x 10" bar = 14500 bar Benzaldehyde
by 0 peesseessesssessedssssssssscesee
Moleculefion | Hybridisation [ Shape ‘ (J\—\
BeCl, sp linear (
| 19D
Ny sp linear | ( TR
N,O sp linear
NO; sp linear Here are the nine shuffled words containing
0, sp’ bent 3 sets of trio. The three letters of trio can
scl P bent be arranged in any sequence. Complete these
Ile 'd Hnear words by finding 3 sets of trio.
2
L pd Tragar — — — OXALATE
XeF, pd linear MON — — — OTOPHOS

contribution from the d-orbitals.

9. (4): Fe(26): [Ar] 3d%4s”

Fe’*: [Ar]3d°

In [Fe(CN),]*", CN™ is a strong field ligand which cause
pairing of electrons.

3d s i
P el 0 0 R B |
e e

#5p* hybridisation

us, there are total four linear molecules/ions where
the hybridisation of the central atom does not have

— — —CITRATES

B — — —YNTHESIs
MONO — — — MATIC
CARBOZANTI — — —
MAC — — —Y(CLIC
PHY — — — CHEMICAL
SU— — —TRILE

S

Readers can send their res,
complete ada

Winners' names will be published in next issue.

@
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111. Rosenmund reduction : 13. (5) : Total five products are formed.

coct HO CH,CH,CH,  CH,CH,CH,
N
@ +Hy Boiling xylene +HA H—I‘—Br Br—l—Bl’

Benzoyl chloride Benzaldehyde

CH,Br CH,
1V. Esters are reduced to aldehydes with DIBAL-H : Optically active Optically inactive
CO. zMe (o] (Chiral) (Achiral)
DIBAL-H + MeOH
Toluene, -78°C’ CH,CH, CH,CH;
benzoate HO  Benzaldely H—p Br—*
Methyl : rde H——Br H——Br
11. (8) : In complex, !Fe(ClO4)2(HZO)2]Z’, CH, CH,
@ g . s diaquadioxalatoferrate (IT) Optically active Optically active
Fe is in +2 oxidation state. (Chiral) (Chiral)
In acidic medium, KMnO, oxidises Fe®* to Fe** as shown :
2MnOj + 16H" + 10F®* — 2Mn™ + 8H,0 + 10Fe™ CH; CH, ?HzBr
or H—*—Br Br—{*—H H—C—H
MnOj; + 8H* + 5Fe** —— Mn** + 4H,0 + 5F¢** A . [
CH, H,
d (H*] H—C—H
+ dt 8 H——Br H—1—Br
Hence, — (Mn04]-~—~[H 1= d7=1=8 Si o H—{—Br
i [MnOj] 3 3 CH,
Hence, the ratio of the rate of change of [H*] tothe rate  Optically inactive ~ Optically active ~ Optically active
of change of [MnO,] is 8. (Meso compound)  (Chiral) (Chiral)
(Achiral)
AL‘
12. (3) : Given: A;I(HX)=—";(:“ 14. (d) 15. (b)
Ao = Mgiimy (o A=A 16. (d): (P)=(1); (Q)-(3) (R)—=(5); (S)—=(2)
5 (P) = (1) CO,y — COy,
Kaun = [CU- (i) Itis an example of phase transition.
I-a (ii) Conversion of solid into gas i.e., sublimation, which
Kyisu = 0.01(0)? (- a<e<l) W s endothermic, therefore, AH = positive
o . . gy
similarly, K,giy, = 0.10aty,)? ity SEIEOES g o PRI
On dividing equation (i) by (ii), we get I()a;ause(.:ss =Sp=S3 8> Sy
3 -
Kapin _0. 01[ J (i) CaC04y— Caly + COy
Kapy) 010 ayy It is endothermic process so,
A€ AH = positive
_m
e ®) = (5)
e H — Hy,
(A 1A )HX [ 1 ] 1 1 Conversion of radical in molecular form is exothermic.
T o m(HY) = Two particles give one gaseous particle. So, AS = —ve.
Oy AS A < 10
x5 ")y ) )@
Substituting above value in equation (i), Allotropes are considered as different phase, hence
K 001(1 ¥ P(white, solid) — (red, solid) is a phase transition as
—amn 2| 1107 well as allotropic change.
Kyuy 010810 o
. 17. (a) : P: 33—l =25
logK,, a(HX) —logK‘ﬂm =log(1x107)
-logk, a(H) ~ (-logk, athiy)) = = log(1 x 10~ ) Q: %—ONa é_om

PKugn - PKyun =3
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R: (1) Hg(OAC),
WNeH,
(i) BH,
——3
() H,0,/NaOH

O< OH (Markownikoff addition)
O: (Anti-Markownikoffaddition)

OH
PAPER-II

1. (d): Greater the electron density on nitrogen,
more basic is the compound. Thus, order of basicity of
the given compounds is :

IV>1>11>1L

The conjugate acid of IV is stabilised by resonance with
lone pairs on buLh NH2 groups.

H,N/NNH - HzNA

NH, NH,
H,N? “NH, H,N7 ™ H,

The conjugate acid of [ is stabilised by resonance with
lone pair on —NH2 group and by hyperconjugation of
-CH, group.

" &
NH NH NH
o Gt

HC MH,  Hel G HC” Mim,

The conjugate acid of II is stabilised by resonance with
lone pair on ~NH group.

/ \ H*, +/ \ Y

N. NH — HN'Q ‘NH «<—> HN: NH
g &

In compound 111, the lone pair of nitrogen is involved in

aromaticity. So, it is least basic.

2. (b
3. (0): Na,B,0,-10H,0—25 Na,B,0, —2>
2NaBO, + B,0,
R R
Glassy beads
Cr,0; +3B,0; —25 2Cr(BO, )
Chromium metaborate
(Green)
4. (a): 4Au+8NaCN +2H,0 +0; —>
@
4Na[Au(CN),] + 4NaOH
(R)

2[Au(CN),] ™+ Zn — [Zn(CN), P~ + 2Au
(R) (T) (2)

5. (b, c) : Invert sugar is prepared by acid catalyzed
hydrolysis of sucrose.

HCl
CyaH;;0y; + HyO—> CgH ;04 + CgH 304

Sucrose D-(+)-Glucose D-(-)-Fructose
—_—

Invert sugar
Specific rotation of invert sugar is
[0) i = 0.5 x (+52) + 0.5 x (- 92) = + 26 — 46 = -20°
On reaction with Br, water, invert sugar forms gluconic
acid as one of the products. Br, water oxidises glucose
into gluconic acid and fructose is not oxidised by it.
6. (b, d):P,0,+4HNO, — 2N,0, + 4HPO,
N,O; cannot be obtained by reaction of P, and HNO,.
P, + 20HNO, — 20NO, + 4H,PO, + 4H,0
119 pm

A
Q—N\.

N.Og *

6 151 pm
..\N I
o¥”

H

Hence, it is diamagnetic and does not have N-N bond.
N,0; is decomposed by alkali metals.
N,O, + Na— NaNO, + NO,T

(Brown gas)

7. (b, ¢, d) : (a) The number of the nearest neighbours
of an atom present in the topmost layer is 9 as a sphere
is in contact with 6 other spheres in its own layer and it
also touches directly 3 spheres in the layer below.

(b) For ccp, packing fraction = 74%.

(c) In ccp, there are two tetrahedral voids per sphere
and one octahedral void per sphere.

(d) Forccp,a= %r= 22r

8. (45) : Enthalpy change = Difference in energy of

product and reactant = y = 45 kJ/mol
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>:< B
H,C CH, CCl

(Anti-addition)

CH, CH,
H———B8r Br————H
Br——1+—H H——Br
CH, CH,
(Racemic mixture)

I -
10. (5): ﬁao—ﬁ—s—s—ﬁ—owa

(0]
S will have oxidation number = +5, 0
Difference in oxidation number = 5

11. (6): [Co(en),CL]* -~ [M(AA),B,] type complex,
shows geometrical isomerism.

-@ Cl+ cl +
4 oo

trans-form
[CrClz(CZO“)zll’ - [M(AA),B,] type complex, shows
geometrical isomerism.

m:jl P T ? p
Cr, } Cr
| [}
)L &
cis-form trans-form
[Fe(H,0),(OH),]* - [MA,B,] type complex, shows

geometrical isomerism

r + OH T+
H,OE{- —70H | |H;0—-0H,
Fe | Fe i
H,0 -l\on H,04-4-Son, |

OH
dsﬁ:mn trans-form
[Fe(NH,),(CN),]” - [MA,B,] type complex, shows

geometrical isomerism
NC?* 7, NCK‘*“/CN I
NCLI &CN

INC V2 Jr—\CN

lrms-fm'm
[cc(em)zuxzﬂj)cu2+ - [M(AA),BC] type complex,
shows geometrical isomerism.
F"‘] 2+
|
Co,
|
end
«cis-form

2+

'NH.

g,_é--g--g
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[Co(NH;),(H,0)Cl]** - [MA,BC] type complex, shows
geometrical isomerism

2+

H N-:\]L?-Cl H N\+ /{
M,N-LP-OH2 H NL|—S
Pr

12. (3400) : Reaction can be represented as:
N, + 3H,— 2NH,

28x10°
F

Moles of nitrogen = = 10" moles

=5 x 10" moles

3
Moles of hydrogen = L0

For 10 moles of N,, H, needed is 3 x 10% moles.
But 5 x 10 moles of hydrogen are present.
Hence H, is present in excess.

and N, is the limiting reagent.

1 mole of N, gives 2 moles of NH,.

So, 100 moles of N, give 2 x 100 moles of NH,
Mass of NH,; =200 x 17 =3400 g

Complete OH'/H,0

13. (2) : XeFg + 3H,0 ~h——-—)X 0, + 6HF
ydrolysis e
Slow disproportionation

-
XeOg + Xeg + n OH /H,0

H,0 + Oy
Hence, the so total number of gases produced in the
final step of the reaction scheme is 2.

HXeQ,
'Q

a :
14. (b):  INiCl) (H_@Nmm_‘m)[m(cm‘]l
Tetrahedral, (M) Square planar,
3p*hybridisation dsp?-hybridisation
15 (d): [zacy ) 12D 7. KCNR), [Zn(CN),I>-
Tetrahedral G 1) Tetrahedral
KOH(S)

KOH(S)
Zn{om,—b [Zn(OH),J?
‘White ppt. Soluble

OH

CHO
16. (c) : +CHCL,—>
e ONa'
E:f ¢r‘”‘“’
CH,

xS
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In this practice paper 40 questions to be attempted out of 50.

Time Allowed : 60 Minutes

Among statements (1)-(4), the correct ones are

(1) Limestone is decomposed to CaO during the
extraction of iron from its oxides.

(2) In the extraction of silver, silver is extracted as
an anionic complex.

(3) Nickel is purified by Mond's process.

(4) Zr and Ti are purified by van Arkel method.

(a) (1), (3)and (4) only (b) (2), (3) and (4) only

(c) (1),(2),(3)and (4) (d) (3)and (4) only

The value of Henry's law constant for some gases

at 293 K is given below. Arrange the gases in the

increasing order of their solubility.

He : 144.97 kbar, H, : 69.16 kbar,

N, : 76.48 kbar, O, : 34.86 kbar

(a) He<N,<H,<0, (b)O,<H,<N,<He

(¢) H;<N,<0,<He (d) He<O,<N,<H,

A compound M, X, has cubic close packing (ccp)

arrangement of X. Its unit cell structure is shown

below.

The empirical formula of the compound is

() MX  (b) MX, () MX (d) MX,
The electrolytes usually used in the electroplating of
gold and silver, respectively, are

w

~

Maximum Marks : 200

(a) [Au(CN),] and [AgCl,]”

(b) [Au(NH,),]* and [Ag(CN),]-

(c) [Au(CN),]  and [Ag(CN),]”

(d) [Au(OH)‘]’ and [Ag(OH)zl’

Match List-I with List-11 and select the correct option.

[ List-1 | List-11

A. | [Co(NH,) ] (i) | Linkage isomerism
| [Cr(EN),] | |

|B.[Co(NH,),(NO,),] | (i) | Solvate isomerism_

C. [Cr(H,0),]Cl, (iii) | Co-ordination

[ ] | isomerism

D. cis-[CrClz(ox)Z]"" (iv) | Optical isomerism

(a) A-ii, B-i, C-iii, D-iv (b) A-iv, B-ii, C-iii, D-i

(c) A-iii, B-i, C-ii, D-iv  (d) A-i, B-ii, C-iii, D-iv

The correct order of acidic strength of the following

compounds is
OH OH OH OH
:E i i i ~NO,
CH; NO, NO,
(i) {ii) (i) (iv)

(a) (i) > (i) > (i) > (iv)
(e) (iv) > (iif) > (ii) > (i)

(b) (> (ii) > (i) > (iv)
(d) Gv) > (i) > () > (i)

For the following graphs
(A) Rate (B) hiz
Time —> Initial conc. __y
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10.

36

=
—

(&)

Concentration

‘Concentration
—_
=)
=

Time —

Time
(E) Rate

Concentration—»
Choose from the options given below; the correct
one regarding order of reaction is
(a) (B) and (D) zero order, (E) first order
(b) (A) and (B) zero order, (E) first order
(c) (A) and (B) zero order, (C) and (E) first order
(d) (B) zero order, (C) and (E) first order.

Three cyclic structures of monosaccharides are
given below. Which of these are anomers?

HO——H
H——O0H HO——H HO——H
H—O0Hl H—OH HO—H 0
HO——H O HO——H O H-——O0OH
H—'—OII| H——OH HO—H
H H H
CHPOH CHOH CHPOH
m an am
(a) Tand II (b) II and III

(c) Iand III
(d) III is anomer of I and IL

Which of the following represents the correct order

of increasing pK, values of the given acids?

(a) HCIO, < HNO; < H,CO; < B(OH),

(b) HNO, < HCIO, < B(OH), < H,CO,

(c) B(OH), < H,CO, < HCIO, < HNO,

(d) HClO, < HNO, < B(OH), < H,CO,

Match List I with List IT and select the correct option.

[ List [ ListIT

‘-A.-Physisorption 'L [Heat of adsorption.

| lis 40-400 k] mol™

1I. Heat of adsorption
|is 20-40 kJ mol ™"

'B. .Chemisorpﬁon

G le & 3H2@ Fei,) IIL. Homoseneous
INH,, catalysis

D.| NO, v, AHeterogeneous
P+ Qg2 | |yt
3
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(a) A-IILB-1V,C-L,D- 11
(b) A-ILB-ILC-LD-IV
() A-ILB-1I,CIV,D - III
(d) A-IV,B-I,C-IIL,D-1I

. The correct order of spin-only magnetic moments

among the following is

(Atomic number : Mn = 25, Co =27, Ni = 28, Zn = 30)
(a) [ZnCL)* > [NiCL]* > [CoCl,]* > [MnCl,]*
(b) [CoCLJ* > [MnCLJ* > [NiCL]* > [ZnClJ*
() [MnCL}F*" > [CoCl,)* > [NiCl,)*" > [ZnCl,}*
(d) [NiCL)* > [CoCl,)* > [MnCL]* > [ZnCL}*

. What are the correct oxidation state, coordination

number, configuration, magnetic character and
magnetic moment of K,[Mn(CN)]?

05. CN. Configuration Magnetic Magnetic
Character Moment
(a) 46 6 tl; Diamagnetic 0 B.M.
(b) +4 6 rl; e; Paramagnetic 1.732BM.
(c)+2 6 ‘1: Paramagnetic 1.732B.M.
d)+4 6 rl; e: Diamagnetic 0
3. Match List I with List Il and select the correct option.
ListI List IT
(Name of oxo acid) |(Oxidation state of ‘P’)
(A) Hypophosphorous | (i) +5
acid
(B) Orthophosphoric acid | (ii) +4
(C) Hypophosphoric (iii) +3
acid
(D) Orthophosphorous | (iv) +2
acid
(v) +1

() (A) - (iv), (B) - (v), (C) - (ii), (D) - (iii)
(b) (A) - (), (B) - (i), (C) - (ii), (D) - (iii)
(c) (A) - (v), (B) - (iv), (C) - (i), (D) - (ii)
(d) (A) - (v), (B) - (i), (C) - (i), (D) - (iii)

. Henry’s law constant for molality of methane in

benzene at 298 K is 4.27 x 10° mm Hg. The mole

fraction of methane in benzene at 298 K under

760 mm Hg is
(a) 1.78 x 1073 (b) 17.43
(c) 0.114 (d) 2.814



15. Match List I with List IT and select the correct option.

ListI List 11
(Name of reaction) (Reagent used)

A.|Hell-Volhard-
Zelinsky reaction

L |[NaOH +1,

‘ B. | lodoform reaction [ 1L (l) CrO,Cl,, CS,

(ii) H,0
C. |Etard reaction -III.-(i) Br,/red
phosphorous
(ii) H,0
D.|Gattermann-Koch| IV.|CO, HCl, anhyd.
reaction AICL,

(a) A-L B-1I, C-III, D-1V
(b) A-IIL, B-I, C-I1, D-IV
(c) A-IIL, B-1, C-1V, D-II
(d) A-IIL, B-II, C-1, D-IV
. The order of reactivity of the following alcohols
towards conc. HCl is

Il CHn~__-CH, V. pi” SOH

OH
(a) I>M>MI>1V
() IV>II>N>1

(b) I>MI>1>1V
(d)IV>II>I>11

. The structure of neoprene is
(a) fcH,cH=CH —CHZ-—CHZ——?Hh

CN
(b) -ECHZ-?J};
CN

1
(© fcH,~C=cH—-cn,}

@ -f HNj/Nﬁ/NHCHﬂ;
|

N~

NH
|
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18. Which of the following atomic numbers are the

atomic numbers of the inner transition elements?
(A) Atomic number 29 (B) Atomic number 59
(C) Atomic number 74 (D) Atomic number 95
(E) Atomic number 102
(a) (C). (D)and (E)
(c) (B), (D) and (E)

(b) (A), (C) and (D)
(d) (A), (D) and (E)

. The rate of a reaction is expressed in different ways

as follows -

1dic), 148 144 45

2 dt 3 dt 4 dt dt
The reaction is
(a) 4A+B—>2C+3D (b) B+3D—>4A+2C
(c) A+B—>C+D (d) B+ D>A+C

. In the following question, a statement of assertion is

followed by a statement of reason. Mark the correct

choice.

Assertion :Activation energy for both the forward

and backward reactions is lowered to the same

extent by a catalyst.

Reason : A reaction cannot become fast by itself

unless a cataylst is added.

(a) Both assertion and reason are true and reason
is the correct explanation of assertion.

(b) Both assertion and reason are true but reason
is not the correct explanation of assertion.

(c) Assertion is true but reason is false.

(d) Both assertion and reason are false.

. Which one of the following types of drugs reduces fever?

(a) Analgesic
(c) Antibiotic

(b) Antipyretic
(d) Tranquiliser

. What type of isomerism exists in the following

pairs of complexes?

(i) [Co(NH;);NO,])SO,and [Co(NH,),SO,IJNO,
(ii) [Colen)(H,0),CL]|Cland [Co(en)(H,0)CL,]H,0
(a) (i) Ionisation (ii) Hydrate

(b) (i) Linkage (ii) Hydrate

(c) (i) Ionisation (ii) Linkage

(d) (i) Linkage (ii) Coordination

3Cl,, Heat/hv A Fe/Br, Zn/HCl

B——=C

In this reaction, the compound C is
(a) 3-bromo-2,4,6-trichlorotoluene
(b) e-bromotoluene

(c) p-bromotoluene

(d) m-bromotoluene.



25,

26.

28.

. Which of the following gives aldol condensation

reaction?
[o]

Il
(b) CgHs - C- CgHs
i i
(c) CH;CH,-C-CH; (d) (CHpC-C-H

(a) CH,OH

Reaction between acetone and methylmagnesium
chloride followed by hydrolysis will give

(a) iso-propyl alcohol  (b) sec-butyl alcohol

(c) tert-butyl alcohol (d) iso-butyl alcohol.

A conductivity cell filled with 0.02 M AgNO, gives
at 25°C resistance of 947 ohms. If the cell constant
is 2.3 cm’!, what is the molar conductivity of
0.02 M AgNO, at 25° C?

