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JEE Advanced 2016

PAPER I (Online)
FULLY SOLVED 

SECTION 1 (MM : 15)

n There were total 36 questions asked in JEE Advanced 2016 paper from
paper-1 and paper-2. Out of 18 questions, 4 questions were numerical
based while 14 questions were theory based. Overall paper was quite
tough and need a good knowledge of subject to solve.

n According to chapterwise distribution, number of questions were
asked as:

From Class XI
n Structure of Atom-2Qs, Periodic Properties-1Q, Chemical Bonding-1Q

The p-block elements 1Q.
n State of Matter-1Q, Thermodynamics-1Q, Redox Reactions-1Q,

Some basic principles and Techniques and Hydrocarbons 2Qs.

From Class XII
n General Principles and Processes of Isolation of Elements-1Q,

Aldehydes, Ketones and Carboxylic Acids-2Qs. Coordination
Compounds-2Qs, Chemical Kinetics-1Q, Solutions-1Q, Amines-1Q
and Polymers-1Q.

n Thus, approx-44% of paper came from Class XI and 56% from Class XII.
n Out of which 18 questions were asked in paper 1.
n Maximum questions were asked from Physical and Inorganic

Chemistry rather than organic Chemistry in this paper.

Difficulty Level
n Around 55% of questions can be considered as tough; 25% were

relatively moderate and 20% are considered easy by the Arihant
team. Overall, this year paper was tough as compare to previous
year paper.

1. P is the probability of finding the 1s electron of

hydrogen atom in a spherical shell of infinitesimal

thickness, dr, at a distance r from the nucleus. The

volume of this shell is 4

2

pr dr. The qualitative sketch

of the dependence of P on r is

   

13

l This section contains FIVE questions.
l Each question has FOUR options (a), (b), (c) and (d). Only one of these four options is correct.
l For each question, darken the bubble corresponding to the correct option in the ORS.
l For each question, marks will be awarded in one of the following categories.

Full Marks    : + 3, If only the bubble corresponding to the correct option is darkened.
Zero Marks   : 0, If none of the bubbles is darkened.
Negative Marks : - 1, In all other cases.

EXAM CRUX

r0

(a) (b)

(d)(c)

P

r0

P

r0

P

r0

P
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SECTION 2 (MM : 32)

2. One mole of an ideal gas at 300 K in thermal contact

with surroundings expands isothermally from 1.0 L

to 2.0 L against a constant pressure of 3.0 atm. In

this process, the change in entropy of surroundings 

(DSsurr ) in JK-1 is (1 L atm = 101.3 J)

(a) 5.763 (b) 1.013 (c) -  1.013 (d) -  5.763

3. Among [Ni(CO) ],4  [NiCl ]4
2 -, [Co(NH ) Cl ] Cl3 4 2 , 

Na [CoF ] 3 6 , Na O2 2  and CsO2 , the total number of

paramagnetic compounds is 

(a) 2 (b) 3 (c) 4 (d) 5 

4. The increasing order of atomic radii of the following

group 13 elements is

(a) Al < Ga < In < Tl (b) Ga < Al < In < Tl

(c) Al < In < Ga < Tl (d) Al < Ga < Tl < In

5. On complete hydrogenation, natural rubber

produces

(a) ethylene-propylene copolymer 

(b) vulcanised rubber

(c) polypropylene 

(d) polybutylene

6. The product(s) of the following reaction sequence is

(are)

7. The correct statement(s) about the following

reaction sequence is (are)

Cumene (C H ) 9 12

(i) O

(ii) H O

2

3

¾ ®¾¾

+

  P 
CHCl / NaOH3

¾ ®¾ ¾ ¾ ¾¾  

Q R Q S(major)  (minor),    NaOH

PhCH Br2

+ ¾ ®¾ ¾¾

(a) R is steam volatile

(b) Q gives dark violet colouration with 1% aqueous FeCl

3

solution

(c) S gives yellow precipitate with 2, 4-dinitrophenylhydrazine

(d) S gives dark violet colouration with 1% aqueous FeCl

3

solution

8. The crystalline form of borax has 

(a) tetranuclear [B O (OH) ]

4 5 4

2 -

 unit

(b) all boron atoms in the same plane

(c) equal number of sp

2

 and sp

3

 hybridised boron atoms

(d) one terminal hydroxide per boron atom

9. The reagent(s) that can selectively precipitate S2 -

from a mixture of S2 - and SO4
2 - in aqueous solution

is (are) 

(a) CuCl

2

 (b) BaCl

2

(c) Pb(OOCCH )

3 2

 (d) Na [Fe(CN) NO]

2 5

10. A plot of the number of neutrons (n) against the

number of protons (p) of stable nuclei exhibits

upward deviation from linearity for atomic number, 

Z > 20. For an unstable nucleus having n/p ratio less

than 1, the possible mode(s) of decay is (are)
(a) b

-

- decay (b - emission)  

(b) orbital or K-electron capture

(c) neutron emission            

(d) b

+

-decay (positron emission)

11. Positive Tollen’s test is observed for

    

12. The compound(s) with two lone pairs of electrons on 

the central atom is (are)

14

l This section contains EIGHT questions.
l Each question has FOUR options (a), (b), (c) and (d). ONE OR MORE THAN ONE of these four options is (are) correct.
l For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.
l For each question, marks will be awarded in one of the following categories:

Full Marks : + 4, If only the bubble(s) corresponding to all the correct option(s) is (are) darkened.
Partial Marks : + 1, For darkening a bubble corresponding to each correct option provided

NO incorrect option is darkened.
Zero Marks :    0, If none of the bubbles is darkened.
Negative Marks : - 2, In all other cases.
For example, if (a), (c) and (d) are all the correct options for a question, darkening all these three will result in + 4 marks; darkening
only (a) and (d) will result in + 2 marks; and darkening (a) and (b) will result in - 2 marks, as a wrong option is also darkened. 

NH

2

(i) Acetic anhydride/Pyridine

(ii) KBrO /HBr

3

+

(iii) H O  Heat

,

3

(iv) NaNO /HCl, 273-278 K

2

(v) Cu/HBr

Br

Br

Br

Br

Br

BrBr

Br

BrBr

Br

(d)

(a)

(c)

(b)

O

Br

H

H

H

(a) (b) (c)

CHO

Ph

OH

O

Ph

O

PhPh

(d)

iranchembook.ir/edu



(a) BrF5 (b) ClF3 (c) XeF4 (d) SF4

13. According to the Arrhenius equation

(a) a high activation energy usually implies a fast reaction
(b) rate constant increases with increase in temperature. This is 

due to a greater number of collisions whose energy
exceeds the activation energy

(c) higher the magnitude of activation energy, stronger is the
temperature dependence of the rate constant

(d) the pre-exponential factor is a measure of the rate at which
collisions occur, irrespective of their energy

14. In the following monobromination reaction, the

number of possible chiral product(s) is (are)...

15. The mole fraction of a solute in a solution is 0.1. At

298 K, molarity of this solution is the same as its

molality. Density of this solution at 298 K is 2.0 g 

cm-3

. The ratio of the molecular weights of the

solute and solvent, 

m
m

solute

solvent

æ

è

ç

ö

ø

÷

 is ... .

16. The possible number of geometrical isomers for the

complex [Co Cl2 2L ]

-

 ( )L=

-H NCH CH O2 2 2  is (are) ...

17. In neutral or faintly alkaline solution, 8 moles of

permanganate anion quantitatively oxidise

thiosulphate anions to produce X moles of a sulphur 

containing product. The magnitude of X is ... .

18. The diffusion coefficient of an ideal gas is

proportional to its mean free path and mean speed.

The absolute temperature of an ideal gas is

increased 4 times and its pressure is increased 2

times. As a result, the diffusion coefficient of this

gas increases x times. The value of x is ...

15

SECTION 3 (MM : 15)

CH CH CH2 2 3

BrH

CH3  

Br (1.0 mole)2 
300°C

(1.0 mole) (Enantiomerically pure) 

l
This section contains FIVE questions.

l
The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive. 

l
For each question, darken the bubble corresponding to the correct integer in the ORS.

l
For each question, marks will be awarded in one of the following categories:

Full Marks : +3, If only the bubble corresponding to the correct answer is darkened.

Zero marks : 0, In all other cases.
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1. (c) For 1s electron, radial part of the wave function is given as,

y( )

/

/

r

a

e

r a

=

æ

è

ç

ö

ø

÷

-

2

1

0

3 2

0

\  P r r dr= ( ( ))y p

2 2

4 =

æ

è

ç

ö

ø

÷

-

16

1

2

0

3

2

0

pr

a

e dr

r

a

At     r = 0, P

a

e dr= ´

æ

è

ç

ö

ø

÷

=16 0

1

0

2

0

3

0

p( )  

At     r P

a

e dr= ¥ = ¥ ´

æ

è

ç

ö

ø

÷

=

-¥

, ( )16

1

0

2

0

3

p [Qe

- ¥

= 0]

Hence, graph (c) is correct.

This graph shows the probability of finding the electron

within the shell at various distances from the nucleus

(radial probability).

The maximum peak of the curve shows maximum radial

probability of finding an electron for a given distance from the

nucleus. This distance is equal to Bohr’s radius (a

0

).

2. (c) Key Concept For isothermal process, change in internal

energy is zero

i.e.   D DU nC T

v

= = 0 [as DT T T= - =

2 1

0]

By first law of thermodynamics,

   DE q W= +

\   q W= -

    - = = = -q W p V

irrev irrev

D 3 2 1( ) = 3 L atm

Also,       DS

q

T

surr

irrev

=  =

- ´

 

(  3  101.3) J

300 K

 = -  

303.9 J

300 K

   = -  1.013 JK

- 1

3. (b) Key Concept Paramagnetic compounds are those
compounds that contains atleast one unpaired electron.

Superoxide (O )2
-  is also paramagnetic in nature as it

contains one unpaired electron

Compound Hybridisation

Unpaired

electron(s) 

Magnetic character

Ni(CO)

4

sp

3

— Diamagnetic

[NiCl

4

2 

]

-

sp

3

2 Paramagnetic

[Co(NH ) Cl ] Cl

3 4 2

sp d

3 2

— Diamagnetic

Na [CoF ]

3 6

sp d

3 2

3 Paramagnetic

Na O

2 2

— — Diamagnetic (O )

2

2 -

CsO

2

— 1 Paramagnetic

O

2

-

  (superoxide ion

is para mag netic)

Thus, only [ ]NiCl

4

2-

, Na CoF

3 6

[ ] and CsO

2

 are paramagnetic

in nature.

4. (b) As we move down the group, atomic radius increases but

due to poor shielding of d-orbital electrons in Ga, atomic

radius of Ga is smaller than that of Al. Thus, the correct

increasing order is Ga < Al < In < Tl.

5. (a) Natural rubber is formed by the polymerisation of isoprene.

This co-polymer is formed from propylene and ethylene.

    n nCH  C H 

CH  

 CH  CH  

2

3

2 2

==

½

+ == ¾®

6. (b) Key Concept Ac is CH CO3  (acetyl), it protects ¾NH2

group from being oxidised.

    KBrO  HBr Br

3 2

+ ¾®

16

C—CH CH

2

CH —C

2

CH—CH

2

CH

3

Polymerisation

H /Pt

2

—CH —C

2

CH—CH —

2

CH

3

n

Natural rubber

Ethylene-propylene copolymer

—CH —CH—

2

CH —CH —

2 2

CH

3

n

Ethylene

—

CH

3

P
r
o

p
y
l
e
n

e
 

CH

2

— — — —

—

—CH —CH

2

CH —CH —

2 2

CH

3

n

—

O

2 

= O—O[ [–
Unpaired electron

NH

2

Ac O/Pyridine

2

NHAc

NHAc

Br  water

2

NHAc

+

H O  

3

Br

NH

2

Br

+ CH COOH

3

r

P

1s

a

0

NH

2

NaNO /HCl

2

–

N Cl

2

CuBr/HBr

Br

Br

273-278 K

(Diazotisation)

(Sandmeyer

reaction)

Br

Br

+

Answers Explanation with 
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7. (b, c) 

(a) R is not steam volatile, but Q is steam volatile thus,

incorrect.

(b) Q has enolic group thus, gives violet colour with 1%

aqueous FeCl

3

 solution thus, correct.

(c) S has carbonyl group hence, gives yellow precipitate

with 2, 4-DNP thus, correct. 

(d) S does not give colour with FeCl

3

 thus, incorrect. 

8. (a, c, d)  Na B O  10H O

2 4 7 2

×  (borax) is actually made of two

tetrahedral and two triangular units, and is actually written as 

Na [B O (OH) ] 5H O

2 4 5 4 2

× .

(a) It is a tetranuclear unit. Thus, correct. 

(b) Boron atoms are in different planes thus, incorrect. 

(c) Two sp

2
 and two sp

3

 hybridised B atoms. Thus, correct.

(d) Each boron has one ¾ OH group. Thus, correct.

9. (a) S  + CuCl   CuS 

2–

2

¾® ¯ (black ppt.)

      SO  + CuCl   

4

2

2

-

¾®  Soluble

It concludes that

(a) CuCl

2

 selectively precipitates S

2–

.

(b) S  + BaCl   BaS 

2–

2

¾® ¯ (soluble)

SO  + BaCl   BaSO  

4

2

2 4

-

¾® ¯ (white ppt.)

Precipitates SO

4

2-

 but not S

2-

.

(c) S  + Pb   PbS 

2– 2+

¾® ¯ (black ppt.)

SO  + Pb   PbSO  

4

2 2+

4

-

¾® ¯ (white ppt.)

S

2-

 and SO

4

2-

, both are precipitated. 

(d)  S  + Na  [Fe (CN) ]NO 

2

2 5

Sodium nitroprusside

-

¾® Na  [Fe (CN) ]NOS]

4 5

(Purple colour)

 

But does not give any colour with SO

4

2-

.

10. (b, d) For the elements with atomic number (Z ) larger than 20, 

Neutrons (n) > Protons (p)

Thus,

n

p

> 1

Thus, there is upward deviation from linearity.

If n < p, Thus 

n

p

< 1, then 

(a)  By b

-

 - decay

       

0

1

1

1

1

0

n p e¾® +

-

neutron changes to proton. Thus, 

n

p

æ

è

ç

ö

ø

÷

 ratio further

decreases below 1.

Thus, this decay is not allowed.

(b) By orbital or K- electron capture 

     

1

1

1

0

0

1

p e n+ ¾®

-

proton changes to neutron, hence, 

n

p

æ

è

ç

ö

ø

÷

 ratio increases.

Thus, stability increases. Hence, correct.

(c) Neutron emission further decreases the 

n

p

 ratio.

(d) By b

+

-emission, 

                        

1

1

0

1

1

0

p n e¾® +

+

proton changes to neutron.

Thus, 

n

p

 ratio increases. Hecne, correct.

 

Plot of the number of neutrons against the number of

protons in stable nuclei (shown by dots).

17

HO—B

O

B

OH

3

(sp )

s

O

B

OH

2

(sp )

O

B

O

2

(sp )

3

(sp )

OH

s

O

OH

Phenol

(P)

+ CH —C—CH

3 3

O

Acetone

CHCl /NaOH

3

Reimer-Tiemann

reaction

∆

OH O

H

(Q) Major

O

H

CHO

O

H

CHO

NaOH

(R) Minor

(Q) Major

,

O—Na

CHO

Br CH —Ph

2

Williamson's

synthesis

O—CH Ph

2

CHO

(S)

CH

3

CH

3

CH

O

2

O—O—HC

CH

3

CH

3

+

H O

3

Cumene

20 40 60 80

120

100

80

60

40

20

0

1.5

1.4

1.2

1.1 ratio

Neutron-rich

nuclei

N

u

m

b

e

r

 

o

f

 

n

e

u

t

r

o

n

s

Neutron poor nuclei

Number of protons
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11. (a, b, c) Key Concept Tollen’s test is given by all aldehydes

and all reducing sugars as glucose, fructose and a-hydroxy

ketones.

   RCHO + Ag O  OH  RCOOH + 2Ag2
(Tollen's reagent) S

-

¾ ®¾¾¾

ilver mirror
¯

(b)                               

(c)                        

   gives positive Tollen’s test. 

So, does not give Tollen’s test

12. (b,c)

Compound Hybridisation Structure 
Lone pair on

central atom

BrF5 sp d

3 2 1

ClF3 sp d

3 2

XeF4 sp d

3 2 2

SF4 sp d

3 1

Only ClF3 and XeF4  have two lone pairs.

13. (b,c,d)  Rate constant, k Ae

E RT

a

=

- /  where, E

a

= activation
energy and A = pre-exponential factor 
(a) If E

a

 is high, it means lower value of k hence, slow
reaction. Thus, incorrect. 

(b) On increasing temperature, molecules are raised to
higher energy (greater than E

a

), hence number of
collisions increases. Thus, correct. 

(c) log logk A

E

RT

a

= -

    d k

dT

E

RT

a

(log )
= 2   d A

dT

A

(log ) ; log=

é

ë

ê

ù

û

ú

0 is constant

Thus, when E

a

 is high, stronger is the temperature
dependence of the rate constant. Thus, correct. 

(d) Pre- exponential factor (A) is a measure of rate at which
collisions occur. Thus, correct.

14. (5) Thinking Process Given com pound un der goes free-

rad i cal bromination un der given con di tions,
As there are many replaceable hydrogen atoms are present.

Hence, there are possibility to obtain many products.

Replace all the hydrogen atoms one by one and find out total

number of chiral products.
C *is chiral carbon.

                                          

     I. Chiral 

  

II. Achiral     

          

III. Chiral 

IV. Chiral 

   

V. Chiral 

18

S
F

F

F

Xe
F

F

F

F

Cl

F

F

F

Br
F

F

F

F
F

CH Br2

CH CH CH2 2 3

H Br

CH3

CH CH CH2 2 3

H Br
Br2

CH3

CH CH CH2 2 3

Br Br

OH

— CH— C —

O

α

O

Br

H

H
H

having an aldehyde group gives Tollen's test.(a)

CHO

is an aldehyde that gives positive Tollen’s test.

CH

OH

C

α-hydroxy ketone

O

(d)
is a ketone

Pn Ph

O

CH3

CH—CH CH2 3

H Br

Br

CH3

CH —CH—CH2 3

H Br

Br

CH3

CH —CH CH Br2 2 2

H Br
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(III) has two chiral centres and can have two structures. 

                        

(IV) has also two chiral centres and can have two structures. 

. 

