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Preface

. Feeling the immense importance and value of NCERT books, we are
presenting this book, havingthe NCERT Exercises Solutions.

For the oveyall benefit of the students we have made this book unique
in such a way that it presents not only solutions but also detailed
explanations. Through these detailed and through explanations,

students can learn the concepts which will enhance their thinking and
learning abilities.

We have introduced some Additional Features with the solutions
which are given below :

Thinking Process (@,) Before giving solutions to questions we have
discussed the points that tell how to approach to solve a problem.

Here we have tried to cover all those loopholes which may lead to
~ confusion. All formulae and hints are discussed in full detail.

Note We have provided notes also to solutions in which special points
are mentioned which are of great value for the students.

This book also covers Solutions to selected problems of NCERT
Exemplar Problems.

With the hope that this book will be of great help to the students, we
wish great success to our readers.

Purnima Sharma
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Course Structure
Class XI (Theory)

Paper One -~ Time: 3 Hrs Max Marks: 70

i 'Cl'a'ssXI" gRboT IR S e e | Weightage

Unitl Some Basic Concepts of Chemistry S
Unitli Structure of Atom A 6

Unitlll Classification of Elements and Periodicity in Properties 4.
UnitlV | Chemical Bonding and Molecular Structure )
UnitV States of Matter: Gases and Liquids 4
UnitVl. | Thermodynamics 6
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-UnitVIIl | RedoxReactions 3
UnitIX Hydrogen 3
~ UnitX s -Block Elements 5
UnitXI Some p -Block Elements 5
Unit Xl Organic Chemistry: Some basic Principles and Techniques 7
UnitXlll' | Hydrocarbons 8
UnitXIV | Environmental Chemistry 3

UnitI Some Basic Concepts of Chemistry |
General Introduction: Importance and scope of chemistry. Nature of matter, laws

of chemical combination, Dalton's atomic theory: concept of elements, atoms
- andmolecules.

Atomic and molecular masses, mole concept and molar mass, percentage
composition, empirical and molecular formula, chemical _reactions,
stoichiometry and calculations based on stoichiometry.

UnitIl Structure of Atom )

Discovery of Electron, Proton and Neutron, atomic number, isotopes and
isobars. Thomson's model and its limitations. Rutherford's model and its
limitations, Bohr's model and its limitations, concept of shells and subshells,
dual nature of matterand light, de Broglie's relationship, Heisenberg uncertainty
principle, concept of orbitals, quantum numbers, shapes of s, p and d orbitals,
rules for filling electrons in orbitals - Aufbau principle, Pauli's exclusion principle

and Hund's rule, electronic configuration of atoms, stability of half filled and
completelyfilled orbitals.



UnitIlll Classification of Elements and

Periodicity in Properties
Significance of classification, brief history of the development of periodic table,
modern periodic law and the present form of periodic table, periodic trends in
properties of elements -atomic radii, ionic radii, inert gas radii lonization
enthalpy, electron gain enthalpy, electronegativity, valency.Nomenclature of
elementswith atomic numbergreaterthan

Unit IV Chemical Bonding and Molecular structure

Valence electrons, ionic bond, covalent bond; bond parameters,  Lewis
structure, polar character of covalent bond, covalent character of ionic bond,
valence bond theory, resonance, geometry of covalent molecules, VSEPR
theory, concept of hybridization, involvings,pand d orbitals and shapes of some
simple molecules, molecular orbital theory of homonuclear diatomic molecules .
(qualitativeidea only), hydrogen bond.

UnitV States of Matter: Gases and Liquids

Three states of matter, intermolecular interactions, types of bonding, melting
and boiling points, role of gas laws in elucidating the concept of the molecule,
Boyle's law, Charles law, Gay Lussac's law, Avogadro's law, ideal behaviour,
empirical derivation of gas equation, Avogadro's number, ideal gas equation.
Deviation from ideal behaviour, liquification of gases, critical temperature,
kinetic energy and molecular speeds (elementary idea) Liquid State- vapour
pressure, viscosity and surface tension (qualitative idea only, no mathematical
derivations)

Unit VI Chemical Thermodynamics

Concepts of System and types of systems, surroundings, work, heat, energy,
extensive and intensive properties, state functions. First law of thermodynamics
-internal energy and enthalpy, heat capacity and specific heat, measurement of
AU and AH, Hess's law of constant heat summation, enthalpy of bond
dissociation, combustion, formation, atomization, sublimation, phase
transition,ionization, solution and dilution.

Second law of Thermodynamics (briefintroduction) Introduction of entropy asa
state function, Gibbs energy change for spontaneous and non - spontaneous

processes, ¢riteria for equilibrium. Third law of thermodynamics (brief
introduction).

Unit VII Equilibrium

Equilibriumin physical and chemical processes, dynamic nature of equilibrium,
law of mass action, equilibrium constant, factors affecting equilibrium -
Le Chatelier's principle, ionic equilibrium - ionization of acids and bases, strorfg
and weak electrolytes, degree of ionization, ionization of poly basic acids, acid
strength, concept of pH, Henderson Equation, hydrolysis of salts (elementary
idea), buffer solution, solubility product common ion effect (with illustrative
examples).



Unit VIII Redox Reactions

Concept of oxidation and reduction, redox reactions, oxidation number,
balancing redox reactions, in terms of loss and gain of electrons and change in
oxidation number, applications of redox reactions

UnitIX Hydrogen

Position of hydrogen in periodic table, occurrence, isotopes, preparation,
properties and uses of hydrogen, hydrides-ionic covalent and ‘interstitial;
physical and chemical properties of water, heavy water, hydrogen.peroxide -
preparation, reactions and structure and use; hydrogenas afuel.

Unit X s-Block Elements
(Alkali and Alkaline Earth Metals)

Group 1 and Group 2 Elements General introduction, electronic configuration,
occurrence, anomalous properties of the first element of each group, diagonal
relationship, trends in the variation of properties (such as ionization enthalpy,
atomic and ionic radii), trends in chemical reactivity with oxygen, water, -
hydrogen and halogens, uses:

Preparation and Properties of Some Important Compounds: Sodium carbonate;
sodium chloride, sodium hydroxide and Sodium hydrogencarbonate, biological
importance of sodium and potassium. Calcium oxide and Calcium carbonate
and theirindustrialuses, biologicalimportance of Magnesium and Calcium.

Unit XI Some p -Block Elements

General Introduction to p -Block Elements, Group 13 Elements General
mtroductlon electronic configuration, occurrence, variation of properties,
oxidation states, trends in chemical reactivity, anomalous properties of first
element of the group, Boron - physical and chemical properties, some important
compounds, borax, boric acid, boron hydrides, Aluminium: Reactions with acids
and alkalies, uses.

Group 14 Elements General introduction, electronic configuration, occurrence,
variation of properties, oxidation states, trends in chemical reactivity,
anomalous behaviour of first elements Carbon -catenation, allotropic forms,
physical and chemical properties; uses of some important compounds: oxides.
Important compounds of silicon and a few uses: silicon tetrachloride, silicones,
silicates and Zeolites, their uses.

Unit XII Organic Chemistry

Some Basic Principles and Technique General introduction, methods of
purification, qualitative and quantitative analysis, classification and 1UPAC
nomenclature of organic compounds. 100 Electronic displacements in a
covalent bond: inductive effect, electromeric effect, resonance and hyper
conjugation. Homolytic and heterolytic fission of a covalent bond: free radicals,

carbocations, carbanions, electrophiles and nucleophiles, types of organic
reactions.



UnitXIII Hydrocarbons

Classification of Hydrocarbons, Aliphatic Hydrocarbons Alkanes-
Nomenclature, isomerism, conformation (ethane only), physical properties,
chemical reactions including free radical mechanism of halogenation,
combustion and pyrolysis. Alkenes - Nomenclature, structure of double bond
(ethene), geometrical isomerism, physical properties, methods of preparation,
chemical reactions: addition of hydrogen, halogen, water, hydrogen halides
(Markownikov's addition and peroxide effect), ozonolysis, oxidation,
mechanism of electrophilic addition. Alkynes - Nomenclature, structure of triple
bond (ethyne), physical properties, methods of preparation, chemical reactions:

acidic character of alkynes, addition reaction of - hydrogen, halogens, hydrogen
halides and water.

Aromatic Hydrocarbons ' Introduction, IUPAC nomenclature, benzene:
- resonance, aromaticity, chemical properties: mechanism of electrophilic
substitution. nitration, sulphonation, ha‘logehation, Friedel Craft's alkylation
and acylation, directive influence of functional group in monosubstituted
benzene. Carcinogenicity and toxicity.

Unit XIV Environmental Chemistry

Environmental pollution - air, water and soil pollution, chemical reactions in
atmosphere, smog, major atmospheric pollutants, acid rain, ozone and its
reactions, effects of depletion of ozone layer, greenhouse effect and global
warming- pollution due to industrial wastes, green chemistry as an alternative
tool forreducing pollution, strategies for control of environment pollution.

Practicals

Evaluation Scheme for Examinétiuﬁ Marks .

Evaluation Scheme |

Volumetric Analysis 10
Salt Analysis 8.
Content Based Experiment 6
Class Record, Project Viva | 6
Total 30




Chapter 1

Some Basic Concepts of
Chemistry

Important Results

1. Seven basic SI units for physical quantities are:
Length-metre (m), mass-kilogram (kg), time-second (s),
temperature-kelvin (K), electric current-Ampere (A), Luminous
intensity-Candela (Cd) and amount of substance-Mole (mol).
2. Some useful conversion factors
1 pm= 104 m, 1 A=1071 m, 1 nm = 10° m
1L=10"2m?3 =1 dm? 760 torr = 101325 Pa= Nm >
1 atm = 1.01325 bar
1 bar = 10° Nm ™2 = 10° Pa; 1 atm = 760 mmHg 760 torr
1 Calorie = 4.184 J, 1 eV = 1.6022x 107 J
3. Mole = sl
Molar mass (g mol™ ")

4. 1 mole of a substance = N, molecules = 6.022 x 10** molecules
1 mole of an element = N, atoms = 6.022x 10*° atoms
Atomic mass
Ny
. At STP (T=273Kandp = 1atm) 1 mole of an ideal gas occupies
volume 22.4 L.
7. Molarity = concentration in mol L~ L
Number of moles
Volume in litres
Normality = concentration in g equi. L™ .

(i) Normality of an acid = molarity x basicity (basicity is the
number of ionisable H* ions.