(a) 73.1Q " cm’ mol™  (b) 100.5 Q™' cm” mol™*
(c) 3004 Q" e’ mol™ (d) 121.5 Q' em® mol ™

. In several which of the following is most reactive

towards S1 reaction?

CH,

cl; CH,Br
NogacRiog

Br

j ;

C C~
Jogaolicosas
& Br© @ Br ’

Match the column I with column 11 and mark the
appropriate choice.

Column I Column I1
(&) oH M /O
o, | \CcHO
(B) _~_ COOH @ o
Dl oo =
COOH 2
Q) @CHO NaCN (iii) o
“Ha T 1l
coon ' Ca
@C/Cl
Il
0

30.

3

(D) CHO (iv) o
s CH—cN
+CH,CH,CHOS1-+
COOH

(2) (A) — (i), (B) — (ii), (C) — (iii), (D) — (iv)
(b) (A) — (iii), (B) — (iv), (C) — (i), (D) — (ii)
(c) (A) — (iv), (B) — (i), (C) — (i), (D) — (i)
(d) (A) — (id), (B) — (iii), (C) — (i), (D) — (i)

. FeCr,0, L5 Na,Cro, L5 Cr,0, Zs Cr

L, IT and III respectively are

IL I I
(@) Na,COJain A NHCLA Al
(b) NaOH/air, A C, heat C, heat
(c) Na,CO,fair, A C, heat C, heat
(d) NaOH/air, heat Al, heat C, heat

Reactions with electrode potential data are given below :
Fef;, +e — Fef;n; E°=+077V

AL 43¢ > Al E° =166V

Brzmq) +2e — ZBr(’aq,: E°=+1.08V

Based on the data, the reducing power of Fe*, Al
and Br will increase in the order

(a) Br < Fe™ < Al (b) Fe** < Al < Br

(¢) Al < Br™ < Fe** (d) Al < Fe** < Br~

. In the following reaction, product ‘B’ is

‘B
(Major)

m =2,
OH

geegDes

. What type of crystal defect is indicated in the diagram

below?
Na* Cl" Na* Cl" Na* CI
ClI' [J €I Na*[] Na*
Na*Cl'[JCI" Na* Cl
Cl" Na* CI" Na*[] Na*

(a) Frenkel defect

(b) Schottky defect

(c) Interstitial defect

(d) Frenkel and Schottky defect
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33.

34.

30

For a reaction, pA + 4B —> products, the rate law
expression is r = k [A]™[B]", then

(@) (p+g)#(m+n)

() (p+q)=(m+n)

(c) (p + q) may or may not be equal to {(m + n)

(d) (p+q)>(m+n)

Time required to deposit one millimole of
aluminium metal by the passage of 9.65 A through
molten electrolyte containing aluminium ion is

(a) 30s (b) 10s

(c) 30,000 s (d) 10,000 s

. The major product Z obtained in the following

reaction scheme is

NH,
NaNO,/HCl _ _ Cu,Br HNO,
273278 K ax—u-)y'm)z
Br NO,
NO,
(a) (b)
Br Br Br Br
NO,
Br Br
O,N
(c) (d)
Br Br
NO,
. Match the List-I and List-II and select the correct
option.
‘ List-1 | List:

(A) ' % (i) | Br,/NaOH
R—C—cl—>r—cno @ BN
bt | — |

|R—CH, — COOH
H,/Pd-
®) R—CH—COOH @ | gys0,
+ Cl +
Q ... | Zn(Hg)/
©g_ L NH,—> R—~H, ™ Conc HCI
i
(D)|R—C—CH, o it
| HQ
R—CH, —CH,

(a) (A) (iii), (B)-(iv), (C)-(D), (D)-(d)
(b) (A)-(iii), (B)-(i), (C)-(iv), (D)-(ii)
(c) (A)-(ii), (B)-(iv), (C)-(i), (D)-(iii)
(d) (A)-(ii), (B)-(i), (C)-(iv), (D)-(iii)
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7. Which of the following will be colourless in aqueous

solution?

(N T (i v*
(I11) Cu* (IV)Mn**
(V) Co?* (VI)Sc**

(a) (I, (I1) and (IV) (b) (111) and (V)
(c) (I, @V)and (VI) (d) (III) and (VI)

38. Which of the following compounds are not used as

disinfectants?

A. Chloroxylenol B. Bithional

C. Veronal D. Prontosil

E. Terpineol

(a) A, B and E only (b) C and D only
(c) A and B only (d) B, D and E only

39. Assertion : The two strands of DNA are

complementary to each other.

Reason : Adenine specifically forms hydrogen bonds

with guanine whereas cytosine forms hydrogen bonds

with thymine.

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion.

(b) If both assertion and reason are true but reason
is not the correct explanation of assertion.

(c) If assertion is true but reason is false.

(d) If both assertion and reason are false.

40. In the mixtures of two miscible volatile liquids
obeying Raoult’s law, the correct behaviour is

explained by c
N

D
X,= 1 mole fraction X,=0
=0 X=1

(a) ABstands for the vapour pressure of component
B in presence of solute A
(b) CD stands for the vapour pressure of solvent A
in presence of solute B
(c) BC stands for the total vapour pressure in
accordance with the Dalton’s law of partial
pressures
(d) all of these.
Case I : Read the given passage and answer the
questions from 41 to 45.
When a solution of an o-amino acid is placed in an
electric field depending on the pH of the medium,
following three cases may happen.



+

H,NCH(R)COO"
I

+
o BNCH(RIC0O

- +
——= H,NCH(R)COOH
OH m

In alkaline solution, oi-amino acids exist as anion II, and
there is a net migration of amino acid towards the anode.
In acidic solution, oi-amino acids exist as cation III,
and there is a net migration of amino acid towards the
cathode.
If II and III are exactly balanced there is no net
migration; under such conditions any one molecule
exists as a positive ion and as a negative ion for exactly
the same amount of time, and any small movement in
the direction of one electrode is subsequently cancelled
by an equal movement back toward the other electrode.
In nucleic acid, the particles in nucelus of the cell,
responsible for heredity, are called chromosomes
which are made up of proteins and another type of
biomolecules called nucelic acids.
The organic compounds required in the diet in small
amounts to perform specific biological function for
normal maintenance of optimum growth and health of
the organism are called vitamins.
The following questions are multiple choice
questions. Choose the most appropriate answer :

+ +
41. H,N NH,
Z Y
COOH
X

Arrange X, Y and Z in order of their increasing
acidic strengths.

(a) X>Z>Y (b) Z<X<Y

(©) X>Y>Z (d)Z>X>Y

42. In aqueous solutions, amino acids mostly exist as
(a) NH, — CHR—COOH
(b) NH, — CHR— COO~
+
(¢) NH,CHRCOOH
+
(d) H,NCH(R)COO"
43. Amino acids are least soluble
(a) atpH 1
(b) atpH 7
(c) at their isoelectric points
(d) none of these.
44. Which of the following statements is not correct?
(a) DNA contains four bases viz adenine, guanine,

cytosine and thymine.

(b) Nucleotides are joined together by
phosphodiester linkage between 5" and 3’
carbon atoms of the pentose sugar.

(c) The structure of a ribose sugar is

OHCHy _ H

N,
H\g-g{ OH
(d) A nudleotide has the following typical linkage
base base

| o

1
X sugar
sugar — phosp 4 Lo

45. Match items in Column I with those in Column II
and select the correct option.
| Columnl | Column 11
| L | Pepsin
II. | Nucleic acid
1L | Ascorbic acid

IV. | Testosterone

| Genetic material
| Digestive enzyme
| Antibiotic

| Sex hormone

EIREIE

E. | Vitamin
(a) I—B; II—A; III—C; IV—E
(b) I—B; [I—A; III—E; IV—D
(c) 1—A; I1—B; lII—E; IV—C
(d) 1—C; I1—B; 1lI—A; IV—D

Casel:Read the given passage and answer the questions
from 46 to 50.
The EMF E is related to change in Gibbs free energy,
AG as AG = -nFE, where n is the number of electrons
transferred during the redox process and F is called
Faraday constant whose value is 96,500 C. The redox
reaction of an electrochemical cell is spontaneous if EMF
of the cell is positive, If the EMF comes out to be negative
then the reverse reaction would be spontaneous. Also,
for a reaction to be spontaneous, AG must be negative
and AG would be negative only if E_,; is positive.

46. For the reduction of silver ions with copper metal,
the standard cell potential was found to be +0.46 V
at 25°C. The value of standard Gibbs energy, AG®
will be
(a) —66.0k] (b) —-89.0kJ
(c) —56.0k] (d) -59.0k]

7. The standard redox potential for the reactions.
Mn** +2¢ —>Mn and
Mn* +¢ — Mn”*are-1.18 Vand 1.51 V respectively.
The redox potential for the reaction,

Mn?* + 3¢” — Mn will be
(a) -0.28V
(c) -060V

'
5

(b) -0.78V
(d) -0.56 V
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48. For spontaneity of a cell, which of the following is

correct?
(a) AG=0 (b) AG = -ve
(c) AG=+ve (d) None of these

49. Electrode potential for Mg electrode varies
according to the equation
. 0.059, 1z+
Mg™]

EMgZ*.'Mg =EMgz+fMg T
The graph ofEMgz+lMg vslog [Mg*] is

-

log [Mg™] =

-

log [Mg'] -

2

log [Mg] =

S

log [Mg] =

(a)

Eypring =

()

Eygnayg =

()

oy =

(d)

Eygnag =

50. Standard reduction electrode potentials of three
metals A, B and C are +0.5 V, -3.0 Vand -12 V
respectively. The reducing power of these metals are

(a) B>C»>A (b)) A>B>C
(c) C>B>A (d) A>C>B
SOLUTIONS

1. (c): All the given statements are correct.

2. (a): Higher the value of K, lower is the solubility
of gas in the liquid.

3. (b): 8 X atoms are present at the corners.

1
Atoms contribute to 1 unit cell = gx 8=1
6 X atoms are present at the face centres.

1
Atoms contribute to 1 unit cell =6x—=3
Total Xatoms=3+1=4
4 M atoms are present at edge centres.
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. . 1
Atoms present in 1 unit cell = 4 x T =1

1 M atom is present at body centre and it contributes
completely to 1 unit cell.

Thus, total M atoms in one unitcell=1+1=2

Ratiois M:X ::2:4 ::1:2

Thus, empirical formula is MX,.

4. (o)

5. (c) : NO, ligand can donate electron from nitrogen
as well as O, so it will show linkage isomerism.

6. (d)

7. (b): Graph (A) is for zero order reaction as the rate
remains constant at any time.

Graph (B) is for zero order reaction.

According to the formula, t,, ::—; . So, t,,=a,

Graph (E) is for 1* order reaction as the rate of reaction
is directly proportional to concentration.

According to the equation, r = k[A]} = re<[A],

8. (a): Structures (I and II) differ only in the position
of OH at C-1 and hence are anomers.

9. (a): More electronegative elements form more
stronger acids. Electronegativity of nitrogen and
chlorine is almost same still HCIO, is stronger acid than
HNO, because of higher oxidation state of Clin HCIO,.
H,CO, is a stronger acid than B(OH), but weaker than
HNO,.

Thus, order of acidic strength is

HCIO, > HNO, > H,CO, > B(OH),

VEEmD
What do chemists call a benzene

ring in which hydrogen atoms are
replaced by iron atoms?

Fe
Fe Fe

Fe Fe
Fe

A FERROUS (FERRIS) WHEEL




Since acidic strength o
Pk,

Thus, order of pK, values is :

HCIO, < HNO; < H,CO, < B(OH),

10. (c) 11. (¢)

12. (¢): O8.=+ 2, C.N. = 6, configuration = !2

Mn?* = [Ar]3d°

id
[Mn(CN) 1 : [ ] ]A]=[]

4 4
o Bl

Ithas one unpaired electron and hence it is paramagnetic
in nature.

p=Jl1+2)=3 = L.732 BM.

13. (d) 14. (a) 15. (b)

16. (c) : Alcoholsreactwith HXor HClbythe cleavage of
C — OH bond resulting in the formation of carbocation
intermediate. More the stability of carbocation, more is

the reactivity of alcohol. Carbocations produced from
the given four alcohols are respectively,

F-CH,-CH-CH; F-CH,-CH,-CH-CH,

I 1
CH,- CH-CH

CH,
+

* ’ @

i

v

Carbocation IV is more stable due to resonance. An
electron withdrawing group decreases the stability of
carbocation by virtue of electron withdrawing inductive
effect (-I effect). Hence carbocation III is more stable
than I and II. In carbocation I, electron withdrawing
-F is more near to positively charged carbon atom than
that in II. Thus carbocation II is comparatively more
stable than I.

Therefore, order of stability of carbocations and thus
respective order of reactivity of given alcohols towards
HClis givenasIV > III> 11 > L

17. (c) : Neoprene is a polymer of chloroprene.

nCH,=C—CH=CH, _—>"IY"‘E"S“L‘““
4
Chloroprene CH—~ C=CH _CHZT
™o 1
Neoprene
18. (c) : Elements with atomic numbers 59, 95 and 102

are inner transition elements because they belong to
lanthanoid and actinoid series.

19. (b): Minus signs are for reactants and positive
signs are for products. Dividing numbers are the
stoichiometric coefficients,

20. (c) : Peptization involves conversion of freshly
prepared precipitate into colloidal particles using a
suitable electrolyte.

21. (b) 22. (a)
H, cal, cal,
3Cl,, heat/h
23. (d): S, RiLN
CH, ) ) Br
cH,
Zn/HCI
Br
m-Bromotoluene

(o]
24. (c) : Carbonyl compounds containing o-hydrogen
atom give aldol condensation.
5 (c)
OMgCl
—é —CH,+ CHAMgCl—)CHJ—ClI CH,
Acetone Methyl magnesium
chloride CH3

OH

|
CH,~C~CH, 10

CH,
tert-Butyl alcohol

26. (d): Concentration = C =0.02 M
Resistance of solution =R, =947 Q
Cell constant = G*=2.3 cm™

Molar conductivity=A, =2
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s < 1
Conductivity of solution = k = w
soln
2.
=2 00024290 e
947
1000

Molar conductivity, A, = L XC

_ 0.002429x1000
B 0.02
27. (a) : Since it is 3° halide, carbocation is stabilised by

resonance.
28. (d)
29. (a): FeCr,0, + Na,CO, + O, -Heat 3 oNa CrO,

NH,C
" Heat 7

=121.5Q" cm® mol™

Cr,0, N ALO, +2Cr

30. (a): Lower the reduction potential, more is the
reducing power.

31 (0): H*
“H,0

1,2- Methyl
s}u ft
2° carbocation

(less stable) 3' carbocation

(more stable)
m -

32. (b): As equal number of Na* and CI” ions are
missing from their lattice site, it is Schottky defect.

33. (o)

34, (a): Applying W=2ZxIxt

1 millimole of Al =27 x 107 g

_Eqwt.  27/3 9
96500 96500 96500
96500 1
1=27x107x X —— =30s
9 9. 65 " -
NH, N =NCI
35. (): NaNO,/HCL |
Br/© 273-278K Br
Cu;Bry HNO3
H 150,
Br
No2

Q
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36. (c)

37. (d): (i) T -3d'4s"
(i) V**-3d24s°
(i) Cu* - 340 45°
(iv) Mn® - 3d° 45"

1 unpaired electron
2 unpaired electrons
No unpaired electron
5 unpaired electrons

(v) Co*-3d745° 3 unpaired electrons
(vi) Sc** - 3445  No unpaired electron
38. (b) 39. () 40. (d)

4l.+(a) : Carboxylic acids are stronger acids than
—NH,, therefore X is the strongest acid. Since -COOH
has I effect which decreases with distance therefore,
effect is more pronounced on Z than on Y. As a result
Z is more acidic than Y, therefore, overall order of
increasing acidic strengthis X > Z > Y.

42. (d): In aqueous solutions, amino acids mostly exist
as Zwitter ion or dipolar ion.
R

NH,— d—coo-
Zwilter ion

43. (c) : Amino acids are least soluble at their isoelectric
points. At a specific pH, called isoelectric point, the
positive and negative charges balance each other and
the net charge becomes zero. If there is a charge, the
amino acid prefers to interact with water, rather than
other amino acid molecules, this charge makes it more
soluble.

44. (o) 45. (b)

46. (b): Cu+ 2Ag" —> Cu™ + 2Ag

AG® = —nFE® = -2 x 96500 x 0.46 = - 88780 ] = -89.0kJ

47. (a) : Mn®* + 2¢” —>Mn; AG® = -nFE° = 2.36 F
(i)

Mn* + ¢ —>Mn*;AG° = -nFE°=-151F  ..(ii)

On adding equations, (i) and (ii), we get

Mn** + 3¢" —> Mn; AG® = 2.36 F + (-1.51 F)= 0.85 F

AG®= -nFE°

=085F=-3xFxE®

E° = 085 -0.28V
3

48. (b): For spontaneity of cell, AG should be negative.
X _r° 59 2+

49. (b): EMEZ*_]Mg 7EMEZ+MS + log[Mg*"]

Compare this equation with the equation of straight
liney=mx+c

The graph of EMgb,Mg vs log[Mg?*] is a straight line
with a positive slope and intercept = E;x -
50. (a)

Mg

L 24
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m Solutions

Methods of Expressing the Concentration of Solutions

Weglute X 1000 Yot X1000
Mojiute X Vsoln(in mL) M gpute X W opivene (0 g)
= =
Weight of solute 100 Volume of solute
Weight of solution Volume of solution

Solution of Gas in a Liquid
Henry's law

The partial pressure of the gas in vapour phase (p) is proportional to the mole fraction of the gas (x) in the
solution and is expressed as :

p=ka

Solution of a Liquid in a Liquid

| foosttalon

For a solution of volatile liquids, the partial vapour pressure of each component of the solution is directly

proportional to its mole fraction present in solution, i.c., p = p°x.

Colligative Properties

Relative lowering of
vapour pressure
2L = DB :i:wlr x M,
P; ? Ty, M xW,

(- for dilute solutions, ng<<n A)

Volatile solvent alone Volatile solvent +
Non-volatile solute (Solution)
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o
AT, =T, - T,

Elevation in boiling AT, mor AT, =K, m= Kb[

w,xwoo] W, x K, x1000
Sy e  19F =
point

My xW, B~ AT, xW,

K} is called molal elevation constant having unit K kg mol™.

ATg= Tl" -1

Depression in ATpee mor ATy=Kym = Kf [

WEXIOOO] o :Kf x Wy x1000
freezing point

MpxW, BT AT xW,

Kj is known as molal depression constant having unit K kg mol .

Solute Solvent

* 4 ~— Piston
Osmosis and osmotic } Osmotic pressure.

pressure n=CRT

g
n=CRT=|—"|RT
(V]

Semi-permeable | - Semi-permeable
membrane membrane
WyRT WiRT
V=—L2"" or Mp=—E
B v Lowsolute  High solute Same concentration
concentration concentration (Equilibrium)
Electrochemistry
Switch =
(’ Voltmeter
Flow of current
H C
Electrochemical Cells m_ (3 fower e\ i
anode ( Y i catho
Electrochemical cells are the devices in
5 i 4
which chemical energy of a spontaneous -
redox reaction is converted into electrical sl
energy. These are also called Galvanic cells & NOsS
) _ B
or Voltaic cells. Zog) = Zigay +2¢ Cui(gy) + 26— Cuyyy

Movement of cations

Movement of anions

Voltaic Cell
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Measurement of Electrode Potential

25°C (298K) Wire to other half cell

Sale bridge 1o
Hydrogen gas other half-cell
(1 atmaosphere)

Hydrogen

1 mol dm™ Hi ions
Standard Hydrogen Electrode (SHE)

Absolute value of electrode potential cannot be determined
because oxidation or reduction half reaction cannot occur
alone. Moreover, a reference electrode is required. Standard
Hydrogen Electrode is used as a reference electrode when
calculating the standard electrode potential of a half-cell.

An electrode in which pure and dry hydrogen gas is
bubbled at 1 atm pressure around a platinised platinum

plate immersed in 1 M H* ion solution is called Standard

Hydrogen Electrode (SHE).