Compound IVA has plane of symmetry thus, achiral. 

Thus, chiral compounds are five. 

I, III A, III B, IV B and V.

15. (9) Moles of sol ute, n

w

m

1

1

1

=

    Moles of solvent, n

w

m

2

2

2

=

Mole fraction,   c

1

 (solute) = 01.

Mole fraction, c

2

 (solvent) = 0 9.  

\      

c

c

1

2

1

2

1

1

2

2

1

9

= = × =

n

n

w

m

m

w

   Molarity =  

Solute (moles)

Volume (L)

    =

´ ´

+

w

m w w

1

1 1 2

1000 2

( )

            Volume =  

Total mass of solution

Density

    =

+

æ

è

ç

ö

ø

÷

w w

1 2

2

 mL

        Molality =  

Solute (moles)

Solvent (kg)

 =

´

´

w

m w

1

1 2

1000

Given, molarity = molality

hence,   

2000 1000

1

1 1 2

1

1 2

w

m w w

w

m w( )+

=

\          

w

w w

2

1 2

1

2+

=

Thus,         w w

1 2

1= =     

\            

w m

m w

1 2

1 2

1

9

=

Thus,    

m

m

1

2

9

(solute)

(solvent)

=

16. (5) Ligand is 

Geometrical isomers are 

      

17. (6) In neutral or faintly alkaline sol ution, MnO

4

-

 is re duced to 

MnO

2

 and S O

2 3

2-

 is oxi dised to SO

4

2-

.

Thus,

           4MnO  + 

3

2

 S O   3SO   4MnO

4 2 3

2

4

2

2

- - -

¾® +

or      8MnO  + 3S O   6SO  + 8MnO

4 2 3

2

4

2

2

- - -

¾®

Thus, moles of SO

4

2-

 formed by 8 moles of MnO

4

-

 = 6

18. (4) Key Concept Dif fu sion coefficient (DC) µ l (mean free

path)

           DC

mean

  Uµ

Thus, (DC) µ l U

mean

But,     l =

s

RT

N p2

0

  l µ

T

p

and   U

RT

M

mean

=

8

p

     U T

mean

µ

\           DC µ

( )

/

T

p

3 2

          

(DC)

(DC)

 

2

1

( )

/

x

p

p

T

T

=

æ

è

ç

ö

ø

÷

æ

è

ç

ö

ø

÷

1

2

2

1

3 2

  =

æ

è

ç

ö

ø

÷

æ

è

ç

ö

ø

÷

p

p

T

T

1

1

1

1

3 2

2

4

/

  =

æ

è

ç

ö

ø

÷

=

1

2

8 4( )

19

NH

2

O

3+

Co

O

NH

2

Cl

Cl

NH

2

O

Co

O

NH

2

Cl

Cl

3+

Co

NH

2

O

NH

2

O

Cl

cis

trans

trans

Cl

3+

Co

Cl

NH

2

NH

2

O

Cl

O

+

3

Co

Cl

NH

2

O

NH

2

Cl

O

cis

cis

3+

– –

–

–

–

CH —NH

2 2

s
CH O

2

—

Change in O.N = 3 units

MnO

4

+7

+

1/2 S O

2 3

+2

Change in O.N = 4 units

MnO

2

+4

SO

4

+6

2–

2–

–

+

H Br

H

(IV)A (IV)B

Br

H Br

Br H

H H

H H

H Br

H

(III) A (III) B

Br

CH CH

2 3

CH

3

H Br

Br H

CH CH

2 3

CH

3
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JEE Advanced 2016

PAPER II (Online)
FULLY SOLVED 

SECTION 1 (MM : 18)

n There were total 18 questions asked in JEE Advanced 2016 paper II.
Out of 18 questions, 6 questions were numerical based while 12
questions were theory based. Overall paper was quite tough and
need a good knowledge of subject to solve.

n According to chapterwise distribution, number of questions were
asked as:

From Class XI
n Chemical Bonding and Molecular Structure–1Q, Equilibrium–2QS,

The p -block elements–1Q Some Basic Concepts of Chemistry–1Q.

From Class XII
n General Principles and Processes of Isolation of Elements–3Qs

Aldehydes, Ketones and Carboxylic Acids–2Qs. Coordination
Compounds–1Q, Biomolecules–2Qs, The Solid State, Solutions,
Electrochemistry and Haloarenes and Polymers–1Q from each
chapter.

n Thus, approx–30% of paper came from Class XI and 70% from Class XII.
n Maximum questions were asked from Physical and Organic

Chemistry rather than Inorganic Chemistry in this paper.

Difficulty Level
n Around 60% of questions can be considered as tough; 20% were

relatively moderate and 20% are considered easy by the Arihant team.
Overall, this year paper was tough as compare to previous year paper.

1. The cor rect or der of acid ity for the fol low ing

com pounds is

(a) I > II > III > IV

(b) III > I > II > IV

(c) III > IV > II > I

(d) I > III > IV > II

21

l This section contains SIX questions.
l Each question has FOUR options (a), (b), (c) and (d). ONLY ONE of these four options is correct.
l For each question, darken the bubble corresponding to the correct option in ORS.
l For each question, marks will be awarded in one of the following categories.

Full Marks : + 3, If the bubble corresponding to the answer is darkened.
Zero Marks :   0, If none of the bubbles is darkened.
Negative Marks :  -1, In all other cases.

EXAM CRUX

CO H

2

HO

OH

I 

OH

CO H

2

II 

CO H

2

OH

III 

CO H

2

OH

IV
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2. The ma jor product of the fol low ing re ac tion

se quence is

3. In the fol low ing re ac tion se quence in aque ous

so lu tion, the spe cies X, Y and Z, re spec tively, are

S O2 3
2

Ag

(Clear solution)

Ag

(White ppt.)

-

¾¾® ¾¾® ¾¾

+ +

X Y ®

With time

(Black ppt.)
Z

(a) [Ag(S O ) ]

2 3 2

3-

, Ag S O , Ag S

2 2 3 2

(b) [Ag(S O ) ]

2 3 3

5-

, Ag SO , Ag S

2 3 2

(c) [Ag(SO ) ]

3 2

3-

, Ag S O , Ag

2 2 3

(d) [Ag(SO ) ]

3 3

3-

, Ag SO , Ag

2 4

4. The qual i ta tive sketches I, II and III given be low

show the vari a tion of sur face tension with mo lar

con cen tra tion of three dif fer ent aque ous so lu tions

of KCl, CH OH

3

 and CH (CH ) OSO Na

3 2 11 3

+-

 at room

tem per a ture.

The cor rect as sign ment of the sketches is

(a) I : KCl II : CH OH

3

III : CH (CH )

3 2 11

OSO  Na

3

+-

(b) I : CH (CH )

3 2 11

 

OSO  Na

3

+-

II : CH OH

3

III : KCl

(c) I : KCl II : CH (CH )

3 2 11

 

OSO Na

3

+-

III : CH OH

3

(d) I : CH OH

3

II : KCl III : CH (CH )

3 2 11

OSO  Na

3

+-

5. The ge om e tries of the am mo nia com plexes of 

Ni , Pt

2 2+ +

 and Zn

2 +

, re spec tively, are

(a) octahedral, square planar and tetrahedral

(b) square planar, octahedral and tetrahedral

(c) tetrahedral, square planar and octahedral

(d) octahedral, tetrahedral and square planar

6. For the fol low ing elec tro chem i cal cell at 298 K, 

Pt( ) | H ( , 1 bar) | H ( , 1 M)|| ( ), 

2

4s g aq M aq+ +

M aq s2

( )|Pt( )

+

          

Ecell V= 0092.   when  

[ ( )]

[ ( )]

M aq

M aq

x
2

4

10

+

+

=  

Given, E
RT

FM M4+ 2+
/

°

= = 0.151 V; 2.303 0.059 V

The value of x is

(a) - 2 (b) - 1 (c) 1 (d) 2

7. Ac cord ing to mo lec u lar or bital the ory, which of the

following statements is(are) correct?

(a) C

2

2-

 is expected to be diamagnetic

(b) O

2

2+

 is expected to have a longer bond length than O

2

(c) N

2

+

 and N

2

-

 have the same bond order

(d) He

2

+

 has the same energy as two isolated He atoms

22
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I II III

l This section contains EIGHT questions.
l Each question has FOUR options (a), (b), (c) and (d). ONE OR MORE THAN ONE of these four options is (are) correct.
l For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.
l For each question, marks will be awarded in one of the following categories:

Full Marks : + 4, If only the bubble corresponding to all the correct option(s) is (are) darkened.
Partial Marks : + 1, For darkening a bubble corresponding to each correct option, provided no incorrect option is

darkened.
Zero Marks : 0, If none of the bubbles is darkened.
Negative Marks : -2, In all other cases.

SECTION 2 (MM : 32)

O O

(a) (b)

O O

OH

(c)

O O

HO

(d)

OH

O

OH

O

(i) HCHO (Excess)/NaOH, Heat

+

(ii) HCHO/H  (Catalytic amount)
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8. The correct state ment(s) for cu bic close packed

(ccp) three di men sional struc ture is (are)

(a) The number of the nearest neighbours of an atom present in 

the topmost layer is 12

(b) The packing efficiency of atom is 74%

(c) The number of octahedral and tetrahedral voids per atom

are 1 and 2, respectively

(d) The unit cell edge length is 2 2 times the radius of the atom

9. Reagent(s) which can be used to bring about the

fol low ing trans for ma tion is (are)

           

(a) LiAlH

4

 in (C H ) O

2 5 2

(b) BH

3

 in THF

(c) NaBH

4

 in C H OH

2 5

(d) Raney Ni/H

2

 in THF

10. Ex trac tion of cop per from cop per py rite (CuFeS

2

)

in volves

(a) crushing followed by concentration of the ore by

froth-floatation

(b) removal of iron as slag 

(c) self reduction step to produce ‘blister copper’ following

evolution of SO

2

(d) refining of ‘blister copper’ by carbon reduction

11. The ni tro gen containing com pound pro duced in the 

re ac tion of HNO

3

 with P O

4 10

(a) can also be prepared by reaction of P

4

 and HNO

3

(b) is diamagnetic 

(c) contains one N¾N bond

(d) reacts with Na metal producing a brown gas

12. Mixture(s) showing positive deviation from Raoult’s 

law at 35°C is (are)

(a) carbon tetrachloride + methanol

(b) carbon disulphide + acetone

(c) benzene + toluene

(d) phenol + aniline

13. 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 catalysed 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

2

 water, invert sugar forms saccharic acid 

as one of the products

14. Among the following reactions(s), which

gives(give) tert-butyl benzene as the major product?

Paragraph 1

Directions (Q. Nos. 15-16)Thermal decomposition of gaseous X
2

 to gaseous X at 298 K takes place according to the
following equation:

X g X g
2

( ) ( )s 2

The standard reaction Gibbs energy, DrG°, of this reaction is positive. At the start of the reaction, there is one mole of 
X

2

 and no X. As the reaction proceeds, the number of moles of X formed is given by b. Thus, b
equilibrium

 is the number of
moles of X formed at equilibrium. The reaction is carried out at a constant total pressure of 2 bar. Consider the gases
to behave ideally. (Given, R = 0083.  L bar K-1 mol-1)

23

NaOC H

2 5

(a)

AlCl

3

(b)

H SO

2 4

(c)

BF ,OEt

3 2

(d)

Br

Cl

OH

SECTION 3 (MM : 12)

l This section contains FOUR questions.
l Based on each paragraph, there are TWO questions.
l Each question has FOUR options (a), (b), (c) and (d). ONLY ONE of these four options is correct.
l For each question, darken the bubble corresponding to the correct option in the ORS.
l For each question, marks will be awarded in one of the following categories:

Full Marks : +3 , If only the bubble corresponding to the correct answer is darkened.
Zero Marks :   0, In all other cases.

H

O

O

C

O

COOH

OH

O

C

O

O

O

COOH
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15. The equi lib rium con stant K

p

 for this reaction at

298 K, in terms of bequilibrium  is

(a) 8

2

2

b

b

equilibrium

equilibrium

-

(b) 8

4

2

2

b

b

equilibrium

equilibrium

-

(c) 4

2

2

b

b

equilibrium

equilibrium

-

(d) 4

4

2

2

b

b

equilibrium

equilibrium

-

16. The incorrect state ment among the fol low ing for

this re ac tion, is

(a) Decrease in the total pressure will result in the formation of

more moles of gaseous X
(b) At the start of the reaction, dissociation of gaseous X

2

 takes

place spontaneously

(c) b

equilibrium

0.7=

(d) KC < 1

Paragraph 2

Directions (Q. Nos. 17-18) Treatment of

compound O with KMnO /H4
+

 gave P, which on

heating with ammonia gave Q. The compound Q
on treatment with Br /NaOH2   produced R. On

strong heating, Q gave S, which on further

treatment with ethyl 2-bromopropanoate in the

presence of KOH followed by the acidification, gave a

compound T.

17. The compound R is

18. The com pound T is

(a) glycine

(b) alanine

(c) valine

(d) serine 

1. (a) Thinking Process —OH group displays both kinds of
effect; an electron withdrawing acid-strengthening inductive
effect from the meta-position and an electron-releasing acid
weakening resonance effect from the para-position (at this
position, resonance effect overweighs the inductive effect).
Thus, III > IV.

o-hydroxybenzoic acid (II) is far stronger than the
corresponding meta and para isomers as the carboxylate ion
is stabilised by intramolecular H-bonding.
2,6-dihydroxybenzoic acid (I) forms carboxylate ion which is

further stabilised by intramolecular H-bonding, Thus, correct

order is  I II III IV> > >

2. (a) Key Concept Alkali abstracts proton from a-position of 

carbonyl group and generates carbanion.

This carbanion attacks at electron deficient carbon of

carbonyl group and further gives Crossed-aldol reaction.

3. (a) 2

2 3

2

2 3 2

3

S O Ag Ag S O

- + -

+ ¾® [ ( ) ]

(Clear solution)

     [Ag(S O ) ] 3Ag 2Ag S O

2 3 2

3

2 2 3

(White ppt. )

- +

+ ¾®

     Ag S O H O Ag S H SO

2 2 3 2 2 2 4

(Black ppt. )              

+ ¾® +

24

(O)

O

II

O

H

O

I

(Most stable)

O

C

O

O

C

H

+δ  
δ−

H

O

+δ  +δ  
δ− δ−

NH

2

NH

2

(a)

O

O

Br

Br

(b)

O

H

–

OH

O

CarbanionH-atom at α carbon

Answers Explanation with 

O

O

NHBr

NHBr

O

O

NBr

(c) (d)

O

Crossed

-aldol

O

–

CH O

2

CH OH

2

α-carbon has no H-atom

hence, next reaction with HCHO is

Crossed Cannizzaro reaction

–

HCHO, OH

O O

HCHO

Acetal

formation

CH OH

2

–

+ HCOO

(By reduction) (By oxidation)

OH

H—C—H

O

O

+

H
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4. (d) I (CH OH

3

) : Surface tension decreases as concentration

increases.

II (KCl) : Surface tension increases with concentration

for ionic salt.

III [CH (CH ) OSO  Na

3 2 11 3

+-

] : It is an anionic detergent.

There is decrease in surface tension before micelle

formation, and after CMC (Critical Micelle Concentration) is

attained, no change in surface tension is observed.

5. (a) 

Compound Hybridisation Geometry

[Ni(NH ) ]

3 6

 2+

sp d

3 2

octahedral

[Pt(NH ) ]

3 4

 2+

 dsp

2

 square planar

[Zn(NH ) ]

3 4

 2+

sp

3

 tetrahedral

6. (d) Strategy Find out  E

cell

°

, E E E

cell right left

° ° °

= -

Apply Nernst equation; E E

n

M

M p

cell

cell

H

0.059

2

= -

°

+ +

+

log

[ ][ ]

[ ]

2 2

4

H

Put 

[ ][ ]

[ ]

M

M p

K

2 2

4

2

+ +

+

=

H

H

 and find the value of x.

Oxidation at anode 

            H H ( )  2

2

+

( )g aq e¾®

-

2 + ;   E

SHE

  0.00 V

°

=

Reduction at cathode

M aq e M aq

4+ +
( ) ( )+ ¾®

-

2

2

; E

M M

4+ +/ 2

°

= 0.151 V

Net: M aq g M aq aq

4 2

2

+ +

+ ¾® +( ) ( ) ( ) ( );H H

2

+

    K

M

M p

=

[ ][

[ ]

2+

4+

H ]

+  2

H

2

; (E

cell

°

= 0.151 V) =

[ ]

[ ]

M

M

2+

4+

E E K

cell

=

°

-

cell

0 059

2

.

log

       0 092 0151

0 059

2

2

4

. .

.

log

[ ]

[ ]

= -

+

+

M

M

       0 059

0 059

2

10.

.

log=

x

\      log10 2

x

=

\            x =2

7. (a,c)

Thus, (a) is correct.

(b) Bond order of O   O

2

2

2

+

>  thus, bond length of O   O

2

2+

2

<  thus, incorrect.

(c) N

2

+

 and N

2

-

 have same bond order thus, correct.

(d) He

2

+

with bond order equal to 0 5.  is more stable thus, less energised than isolated He atoms. Thus, (d) is incorrect.

8. (b,c,d)

(a) Nearest neighbour in the topmost layer of ccp structure is 9 thus,  incorrect.

(b) Packing efficiency is 74% thus, correct.

(c) Tetrahedral voids = 2. Octahedral voids = 1 per atom thus, correct.

(d) Edge length, a r r= =

4

2

2 2   thus, correct.

Explanation Edge length = a;  Radius = r, AC AB BC

2 2 2

= + , ( )4 2

2 2 2 2

r a a a= + =

4 2r a=   Þ r a

a

= =

2

4

2 2

, a r= 2 2            

In ccp structure, number of spheres is 4.