(ii) Normality of a base = molarity x acidity (acidity is the
number of ionisable OH™ ions).

Molality = concentration in mol per kg solvent.

5. 1 amu (or u)= (N, = Avogadro number = 6.022 x 10%3)

Molarity =
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. Number of moles
10. Molality =
Mass of solvent (kg)
s of solute x 100
11. Mass per cent = Mas 3
Mass of solution
~ 12. Percentage composition Mass % of an element
_ Mass of that element in the compound x 100
- Molar mass of the compound '
13. Mole fraction of the component 1 in the mixture of 1 and 2 with
number of moles n; and n,,
Xl - ;Xl + X‘2 = 1
: n +n,
Sol Xl = 1- Xn
14. Empirical formula represents the simplest whole number ratio of
various atoms present in a compound.
15. Molecular formula represents exact number of different types of
atoms present in a molecule of a compound.
16. Molecular formula = n x empirical formula and
_ Molar mass
Empirical formula mass
17. In a reaction, when the reactants are not present in the amounts
as required by a balanced chemical reaction, in this case, one
reactant is in excess over the other. The reactant which is present
in lesser amount gets consumed first. This reactant is known as
limiting reagent because it limits the amount of product.
18. Average molar mass of an element

M= Sum of isotopic molar mass x % abundance 2 A; x P,
100 100

where, P, is the per cent abundance of isotope with atomic mass
A;. . .
or Y M=XExA,

where, f;= fractional abundances of isotopes and A, = their
correspondmg mass numbers.

Exercisés

Question 1. Calculate the molecular mass of the following.
(i) H,O (ii) CO, (iii) CH,

Ky

ECS

(i) Molecular mass of a molecule is the sum of atomic masses of all the
atoms present in the molecule.

(i) Molecular mass of H=1.0079
Molecular mass of O = 16.00
Molecular mass of C = 12.01
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Solution.
(i) Molecular mass of H,O = 2 x Atomic mass of hydrogen-
+ 1 x Atomic mass of oxygen
=2x1.0079 u+ 1x16.00 u=18.0158 u
(i) Molecular mass of CO, =1 x Atomic mass of carbon :
+ 2 x Atomic mass of oxygen
=1x12.01 u+ 2x 16.00 u = 44.01 u
(iii) Molecular mass of CH, = 1 x Atomic mass of carbon
+ 4 x Atomic mass of hydrogen
=1x12.01 u+ 4x1.0079 u = 16.0416

Question 2. Calculate the mass per cent of different elements present in
sodium sulphate, Na,SO,.

- Solution. Mass per cent of an element
_ Mass of that element in the compound x 100
Molar mass of the compound

—_—T Na,SO, = (2x 22.99) + 32.06 + (4 x 16.00) = 142.04 g
45.98x 100

‘Mass per cent of sodium =————— = 32.37
142.04
Mass per cent of sulphur =M = 22.57
v 142.04
Mass per-cent of oxygen =w =45.06
. 142.04

Question 3. Determine the empirical formula of an oxide of iron which
has 69.9% iron and 30.1% dioxygen by mass.

3@ (i) Empirical formula shows the number of moles of different elements
e present in a molecule, so first find the relative number of moles of
each element by dividing the mass percentage by respective atomic
masses.
(ii) Divide the mole value obtained in above step by the smallest number,
- to obtain the simplest ratio.

(iii) Write the empirical formula by mentioning the numbers after writing
the symbols of respective elements.

Solution.
Relative Simple
% by Atomic | number of Simple - whole
Element | Symbol mass mass moles of molar ratio| number
element molar ratio
69.9 125 ~
I ——— =125 — =1 1x2=2
ron Fe 69.9 55.85 5585 1.25 X
30.1 1.88
(@) ( —— =188 — =15|15%x2=
xygen (o) 30.1 16.00 | 76700 125 x2=3

-. Empirical formula = Fe, 0O,

Note In case the ratios are not whole numbers, they may be converted
into whole number by multiplying by the suitable coefficient.
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Question 4. Calculate the amount of carbon dioxide that could be

produced when
(i) 1 mole of carbon is burnt in air.
(i1) 1 mole of carbon is burnt in 16 g of dioxygep.
(iii) 2 moles of carbon are burnt in 16 g of dioxygen. |
S (i) In order to find the moles of different elements/compounds taking
"@ part in the reaction, write a balanced chemical equation for
combustion of carbon in dioxygen (air).
(ii) Calculate the amount of CO, produced with.the help of information
available from the balanced chemical equation.

Solution. C(s) +0,(g) —> CO,(g)
1mol 1mol 1 mol
32g 44 g
(i) According to the equation when 1 mole of carbon is burnt
completely, CO, produced is 44 g. .
(i) 1 mole of carbon requires 32 g dioxygen from the reaction. But we
have only 16g dioxygen. Hence, dioxygen is the limiting reagent.
So, the amount of CO, produced by 16 g dioxygen is 22 g.

(iil) In this case again, dioxygen is the limiting reagent. 16 g dioxygen
can react only with 0.5 mole of carbon and produce 22 g CO,.
Note Limiting reagent limits the amount of product formed because it

is present in lesser amount and gets consumed first.

Question 5. Calculate the mass of sodium acetate, CH3;COONa
required to make 500 mL of 0.375 molar aqueous solution. Molar mass of
sodium acetate is 82.0245 g mol ™.

: _ w x 1000
on. Molarity =
Soluti ty m x volume of solution (mL)

where, w = mass of solute and m = molar mass of solute.
.Given, molarity of the solution = 0.375 M
Molar mass of solute, m = 82.0245 g mol™!

Volume of solution = 500 mL

Mass of solute =?
375%x 82.0245 :
. Mass of solute, w = L o 15.379g=~1538¢g
1000
Question 6. Calculate the concentration of nitric acid in mol per litre in

a sample which has a density, 141 g mL™! and the mass per cent of nitric
acid in it being 69%.

. ’ 1
e (i) We know that molarity = iy
(o m xV
we require mass and molar mass of solute and volume of the
solution. To calculate mass convert mass per cent into gram.

so in order to calculate molarity,
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(i) Calculate, molar mass of nitric acid by adding atomic masses of

m
different atoms and volume of solution by using the formula, d = v

(iii) Now put these values in the formula of molarity.

g w x 1000
Solution. Molarity =
: & m x volume of solution (mL)

Given,d = 1.41 g mL™ ', mass % of HNO; = 69%

69% HNO, means 100 g of its solution contains 69 g HNO; (nitric acid).
Hence, mass of HNO, (solute) =69 g. '

Molar mass of nitric acid, .
HNO, = 1.0079 + 14.0067 + (3 x 16.00)= 63.0146 g mol ™!

Density,d=E or V=—nl=—1—.LO—g—
TV d 141gmL’
w x 1000 _ _
m x volume of solution (mL) -
_69x 1000x 1.41
~ 63.0146 x 100

Note Concentration of a substance in mol per litre is known as
molarity. '

Molarity =

=15.439'M

Question 7. How much copper can be obtained from 100 g of copper
sulphate (CuSO,)? ‘

Solution. Molar mass of CuSO, = 63.54 + 32.06 + (4 x 16)

| . =159.6 g mol™*
159.6 g CuSO, contains = 63.54 g Cu S
: 63.54 - -
1 g CuSO, contains = Cu
g St €0 159.6 ©
.54 %100
100 g CuSO, contains =% =39.81 g Cu

»Question 8. .Dete’rmine the molecular formula of an oxide of iron in
which the mass per cent of iron and oxygen are 69.9 and 30.1 respectively.
Given that molar mass of the oxide is 159.89 mol ", ’

\\"'/

(% (i) We know that molecular formula = (empirical formula),, so find the
9, empirical formula.
(i) Then, find the value of nby using the formula

B Molar mass

" Empirical formula mass

_ (i) Multiply empirical formula by nto get the molecular formula.
Splqtlon. Calculation of empirical formula (see solution of Q.3 as
similar data is given). Empirical formula mass of

Fe,0; = (2x 55.85) + (3 x 16.00) = 159.7 g mol™ !
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Molar mass _ 159.8 _ 1
" =Empirical formula mass 159.7
Hence, molecular formula is same as empirical formula; Fe,O3.

Question 9. Calculate the atomic mass (average) of chlorine using the
following data.

Isotope |% natural abundance | Molar mass

(i 75.77 34.9689
37c1 24.23 36.9659

Solution. Average atomic mass is the sum of the products of fractional

abundances (f) of the isotopes and their corresponding mass number
(A)) '

Average atomic mass, A = f-A; = xA; + f, x Ay + ...

% natural | Fractional BRI
Isotope | 1 dance | abundance Molar mass :
o] 75.77 07577 .| 34.9689
gl 24.23 0.2423 36.9659

Avérage atomic mass, A ‘
A =0.7577x 34.9689 +0.2423 x 36.9659
= 26.4959 + 8.9568 = 35.4527

Question 10. In three moles of ethane (C,H), calculate the following.
(1) Number of moles of carbon atoms. ) :
(i) Number of moles of hydrogen atoms.
(ii1) Number of molecule of ethane.
Solution. :
(i) 1 mole of ethane, C,Hg contains 2 moles of carbon atoms.
, .3 moles of ethane, C,Hg will contain 2 x 3 =6 moles of C-atoms.
(ii) 1 mole of ethane, C,Hg contains 6 moles of H-atoms.

.3 moles of ethane, C,Hg will contain 3 x6 = 18 moles of H-atoms.
(iii) 1 mole of ethane = 6.022 x 10** molecules of ethane.

.3 moles of ethane =3x6.022x 10 = 18.066 x 1023 molecules of
ethane.

Question 11. What is the concentration of sugar (Cy2H»,044) in mol Lt if
its 20¢ are dissolved in enough water to make a final volume up to 2 L?

3‘“"’ To find molar concentration, calculaté the molar mass of the sugar, by
A -adding atomic masses of different elements as molarity =

mxV
Solution. Molar mass of the sugar, Cy,Hp,0,4,

m=(12x 12.01) + (22 x 1.0079) + (11 x 16.00)
=342.2938 g mol™ ! ~ 342
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Given, w=20gV=2L

‘Molarity = ———— = 20 _0.0292 mol L™
4 mxV (L) 342x2 .
=0.0292 M

Question 12. If the density of methanol is 0.793 kg L}, what is its volume
needed for making 2.5 L of its 0.25 M solution?