Electrochemical Series

The arrangement of electrodes in contact with
their ions with the electrode half reactions
in order of decreasing standard potentials is

called electrochemical series.

Electrolytic Cells and Electrolysis

O Electrolytic cells are the cells in which electricity
is passed through the solution of an electrolyte so
as to bring about redox reaction,

O Electrolysis is defined as the process of chemical
decomposition of an electrolyte in solution or

molten state, by passage of electricity.

Nernst Equation

For a general reaction M?;q, +ne — Mg,

Nernst equation is written as E = E° - g In (4

nF [ M"™)

Faraday’s Law of Electrolysis

O Faraday's first law : “Weight of ions deposited
proportional to the quantity of electricity passed”

ie, wee Qorw=ZQ="Zit

O Faraday’s second law : “When same quantity of
electricity is passed through different electrolytes,
the amount of different substances deposited at
the electrodes is directly proportional to their

equivalent weights” i.e.,
Zit _E Z

— or —

i 0 NP 5
ZIt E Z;, g

w, E
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¢ Battery 2

Inert Sl !|”|
Electrode —l Inert
electrode
Clhy |
i
Molten 'NaCl
‘
«CI | Na'—»
/
Anode ;  Cathode

2C1° > Cl, +2¢”  2Na* +2¢ —2Na
Electrolytic Cell



m Chemical Kinetics

Integrated Rate Law, Half Life and Unit of Rate Constant for the Reactions of

I | T [

Different Orders
[A)y=—kt + [A]p
First In[A], = -kt +In [A]g
Second 1/]A], = kt + 1/[A],
Arrhenius Equation
Calculation of Activation Energy

Arrhenius proposed a quantitative relationship
between rate constant and temperature as k = Ae”

k = rate constant, A = pre-exponential factor (called

frequency factor),

E, = activation energy, T = temperature

The minimum energy that the reacting molecule must
possess before undergoing a reaction is called activation

energy.
k= Ae B4R (Arrhenius equation) T

E -
2.303 logk = 2.303 logA - R—“T ¥

E 1
logk=Tog Aot (_)
OB =08 S T 303R\T

When log k is plotted against 1/T,

Eﬁ
2.303R
E,=-2.303R x slope

slope=—

Alternatively, let k; and k; be the rate constants for
the reaction at two different temperatures T, and T,

respectively.

gz B [1 1
K 2303R|T, T,

tp = [Aly/2k mol L' s
ty2=0.693/k 5!
tia =1k [Aly Lmol s

Energy Diagrams

Transition State
(Activated complex)

Energy —»

Products
Reaction Coordinate —

1' Transition State H
(Activated complex)

Energy —»

Reactants
Reaction Coordinate ——
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Collision Theory of Chemical Reactions
Low concentration leads High concentration leads Formation of products via
to few collisions to more collisions activated complex
0 o & ﬁ o }

<9
oP & g0/ ¢°* P

mms Products
BETN.  The ¢ and £-Block Elements

General Properties of the Transition Elements (d-Block)

Property Trends

Transition metal ions and their compounds are paramagnetic due to

Magnetic properties
the presence of unpaired electrons in the (n-1)d-orbitals.

Formation of coloured ions Transition metal compounds
moine § @2 =9 2 g
are coloured both in solid state 3 e

and in aqueous solutions due

R L L L
to d-d transitions of unpaired b@& 3 6@@

electrons.

Formation of complex compounds Form a large number of complexes due to large charge/size ratio and
availability of empty d-orbitals.

f-Block Elements (Inner-Transition Elements)

Lanthanoids show +2 and +4
oxidation states in few cases
besides +3.

The compounds of lanthanides
are less basic.

They have less tendency of
complex formation.

(52] CHEMISTRY TODAY | APRIL ‘24

Actinoids show higher oxidation
states of +4, +5, +6 and +7
besides +3.

Their compounds are more )

basic.

‘They have greater tendency
of complex formation.




m Coordination Compounds

Isomerism in Coordination Compounds

Geometrical Isomerism in Square Planar Complexes

Example
e | Cis-Isomer Trans-Isomer
Crystal Field Theory

d-orbitals and Ligands Interaction (Octahedral Complex)

* ¥

de_p

+# d-orbitals pointing directly at axis are
¢ more affected by electrostatic interaction

4 3154,

s Barycentre

kA

(When ligands approach metal from
the axis, splitting of d-orbitals takes place]
B P d orbitals not pomtmg directly at axis are less s

affected (more stabilised) by electrostatic interaction
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m Haloalkanes and Haloarenes

Methods of Preparation of Haloalkanes

® From alkanes

By halogenation
X3, hv, 250—400°C
e From alkenes

R-H R-X+HX * Halide exchange method :

- Finkelstein reaction :

R—CH=CH, —W‘@: R, Dry acetone
R=—CH,—CH,X [X=Br] R—X + Nal ————3 R—I+ NaX

¢ From alcohols - Swarts reaction :

PCl
Fears> R—C1+POCl + HCI RX + AgF —» R—F + AgBr
R—OH————» R—Br +PBr,

LS9 5 r—c1+50,T+HaI

Chemical Properties of Haloalkanes

Nucleophilic Substitution Reactions of Haloalkanes

S M 5 H Sx1 Mechanism
w2 Mechanism ; sp? hybridised
: v g Probability
attack | \ f = ' -Q of attacking
: :."0 i [ 9 9 from top
) :
. Planar and bottom
carbocation ( are equal

o-&—o . )
@ : GH:-@

. oH- @ : ?

C

Transition state

?
C

i : P
l ; H- @ | v ‘\0 o 1,
‘ S olL'o
; CH;- @ i (")
| + @ | @ © ®
‘ H E Enantiomers (Racemic mixture)
. (Inversion takes place) ; 5 (Racemisation takes pace)
Stereochemistry

Compounds having similar physical and chemical properties but differ in the behaviour towards plane polarised
light are called optical isomers and the phenomenon is called optical isomerism.

Compounds that have the ability to rotate the plane polarised light to the right (clockwise) are dextro-rotatory
or to the left (anti-clockwise) are laevo-rotatory. These substances are optically active substances.
In order to exhibit optical activity, an object must be chiral.
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Methods of Preparation of Haloarenes
® By Electrophilic substitution of hydrocarbons

@,CH; i CH; /@,C}l;
+ X+ ——
Dark

¢ From Benzenediazonium Salt :
(Sandmeyer reaction)

ﬂ:’_,@’ﬂ {Gattermann reaction)

I
Kl(ag) 3

mp,
-—> + N, + BF,

t:ln.ﬂmmbom

Chemical Properties of Haloarenes
Nucleophilic Aromatic Substitution Reactions

®  As compared to alkyl halides, aryl halides are very
less reactive towards nucleophilic substitution.

® The low reactivity of haloarenes can be explained
on the basis of :

- Delocalisation of electrons by resonance

S 8

(4) (8) ©) (D) (E)

I:E. Alcohols, Phenols and Ethers

®  Alcohols are hydroxy derivatives of hydrocarbons,
formed by the replacement of one or more hydrogen
atoms by a corresponding number of hydroxyl
groups (-OH).
R—H -2, R—OH
Hydrocarbon -H Alcohol

The haloarenes are stabilised by resonance.
Structures B, C and D show a double bond
between carbon and chlorine (halogen) atom
which strengthens the bond and makes it more
stable towards nucleophilic substitution.

— Difference in hybridisation of carbon atom in
C-X bond : The sp? hybridised carbon of aryl
halide is more electronegative than that of sp®
hybridised carbon of alkyl halide. Hence, the
C-X bond is shorter and stronger resulting in

lower reactivity.

Electrophilic Substitution Reactions

Halogenation :

o]

) va mmre, @ @«

e

1,2-Dichlorobenzene

1,4- Dldllnmbcnune (Minor)
(Major)
Nitration :
cl
Cone. H,50, NO,
Cone. HNO;
1-Chloro-2-nitrobenzene
{Minor) NO,
1-Chloro-4-nitrobenzene
(Major)
Su.lphonation i

©mm @,so,ﬂ @

2-Chlorobenzenesulphonic
add (Minor) SO’H
4-Chlorobenzenesulphonic
acid (Major)

The compounds in which hydroxyl group is
attached to a saturated carbon atom are called
as alcohols. However, if a hydroxyl group is
attached to a benzene ring, the compound is called

as phenol.
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Methods of Preparation of Alcohols

®  From alkene:

H;
CH;—CH=CH, —— 22> CH,~CH—CH,
H;50, (I)
H

® From aldehydes or ketones :

rRCOR Rediclony,  peHOHR

Ketone ~ Fa/Nior 2° alcohol
Reduction

RCHO —— RCH,OH
1° alcohol
® By hydroboration oxidation of alkenes :
3RCH=CH, B0 Ty ooy o) 8

H:0: Oy 3 pCH,CH,OH + B(OH),

Chemical Properties of Alcohols
Reactions Involving Cleavage of 0—H Bond

R—O H+ B —‘R—O. + B—H
Alcohol Base Alkmdde ion Protonated base
¢ Ester formation :

Conc. H,50,

Il
R—C—O—H+H—0—F

RCOOF + H,0

The order of ease of formation of ester :
CH30H > 1° > 2° > 3° alcohol
¢ Reaction with acid chlorides :
R'CO{Cl+H|- R — R'COOR+HCI
Acid chloride Ester

Reactions Involving Alcohol Molecule
as a Whole

® Dehydration of alcohols :

H,80,
—ax > C:H:0S0,0H + H,0
Ethyl bydrogensulphate
)
CH,CH;OH —%} CH,=CH, +H,0
Ethylene
H
Tﬁ) CH,OCH; + H,0
Diethyl ether

® Action of copper : When vapours of 1°, 2° and
3¢ alcohols are passed over hot reduced copper at
300°C, they give different products.

D CHEMISTRY TODAY | APRIL"24

Chemical Properties of Phenols

Electrophilic Substitution Reactions of Phenols
The hydroxyl group in phenol is 0- and p- directing and
it activates the benzene nucleus towards electrophilic
substitutions.

® Sulphonation

OH
SO,H
15-20°C

OH | ’
o-Phenolsulphonic acid

OH

Conc. H,50,

100°C 3

SO;H
p-Phenolsulphonic acid
® Nitration
OH OH OH

dil HNO, NO,
1520°C +

0- nitrophenol NO.
2

p-nitrophenol

® Reimer-Tiemann Reaction
Phenol reacts with chloroform and aqueous
alkali followed by hydrolysis to yield a hydroxy
benza.ldehyde

CHO
TaOH and H7H,0” u m,o

Chemical Properties of Ethers
® Action of diL. H,S0,:

CH,0CH, 2150y 5cH,0H

® Action of conc. H,80, :
R—OR + conc. H,50, — 2RHSO,
® Action of PCl;:
R—O—R + PCl; 2 2RCl + POCL,
®  Action of acid chloride and acid anhydride :

R—0—R+ CH,COCl W’ RCl + CH,COOR



Preparation of Aldehydes and Ketones

l:!:‘ Aldehydes, Ketones and Carboxylic Acids

Oxidation of alcohols : [ Reduction of nitriles :
i
RCH,OH +[0] M= 220 RC=N-DMET 2, RcoR
H,0 +RCHO @ 50"
Gattermann-Koch reaction
R,CHOH + [0] Lﬁ.m CHO
i ___coHa
H0+ R—C—R |[\jaehea Akyd A, o)
y
Reducti Tvai 1k H || From alkynes:
e ysis of : and - 8 gmso,
aa, Ketones 1g50, K > RCHO
N —_=C— - or
RCH=CHR+0, 5t> RCFI‘C\(?HR e=x BH,THF _ RCOR
0-‘;_.."0 Etard reaction :
RCHO + Zn0 2280 | cH, cHO
LG0,0,C5
2HO"
Rosenmund reduction : Friedel-Crafts acylation reacctoioRn
Pd-BaSO,. 5,
RCOCI+H, -
Hy et > RCHO + HC | | @ A:)?,?Eq @’

Chemical Reactions of the Carbonyl
Group
Nucleophilic Addition Reactions

. :C=O NaHSO, ),OSOZNa

~OH

Bisulphite

__~ () RMgX R

. :C—OW ~OH
Alcohol

Nucleophilic Addition-Elimination Reactions

Aldol Condensation
OH R O
a N g1 nion L. L. |
2R—CH,—C—H4-MOMyp_ 1y —CH—CH—C—H
R o Add
1l -H,0
R—CH,—CH=C—C—H<
@,B-Unsaturated aldehyde
Cannizzaro's Reaction
® Aldehydes containing no o-hydrogen atom on
warming with 50% NaOH or KOH undergo
disproportionation ie., self oxidation-reduction
known as Cannizzaro’s reaction.

o =02, —nn
- wa Imine 2HCHO + NaOH 22%N2OH, o0 0Na + CH,0H
e =0 AN -2 Se=N-z 2C¢H;CHO + NaQH 2% N0t
wa C¢H;COONa + CgH;CH,0H
Methods of Preparation of Carboxylic Acids
RCHO Didation 1o
Aldehyde  KaCriOy + il H;50, «—2 __ rcoct
or Fehling’s solution ox () OHALO Acyl halide
Tl g W
HO
2 (rCO)LO
RMgx D2 by b oo
Grignard reagent @ F0"
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Chemical Reactions of Carboxylic Acids

" Reactions im.'t;lv.ing.cieavage

of C—OH bond :
RCOOH/H', A i
oA PRCONO |,
i Anhydride Reactions involving cleavage
R‘O]-[lﬂ-[' i of O0—H bond
o T)RCOOR’ i Na
e L: A 2 Ester  :: »RCOONa + H
/ :|R—C+OH i NaOH 2
ar) (L |y peoq 0 [ 01 5 RCOONa + H,0
(Gl ) | or SOCL i pyrdine 4 chloride & : 4 NajcO 2
. Reactions ) |R— _OTH ——23» RCOONa + CO,+H,0

A i i
\\ L M=% 5 ks NalCO, :
WG “ho BCONH, 4 '3 RCOONa + CO, + H,0

| A— !

 Ring substitution in aromatic acids ! ! Reaction involving >C= 0 group
‘ COOH | g ‘
Br, & i | » (i) LiAlH fether or B,H/ether H
coon| [ (G, [bon TR renon
M COOH i 'Reaction invol\;iﬁg —COOH grnup :
Conc. HNO, _ : g i
Conc H30. A~ | NaOH and CaO i
: L :
e T NO, : & (Decarboxyiaion) 11 + NazCO, |
BTI. Amines
Amines

Amines are alkyl or aryl derivatives of ammonia. When hydrogen atoms of ammonia are replaced by one, two or

three aromatic rings, they are called as 1°, 2° and 3° aryl amines respectively.

Methods of Preparation of Aliphatic Amines

Reduction of nitro compounds :

So/HC or FerHC Hoffmann bromamide degradation :

RNO, ——————— Br,
or H/Pd or LiAlH /ether RCONH,
KOH, A
Reduction of amides : Reductive amination of
LiAlH Jether, H,0 aldehydes or ketones :
RCONH, ——— ————
i i £ Ha/C3HSO0H NH;, Hy/Ni or NaBH;CN __~R

Gabriel phthalimide synthesis : T srcowam O Cap

Reduction of oximes :

c _
O\NH _@KOH@c) | LiAlH,fether
) RCa RCH =NOH
co”

(iii) H*/H,0 or OHTH,0, A or Na/G,H;0H
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ll:. Biomolecules

Carbohydrates

Carbohydrates are defined as optically active polyhydroxy aldehydes or ketones or substances which give
such units on hydrolysis and contain at least one chiral carbon. Most of them have a general formula,
C,(H,0), and were considered as hydrates of carbon from where the name carbohydrates was derived. They occur
naturally in animal and plant kingdom and are composed of carbon, hydrogen and oxygen only.

On the basis of their behaviour on hydrolysis :

Y
(ot ]

Cannot be hydrolysed further. Yield 2-10 monosaccharides on Yield large number of

(CH,0),, where, n=3-7 hydrolysis. monosaccharides on hydrolysis.
e.g., glucose, fructose, ribose, (CsH¢Os),,, where, n=2-10 (CgH,90s),,, where n, = 100-3000
etc. e.g., sucrose, maltose etc. e.g., starch, cellulose, etc.

On the basis of reducing properties :

® Reducing sugars : Contain free aldehydic or ketonic group and reduce Fehling’s solution and Tollens’ reagent.
All monosaccharides and disaccharides having free aldehydic or ketonic group are reducing sugars. e.g., maltose

and lactose.

® Non-reducing sugars : Do not have free aldehydic or ketonic group and do not reduce Fehling’s solution and
Tollens’ reagent. In disaccharides, if the reducing groups of monosaccharides, i.e. aldehydic or ketonic groups

are bonded, they are non-reducing in nature. e.g., sucrose.

Proteins

Proteins are the polymers of about twenty different ct-amino acids connected by a peptide bond.

m The p-Block Elements (Group 15 to 18)
(** This chapter is not part of latest NCERT Textbooks.)

Halides :

@ The electronic configuration of p-block elements
(Group 15 to 18) is n.sznp3 6y =2t07).

General Trends for Group 15 Elements :

Hydrides :

* Bond angle, Thermal stability and Basic strength :
NHj; > PH; > AsHj > SbH; > BiH;

® B.Pt.: PH; < AsH3 < NH; < SbH; < BiH;

® M.Pt.: PH, < AsH, < SbH; < NH,

® Reducing nature : NH; < PH; < AsH; < SbH;
< BiH3

Stability : NF; > NCl; > NBry
Lewis base strength : NI; > NBr; > NCl; > NF,

General Trends for Group 16 Elements :
Hydrides :

Bond angle and Thermal stability :
H,0 > H,S > H,;5e > H,Te

Volatility : H,S > H,Se > H,Te > H,0
Acidic strength and Reducing nature :
H,0 < H,5 < Hy5e < HyTe
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Halides :
e Stability : SF¢ > SeF¢ > TeFg
Oxides :
® Acidic nature :
SO, > Se0, > TeO, > PoO,
S04 > Se03 > TeOy
General Trends for Group 17 Elements :
e Oxidising power : F; > Cl; > Bry > I
e Bondenergy:Cl, >Br;>F, > 1,
e Electron gain enthalpy: Cl > F > Br>1
Hydrogen halides :
e B.Pt. and M.Pt. : HF > HI > HBr > HCl

® Dipole moment, Bond dissociation energy and
Thermal stability : HF > HCI > HBr > HI

e Bondlength, Acidicstrength and Reducing nature :

HF < HCl < HBr < HI

Oxoacids of halogens :
® Acidic strength :

HCIO < HCIO, < HCIO; < HCIO,
HOCI > HOBr > HOI
HCIO; > HBrO; > HIO;

General Trends for Group 18 Elements :

e M.Pt., B.Pt., Ease of liquefaction, Solubility,
Adsorption and Polarizability : He < Ne < Ar <
Kr < Xe

® Thermal conductivity : He > Ne > Ar > Kr > Xe

m Principles Related to Practical Chemistry
(*** This :Ilaptgr is newly introduced in NEET syllabus from the year of 2024.)

Colours of Beads in Borax Bead Test

Colour of bead in oxidising Ion

flame indicated

Copper
Pinkish violet in both hot and cold = Manganese

Green in hot, blue in cold

Yellowish brown in hot and pale  Iron
yellow in cold

Brown in hot and pale brown in | Nickel
cold

Distinction Test

Test |  Aldehyde | Ketone

Tollens’ test Gives shiny silver x
| mirror |

Fehling's Gives red ppt. x
solution test | |
Schiff's reagent test | Gives pink colour | x |
Reduction with Reduced to 1° Reduced to
LiAlH, alcohol 2°alcohol
Peroxy acid (Caro’s | Acid is formed. | Esteris
acid, peroxy benzoic formed.
acid)

Enthalpy of Solution of CuSO,

It is the heat change involved during the dissolution of

one mole of a solute in such a large excess of solvent so

that no further heat change occurs on dilution.
CuSO,(y + Hy,0 —> CuSO0y

Dissolution of CuSO, in water is exothermic. The

enthalpy of solution of Cu$Qy, is calculated from the
highest temperature attained during its dissolution.