Hence, volume of  4 spheres =

æ

è

ç

ö

ø

÷

4

4

3

3

pr . Total volume of unit cell = a

3

 = ( )2 2

3

r  % of packing efficiency 

=

Volume of 4 spheres

Volume of unit cell

  =

æ

è

ç

ö

ø

÷

´

4

4

3

2 2

100

3

3

pr

r[ ( )]

 = 74 05. % 

~

%- 74
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KCl (II)

CH OH (I)

3

–

+

CH (CH ) OSO Na (III)

3 2 11 3 

Concentration

S
u

r
f
a

c
e
 
t
e
n

s
i
o

n

Species
Number of

electrons
Molecular orbital electronic configuration (MOEC) NB N A BO Magnetic character

C

2

2-

14 s s s s1 1 2 2

2 2 2 2

s s s s, , , ,

* *

 p p s2 2 2

2 2 2

p p p

x y z

» , 10 4 3 Diamagnetic

O

2

2+

14 s s s s p p1 1 2 2 2 2

2 2 2 2 2 2

s s s s p p

x y

, , , , ,

* *

»  s2

2

p

z

10 4 3 Diamagnetic

O

2

16 s s s s s1 1 2 2 2

2 2 2 2

2

s s s s p

z

, , , , ,

* *

 p p p p2 2 2 2

2 2 1

p p p p

y x x y

» »,

* *

10 6 2 Paramagnetic

N

2

+

13 s s s s1 1 2 2

2 2 2 2

s s s s, , , ,

* *

 p p s2 2 2

2

2

1

p p p

x y z

» , 9 4 2.5 Paramagnetic

N

2

-

15

s s s s s1 1 2 2 2

2 2 2 2

s s s s p

z

, , , , ,

* *

 p p p p2 2 2 2

2

2 1

p p p p

y x x y

» »,

* *

10 5 2.5 Paramagnetic

He

2

+

3 s s1 1

2 1

s s,

*

2 1 0.5 Paramagnetic

a

a

B

A

C

D
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9. (c) Only ¾ CHO group is to be re duced to ¾CH OH

2

.

It can be done using NaBH

4

 in C H OH

2 5

.

(a) LiAlH /(C H ) O

4 2 5 2

 reduces I, II and III into ¾CH OH

2

, and

IV into diol.

(b) BH /THF

3

 show same properties as explained in option (a).

(c) NaBH /C H OH

4 2 5

 reduces III into ¾CH OH

2

 as it

selectively reduce the carbonyl group.

(d) Raney nickel, same as (a) and (b).

Thus (c) is correct reagent.

10. (a,b,c) Ex trac tion of cop per is done from cop per pyrite by

go ing through fol low ing steps:

Step I Crush ing (grind ing ) fol lowed by con cen tra tion of ore by

froth-floa ta tion pro cess.

Step II Roast ing of ore in the pres ence of SiO

2

 which re moves

iron as slag (FeSiO

3

).

2CuFeS  + O Cu S + 2FeS + SO

2 2 2 2

¾®

     2FeS + 3O 2SO  + 2FeO

2 2

¾®

     FeO + SiO FeSiO (Slag)

2 3

¾®

Step III Self-re duc tion in Bes se mer con verter

  2Cu S + 3O 2Cu O + 2SO

2 2 2 2

¾®  

2Cu O + Cu S 6Cu + SO

2 2 2

¾®

Copper obtained is blister copper (98% pure).

Step IV Re fin ing of blis ter cop per is done by elec trol y sis 

Impure copper—Anode

Pure copper— Cathode

At anode     Cu Cu  + 2

2+

¾®

-e
At cathode  Cu  +2  Cu

2+ e -

¾®

Carbon-reduction method is not used. Thus, (d) is

incorrect.

11. (b,d) P O

4 10

 is a de hy drat ing agent and con verts HNO

3

 into 

N O

2 5

2HNO   N O  + H O

3 2 5 2

¾®

  P O  + 6H O  4H PO

4 10 2 3 4

¾®

(a) P  + 20HNO   4H PO  + 20NO  + 4H O

4 3 3 4 2 2

¾®

Thus, (a) is incorrect.

(b) N O

2 5

 has no unpaired electron and is thus, diamagnetic

thus, (b) is correct.

(c)

There is no N—N bond, thus, (c) is incorrect.

(d) N O  + Na  NaNO  + NO

2 5 3 2

¾®

NO

2

 vapours are of brownish colour.

Thus, (d) is correct.

12. (a,b) Key Con cept When intermolecular at trac tion

be tween two com po nents A and B in the mix ture is same as 

be tween A and A or B and B, then it is a case of ideal

so lu tion and this solution obeys Raoult’s law.

When intermolecular attraction between A and B in a

mixture is smaller than that of between A and A or B and

B, then mixture is more vapourised, boiling point is

lowered. It is a case of positive deviation from Raoult’s

law.

When intermolecular attraction between A and B is higher

than that of between A and A or B and B, then mixture is

less vaporised, boiling point is increased. It is a case of

negative deviation from  Raoult’s law.

(a) Methanol molecules (CH OH)

3

 show hydrogen bonding.

In a mixture of CCl

4

 and CH

3

OH, extent of H-bonding is

decreased. Mixture is more vapourised thus, positive

deviation from Raoult’s law.

(b) Acetone molecules have higher intermolecular attraction 

due to dipole-dipole interaction. With CS

2

, this

interaction is decreased thus, shows positive deviation.

(c) Mixture of benzene and toluene forms ideal solution.

(d) Phenol and aniline have higher interaction due to inter-

molecular H-bonding. Hence, shows negative deviation.

13. (b,c) Key Con cept If there is spe cific ro ta tion from ( )+  to  

( )- , then in verted sugar is formed.

(a) C

12 22 11

     

140

2

H O  + H O  Glucose

( )Maltose

D( )

5

+

+

°

¾®

2°

(b) C H O  + H O  Glucose

12 22 11 2

( )Sucrose

  

+ 66

D( )

52

+

°

+

°

¾®  + Fructose

L( )

92

40 for 2 moles mixture

20 for 

-

- °

- °

- ° 1 mole mixture

There is formation of  inverted sugar. Thus, correct.

(c) Specific rotation of inverted sugar is - °20  per mole.

Thus, correct.

(d) Br

2

 water is a weak oxidising agent. It oxidises

specifically ¾ CHO  to ¾ COOH, ¾ CH OH

2

 group is not 

affected.

 (CHOH)

       

       

COOH 

COOH 

 

4

Saccharic acid

H

½

½

NO

Br

3

 (CHOH)

        

        

CH OH 

CHO     

 

4

2

¬ ¾¾¾

½

½

2

 water

 (CHOH)

        

        

CH OH 

COOH  

4

2

¾ ®¾¾¾

½

½

Gluconic acid 

(one of the product)

HNO

3

 (a strong oxidising agent) oxidises inverted sugar to

saccharic acid. Thus, incorrect.

14. (b,c,d)

(a)

C H O

2 5

-

 (a strong nucleophile) shows E1 reaction to

form isobutene as the major product.

           

26

N

O

O

O N

O

O

C O

HO

COOH

O

O

I

II

IV

III

Br

NaOC H

2 5

+

–

Cl

AlCl

3

1° carbocation

1, 2-hydride

shift 3° carbocation

(Major)

S

E

Tertiary butyl benzene (X)

(b)
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15. (b)           X g X g
2

2( ) ( )2    

At  t = 0         1            0

At equilibrium   1

2

-æ
è
ç

ö
ø
÷

x
           x (where, x = b

eq

)

Total moles at equilibrium 

= +æ
è
ç

ö
ø
÷1

2

x

Mole fraction, X g

x

x2

1

2

1

2

( ) =

-æ
è
ç

ö
ø
÷

+æ
è
ç

ö
ø
÷

; X g( ) = 

x
x

1

2

+

æ

è

ç
ç
ç

ö

ø

÷
÷
÷

 and p = 2 bar

Partial pressure, ( ) .px

x

x p
2

1

2

1

2

=

-

+

æ

è

ç
ç
ç

ö

ø

÷
÷
÷

and     p p x
xX =

×

+æ
è
ç

ö
ø
÷1

2

\     K px pxp = ( ) /

2

2

          =

+æ
è
ç

ö
ø
÷

é

ëê
ù

ûú

-

+æ
è
ç

ö
ø
÷

px x

p x
x

/

( / )

1

2

1 2

1

2

2

 =
-

4

4

2

2

px
x( )

 =
-

8

4

2

2

b

b

eq

eq

( )

16. (c)

(a) K px
x

pxp =
-

=
4

4

2

2

2

( )

            [Q 4 > > > x]

\             x
p

µ
1

If p decreases, x increases. Equilibrium get shifted in the 

forward direction. Thus, statement (a) is correct.

(b) At the start of the reaction, Q = 0 where, Q is the reaction 

quotient

          D DG G RT= ° +  2.303  log Q
Since,   DG° < 0, thus DG is -ve.

Hence, dissociation takes place spontaneously.

Thus, (b) is correct.

(c) If we use x = 07.   and p = 2 bar

then    K p =
´

-
= >

4 2 07

4 07

1

2

2

( . )

[ ( . ) ]

1.11

Thus, (c) is incorrect.

(d) At equilibrium, DG = 0

\           DG RT° = - 2 303.  log K p
Since,       DG° = + ve

Hence,        K p < 1

                    K K
RTC

p=
( )

\ KC < 1. Thus, (d) is correct.

17. (a) Key Con cept Any alkyl group with atleast one H at

a-carbon, e.g. ¾  CH OH2 , ¾  CH NH2 2 , ¾  CH Cl2  is oxidised

to —COOH by MnO4
-/H+ .

Thus, (O) is converted to (P).

18. (a) Key Con cept

(i) R RCONH NH2

Br /NaOH

2
2¾ ®¾¾¾

It is called Hofmann bromamide degradation reaction.

Thus, ( )Q  changes to ( )R .

(ii) Conversion of ( )S  into ( )T  through S1, S2  is called
Gabriel phthalimide reaction. P is formed by cleavage
of amide linkage in Gabriel phthalimide reaction.

27

O

O

OH

OH

NH

3

∆

O

O

Br /NaOH

2

∆

Q
R

–

+

MnO /H

4

∆

P

O

(d)

BF ,Et O

3 2

OH + 

Tertiary butyl benzene

N—K

O

Br

COOC H

2 5

–KBr

N

O

O

S
2

COOC H

2 5

O

O

OH

OH

COOH

(T )

Glycine

(P)

+

H O

3

NH

2

O

S
1

S

O

O

KOH

NH

∆

Q

O

O

2

2

+

–

(c)

+

H

(X)

Tertiary butyl benzene
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1. When ben zene sulphonic acid and p-nitrophenol

are treated with NaHCO

3

 separately the gases

released in each reaction respectively are

(a) SO

2

, NO

2

(b) SO

2

, NO (c) SO

2

, CO

2

 (d) CO

2

, CO

2

2.
K

K

p

C

 for the following reaction will be,

CO ( ) + 

1

2

O ( ) CO ( )

2 2 2

g g g¾®

(a) RT (b) 

1

RT

(c) 

1

RT

(d) 

RT

2

3. How much amount of CuSO 5H O

4 2

×  is required for

the liberation of 2.54 g of I
2

 when titrated with KI?

(a) 2.54 g (b) 4.99 g (c) 2.42 g (d) 1.26 g

4. Which of the following has the smallest number of

molecules?

(a) 0.1 mole of CO

2

 gas    (b) 11.2 L of CO

2

 gas at STP

(c) 22 g of CO

2

                  (d) 22.4  10

3

´  mL of CO

2

 gas at STP

5. For the reversible reaction,

  A s B g C g D g( ) + ( ) ( ) + ( )r ; DG° = -350 kJ

Which one of the following statement is true?

(a) The reaction is thermodynamically non-feasible

(b) The entropy change is negative.

(c) Equilibrium constant is greater than one

(d) The reaction should be instantaneous

6. If mole fraction of a solute in 1 kg benzene is 0.2,

then molality of solute is

(a) 3.2 (b) 2 (c) 4 (d) 3.6

7. In the first order reaction, 75% of the reaction gets

disappeared in 1.386 h. The rate constant of the

reaction is

(a) 3 0 10

3

. ´

-

s

-1

(b) 2 8 10

4

. ´

-

 s

-1

(c) 1.5 ´

-

10

3

 s

-1

(d) 1.8 ´

-

10

3

 s

-1

8. Among the following species, identify the pair

having same bond order CN-

, O
2

-

, NO+

, CN+

(a) CN

-

 and O

2

-

(b) O

2

-

 and  NO

+

(c)  CN

-

 and  NO

+

(d)  CN

-

 and CN

+

9. Which of the following will produce only one

product on reduction with LiAlH

4

?

(a) CH OCOCH CH

3 2 3

(b) CH CH OCOCH CH

3 2 2 3

(c) CH CH OCOCH

3 2 3

(d) CH CH OCOCH CH CH

3 2 2 2 3

10. Which of the following compounds does not give a

precipitate with excess of NaOH?

(a) ZnSO

4

(b) FeSO

4

(c) AgNO

3

(d) HgCl

2

11. Which of the following on thermal decomposition

yields a basic as well as an acidic oxide?

(a) KClO

3

(b) Na CO

2 3

(c) NaNO

3

(d) CaCO

3

l This test consists of 45 questions and each question is allotted 4 marks for correct response.
l Candidates will be awarded marks as stated above for correct response of each question. 1/4 mark will be

deducted for indicating incorrect response of each question. No deduction from the total score will be made if 
no response is indicated for an item in the answer sheet.

l There is only one correct response for each question. Filling up more than one response in any question will
be treated as wrong response and marks for wrong response will be deducted according as per instruction.
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12. An excess of AgNO3  is added to 100 mL of a 0.01 M

solution of dichloridotetraaquachromium (III)

chloride.

The number of moles of AgCl precipitated would be

(a) 0.0003 (b) 0.01

(c) 0.001 (d) 0.002

13. Which of the following statements regarding ozone, 

is not correct?

(a) The ozone molecule is angular in shape

(b) The ozone molecule is a resonance hybrid of two structures

(c) The oxygen-oxygen bond length in ozone is identical with

that of molecular oxygen

(d) Ozone is used as germicide and disinfectant for the

purification of air

14. The major product ‘P’ formed in the following

reaction is CH CH==CH3 2
HI

peroxide
¾ ¾ ®¾¾ P

(a) CH CH CH I

3 2 2

(b) CH C

I

H CH

3 3

¾

½

¾

(c) C

I

H CH CH

2 2

½

¾ == (d) C

I

H C

I

H

2 2

½

¾

½

15. The compound CH C 

CH

CH CH3

3

3¾ ==

½

¾  on reaction

with NaIO4  in the presence of KMnO4  gives

(a) CH COCH  + CH CHO

3 3 3

(b) CH CHO + CO

3 2

(c) CH COCH

3 3

(d) CH COCH  + CH COOH

3 3 3

16. The reaction 2CH C
||
O

OC H3 2 5¾ ¾

C H O Na2 5
-

+

¾ ®¾¾¾¾¾  

CH3 ¾ ¾ ¾ ¾C
||
O

CH C
||
O

OC H +C H OH2 2 5 2 5  is called

(a) Etard reaction (b) Perkin's reaction

(c) Claisen condensation (d) Claisen-Schmidt reaction

17. In the electrothermal process, for the production of

phosphorus, the compound displaced by silica from

calcium phosphate is

(a) calcium phosphide (b) phosphine

(c) phosphorus (d) phosphorus pentoxide

18. The mass of one molecule of a compound C H60 122  is

(a) 1.3  10

20

´

-

 g (b) 5.01  10

21

´

-

 g

(c) 3.72  10

30

´

-

 g (d) 1.4  10

21

´

-

g

19. Which of the following statements is true?

(a) In aqueous medium, HF is a stronger acid than HCl

(b) HClO

4

 is a weaker acid than HClO

3

(c) HNO

3

 is a stronger acid than HNO

2

(d) H PO

3 3

 is a stronger acid than H SO

2 3

20. Which of the following reactions does not yield an

amine?

(a) R X¾ + ¾®NH  

3

(b) R ¾ == + ¾ ®¾¾¾¾¾CH NOH  [H] 

Na /C H OH

2 5

(c) R ¾ + ¾ ®¾¾

+

CN  H O 

2

H

(d) R ¾ ¾ ®¾¾¾CONH  

2

LiAlH

4

21. According to IUPAC nomenclature sodium

nitroprusside is named as

(a) sodium pentacyanonitrosylferrate (II)

(b) sodium pentacyanonitrosylferrate (III)

(c) sodium nitroferricyanide

(d) sodium nitroferrocyanide

22. When dil. H SO2 4  is added to aqueous solution of

potassium chromate, yellow colour of solution turns

to orange colour. It indicates

(a) chromate ions are reduced

(b) chromate ions are oxidised

(c) monocentric complex is converted into dicentric complex

(d) oxygen gets removed from chromate ions

23. SiCl4  on hydrolysis forms X and HCl, compound X

loses water at 1000°C and gives Y. Compounds X and 

Y respectively are

(a) H SiCl

2 6

, SiO

2

 (b) H SiO

2 4

, Si

(c) SiO

2

, Si (d) H SiO

4 4

, SiO

2

24. Bakelite is a product of the reaction between

(a) formaldehyde and NaOH (b) aniline and urea

(c) phenol and methanal (d) phenol and chloroform

25. Which complex compound possesses sp d3 2

hybridisation?

(a) [Fe(NH ) ]

3 6

3 +

 (b) [Fe(CN) ]

6

4 -

(c) [Fe(CN) ]

6

3 -

 (d) [Fe(Cl) ]

6

3 -

26. The amount of H S2  required to precipitate 1.69 g of 

BaS from BaCl2solution is

(a) 3.4 g (b) 0.24 g (c) 0.34 g (d) 0.17 g

27. The lanthanoid element that has the electronic

configuration, [Xe] 4 5 67 1 2f d s  is

(a) Lutetium (b) Terbium (c) Ytterbium (d) Gadolinium

28. Select the structural formula of resorcinol

          

29. For one mole of an ideal gas, in creas ing the

tem per a ture from 10°C to 20°C results

(a) Increase in the average kinetic energy by two times.
(b) Increase in the rms velocity by 2  times.

(c) Increase in the rms velocity by two times.
(d) Increase in both the average kinetic energy and rms

velocity, but not significantly.

OH

OH

(a)

OH

OH

(c)

OH

(b)
OH

OH

OH

(d)

OH
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30. Which one of the fol low ing state ments is not

cor rect?

(a) Al reacts with NaOH and liberates H

2

(b) AlCl

3

 is a Lewis acid

(c) Al is used in the manufacture of electrical cables

(d) NaOH is used during Hall's process for the purification of

bauxite

31. A so lu tion con tains 10mL of 0.1N NaOH and

10 mL of 0.05N H SO

2 4

, pH of this so lu tion is

(a) less than 7 (b) 7

(c) zero (d) greater than 7

32. When ni tric acid re acts with ni tric ox ide, a gas is

re leased, which con verts H S

2

 into

(a) SO

4

2 -

(b) S

2 -

(c) S (d) S O

2 5

2 -

33. The num ber of metamers of the com pound with

mo lec u lar for mula C H O

5 10

 is

(a) 1 (b) 3 (c) 8 (d 6

34. Which one of the fol low ing is least re ac tive in

nucleophilic sub sti tu tion  re ac tion?