;\-‘» (i) In case of dilution, volume is calculated by using molarity gquation.
7,@“ MV, = M,V,, we have M,,V, but not M, so calculate molarity of the
_given solution from density.
(ii) Then, find volume (V) needed by using molarity equation, MV, = My,
Solution. Given,d=0.793kgL ' =0.793x10° g L™

Final volume, V,=2.5L
Final molarity, M, = 0.25 M
Molarity of initial solution M, = ?
Initial volume V, =?
Molar mass of methanol,
CH,OH = (1 x 12.01) + (4 x 1.0079) + 16.00 = 32.0416 =~ 32
0.793x 103 g L™*

Molarity = ——=24.781 mol L™
32 g mol™
MV; =M,V;
24.781xV; =0.25x 2.5
v = 925%25 _ 02502 .= 25.22 mL
24.781

Question 13. Pressure is determined as force per unit area of the surface.
The SI unit of pressure, pascal is as shown below.

1 Pa=1Nm™ _
If the mass of air at sea level is 1034 g cm ™, calculate the pressure in pascal.
e (i) The SI unit of mass is kilogram and of length is m so convert gram to

-

D kilogram and cm? tom® as pressure is to be calculated in Sl units.

(i) Write 1 kgms™ = 1 Nand 1Nmi® = 1Pa to obtain.pressure in pascal.
Solution. Pressure is the force or weight per unit area.
| 1034 g x 9.8 ms™> -

sz

1034 kg x 100x 100x 9.8 ms™

’ 1000 m? A
=101332.0 Nm ™2 ' (1N =1kgms™?

=1.01332 x 10’ Pa
Question 14. What is the SI unit of mass? How is it defined?

$olutioq. SI unit of mass is kilogram (kg). It is equal to the mass of
international prototype of the kilogram.

Pressure =
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Question 15.  Match the following prefixes with their multiples.

" Prefixes | ' Multiples
(i) micro - 10°
(ii) deca . 10°
(iid) mega 1074
(iv) giga 50
(v) |  femto 10

Solution. Micro =10"% deca = 10, mega = 10°,
giga =10° and femto =101

-Question 16. What do you mean by significant 4ﬁgures?

Solution. The number of significant figures in a given data is the
number of all certain digits plus one uncertain digit. For example, 3.015
has four significant figures.

Note All measured quantities are reported 1n such a way that only the
last digit is uncertain (usually by * 1).

‘Question 17. A sample of drinking water was found to be severely
contaminated with chloroform, CHCI;, supposed to be carcinogenic in
nature. The level of contamination was 15ppm (by mass).

(i) Express this in per cent by mass.
(i1) Determine the molarity of chloroform in the water sample.
Solution.
(i) 15 ppm means 15 parts in one ‘million (10°) parts.
Therefore, % by mass = %‘E =1.5%x1073 %
(ii) Molar mass of CHCl, = 12.01 + 1.0079 + (3 x 35.45)
Mcyc, = 119.367~ 119 g mol™ !

1.5x1073% means 1.5x107° g chloroform is present in 100 g
sample.

1000
Molarity, M = Ll

m x volume of sample

-3

(For water, density =1 gcm™, so mass = volume)

-3
_1.5x1077x1000 _ 550196 = 1.26x10-4 M

119x100
Question 18. Express the following in scientific notation:
(1) 0.0048 (ii) 234000 (iii) 8008
(iv) 5000 (v) 6.0012
S (i) To convert a digit into scientific, notation (N x 10") shift the decimal
K, point just after a non-zero digit.

(i) If shifting is towards right, n has negative value and if shifting is
towards left, nhas positive value.
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.

Solution. ()4.8x107° (i) 2.34x 10° (iii) 8.008 x 10°

. (iv) 5.0x10°  (v)6.0012x 10°
Note In scientific notation any number can be expressed in the form of
N x10". Where n is an exponent having posmve or negative values and

N can vary between 1 to 10.

Question 19. How many significant figures are present in the following?
(1) 0.0025 (ii) 208 (iii) 5005 - (iv) 126000 (v) 500.0  (vi) 2.0034
e (@) All non-zero digits are significant.

-

7 (b) Zeros present to left/right of a number are non-significant however,
zeros present after decimal points are significant.
(c) Zeros present between two non-zero digits are significant.
Solution. (i) 2 (i)3 ()4 ([(v)3 (v)4 (vi)5
Question 20. Round up the following up to three significant figures :
(1) 34.216 (i1) 10.4107 (iii) 0.04597 (iv) 2808
e To round up a number, left the last digit as such, if the digit next to it is
- less than 5 and increase it by 1, if the next digit is greater than 5.
Solution. (i)34.2 (ii) 10.4 (iii) 0.0460  (iv) 2810

Question 21. The following data are obtained when dinitrogen and
dioxygen react together to form different compounds.

| dinieogen | Mass of dioxygen.
(1) 14 g 16 g
(i) 14g . 32g
(iif) 28 g 32g
(iv) 28 g 80 g

(a) Which law of chemical combination is obeyed by the above
experimental data? Give its statement.

(b) Fill in the blanks in the following conversions.

(1) 1km=...mm =...pm
(i) I mg=...kg = ...ng
(i) ImL=...L =... dm3
Solution.

(a) On fixing the mass of dlmtrogen as 28 g, the masses of dioxygen
combined are 32, 64, 32 and 80 in the given four oxides. These are
in the simple whole number ratio i.e., 2:4:2:5. Hence, the given
data obey the law of multiple proportions
Law of multiple proportions This law was proposed by Dalton in
1803. According to this law, if two elements can combine to form

more than one compound, the masses of one element that combine

with a fixed mass of the other element are in the ratio of small
whole numbers.
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1000m 100cm 10mm _, .6

(b) (i) 1 km =1 kmx 1 km 1m 1cm
1000m 1pm ., 15
1km=1Kkm X =10" pm
“Tkm 102m

-1 km = 10° mm = 10"® pm |

1g xlkg =10‘6kg‘
1000 mg 1000g

g, xlngg =106ng
1000mg 1077 g
~1mg=10"° kg = 10° ng

(iii)lmL=1mLx—L=1o—3L -

1000 mL ;
1mL=1cm?®=1cm?x 1dmx1dmx1dm
10cmx 10 cmx 10 cm
1mL=102L=10"3 dm? | |
Question 22. If the speed of light is 3.0 x 103ms™!, calculate the distance
covered by light in 2.00 ns. .
Solution. 2.001ns=2.00x10° s " (1ns=10"5)
Distance covered = Speed x Time
- =3.0x10°ms™? x2.0x10%s
=6.0x107'm=06m -

(i) 1 mg=1mgx

1 mg =1 mgx

=107 dm?

Question 23. In a reaction, 4+ B, —> AB,, identify the limiting
reagent, if any, in the following reaction mixtures.
(1) 300 atoms of 4 + 200 molecules of B
(ii) 2 moles of 4 + 3 moles of B .
- (iii) 100 atoms of 4 + 100 molecules of B
(iv) 5 moles of 4 + 2.5 moles of B
(v) 2.5 moles of 4 + 5 moles of B

S Limiting reagent is the reagent that is consumed first in the reaction, so
compare the amounts of Aand Bto find the limiting reagent.

;/

Solution. A +B, —> AB,

(i) According to the above reaction, 1 atom of A reacts with 1 molecule
of B. ’
=200 atoms of A will react with 200 molecules of B. In this case, B is
the limiting reagent, so A is in excess.

(ii) According to the above reaction, 1 mole of A reacts with ‘1 mole of

.2 moles of A will react with 2 moles of B. In this case A is limiting
reagent and B is in excess.
(iii) No limiting reagent.
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(iv) 2.5 moles of B requires only 2.5 moles of A to react. So, B is limiting
reagent and A is in excess. \

(v) 2.5 moles of A reqmres only 2.5 moles of B to react. So, A is limiting
reagent and B is in excess.

Question 24. Dinitrogen and dihydrogen react with each other to
produce ammonia according to the following chemical equation,
N,(g) + 3H,(g) — 2NH;(g)
(i) Calculate the mass of ammonia produced if 2.00x 10%g dinitrogen
reacts with 1. 00 x10% g of dihydrogen.
(i) Will any of the two reactants remain unreacted?
(ii1) If yes, which one and what would be its mass?

Solution. N,(g)+ 3H,(g) —> 2NH,(g)

1mol 3 mol 2 mol
28¢g 6g 349
28 g N, reacts with6 g H,

1 g N, reacts with % g H,

2000 g N, will react with %: 428.57 g H,

Hence, N, is the limiting reagent and H, is in excess. N, limits the
amount of ammonia produced.

28 g N, produces 34 g NH,
1 g N, produces % g NH;

4
2000 g N, will produce :23_8 x2000=2428.57 g NH,

(ii) H, is in excess so it will remain unreacted.
(iii) Amount of H, remain unreacted = 1000 - 428.57= 57143 g

Question 25. How are 0.50 mole Na,CO; and 0.50 M Na,CO;, different? -
Solution. Molar mass of Na,CO; = (2x 22.99) + 12.01 + (3x 16)
=105.99~ 106 g mol ™!

0.50 mole Na,CO, = 0.50 x 106 = 53 g Na,CO,
0.50 M Na,CO, means 53 g Na,CO; is present in 1 L of the solution.

Question 26. If ten volumes of dihydrogen gas react with five volumes of
dioxygen gas, how many volumes of water vapour would be produced?

3 (i) In order to find the moles of H, and O, generally utilised to obtain
e water, write a balanced chemical equation for the production of
water vapours from H, and O,.
(i) Apply Gay-Lussac's law of gaseous volume to calculate the volume of
water vapours produced.
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Solution. 2H,(g)+O,(g) — 2H;0(g)

2V 1v 2V :
According to Gay-Lussac's law of gaseous’ volume, 2 volumes of
dihydrogen react with 1 volume of O, to produce 2 volumes of water
vapour. Therefore, 10 volumes of dihydrogen on reaction with
5 volumes of dioxygen will produce 10 volumes of water vapour.

Question 27. Convert the following into basic units. .
(i) 28.7 pm (i) 15.1S pus (iii) 25365 mg

Wy
\\\ e

3 The basic units for length is mieter (m), for time is second (s) and for.
73 mass is kilogram (kg).

Solution.