: If dissolution of w g of CuSO, in 200 g
solvent (water) causes At °C change in temperature,

Heat evolved () = Mass x Specific heat x
Change in temperature

q=(200 + W) x 4.2 x At]

I Test | Phenol . Alcohol

Blue litmus | Turns red x
| test | !

FeCl; test Gives blue, violet, green or x

red colouration Calats

Azo dye test | Forms orange-red colour dye x

:Zr:t-water Gives white ppt. then

| Test | Phenol | Carboxylic acid

NaHCO, test x Gives brisk effervescence
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CATEGORY-I (Q. 1 to 30) 4.

Carry-1 mark each. Only one option is correct.
Negative marks : 1/4.

The correct order of the spin-only magnetic
moment of metal ions in the following low-spin
complexes, [V(CN)4]*", [Fe(CN)¢J*", [Ru(NH,)s]**,
and [Cr(NH,)¢]*, is

1. Which of the following structures is enantiomeric (a) T > Ru® > Fe®' » V2

with the molecule (A) given below?
H
| CH,

HsC,” “Br

(A) 5.

CH,
| H
P
Br “C,H,

H
I(CZHS

H,C” “Br
H

© | #Br «

H,C” VC,H

(a) (b)

r
o

H,C;” “CH,

The following tripeptide can be synthesized from

the following amino acids :

HO Me

(a) Glycine, Leucine and Alanine

(b) Alanine, Isoleucine and Glycine

(c) Valine, Alanine and Glycine

(d) Alanine, Serine and Glycine

The threshold frequency of a metal corresponds to
the wavelength of x nm. In two separate experiments
‘A’ and ‘B, incident radiations of wavelength

1 1
- %o and Pl respectively are used.

The ratio of kinetic energies of the released electrons
in experiment ‘B’ to that in experiment ‘A’ is

(a) % M2 @4 (@3

H o
H;N N/x\rrNJOH 6.
fHO

(b) V¥* > Ro* > ¥ > ™

(c) Cr**>V* > Ru® > Fe**

(d) V¥* > Cr** > Ru** > Fe**

At 35 °C, the vapour pressure of CS, is 512 mm Hg

and that of acetone is 344 mmHg. A solution of CS,

in acetone has a total vapour pressure of 600 mmHg.

The false statement amongst the following is

(a) heat must be absorbed in order to produce the
solution at 35°C

(b) a mixture of 100 mL CS, and 100 mL acetone
has a volume < 200 mL

(c) CS,and acetone are less attracted to each other
than to themselves

(d) Raoult’s law is not obeyed by this system.

The major product of the following reaction is

(1) KOH(aqueous)

(2) CrOy/H*
Br (3)H,S0,/A
O (o}
(a) (b)
B HO
(]
(c) [C
HO Br
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7

10.

11.

H,0 + H,PO, = H;0" + H,PO;, pK, = 2.15

H,0 + H,PO; =2 H;0" + HPO}, pK, = 7.20
hence pH of 0.01 M NaH,PQ, is

(a) 935 (b) 4675 (c) 2675 (d) 7.350
The charge/size ratio of a cation determines its
polarizing power. Which one of the following
sequences represents the increasing order of the
polarizing power of the cationic species,

K*, Ca’*, Mg?*, Be®*?

(a) Ca®* <Mg® <Be' <K'

(b) Mg™* <Be** <K* < Ca®

(c) Be?* <K' < Ca™ < Mg™

(d) K* < Ca® < Mg® < Be**

HC CH;  pa
—>A Ajs
nd Y CH,
H:C CH, €l HC  CH,
H3C & HiC
HC (I a
(c) cH, (@ CH;
HyC i HyC
CH; 3 HyC CHj

Complex X of composition Cr(H,0)Cl, has a spin
only magnetic moment of 3.83 BM. It reacts with
AgNO; and shows geometrical isomerism. The
IUPAC nomenclature of X is
(a) tetraaquadichloridochromium(IV) chloride
dihydrate
(b) hexaaquachromium(lII) chloride
(¢) dichloridotetraaquachromium(IV) chloride
dihydrate
(d) tetraaquadichloridochromium(III) chloride
dihydrate.
Which of the graphs shown below does not
represent the relationship between incident light
and th‘e electron ejected from mftal surface?
4

£ g
= =
@ 2 ® =
X B
—_—
o Energy of light @ Intensity of light
-l
- ]
I 3
© : @
4
o =
Frequency of light L Frequency of light
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12.

—
wn

Acetic acid dimerizes when dissolved in benzene.
As a result, boiling point of the solution rises by
0.36°C, when 100 g of benzene is mixed with
‘X gofacetic acid. In this solution, if experimentally
measured molecular weight of acetic acid is 117.8
g mol™ and molal elevation constant of benzene is
2.57 K kg mol™', what is the weight % and degree of
dissociation (in %) of acetic acid in benzene?

(a) 1.65and98.0 (b) 0.81 and 98.3

(c) 0.5and 86 (d) 1and 98.3

. The major product formed in the following reaction

1s

G Oy ~CH,

H,CAH +

OH O

dil. NaOH 3

(a) H,C

(b) H,C MH

() H H,C

OH

o}
oCT BT

4. In the hydrolysis of a salt of weak acid and weak

base, the hydrolysis constant K}, is equal to
2 (d) KK,

GE B B
e x, kK,

a a

. Using MO theory predict which of the following

species has the shortest bond length?

@07 O] (0; (d) oy

. The electronic configuration of an element is

1%, 257, 2p6, 3% 3p3. What is the atomic number of
the element which is just below the given element

in the periodic table?
(a) 34 (b) 49
(c) 33 (d) 31

7. Consider the given plots for a reaction obeying

Arrhenius equation (0°C < T < 300°C) : (kand E,, are
rate constant and activation energy, respectively)



18.

19.

20.

21.

22.

E ee)
1 i

Choose the correct option.

(a) Iis right but IT is wrong.

(b) Both I and II are wrong.

(c) Iis wrong but II is right.

(d) Both I and II are correct.

A radioisotope has a t,;, of 10 days. If today 125 g of

it is left, what was its weight 40 days earlier?
(a) 600g (b) 1000g (c) 1250g (d) 2000g

The aldehydes which will not form Grignard

product with one equivalent Grignard reagent are

CHO
e}
HO
Y
HO,C

HO
H,CO
HO
HOH,C

(a) (C,D) (b) (B,D)

(c) (B,C,D) (@ (8.0

20 mL 0.1M acetic acid is mixed with 10 mL 0.1 M
solution of NaOH. The pH of the resulting solution
is (pK,, of acetic acid is 4.74)

(a) 3.74 (b) 474 (o) 574 (d) 6.74.
Which of the following grouping represents a
collection of isoelectronic species?

() N*,F, Na"* (b) Ca™, Cs",Br

(c) Be, A", CI (d) Na*, Ca™, Mg

For the below given cyclic hemiacetal (X), the

correct pyranose structure is
C—H |
HO— (I: -0 0

H— (Ii —OH
HO-— (|3 —H

.

(I:HZOH
x)

HO—

23.

9

[¥]
wn

26.

o. OH

@m

OH

0. OH
HO

‘What is the product X in the fo]]owmg reaction?

HO

(C) OH
HO

(d) xis H/\;/\'< H

D

. The rate of a chemical reaction doubles for every

10°C rise of temperature. If the temperature is
raised by 50°C, the rate of the reaction increases by
about

(a) 10 times
(c) 32 times

(b) 24times
(d) 64 times.

. What would happen when a solution of potassium

chromate is treated with an excess of dilute nitric
acid?

(a) Cr** and Cr,0% are formed.

(b) Cr,03 and H,0 are formed.

(c) CrOi_ is reduced to +3 state of Cr.

(d) CrOE’ is oxidised to +7 state of Cr.

Which of the following statements about colloids is

false?

(a) When excess of electrolyte is added to colloidal
solution, colloidal particle will be precipitated.

(b) Freezing point of colloidal solution is lower
than true solution at same concentration of a
solute.
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27.

28.

29.

30.

(c) When silver nitrate solution is added to
potassium iodide solution, a negatively charged
colloidal solution is formed.

(d) Colloidal particles can pass through ordinary
filter paper.

Diamond and graphite are shown to be allotropic
forms of carbon by the fact that

(a) diamond is hard but graphite is soft

(b) diamond is transparent while graphite is opaque
(c) they have different crystal structures

(d) both form CO, when burnt.

At 90 °C, pure water has H,0" ion concentration of
10 mol/L. The K, at 90 °C is
() 16° 1™ (© 1" @’

Adsorption of a gas on a surface follows Freundlich
adsorption isotherm. Plot of log L versus log p
m

gives a straight line with slope equal to 0.5, then

(x/m is the mass of the gas adsorbed per gram of

adsorbent)

(a) adsorption is proportional to the pressure

(b) adsorption is proportional to the square root of
pressure

(c) adsorption is proportional to the square of
pressure

(d) adsorption is independent of pressure.

The structure of Nylon-6 is
H

(0]
gy %— ﬁ 1

(Mmek—g—$L

8]
@ [ | 1
C—(CHy)s— N &

i 1
@ ~[C —(CH,)s— N];,

CATEGORY-II (Q. 31 to 35)

Carry-2 marks each. Only one option is correct.
Negative marks : 1/2.

31.

@

Consider that a d° metal ion
(M*) forms a complex with
aqua ligands, and the spin only
magnetic moment of the
complex is 490 BM. The
geometry and the crystal field
stabilisation energy of the A
complex is
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33.

3.

w
o

(a) octahedral and - 2.4A, + 2P
(b) tetrahedral and - 0.6 A,
(c) octahedral and - 1.6 A,
(d) tetrahedral and - 1.6 A, + 1P

. A 1% solution of KCI (I), NaCl (II), BaCl, (III) and

urea (IV) have their osmotic pressure at the same
temperature in the ascending order (molar masses
of NaCl, KCI, BaCl, and urea are respectively
58.5, 74.5, 2084 and 60 g mole'l). Assume 100%
ionization of the electrolytes at this temperature.
(a) I<II<II<IV (b) MI<I<II<IV

(c) I<II<II<IV (d) II<IV<I<II

Which of the following is not a correct statement

for primary aliphatic amines?

(a) Primary amines can be prepared by the Gabriel
phthalimide synthesis.

(b) Primary amines are less basic than the
secondary amines.

(c) The intermolecular association in primary
amines is less than the intermolecular
association in secondary amines.

(d) Primary amines on treating with nitrous acid
solution form corresponding alcohols except
methyl amine.

The standard (reduction) electrode potentials for
metal-metal ion (M/M?*) electrodes P, Q, R and
§ are respectively - 0.44 V, + 0.34 V, - 0.76 V and
-0.25 V. The increasing order of their reducing
capacities is

(a) P<R<§<Q
(c) Q<S<R<P

(b) Q<S<P<R
(d) P<R<Q<S§

.20 mL of 0.1 M NH,OH is mixed with 40 mL of

0.05 M HCL. The pH of the mixture is nearest to
(Given : K,(NH,OH) = 1 x 107%, log 2 = 0.30,
log3=0.48,log 5=0.69,log 7 =0.84, log 11=1.04)
(a) 3.2 (b) 4.2 (c) 52 (d) 6.2

CATEGORY-III (Q. 36 to 40)

Carry-2 marks each. One or more options are correct.
No negative marks.

36. Which

of the following easily undergo(es)
nucleophilic substitution by Syl mechanism in
butanol?

(a) C4H;CH,Br
(c) (CH,);CBr

(b) BrCH,CH=CH,
(d) (CH,),CCH,Br

7. Two gases X (Mol. wt. My) and Y (Mol. wt. My;

M, > M,) are at the same temperature T in two
different containers. Their root mean square
velocities are Cy and Cy respectively. If the average



kinetic energies per molecule of two gases X and
Y are E, and E, respectively, then which of the
following relation(s) is (are) true?

(a) Exy>Ey (b) Cy>Cy

(€) Ey=Ey= g}zr (d) Ey =Ey= %kﬂr
38. The hemiacetal form of glucose is indicated by
(a) reaction with (CH;CO),0
(b) oxidation with Tollens’ reagent
(c) reduction with HI/P
(d) glycoside formation.

39. The energies of activation for forward and reverse
reactions for A, + B, — 2AB are 180 k] mol ' and
200 k] mol™ respectively. The presence of a catalyst
lowers the activation energy of both (forward and
reverse) reactions by 100 k] mol™'. The enthalpy
change of the reaction (A, + B, — 2AB) in the
presence of a catalyst will be (in kJ mol™)

(a) 20 (b) -20
(c) 380 (d) -380

40. The correct sequence of reagents for the following

conversion will be

Of HO\ ,CH,
HO;CH,
CHO CH
(a) CH,MgBr, [Ag(NH,),]*OH", H*/CH;0H
(b) [Ag(NH,),]*OH", CH,;MgBr, H*/CH;0H
(c) [Ag(NH,),]"OH", H"/CH,OH, CH,;MgBr
(d) CH,MgBr, H'/CH,OH, [Ag(NH,),]"OH"
SOLUTIONS
1. (a) : Structure (a) is enantiomer of molecule (A)

because in this, the configuration of two groups, i.c.,
CH, and C,H is reversed at the chiral carbon.
(o]

2. (c):
Valine -2H,0
0
H,N<, Il I
cl':ﬂ C HN—(;:HCHNCH,—C—OH
CH CH,
N
CH,; CHy

3. (d):E=Wy,+KE [-E:krc]
o i " he —hC+KE
experiment N xl2_ e E.
K>E‘=2]17C_E=E
x x X
hc  he
In i t ‘B, —=—+K.E.
experimenl /4
(g She_he_3he

x x x
Ratio of kinetic energies of the released electrons in
3helx _

ex‘penment ‘B’ to that in experiment ‘A’ =
helx

4. ) : [V(CN)G]* ie, V¥ = 3d°
Magnetic moment

W) =33+2) =V15=387BM.
[Fe(CN)¢]* i.e., Fe’* = 3d°
Unpaired electron = 0; p = 0
[Ru(NH,)ﬁlA+ ie, Ru* = 4d°; Unpaired electron = 1

p=Jli+2)=v3=173
[Cr(NH,)¢)** ie, Cr* = 3d%
Unpaired electrons = 2 (.t;g e: )

p=p=12+2)=V8=283

Thus, the correct order is, V2* > Cr** > Ru®* > Fe?*

5. (b) : Mixture of pure CS, and CH,;COCH; shows

posilive deviation from Raoult's law. For such solution,
>0 and AH,

mmng muung

’élr KOH,,,, g

(aér-{
som, J:J)A ' 5
CI'O/H
Br Br
KY el
Br

7. (b) : H,PO, is amphiprotic.
H,PO; + H,0 =>H,PO, + OH"
H,PO; + H,0 =>HPO] + H,0*
pK;+pK, 2.15+7.20

H="—"—""%=——=4675
= 2 2

OH

)
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8. (d): High charge and small size of the cations
increases polarisation,
As the size of the given cations decreases as
K> Ca™ > Mg™ > Be™
Hence, polarising power decreases as
K* < Ca™ < Mg™* < Be™*

HC CH, .

GH,CH, { a
CH, CH, 1
CW
CHY Hs

10. (d) : Magnetic moment (i) of X (Cr(H,0),Cl,)
=383 B.M.

9. (a):
o, CH,

ie, p=,fn(n+2)

3.83= ,fn(n +2)

= n=3
Therefore, Cr is in +3 oxidation state and the formula of
complex X will be Cr(H,0),Cl,.
As complex shows geometrical isomerism. Therefore
the formula of complex is [Cr(H,0),Cl,] CI-2H,0.
Due to presence of Cl” in ionisation sphere, it reacts
with AgNO,.
The IUPAC name of the complex is tetraaquadichlorido-
chromium(11I) chloride dihydrate.
11. (¢)
12. (a) : AT, =0.36°C
Mass of acetic acid =“X" g
Mass of benzene = 100 g
Experimental molar mass = 117.8 g/mol
K, =2.57 Kkg mol™

_ normal molar mass _ 60

= ——=—-=051
observed molar mass  117.8

N X 1000
J;—-lK,,m-(.'I.E»l><2.57)-<60 100

D36 0STRESTH = X =200
6 0.51x2.57

X=165¢g
Thus, % of acetic acid = 1.65 %
Degree of association
1-i 1-051 049
o= = =

= =" =098 e, 98%
N T

n 2
(66)
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13. (a) :
o H, 0 QHZ
v
dil. NaOH
O .
g Cf o pme
CH;, H
CH,

4. (0) : K, = Ky
Ke ) Kb
where, K, = ionic product of water, K, and K, are
dissociation constants of the weak acid and base
respectively.
15. (a) : O : (c1s)%(0*1s)(028) (0" 25 (02p,) (2 p,)?
= (@2p,)’
. 0=
2
3 (ms)z(cr'1s)’(r:zs)2(cs'2s)2(cr2p,)2(fr2.s»x)’2 ,
=(n2p,)" (n*2p,)
B.O=u=2.5
2
0; : (15)X(0*15) (025 (0" 2)(02p Y (m2p,)
= B 2 _ gty
g =(n2p)" (*2p,)" = (n 2p,)
. B.O= =15
2
07 : (o15)*(6*15)(025) (0% 25) (a2p, ) (n2p)?
= (n2p P (m*2p,) = (w*2p, )

_10-8_

~ B.O 1.0

1

“ B.O s ————
Bond length

£ D? has the shortest bond length.

16. (c)
17. (d) : According to Arrhenius equation, k = AeE/RT

On increasing the value of E,, k is decreasing. So, curve
Lis correct.

On increasing temperature (T), k is increasing. So,
curve II is also correct.

40 1
18. (d): n=—=4,125g=—
() :n=_0 g 24lel

or [Ag] =2000g.



19. (b) : 20. (b) : Number of moles of NaOH in 10 mL
o _oxwo_ o
C—H = =
HOR-ng | 1000 3 0.1x20
(A) -7 R ¥ Mg Number of moles of acetic acidin 20 mL= =0.002
e, O 1000
product When NaOH is added to acetic acid, sodium acetate is
CHDR-MgX formed.
(B) g = CHO CH,COOH + NaOH — CH,COONa + H,0
HO,C 1 mol 1 mol 1 mol 1 mol
+ +R—H e iy i o 0.001 0.001
hesi T .{ — 0 ). .|
XMgO,C reaction = 0.001
CHO According to Henderson's equation
= o =4. og
H,CO o PR=PRa 0B ) ® (0.001]
| pH=4.74
G X 21. (a)
P . (a
Rt ME\OH ;
H,CO o
> Grignard product HO ?‘Z H
HO—C—H C

@’ g, 2.@: u—clon
HOHZC CHO _—
XMgOH,C H—C—

\WIN(S[CIRIA W B L E MW E)

Unscramble the words given in column | and match them with their explanations in column 1.

1. (a)
2. INCIAO (b)
3. LEMITSGN (C]
4. ROTECLESMOOSIS (d)
5. ALSYSIDI [
6. UTGNTSNE (]
7. AIMOCIE (9)
8. ERMUCRAITNO (W]
9. EDUCNU 1)
10. EDURTCNOE 0

Column Il

It is an alloy of Fe, Ni, Al and Co which is used for making permanent magnets.

A phenomenocn in which the molecules of the dispersi dium are allowed to move under
the influence of an eladiric field wh lloidal particles are not allowed fo move.

The p of ing the particles of colloid: ﬁomﬁmofuymlbldlbydlﬁunonuf
the mmm fhrough a pan:hment or an animal membrane.

It is an effective parfial pressure which replaces the mechanical partial pressure in an accurate
computation of chemical equilibrium.

The process of exroding a metal by redudion of its axide with carbon (in form of coke,
charcoal or carbon monoxide).

The f tion of Hg () derivatives of aromatic compounds by direct substitution.
Adistinct kind of atom or nudeus characterised by a specific number of protons and neutrons.
It is the transition metal with highest melling point.

A mercury compound which is used for making a reference elecirode.

A special dass of organic compounds that contoin o carboxyl group adjacent to the enediol
group.

Readers can send their responses at editor@mtg.in or post us with complete address by 10" of every month.