(a) (CH ) C Cl

3 3

¾ (b) CH CHCl

2

==

(c) CH CH Cl

3 2

(d) CH CHCH Cl

2 2

==

35. Fa cial and me rid i o nal isomerism will be ex hib ited by

(a) [Co(NH ) Cl ]

3 3 3

(b) [Co(NH ) Cl ] Cl

3 4 2

(c) [Co(en) ]Cl

3 3

(d) [Co(NH ) Cl] Cl

3 5 2

36. Which one of the el e ments with the fol low ing outer

or bital con fig u ra tions may ex hibit the larg est

num ber of ox i da tion states?

(a) 3 4

5 1

d s (b) 3 4

5 2

d s (c) 3 4

2 2

d s (d) 3 4

3 2

d s

37. Which one of the fol low ing alkyl bro mides

un der goes most rapid solvolysis in methanol

so lu tion  to give cor re spond ing methyl ether ?

38. The per cent ages of  free space in cu bic  closed

packed struc ture and body cen tred packed structure 

are re spec tively?

(a) 30% and 26% (b) 26 % and 32 %

(c) 32% and 48% (d) 48% and 26% 

39. The heat of com bus tion of C, S and CS

2

 are

   - -

- -

393.3 kJ mol ,  293.7 kJ mol

1 1

 

and  -

-

110876

1

. kJ mol . 

What will be the heat of for ma tion of CS

2

.

(a) -128 06.  kJ mol

-1

(b) + 970 kJ mol

-1

(c) + 11087.  kJ mol

-1

(d) + 12 kJ mol

-1

40. In duc tive ef fect of which atom or group taken as

zero to com pare in duc tive ef fect of other at oms is

(a) Hydrogen (b) Chlorine (c) Carbon (d) Oxygen

41. Which of the fol low ing re ac tions is not an ex am ple

of electrophilic sub sti tu tion in ben zene ring?

 

42. Which of the fol low ing com pounds will be most

re ac tive to wards nucleophilic addition re ac tion?

(a) CH CO CH CH CH CH

3 2 2 2 3

(b) CH CH COCH CH CH

3 2 2 2 3

(c) CH CH CH CH CH CHO

3 2 2 2 2

(d) CH CH CO C H

CH

CH

3 2

3

3

¾ ¾ ¾

½

¾

43. In which of the following reaction an i line does not

liberate ma jor prod uct?

(a) C H OH + NH  

6 5 3

ZnCl

300 C

2

¾ ®¾¾

°

(b) C H NO  

6 5 2

Zn powder

Alcoholic KOH

¾ ®¾¾¾¾

(c) C H Cl + NH  

6 5 3

200 C high pressure

Cu O

2

°

¾ ®¾¾¾¾¾¾

(d) C H NO   6[H] 

6 5 2

Fe + H O

HCl

2

+ ¾ ®¾¾¾

44. The rea son for the loss of op ti cal ac tiv ity of lac tic

acid when ¾ OH group is changed by H is because

(a) chiral centre of the molecule is destroyed

(b) molecule accquires asymmetry

(c) due to change in configuration

(d) structural changes occur

45. Schottky de fect in crys tals is ob served when

(a) unequal number of cations and anions are missing from

the lattice sites

(b) equal number of cations and anions are missing from the

lattice sites

(c) an ion leaves its normal site and occupies an interstitial site

(d) density of the crystals is increased

CH

CH

2

Br

(a) (b)

Br

(c)

Br

Br

(d)

(a) +  Cl

2

Anh·AlCl

3

Cl

(b) +  CH COCl

3

Anh·AlCl

3

COCH

3

(c) +  3Cl

2

Sunlight 

Cl

ClCl

ClCl

Cl

(d) +  H SO

2 4

Cl
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1. (d) Key Concept Ben zene sulphonic acid and p-nitrophenol are
stron g ac ids, so these are ca pa ble to evolve CO

2

 gas on reaction
with NaHCO

3

       HCO  + H H O + CO

3

+

2 2

- ¾® 
                           Salt        Acid

Ben zene sulphonic acid and p-nitrophenol re act with NaHCO

3

and evolve CO

2

 gas

2. (c) Dn n ng P R= -  = - = -1

3

2

1

2

  K K RTP C
ng= ( )

D
 = -K RTC( )

/1 2

       

K

K RT RT

p

C

= =
1 1

1 2

( )

/

3. (b) 2CuSO .5H O + 4KI Cu I

4 2 2 2

¾®  + 2K SO + I  + 10H O

2 4 2 2

                        254 g

Molecular mass of 2CuSO .5H O

4 2

 = + + + [2(63.5  32  64)  10(18)] 

= 499 g

As 254 g of I

2

 is liberated by 499 g CuSO .5H O

4 2

So, 2.54 g of I

2

 will be liberated by x g CuSO 5H O

4 2

×

        x = ´ =
499

254

2 54. 4.99 g

4. (a)

(a) 0.1 mole of CO

2

(b) 

11.2

22.4

= 0 5.  mole of CO

2

(c) 

22

44

0 5= .  mole of CO

2

(d) 

22 4 10

22400

1

3

. ´
=  mole of CO

2

Equal number of moles have equal number of molecules

Hence,  0.1 mole of CO

2

 gas has the smallest number of

molecules.

5. (c) In the given reversible reaction, since the randomness

increases (because solid is changing into gas), entropy will

increase and thus, DS is positive. Reversible reaction never

undergo to completion (i.e. never be instantaneous)

For the given reaction DG° = - 350 kJ

Q               DG RT° = - 2 303

10

. log  K

          - = -350 2 303

10

. logRT  K

If K has value equal to 1, value of log K comes out to be zero and

hence, DG° becomes zero. This is not possible, as the given value

of DG° is -350 kJ. Thus, the value of K should be greater than zero.

Moreover, the reaction is thermodynamically feasible.

6. (a) Let number of moles solute in solution = x

Moles of benzene in solution

           = =
-

1000

78

1

g

gmol

12.82 moles

Mole fraction of solute =
+

=
x

x 12 82.

3.2

        0.2 =
+

x

x 12 82.

    02 12 82. ( . )x x+ =

        x x- =02 2 564. .

           x = =
2 564

0 8

.

.

3.205 = 3.2

\     Molality =
Number of moles of solute

Mass of solvent (in kg)

 =
3.2

1

 = 3.2

7. (b) For the first order reaction

      t
K

A

A
=

2 303

0

.

log

[ ]

[ ]

       K =
´ ´

2 303

1386 60 60

100

25

.

.

log

[ ] [ ]A A x= -

= - =

é

ë
ê

ù

û
ú

0

100 75 25

       K =
´

´ ´

2 303 0 6021

1386 60 60

. .

.

 = ´ -
2 77 10

4

.  s

-1

 

~- ´ - -
2.8 s10

4 1

8. (c) Key concept Species with the same number of electrons, will
have same bond order.

Species Number of electrons

CN

-
6 7 1 14+ + =

O

2

-
8 8 1 17+ + =

NO

+
7 8 1 14+ - =

CN

+
6 7 1 12+ - =

Since, CN

-
 and NO

+

 have same number of electrons, they have

same bond order i.e. 3

CN

-
 or NO   14

+ =

       = s s s s ss s s s pz
2 2 2 2 2

1 2 2 2

* *

, , , ,  p p2 2

2 2p px y=

  Bond order =
-

=
-

=
N Nb a

2

10 4

2

3

9. (a) Only ethyl acetate undergoes reaction with  LiAlH

4

 to give ethyl 

alcohol, other esters given in options gives mixture of alcohols on

reduction.

      CH COOCH CH  + 2H

3 2 3 2

 

LiAlH

3 2

4

2CH CH OH¾ ®¾¾¾

10. (a) On adding sodium hydroxide to the ZnSO

4

 solution, first white 

precipitate of zinc hydroxide is obtained, which dissolves in

excess of NaOH due to the formation of sodium zincate.

           ZnSO  + 2NaOH Zn(OH)  + Na SO

4 2 2 4

¾®
          White

                                   (insoluble)

          Zn(OH)  + 2NaOH Na ZnO  + 2H

2 2 2 2

¾®
                             Sodium zincate 

              (soluble)

11. (d) CaCO CaO + CO

3 2

¾®
D

      Basic oxide  Acidic oxide

CaO is a basic oxide as it is an oxide of alkaline earth metal 

(except BeO, all alkaline earth metal oxides are basic in nature).

12. (c)  [Cr(H O) Cl ]Cl [Cr(H O) Cl ]  + Cl

2 4 2 2 4 2

+

 r
-

   AgNO  + Cl AgCl + NO

3 3

- -¾®

[Cr(H O) Cl ]Cl

2 4 2

 has one ionisable Cl

-
 ion

\ Molarity of AgCl formed = 0 01.  M

Moles of AgCl in 100 mL = ´ =
0.01

1000

100 0 001.  mol

37

SO H

3

+ NaHCO

3

–

+

SO

Na

3

+ H O+CO ↑
2 2

Benzene 

sulphonic acid

OH

+ NaHCO

3

ONa

+ H O+CO ↑
2 2

p-nitrophenol

NO

2

NO

2

– +

Answers Explanation with 
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13. (c) Due to resonance, the bond order in ozone is 1.5. Hence, 
O O¾  bond length in O 3 is greater than O O¾  bond length in O 2.

14. (b) The product of given reaction will be according to
Markownikoff's rule. This is because peroxide effect is applicable
only in case of HBr not in case of HI 
     CH CH CH CH C

I

H CH3 2
HI

peroxide 3 3¾ == ¾ ®¾ ¾

½

¾

15. (d)

       
16. (c) Two molecules of ester condense to give b-keto ester in the

presence of an alkali. This reaction is called Claisen condensation.

   2CH C
||
O

OC H3 2 5
C H O Na2 5

¾ ¾ ¾ ®¾¾¾¾¾

-

+

  CH  C
||
O

CH C
||
O

OC H3 2 2 5¾ ¾

  Ethyl acetoacetate                +C H OH2 5

17. (d) In electrothermal process, silica is heated with calcium
phosphate, phosphorus pentoxide (P O4 10 ) is obtained. P O4 10 is
then reduced by coke in electric furnace to give white phosphorus.
 2Ca (PO )  + 6SiO 6CaSiO  + P O3 4 2 2 3 4 10

D

¾ ®¾

     P O  + 10 C P + 10 CO4 10 4
D

¾ ®¾

18. (d) The molecular mass of C H60 122

       = ´ + (60  12  122) g
          = +( )720 122  g = 842 g
The mass of one molecule of C H  60 122 = molecular mass of
compound/Avogadro number

    =

´

 842 g
6.023  1023

 = ´

- 1.4  10  21 g

19. (c) Key Concept  HNO 3 is more acidic than HNO 2 because 
HNO 3 contains more number of electronegative oxygen atoms
which facilitate the easy removal of  H+  ion.
The order of acidic strength is 

     HCl > HF
  HClO   HClO4 3>

                HNO   HNO3 2>

              H SO   H PO2 3 2 3>

20. (c) Cyanides on hydrolysis give acids
      R RCN  2H O  COOH  NH2 3

H+
+ ¾ ®¾¾ +

While all other reactions give amines. 
21. (b) IUPAC name of sodium nitroprusside Na [Fe(CN) NO]2 5  is

sodium pentacyanonitrosylferrate (III) because in it NO is neutral
ligand and the oxidation number of Fe is +3.

2  O N of´ ×  Na  O N of Fe  5 O N of C N+ × + ´ × ×  + ´ × = 1  O N of NO  0
         2  (  1)  O N of Fe  5  (  1)  1  0  0´ + + × + ´ - + ´ =

                  O N of Fe  5  2   3× = - = +

22. (c) 2K CrO   H SO   K Cr O2 4 2 4 2 2 7+ ¾®  + + K SO   H O2 4 2

      

23. (d) SiCl   4H O  H SiO   4HCl4 2 4 4
( )

+ ¾® +

X

              H SiO  SiO  2H O4 4 1000 C 2
( )

2 D

¾ ®¾ +

° Y

24. (c) 

25. (d) Cl-  being a weak field ligand, does not pair up with
d-electrons of the metal atom and thus, forms an outer orbital
complex.
In [Fe(Cl) ]6

3 - , (Fe is present as Fe 3+ )
Fe   [Ar] 33 5+

= d  4 0s 4 0p

             
Fe 3 + in [Fe(Cl) ]6

3 -

26. (c) BaCl   H S   BaS2 2
(2g  32 g

 34 g)
(137g 32g

 169 g)

+ ¾® ¯

+

=

+

=

  2HCl+

Q 169 g of BaS is obtained by 34g of H S2

\ 1.69 g of BaS will be obtained by H S  34  1.69
1692 =

´  = 0.34 g

27. (d) The given electronic configuration  corresponds to gadolinium 
( )Z = 64  which belongs of 4f-series.

28. (c)

29. (d) Given, T1 273 10 283= + =  K
    T2 273 20 293= + =  K

Average Kinetic energy ( )KE =

3
2

KT

      (KE )
(KE )

  283
293

  0.961

2
= =

Root mean square (rms) velocity

     v RT
Mrms =

3

    
v
v

T
T

(rms)

(rms)

1

2

=

1

2
 = =

283
293

0 98.

Thus, both average kinetic energy and root mean square velocity
increases but not significantly when temperature is increased
from 10°C to 20°C.

H C3

H C3

C CH—CH  + 3[O]3
NaIO4

in the presence
of KMnO4

H C3

H C3

C O + CH COOH3

Cr

O

O
O

O

Chromate ion
(Yellow)

2–

Cr
O

O

Dichromate ion
(Orange)

2–

O
O

Cr
O

O
O

4s 4p3d

3d 4d3 2sp d
XX XX XX XX XX XX

–Cl –Cl –Cl –Cl –Cl –Cl

OH
OH

: Catechol

OH

: Quinol

OH
OH

: Resorcinol
OH

OH
OH

: Pyrogallol
OH

OH

n + n HCHO
    Formaldehyde
    (Methanal)

OH
CH2

OH

– nH O2

nPhenol

Bakelite

CH2

CH2 CH2

iranchembook.ir/edu



39

30. (d) NaOH is used in Baeyer’s pro cess for pu ri fi ca tion of baux ite

ore. Hall's pro cess in volves ex trac tion of alu minium metal from its 

ox ide ore (alumina) by pass ing elec tric cur rent through a so lu tion 

of alu minium ox ide in mol ten cryolite. This ox ide ore is ob tained

from baux ite through Baeyer’s pro cess.

31. (d) 10 mL of 0.1M NaOH contains millimole 

  10  0.1  1= ´ =      (Q 0.1 N NaOH = 0.1 M NaOH)

10 mL of 0.025 M H SO

2 4

contains millimole

= ´ 10  0.025 = 0.25       (Q 0.05 N H SO

2 4

= 0.025M H SO

2 4

)

    H SO   2NaOH  Na SO   H O

2 4

1 mol

2 mol

2 4 2

+ ¾® +

0.25 millimole of H SO

2 4

 will react with 0.5 millimole of NaOH.

\ NaOH left = - =1 0 50.5 .  millimole

Volume of reaction mixture = 20 mL

Molarity of NaOH in mixture solution = = ´

-

0 5

20

2 5 10

2

.

.  M

         pOH   log [OH ]   log (2.5  10 )

 2

= - = - ´

- -

 = 160.

         pH  14  pOH= -   = -14 160.

         pH  12.4=  

32. (c) When ni tric acid (HNO )

3

 re acts with ni tric ox ide (NO),

NO

2

 gas is re leased which oxi dises H S

2

 into sul phur.

      2HNO   NO  H O  3NO

3 2 2

+ ¾® +

       NO   H S  H O  S  NO

2 2 2

+ ¾® + +

33. (b) Since the com pound has C H O

n n2

 type gen eral for mula, it

must be ketone (or al de hyde). It has the fol low ing metamers (the

iso mers hav ing same func tional group but dif fer ent alkyl group

at tached with the same func tional group)

  (i) CH C

O

CH CH CH

3 2 2 3

¾

½½

¾                 (ii) CH CH C

O

CH CH

3 2 2 3

¾

½½

¾

2-pentanone                    3-pentanone.

(iii) CH C

O

CH

CH

CH

2

3

3

¾

½½

¾

½

¾

   3-methyl-2-butanone

Hence, it has three metamers.

34. (b) Chlo rine of vi nyl chlo ride (CH CHCl)

2

==  is non-re ac tive

(less re ac tive) to ward nucleophile in nucleophilic sub sti tu tion

re ac tion be cause it shows the fol low ing  res o nat ing struc tures

due to + M ef fect of ¾ Cl atom.

In structure II, Cl-atom has positive charge and partial  double

bond character with carbon of vinyl group, so it is more tightly

attracted towards the nucleus and it does not get replaced by

nucleophile  in S

N

 reaction.

35. (a) Fa cial (fac) and me rid i o nal (mer) isomerism is a type of

geo met ri cal isomerism, that is shown by oc ta he dral com plexes

hav ing Ma b

3 3

 gen eral for mula where, M is a cen tral metal atom a

and b are monodentate ligands. Hence, [Co(NH ) Cl ]

3 3 3

 ex hib its 

fac-mer isomerism as

36. (b) Num ber of ox i da tion state = Num ber of va lence elec trons 

Since, number of valence electrons is maximum in 3 4

5 2

d s , it shows 

maximum number of oxidation state.

37. (a) 1-bromo-3-methylbut-2-ene re acts most readily by S 1

N

be cause the bro mine is pres ent on al lyl ic car bon. Since, CH OH

3

 is

a weak nucleophile and a weak nucleophile follows S 1

N

38. (b) Pack ing frac tion of ccp = =

p

3 2

074. Þ 74%

% free space in ccp = (100 74- )% = 26%

Packing fraction of bcc = =

p 3

8

0 68.   Þ   68%

% free space in bcc = - =( )% %100 68 32

39. (a) C + 2S  CS

2

¾®

   D SD SDH H H

p R

= -  = - - - + ´ -110876 393 3 2 2937. ( . ( . ))

    = - + +110876 393 3 587 4. . .  = - 128 06.  kJ mol

-1

40. (a) Hy dro gen does not show I-ef fect. Its in duc tive ef fect is taken as 

zero. Elec tron re leas ing or elec tron withdraw ing ca pa bil ities of

other at oms are com pared with re spect to hydrogen atom.