12
(i) 287 pmx0 ™ _287x10"! m
1 pm :

_GS

) 15,15 s —2 = 1,515 %16

us

(iii) 25365 mgx—~J —x—29__ 5 5365x 10" 2 kg
1000 mg 1000 g .
“Question 28. Which one of the following will have the largest number of
atoms? L

(D) 1gAu(s) (i)1gNa(s) (i) 1gLi(s) (iv)1gof Cl, (g)
e (i) We know that number of atoms = moles x N, x atomicity, so first

-

N calculate the number of moles by using the formula,

Mass of a substance (g)

Molar mass
(ii) Then, find number of atoms from moles of the substance and
compare them. \
(Atomic masses : Au = 197, Na = 23, Li = 7,Cl = 356.5 u)

Moles of a substance =

Solution.

(i) 1gAu =1—;—7 mol atoms of Au =$ x 6.022 x 10* atoms of Au.
(ii)) 1 g Na =% mole atoms of' Na =% x 6.022 x 10** atoms of Na.
(iii) 1 g Li =% mole atoms of Li =-; x 6.022 x 10 molecules of Li.
'(iv). 1gCl, =-_;1-I mole molecules of Cl,

=% x 6.022 x 10* molecules of Cl,.
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=% % 6.022 x 102 atoms of Cl

(1 molecule of chlorine contains 2 atoms).
Therefore, 1 g of Li has largest number of atoms.

Note If a substance exists in atomic form, it contains mole atoms and if -
a substance exists in molecular form, it contains mole molecules.

Question 29. Calculate the molarity of a solution of ethanol in water in
which the mole fraction of ethanol is 0.040.

RS

& () Molarity is the number of moles of solute present in 1 L of solution,
7@ so find moles of HO in 1 L solution of ethanol in water.

(i) Then, find mole fraction of H.O by using the formula x, + x, =1and
B Nuo

moles of ethanol by using the formula, x._ o =
.
Moo ¥ Mao
(ili) ¢y oy gives the molarity of solution as moles of solute in 1L
solution is equal to its molarity.

Solution. Molarity is defined as the moles of solute (ethanol)in 1 L of
the solution.

1 L of ethanol solution (as it is diluted) = 1 L of water

Number of moles of H,Oin 1 L water = 10009 _ 55.55 moles

For a binary solution (binary solution contains two components)
Xl + X2 = 1 )
Hence, XH,0 =1=Xc,H 0H

XH20= 1- 0.040 = 0.96

X _ Ny,o0
“H,0 —
Ny,0 * Nc,H 0H
35.55
0.96 =

53.328 +. 0.96 nC2HSOH - 55.55

0.96 nc, o1 = 55.55- 53.328 = 2.222

" Ne.n.on _2.222

RS 0.96

Question 30. What will be the mass of one 2C atom in gram?

Solution. Mass of 1 atom of '2C = Atomic mass of C
Avogadro's number

129
6.022x 10%°

=2.3145 mol

=1.9927x 10" g
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Question 31. How many significant figures should be present in the
answer of the following calculations?
G 0.02856 x 298.15x 0.112 '
) 0.5785
(i1) Sx5.364 : ,
(iii) 0.0125 + 0.7864 + 0.0215
Solution.

(i) In multiplication and - division, the least precise term 0.112 has
3 significant figures. Hence, the answer should not have more than -

~ three significant figures.

(ii) In multiplication, 5 is the exact number and the other number has
4 significant figures. Hence, the answer should have 4 significant
figures. _ .

(iii) In addition (or in subtraction), the answer cannot have more digits
to the decimal point than either of the original members. Hence, the
answer should have 4 significant figures.

Question 32. Use the data given in the following table to calculate the
molar mass of naturally occurring argon.

. Isotope ' |Isotopic molar mass | Abundance
AT 35.96755 g mol ™ 0.337%
BAr 37.96272 g mol ™ 0.063%
Vax 39.9624 g mol ™! 99.600%

Solution. Average molar mass of
Ar=3 f x A; = (0.00337 x 35.96755) + (0.00063 x 37.96272)
+ (0.99600 x 39.9624)
=0.121 + 0.024 + 39.803 = 39.948 g mol ™"

Question 33. Calculate the number of atoms in each of the following.
(i) 52 moles of Ar (i) S2uof He  (iii) 52 g of He

Solution.
(i) 1 mol of Ar = 6.022x 10*° atoms.

52 moles of Ar = 52x 6.022 x 102 atoms
= 313.144 x 10* atoms
=3.131x 10%® atoms

(ii) 4 u of He = 1 He atom

52 u of He =571% He atoms = 13 He atoms.

(iii) 1 mol atom of He = 4 g= 6.022 x 10% atoms.

23
52 g of He = X 6'032 R i atoms

= 78.286 x 10%° atoms
= 7.8286 x 10%* atoms.
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Question 34. A welding fuel gas contains carbon and hydrogen only.
Burning a small sample of it in oxygen gives 3.38 g carbon dioxide,
0.690 g of water and no other products. A volume of 10.0 L (measured at
STP) of this welding gas is found to weigh 11.6 g. Calculate (i) empirical
formula (ii) molar mass of the gas and (iii) molecular formula.

3\, (i) To find empirical formula, moles are required which are calculated by
% e dividing the percentage of elements by their atomic mass and
percentage is obtained from the mass of elements, so first calculate
the amount of C and H in the given masses of CO, and H,0 by using

the formulae we% =14—?xwt. of CO,, wy% =1—28-><Wt- of HO Then,

calculate the per cent of C and H and empirical formula (by finding
simplest ratio of moles of different elements).

(i) At STP volume of 1 mole gas = 22.4 L thus, calculate the molar mass
of the gas at STP by unitary method. -

(iii) Since molecular formula = (empirical formula),, so calculate n by

. Molar mass .
using the formula,” n= — and then find
Empirical formula mass
molecular formula [by using ‘molecular formula

= (empirical formula),,]
- Solution.
(i) 44gCO, =12 g carbon
3.38 g CO, =g x 3.38 g =0.9218 g carbon

18 g H,0O = 2 g hydrogen
0.690 g H,0 =% x 0.690 g = 0.0767 g hydrogen
Total mass of compound = 0.9218 + 0.0767 = 0.9985 g
(because compound contains only carbon and hydrogen).

0.9218
% -of C in th ound = x 100=92.32
o in the comp 0.9985

0767 _ -
% of H in the compound =g g;gs x100=7.68

Calculation for empirical formula

Elemént Per cent | Atomic | Relative number of { Simplest molar
by mass mass moles of elements ratio
C 92.32 12 92.32 7.69
—— =769 — =1
12 7.68
H 7.68 1 7.68 769
— =768 — =1
1& 7.68

Hence, empirical formula = CH
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(ii) Calculation for molar mass of the gas
10.0 L of the given gas at STP weigh=11.6 g
. 22.4 L of the given gas at STP will weigh

_11.6x224 _ .- 954 g
10 :

Molar mass = 25.984 ~ 26 g mol~ !

(iii) Empirical formula mass (CH) =12+ 1 =13
~ Molecular mass 26

Empirical formula mass 13
Hence, molecular formula =nxCH=2xCH=C,H,

n=

Question 35. Calcium carbonate reacts with aqueous HCI to give CaCl,
and CO, according to the reaction,

CaCO;(s) + 2 HCl(ag) —> CaCl, (ag) + CO, (g) + H,O ()
What mass of CaCQOyj is required to react completely with 25 mL of 0.75.M
HCI? :

e (i) To calculate the mass of CaCOy, required to react completely with 25

—-

-5 mL of 0.756 M HCI first we will calculate the mass of HCI in 25 mL of
0.75 M HCI.

(i) Now calculate the mass of CaCO4(g) by.using the information
available from a balanced chemical equation. '
Solution.

(i) Calculation for mass of HCl in 25 mL of 0.75 M HCl1
_ w x 1000
m xvol (mL)
0.75 = WX 1000
36.5x 25
(Molar mass of HCl= 1+ 35.5 = 36.5 g/mol)
w =0.75x36.5x 25 / 1000 = 0.6844 g
(ii) Calculation for required mass of CaCO; to react completely with
0.6844 g HCI.
CaCO4(s)+ 2HCl (aq) —> CaCl,(aq) + CO,(g9) + H,0O()
100 g 2x36.5=73¢g S :
According to balanced chemical equation,
73 g HCI completely reacts with 100 g CaCO,

1 g HCI completely reacts with % g CaCO,

Molarity =

. 0.6844 g HCI will completely reacts with \100 x 0.6844
73
=0.937%5¢
ven volume of a solution
g.. mass per cent, mole fraction,

Note The amount of substance present in a gi
is expressed in number of ways e,
molarity and molality.
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Question 36. Chlorine is prepared in the laboratory by treating
manganese dioxide (MnO,) with aqueous hydrochloric acid according to
the reaction,

4HCl(ag) + MnO,(s) —> 2H20(1)+MnC12(aq)+C12(g)
How many grams of HCI reacts with 5.0 g of manganese dioxide?

Solution. 4 HCl(aq)+ MnO,(s) —> 2H,0() + MnCl,(aq) + Cl,(g)
4% 36.5 87 g

According to balanced chemical equation,

87 g of MnO, react with 4 x 36.5 g HC1
5 g of MnO, will react with éx_SS%(_s =8.39 g HCl

Note -Amounts of one reactant required to react a partzcular amount of
another reactant can be determined by using stoichiometric calculations.

Selected NCERT Exemplar Problems

Short Answer Type

Question 1. How many significant figures should be present in the
answer of the followmg calculation?
! 2.5x1,25x3.5

2.01

Solution. Least precise term 2.5 or 3.5 has two significant figures.
Hence, the answer should have two significant figures.

2.5x1.25%3.5 _ 5 4415~5.4
2.01

Question 2. What is the difference between molality and molarity?
Solution. Molality It is defined as the number of moles of solute
dissolved in 1 kg of solvent. It is independent of temperature.

Molarity Itis defined as the number of moles of solute dissolved in 1 L

of solution. It depends upon temperature (because, volume of solution o
temperature.)

Question 3. 45.4L of dinitrogen reacted with 22.7L of dioxygen and
45.4 L of nitrous oxide was formed. The reaction is given below

2N,(g)+ 0,(8) —> 2N,0(g)
Which law i is being obeyed in this experiment? Write the statement of the
law.