Winners' names and answers will be published in next issue.
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23. (b) : Br is better leaving group than CI” hence

OH y
x) /iv\;i/Cl is formed by $,2 mechanism
H
D D
involving replacement of Br by OH".
Rate at 50°C 0 5 .
24. (¢) s —————=210 =27 =32 times.
Rateat T; C
25. (b) : Dilute nitric acid converts chromate into
dichromate and H,0.

2K,CrO, + 2HNO, — K,Cr,0, + 2KNO, + H,0
+
==Cr,02 +H,0

Orange

26. (b) : Freezing point of colloidal solution is higher
than true solution at the same concentration of a solute.
27. (d) : Diamond and graphite are the allotropes of
carbon because both on burning produce CO, and thus
show similar chemical properties.

28. (c) : In pure water, [H;0"] = [OH']

Hence K, =10 x10°= 10"

or, 2Cr024_
Yellow

29. (b) : 1og(i)= 1 1og(p)+logks X =rp!?
m) 2 m

Hence, adsorption is proportional to the square root
of pressure.

30. ()

31. (b) : The spin only magnetic moment is 4.90 B.M.
which indicates that the number of unpaired electrons
is four (1 = 4) from the formula B =yn(n+2) BM.
For M** ion (d%) : (111 1] the two possibilities

are:

Octahedral Tetrahedral
< eg < EINEI
([1]1] 2, ¢
CFSE=-0.4A, CFSE=- 064,
32. (d) : 1% solution means 1 g of the solute is presentin
100 g of solution.

The values of R and T are same for all the solutes. However, all
of them undergo 100% dissociation.

. Mecix C;m=iCRT
2, e =2, g, =3 and iy, =1

1/74.
Cier = "100 x1000=0.13; Teq=2x0.13=0.26

@

ixa =
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1/58.5

Nacl = x1000=0.17;

My =2%0.17 = 0.34
1/208.4
Chact, = "1 S x1000=0.048;

Tigpc, =3 % 0.048 = 0.144

1/60
:l—xlo[)[) 0.16; m, ,=1x016=0.16

urea

- Tgact, < Murea < Mg < Tract
or M<IV<I<IL

33.(¢) : As primary amines
intermolecular association (due to H-bonding) is more

contain 2-H so

in primary amines as compared to secondary amines.
34. (b) : More negative the reduction potential of a

metal, higher is its reducing capacity. Therefore, the
increasing order of reduction capacities is

Q < § < P < R

4034V -025V -044V -076V
35. (c) : HCl + NH,OH — NH,CI + H,0
No. of millimoles 2 2 - -
initially
No. of millimoles 0 1] 2
after reaction
[NH,Cl]= No. of millimoles _ 2 _ 1

Total volume (inmL) 60 30
For salts of strong acid and weak base,

1 1
pH= E[pK“.—pK,, —-logC] = E[M—pr—IogC]

1 1
H=7-—pK,-—logC
p 7 PKp=3log

= 7—-—l|og(i) [ pK,=-log(1x 107 =5]

=7- 25+llog(30) 7-25+1 Sli+048]

=7-25+074=524
36. (a, b, ¢, d)
all options are correct.
(a) CH
phenyl ring.
(b) CH,—~CHY.CH, <> CH,—CH=CH, is also
stabilised by resonance.

(c) CH;» C—¢CH,

: All form stable carbocations therefore,

JC'H, is stabilised by resonance over the

CH,
is stabilised by +I-effect of -CH, groups.



G
T
(d) CHa—tl:—CHz-fx\a'r%
CH;
Neopentyl bromide
CH CH,
+ R
CHy—C—CH, ———2=5 CH;~C—CH,~CH,
3° carbocation
CH, (more st:bl:)
1° carbocation
(less stable)
37. (b, d) : Average kinetic energy per molecule of gas,
= 3
Ep ==kgT
k 2 B
where, k; = Boltzmann constant

= .28 (- w-%)
]

’3RT 'BRT
Cy=—; Cp = |—
My My

%X%=J’%>l [ My > My]
Cy>Cy
38. (a, d) : Glucose M Pentaacetate
lNHzou derivative
Form oxime lm"zo“
E—— No reaction

Glycoside is functionally acetal which is formed from
hemiacetal.

39. (b) : AHg = Eq— F, = 180 - 200 = - 20 k] mol ™!

(o) o}
+OH- +
40. (0) : [Ag(NH,),)*OH N H*/CH;0H N
Tollens'reagent esterification
CHO

COOH
9 HO._, CH,
3 moles CH;MgBr
T
- H,C—C—CH,;
[s] 3 |
OH
®e®

Chemistry
abulletin

Puffed-up MOFs for improved drug
delivery

The sponge like structure of Metal Organic Frameworks (MOFs) allows
these polymers to possibly carry and deliver a range of therapeutic
Now, h treated a ch i ining MOF
with a dose of acetic acid, more concentrated than in vinegar, to
expand its pore size and surface area. The puffed-up MOFs held more
ibuprofen or chemotherapy drug compared to the original version
and had improved performance as a potential drug-delivery vehicle.
Taking medications by mouth is a convenient way to administer
pharmaceuticals. However,
this method sometimes
involves ingesting several .
pills per day, or requires
large pills that can be
difficult to swallow. So,
researchers are investigating
how 1o use MOFs for drug
delivery to minimize dosing
frequency and maximize .
weatment efficiency. By Increasing the pore size of this
customizing the polymers'’  Chromium-containing MOF improved

pore sizes and structures, its ability te carry and defiver two
scientists  have  created common drugs: ibuprofen and
nanoscale  vehicles that 5-Auorouracil.

may offer more controlled

and targeted drug release. However, to carry and deliver even more
drug molecules, the pores would need to expand further than current
versions <an. Researchers wanted to optimize an existing MOF and
improve the polymer’s delivery of two common therapeutics of different
molecular sizes: the anti-inflammatory drug ibuprofen and a smaller

d 5 cil, a chemotherapy drug used to treat cancer.
Increasing the pore size of this ining MOF impi its
abilitytocarry and deli drugs: ibuprofenand5-fl "
They started with an established method to synthesize a bi

chromium-containing MOF and added a step with an acetic acid
rinse. The acid caused the polymer’s pores to expand from about 2.5
nanometers (nm) to 5 nm wide. In laboratory experiments to characterize
the MOF's drug-loading capability, the researchers observed that the
puffed-up version took in more ibuprofen and 5-fluorouracil molecules
than the chromium-containing framework with standard-sized pores.
Then, in drug-delivery experiments, they loaded the pore-expanded and
standard MOFs with either ibuprofen or 5-fi il and d how
quickly the drugs passed into a saline solution. They found that the new
frameworks released both drugs substantially faster than the original
ones_ The researchers attributed the higher drug loading and release rates
1o the larger pores and surface area of the expanded framework, which
provides larger “doors” for the drug molecules to enter and exit through.
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How many moles of lead (II) chloride will be
formed from a reaction between 6.5 g of PbO and
32 gof HCI?

(a) 0.339 (b) 0.011 (c) 0.029 (d) 0.044

A microscope using suitable photons is employed
to locate an electron in an atom within a distance
of 0.1 A. What is the uncertainty involved in the
measurement of its velocity?

(a) 5.79x10°cms™  (b) 579x10°ms™"

(c) 579%10°ems™ (d) 5.79x10'° ms™

Na', Mg™, AP* and Si** are isoelectronic ions.

Their ionic size follows the order

(a) Na* < Mg>* < AP < §i*

(b) Na* < Mg™* < AP* > §i*

(c) Na*<Mg™* > AP > §i*

(d) Na* > Mg>* > AP > §i**

Mark the incorrect statement in the following:

(a) The bond erder in the species O,, Oz" and 0,"
decreases as O, > 0,> O,

(b) The bond energy in a diatomic molecule always
increases when an electron is lost.

(c) Electrons in antibonding M.O. contribute to
repulsion between two atoms.

(d) With increase in bond order, bond length
decreases and bond strength increases.

For the reaction, CaCOjy,, v= CaOy,, + CO,,
partial pressure of CO, at 1000 K is 0.003 atm.
AG® = 27.2 keal. Calculate the value of AG.

(a) 12.6 kecal (b) 15.6 keal

(c) 13.4kecal (d) 14.2 keal

If reaction quotient Q, for a given reaction is greater
than K, then reaction will proceed

(a) from left to right

(b) from right to left

(c) in both forward and backward direction

(d) stop, i.e. no net reaction will occur.
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‘Which of the following chemical reactions depicts
the oxidising behaviour of H,S0,?

(2) 2HI + H,80, — I, + SO, + 2H,0

(b) Ca(OH), + H,50, — CaSO, + 2H,0

(c) NaCl + H,80, — NaHSO, + HCI

(d) 2PCl, + H,S0, — 2POCI, + ZHCl + SO,C,

IUPAC name of the following compound is
o}

Il

NC—CHy—C—CH—CH,—CH,—COOH

|

SO3H
(a) 6-carboxy-3-oxo-4-sulphohexanenitrile
(b) 1-cyano-2-oxo-3 sulphchexane-6-oic acid
(c) 7-cyano-5-oxo-4-sulphoheptan-1-oic acid
(d) 6-cyano-5-oxo-4-sulphohexan-1-oic acid.
Arrange the following alkyl bromides in decreasing
order of rates of 5,2 displacement reaction,

o am
i/\ )\)B:/
(Im) (V)

(a) I>1I>I>IV
(c) HI>IV>I>1I1

(b) I>1>1IV>III
(d) MI>IV>II>1

Which among the following compounds are
aromatic in nature?

IOAAGOA

(b) ILTIL, V
(d) All are aromatic.

(a) IL IV, VI
(©) ILIV,V



11.

12.

13

14.

17.

The correct pair(s) of the ambident nucleophiles is
(are)

(A) AgCN/KCN (B) RCOOAg/RCOOK

(C) AgNO,/KNO, (D) Agl/KI
(a) (A)and(C)only (b) (A)only
(c) (B)and(C)only (d) (B) only.

The set of elements that differ in mutual relationship
from those of the other set is

(a) B-Si (b) Be — Al

(c) Li- Na (d) Li - Mg

. A certain orbital has no angular nodes and two

radial nodes. The orbital is

(a) 3p (b) 2p

(c) 3s (d) 2s

A non-reducing sugar “A” hydrolyses to give two
reducing monosaccharides. Sugar A is

(a) sucrose (b) glucose

(¢) fructose (d) galactose.

. The ionic radius of Na” ion is 1.02 A. The ionic radii

(in A) of Mg”* and AI*, respectively are
(a) 1.05and 0.99 (b} 0.68 and 0.72
(c) 0.85and 0.99 (d) 0.72 and 0.54

. Consider the following reactions

P ozonolysis .
A I g
(C;Hyy)
- (I, + NaOH)
B N yellow ppt.
Ag.0 . .
- silver mirror
(1, + NaOH)
s : no yellow ppt.

C LA, - Anbydrous ZaCl,, gives white turbidity

- & Conc. HCl °  within 5 minutes
‘Alis

/I\/\/ (b) SN

O @

. The major product of r_he fo]lowmg reaction is

ZHBr

]
™)

23.

CH,
H,C Br
Br
(a) (b)
Br Br
NO, NO,
o, Br CH,
Br
(c) (d)
Br Br
NO, NO,

. For the reaction, Fe,N(,+ % Hyy ¥=22Fe(, + NH;,

(b) K, = KP(RT)’UZ
(@ Kf:KP(RT)m

(a) K =K, (RT)
() K, = KP(RT)m

. The species that has a spin-only magnetic moment

of 5.9 BM, is (T, = tetrahedral)
(a) [Ni(CN),)*" (square planar)
(b) [NICL*(T,)

(¢) Ni(CO), (T (d) [MnBr, I (T

. The lanthanoid that does NOT show +4 oxidation

state is

(a) Dy (b) Ce (c) Eu (d) Tb

. Among the following species, the diamagnetic

molecule is

(a) B, (b) NO  (0) O, (@) co

. Increasing order of reactivity of the following

compounds for Sy1 substitution is

CH,
(A) >—CH2—C1 (B) Hjc/\CI
CH,
© a
H,CO

(D)©/\Cl

(a) (B) < (C) < (A) <(D)

(b) (B) < (C) < (D) < (A)

() (A)<(B)<(D)<(C)

(d) (B) < (A) <(D) < (C)

‘What would be the molality of 20% (mass/mass)
aqueous solution of KI?

(molar mass of KI = 166 g mol ™)

(a) 1.51 (b) L.OB (c) 1.48 (d) 1.35

CHEMISTRY TODAY | APRIL ‘24

7]



24.

26.

29,

30.

@

Molal depression constant for a solvent is
4.0 K kg mol™". The depression in the freezing point
of the solvent for 0.03 mol kg™ solution of K,S0,
is (Assume complete dissociation of the electrolyte)
(a) 0.36K (b) 0.18 K (c) 0.12K (d) 024K

5. The increasing order of the reactivity of the

following compounds towards electrophilic
aromatic substitution reaction is

Cl CH;, COCH,

W8] (I (1)

(a) (1) < (1) < (1I) (b) (1) < (I1) < (1)

(©) <M< (d) (I1) < (I) < (IIT)

Which of the following is not true about a catalyst?

(a) Mechanism of the reaction in presence and
absence of catalyst could be different.

(b) Enthalpy of the reaction does not change with
catalysts.

(c) Catalyst enhances both forward and backward
reaction at equal rate.

(d) Use of catalyst cannot change the order of the
reaction.

. It has been found that for a chemical reaction with

rise in temperature by 10°, the rate constant is
(a) nearly doubled (b) nearly halved
(c) increases 5times (d) increases 4 times.

. Which of the following cannot be considered as

application of electrochemical series?

(a) Relative strength of reducing agent

(b) Use of SHE in automobile battery

(c) Relative strength of oxidising agent

(d) Spontaneity of redox reaction

Which one of the following solutions will have
highest conductivity?

(a) 0.1 M CH,COOH (b) 0.1 M NaCl

(c) 0.1 MKNO, (d) 0.1 M HCl

An alkyl bromide is formed as the major product on
reaction of 3-methyl-2-butene with hydrobromic
acid under thermodynamic conditions. Which of
the following is the correct [IUPAC name of this
product?

(a) 2-Bromo-3-methylbutane

(b) 1-Bromo-3-methylbutane

(¢) 2-Bromo-2-methylbutane

(d) 1-Bromo-3-methyl-2-butene
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33,

M.

36.

. The arrangement of following compounds

(i) bromomethane (ii) bromoform

(iii) chloromethane (iv) dibromomethane
in the increasing order of their boiling point is
(a) iv<iii<i<ii (b) i<ii<iii<iv
(c) i<i<iv<ii (d)ii<ili<i<iv

. The IUPAC name of the complex

[Co(NH,),(H,0),]Cl, is

(a) diamminetetraaquacobalt(I1I) trichloride
(b) diamminetetraaquacobalt(II) chloride
(c) diamminetetraaquacobalt(I1I) chloride
(d) tetraaquadiamminecobalt(III) trichloride

The standard enthalpy of formation of H,0,
and Fe,Oy, are respectively -286 k] mol™! and
- 824 k] mol™'. What is the standard enthalpy
change for the following reaction?

Fe,0y, + 3Hy — 3H,0,, + 2Fe,)

(a) - 538 k] mol™* (b) +538 k] mol ™"

(¢) - 34Kk mol™ (d) + 34k mol™!

Which of the following reaction is expected to
readily give a hydrocarbon product in good yields?

cl,
() CH,CH,—2>

(b) (CH,),cHCl -2

Electrolysis,

(¢) RCOOK a2y

Oxidation

(d) RCOOAg 25

5. Which one of the following alkenes will react faster
with H, under catalytic hydrogenation conditions?
Ry__4R R__/H
(a) H/—'\ H (b) RI'_'\ o
Ry__,R Ry__/sR
© p— g ) pr—p

(R = alkyl substituent)

Which one of the following is an essential amino
acid?

(a) Methionine
(c) Proline

(b) Tyrosine
(d) Glycine

. The difference between amylose and amylopectin is

(a) amylopectin have 1 — 4 a-linkage and 1 — 6
o-linkage

(b) amylose have 1 — 4 o-linkage and 1 — 6
P-linkage



39.

40.

4

43.

(c) amylopectin have 1 — 4 o-linkage and 1 - 6
P-linkage
(d) amylose is made up of glucose and galactose.

. For the reaction 2N,0, —> 4NO, + O,, the rate

is directly propertional to [N,O;]. At 45°C, 90% of
the N,O; reacts in 3600 seconds. The value of the
rate constant is

(a) 320 x 107* sec’  (b) 3.20 x 107 sec

(c) 640 x 10" sec™”  (d) 6.40 x 107 sec

In which of the following arrangements, the order
is not according to the property indicated against
it?

(a) AI* < Mg™ <Na'<F increasing atomic size

(b) B < C<N <O increasing first jonization energy
(c) I<Br<F <Clincreasing electron gain enthalpy
(d) Li< Na < K < Rb increasing metallic radii

The product in the following reaction is
1. Conc. NaOH,

CHO | Conc.
T—_—>

CHO 2 H.OM'

COOH COOH
e el

COOH CH,0H

COOH COOH
(c) d)

OH CHO

. The relative lowering in vapour pressure of a

solution containing a non-volatile solute is directly
proportional to the mole fraction of the solute. This
statement is called

(a) Henry's Law (b) Raoults law

(c) Knonwaloff’srule (d) Lever rule.

. Consider the following sets of quantum numbers:

| = | i | m | s
(i) 3 0o | o +1/2
(ii) 2 2 | A +1/2
(iii) 4 3 -2 -1/2
(v) | 1 | o | =1 -1/2
V) 3 2 | 3 | +12

Which of the following sets of quantum number is
not possible?

(a) (i), (ii), (iii) and (iv) (b) (iD), (iv) and (v)

(c) (i) and (iii) (d) (i), (iii) and (iv)

n g of substance X react with m g of substance Y
to form p g of substance R and g g of substance S.
This reaction can represented as, X + Y =R + S. The
relation which can be established in the amount of
the reactants and the products will be

46.

48.

(a) n-m=p-q

(c) n=m

(b) n+m=p+gq
(d)p=q

. Which of the following halide shows highest

reactivity towards Sy1 reaction?
(a) CH;—CH,Cl
(b) CH;—CH,—
(c) C¢H Cl

(d) C¢H;CH,Cl

CH,—CH,I

. For a binary solution exhibiting negative deviation

from Raoult’s law;, which of the following set of
conditions is true?
(@) AnicH < ApisHgeaty s BusinS < AcnisStideaty

AixG <0504 < Pagidean
®) ApoH <ApH (et BnS < ApiStugean

ApikG > 05 P4 > Pagdean
(€) A > Ay Higeany s AminS < AyinStieary

ApiG <05 P4 < Pagidea
(d) AnixH < AeHidealy s Amin > BrniSiideaty

AninG <05 P4 > Pagideal)

O<CH2CHJ<‘5— O,CH CH,

1A
O/CHCH, O,CHZCHpH

Schemes A, B, C are respectively

L. acid-catalysed hydration

II. hydroboration-oxidation

IM1. oxymercuration-demercuration
(a) Iin all cases (b) I, IL, 111
(c) ILIILI (d) L L II

7. The number of radial nodes and angular nodes for

d-orbital can be represented as
(a) (n - 2) radial nodes + 1 angular node

= (n - 1) total nodes
(b) (1 — 1) radial nodes + 1 angular node

= (n - 1) total nodes
(c) (n-3) radial nodes + 2 angular nodes

=(n-1-1)total nodes

(d) (2 - 3) radial nodes + 2 angular nodes

= (n-1) total nodes

The oxidation numbers of sulphur in S, S,F,, H,S
respectively, are

(a) 0, +1 and -2
(c) 0, +1 and +2

(b) +2, +1 and -2
(d) -2, +1, and -2
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49.

50.

w
-

54.

74

A dihaloalkane ‘X’ having formula C;H,Cl,, on
hydrolysis gives a compound, that can reduce
Tollens’ reagent. The compound ‘X’ is

(a) 1,2-dichloropropane

(b) 1, 1-dichloropropane

(c) 1, 3-dichloropropane

(d) 2, 2-dichloropropane.

E° values of some redox couples are given below.
On the basis of these values, choose the correct
option.