41. (c) Cl

2

 is added to ben zene ring in the pres ence of sunlight to give

ben zene hexa chlo ride

42. (c) The case in which a nucleophile attacks on the carbonyl group, 

depends upon the electron deficiency, i.e. magnitude of the

positive charge on the carbonyl carbon. Since, an alkyl group has

electron donating inductive effect (I-effect) therefore, greater the

number of alkyl groups attached to the carbonyl group, greater is

the electron density on the carbonyl carbon and hence, lower is its

reactivity towards nucleophilic addition reactions. 

43. (b) An i line is not ob tained as a ma jor prod uct by the following

re ac tion

C H NO   Zn powder 

6 5 2

Alcoholic KOH

[H]

+ ¾ ®¾¾¾¾¾

    Nitrobenzene 

44. (a) When ¾ OH  group of lac tic acid is re placed by H, then chirality 

of carbon is lost. 

    CH C

H

OH

COOH

3

¾

½

½

¾   ¾®  CH C

H

H

COOH

3

¾

½

½

¾

       Lactic acid

\ Its optical activity is lost.

45. (b) When equal num ber of cat ions and anions are miss ing from

the lat tice sites then Schottky de fect is ob served in the crys tal.

Co

NH

3

H

3

N

H

3

N

Cl

Cl

Cl

fac-form

Co

NH

3

H

3

N

NH

3

Cl

Cl

Cl

mer-form

CHC

CH —Br

3

CH—CH OCH

2 3

C

H C

3

H C

3

 + CH OH

3

+  3Cl

2

Sunlight 

Cl

ClCl

ClCl

Cl

Benzene

C H Cl

6 6 6

Benzene hexachloride

CH ==CH—Cl   ←→   CH —CH==Cl

2 2

δ– δ+

I II

OC

R

H

OC

R

R

N N

Azobenzene
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SOLUTION

CONCEPT MAP 
Revision your

• A solution is a homogeneous mixture containing
two or more components whose composition can
be varied within certain limits. 

• A solvent is the component present in large
amount by mass and the other component(s)
is/are termed as solute(s) that present in less
amount by mass in solution.

• Solutions in which water acts as a solvent are
called aqueous solutions, while in which water
does not act as a solvent are called non-aqueous
solutions. 

u GENERALISED CONCENTRATION
 TERMS 

(i) Mass (m) percentage
m

m
solute

solution

× 100 or 
m

V d
solute

solution solution×
× 100

Here, d  = density ; m alongwith subscript
denotes mass of corresponding subscript. 

(ii) Volume ( )V  percentage 

V

V
solute

solution

in mL)

in mL)

(

(
× 100

(iii) m V/  percentage 
m

V
solute

solution

;

Here, volume is taken in litre (L). 

(iv) Parts per million (ppm) 
m

V
solute

solution

(in g)

(in L)
× 106  

(v) Mole fraction ( χ) χ solute
solute

solute solvent

=
+

n

n n
;

χ solvent
solvent

solute solvent

=
+

n

n n
;

(χ χsolute solvent+ = 1)

Here, n = number of moles 

(vi) Molarity ( )M  
n

V
solute

solution (in L)
;

 n
m

solute
solute

1

(in g)

Molar mass ( g mol )
=

−

or  M
V

= Number of millimoles of solute

(in mL)solution

= ×
 

Per cent of solute  10

Molecular mass of solute

=

×

 

Mass per cent of solute  specific gravity 

of the solution  10

Molecular mass of solute

×

(vii) Normality ( )N

Number of gram -equivalents of solute

(in LsolutionV )

    =
×
m

E V
solute

solute solution (in L)

or  N
m

E V
=

×
×solute

solute solution

(in g)

(in mL)
 1000

= ×Per cent of solute

soluteE
10

=

×Mass per cent of solute  specific gravity 

of the solution  10

Equivalent mass of the solute

×

Here, E with subscript represents equivalent
mass of corresponding subscript.

(viii) Molality ( )m  

m
n

m
= ×solute

solvent(in g)
1000 = ×

×
m

M m
solute

solute solvent

(in g)

(in g)

1000

Here, M  alongwith subscript denotes molecular mass, m
alongwith subscript denotes mass, while single m denotes
molality. 

(ix) Formality ( )F   = Moles of substance added to the solution

Volume of solution (in L)

Note Formality describes the solute which is mixed in a liquid
rather than the solute present in the solution after the
dissolution process. 

(x) Demal ( )D  It is equal to molar concentration at 0°C, i.e. 1 D
represents, one mole of solute present in one litre of the
solution at 0°C.

Remember Normality and molarity, change with temperature

because they involve volumes while molality, mole fraction 

and mass fraction do not change with temperature

because they involve mass.

(xi) Strength Strength of solution

= m

V
solute

solution

 (in g)

(in L)
 

v SOME SPECIAL FORMULAE

Concentration terms Relation 

Molarity (M) and strength 

M

M

=
−

Strength (in gL )

1

solute

Molarity ( )M  and mole

fraction of solute (χ
solute

)

χ
solute

solvent

solvent solute

=
− +

M

M M M d( )

Molality (m) and mass

per cent of solute ( x)

m

x

x M

= ×
− ×
1000

100( )

solute

Molality (m) and mole

fraction of solute ( )χ
solute

χ
solute

solvent

solvent

=
+
mM

mM1

Normality ( )N  and strength

N

E

=
−

Strength ( in gL )

1

solute

Normality ( )N  and molarity 

( )M

Normality × equivalent mass

= Molarity × molecular mass 

Normality ( )N  and mass

percentage of solute ( )x

N

x d

E

= × × 10

Molality ( )m  and molarity 

( )M

M

m d

mM

= ×

+1

1000

solute

w CONCENTRATION TERMS WITH MIXING OF
 SOLUTIONS 

(i)  In case of dilution  If molarity and volume of solution are
changed from M V1 1,  to M V2 2,  then M V M V1 1 2 2=
• Volume of water added; 

V V
M M

M
V2 1

1 2

2
1− = −








• If n1  moles of reactant 1 react with n2  moles of reactant 2

then, 
M V

n

M V

n
1 1

1

2 2

2

=

(ii) In case of mix ing Let four samples of solution (with same
solvent and solute) with molarities M M M1 2 3, , , M 4  and
volumes V V V V1 2 3 4, , ,  are mixed. The molarity ( )M  of
resultant solution is given as 

M V M V M V M V1 1 2 2 3 3 4 4+ + +  = + + +M V V V V( )1 2 3 4
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SOLUTION

CONCEPT MAP 
Revision Tool

{ IDEAL AND NON-IDEAL SOLUTIONS 

Ideal solution

Non-ideal solution

Positive deviation
from Raoult’s law

Negative deviation from
Raoult’s law

1. Raoult’s law Obey Do not obey Do not obey

2. Enthalpy change
after mixing

∆Hmix = 0 ∆Hmix > 0 ∆Hmix < 0

3. Total pressure for
two components

p p pT A B= + p p pT A B> + p p pT A B< +

4. Volume change
after mixing

∆Vmix = 0 ∆Vmix > 0 ∆Vmix < 0

5. Intermolecular
force

A − A, A − B and B − B
interactions are same.

A − B interactions are
weaker than A − A and
B − B.

A − B interactions are
stronger than A − A and
B − B.

6. Escaping
tendency

Same before and after
mixing.

Increases after mixing. Decreases after mixing.

7. Examples n-hexane + n-heptane Acetone + ethanol Acetone + aniline

8. Graphs

V
a

p
o

u
r 

p
re

ss
u

re

pºA

pºB
pA

pB

ptotal

0 1χA

1 0χB

V
a

p
o

u
r 

p
re

ss
u

re

pºA

pºB p total

pB

pA

0 1χA

1 0χB

V
a

p
o

u
r 

p
re

ss
u

re

pºA

pºB(iii)

(ii)

(i)

Mole fraction

p  A

p  B

χ  =1Aχ  =0B

χ  =1Bχ  =0A
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PERSONALITIES
SPECTRUM “THERE IS NO LESS INVENTION IN APTLY 

APPLYING A THOUGHT FOUND IN A 
BOOK THAN IN BEING THE FIRST 
AUOTHER OF THE THOUGHT.”

SIR ROB ERT BOYLE 
(THE FA THER OF MOD ERN CHEM IS TRY)

(25/01/1627-31/12/1691)
Robert Boyle was a leading intellectual figure of the
17th century and one of the founders of Modern
Chemistry. He was a natural philosopher, Chemist,
physicist and inventor, born in Lismore, County
Waterford, Ireland. He belonged to the privileged
social class (Anglo-Irish) in Ireland, whose members 
were mostly the descendants and successors of the
Protestant Ascendancy. He was one of the pioneers
of modern experimental scientific method. Today, he is best known for
Boyle’s law which states, ‘‘in a closed system at constant temperature,
volume and pressure are inversely proportional to each other.

LIFE HISTORY 
Robert Boyle was born into an aristocratic family on January 25, 1672 in
Lismore Castle, in the small town of Lismore, Ireland.
He was educated at Eton and then travelled and studied in Europe. He
returned from the continent in 1644 and was extremely interested in science 
and settled in Dorset where he built a laboratory. In 1655 or 1666, Boyle
moved to Oxford. It was here that he engaged Robert Hooke as an assistant
and together they devised the most famous piece of experimental
equipment associated with Boyle, the vacuum chamber of air-pump. He
was the first prominent scientist to perform controlled experiments and
publish his work with details concerning procedure, apparatus and
observations. He began to publish in 1659 and continued to do so for the
rest of his life on subjects as diverse as philosophy, medicine and religion.
It is Boyle’s law for which he remains most famous. In 1668, Boyle
moved permanently to London, living with his sister. In 1680 he
refused the presidency of the Royal Society because the oath required to
violate his strongly held religious principles. Boyle died in London on
31 December 1691.

CONTRIBUTION TO CHEMISTRY
Boyle’s chief scientific interest was Chemistry, his first published scientific
work, New Experiments Physico-Mechanical, Touching the spring of the Air
and Its Effects (1660), concerned the physical nature of air, as displayed in a
brilliant series of experiments in which he used an air pump to create
vacuum. The second edition of this work, published in 1662, delineated the
quantitative relationship that Boyle derived from experimental values, later 
known as “Boyle’s law”.
In his experiments Boyle made many important observations, including
that of the weight gain by metals when they are heated to become crumbly
residue. He interpreted this phenomenon as caused by fiery particles that
were able to pass through the walls of glass vessels. Robert Boyle put
Chemistry on a firm scientific footing, transforming it from a field bogged
down in alchemy and mysticism into one based on measurement. He
defined elements, compounds and mixtures and he coined the new term
‘chemical analysis’, a field in which he made several powerful
contributions.

JOHN DALTON (06/07/1766-27/06/1844)
‘‘If I have succeeded better than many who surround me, it has been chiefly may I

say almost solely from universal assiduity.’’
Ever since he was a child, John Dalton wanted to learn as much
as possible, yet he was the son of a poor Quaker weaver. So
from a young age, he had to help his family. But he didn’t let
this stop him from learning; he just found a way to do both. At
the young age of twelve, he taught the local school. His
eagerness to learn and his great understanding of math and
science quickly moved him up in the ranks.
Dalton’s first experiment had to do with meteorology. Throughout his entire life, he
would watch the weather and track what was happening in order to better predict
the weather. Dalton also early on. He also discovered what is known as Dalton’s Law
of partial pressure. This law is simply that the total pressure of a system is going to
be equal to sum of the partial pressures of each individual gas. This discovery led to
one of his greatest discoveries: all matter is made up of individual particles called
atoms. He developed this discovery into his atomic theory.

LIFE HISTORY
John Dalton (1766-1844) was born into a modest Quaker family in Cumberland,
England and earned his living for most of his life as a teacher and public lecturer,
beginning in his village school at the age of 12. After teaching 10 years at a Quaker
boarding school in Kendal, he moved on to a teaching Philosophical Society, which
provided him with a stimulating intellectual environment and laboratory facilities.
The first paper he delivered before the society, was on colour blindness, which
afflicted him and is sometimes still called ‘Daltonism.’
Dalton arrived at his view of atomism by way of meteorology, in which he was
seriously interested for a long period : he kept daily weather records from 1787 until
his death, his first book was Meteorological Observations (1793), and he read a series 
of papers on meteorological topics before the Literary and Philosophical Society
between 1799 and 1801. John Dalton got a small pension from the government that
helped him live a normal life. He had a minor stroke in 1837 and yet another one in
the next year that affected his speech. In 1844, he had another stroke and died in the
same year.

CONTRIBUTION TO CHEMISTRY
The great interest in meteorology and the atmosphere led him to the study of gases
and forming the atomic theory. He published a paper explaining that when two
different gases were mixed together, they acted independently as if the other one is
not present. Dalton, also postulated the law of thermal expansion.
In the year 1803, Dalton was able to submit another paper, ‘The law of multiple
proportions,’ which states that elements always combine in whole number ratios.
He created the first table of atomic weights, hydrogen being the first one having a
mass of 1 amu.
In a way to expand his theory, Dalton published, ‘A new system of chemical
philosophy’ in the year 1808, which states that atoms of different elements can be
distinguished from one another by their varying atomic weights. Thus he became
the first scientist to describe atomic behaviour in terms of the measurement of
weight. He also explained that atoms cannot be created or destroyed. Though
Dalton’s work was welcomed by some people, it received much debate and hype
among scientists. However, people began accepting Dalton’s work, when more
experiments were made on the subject matter in the later years.
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1. A so lu tion of polystyrene in ben zene con tains

10 g/L polystyrene. The equi lib rium height of the

col umn of so lu tion (den sity = 0.88 g cm-3 ) in the

osmome ter cor rected for the capillary rise is 11.6 cm 

at 25°C. What is the num ber av er age mo lar mass of

the polystyrene? [Assuming the solution is ideal]

(a) 24.8  10  g mol

3 1

´

-

(b) 12.6  10  g mol

2 1

´

-

(c) 6.023  10  g mol

3 1

´

-

(d) 21.6  10  g mol

2 1

´

-

2. The most ap pro pri ate rea son for larger num ber of

ox i da tion states exhibited by the actinoids than the

cor re spond ing lanthanoids is 
(a) more energy difference between 5f and 6d-orbitals than

between 4f and 5d-orbitals 

(b) lesser energy difference between 5f and 6d-orbitals than

between 4f and 5d -orbitals 

(c) larger atomic size of actinoids than the lanthanoids 

(d) greater reactive nature of the actinoids than the lanthanoids

3. Rank the following in the order of increasing value

of the equilibrium constant for hydration.

   
(a) I < II < III (b) III < I < II

(c) II < I < III (d) II < III < I

 

Three compounds I, II and III are given as, 

The compounds A, B and C respectively, are 

(a) I, II and III (b) I, III and II (c) III, II and I (d) III , I and II

5. One gas bleaches the coloured matter by reduction

temporary while the other one by oxidation

permanently. The gases respectively  are
(a) SO

2

 and Cl

2

(b) O

3

 and Cl

2

(c) H S

2

 and CO

2

(d) Cl

2

 and SO

2

6. For a hypothetical H-like atom, the potential energy 

of the system is given by U r ke r( ) /= -

2 3 , where, r is

the distance between the two particles. If Bohr’s

model of quantisation of angular momentum is

applicable, then velocity of particle is given by 

(a) v

n h

ke m

=

2 3

2 3 2

8p

(b) v

n h

ke m

=

3 3

2 3 2

8 p

(c) v

n h

ke m

=

3 3

2 3 2

24 p

(d) v

n h

ke m

=

2 3

2 3 2

24 p

7. If mono-molecular adsorption takes place, how

much ammonia in mL at STP, would be adsorbed on

the surface of 25 g charcoal? 

[Diameter of ammonia molecule is 0.3 nm]
(a) 13148.8 mL (b) 15258.5 mL

(c) 15879.6 mL (d) 15234.6 mL 

I  II

(CH ) C—C—C(CH )3 3 3 3

  III

O

O

O

H C3

—COOH
B H /THF2 6  A

H O /OH2 2 B

CH  COOH3

 C

O
O

4.

H C3

—CH OH2

O

B

III

3

H C3

—CH OH2

O

H

 I

H C3

—CH OH2

O

OH

 II

O O
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8. The solubilities of carbonates decrease downward

in magnesium group due to a decrease in

(a) hydration energies of cations
(b) interionic attraction
(c) entropy of solution formation
(d) lattice energies of the solids

9. The half-cell reactions for rusting of iron are

2H +

1

2

O + 2 H O; =+ .23

+

2 2

e E- ¾® ° 1  V 

    Fe + 2 Fe ( ); = .44

2+ e s E- ¾® ° - 0  V 

DG° (in kJ) for the reaction is 

(a) - 76 (b) - 322 (c) - 176 (d) - 122

10. Most appropriate transition state in dehydration of

alcohol is (in acidic medium) 

1. (a) We know that,

     p h g= r  = ( .0116 m) (0.88 ´ 103 kg m 3-  ) × (9.8 ms 2-  )

= 1000 Pa

p =
mST

MV
, M

mST

V
=

p

M = 
(10 g) . (8.314 JK mol ) (298 K)

(10  Pa) . (10

1 1

3 3

- -

-  m )3

= ´ -24.8 10 g mol3 1

2. (b) Due to the energy differences, lanthanoids have lesser energy
difference between 5f and 6d-orbitals than between 4f and
5d-orbitals. The presence of either half-filled or completely filled
or empty 4 f-subshells. 

3. (b) Structure II is highly unstable due to high angular strain.
Hence, it will have highest value of equilibrium constant for
hydration.

Structure III is unstable due to crowdness.

Structure I is unstable due to angular strain, but this strain is less
than that of strain in structure II.

Hence, increasing value order of the equilibrium constant for
hydration is III < I < II.

4. (c) B H2 6 / THF besides reacting at (C C)==  also selectively reduces

only ( COOH)¾  group to ( CH OH)2¾  group in cyclic ester. 

5. (a) SO   2H O  H SO   2[H]2 2 2 4+ ¾® +  

Hence, temporary bleaching is done through reduction and
permanent bleaching is done through oxidation. 