Solution. 2N,(@) + O, —> 2N20(g)
2% 1V
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Hence, the ratio between the volumes of the reactants and the product
in the given question is simple i.e., 2 : 1 : 2. It proves the Gay-Lussac’s
law of gaseous volumes. ‘ _

Gay-Lussac's law of gaseous volumes When gases combine or are
produced in a chemical reaction, they do so in a simple ratio by volume
provided all gases are at same temperature and pressure.

Question 4. Hydrogen gas is prepared in the laboratory by reacting
dil. HCI with granulated zinc. Following reaction takes place
Zn + 2HCI —> ZnCl, + H,

Calculate the volume of hydrogen gas liberated at STP when 32.65 g of zinc

reacts with HCI. 1 mole of gas occupies 22.7 L volume at STP, atomic mass
of Zn=65.3 u ' o '

Solution. Zn + 2HCl —» ZnCl, + H, .
65.3 g : 1 mol = 22.7 L at STP (given)
65.3 g Zn when reacts with HCl it produces =22.7L H, at STP
32.65 g Zn when reacts with HCl it will produce
22.7x3265 _11.35LH, at STP.
65.3
Question 5. The density of 3 molal solution of NaOH is 1.110 ¢ mL™.
Calculate the molarity of the solution. e
Solution. 3 molal solution of NaOH means 3 moles of NaOH are
dissolved in 1 kg solyent. So, the mass of solution
=1000 g solvent + 120 g NaOH = 1120 g solution
(Molar mass of NaOH =23 + 16 + 1=40g;
3 moles of NaOH = 3 x40 =120 g)

Volume of solution = Mas.s oL SOlun(?n spgd =2
' Density of solution \%
= 11290 _4509mr.
1.110 gmL _
M 1 :
Molarity =; oles of solute x1000 - 3 x1000 —2973 M

Volume of solution (mL) 1009

Question 6. If 4 g of NaOH dissolves in 36 g of H,O, calculate the mole
fraction of each component in the solution. Also, determine the molarity
of the solution (Specific gravity of solution is1 g mL™).

Solution. Number of moles of NaOH,

4 Mass (g) }
- n =—=0.1mol n=
O a0 { Molar mass (g mol ™)
36
Simﬂarly, nHzO = E =2 mol
Mole fraction of NaOH,

Moles of NaOH
Moles of NaOH + moles of H,0

XNaOH =
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0.1
: |
Similarly, . - - IO N

NNaoH + NH,0 0.1+2

Total mass of solution = mass of solute + mass of solvent
=4+ 36=40g '
Mass of solution _ 40g —40 mL
Sp. gravity 1g mL™
Moles of solute x1000 0.1 x1000
Volume of solution (mL) 40

Volume of solution =

Molarity = =2.5M

Question 7. The reactant which is entirely consumed in the reaction is
known as limiting reagent. In the reaction,
2A4+4B — 3C +4D,
when S moles of 4 react with 6 moles of B then,
(1) which is the limiting reagent?
(i1)- calculate the amount of C formed.
Solution. 2A +4B — 3C +4D

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

5 x4

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

- (i) It indicates that reactant Bis limiting reagent as it will consume first
in the reaction because we have only 6 moles of B. )
(ii) Limiting reagent decide the amount of product produced.
According to the reaction, '

4 moles of B produces 3 moles of C
3 x6

.. 6 moles of B will produce =4.5 moles of C.

Long Answer Type

Question 8. 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

(i) volume of the new vessel.

(i) number of molecules of dioxygen.
Solution.

(i) py =1atm, p, = % =0.5atm, T, =273.15, V, =2 V| =2

32 g dioxygen occupies =22.4 L volume at STP

1.6 g dioxygen will occupy = 22—4;‘2ﬂ =1.12L
g

V, =1.12L
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From Boyle's law (as temperature is constant),

val p2V2
, v __-plv1 _ l1atm x1.12L —294L
2y 0.5atm

mass of dioxygen

molar mass of dioxygen

ng —~%§-—0051n01

(i) Number of moles of dioxygen =

2

1 mole molecule of dioxygén =6.022 x 102 molecules of dioxygen

". 0.05 mole molecules of dioxygen
' =6.022 x 102 x0.05 molecule of O,

. =0.3011 x10* molecules
=3.011 x 10?2 molecules

Question 9. Calcium carbonate reacts with aqueous HCI to give CaCl,
and CO, according to the reaction,

CaCOj;(s) + 2HCl(ag) —> CaCl,(aq) + CO,(g) + H,O()
‘What mass of CaCl, will be formed when 250 mL of 0.76 M HCl reacts with

1000 g of CaCO;? Name the limiting reagent. Calculate the number of
moles of CaCl, formed in the reaction.

- Solution. Molar mass of CaCO; =40+ 12 + 3 x16 =100 g mol ™
Moles of CaCO; in 1000 g,

. _ Mass(g)
€aCO ™ Molar mass
1000
I‘lcaco3 = Wnlgl_l' = 10 mOl
Molarity = Moles of solute (HC1) x1000

Volume of solution . :
(Moles of HCI in 250 mL of 0.76 M HCl = nyq)’

0.76 = Ny x1000
250
0.76 x250 "
n =—=0.1 ,
HCl 1000 9 mOl
CaCO;,(s) + 2HCl(aq) —> CaCl,(aq) + CO,(g) + H,O()
1 mol 2 mol

According to the equation,
1 mole of CaCOj, reacts with 2 moles HC1

'10 moles of CaCO; will react with LR

=20 moles HCI.

But we have only 0.19 moles HC], so HCl is limiting reagent and it limits
the yield of CaCl,.
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2 moles of HC1 produces 1 mole of CaCl,
0.19 mole of HCI will produce ! xg.lg =0.095 mol CaCl,

Molar mass of CaCl, =40 + (2 x 35.5)=111g mol ™’
. 0.095 mole of CaCl, =0.095 x111=10.54 g

Questlon 10. A box contains some identical red coloured balls labelled as
A, each weighing 2 g. Another box contains identical blue coloured balls,
labelled as B, each weighing 5 g. Consider the combinations AB, AB,, A,B
and 4,B; and show that law of multiple proportions is applicable.

Solution. __Combination | Mass of A (g) | Mass of B (g)
AB 2 5
AB, g " 10
AB 4 5
AB; 4 - 15

Mass of Bwhich is combined with fixed mass of A (say 1 g) will be 2.5 g,
5 g, 1.25 g and 3.75 g. They are in the ratio 2 : 4 : 1 : 3 which is simple
whole number ratio. Hence, the law of multiple _proportions  is
applicable.



Chapter 2
Structure of Atom

Important Results

1. Relation between frequency (v) and wavelength (7).

v =% (c = velocity of light, 3.0 x 108 ms™})

Einstein's equation E = mc?
_he
)\'.
(h.= Planck's constant =6.626 x 1073 Jg)

Planck's equation E = hv
Photoelectric effect hv = hv, + % mv?

(where, hv =energy of striking photon, hv, =W, = work function
and % mv? = kinetic energy of an ejected electron.)

Rydberg formula v = T RZ? |ii2 - iz}, n, >nmn
- A n{ nj ,

(where, R = Rydberg constant = 1.09678 x 10’ m™!)
For n; =1n,=234 Lyman series (UV)
ny =2;n, =3,4,5 Balmer series (visible)
n; =3;n, =4,5,6 Paschen series
n; =4;n, =5,6,7 Brackett series
n, =5 n,=6,%8 Pfund series
n, =6;n, =789 Humphries series
2. The frequency of radiation absorbed or emitted when transition
occurs between two stationary states,
_AE E, -E
" h h

(where, E, and E, are the energies of lower and higher allowed
energy states respectively.)

IR

\Y

: 1
3. Energy of the stationary states, E,, = - Ry (—2) where, n =123,
- n
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4. Energy of the stationary states for H and H like

10.

11.

12,

13.

14.

(one electron system)

_18 [ Z?
E,=-2.18x107"® (—2} J

n
‘n’a
. Radius of nth orbit, r, = 0
h2 :
where, a, (Bohr's radius of H-atom) = ———— =0.529 A
4n°me’k
2
For H like species, r, = _0.529 (n*) A= 52.9(n’) pm
Z Z
. de-Broghe equation, A = LB h
mv  \2mKE)

. Heisenberg's uncerfainty principle, Ax-Ap > 4£ or Ax - Av 2

T

23

species

41tm

(where, Ax and Av are uncertainty in -position and velocity

respectively.)

~nh
. Angular momentum, mvr = —

27

. Velocity in nth orbital, v,, =2.182 x10° A

n

2

Ionisation energy (IE) = AE « Z? [i - i]
ni n;

The position of an electron in an atom is determined by four

quantum numbers (n, [, m, s)
n (principal quantum number) =1,2, 3,..
[ (angular quantum number) =0,1,2.. (n 1)

1 0 1 2 3 4
Sub-shell s p d f g

m (magnetic quantum number) = —[to +[
s (spin quantum number) = + % or —%

Sub-shell indicated =nl
e.g., 3d 1s
=2 [=0

lalso describes the shapes of the orbital occupied by the electron.

s-spherical, p-dumb-bell and d-double dumb-bell.

Total values of m = (21 + 1) = total number of orbitals in a sub-shell

=number of spectral lines when placed in a magnetic field or

electnc field.
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15. For a hydrogen atom wavefunction, there are n — [ - 1radial nodes,
(n —1) total nodes

16. Electrons in various orbitals are filled on the basis of
(i) Aufbau rule (ii) Hund's rule (iii) Pauli's exclusion rule

EC of Cr(24) — [Ar] 3d°4s'
EC of Cu (29) — [Ar] 3d'%s'

Exercises

Question 1. (i) Calcuiate the number of electrons which will together
weigh one gram. '

(i) Calculate the mass and charge of on€ mole of electrons.
2 (i) 1 mole species = 6.022 x 102 species
77 (i) Mass of 1™ =9.11x107%" kg
(iii) Chargeon1e™ =1.602 x107'°C

Solution. - :
(i) Mass of one electron=9.11x10 g (0r9.11 x107*! kg)
Number of electrons in1g = W =1.0976 x 10%’ electrons
_ 11 x '

(ii) Mass of 1 electron =9.11x1073! kg
. Mass of 1 mole of electrons =9.11 x 103! x6.022 x10%
: =54.86 x107® = 5.486 x 10~ kg
Charge on 1 electron =1.602 x 107%¢ _
. Charge on 1 mole of electrons = 1,602 x107*° x6.022 x102*
=9.647 x10" C ’

Question 2. (i) Calculate the total number of electrons present in one

mole of methane.
(ii) Find (a) the total number and (b) the total mass of neutrons in 7 mg
of 1*C. (Assume that mass of a neutron = 1675 x107%7 kg)
(iii) Find (a) the total number and (b) the total mass of protons in 34 mg
of NH; at STP. (Mass of 1 p = 1.6726 x 1077 kg.) '
Will the answer change if the temperature and pressure are changed?