E°values : Br, | Br = +1.90; Ag* | Ag, = +0.80
Cu® | Cuyy = +034; 1, | 1" =+054

(a) Cu will reduce Br™. (b) Cu will reduce Ag.

(c) CuwillreduceI”. (d) Cu will reduce Br,.

. For the nitration of aniline, which of the following

steps is followed?

(a) Direct nitration using nitrating mixture (conc.
HNO, + conc. H,50,) followed by oxidation.

(b) Using fuming HNO, at 273 K followed by
hydrolysis.

(c) Using NaNO, and HCI followed by reaction
with conc. HNO; followed by hydrolysis.

(d) Acetylation followed by nitration and
hydrolysis.
(1) BH,, THF Cu, 300°C,
; U(z) Hzc;z, on 4 *B
the products A and B are
H, H
o G QL w G
H
OH H
H, H,
(<) i (d) ,
H
H H 0
. @ + CH, — CH = CH, 0% 4 0y
3
B+C

The products B and C are respectively

(a) phenol and acetic acid

(b) phenol and acetaldehyde

(c) benzoic acid and acetone

(d) phenol and acetone.

The correct sequence of bond enthalpy of 'C — X’
bond is

(a) CH,—Cl>CH,—F>CH,—Br>CH,~—1I
(b) CH,—F<CH;—Cl< CH;—Br<CH;—I
(c) CH,—F>CH;—Cl>CH;—Br>CH;—I
(d) CH,—F < CH;—Cl>CH;—Br>CH;—1
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55. Match each coordination compound in List-1 with

u

<3

an appropriate pair of characteristics from List-II

and select the correct answer using the code given

below the lists. {en = H,NCH,CH,NH,; atomic

numbers : Ti = 22; Cr = 24; Co = 27; Pt = 78}

[ List1  ListII

(P) [Cr(NH,),CL]C1 1. | Paramagnetic and
exhibits ionisation

| | | |isomerism

(Q) [Ti(H,0)sCl] (NO,), 2. Diamagnetic and
exhibits cis-trans

| | | _isomerism

(R) [Pt(en)(NH,)CI] NO, 3.|Paramagnetic and
exhibits cis-trans

| | | |isomerism

(S) [Co(NH,),(NO,),] 4. Diamagnetic and
NO, exhibits ionisation
| |isomerism
P Q R S

(a) 4 2 3 1

(b) 3 1 4 2

@2 1 3 4

(d) 1 3 4 2

‘What is the major product formed by HI on reaction
with

CH CH
Sc” T Sch,e
CH;
CH,
f
(a) CH;— (I:— CIH —CH,
CH, 1
™
(b) CH, — ?— ?H— CH,1
CH,H
™
(¢) CH,— (I:— (I:H—CH3
I CH,
(d) CH,— (l:H_ (I:H —CH,—CH,
CH, I

. The hormone that controls the contraction of the

uterus after child birth and releases milk from the
mammary glands is
(a) oxytocin

(c) thyroxine

(b) vasopressin

(d) adrenaline.



58. The maximum concentration of M" ions that can be
attained in a saturated solution of M,50,at 298 K is
(K, =12x107%)
(2) 70x10° M
() 288x 107 M

(b) 3.46 x 107° M
(d) 144x 107> M

(51
D

. Given A° [iAl%) = 63 Q' cm’ mol and
A° %SD? = 80 Q! cm?® mol ™. The value of

A~[AL(S0,),] would be (in Q" cm® mol™)
(a) 143 (b) 206 (c) 286 (d) 858
60. The structure of neo-pentyl group in an organic
compound is
(a) CH;—CH,—CH,—CH,—CH,—
CH,

i
(b) CH,—CH,—CH—CH,—
P
() CH,—(I:—CHZ—
CH,

(d) CH,— CH—CH, —CH,—
|
CH,
SOLUTIONS

1. (c) : The reaction equation is
PbO + 2HCI — PbCl, + H,0.
Molar mass of PbO = 223 g mol ™.

Now, moles of PbO = L. 0.029 mol
223

32
and moles of HCl = —— = 0,088 mol
36.5

1 mol of PbO reacts with 2 moles of HCL
Therefore, PbO is a limiting reagent.
0.029 mol of PbO will produce PbCl, = 0.029 mol

h h

AxAp=— Ax mAv=—

2. (b): AxAp po =
h

An Ax m
6.626x107% Js

= Av=

s
4x3.14%x01%x10 mx9.11x107! kg
=0579x 10 ms ' (1]=1kgm’s %) =579x10°ms".

3. (d): Z forNat = 11, Mgt =12,A" =13
[4
and Si** = 1.4

z . ;
As — 1ncreases, size decreases.
e

(b)
(b):CaCOy;(,, == CaOy, + CO,
= Pco, = 0.003 atm
AG=AG+ 2.3U3RTIOEKP
= 27200 + 2.303 x 2 x 1000 x log 0.003
=15.6 keal. (R=2calmal" K™
6. (b):1fQ,> K, net reaction proceed from right to left.

7. (a) :In the reaction,

+1-1 +146-2 L] +4 +1-2

2HI + HS80, — I, + 80,+ 2H,0
H,S0, oxidises HI to I, and itself gets reduced to SO,
and thus, acts as oxidising agent.

Un e
R

8. (d)
9. (b):The order of reactivity towards S$y2
displacement reaction is
RX > RCH,X > :)a-xx > (RRCX
1 r 3¢ alkyl halides
Hence, correct order is 1> I1> IV > III.
10. (c)

11. (a): —CN and —NO, have more than one electron
donating sites and hence act as ambident nucleophiles.
12. (¢) :Li and Na both are elements of group 1 and do
not show diagonal relationship.
13. (¢) 14. (a)
15. (d):Na*, Mg?*, AI** all are isoelectronic species. So,
greater is the charge, smaller will be the size.
Na*>Mg?t>aPt

Decreasing order of size
So, AP* is the smallest ion and Mg?* lies in between Na*
and AP** ions. Hence, option (d) is correct.

16. (d):
(|:H2—CH,
(o]
CH,—CH=C—CH,—CH;————>CH,CHO
(A) Zn/H,0 8
CH,—CH}N
C=0
CH,—CH;”

)
(B) will give +ve iodoform test and Tollens’ test.
(C) is a ketone which does not give iodoform test as it

does not contain CH;—CO group.
CH;—CHy~  piam, CH,—CH,

c=0—"" >—0H
CH,—CHy” CH,—CH,
©) 2° Aleohol
)

2° alcohols give turbidity within five minutes with Lucas
reagent (anhyd. ZnCl, + conc. HCI).
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CH, CH,
Br r
= (d)@ _HBry ¢ _HBry /¢
18. (¢) :Kp= K(RT) 3
For the given reaction, An, = 1 - 3/2=-1/2
= K@®D™

K= KP( RT)
19. (d): Asmagneticmoment, u=+4/n(n+2) B.M.=59BM.
Hence,n=5

[MnBr,]*” = Mn** = 3d°

d3(T)} is a high spin complex because Br™ is a weak field
ligand.

20. () 21. (d)

22. (d):Reactivity towards Syl substitution depends
upon the stability of the carbocation :

+ +
CH, CH,
CHJ
> >—CH2 >CH3—CH2
+ R-effect Slm;g + [-effect + I-effect
OCH,
Strong
+ R-effect

23. (a) : 20% (mass/mass) aqueous solution of KI means
20 g of Kl is present in 100 g of solution i.e.,

Mass of KI dissolved = 20 g

Mass of solution = 100 g

Mass of water (solvent) = 100 20=80g

=000 kg 0.08 kg
Molar mass of KI = 166 g mol™
No. of moles of KI = _ 08 =0.12 mole
166 g mol™!
Molality s No. of moles of solute . 0.12 mol —
Mass of solventinkg ~ 0.08 kg

24. (a): ATfﬁ szm

K= Molal depression constant = 4.0 K kg mol™

AT, = Depression in freezing point = ?

Molality (m) = 0.03 mol kg ™'

ATf:3 x4x003=3x012K=036K

25. (a)

26. (d):Use of catalyst may change the order of the
reaction as the reaction mechanism in presence of

catalyst could be different than that in absence of it.

76
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27. (a)
28. (b):Use of SHE in automobile battery cannot be
considered as application of electrochemical series.
29. (d):CH;COOH is a weak electrolyte, so does not
dissociate completely and has lowest conductivity.
KNO; and NaCl are salts of strong acids and strong
bases. HCl is a strong electrolyte. H' ion has a smaller
size as compared to Na" and K" ions. Hence, 0.1 M HCI
will have highest conductivity.
30. (¢)
31. (c) : The intermolecular forces of attraction become
stronger with the increase in size of the molecules.
Hence, the order of boiling points will be :
CH,Cl < CH,Br < CH,Br, < CHBr,
(i) @ (iv) (i)
32. (¢)
33. () :Fe;0y¢y + 3Hy = 3H, 0, + 2Fey

A,.H“ ijandnm) i me“Rcamnu)

AH®=3(-286) - (-824) [ AH® for Fe,y, Hygy = 0]
=- 858 + 824 = - 34 k] mol™!

34. (c):When an aqueous solution of sodium or

potassium salt of carboxylic acid is electrolysed,

hydrocarbon is evolved at anode.

2RCOOK —hectrolysis 5 pcoo™ + 2K*

Oxidation ~ " pnode  Cathode
Atanode: 2RCOO™ - 2¢” - R-R +2C0O,
Alkane

35. (a) : The relative rates of hydrogenation decrease
with the increase of steric hindrance. Most stable the
alkene, slowly it undergoes hydrogenation to give the
product. Least substituted alkene is less stable and more
reactive.

Order of stability is :
R R R R H
’ ~ Ve
):a_c mc e \C=C
/c R’ Su’
R JH R H H H
PC\ > C/ >C—C/
H R H “u H “H

Hence, alkene which will react faster with H, is that
which is most unstable.
Ry._ /R fast

< bt o cH - CH.-
BT R R
36. (a) 37. (a)

38. (c) : Given, 2N,0, —2> 4NO, + O,
ro [N,04] ie., first order.



For first order reactions,

k=230, g[A]n =230 10,100 64107 sec
t [A]  3600sec 10
39. (b)

40. (b):It is an intramolecular Cannizzaro reaction.

@CHO 1. Conc. NaOl @COOH
CHO % MO CH,0H
41. (b) 42. (b)
43. (b): X+ Y =R+ §

ng mg  pg qg

n+m=p+gq

by law of conservation of mass.

44. (d) 45. (a) 46. (c)

47. (d) 48. (a)

49. (b): As the obtained compound reduces Tollens’
reagent, it must be an aldehyde. Thus, it is obvious that
both the —Cl atoms are present at C - 1. Hence, the
compound ‘X’ is 1, 1-dichloropropane and the reactions
are as follows :

drol
CH,CH,CHCL, 2248 s oy cH,cH

1, 1-Dichloropropane Unstable
X
Tollen's reagent -H,0
e CH,CH,CHO
Propanaldehyde

CH,CH,COOH + Ag |,

Propanoic acid

50. (d): Cu will reduce Br, and not Br™.

Silver mirror

51. (d):-NH, group is oxidised on direct nitration
hence -NH, group is first protected by acetylation and
then nitration is carried out.

NHCOCH; NHCOCH,
cn,coc:t HNO,

52, (a): (1) BH,, THF o
l2) H,0,, OH™ 300=c
(A)

53. (d)

54. (c) : The correct order of bond enthalpy is
CH, —F>CH; —Cl>CH; —Br>CH;—1

sl

B

55. (b):P: Cr** has 3d” configuration, with 3 unpaired
electrons. Hence, it shows paramagnetic behaviour.
Complex of the type Ma,b, shows cis-trans isomerism.
Q: Ti* has 3d' configuration, hence shows paramagnetic
behaviour. Complex gives CI” and NO; ions in solution
hence, shows ionisation isomerism.

R: Pt™* has 3d® configuration but ligands are strong field
ligands hence, it forms square planar complex. Thus,
all electrons are paired and it also exhibits ionisation
iosmerism.

$: Co™" has 3d° configuration. But, ligands present are
strong enough to cause electron pairing, hence, it shows
diamagnetic behaviour and exhibits cis-trans isomerism
as it is Mab, type complex.
56. (c) 57. (a)
58. (<) : M,SO, == 2M"* + SO
K, = [M')[SO] ] = (25)(s) = 45
o3
or s =[‘2x_m] =1.44x107
4
. Concentration of M* jons = 25 = 2.88 x 10 M
1
59. (d): A°(AP*) = 3/\»[5 AP ]
=3x63=189Q" cm’ mol™
= 1 _
A°(s0i")=2A°{ =50
( 4 ) {2 4
=2x80=160Q" cm’ mol™
ATIAI(SO,);] = 2 A%AD) + 3A°(505 )
=2x189+3x 160 =858 Q"' cm’ mol™
60. (c)
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INDIAN ECONOMY

78

Gross Goods and Services Tax (GST) revenue
collected for February 2024 is ¥1,68,337 crore,
marking a robust 12.5% increase compared to that
in the same month in 2023. This growth was driven
by a 13.9% rise in GST from domestic transactions
and 8.5% increase in GST from import of goods.
GST revenue net of refunds for February 2024 is
%1.51 lakh crore which is a growth of 13.6% over
that for the same period last year.

According to data released by the National Payments
Corporation of India (NPCI), UPI transactions
reported a slight decrease in both volume and value
in February 2024. The number of UPI transactions
for the month stood at 12.1 billion, compared to
12.2 billion in January, with a transaction value of
718.28 lakh crore, down from ¥ 18.41 lakh crore.

The manufacturing industry of India enjoyed
a powerful growth in February as indicated by
the HSBC India Manufacturing Purchasing
Managers’ Index (PMI) with 60.6 in February,
although slightly less than January (61.6). It suggests
that the rate of expansion in the services sector toned
down in February from January due to a decrease in
growth in new orders and output.

The two fintech startups, Juspay and Decentro
were given the official license by Reserve Bank of
India (RBI) to function as payment aggregators in
February. While Zoho became the first enterprise
SaaS (Software-as-a-Service) player in India to
receive the payment aggregator license from the
RBL
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Indian economy remained resilient with robust
7.6% growth rate of Gross Domestic Product
(GDP) in FY 2023-24 over and above 7% growth
rate in FY 2022-23. The GDP of India grew 8.4%
in the October-December quarter (Q3) with the
help of the double-digit growth in Manufacturing
sector (11.6%), followed by a good growth rate of
Construction sector (9.5%).

According to World Poverty Clock, India has
successfully entered the ‘Poverty Below 3%’
countries with only around 2% people living in
extreme poverty in 2024, The World Poverty Clock
provides real-time poverty estimates through 2030
for nearly every country in the world. Developed
by the World Data Lab, the World Poverty Clock
monitors progress against Ending Extreme Poverty,
which is the UN’s first Sustainable Development
Goal (SDG). The escape rate calculates the current
rate of poverty reduction in the world.

Union Minister for Steel and Civil Aviation, Sh.
Jyotiraditya M. Scindia virtually inaugurated India’s
1** Green Hydrogen Plant in Stainless Steel Sector
located at Jindal Stainless Limited, Hisar, Haryana
on 4 March 2024. It will be the worlds first off-
grid green hydrogen plant for the stainless-steel
industry and the world’s first green hydrogen plant
with rooftop and floating solar. This project is also a
state-of-the-art green hydrogen facility with a target
to reduce carbon emissions considerably by around
2,700 metric tonnes per annum and 54,000 tonnes
of CO, emissions over next two decades.



K 9. What was Indias GDP growth rate during the

Which of the following companies has/have been
approved by RBI this year as payment aggregators?
(a) Zoho (b) Juspay

(¢) Decentro (d) All of these

How much did the Goods and Services Tax (GST)

grow in the month of February?
(a) 18.3% (b) 17.4%
(c) 12.5% (d) 15.6%

What is the expanded form of UPI?
(a) Unified Payments Interface
(b) Unified Pay-out Individually
(c) Unitary Payment Interactions
(d) Unitary Pay-outs Interface

India’s first underwater metro tunnel has been built
under which of the following rivers?

(a) Ganga (b) Hooghly

(¢) Brahmaputra (d) Son

What does the Global Rating Agency, Moody's do?

(a) Provides investors with a comprehensive view
of global debt markets through credit ratings
and research

(b) Provides data, analytics and insights to
equip leaders of financial, non-financial and
government organizations

(c) Offers domestic credit ratings in Latin America
using experienced teams of local analysts and
customized methodologies.

(d) All of these.

How much population is still living under extreme
poverty, according to World Poverty Clock?
(a) Less than 1% (b) Less than 2%
(c) Less than 3% (d) Less than 4%

Who is the current Minister of State for Ministry of
Ports, Shipping and Waterways of India?

(a) Dinesh Menon

(b) Rocktim Saikia

(c) Shantanu Thakur

(d) Anurag Thakur

What was India’s manufacturing PMI in February
20242

(a) 55.8
(c) 57.8

(b) 60.6
(d) 58.9

October-December quarter of FY 2023-24?
(a) 8.2 (b) 86
(c) 84 (d) 8.8

10. Where did Union Minister of Steel inaugurate the

India’s 1 Green Hydrogen Plant?

(a) Jindal Stainless Limited, Hisar

(b) Tata Steel Limited, Mumbai

(c) Steel Authority of India Limited, New Delhi
(d) JSW Steel Limited, Mumbai
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2. Oxalate 6. Humectant
3. Polonium 7. Antichlor
\4. Lipase 8. Uraninite
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This article aims to provide NEET and JEE students with a concise and comprehensive introduction to the essential concepts in
chemistry, empowering them with knowledge and understanding necessary to succeed in their examination.

CARBOCATIONS
A carbocation is a reactive intermediate species that
consists of a positively charged carbon atom and is
trivalent, resulting in only six bound electrons. Hence,
a carbocation can be represented as :
‘(l:....
Carbulcaliun
Examples of carbocations include :
CH,, CH,CH,, (CH,),C etc.
Nomenclature
For many years, these species were referred to as
‘carbonium ions, but the word was later discovered to be
non-systematic and incorrect. But the most perplexing
scenario arose when Olah et al. described another type
of carbocationic intermediate in which the positively
charged carbon atom had a formal covalency of five
rather than three. The simplest example of this category
is methanonium ion (éHs).
+

Super H
acid +
H,C—H + H' = H,C—~< == CH,;+H,
Carbenium
(Methanonium ion having a three- i
centre, two electron bond) [detected
spectroscopically]

Olah et al (1971) recommended using the word
‘carbonium jon’ for penta-coordinated ions with a
positive charge on carbon and ‘carbenium jon’ for tri-
coordinated ions with a positive charge on carbon.
He also proposed the term “carbocation” to describe

both carbonium and carbenium ions. The I[UPAC has
approved these definitions. Because pentavalent species
(carbonium ions) are far less common than trivalent
species (carbenium ions), the term ‘carbocation’ can be
used with little or no ambiguity.

I + I +
_(|:< A
Carbonium Carbenium
« Pentavalent « Trivalent
« 8electrons in hell « 6el in hell
Carbocations

Geometry

Carbocations are electron-deficient species. The valence
shell of positively charged carbon atom contains just
six electrons and is connected to three other atoms.
The carbon atom carrying the positive charge is sp*
hybridised, with planar shape and bond angles of
approximately 120°. The unhybridised p-orbital is
unoccupied and perpendicular to the plane.