Cl  + H O  2HCl + [O]2 2 ¾®

6. (c) Magnitude of the force, 

 
d U r

dr

ke

r

[ ( )]
=

3 2

4

\     
3 2

4

2ke

r

mv

r
=

        We know that mvr
nh

=
2p

 r
nh

m v
=

×2p

       3
82

3 3 3

3 3

2ke
m v

n h
mv´ =

p

v
n h

ke m
=

3 3

2 3 224 p

7. (a) Total Area, A = 25000 m2  = ´ 25  10 cm7 2

r = ´ -1.5 10 8 cm 

Area of one NH3 molecule = p r 2 = ´ - 7.068  10  cm16 2

Number of NH3 molecules persent on 25 g charcoal 

=
´

´ -

25 10

7 068 10

7

16.
 = ´3.53 1023

Moles of NH3 =
´

´

æ

è
ç

ö

ø
÷ =

3 53 10

6 023 10
0 587

23

3

.

.
.

Þ Volume of NH3 at STP required 

= ´ =( . ) .22400 0 587 13148 8mL  mL

8. (a) With increase in size of M2+  ions from Mg 2+  to Ba 2+ , the

hydration energy decreases significantly, while there is only a
small change in lattice energy. This decreases the solubility
significantly.

9. (b)  2H  + 
1

2
 O  + 2   H O;  =+1.23+

2 2e E- ¾® °  V ...(i)

     Fe  +  Fe(s);  = 0.442+ 2e E- ¾® ° -
- - -  V ...(ii)

     Fe( ) + 2H  + 
1

2
O   Fe  + H O; +

2
2+

2 cells E¾® °  = 1.67 V

[substracting Eq. (ii) from Eq. (i)]

 DG nFE° = - °
cell  = - ´ ´2 96500 1.67

= - 322310 J » -322 kJ

10. (b) In highly acidic medium, ¾ OH gets protonated and H O2  is

good leaving group and majority of bond is broken in the reaction.

57

Answers Explanation with 

H C3

—COOH
B H /THF2 6

O

H C3

—CH OH2

O

B (A) 3

H C3

—CH OH2

O

H
H C3

—CH OH2

O

OH
 (B)

H O /OH2 2

CH COOH3 –

 (C)

R O
H

H

δ δ
≠

Low positive
charge density on R

(a) R O
H

H

δ δ
≠

High positive
charge density on R

(b)

R O
H

H

≠

(c) R O H
δ δ

≠

(d)

++ + +

+ +
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EXTRACT OF EXTRAORDINARY EXEMPLAR PROBLEMS 

EXEMPLAR
S MPL F ED I I I

EXTRA DOSE 

Only One Correct Option Type Questions

1. The empirical formula and molecular mass of a

compound are CH O2  and 180 g respectively. What

will be the molecular formula of the compound?
(a) C H O

9 18 9

 (b) CH O

2

(c) C H O

6 12 6

 (d) C H O

2 4 2

2. If the density of a solution is 3.12 g mL  1- , the mass

of 1.5 mL solution in significant figures is
(a) 4.7 g (b) 4680 10

3

´

-

g

(c) 4.680 g (d) 46.80 g

3. If 500 mL of a 5 M solution is diluted to 1500 mL,

what will be the molarity of the solution obtained?
(a) 1.5 M (b) 1.66 M

(c) 0.017 M (d) 1.59 M

4. One mole of any substance contains 6.022  1023
´

atoms/molecules. Number of molecules of H SO2 4

present in 100 mL of 0.02 M H SO2 4  solution is
(a) 12 044 10

20

. ´  molecules

(b) 6.022  10

23

´  molecules

(c) 1 10

23

´  molecules

(d) 12 044 10

23

. ´  molecules

5. Which of the following reactions is not correct

according to the law of conservation of mass?

(a) 2 2Mg O MgO

2

( ) ( ) ( )s g s+ ¾®

(b) C H O CO ( )  H O( )

3 8 2 2 2

( ) ( )g g g g+ ¾® +

(c) P ( )  5O ( )  P O ( )

4 2 4 10

s g s+ ¾®

(d) CH ( )  2O ( )  CO ( )  2H O( )

4 2 2 2

g g g g+ ¾® +

6. The number of atoms present in one mole of an

element is equal to Avogadro’s number. Which of

the following element contains the greatest number

of atoms?

(a) 4 g He (b) 46 g Na (c) 0.40 g Ca (d) 12 g He

Short Answer Type Questions

7. What is the difference between molality

and molarity?

8. The reactant which is entirely consumed in reaction

is known as limiting reagent. In the reaction, 

2 4 3 4A B C D+ ¾® + , when 5 moles of A react with

6 moles of B, then

(a) which is the limiting reagent?

(b) calculate the amount of C formed.

9. What will be the mass of one atom of C-12 in grams?

10. The density of 3 molal solution of NaOH is 

1.110 g mL  1- . Calculate the molarity of the solution.

11. Calculate the mass per cent of calcium, phosphorus

and oxygen in calcium phosphate Ca (PO )3 4 2 .

12. A vessel contains 1.6 g of dioxygen at STP

(273.15 K, 1 atm pressure). The gas is now transferred 

to another vessel at constant temperature, where

pressure becomes half of the original pressure.

Calculate the volume of the new vessel.

13. Volume of a solution changes with change in

temperature, then what will be the molality of the

solution be affected by temperature? Give reason for 

your answer.

14. Hydrogen gas is prepared in the laboratory by

reacting dilute HCl with granulated zinc. Following 

reaction takes place

Zn HCl ZnCl H2 2+ ¾® +2

Calculate the volume of hydrogen gas liberated at

STP when 32.65 g of zinc reacts with HCl. (1 mole of 

a gas occupies 22.7 L volume at STP; atomic mass of 

Zn  65.3=  u)

iranchembook.ir/edu



15. Calculate the average atomic mass of hydrogen

using the following data

Isotope % natural abundance Molar mass (u)

1

H

99.985 1

2

H

0.015 2

16. If 4 g of NaOH dissolves in 36 g of H O

2

, calculate

the mole fraction of each component in the solution.

Also, determine the molarity of solution.

(specific gravity of solution is 1

1

g mL

-

)

Matching Type Questions

17. Match the following physical quantities with units.

Physical quantity Unit

A. Molarity 1.

g mL

1-

B. Mole fraction 2. mol

C. Mole 3. Pascal

D. Molality 4. Unitless

E. Pressure 5.

mol L

-1

F. Luminous intensity 6. Candela

G. Density 7.

mol kg

1-

H. Mass 8.

Nm

1-

9. kg

18. Match the following.

A. 88 g of CO

2

1. 0.2 mol

B.

6.022 ´ 10

23

 molecules of 

H O

2

2. 2 mol

C. 5.6 L of O

2

 at STP 3. 1 mol

D. 96 g of O

2

4.

6.022 10

23

´  molecules

E. 1 mole of any gas 5. 3 mol

Assertion and Reason

Directions (Q.Nos. 19-21) In the following questions, a

statement of assertion (A) followed by a statement of

reason (R) is given. Choose the correct answer out of the

following choices.

(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

19. Assertion (A) The empirical mass of ethene is half of 

its molecular mass.

Reason (R) The empirical formula represents the

simplest whole number ratio of various atoms

present in a compound.

20. Assertion (A) Combustion of 16 g of methane gives

18 g of water.

Reason (R) In the combustion of methane, water is

one of the products.

21. Assertion (A) One atomic mass unit is defined as

one twelfth of the mass of one carbon-12 atom.

Reason (R) Carbon-12 isotope is the most abundant

isotope of carbon and has been chosen as standard.

Long Answer Type Questions

22. Define the law of multiple proportions. Explain it

with two examples. How does this law point to the

existence of atoms?

23. Calcium carbonate reacts with aqueous HCl to give 

CaCl

2

 and CO

2

 according to the reaction given

below:

  CaCO HCl CaCl

3 2

2( ) ( ) ( )s aq aq+ ¾® +

CO H O

22

( ) ( )g l+

What mass of CaCl

2

 will be formed when 250 mL of

0.76 M HCl reacts with 1000 g of CaCO

3

? Name the

limiting reagent. Calculate the number of moles of 

CaCl

2

 formed in the reaction.

1. (c) STRATEGY

(i) Empirical formula shows the simplest whole number

ratio of different elements present in a molecule, so

find the number of moles by dividing molecular mass 

with empirical formula mass.

(ii) To calculate the molecular formula of the compound, 

multiply the number of moles to the subscript of the

elements present in the empirical formula.

 Empirical formula mass of CH O

2

 = + ´ + =12 2 1 16 30 g mol

-1

Molecular mass = 180 g mol

-1

n =

Molecular mass

Empirical formula mass

 = =

180

30

6

\ Molecular formula = (Empirical formula)

n

= (CH O)

2 n

 = C H O

6 12 6

2. (a) Key Concept When measured quantities are multiplied or

divided, the number of significant figures in the result is

same  as that in the quantity having smallest number of

significant figures.

Given that, density of solution =

-

 3.12 g mL

1

Volume of solution = 1.5 mL

For a solution, Mass = volume ´ density

 = ´

-

 1.5 mL  3.12 g mL  

1

 = 4.68 g

The digit 1.5 has only two significant figures, so the answer must

also be limited to two significant figures. So, it is rounded off to

reduce the number of significant figures. 

Hence, the answer is reported as 4.7 g.
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 3. (b)
STRATEGY

In case of dilution, molarity is calculated by using dilution
equation for molarity, M V M V

1 1 2 2

= , we have, V
1

(before dilution) and V
2

 (after dilution), so calculate
molarity of the given solution from this equation.

 Given that,   M
1

5=  M

  V
1

500= mL

   V
2

1500= mL

 M
2

= ?

For dilution, a general formula is

         M V M V
1 1 2 2

(Before dilution) (After dilution)

=

 

    5  500´ = ´M
2

1500

or M
2

=1.66 M

4. (a)
STRATEGY

l
To find number of molecules, first find out number of

millimoles of given solution: 

l
Millimoles of H SO  

2 4

= Molarity ´ Volume (in mL)

l
Convert millimoles to moles.

l
Finally, find out number of molecules from the given

formula :

Number of molecules = Number of moles ´ 

Avogadro number

One mole of any substance contains 6 022 10

23

. ´  molecules.

Hence, Number of millimoles of H SO

2 4

= molarity ´ volume in mL

= ´ =0 02 100 2.  millimoles

= ´

-

 2  10  mol

3

Number of molecules = number of moles ´ NA

= ´ ´ ´

-

2 10 6 022 10

3 23

.  

= ´12 044 10

20

.  molecules

5. (b) Key concept  Law of conservation of mass states that,

“During a chemical reaction, total mass of reactants equal to
total mass of products or total mass remains constant during a 
chemical change”.

In the following equa tion, 

C H ( )  O ( )  CO ( )  H O( )

3 8 2 2 2

44g 32g 44g 18 g

g g g g+ ¾® +

        44 32+    ¹     44 18+

i.e. mass of reactants ¹ mass of products.

Hence, law of conservation of mass is not followed.

6. (d) STRATEGY

The number of atoms is related to Avogadro’s number 

( )NA  by 

Number of atoms = moles ´ NA

The number of atoms of elements can be compared

easily on the basis of their moles only because NA  is a

constant value. Thus, element with large number of

moles will possess greatest number of atoms.

For comparing number of atoms, first we calculate the moles as

all are monoatomic

Number of moles of atom ´ =NA  Number of atoms.

Number of Moles for 4 g He  

4g

4gmol

  1 mol= =

-1

;

    46 g Na  

46g

23gmol

  2 mol= =

-1

   0.40 g Ca  

0.40g

40gmol

  0.01 mol= =

-1

 12 g He  

12 g

4gmol

  3 mol= =

-1

Hence, 12 g He contains greatest number of atoms as it

possesses maximum number of moles.

7.

Molality Molarity

It is defined as the number of 

moles of solute dissolved in

1 kg of solvent. 

It is independent of

temperature.

It is defined as the number of

moles of solute dissolved in 1L

of solution. 

It depends upon temperature

(because, volume of solution µ

temperature).

8. Key concept Limiting reagent limits the amount of product
formed because it is present in lesser amount and gets
consumed first.

2 4 3 4A B C D+ ¾® +

According to the given reaction, 2 moles of A react with 4 moles

of B.

Hence, 5 moles of A will react with 10 moles of B 

(a) It indicates that reactant B is limiting reagent as it

will consume first in the reaction because we have only

6 moles of B.

(b) Limiting reagent decides the amount of product produced.

According to the reaction, 

4 moles of B produces 3 moles of C.

\ 6 moles of B will produce 

3 6

4

4 5

´

= .  moles of C

9. The mass of a carbon-12 atom was determined by a mass

spectrometer and found to be equal to 1.992648  10 g

23

´

-

. It is

known that 1 mole of C-12 atom weighing 12 g and contains NA

number of atoms. Thus,

1 mole of C-12 atoms = = ´ 12 g  6.022  10

23

 atoms

Þ 6 022 10

23

. ´  atoms of C-12 have mass equal to 12 g

\ 1 atom of C-12 will have mass 

=

´

 

12

6.022  10

 g

23

= ´

-

 1.992648  10 g 

23

 

» ´

-

 1.99  10 g

23

10.

STRATEGY

l
Determine the mass of solution from the given molality

and that of volume of solution by relating mass and

density to each other, i.e.

 Volume = 

Mass

Density

l
Then, calculate the molarity of solution as

Molarity = 

Number of moles

Volume (in litre)

3 molal solution of NaOH means 3 moles of NaOH are dissolved

in 1 kg solvent. So, the mass of solution = 1000 g solvent + 120 g 

NaOH  1120 g=  solution
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(Molar mass of NaOH  23  16  1  40 g= + + =  and 3 moles of 

NaOH  3  40  120 g= ´ = )

Volume of solution = 

Mass of solution

Density of solution

 Qd

m

V

=
æ

è
ç

ö

ø
÷

     V  

1120 g

1.110 g mL

 

1

=
-

= 1009 mL

        Molarity =
´

 

Moles of solute  1000

Volume of solution (mL)

      =
´

=
3 1000

1009

2 973.  M 

   » 3 M

11.

STRATEGY

To calculate the mass per cent of atom, use the following

formula

Mass per cent of an element

= 

Atomic mass of the element present in the compound

Molar mass of the compound

 100´

Mass per cent of calcium 

=
´

 

3  (atomic mass of calcium)

molecular mass of Ca

3 4 2

(PO )

  100´

=
´

´
3 40

310

100

u

u

= 38.71%

Mass per cent of phosphorus 

=
´

 

2  (atomic mass of phosphorus)

molecular mass of Ca (PO )

  100

3 4 2

´

=
´

´
2 31

310

100

u

u

= 20%

Mass per cent of oxygen 

=
´

 

8  (atomic mass of oxygen)

molecular mass of Ca

3

(PO )

4 2

´ 100

=
´

´
8 16

310

100

u

u

= 41.29%

12. p

1

1=  atm, p

2

1

2

= = 0.5 atm, T

1

27315= . , V

2

= ?,V

1

= ?  

32 g dioxygen occupies = 22 4. L volume at STP

\ 1.6 g dioxygen will occupy volume

=
´

= 

22.4 L  1.6 g

32 g

  1.12 L

  V

1

= 1.12 L

From Boyle’s law (as temperature is constant), 

p V p V

1 1 2 2

=

   V

p V

p

2

1 1

2

=

  =
´

= 

1 atm  1.12 L

0.5 atm

  2.24 L

13. No, molality of the solution does not change with temperature

since, mass remains unaffected with temperature.

Molality, m = ´
Moles of solute

Massof solvent (in g)

  1000

14. Given that,  mass of Zn  32.65 g=

1 mole of gas occupies = 22.7 L volume at STP

Atomic mass of Zn = 65.3 u

The given equation is

Zn  2HCl  ZnCl   H

2 2

+ ¾® +
 65.3 g          1 mol = 22.7 L at STP

From the above equation,it is clear that 65.3 g Zn when reacts

with HCl, produces = 22.7 L of H

2

 at STP

\ 32.65 g Zn when reacts with HCl, will produce 

   =
´

 

22.7  32.65

65.3

  

  = 11.35 L of H

2

 at STP

15. Many naturally occurring elements exist as more than one

isotopes. When we take into account the existence of these

isotopes and their relative abundance (per cent occurrence), the

average atomic mass of the element can be calculated as 

Average atomic mass 

=

´ +

 

{(Natural abundance of H  molar mass)  

(Natur

1

al abundance of H  molar mass of H)}

100

2 2´

=
´ + ´

 

99.985  1  0.015  2

100

=
+

= = 

99.985  0.030

100

  

100.015

100

  1.00015  u

16.

STRATEGY

(i) To proceed the calculation, first calculate the number of 

moles of NaOH and H O

2

.

(ii) Then, find mole fraction of NaOH and H O

2

 by using the

formula, c
NaOH

NaOH

NaOH H O

2

=
+

n

n n

 and c
H O

H O

NaOH H O

2

2

2

=
+

n

n n

(iii) Then, calculate molarity =
´

´

W

m V

1000

, so in order to

calculate molarity, we require volume of solution which

is given by, V

m

=
specific gravity

Number of moles of NaOH,

n

NaOH

  

4

40

  0.1 mol= =  Qn =
ì
í
îï

ü
ý
þ

-

Mass (g)

Molar mass (g mol )

1

Similarly, n

H

2

O

  

36

18

  2 mol= =

Mole fraction of NaOH, 

c
NaOH

2

  

moles of NaOH

moles of NaOH  moles of H O

=
+

c
NaOH

  

0.1

0.1  2

  0.047=
+

= 6

Similarly, c
H O

H O

NaOH H O

2

2

2

=
+

n

n n

 =
+

=
2

01 2

0 9524

.

.

Total mass of solution = mass of solute + mass of solvent

   = + = (4  36)g  40 g

Volume of solution = =
-

 

Mass of solution

specific gravity

  

40 g

1 g mL

 

1

= 40 mL

 Molarity =
´

 

Moles of solute  1000

Volume of solution (mL)

 =
´

=
01 1000

40

2 5

.

. M
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17. A ® (5), B ® (4), C ® (2), D ® (7), E ® (3), F ® (6), G ® (1), H ® (9)

A. Molarity = concentration in mol L 1-

   Molarity = 
Number of moles

Volume (in litre)

B. Mole fraction = Unitless

C. Mole = =

-

 
Mass(g)

Molar mass (g mol )
  mol

1

D. Molality = concentration of solute in mol per kg of solvent

Molality = 
Number of moles

Mass of solvent (in kg)

E. The SI unit of pressure is pascal (Pa), equal to one newton per 

metre square ( N/m2 or kg m  s1 2- -  ). This special name for the 

unit was added in 1971; before that, pressure in SI was

expressed simply as N/m2.