Solution.
(i) 1 molecule of methane (CH,) contains
6 + 4 =10 electrons
[6 from C and 1 from each H atom]
+ 1 mol molecule of methane will contain
6.022 x10% x10=6.022 x 10 electrons
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| (i) (@) 1mol *C =14 g =6.022 x 1028 carbon atoms

Number of neutrons in 1 carbon atom
= mass number — atomic number = 14 — 6 = 8 neutrons

. 6.022 x102® carbon atoms will contain 6.022 x 10** x8 neutrons
14 g carbon-14 have 6.022 x10?* x8 neutrons
~7mg or 7x107 g carbon-14 will have |

7x107 x6.022 x10% x8

14
=24.088 x 102° neutrons = 2.4088 x 10?! neutrons

(b) Mass of 1 neutron =1.675 x 1077 kg
Mass of 2.4088 x 102! neutrons
=2.4088 x 102! x1.675 x107%7 kg =4.0347 x107° kg

(iii) 1 mole of NHj, contains protons = 7 + 3 = 10 moles of protons (7 in N
and 1 in each H atom) =6.022 x 10*3 x 10 protons

(a) 1 mole of NH; or 17 g NHj contains 6.022 x 10* protons
34 mg or 34 x1073 g NH, will contain
34 x107° x6.022 x10*
17

neutrons

=12.044 x10%! protons

=1.2044 x 10?2 protons
(b) Mass of 1 proton =1.6726 x107% kg
Mass of 1. 2044 x10% protons
: =1.2044 x10%* x1.6726 x 1072 kg
- =2.01447x107° kg

There is no effect of temperature and pressure change. The answer
will remain the same. -

Question 3. How many neutrons and protons are there in the following
nuclei?

13C 160’ lZMg9 nge)

e () The digit written as subscript represents the atomic number (2) and

B, that as superscript represents the mass number (A) of the element.
(i) Number of neutrons = A Z and number of protons = Z
Solution.
Nucleu"i - Atomic | Miis’s*f' -+ Numberof - |Number of neutrons
_|number (Z) | number (A) | protons=2Z T =A-Z
'sC 6 13 6 13-6=7
30 8 16 8 16 -8 =8
12Mg 12 24 12 24 -12 =12
s6Fe 26 56 26 56 - 26 = 30
38T 38 88 38 '88 - 38 = 50
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Question 4. Write the complete symbol for the atom with‘the given
atomic number (Z) and atomic mass (4) ‘

(1) Z=17,4=35 (i) Z =92, 4 =233 (i) Z =4, 4=9
e See the symbbls of atoms having atomic number 17, 92 and 4

;\,@ respectively in the Periodic Table as the atomic number is a-fundamental
property of an element, /.e, certain for each element,

Solution. (i) 3C1 (i) 23U (iii) IBe |
Question 5. Yellow light emitted from a sodium lamp has a wavelength

(A) of 580 nm. Calculate the frequency (v) and wave number (V) of the
yellow light.

Solution. Frequency, v = %

1nm =10"m
580 nm =580 x10° m =580 x10~7 cm
y_3:0x10° ms™

580 2100 o = S 17 x10M 57
X m

(Velocity of light = 3 x10® ms™)

Wave number, v = 1 = 1 7
A 580 x107 cm

=1.724 x10% cm ™!

Question 6. Find energy of each of the photons which
(1) correspond to light of.frec!uency 3 x10" Hz.
(11) have wavelength of 0.50 A. :
Solution.
(i) Energy, E = hv o
[h =Planck’s constant = 6626 x 10~ Js and v = 3 x 10'° Hz
=3 x 1015cps]
Energy, E=6.626 x10™* Js x 3 x 105 s!
=19.878 x107"° J=1.9878 x 10718 J

(ii) Energy, E = ie ( V= —)
A=0.50A=0.50x10"1"m
6.626 x 10734 Js x 3 x 108 mg-!
0.50 x1071° 1
=39.756 x 10716 J
=3.975x1071% J

Energy, E =
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Question 7. Calculate the wavelength , frequency and wave number of
a light wave whose period is 2.0 x 10™'%,

Solution. Frequency,v = 1 = 1

. = =5x10%s™!
Time period 2.0 x107°

8 -1
Wavelength, A =< = 3.0 x10" ms
v 5x 109 s_1

=0.6x10' m=6.0x10"%m

Wave number, vV = l = “1- =16.66 m™*

A 6.0x10%m

- Question 8. What is the number of photons of light with a wavelength
of 4000 pm that provide 1 J of energy?

\SL1)
\\ Cd

X(s% (i) Number of photons is calculated by dividing total energy by energy of
7 1 pmoton so first calculate the energy of 1 photon by applying,
B
A

(i) Then, calculate the number of photons by using the formula-
R Total energy
" Energy of one photon

' -34 8 =1
solition, T E _ 6.626 x107" Js x I_il(z) x10° ms
A 4000 x107"“ m

" _ (1pm =10"'2 m)
=4.9695 x10717 J
1J
4.9695 x10717 J

Number of photons, N = =2.0122 x10'® photons

Question 9. A photon of wavelength 4 x10~7 m strikes on metal surface,
the work function of the metal being 2.13 eV. Calculate

(i) the energy of the photon (eV).
(ii) the kinetic energy of the emission.
(iii) the velocity of the photoelectron (1 eV = 1.6020 x 1071 J).
e Direct formula based question.
= : ; he . s
/ (i) Calculate the energy of a photon by usmg. E= % in joule and

7

convertitineV.

(ii) Calculate the kinetic energy of ejected electron, KE = hv — hv, where,
E = hvand hv, =work function.

:
(iii) Calculate the velocity of electron by using the formula, KE = 2 mv
Solution.

(i) Energy of a photon,
g hc_ 6626107 Js x3.0 x10° ms™
- 4x107 m
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E=4.969 x1071° J

(1.602 x107 J=1eV)

-19
4,969 x107° J = 4.969 x10° 3.10eV

1.602 x107"°
(ii) Kinetic energy of an ejected electron, KE = hv — hv,
hv=3.10eV (energy of striking photon)
hvy =W, =2.13eV (work function of the metal)

KE=%mv2 =3.10-2.13=0.97eV

(iii) KE =% mv? =0.97eV

1
5 mv?=097x1.602x107°J  (1eV=1.602x10""J)

) ,
5 X911 x107% kg xv2=0.97 x1.602 x 10710 J

(+ Mass of 1e~=9.11x107! kg)
y2 = 0:97x1.602x107% x2J
9.11x1073! kg

v2 =0.341x 102 (ms )2
v =0.584 x10° = 5.84 x10° ms™!

Note Minimum energy required to eject the electron is hv,. It is also
called work function, W,,.

=0.341x10"

Question 10. Electromagnetic radiation of wavelength 242 nm is just.
sufficient to ionise the sodium atom. Calculate the ionisation energy of
sodium in kJ mol ..

Solution. Given, wavelength, A =242nm =242 x 10~ m

-34 8 1
Energy, E=hv = hc _6.626 x10™ Js x 3.0 x10% ms
~ A 242 x10° m

E=0.0821x10"' J/atom

This energy is sufficient for ionization of one Na atom, so it is the
ionization energy of Na.

E=6,02 x10% x0.0821 x 1017 j/mol
E =4.945 x10° J/mol =4.945 x 102 kJ/mol

Question 11. A 25 watt bulb emits monochromatic yellow light of
wavelength 0.57 pm. Calculate the rate of emission of quanta per second.
Solution. 25 watt =25 Js™

(1 watt=1Js7")
Wavelength, A =0.57um =0.57 x10~% m

(lpm =10"%m)
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' ‘ -34 8 -1
Energy of one photon, E = hc _6.626 x10™™ Js x 3(;0 x10° ms
A 0.57x10° m

E=34.87x10"20]

Number of photonS emitted per second
_ Total energy per second

Energy of one photon
. 25Js7!
34.87x10720 J

~ =7.169 x 10'° photons per second

=0.7169 x 10%° photons per second

Question 12. Electrons are emitted with zero velocity from a metal
surface when it is exposed to radiation of wavelength 6800 A. Calculate
threshold frequency (v) and work function (W;) of the metal.

- Solution. Threshold wavelength, A, =6800 A =6800x107"° m
¢  3.0x10°ms™
Ao 6800x10°m
Work function, W, = hv,=6.626 x10* Js x4.41x10" 57!

=2022x10%°J=2922x10707

Note For each metal, there is a characteristic minimum frequency, v,
which is also know as threshold frequency below which photoelectric
effect is not observed.

=4.41x10" !

Threshold frequency, v, =

Question 13. What is the wavelength of light emitted when the electron
ina hydro_gen atom undergoes transition from an energy level with n =4 to
an energy level withn =27

. _ 1 1
Solution. Wave number, v = % =R [—2 - —J

ny n%

(Rydberg constant, R = 109677 cm ™)

1 109677 (iz - iz) cm™

A 22 4

dig 109677 (i) cm™!

A 16

1 _20564.4cm™

A

A= cm =486 x10~7 cm

20564.4
=486 x10™° m =486 nm °

The colour corresponding to this wavelength is blue.

Note n, is always greater than n,. If n;=12... then ny=n; +1,

n+2...
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Question 14. How much energy is required to ionize a H-atom if the
electron occupies n =15 orbit? Compare your answer with the ionization
enthalpy of H-atom (energy required to remove the electron from n=]
orbit).

S6C () Find AE when i, =5and ny = o,

7 (i) Find AE’when n; =1and n, = « and compare them.
Solution. Energy change, AE = E; - E;
AE=2.18x107® J| & .1
‘ n;y ng

When n; = 5 and n; = «, energy change,

AE=2.18x10718 J (5—12 ~ i] =0.0872x10718 J

o0
When n; =1and n; = o, energy change,
AE'=2.18 x10718 J (i - i)
12 o
‘AE'=2.18 x10718 J
AE'  218x107'%
AE ~ 0.0872 x107'8 .

Hence, energy required to remove an electron from first orbit is 25 times
than that required to remove an electron from fifth orbit.