120“1’\/(0:*_
Lpspl hybridised carbon

Vacant p orbital

Generation
Carbocations, stable or unstable, can be formed by the
following reactions :
(i) Direct ionisation :
solvent

+ -
B X=—2R+X

“Assistant Prafessor Dept. of Chemistry, Darjeeling Government College, Darjeeling, West Bengal
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(ii) Addition of a proton or an electrophile to an
unsaturated system :

N e +
/C=C\ + H == ):7C<7H
(iii) Decomposition reaction :

+ A +
R—N=N=——="=R+N,

(iv) Protonation to alcohols :
A +
R—OH+H'" =—=R+H,0

(v) Reaction of alkyl fluorides with superacids
(FSO,H/SbF;) :
R—F+ SbF, =— E SbF,

Isolated Carbocations

Carbocations are highly reactive species that are
quite unstable. However, it is feasible to retain many
of these species as stable solutions in a mixture
of fluorosulphuric acid (FSO,;H) and antimony
pentafluoride (SbF;). The original experiment, carried
out by Olah et al. (1964), involved the addition of alkyl
fluorides with antimony pentafluoride (as a Lewis acid)

in either liquid SO, or excess SbF; as solvent.
R—F + SbF; =—> E SbF,
Mixtures of fluorosulphuric acid (FSO,H) and antimony
pentafluoride (SbF;), usually dissolved in SO, (lig.) or
SO,CIF, are known as superacids (also known as ‘magic
acids’). The use of superacid allows the generation of
carbocations not only from alcohols (in superacid, SO,
at -60°C) and from alkenes at low temperatures, but
even from alkanes as well.
Me,CH M Me,c SbF,FSO; + H,

Superastd tert-butyl cation
in stable solution
In SO, solution, the existence of the following
equilibrium is known :

Ph,C—Cl Ph;é +CI°

Both triphenylmethyl and diphenylmethyl cations
have been isolated as solid salts : PhyC*'BF; and related
salts are available commercially Methoxymethyl
cation (MeOCH,"SF;) is also obtained as a stable
solid. 2, 4, 6-Cycloheptatrienylium bromide (is known
as tropylium bromide) exists as a crystalline solid
(m.p. 208°C) which is highly soluble in water yielding
bromide ions in solutions, i.e., the compound exists as
an ion-pair.

(tropylium ion attains
high stability due to
aromatisation)

H Br
O‘__‘._Br

tropylium ion-pair

bromide

Tri-cyclopropylmethyl cation has also been prepared
from its corresponding alcohol in 96% H,S0O,.

b—i’
(Tri-cyclopropylmethyl cation, even
more stable than benzyl cations)
It is to be noted that till date, no primary cation has
survived long enough for its detection.

Factors affecting the carbocation stability

~ Inductive effect : An alkyl group linked to a
carbocation’s positively charged carbon atom
exerts an electron-releasing inductive effect (+1).
The attatched alkyl group tends to release electrons
towards the positively charged carbon. In doing so,
it reduces the positive charge on carbon. In other
words, the positive charge gets dispersed as the
alkyl group becomes somewhat positively charged
itself. The dispersal of the charge stabilises the
carbocation. More the number of CH,
alkyl groups, the greater the dispersal 1
of positive charge and, therefore, H;C— T
more the stability of carbocation. H
Thus, greater the +I effect, the more
stable is the carbocation.

R R R

| +
R—(IZ* > R—(lf,* > H—(l:“ > CH,

R H H
most stable least stable

4—— Stability order

» Hyperconjugative effect : An alkyl substitution
can also diminish the positive charge density
on carbocationic carbon via a hyperconjugative
action. Alkyl groups have filled sp* orbitals that
can overlap with the vacant p-orbital of positively
charged carbon, stabilising the species. Even if the
connected alkyl group spins, one of its sigma-bonds
remains aligned with the carbocations empty
p-orbital. The pair of electrons in this sigma-bond
spreads out into the empty p-orbital, stabilising the
electron-deficient carbon atom.
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@

Hyperconjugation

Cp—H,,—~ 1@ H
bond & /
H™
750
Empty 2p orbital
of carbon
HHH *H H H

[ [

H—C¥C=C—H ¢—H-C=C—C—H
|\ | =

1 H ,
S &
H—C=C—C—H¢—>H" ¢=C—¢—H

+H 4 H 3

With increase in number of o-hydrogens (that
increase the number of hyperconjugative forms),
the stability of a carbocation also increases.

(+2Me3 > E)HMez > EHzMe > EH,
Resonance effect : Resonance stabilisation is a
major influencing factor. If a t-bond is adjacent (ct)
to the positively charged carbon of a carbocation,
the filled p-orbitals of the n-bond will overlap with
the empty p-orbital of the central carbon atom. The
result is a delocalised ion having positive charge
shared by two atoms. This is said to be resonance
stabilisation, and it is of prime importance in
stabilising carbocations.

+ +
[HZC=C—CH2 c—)HIC—C=CH1:|
H H

allyl cation (effective delocalisation)

CH, CH, CH,
+
o Je et
¥

(benzyl cation is resonance stabilised)

Steric effect : Steric impact increases the stability
of tertiary carbocations with bulky alkyl groups.
Isopropyl groups in triisopropyl cations (planar
geometry of bond angle =120°) are far apart,
resulting in minimal steric repulsion. But if they
want to attain a tetrahedral geometry (when
hybridisation state of central carbon changes from
sp> = sp*; bond angle =109°) on addition with a
nucleophile, there occurs a strong steric repul

between the bulky groups and as a result of this
steric strain, the carbocation is much reluctant to
undergo this reaction. Hence, steric reason also
plays an important role in stabilising carbocations.

i
CH Nu
CH.
g S B !
\ .
u”  oH, HOMHCT oy,
H,C —c\ (H,C),HC
CH, steric crowding is high

steric crowding is less

~  Solvation effect : Carbocation solvation is efficient
in polar solvents as long as there is no chemical
interaction between them. Thus, when solvent
polarity increases, carbocation stability increases.

Non-classical and Classical Carbocations

A classical carbocation (i.e, carbenium ion) is
represented by a single Lewis structure involving
only two-electron, two-centre bonds, and the positive
charge is localised on one carbon atom or delocalised
by resonance, involving an unshared pair of electrons
or a double or triple bond in the allylic position). On
the contrary, a non-classical carbocation cannot be
represented by a single Lewis structure because it has
one or more carbon or hydrogen bridges connecting
two electron-deficient centres. The coordination
numbers of the bridging atoms are greater than typical.
The positive charge is not localised to a specific carbon
atom, instead it is delocalised by a double or triple bond
that is not in the allylic position, or by a single bond.

H

H
10} H3C—(+:—CH;

Isopropyl cation
2-Norbornyl cation  (Classical carbocation)
Non-classical carbocation

X
WINISICRIAM I LLE D CIz )RS
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1-c-TACHYON 2-g-ARSPHENAMINE
3-e-FLUORESCEIN 4-a-UNGERADE
5-j- HYDROUTH 6-d-FERRITIN
7-i-CAESIUM 8-b-CARCTENE
9-{-YTTERBIA 10-h-DIMERIC

Winners : Kaushikkumar Kevadiya, Karan KumavJ
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Unlock Your Knowledge!

10.

11.

12.

13.
14.

The thermal stability of tetrahalides of group 14

elements with a common halogen with
increasing atomic number.
PbO exists as a red form called and a yellow

form called

Boranes having general formula B, H, 4 are called
while boranes having general formula
B,H,,, are called

Benzyl alcohol and o-cresol are isomers.

The reaction in which alkyl halides on treatment
with sodium metal in dry ethereal (free from
moisture) solution give higher alkanes is called as
reaction.

Column chromatography is an example of
chromatography.

The electron withdrawing groups like —NO,,
—CN, =0 the stability of carbanions.
The cyclic compounds which contain one or more
heteroatoms (atom other than C and H) in their
ring are called compounds.
The bond energy of C=Cbond is
of C—C bond.

A negative E° means that the redox couple is a
reducing agent than the H*/H, couple.

than that

The reactions in which a single species is oxidised

as well as reduced simultaneously are called as
reactions.

A decrease in pH by one unit indicates times

increase in hydronium jon concentration.

The bond order of Li, molecule is

Mn = O bonds are present in one molecule
of Mn, 0.

16.

W

. ZnO, PbO, $nO and BeO are examples of
oxides.

A catalyst
reaction.

the activation energy of a chemical

involves the treatment of an ore with a
suitable reagent which can selectively dissolve the
ore while impurities remain insoluble.

. The electrolysis of aqueous solution of sodium
chloride produces gas at anode.

. Square planar complexes of the type MABCD form
isomers.

. A blue coloured solution of the complex
[Cu(NH,),]SO, used for dissolving cellulose in
the manufacture of artificial silk is called
reagent.

Readers can send their responses at editor@mtg.in or

post us with complete address by 10" of every month.
Winners' names and answers will be published in next issue.

SOLUTIONS TO MARCH 2024 QUIZ CLUB

1. deamination 1.7 E
2. riboflavin 12. suppression i
3. degenerate 13. path :
4. ammonia 14. less E
5. compressibility factor 15. primary H
6. greater 16. +6 E
7. Nobond 17. Ester E
8. Birch 18. Urotropine :
9. higher 19. linear :
10. helium 20. platinum E
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27" February

We are happy to inform our readers that in CBSE 2024 Chemistry question papers more
than 90% questions were either exactly same or of similar type from MTG Books.

The references of few questions of paper having code - 056/4/3 are given here :

Paper Q. No. P. No. Q. No. MTG Book Paper Q. No. P. No. Q. No. MTG Book

2 280 6 CBSE Champion 29 (b) 38 621(c) CBSE Champion

4 92 6 (CBSE Champion 29 0R (0) () 38 66 CBSE Champion

8 235 1 CBSE Champion 29 OR (c) (ii) 38 67 CBSE Champion

15 202 78 (CBSE Champion 30 (a) 123 64 (i) CBSE Champion

17 65 39 (CBSE Champion 30 (c) (ii) 287 29 (a) CBSE Champion

19 () 147 50 CBSE Champion 31(a) 41 103 CBSE Champion

20(b) (i) 201 72 (CBSE Champion 3160 239 72 (i) CBSE Champion

21(a) 268 14 CBSE Champion 31(b) () (2) 237 36 CBSE Champion

21 (b) 270 83 (CBSE Champion 31(b) (i) (1) 256 18 (ii) CBSE Champion

20 122 50 (iii) CBSE Champion 31 (b} (i) (2) 239 70 {ii), 83 (i) CBSE Champion

22(b) 124 81 (b) CBSE Champion 31(b) G0 (3) 239 71 (iii) CBSE Champion

2% 124 85 (a) (CBSE Champion 32(a) 92 1 CBSE Champion

230 175 88 (i) CBSE Champion 32(d) 94195  41(i), 51(a) / 62(ii) CBSE Champion

23(b) 174 84 (CBSE Champion 32(e) 93/94 18 1 41(ii), 48(ii) CBSE Champion

23 174 79 (CBSE Champion 3209 95 71(b) CBSE Champion

23(d) 174 72 (b) (i) CBSE Champion 33(a) (i) 9 65 CBSE Champion

24 (a) i) 202 Ell CBSE Champion 33 (a) (i) 6 12 | CBSE Champion

24 (3) (i) 200 54 (a) CBSE Champion 33 (a) (iii) 24,288 22ii), 32 (b) CBSE Champion

26(a) 269 310) CBSE Champion 300 10 82 (b) (i) CBSE Champion

26(b) 269 58 (ii) CBSE Champion 33 (b) (i) 7 25 CBSE Champion

27(b) 145 14 (CBSE Champion 33 (b) (iii) 1 94 CBSE Champion
¥@ 38 62(b) | CBSEChampion and many more........
General Instructions : Read the following instructions carefuily and follow them : Time Allowed : 3 hours

(i)  This question paper contains 33 questions. All questions are compulsory. Maximum Marks : 70

(if}  Question paper is divided into five sections —Section A, B, C, D and E.

(ifi) Section A — questions number 1 to 16 are muitiple choice type questions. Each question carries 1 mark.

(iv) Section B— questions number 17 to 21 are very short answer type questions. Each question carries 2 marks.

(v) Section € —questions number 22 to 28 are short answer type questions. Each question carries 3 marks.

(vi) Section D— questions number 29 to 30 are case-based questions. Each question carries 4 marks.

(vii) Section E — questions number 31 to 33 are long answer type questions. Each question carmies 5 marks.

(viii) There is no averall choice given in the question paper. However, an intemal dhoice has been provided in few questions in all the sections except section A.
(ix) Kindly note that there is a separate question paper for Visually Impaired candidates.

(x)  Use of calculators is not allowed.
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SECTION-A
Question No. 1 to 16 are multiple choice type
questions carrying 1 mark each,

1.

The molar ionic conductivities of AI** and SO} are
189 S cm’ mol™ and 160 § cm” mol™ respectively.
The value of limiting molar conductivity of
AL(SO,), will be

(2) 198 8 cm? mol™
(c) 588 S cm” mol™

(b) 858 § cm® mol™"
(d) 891 S cm? mol™

Which of the following acids represents vitamin C?
(a) Saccharic acid (b) Gluconic acid
(c) Ascorbic acid (d) Benzoic acid

Rosenmund reduction is used for the preparation
of aldehydes. The catalyst used in this reaction is
(a) Pd - BaSO, (b) anhydrous AICI;

(¢) Iron(III) oxide (d) HgSO,

From the elements of 3d series given below, which
element shows the maximum number of oxidation
states?

(a) Scandium
(c) Chromium

(b) Manganese
(d) Titanium

Consider the following reaction :
H H

SC=0+ _C=0+Conc. KOH-2> A +B
H H
Identify A and B from the given options:
(a) A - Methanol, B - Potassium formate
(b) A - Ethanol, B - Potassium formate
(¢) A - Methanal, B - Ethanol
(d) A - Methanol, B - Potassium acetate
Which alkyl halide from the given options will
undergo Syl reaction faster ?
(a) (CH,),C-Br (b) (CH;),CH - Br
(¢) CH,;- CH,-Br (d) (CH,);C-CH, - Br
The fraction of molecules having energy equal to or
greater than activation energy is
(@ A (b) & 5T
(9 K (@) AeE5T
Identify the primary amine from the given options.
(a) (C,H,);N (b) (C,H;),NH
(c) C,H,NH, (d) (CHy);,N
The general electronic configuration of d-block
elements is
(a) (n-1) A0 -2
(c) (n-1)d" ns?

) (n-1)d" ns'?
(d) (n-1) L ns'?

10. Match the reagents required for the given reactions.

.In a given graph of zero

I.  Oxidation of primary (p) NaBH,
alcohols to aldehydes
II. Butan-2-one to (q) 85% phosphoric
butan-2-ol acid at 440 K
I11. Bromination of phenol (r) PCC

to 2,4, 6-tribromophenol

IV. Dehydration of propan-2- (s) Bromine water
ol to propene

(a) 1-(c), II-(p), 11 - (s), IV - (q)

(b) 1-(q), I - (r), I - (p), IV - (s)

(c) 1-(s), IT- (q), UL - (p), 1V - (r)

(d) I-(p),I1-(s), I1I - (r), IV - (q)

order reaction, the slope and
intercept are

(a) Slope =k, intercept = [R],
(b) Slope = -k, intercept = [R], S

(c) Slope = k/2.303, intercept = In [R],
(d) Slope = -k/2.303, intercept =In A

of R —>

ncentration

Time —»

. Nucleophilic addition of Grignard reagent to

ketones followed by hydrolysis with dilute acids
forms

(a) alkene

(c) tertiary alcohol

(b) primary alcohol
(d) secondary alcohol.

For questions number 13 to 16, two statements are
given - one labelled as Assertion (A) and the other
labelled as Reason (R). Select the correct answer to
these questions from the codes (a), (b), (c) and (d)
as given below:

(a) Both Assertion (A) and Reason (R) are true
and Reason (R) is the correct explanation of the
Assertion (A).

(b) Both Assertion (A) and Reason (R) are true,
but Reason (R) is not the correct explanation of
the Assertion (A).

(c) Assertion (A) is true, but Reason (R) is false.

(d) Assertion (A) is false, but Reason (R) is true.

. Assertion (A) : Phenols are stronger acids than

alcohols.
Reason (R) : Alkoxide ion is more stable than
phenoxide jon.

. Assertion (A) : For a Daniell cell,

Zn/Zn*' (1 M) || Cu®* (1 M)/Cu with E2,; = 1.1V, if
the external opposing potential is more than 1.1 V,
the electrons flow from Cu to Zn.

Reason (R) : Cell acts like a galvanic cell.
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15. Assertion (A) : Benzoic acid does not undergo
Friedel - Crafts reaction.
Reason (R) : Carboxyl group is deactivating and
the catalyst aluminium chloride gets bonded to the
carboxyl group.

16. Assertion (A) : Fructose is a reducing sugar.
Reason (R) : Fructose does not reduce Fehling
solution and Tollens’ reagent.

SECTION-B

17. Define the following terms :
(a) Halflife period (¢,,)
(b) Effective collisions

18. A solution containing 60 g of a non-volatile solute
in 250 g of water freezes at 270.67 K. Calculate the
molar mass of the solute.
(Kf of water = 1.86 K kg mol™)

19. Which of the following compounds will react more
rapidly by Sy1 reaction and why?

CH,

|
(a) CH;—C—Br or CH,CH,Br

CH,

(b) Arrange the following compounds in the
increasing order of their boiling points :
Bromoform, Dibromomethane,
Chloromethane, Bromomethane

20. (a) Write the stepwise mechanism of nucleophilic
addition reactions in the carbonyl compounds.
OR
(b) How will you convert the following :
(i) Toluene to benzoic acid
(ii) Ethanol to 3-hydroxybutanal
21. (a) What happens when glucose reacts with nitric
acid? Write chemical equation.

(b) Write one structural difference between DNA

and RNA.

SECTION-C
22. (a) Draw the geometrical isomers of the given
complex : [Pt(NH,),CL,]**
(b) Write the electronic configuration of & ion if
A, <P.
(c) What is an ambidentate ligand?
23. Write chemical equations for the following
reactions (Do any three) :

(&6
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(a) Hydroboration - oxidation reaction
(b) Williamson synthesis
(¢) Friedel-Crafts alkylation of anisole
(d) Reimer-Tiemann reaction
24. (a) Give chemical tests to distinguish between the
following pairs of compounds:
(i) Phenol and benzoic acid
(ii) Propanal and propanone
(b) Which one of the given compounds isa stronger
acid and why ?
CH,FCH,CH,COOH or CH;CHFCH,COOH
. Show that the time required for 99.9% completion
in a first order reaction is 10 times of half-life (t,,,)
of the reaction. [log 2 = 0.3010, log 10 =1]
26. Define the following terms :
(a) Glycosidic linkage
(b) Primary structure of protein
(¢) Disaccharides

[
w

N
~

. (a) Write the IUPAC name of the given compound :
CH,=CH—CH,—CH,—Cl
(b) Why is thionyl chloride preferred for preparing
alkyl halides from alcohols?
(¢) What happens when methyl bromide reacts
with KCN?

28. Calculate emf of the following cell at 25°C :
Sn|Sn’ (0.001 M} || H* (0.01 M) | Hyg (1 bar) | Pty
[Given : Efgp2+j5, = -0.14 V,

Ejyvm, =000V, log 10=1]

SECTION-D

The following questions are case-based questions.
Read the case carefully and answer the questions that
follow:

29. In a galvanic cell, chemical energy of a redox
reaction is converted into electrical energy, whereas
in an electrolytic cell the redox reaction occurs
on passing electricity. The simplest galvanic cell is
in which Zn rod is placed in a solution of ZnSO,
and Cu rod is placed in a solution of CuSO,. The
two rods are connected by a metallic wire through
a voltmeter. The two solutions are joined by a salt
bridge. The difference between the two electrode
potentials of the two electrodes is known as
electromotive force. In the process of electrolysis,
the decomposition of a substance takes place by
passing an electric current. One mole of electric



charge when passed through a cell will discharge

half a mole of a divalent metal ion such as Cu*".

This was first formulated by Faraday in the form of

laws of electrolysis.

Answer the following questions:

(a) What is the function of a salt bridge in a
galvanic cell ?

(b) When does galvanic cell behave like an
electrolytic cell ?

(c) Can copper sulphate solution be stored in a
pot made of zinc ? Explain with the help of the
value of E3y.

(E¢y2+icn =034 V); (B3 2012, = -0.76 V)
OR

() How much charge in terms of Faraday is
required for the following :
(i) 1 mol of MnOj to Mn?*
(i) 1 mol of H,0 to O,

. The nature of bonding structure of the coordination

compound can be explained to some extent by
valence bond theory. The central metal atom/ion
makes available a number of vacant orbitals equal
to its coordination number. The appropriate atomic
orbitals (s, p and d) of the metal hybridise to give
a set of equivalent orbitals of definite geometry
such as square planar, tetrahedral, octahedral
and so on. A strong covalent bond is formed only
when the orbitals overlap to the maximum extent.
The d-orbitals involved in the hybridisation may
be either inner d-orbitals i.e., (n - 1) d or outer
d-orbitals i.e., nd. The complexes formed are called
inner orbital complex (low spin complex) and outer
orbital complex (high spin complex) respectively.
Further, the complexes can be paramagnetic or
diamagnetic in nature. The drawbacks of this theory
are that this involves number of assumptions and
also does not explain the colour of the complex.
Answer the following questions:
(a) Predict whether [CoF4]* is diamagnetic or

paramagnetic and why?