F. Unit of luminous intensity = Candela

The candela is the luminous intensity, in a given direction, of a
source that emits monochromatic radiation of frequency 

540 1012
´  hertz and that has a radiant intensity in that

direction of 1/683 watt per steradian.

G. Density = =

- 
Mass

Volume
  g mL 1

H. Unit of mass = kilogram

The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.

18. A ® (2), B ® (3), C ® (1), D ® (5), E ® (4)

A. Number of moles of CO 2 molecule

=

Weight in gram of CO

Molecular weight of CO
2

2

 

= =

88

44
2 mol

B. 1 mole of a substance 

= N

A

 molecules = ´6 022 1023.  molecules

= Avogadro number

= ´6 022 1023.  molecules of H O2  = 1 mol

C. 22.4 L of O 2 at STP = 1 mol

5.6 L of O 2 at STP =
56

22 4

.

.
 mol = 0.25 mol

D. Number of moles of 96 g of O 2 =

96

32
 mol = 3 mol

E. 1 mole of any gas 

= Avogadro number 

= ´6 022 1023.  molecules

19. (a) Both Assertion and Reason are true and Reason is the correct
explanation of Assertion.

The molecular formula of ethene is C H2 4  and its empirical formula
is CH2.

Thus, molecular formula = (Empirical formula)2

20. (d) Assertion is false but Reason is true.

Combustion of 16 g of methane gives 36 g of water.

CH   2O   CO   2H O4 2 2 2+ ¾® +

1 mol         2 mol

= 16g         = 36g

21. (b) Both Assertion and Reason are true but Reason is not the
correct explanation of Assertion.

Atomic masses of the elements obtained by scientists by
comparing with the mass of carbon comes out to be close to the
whole number value.

22. ‘Law of multiple proportions’ was first studied by Dalton in 1803
which may be defined as follows :

When two elements combine to form two or more chemical
compounds, then the masses of one of the elements which
combine with a fixed mass of the other, bear a simple ratio to
one another.

e.g. Hydrogen combines with oxygen to form two compounds,
namely, water and hydrogen peroxide, respectively.

Hydrogen + Oxygen ¾® Water
      2 g      16 g    18 g

    Hydrogen + Oxygen ¾® Hydrogen peroxide
    2 g    32 g      34 g

Here, the masses of oxygen (i.e. 16 g and 32 g) which combine
with a fixed mass of hydrogen (2 g) bear a simple ratio, 
i.e. 16 : 32 or 1 : 2.

As we know that, when compounds mixed in different
proportions. Then they form different compounds. In the above
examples, when hydrogen is mixed with different proportion of
oxygen, then they form water or hydrogen peroxide.

It shows that there are constituents which combine in a definite
proportion. These constituents may be atoms. Thus, the law of
multiple proportions shows the existence of atoms which
combine to form molecules.

23. Molar mass of CaCO   40  12  3  16  100 g mol3
1

= + + ´ =

-

Moles of CaCO 3 in 1000 g, 

 nCaCO 13
  

Mass (g)

Molar mass gmol
=

-( )

    nCaCO 13
  

1000 g

100 g mol
  10 mol= =

-

  Molarity =
´

 
Moles of solute (HCl)  100

Volume of solution

(It is given that moles of HCl in 250 mL of 0.76 M HCl  HCl= n )

0.76 HCl
=

´n 100

250

nHCl   
0.76  250

1000
  0.19 mol=

´

=

 CaCO ( )  2HCl ( )  CaCl ( )  CO ( )  H O(3 2 2 2s aq aq g I+ ¾® + + )

   1 mol   2 mol

According to the equation,

1 mole of CaCO 3 reacts with 2 moles of HCl

\ 10 moles of CaCO 3 will react with 
10 2

1
20

´

=

æ

è

ç

ö

ø

÷

 moles of HCl

But we have only 0.19 moles of HCl, so HCl is limiting reagent
and it limits the yield of CaCl2.

Since, 2 moles of HCl produce 1 mole of CaCl2.

0.19 mole of HCl will produce =
´

= 
1  0.19

2
  0.095 mol CaCl2

Molar mass of CaCl   40  (2  35.5)  111 g mol2 = + ´ =

-1

\ 0.095 mole of CaCl   0.095  111  10.54 g2 = ´ =
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In the last issue, we have read about sulphur, its discovery, abundance on Earth, recognisation, properties and allotropic
forms etc. In this issue, we will read about gold (Au) and silver (Ag). Often we hear about the varying prices of gold
and silver in newspapers and newschannels etc. But have you ever imagined, when these two elements were recognised
first in the past. We shall discuss about these two elements one by one. Lets start with gold.

Gold
l Karl Marx wrote, ‘‘Gold is infact the first metal that man has discovered’’. It

mostly occurs in a native state in nature. The word gold is an Anglo-Saxon
word, similar to the Anglo-Saxon word for yellow, ‘geolo’. It is believed to
come from Sanskrit jval meaning to shine.

l Gold articles were found in excavations together with stone tools dating from
the Neolithic Age. But in that time, people found gold by chance. Only after
the emergence of classes in society, first attempt was made to mine gold.

l During excavations of pyramids of all dynasties in Egypt, archaeologists
found in great numbers not only gold jewellery but also household articles.
Gold was known not only in Egypt, as early as in the 10th century, it was used
in China, India, states of Mesopotamia etc. Thus, gold was known to the
peoples of ancient states in Europe and Asia. The oldest gold mines were
found in India and Nubia (The region along the Nile river located in Northern
Sudan and Southern Egypt).

l The processes of gold purification known in antiquity did not yield the pure
metal but usually alloys consisting of gold and silver which were named as
azem. A natural gold-silver alloy, electrum was also known.

l Wars were waged, nations and states were innihilated, monstrous crimes
were committed for the sake of gold. But possession of gold did not bring
peace to man. On the contrary, sorrow and fear of loosing treasure filled his
soul.

l The alchemic period between 4th and the 16th centuries was a gloomy one in
the history of the search for gold. The efforts of alchemists were directed
towards the search for the philosophers stone, which they held and possessed
the property of transforming base metals into gold.

l All the attempts to find the philosophers stone turned out to be unsuccessful,
although many alchemists gave their lives for this idea. All reports about the
discoveries of methods of preparing gold from other metals were pure fake
tricks to get money.

l Most gold is ancient or comes from Central American Aztecs and South
American Incas brought to Europe by the Spanish an Portuguese in the 16th
century and which have been recycled over and over again. In 1830, world
output was no more than 12 tonnes per annum. But around that time, new
gold discoveries were being made. Finds were discovered in Siberia,
California, New South Wales and Victoria, Australia, Transvaal, South Africa, 
the Klondike and Alaska and they all produced gold rushes. World
production was then around 150 tonnes per year. It is now around
2300 tonnes per annum.

l Gold is the most malleable metal among all metals and it is soft enough to be
cut with a knife. Stone age peoples hammered gold into plates for ornamental
purposes. Today 1 g can be beaten into a square metre sheet and just 230

atoms thick one cubic centimeter would make a sheet of 18 m 2.
l The largest modern stock of gold is the 30,000 tonnes in the US Federal

Reserve Bank in New York, which belongs to 18 different nations. It is
estimated that all the world’s gold gathered together would only make a cube
around 18 metres per side i.e. about 6000 cm 3. And that’s gold.

Silver
l The mining of silver began some 5000 yr ago. The name silver seems to stem

from the Assyrian serpu or Gothic silbur. The latin argentum originates most
likely from the Sanskrit arganta, which means light and white.

l Silver is a more active metal than gold but its abundance in Earth’s crust is
about fifteen times higher than gold. It occurs much less frequently in a native
state. It is not surprising that in antiquity silver was valued higher that gold.

l In ancient Egypt, for instance, the ratio between the costs of these metals was
2.5 : 1. Gold was used mainly for coins and jewellery; silver had other uses:
for example for making water vessels.

l In the 4th century, the army of Alexander the Great conquered Persia and
Phoenicia, entered India. Here, the Greek army was struck by an outbreak
of a mysterious gastrointestinal disease and the men demanded to be sent
home.

l Interestingly, the Greek military commanders fell victim to the disease far less 
frequently than their men. More than two thousand years had passed before
scientists found an explanation of it. The soldiers drank from tin cups and
their superiors from silver ones.

l It was proved that silver dissolves in water forming a colloid solution that kills
pathogenic bacteria. Although, the solubility of silver in water is low but that
is quite enough for disinfection.

l Silver mines have been known from the ancient times. The largest deposits of
silver were found in Greece, Spain and Germany. After the discovery of
America silver deposits were also found in Peru and Mexico.

l Ancient people even figured out how to refine silver. They heated the silver arc 
and blew air over it, this process is called cupellation.

l Like gold, silver was used in coins but the cost of silver compared to that of
gold was gradually decreases.

l Russian word rubl (rouble) and  kopeika (kopeck) owe their origin to silver.
Rouble came into being in Kievan Russia in the 13th century a silver bar
weighing about 200 g. The word kopeika appeared later in 1534, when coins
with an image of a horse man holding a speak were first minted.

l Silver forms in star explosions called supernovae, as does gold. A study
published in September  2012 in the journal Astronomy and Astrophysics
found that smaller stars that explode, produce silver, while larger stars
produce gold.

l Silver played a big role in making early photography possible. Silver nitrate
was used on photographic plates in the first, clunky cameras.

l Silver has been used to prevent the infection of injuries for hundreds of years.
Silver does not kill microbes in its metallic form, which is unreactive. The
metal works against bacteria in its ionic form. The metal must lose an electron 
to become positively charged. The positively charged silver ion interferes with 
bacterial cell walls and disrupts other microbial processes.

l Silver is stable in oxygen and water but tarnishes when exposed to sulphur
compounds in air or water to form a black sulphide layer. That is why, silver is
coated with transparent lacquers. Researchers are working to create
nanometer- thick coatings that can replace the current hand-painted lacquers 
with something thinner, completely invisible and long lasting.

63

Elements : How They were Discovered?

EXPLICATION SERIES

iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



JULY 2016    CHEMISTRY SPECTRUM 71

� Hy brid cars are much more en ergy ef fi cient, en vi ron mental
friendly and gives ex cel lent mile age than non-hy brid cars.
n A vehicle is a hy brid if it uti lises more than one form of onboard

en ergy to achieve propulsion. In practice, a hy brid have a
tra di tional in ter nal com bus tion en gine and a fuel tank, as well as 
one or more elec tric mo tors and a bat tery pack.

n Hybrid cars are sometimes mistakenly confused with 
electric vehicles.

n Hybrid cars have two propulsion systems : an electric motor
and a gasoline engine. The energy to power such a car comes
from gasoline. The electricity comes ultimately from its gasoline
engine, which charges the battery that is used to run the electric
motor. However, the gasoline engine in a hybrid car is smaller
than that in a normal car and the gasoline engine switches off
when the hybrid car is stopped at low speed. Therefore, fuel
efficiency is high and hybrid cars get upto 60 mpg in city driving, 
twice as much as the gasoline mileage of non-hybrid,
conventional cars overall, the hybrid car is much more energy
efficient than a conventional car.

n A number of hybrid cars, such as Toyota Prius, Honda Insight,
Honda Civic, Ford Escape, etc; are examples of hybrid cars.
When the Toyota Prius starts up, the electric motor is used, but
when the car is accelerating and the demand for power is high,
both the electric motor and the gasoline engine are used. At
speeds of less than about 20 mph, the electric motor alone
provides the propulsion, so hybrid cars get their best gasoline
mileage in city traffic.

n The Prius cruises using both propulsion systems, although
some of the energy from the engine is used to charge the
batteries using the motor generator. When going downhill, the
Prius turns off the gasoline engine. Furthermore, when the
brakes are applied, the motor generator converts some of the
kinetic energy of the car into electricity, charging the batteries,
and saving energy wasted in a conventional car.

n The batteries that power the motor are nickel-metal hydride
(NMH) batteries that are charged by the gasoline engine during
normal driving or as the car goes downhill so the car never need 
to be plugged in to be recharged. Eventually, the batteries need
to be replaced.

n Because a hybrid car does not use the gasoline engine all the
time, it produces much less exhaust, containing both polluting
gases and carbon dioxide, than a conventional car. e.g. the
Toyota Prius has such low tailpipe emissions that it qualifies the
California Air Resources Board’s stringent Super-Ultra Low
Emission Vehicle class due to its en vi ron men tally friendly
na ture.

n In addition of their excellent gas mileage, demand for hybrid
cars is projected to rise as emission standards grow stricter.

� Some hy drated metal ions also be have as weak ac ids.
n Some hy drated metal ions, es pe cially those of the tran si tion met als, are

also weak ac ids. When a salt con tain ing a metal ion dis solves in wa ter, the
metal ion be comes hy drated, of ten with six water mol e cules around it. 
[ ]M n(H O)2 6

+ , where M represents a metal ion, whose charge is n +. There
are M—O —H bonds in the hydrated ion, as shown by the structure in the
margin. Metal ions other than those in Groups IA and 2A have large
enough charges and small enough sizes to attract the shared electron
pairs in the M— O bond to themselves.

n The weakens the O  H bond, making the hydrogen in a M  O  H
bond more acidic than it would be in the O H bond of a water molecule
that is not bonded to metal ion. Thus, the [ ]M n(H O)2 6

+  ion can do nate H+ ,
the so lu tion be comes acidic and the pos i tive charge of the re main ing
hy drated metal ion has been decreased by one.

n The ionisation reaction and acid ionisation constant expression for a
hydrated metal ion, such as Fe 3 +  can be writ ten as

 [Fe(H O) ]  H O2 6
3 +

2( ) ( )aq l+ ! [Fe (H O) OH] H O2 5
2

3
++ +( ) ( )aq aq

Ka = = ×
+ +

−[Fe (H O) OH]  [H O ] 

[[Fe (H O) ] ]
2 5

2
3

2 6
3 +

6 3 10 3.

n The Ka  value shows that a solution of FeCl 3 , will have about the same pH
as a solution of phosphoric acid (Ka = × −7.5  10 )3  of equal con cen tra tion.
Many metal ions form weakly acidic aqueous so lu tions, and this prop erty
is im por tant in the chem is try of such ions in the en vi ron ment. i.e. Al 3 +  ions
in soils re act with wa ter to pro duce an acidic en vi ron ment that can be
det ri men tal to tree growth.

� How are stones formed hang ing from the ceil ings of un der ground
cave?
n Sta lac tites are nat u ral stone for ma tions hang ing from the ceil ings of

un der ground caves. They are formed by the in ter ac tion of wa ter and
lime stone (cal cite), which is largely CaCO 3. The water is weakly acidic due
to dissolved carbon dioxide and it dissolves CaCO 3. When the solution is
ex posed once again to the air, the CO 2  es capes and the solid cal cite
deposited. Over long time pe riod, fantastic shapes of solid stone are
formed.

� When some one dives in wa ter, the tem per a ture of wa ter be comes
slightly higher.
n Po ten tial and ki netic en ergy are interconverted when some one dives into

wa ter. These interconversions are gov erned by the law of con ser va tion of
en ergy. The diver has great gravitational potential en ergy on the div ing
board at the sur face of the wa ter, be cause the plat form is higher above the 
earth, some of the po ten tial en ergy has been con verted into ki netic en ergy
on the diver’s al ti tude above the wa ter, de creases and ve loc ity in creases,
max i mum ki netic en ergy oc curs just prior to im pact with the  wa ter. Upon
im pact, the diver works on the wa ter, splash ing it aside; even tu ally the
ini tial po ten tial en ergy dif fer ence is con verted into mo tion on the
nanoscale–the tem per a ture of the water has become slightly higher.
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Very Short Answer Type [1 Mark]

1. What happen to the process of osmosis if pressure
more than the osmotic pressure is applied on
solution?

2. Why the molecular mass of benzoic acid yields
abnormally higher value when determined by
colligative properties?

3. State the condition for reverse osmosis.

4. What is the effect on boiling point when acetone is
dissolved in water?

5. Why ordinary thermometer is not used when
molecular weight of solute is determined by
elevation in boiling point or depression in freezing
point method?

6. Write the general equation of osmotic pressure for
dilute solutions.

7. What is the value of van't Hoff factor for sodium
phosphate?

8. Write any two factors which affect the colligative
properties.

9. What is the relation between elevation in boiling
point and molality of the solution?

10. Define van’t Hoff factor.

Very Short Answer Type [2 Marks]

11. What is the advantage of using osmotic pressure
instead of other colligative properties for the
determination of molar masses of solute in
solutions?

12. Why freezing point depression of 0.1 M sodium
chloride is nearly twice to that of  0.1 M glucose
solution?

13. Explain how the molecular mass of solute can be
determined by a method based on measurement of
osmotic pressure?

14. What do you mean by boiling point elevation
constant for a solvent?

15. An aqueous solution freezes at - ° 0.186 C 

(Kf = 1.86°C kgmol-1 and Kb = 0.512° C kgmol-1). 

What is the elevation in boiling point?

Short Answer Type [3 Marks]

16. The vapour pressure of benzene at 30°C is
164.88 mm Hg. In 3 mol of benzene, when 6g of
acetic acid was dissolved, the vapour pressure of the 
solution becomes 162.04 mm Hg. Calculate the
degree of association of acetic acid in benzene at
30°C.

17. A 0.561 m solution of unknown electrolyte
depresses the freezing point of water by 2.93°C.
What is van’t Hoff factor for this electrolyte?

[Kf  for water = °

-1.86 C kg mol 1 ]

18. The vapour pressure of a solution containing 2 g of
NaCl in 100 g water, which dissociated in one Na+

and one Cl- ion in water is 751 mm at 100°C.
Calculate the degree of ionisation of NaCl.

Long Answer Type [5 Marks]
19. At 300 K, 36 g of glucose present in a litre of its

solution has an osmotic pressure of 4.98 bar. If the
osmotic pressure of the solution is 1.52 bar at the 
same temperature, what would be its concentration?

20. The degree of dissociation of Ca(NO )3 2  in a dilute 
aqueous solution containing 7g of the salt per 100 g
of water at 100°C is 70 per cent. If the vapour
pressure of water at 100°C is 760 mm, calculate the
vapour pressure of the solution.
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1. A phe nom e non op po site to os mo sis, i.e. re verse os mo sis takes
place.

2. Ben zoic acid yields ab nor mally higher value of molecular mass
when determined by colligative properties be cause it dimerises in 
wa ter due to intermolecular hydrogen bonding.

3. Pressure applied on the solution should be larger than osmotic
pressure for reverse osmosis.

4. Ac e tone is a vol a tile liq uid and form non-ideal so lu tion  with wa ter
hence, the boil ing point of re sult ing so lu tion increases.