25

Question 15. What is the maximum number of emission lines when the
excited electron of a H-atom in # = 6 drops to the ground state?

Solution. Number of lines produced when electron from nth shell

n(n-1)

drops to ground state = ———

66-1 6x5
2 ,

Question 16. (i) The energy associated with the first orbit in the

hydrogen atom is — 2.18x 1078 J atom™.. What is the energy associated
with the fifth orbit?
(i1) Calculate the radius of Bohr’s fifth orbit for hydrogen atom.

Solution.

When n =6, number of lines produced = 15

: ; , -2,18 x10718
(i) Energy in nth orbit, E, = — J
e i , -2.18 x10718
Energy in fifth orbit, Es = -——5:_ J=-0.0872 x10718 J
=-8.72x107%° ]

(ii) For H atom, radius of nth orbit, r, =0.529 xn? A
- Radius of 5th Bohr orbit, r; =0.529 x 5% =13.225 A =1.3225 nm
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Question 17. Calculate the wave number for the longest wavelength
transition in the Balmer series of atomic hydrogen.

e (i) For longest wavelength (A), wave number (V) should be minimum,
N i.e., the difference between n, and n, is minimum.

(i) For Balmer series,n, =2, son, =3

(iii) Put the values of n, and n, in the formula, V=R[i—i] to

2 2
-

calculate wave number for the longest wavelength in the Balmer
series.

2

Solution. Wave number, v =R 1 iz
n n

v =109677 (Ziz - 515) cm™
v =15232.91cm™ |
=1.523 x10* cm ™! =1.523 x10° m™’
Question 18. What is the energy in joules, required to shift the electron
of the hydrogen atom from the first Bohr orbit to the fifth Bohr orbit and

what is the wavelength of the light emitted when the electron returns to the
ground state? The ground state electron energy is — 2.18 x 1071 erg

e (i) Find energy required to shift electron from £, to & by using the
5 formula AE = & - E,.

(i) Find A of emitted light when electron returns to £, (ground state) by

using the formula AE = %S
: y 3 1 1
Solution. AE=Es-E, =2.18 x10™"! (—2 - —2J erg
ny Ny

(n; = 1st orbit and n; = 5th orbit)
. ; 1 1
AE=2.18 x107"! (F - 35) erg

AE=2.18 x107"! x% =2.0928 x107 ! erg

=2.0928 x1078J ' (lerg =107 J)

When electron returns to ground state, it emits energy equals to AE
hence,

Af wll
A
, - hc _6.626 x 107 Js x 3.0 x10® ms™
AE 2.0928 x1071% J
=9.498 x10™® m =949.8 x107' m =949.8 A
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Question 19. The electron energy in hydrogen atom is given by
E,=(-2.18x 1078)/ #? J. Calculate the energy required to remove an
electron completely from the n = 2 orbit. What is the longest wavelength of
light in cm that can be used to cause this transition?

Sl () AE=E, - E, (as the electron is removed completely from the orbit)

=

7 hc hc
i) AE=—orA=—
Was=3 AE
Solution. Energy required to shift an electron from n =2to n = c.
2.18 x 10718 Jatom”lJ

22

AE=E°°—E2=O—(—

- =0.545x107"!® Jatom™!
=5.45x107!° Jatom ™

-34 8 = |
Wavelength, A= hc _6.626 x10™ Js x 3.1(; x10° ms
AE 5.45x1071° J

=3.647x107 m =3.647 x 10~ cm

Question 20. Calculate the wavelength of an electron  -moving with
velocity of 2.05x 107 ms™'.

Solution. We know that mass of an electron, m =9.1 x1073! kg,
h =Planck’s constant =6.626 x10™* Js and -

_ h 6.626 x107>* Js
mv  9.11x107% kg x2.05 x10” ms™! _
A=0.35x10""m ‘ (1J=1kgm?3s7?

A=3.5x10""1m

Question 21. The mass of an electron is 9.1x 103! kg, If its KE is
3.0x 1073 J, calculate its wavelength. '

e Wavelength depends upon the mass and velocity of electron, so first

N ca|cul?te the velocity .of electron from the formula of kinetic energy
(KE = Emvz) then, calculate the wavelength by using the formula A = =

. 1
Solution. KE=5mv2
, 2KE 2KE
vi=——orv=|—
m m
2x3.0x107%
= 1J= 257
\/9.1><10“31 kg F=1kgma™)

. 1/0.6593 x10% =0.8119 x10% =812.0 ms™~!
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h 6.626 x 10" Js
mv  9.1x107°! kg x812.0 ms™*
A =0.0008967 x 10~ m
A =8967 A

Question 22. Which of the following are isoelectronic species, i.e., those
having the same number of electrons?

Na*, K*, Mg?*, Ca?*, S, Ar
Solution. Isoelectronic species have the same number of electrons but
different atomic numbers
Calculation of number of electrons have been shown below

(Number of positive charge shows, number of electrons lost and number
of negative charges shows number of electrons gained by an atom).

Wavelength, A =

uNa"=11-1=10e¢", oK' =19-1=18¢e
Mg =12-2=10¢", ,0Catt =20-2=18¢"
6ST =16+2=18¢", ] sAr=18e”

Hence, isoelectronic species are
(i) Na* and Mg?* 4 (i) K*,Ca**,S*" and Ar

Question 23. (i) Write the electronic configurations of the following
ions:
(a)H™ (b)Na* (c) 0% (d)F~
(ii) What are the atomic numbers of elements whose outermost electrons
are represented by
(a) 3s' (b) 2p° (c) 3p°?
(iii) Which atoms are indicated by the following configurations?
(a) [Hel 25" (b) [Ne] 3s?3p°  (c) [Ar]4s® 3d"

aple (i) First write the electronic configuration of neutral atom of the given

o

A ions and then remove or add the electrons as the ion have a charge.
(If it has positive charge, remove electrons and if it has negative
charge, add the electrons equal to the charge.)

(i) To find the total number of electrons, which is equal to atomic
number in case of netural atom, fill the orbitals in order of their
increasing energies up to the given outer orbital configuration.

Solution.
(1) (@) ;H= 1sh; H =152
(b) 1, Na = 15%25%2p°® 3s!; Na* = 152 25 2p°
(c) §O = 1s%25%2p*; 0% = 15225%2p°
(d) oF = 15%25%2p5; F~ = 15225%2p°
(ii) To obtain atomic number of an element fill the orbitals in order of

their i 1ncreasmg energies up to the given outer orbital configuration.
(a) 15°28%2p®3s! (Z = 11)
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(b) 1s%2s%2p® (Z =)
(c) 1s%2s22p®3s23p° (Z =17)
(ili) (a) [He] 2s'; It represents ,Li (lithium)
(b) [Ne] 3s23p®; It represents 5P (phosphorus)
(c) [Ar] 4s%3d"; It represents ,;Sc (scandium)

Question 24.  What is the lowest value of » that allows g orbitals to
exist? N

e (i) Value of 1=0 to(n—1) .
e, (i) 1=0 means s orbital, [=1 means p orbitals, [=2meansd orbitals.
[ =3means f orbitals and [ =4 means g orbitals
Solution. For g subshell =4 and to have =4 minimum value of n=5

[because the value of [=0to (n - 1)]

Question 25. "An electron is in one of the 3d-orbitals. Give the possible
values of n, / and m, for this electron. :

\\‘"/

(o (i) Fors,p,dandf orbitéls, value of /is 0, 1, 2 and 3 respectively.
77 iy m; = -1 to+lincluding 0.
Solution. For 3d-electron,

' - n=3, =2, m;=-2,-1,0,+1,+ 2 (any one)
Question 26. An atom of an element contains 29 electrons and
35 neutrons. Deduce

(1) the number of protons
(i1) the electronic configuration of the element.
Solution. '
(i) For a neutral atom; -
Number of electrons = number of protons = Z (At. no.)
29 electrons =29 protons.

(ii) ,9Z = 1s22s22p635"’3p6‘3d1°4s1 (The element is copper.)

Question 27. Give the number of electrons in the species H}, H, and
05. |

Syl (i) Count the total number of electrons b
’, each atom of a molecule.

(i) Then remove or add electrons according to cha itive or
negative) to count the electrons in an ion. : He {Rositive i

Solution. | Hy=H+ H=1+1=2¢"
3=2-1=1e"
02=80+ 80=8+8=168-
O} =16 -1=15¢"

y adding electrons present in
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Question 28. (i) An atomic orbital has #n=3. What are the possible

values of / and m;?
(ii) List the quantum numbers (m; and /) of electrons for 3d-orbital.
(iii) Which of the following orbitals are possible?
1p, 2s,2pand 3 f

ol (@ Ihas the values 0 to(n — 1)

P (b) m has the values - [to + 1
(c) The value of Inever be equal to nor greater than it.
Solution.
(i) Forn=3
1=0,1,2
= 0; m; = 0
[=1;, m=-10,+1
o [=2m;=-2,-10,+1+2
(ii) For 3d-orbital, =2, m=-2,-10,+1+2
(iii) 1p is not possible because if n = 1then =0 only and for p, [=1
25 is possible because if n =2 then [=0and 1 and for s, [=0.
2p is possible because if n =2 then[=0and 1 and forp, [=1
3f is not possible because if n = 3then[=0,1and 2 for f, [= 3

Question 29. ‘Using s, p,d notations, describe the orbital with the

following quantum numbers, ‘
(@) rn=L1=0 (b)n=3,l=1 (c)n=41=2 d)n=4,1=3

S prepresents the main shell and 0, 1, 2, 3 ...... values of I represent the

;/@ 8ol Fovvs orbitals rgspective‘ly.
Solution. -Subshell notations
n [ Subshell notation
(a) 1 0 1s
(b) 3 1° 3p
(cp 4 2 4d
(d) 4 3 4f

Question 30. Explain, giving reasons, which of the following sets of
quantum numbers are not possible?

@) n=0,1=0,m =0, m =+ ®) =1, 1=0,m =0,m =~
(c)n=l’l=loml=01m:=+% | (d)"=2,l=l,ml=01ma=_%
(e)n=3,l=3,m,=—3,m’=+—;- (f)n=3,l=l,m,=0,ms=+-;—

3\\“'/ (i) nalways be a positive integer.
<3 (i) n=1
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Solution.
(a) is not possible as n #0
(b) is possible (1s) '
(c) is not possible because if n =1, [ =0 only (1#1)
- (d) is possible (2p) ‘
(e) is not possible because if n =3,1=0,1and 2 (I # 3)
(f) is possible (3p)

Question 31. How many electrons in an atom may have the following

quantum numbers?