[Atomic number : Co = 27]
(b) What is the coordination number of Co in

[Colen),CL]"?
(c) (i) Write the IUPAC name of the given

complex :[Pt{NH,),CL]**
(ii) Explain [Co{NH,),]** is an inner orbital or
outer orbital complex.

OR
(¢) Using valence bond theory, deduce the shape
and hybridisation of [Ni(NH,)]**.
[Atomic number of Ni = 28]

31. (a) An amide ‘A’ with molecular formula C;H;0,
undergoes Hoffmann bromamide degradation
reaction to give amine ‘Bl ‘B’ on treatment
with nitrous acid at 273-278 K forms ‘C’ and
on treatment with chloroform and ethanolic
potassium hydroxide forms“D’.‘C on treatment,
with ethanol gives ‘E’ Identify ‘A} ‘B, “C; ‘D’ and
‘E Write the sequence of chemical equations.

OR
(b) (1) (1) What is Hinsberg’s reagent ¢
(2) Arrange the following compounds in the
increasing order of their basic strength in
gaseous phase:
C;HNH,, (C,Hs),N, (C,Hg),NH
(ii) Give reasons for the following :
(1) Methyl amine is more basic than aniline.
(2) Aniline readily reacts with bromine water
to give 2, 4, 6-tribromoaniline.
(3) Primary amines have higher boiling points
than tertiary amines.

w
)

. Attempt any five of the following:
(a) Why zinc is not regarded as a transition
element?
(b) What is lanthanoid contraction?
(c) Why is first ionisation enthalpy of chromium
lower than that of Zn?
(d) Why are transition elements good catalysts?
(e) Compounds of transition metals are generally
coloured. Give reason.
(f) Out of KMnO, and K;MnO,, which one is
paramagnetic and why?
(g) Complete the following ionic equation:
Cr,0F + 14H" + 66—
33. (a) (i) Define reverse osmosis.
(ii) Why are aquatic species more comfortable
in cold water in comparison to warm water?
(iii) A solution containing 2 g of glucose (M =
180g mol™) in 100 g of water is prepared at
303 K. If the vapour pressure of pure water
at 303 K is 32.8 mm Hg, what would be the
vapour pressure of the solution?
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OR
(b) (i) Predict whether van't Hoff factor will be
less or greater than one, when ethanoic acid
is dissolved in benzene.

(ii) Define ideal solution.

(iii) Calculate the mass of CaCl, (molar mass =
111 g mol™) to be dissolved in 500 g of
water to lower its freezing point by 2 K ,
assuming that CaCl, undergoes complete
dissociation.

(Kffor water = 1.86 K kg mol ™)

SOLUTIONS

1. (b): Molar conductivity of AP
AP+ = 189S cm’mol™
Molar conductivity of SOZ; Asoz-= 160 em’ mol™!
AL =v, AL +v_ A2
Aalsogy = (2 X Agae) + (3% ?«.SO;‘,)
=(2x 189) + (3 x 160) = 378 + 480
=858 cm’ mol ™

2. (c) : The chemical name of vitamin C is ascorbic acid.
3. (a): The catalyst used in Rosenmund reduction is
Pd in presence of BaSO,.

CH,COC + H, o9, el CHO + HO

Ethanoyl chloride Baling xylenc Ethanal
(Acetyl chloride) (Acetaldehyde)
4. (b): Manganese shows maximum number of
oxidation states.
5. (a):

i

-+
2H—C—H + KOH oy~ CH,OH + HCOOK
Formaldehyde Methanol Potassium
formate
4) (B)

6. (a): The order of reactivity for Syl reactions
followed by alkyl halides is 3° > 2° > 1°. (CH;); C—Bris
a 3° halide. So, Sy1 reaction is fastest in this case.

7. (b): The fraction of molecules having energy equal
to or greater than activation energy is e EaRT,

8. (c) : (CH;); N and (C,H;); N are tertiary amines.
(C,H;), NH is a secondary amine.

C,H;NH, is a primary amine.

9. (a): The general electronic configuration of
d-block elements is (n - 1) d" " ns*2.

10. (a) : Controlled oxidation of primary alcohols to
aldehydes is done by PCC. (I-r1)

Conversion of butan-2-one to butan-2-ol is done by

CHEMISTRY TODAY | APRIL 24

NaBH,. (IT - p)

Bromination of phenol to 2,4,6-tribromophenol is done
by bromine water. (III - s)

Dehydration of propan—2-ol is done in presence of 85%
phosphoric acid at 440 K temperature. (IV - q)

11. (b) : The integrated rate equation for zero order
reaction is as follows :

(Rlo - [R] =kt
- [R]=[R],-kt
[R] =kt + [R],

Thus, on plotting [R] vs f, we get
Slope = —k, intercept = [R],

(") OMgX
12. () : O\ +/ RMgX— C~
R R B R JI R
Ketohie Grignard g
reagent
?“‘___|
PN H,0"
Fir
R
3° Alcohol

13. (¢) : Phenoxide ion is more stable due to resonance
as compared to alkoxide ion, thus phenols are more
acidic than alcohols.

14, (¢) : When external opposing potential is more
than 1.1 V, the cell acts as an electrolytic cell.

15. (a) : Benzoic acid does not undergo Friedel-Crafts
reaction as carboxyl group itself reacts with the catalyst.

16. (c) : Reducing sugars are those which can reduce
Fehling solution and Tollens' reagent e.g., Glucose and
Fructose.

17. (a) Halflife period (t,,,) is the time in which half of
the reaction has been completed, i.e., half of the reactant
has been converted to product.

(b) According to collision theory, a chemical reaction
takes place due to collision between the reacting
molecules. The number of collisions taking place per
second per unit volume of the reaction mixture is
known as collision frequency. All collisions are not
effective, only a small fraction of the collisions results
a reaction. The collisions that actually produce the
products are effective collisions.

18. Given, mass of solute (W,) =60 g
Mass of solvent (W,) =250 g, AT;= 233K

Ky xW, x1000 186K kg mol ! x60gx 1000
AT xW, 233K x250g
M, = 191.58 g/mol




CH,
19. (a) CH,—(II—CH, will undergo Syl reaction

Br

faster due to the formation of stable 3° carbocation.
(b) Boiling point increases with increase in molecular
mass. Thus the correct increasing order of boiling point
is, CH,Cl < CH,;Br < CH,Br, < CHBr;
20. (a) Addition reactions of carbonyl group :
Carbonyl compounds have >C=0 group which is
polar because of more electronegative oxygen atom.
This results in polarization of n-electrons as

S35
From the structure, it is clear that the nucelophile can
attack the carbonyl carbon. The attack of nucleophile
precedes the attack of electrophile as anion formed here
after nucleophilic attack is more stable than the cation.
Thus, rate determining step is the attack of nucleophile
over carbonyl carbon atom.

- B,
Dc=0 (g:;) >$ —O T >ﬁ: ~0E
Nu Nu

OR
(b) (i)
CH, COOK* COOH

@ KMnOAIKOH @ HO' @

Toluene Benzoic acid

PCC dil.NaOH
(i) CH,CH,OH ——CH,CHO ——
Ethanol Ethanal OH
CH;—CH —CH, — CHO
3-Hydroxybutanal
21. (a) On oxidation with nitric acid, D-glucose yields
saccharic acid.

CHO ?OOH
( (I:H OH), conc. HNO; ( CI:H OH)4
CH,OH COOH
D-glucase Saccharic acid

(b) The sugar in DNA is deoxyribose while that in RNA
is ribose. DNA has a double-stranded helical structure,
while RNA has a single-stranded helical structure.
c'l{d;..u...l\zﬂ3 I2+
2. @) | /p{
Ci"";;;" ".NH3

(b) According to crystal field theory for octahedral
complexes, five d-orbitals, split into two different energy
levels termed as t,; and ¢, as shown below :

te

A,
?’ ? tye
Degenerate d-orbitals
For & ion with A, < P, electronic configuration will be
g
(c) Ambidentate ligand : Ligands having two different
atoms through which it can act as a ligand.
For example,
CN: ¢« C=N or (C=KN—-
Cyanido-C Cyanido-N
23. (a) Hydroboration-oxidation :
R- CH=CH, + B,H, ™" 3 RCH,CH,BH,
R ~CHZCH1|

IO/ (RCH,CH),B ==L (pcy cH) BH

3R-CH, - CH, - OH + H,BO,

(b) Williamson synthesis : Alkyl halide when treated
with sodium alkoxide gives dialkyl ether.
C,H,0ONa + C,H,Cl — C,H; —0—C,H; + NaCl

OCH;,
: Anhy. AlCl,
© +CHC Friedel-Crafts
Anisole Teaction
OCH, OCH,
CH,
+
Ortho
(Minor) CH3
Para

(Major)

(d) Reimer-Tiemann reaction :

OH ONa
CHCl,,aq. NaOH CHCL| 5 naon
340K
~NaCl, -H,0
OH ONa
CHO CHO
dil. HCI
@l -NaCl

24. (a) (i) Phenol and benzoic acid can be distinguished
by their reactions with sodium bicarbonate solution.
Benzoic acid will give effervescence with NaHCO, but
phenol will not react.
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C¢H;COOH + NaHCO; —» C(H,COONa + CO,T
Effervescence
+H,0

C¢H;OH + NaHCO, — Noreaction
(ii) Propanal and propanone can be distinguished
by their reactions with Tollens’ reagent. Propanal
reacts with Tollens' reagent to give silver mirror while
propanone does not react. )
CH,CH,CHO + 2[Ag(NH,),]* 25

Propanal CH,CH,COO0™ +2Agl

CH,COCH, + 2 [Ag(NH,),]* 9%, No reaction
Propanone

(b) Acidic strength increases as -1 effect of substituent

increases. If electronegative atom is close to ~-COOH

group, acidic nature will be more.

Thus, CH,CHFCH,COOH is more acidic than

CH,FCH,CH,COOCH.

25.k=@10f{i
a-x
when t = t,),, If a = 100, a-x = 100 - 50 = 50
(2303 100 2303 0653
ta Bsp f2T T 0BT
If = ty 9o, then, a - x = 100 - 99.9 = 0.1
L2303, 100 2303 5 6909
99.9 r B0 r 8 k

Hence, tyg g = 101,
26. (a) The two monosaccharides are joined together by
an oxide linkage formed by the loss of water molecule.
Such linkage is called glycosidic linkage.
CH,0OH
H O, H
H

OH H
HO

H HO
HOH,C o, o

H HO
H CH,0H

OH H
(b) Primary structure : The specific sequence in which
the various amino acids present in a protein are linked to
one another is called its primary structure. Any change
in the primary structure creates a different protein.
(c) Disaccharides are the carbohydrates which on
hydrolysis give two molecules of the same or different
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monosaccharides. Their general formula is C,,H,,0,,.
In disaccharides, the two monosaccharides are joined
together by glycosidic linkage.

27. (a) &H, =1 — &1, — CH, — 1
4-Chlorobut-1-ene
(b) Thionyl chloride is preferred because in this
reaction alkyl halide is formed along with gases SO, and
HCL. These two gaseous products are escapable, hence
the reaction gives pure alkyl halides.
(c) Methyl cyanide is formed.
CH,—Br EN, cH,CN
Methyl cyanide
28. Atanode: Sn,,—> Sn?* + 26~ (0.001 M)
At cathode: 2H* (0.01 M) + 26— H, (1 bar)
Overall reaction: Sn,,, + 2H" (0.01 M) — Sn** (0.001 M)
+H, (1 bar)
According to Nernst equation,

2+
0.059 [sn ]PHz
log————
n [H+]1
Egi = Egamode — Eznode
E2y=0.000V - (-0.14 V) = + 0.14 V

E::LI - Ecn:l] &

0.001x1
E_=0.14 - 0.029 log 5
.01
=0.14 - (0.029 log 10) = 0.14 - 0.0296
Ep=0111V
29. (a) The function of salt bridge in an

electrochemical cell is to maintain electrical neutrality
in solutions and prevent voltage drop. If the salt bridge
is removed, voltage will drop to zero and no current will
flow.
(b) If external potential applied becomes greater than
Ezy of electrochemical cell then it behaves as an
electrolytic cell and the direction of flow of current is
reversed.
(c) Copper is less reactive than zinc. Zinc will replace
the copper from its salt solution. When the copper
sulphate solution is stored in a zinc pot, copper is
replaced by zinc from the copper sulphate solution. So,
copper sulphate solution cannot be stored in a zinc pot.
OR
(c) (i) The given reaction is
MnOj,, + 8H' + 5¢ — Mn{,,, + 4H,0y,
1 mol 5mol
.. 5 mol electrons are needed for reduction
of 1 mol of MnO,~ to Mn**.
5 mol electrons = 5 Faradays



(ii) The electrode reaction for 1 mol of H,O is given as
1
H,0—> 502
ie, 07 —>102 +2¢”
2
Quantity of electricity required = 2 F
30. (a) Compound [CoF¢]” is paramagnetic in nature
due to the presence of unpaired electrons.
[CoFg]* : Co(27) has electronic configuration
[Ar] 45%3d".
Co™ : [Ar]4s"34°
F~ being a weak field ligand, cannot cause pairing of
electrons.
[CoFﬁP‘ :

spld'z hybnd.lsauon octahedral shape

(b) The coordination number of a metal ion in a
complex can be defined as the number of ligand or
donor atoms to which the metal is directly bonded.
Coordination number of Co in [Co{en),CL,]" is six as
‘en’ is a bidentate and Cl is a monodentate ligand.

(0) (i) [Pt(NH;), CLF*
Diamminedichloridoplatinum(II) ion

(ii) [Co(NH,)G]'.” is an inner orbital complex.
Oxidation state of cobalt in [Co(NHj)&]J+ is +3.

3d 45 4
co™ : [T+ O 1
Ground State
[Co(NH,)g]* ion : [W]W]1vpoPod % pododa
S ——
d’sp® hybridisation
six pairs of electrons
from six NH, ligand
(Strong ficld ligands)
Hybridisation - d’sp® T
Structure — Octahedral H N\t /‘ NE
(low spin) H, N'/l -b‘NH

Nature — Diamagnetic NH,
OR

(¢) According to valence bond theory, [Ni(NH,)|**
complex formation involves outer d-orbitals, thus the
complex is called outer orbital complex.

Hybridisation and shape of [Ni(NH,)]** are sp’d®
and octahedral respectively. Outer orbital complex
are generally high spin complex since they have large
number of unpaired electrons.

31. (a) The given amide (A) is benzamide
(C4H;CONH,) which undergoes Hoffmann bromamide

reaction to give aniline (B). Aniline on treatment with
nitrous acid at 273-278 K form benzene diazonium
chloride (C) which on treatment with ethanol gives
benzene (E). Aniline on treatment with chloroform and
ethanolic potassium hydroxide forms phenyl isocyanide
(D).

ONH, NH NjCr
Br,IKOH NaNO, +HCl
273K i
(A) " (B) ©
CHC CH,CH,0H
b l
NaOH

(E)

(D)
OR
(b) (i) (1) Benzenesulphonyl chloride is Hinsberg’s
reagent and it is used for the distinction and separation
of primary, secondary and tertiary amines from a

mixture.
S0,Cl

Benzenesulphonyl chloride
(2) Increasing order of basic strength in gaseous phase
is : C;HNH, < (C,H,),NH < (C,H;);N
More the number of alkyl groups, more is the basicity of
the amine in gaseous state.
(ii) (1) CH;NH, is more basic than C;H;NH, because
in aniline the lone pair of electrons on nitrogen is
involved in resonance.
(2) Aniline on reaction with aqueous solution of
halogens yields trisubstituted product. Since -NH, is
highly activating group, all the three ortho and para
positions get activated and undergo -electrophilic
substitution.

NH,

H,0
+3Bry ———» + 3HBr

e
Br
2,4,6-Tribromoaniline
(3) Primary amines (R - NH,) have two hydrogen
atoms on nitrogen which can undergo intermolecular
hydrogen bonding whereas no such hydrogen bonding
is present in tertiary amines (R;N). So, primary amines
boil at a higher temperature than tertiary amines.
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32. (a) The transition elements are those elements
which have incomplete d-orbital in their ground state or
common oxidation state. Zinc has fully-filled electronic
configuration in its ground state, [Ar] 3d'%4s” and in its
common oxidation state, i.e., +2 state, [Ar] 3d". Hence,
zinc is not regarded as a transition element.

(b) The steady decrease in atomic and ionic radii of
lanthanides as we move from La to Lu, is known as
lanthanide contraction.

(c) Outer electronic configuration of chromium is
3d%45" whereas outer electronic configuration of zinc
is 3d'"4s> Due to stable completely filled electronic
configuration, zinc has higher first ionisation enthalpy
than chromium. Also chromium achieves stable half-
filled configuration after losing one electron.

(d) The transition elements are known for their catalytic
activity. This activity is ascribed due to their ability to
adopt multiple oxidation states, ability to absorb the
reactant(s) and ability to form complexes.

(e) Due to presence of vacant d-orbitals and d-d
transitions, compounds of the transition metals are
generally coloured.

Whenan electron from alower energy d-orbital is excited
to a higher energy d-orbital, the energy of excitation
corresponds to the frequency which generally lies in
the visible region. The colour observed corresponds to
the complementary colour of the light absorbed. The
frequency of the light absorbed is determined by the
nature of the ligand.

(f) Due to the presence of one unpaired electron,
KMnOQ, is paramagnetic. K,;MnO, is diamagnetic due
to the absence of unpaired electron,

(g) Cr03 + 14H" + 66" — 2Cr™* + 7H,0

33. (a) (i) When the external pressure applied becomes
more than the osmotic pressure of solution then the
solvent molecules from the solution pass through the
semi-permeable membrane to the solvent side and the
process is called reverse osmosis.

(ii) Increase in temperature decreases the solubility of
oxygen in water. As a result,amount of dissolved oxygen
decreases in warm water. It becomes more d.iﬂicult to
breathe as oxygen is less. Hence, the aquatic species are
not comfortable in warm water.

(iii) Given, weight of glucose (W,) =2g

Weight of water (W;)=100g

Vapour pressure of water P° = 32.8 mm Hg

i O, %:5.55
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52}

CHEMISTRY TODAY | APRIL 24

P°—P, ng _ 328-F 0011
PP n, = 328 5.55
32.8x0.011
328-P=——
5.55

or, 32.8—P_ =0.0650r, P,=32.8 -0.065 =32.735
The vapour pressure of the solution is 32.735 mm Hg.
OR

(b) (i) van't Hoff factor, i > 1 if there is dissociation of
the solute in the solution and i < 1 if there is association
of the solute in the solution.
Ethanoic acid dimerises in benzene ie., undergoes
association. Hence, van't Hofl factor will be less than
one.
(ii) A solution which obeys Raoult’s law of vapour
pressure for all compositions is called ideal solution.
For ideal solution AV, =0,AH, ;. =0
A— B interaction = A— A and B— B interactions.
(iii) Given, mass of water (W;) =500 g
AT;=2K; K;= 1.86 K kg mol ™!
CaCl,— Ca™ +2CI" = i=3

W, x1000

ny X W)
ATy xmy Wi~ 2x111x500

ixK,x1000 ~ 3x1.86X1000

ATf=ixKIxm=ifox

or, W,= =19.89¢g

L 2 4

(D [y
The 3 sets of trio are (ORP, POR, PRO),
(RBO, BOR, BRO), (POL, OLP, LOP)

MORPHINE

PORPHYRIN

CYCLOPROPENE

CARBONATE

LABORATORY

BROMIDE

POLARISIBILITY

PHENOLPHTHALEIN

CYCLOPENTANONE

Winners : Kaushikkumar Kevadiya, Adrija Maity, Aditya Khatri
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