5. Since, very small el e va tion in boil ing point and de pres sion in
freez ing point oc cur, hence, a ther mom e ter hav ing a least count
of 0.001°C is re quired. Therefore, Beckmann ther mom e ter which
can read upto 0.001°C is used.

6. Osmotic pressure is proportional to the molarity (C) of the
solution at a given temperature (T).

p µC,  p = CST  or  pV nST=

7. van’t Hoff fac tor is the num ber of ions pro duced.

Na PO   3Na   PO3 4 4
3¾® ++ -

So, van’t Hoff factor = + =3 1 4

8. Fac tors af fect ing colligative prop er ties are

(i) Fraction of solute and solvent particles in solution.

(ii) Nature of solvent.

9. The el e va tion in boil ing point is di rectly pro por tional to the molality 
of the so lu tion,  i.e.  DT mb µ  or   DT K mb b=

10. van’t Hoff factor is defined as the ratio of the experimental value of 
the colligative property to the calculated value of the colligative
property.

 i =
Abnormal colligative property

Normal colligative property

or i =
Normal (calculated) molecular mass

Abnormal (Observed) molecular mass

11. The os motic pres sure method has the ad van tage over other
meth ods as

(i) pressure measurement is done around at the room
temperature and molarity of the solution is used instead of
molality.

(ii) Its magnitude is large even for very dilute solutions as
compared to other colligative properties.

12. Colligative prop er ties are directly proportional to the num ber of
par ti cles pres ent in the so lu tion.

NaCl being a strong electrolyte, completely dissociates into its
ions. One molecule of NaCl gives two ions on dissociation, but
glucose being a non-electrolyte does not dissociate and hence
present as a single molecule.

13. It can be de ter mined by the re la tion be tween os motic pres sure
and mo lar mass.

pV n SRT= 2  or pV
W SRT

M
= 2

2

, M
W SRT

V
2

2=
p

where,   p = osmotic pressure, M2 = molar mass of the solute

14. Boil ing point el e va tion con stant is equal to the el e va tion in boil ing
point when 1 mole of a sol ute is dis solved in 1kg of sol vent. It is
also called as ebullioscopic constant. 
We know that, DT K mb b=

When m =1, then DT Kb b= , where, Kb = ebullioscopic constant

15. DT Kf f=  ́  molality

Molality =
0186

186

.

.
 = 01.  mol kg -1

From, DT K mb b= ´  = ´0 512 01. .  = °0 0512.  C

16. Using the relation for lowering in vapour pressure and
considering the van’t Hoff factor (i), we get 

DP

P
i

A

B
°

= c   Þ 
164 88 162 04

164 88

. .

.

-
 =

+

é

ë
ê

ù

û
úi

01

01 3

.

.
.

      i = 0 533.
Hence, acetic acid associates in benzene as

   2(CH COOH) (CH COOH)3 3 2 =
        1- a                      a /2

Þ   i = -1 2a /  Þ a = - =2 1 0 533 0 934( . ) .

17. Given,  m = 0.561 m, DTf = 2 93. °C  and K f = ° -1.86 C kg mol 1

DT iK mf f=

   i
T

K m
f

f

=
D

 =
°

° ´-

2.93 C

1.86 C kg mol   0.561 m1
 = 2 807.

18. Ac cord ing to Raoult’s law,

Q     
p p

p

w M

m W
s

s

°-
=

´

´
 Þ

-
=

´

´

760 751

751

2 18

100m
  Þ   mexp .= 30 04 g

For the dissociation of NaCl,

   NaCl  Na   Cl +
= + -

Initially       1                 0          0
At t = 0  1- a               a         a

m

m
N

exp

= +1 a      (i.e. total moles in solution)

58 5

30 04
1

.

.
= + a Þ a = 0 9474.  or 9474. %

19. We know that, 

p =CST =
´ ´

´

W S T

M V
B

B

For both solutions, S, T and V are constant.

For first solution.

4.98 bar  
(36 g)   

(180 g mol ) 1
=

´ ´

´-

S T

V
     …(i)

For second solution,

1.52 bar =
´ ´

´

W S T

M V
B

B

…(ii)

On dividing Eq. (ii) by Eq. (i), we get, 

1.52 bar

4.98 bar
 =

´ ´

´
´

´

´ ´

W R T

M V

V

R T
B

B

180

36

   
W

M
B

B

=
´

= -1.52

4.98  5
  0.0610 mol L 1

20.  Ca (NO ) Ca  2NO3 2
2+

3
1 2-

-¾® +
x x x

van't Hoff factor, i
x x x

=
- + +1 2

1
 =

+1 2

1

x
 = + ´1 2 07.  = 2 4.

Now, i =
Observed lowering of vapour pressure

Normal lowering of vapour pressure

Observed lowering of vapour pressure

= ´i  normal lowering of vapour pressure

  p p i
n

n N
p°- = ´

+
× °

ì
í
îï

ü
ý
þ

obs

760 2 4

7

164
7

164

100

18

760 13 90- = ´

+

´ =pobs . .

[Molar mass :  Ca(NO )   164 g mol ,  H O  18 g mol3 2 2= =- -1 1 ]

 pobs = -760 13 90.  = 746.10 mm
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Very Short Answer Type [1 Mark]

1. Why hydrogen gas kept in a flask at room
temperature does not emit radiations?

2. What does the negative sign mean for energy of an
electron in hydrogen atom?

3. Write down the formulae for calculating the
ionisation enthalpy (from n =1 to n = ¥) of hydrogen
and H-like species.

4. Which spectral lines are associated with IR region
in H-spectrum?

5. Write the expression for angular momentum of an
electron in a given stationary state.

6. Which spectral line of H-atom is sensitive to human 
eye?

7. Which series of line spectrum is obtained when
electrons fall from higher energy level to second
energy level?

8. Why the atoms show spectra only when they  are
heated or given energy in some other form?

9. Why Bohr's orbit is known as energy level?

10. Write the equation for the frequency (n) associated
with the absorption or emission of the photon also
write in terms of wave number (n).

Short Answer type (2 Marks)

11. Write down the expression for the velocity of
electron in the nth orbit for H-like species.

12. What do you understand by ‘ground state’ and
‘excited state’? What is the value of energy of
electron in a hydrogen atom in the ground state?

13. Write the expression for Bohr's frequency.

14. Calculate the radius of Bohr's third orbit for
hydrogen atom.

15. Calculate the energy of a He+ ion in its first excited
state.

Short Answer Type (3 Marks)

16. Calculate the frequency of the spectral line emitted
when the electron in n =3 in H-atom de-excites to
ground state. [Given, RH cm=

-109677 1]

17. What is the ratio of differences between 2nd and 3rd
Bohr's orbit energy to that of between 3rd and 4th
orbit energy?

18. Find the value of n corresponding to the excited
state of He+  ion, if on transition to the ground state
the ion emits photons in succession with
wavelength of 108.5 nm and 30.4 nm.

Long Answer Type (5 Marks)

19. Determine the frequency of revolution of an electron 
in the second Bohr’s orbit of hydrogen atom.

20. For H-atom, the Bohr’s radius for first orbit is 0.529 Å 

and the radius of maximum probability according to

wave mechanical model is also 0.529 Å. How do the

two approaches differ?

BOHR’S

MODEL

TOUCH UP

FOR CLASS XI
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1. This is because almost all the atoms are in the ground state and
there are no energy levels of lower energy to which an electron can
jump. Hence, the atoms cannot emit any radiations.

2. The negative sign means that the energy of electron  in the atom is
lower than the energy of a free electron at rest.

3. For hydrogen, E
n

n = -
´ -

-2 18 10 18

2

.
J atom 1

For H-like species, E
Z

n
n = -

´ -
-2 18 10 18 2

2

1.
J atom

4. Paschen, Brackett, Pfund and Humphery series are associated
with IR region in H-spectrum.

5. The angular momentum of an electron in a given stationary state

can be expressed as  m vr
n h

e =
×

2p
, where n =1, 2, 3, …

6. Balmer series is sensitive to human eye.

7. The series of line spectrum obtained is Balmer series.

8. When energy is given in the form of heat or by some other means,
some of the electrons jump to the higher energy levels, i.e. n =2, 
n = 3, etc. These electrons then come back to lower energy levels.
and the atom radiates energy in this process.

9. The orbits are named according to the energy levels or electrons
present in it. Hence, orbits (shells) are called energy levels.

10. The frequency ( )n  associated with the absorption or emission of

the photon is   n =
D

= -
é

ë
ê
ê

ù

û
ú
ú

E

h

R

h n n

H

i f

1 1
2 2

 = ´ -
é

ë
ê
ê

ù

û
ú
ú

3.29 10
1 115

2 2n ni f

In terms of wave number ( )n

n
n

= = -
é

ë
ê
ê

ù

û
ú
úc

R

hc n n

H

i f

1 1
2 2

 = ´ -
é

ë
ê
ê

ù

û
ú
ú

-1.09677 m10
1 17

2 2

1

n ni f

11. The velocity of electron in nth orbit can be calculated as

v
kZe

nh

Ze

nh
n = =

2

2

2 2

0

p

e
 =

æ

è
ç

ö

ø
÷ ×

c Z

n137
 = ´2.2  106 Z

n
 m/s

where, c (speed of light) = ´3 108 m/s

12. The state of an electron in the atom with the lowest energy is called
its ground state while the states with higher energy than ground
state are called excited states. The energy of a hydrogen atom in the 
ground state is -13 6. eV.

13. The frequency of radiation absorbed or emitted when transition
occurs between two stationary states that differ in energy by DE is

given by, n = =
-DE

h

E E

h
2 1  where, E1 and E2 are the energies of

lower and higher allowed energy states, respectively. This
expression is called Bohr’s frequency.

14. Since, Bohr radius is given by r nn = 2 0 529( . )Å

\  Radius for third orbit ( )n = 3 , r3
23= ( ) (0.529 Å) = 4761. Å

15. The energy is E
R hc Z

n
n

H= -
2

2
 = -

( . )13 6 2

2

eV Z

n
For a He+ ion, Z = 2 and for the first excited state, n =2 so that the

energy of He+  ion in the first excited state is  –13.6 eV.

16. Using Rydberg’s equation,

1 1 1

1
2

2
2l

= -
é

ë
ê

ù

û
úR

n n
H , 

c
R c

n nl
n= = × -

é

ë
ê

ù

û
úH

1 1

1
2

2
2

Given, RH =109677 cm-1, c = ´3 1010 cm/s, n1 1=  ; n2 3=

n = ´ ´ -
é

ë
ê

ù

û
ú109677 3 10

1

1

1

3

10

2 2
 = ´ -2 92 1015 1. s

17. As, E nn = -1312 2

/kJ mol

DE
n n

3 2

2
2

1
2

1312
1 1

- = -
æ

è
ç

ö

ø
÷ -

æ

è
ç

ö

ø
÷

é

ë
ê
ê

ù

û
ú
ú
 = -

æ

è
ç

ö

ø
÷ -

æ

è
ç

ö

ø
÷

é

ë
ê

ù

û
ú1312

1

9

1

4
 = -

´ -1312 5

36

( )

Similarly, DE
4 3

1312
1

16

1

9-

= - -
æ

è
ç

ö

ø
÷ = -

´ -

´

1312 7

16 9

( )

Ratio of their difference 
D

D

E

E
3 2

4 3

1312 5

36

16 9

1312 7
-

-

=
´

´
´

´

\        
D

D

E

E
3 2

4 3

20

7
-

-

=

18. Given, l1
730 4 10= ´ -. cm, l2

7108 5 10= ´ -. cm

Let the excited state of He+  be n2

For first transition,  
1 1

1

1

1

2

2
2
2l

= -
æ

è
ç

ö

ø
÷R Z

n
H

\      
1

30 4 10
109677 2

1

1

1
7

2

2
1
2. ´

= ´ -
é

ë
ê

ù

û
ú- n

\      n1 2=

Now, for l2,      n1 2= , n1 =?

\  
1

108 5 10
109677 2

1

2

1
7

2

2
2
2. ´

= ´ -
é

ë
ê

ù

û
ú- n

\    n2 5=

Hence, the excited state of He + is fifth orbit.

19. The frequency of revolution of an electron is

 Frequency   
1

Time period
( )

( )
n =

T

Time period    
Total distance covered in one re

( )T =
volution

Velocity ( )v
 =

2pr

v

\ Frequency ( )n
p

=
v

r2

Q  Radius of the electron,  r
n

Z
n = 0 529

2

. Å

(Z = 1 for H-atom)

\  Radius of the electron in the second
Bohr’s orbit of H-atom will be

r2
10

2

0 529 10
2

1
= ´ -.

( )
m = ´ -2 10 10.116 m

Velocity of the electron,

v
n

n = ´
æ

è
ç

ö

ø
÷

-2 18 10
16 1. ms , v2

62 18 10
1

2
= ´

æ

è
ç

ö

ø
÷.  = ´ -109 106 1. ms

\  Frequency ( )n
p

=
v

r
2

22
 =

´

´ ´ -

109 10

2 2 116 10

6

10

.

( . )p

     n = ´820 1014. Hz

20. Bohr found that the electron will always moving around the
nucleus in a circular path of radius 0.529 Å. He also suggested
that electron cannot be found at distance less than or more than
0.529 Å. However, wave mechanical model suggests that
electron is likely to be found at this distance but there is definite
radius shorter and larger than 0.529 Å.

In other words, according to wave mechanical model, the
electron keeps moving towards or away from the nucleus and the 
maximum probability of locating it is at radius of 0.529 Å from the
nucleus.

+Ze

v

r

The electron cloud picture of

1s orbital having radius of

maximum probability (0.529 Å)

The Bohr picture of orbital in which 

electron is found only at this

distance. i.e. Bohr radius 0.529 Å

Solutions
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1. When the Baeyer process is used for recovering

aluminium from ores, some aluminium is always

lost because of the formation of an unworkable mud

having the following average formula: 

3Na O 3Al O SiO 5H O2 2 3 2× ×5 2 . Since, the aluminium

and sodium ions are always in excess in the solution

from which this precipitate if formed, the

precipitation of silicon in the mud is complete. A

certain ore contains 13% (by mass) Kaolin 

(Al O 2SiO 2H O)2 3 2 2× ×  and 87% Gibbsite 

(Al O 3H O)2 3 2× . What per cent of the aluminium in

this ore is recoverable in the Baeyer process?

(a) 10% (b) 90% (c) 15% (d) 85%

2. Helium can be excited to higher energy state by

absorption of 58.44 nm wavelength. The lowest

excited singlet state, with the configuration 1 2

1 1s s ,

lies below the 1 21 1s p  state with 4875 cm 1-

wavelength. What would be the average He¾H

bond energy have to be in order that HeH2  could

form non-endothermically from He and H2 ? Assume 

that the compound would form the lowest excited

singlet state of helium for any difference between DE

and DH [ ]D = -H   218.0 kJ mol 1
f .

(a) 990 kJmol

1- (b) 880 kJmol

1-

(c) 790 kJmol

1- (d) 1215 kJmol

1-

3. Two students use same stock solution of ZnSO4  and

a solution of CuSO4 . The emf of one cell is 0.03V

higher than that of other. The concentration of 

CuSO4  in the cell with higher emf value is 0.5M.

Find out the concentration of CuSO4  in the other

cell. 
2.303

0.06
RT

F
=

æ
è
ç

ö
ø
÷

(a) 0.01 M (b) 0.03 M (c) 0.02 M (d) 0.05 M

4. At 20°C and total pressure of 760 torr, 1L of water

dissolves 0.043 g pure oxygen or 0.019 g of pure

nitrogen. Assuming that dry air is composed of 20%

oxygen and 80% nitrogen (by volume), determine

the masses of oxygen and nitrogen dissolved by 1L

of water at 20°C exposed to air at a total pressure of

760 torr.
(a) 0.0086 g L

1-
 and 0.015 g L

1-

(b) 0.015 g L

1-
 and 0.0086 g L

1-

(c) 0.0025 g L

1-
 and 0.015 g L

1-

(d) 0.0025 g L

1-
 and 0.008 g L

1-

5. A lead bul let weigh ing 18.0 g trav el ling with

500 m/s is em bed ded in a wooden block weigh ing

1.00 kg. If both the block and the bul let were

ini tially at 25.0°C, what is the fi nal tem per a ture of

the block con tain ing the bul let? As sume no heat

loss to the sur round ing. 

(Heat ca pac ity of wood = 0.500 kcal kg K1 1- - , 

   Heat capacity of lead = 0.030 kcal kg K1 1- - ).
(a) 62.2°C (b) 26.1°C (c) 72.3°C (d) 50.3°C

6. Consider the following statements,

Choose the correct option regarding correct
statements.
(a) II and III (b) Only I

(c) Only III (d) I and III

79

QUIZZER (NO. 20)

NH2NH2

is more basic than

NH2

H N2

I.

C

CH3

r
II. is more stable than C

undergoes hydrolysis more
C

Cl

III. Ph

H

C

Cl

Ph

H (CH )2 3

easily than

r
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QUIZZER

7. Identify the product D in the following reaction

sequence.

CH CH CH==   

3 2

SeO / HCOOH

2

O ¾ ®¾¾¾¾¾ A BNaOH 

H O

3

+

¾ ®¾¾¾

Heat

¾ ®¾¾ C+D

(a) cis-lactide  (b) trans-lactide

(c) Either cis  or trans - lactide  (d) lactic acid

8. Consider the following reactions and choose the

correct one.

9. Consider the following reaction sequence,

Identify the compound C.

10. 0.5g sample containing MnO
2

 is treated with HCl,

liberates Cl
2

.  The Cl
2

 passed into a solution of KI

and 30.0 cm3

 of 0.1M Na S O2 2 3 to titrate the

liberated iodine. Calculate the percentage of MnO2

in sample. (Atomic weight of Mn = 55 u)

(a) 26.1

(b) 30.9

(c) 20.2

(d) 40.3
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NaOEt

EtOH 

A
KOH

HCN

EtOH 

H O

2

B C

O

O

+

–

(a) (b)

(c) (d)

COOH

CHOCOOH

COOH

C

Ph

Ph

Ph

O

2

V O

2 5

COOH

CHO

==

CH CH

2

(a)

(b)

Conc. HNO

3

PhN

2

Conc. H SO

2 4

NaOH

CH

3

== —

N N Ph

(c)

(d)

HCl

C

Ph

Ph

Ph

CH

2

CH

2

Cl

+

CH

3

OH

+

ONa

–

NO

2
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