(a)n=4,ms=—% ®)n=30=0

LS

3, () Total number of electrons in a shell (n) = o5,
! (ii) Total.number of electrons in an orbital = 2.

Solution.

(a) Total electrons if n =4 =2n% =2 x42 = 32

Half of the total electrons, i.e., 16 electrons have mg = —%

(b) n=3,1=0it is 3s-orbital and it can have two electrons.

Question 32. Show that the circumference of the Bohr orbit for the
hydrogen atom is an integral multiple of the de-Broglie wavelength
associated with the electron revolving around the orbit.

Solution. According to Bohr model for H-atom, the angular momentum
of an electron in a given stationary state,

nh
mvr =—
2n
or 2nr = ﬂ
mv
From de-Broglie equation, wavelength, A = i
mv
Hence, 21r = nA

Therefore, the circumference (2nr) of the Bohr orbit for H-atom is an
integral multiple of de-Broglie wavelength. :

Question 33. What transition in the hydrogen spectrum would have the
same wavelength as the Balmer transition n =4 to n = 2 of He* spectrum?

RO () Sin+ce. the v of He™ is same as that of v of H, find the value of 7 of
- He spectgum 1for Balmer transition by using the formula
7 = R22 —2— — '—2 s
. n .
(i) Write the same expression for H-atom and find the value of n, and

by putting the value of v of He* spectrum in Eq. ().
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Solution. Wave number, V = RZ? —15 - —1,_,— and v= £
) Ill nz )\.
For He' spectrum (for Balmer transition)
5 51 4
v=Rx (2) (2—2 - :1—2
V=Rx4x—3—=§R sl k)
. ) 16 4 |
For H spectrum, Vv =R x12 _12__% )
ngy 1
Tpn(L-d
4 ny n,
3.1 1

Hence, n, =1and n, =2. In H-spectrum, the transition fromn=2ton=1
have same wavelength as the Balmer transition fromn=3ton = 2 of He*

spectrum.

Question 34. Calculate the energy required for the process
. - He*(g) —> He* (g)+e”
The ionization energy for the H-atom in the ground state is
2.18x 1078 J atom™. '
Solution. Energy of electron in unielectron atomic system,

En. _ _ 2n2;nfze4
: n“h
For H-atom, ionization energy (IE) = E, — E;
o -
1
IE=0- (— gn_rzneT_} (where, Z =1and n =1for H-atom)
1°h .

[E=2.18 x10~!8 Jatom™

—2n?me*2? 2n? me*
| g
1°n h

—4x2.18 x107* Jatom™ =8.72 x107'® Jatom™

ForHe*,IE=E, - E =o-(

.The energy required for the process He* — > He +e7is
| 8.72 x107'® atoms™.

Question 35, If the diameter of a carbon atom is 0.15 nm, calculate the
number of carbon atoms which can be placed side by side in a straight line
across length of scale of length 20 cm long.

Solution. Diameter of a carbon atom =0.15 nm =0.15 x 10° m
Length along which atoms are to be placed =20cm =0.2m
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Number of carbon atom which can be placed in the given length
02m _ _02x10°

= =1.33 x10° atoms
015%x10°m 0.15m

Question 36. 2 x10% atoms of carbon are arranged snde by side.
Calculate the radius of carbon atom if the length of this arrangement is
2.4 cm. -

Sk Radius depends upon diameter d as r = % so first calculate the diameter

-
’

/

by dividing total length with numbe‘r of carbon atoms present and then
calculate radius.

Solution. Total length =2.4 cm
Number of carbon atoms along the length =2 x 108

2.4 cm

~.Diameter of 1 carbon atom = =1.2x10% cm

2 x10°®

-8
Radius of 1 carbon atom =§ ="l'2x—120—ﬂ

=0.60 x10"® cm =0.060 x 10”7 cm
=0.060 x10™° m =0.060 nm

Question 37. The diameter of zinc atom is 2.6 A. Calculate (a) radius of
zinc atom in pm and (b) number of atoms present in a length of 1.6 cm if
the zinc atoms are arranged side by side lengthwise.

Solution. Diameter of Zn atom =2.6 A =2.6 x107% m
-10
Radius of Zn atom = Qx_lz()_m =1.3x10%m
=130 x107? m =130 pm
Given, length=1.6cm =1.6 x102 m '
Number of Zn atoms in 1.6 x 102 m
_1.6x10%m

T =0.6154 x10° atoms =6.154 x 107 atoms
0 X

Question 38. A certain particle carries 2.5x 107! C of static electric
charge. Calculate the number of electrons present in it.

Solution. Charge on 1 electron =1.6022 x10™!° C
Total charge =2.5 x107'¢ C

2.5 x10716
1.6022 x10°19

=1.5603 x10° = 1560.3 electrons

Number of electrons present in particle =
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Question 39. In Milikan’s experiment, static electric charge on the oil
drops has been obtained by shining X-rays. If the static electric charge on
the oil drop is — 1.282x 1078 C, calculate the number of electrons present
on it. :

Total charge in oil drop

Charge on 1 electron
_18 2
L 1.282 x10 19C —0.800 x 10
-1.6022 x1077 C

=8.0 electrons

Solution. Number of electrons =

Question 40. In Rutherford’s experiment, generally the thin foil of
heavy atoms, like gold, platinum, etc., have been used to be bombarded by
the a-particles. If the thin foil of light atoms like aluminium, etc., is used,
what difference would be observed from the above results?

Solution. Heavy atoms such as gold, platinum have heavy nucleus.
Heavy nucleus contains large amount of positive charge. When a beam
of a-particles is shot at a thin gold foil, most of them pass through
without much effect. Some however, are deflected back or by small
angles due to enormous repulsive force of heavy nucleus. If light
aluminium foil is used, the number of a-particles deflected back or
those deflected by small angles will.be negligible.

"Question 41. Symbols 32Br and PBr can be written, whereas symbols
33Br and **Br are not acceptable. Answer briefly.
Solution. The composition of any atom can be represented by using
the noimal element symbol (X) with superscript on the left hand side as
the mass number (A) and subscript (Z) on the left hand side as the atomic
number, i.e., 4 X. Hence, the symbols 73Br and **Br are not acceptable.

Question 42. An element with mass number 81 contains 31.7% more
neutrons as compared to protons. Assign the atomic symbol. '

Solution. We know that mass number of the element, A =p’+ n =81...(i)

Let the number of protons, p = x
Then, number of neutrons, n = x + % x=1317x

(as number of neutrons are 31.7% more than the protons)

Hence, from Eq. (i) x +1.317x =81

2.317x =81 or x=i=34.958z35
2,317

Therefore, number of protons = 35 and the symbol is $:Br
(Number of protons = Atomic number)
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Question 43. An ion with mass number 37 possesses one unit of
negative charge. If the ion contains 11.1% more neutrons than the
electrons, find the symbol of the ion.

Solution. Let the number of electrons in an ion = X

% A
~.Number of neutrons, n = x + % x=1.111x

(As the number of neutrons are 111% more than the number of electrons)

In the neutral atom, number of electrons,e” =x — 1 .

(as the ion carries — 1 charge)
Similarly, number of protons, p=x -1
we know that, mass number = n + p = 37

- or 1111x + x-1=37

2.111x =37+1=38
38

X =->0_-18.0009 ~ 18
: 2.111
Number of protons = atomic number =18 -1=17
Therefore, the symbol of the ion is 3CI".

Question 44. An ion with mass number 56 contains 3 units of positi\}e
charge and 30.4% more neutrons than the electrons. Assign the symbol to
this ion.

Solution. Let the number of electrons in an ion = x

~. Number of neutrons = x + 304 —1304x

(- Number of neutrons are 30.4% more than the number of eiectrons).

In the neutral atom, number of electrons =x + 3 (.- The ion carries + 3
charge.)

So, number of protdns =x+3 « oa : _
We know that, mass number=n+p=1.304x + x + 3 = 56

2.304x =53, x= =23.003 ~ 23
_ 530 = 23.003~23

~.Number of protons =23 + 3 =26 = atomic number
Therefore, the symbol of the ion is 3¢Fe3*,

Question 45. Arrange the following type of radiations in increasing
order of frequency. '

(a) Radiation from microwave oven

(b) Amber light from traffic signal

(c) Radiation from FM radio

(d) Cosmic rays from outer space and

(e) X-rays.
Solution. The order of frequenc

Y is radiation f io <
microwaves < amber colour < X rom FM radio

-rays < cosmic rays.
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Question 46. Nitrogen laser produces a radiation at a wavelength of

337.1 nm. If the number of photons emitted is 5.6x 10%*, calculate the
power of this laser.

(s If n photons are emitted by a laser, the total energy of the photons emltted
%3 is equal to the power of the laser.

Solution. Energy of 1 photon,
hc

_6.626 x107 Js x3.0 x10® ms™
- 337.1x10° m
=0.05896 x10717 J
Energy of 5.6 x 1024 photons =0.05896 x 1077 x 5.6 x10%* J

=0.3302 x107 J=3.302 x106J

(nm =10" m)

Question 47. Neon gas is generally used in sign boards. If it emits
strongly at 616 nm, calculate

(a) the frequency of emission.

(b) distance travelled by this radlatlon in 30 B

(c) energy of quantum. .

(d) number of quanta present if it produces 2 J of energy.
Solution.

(a) Frequency, v =%

A=616 nm =616 x10™° m
_3.0x 108 ms™
 616x10°m

(b) Distance travelled = Speed x Time
=3.0x10® ms™? x305=9.0x10° m
(c) Energy of quantum (or photon),
E=hv=6.626x10" Js x4.870 x 10" 7! -
=32.268 x1072° J=32.27x107%° J
Total energy produced
Energy of 1 quanta

=4.870 x10'* 57!

(d) Number of quanta present =

_ 217
32.27x10720 3

=6.197 x10'® ~6.2 x10'® quanta

Question 48. In astronomical observations, signals observed from the
distant stars are generally weak. If the photon detector receives a total of

3.15x 107" J from the radiations of 600 nm, calculate the number of
photons received by the detector.
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Solution. Energy of 1 photon, E = %ﬁ

Given, wavelength, A =600 nm =600 x10™° m
6.626 x 1074 Js x 3.0 x10° ms™
600 x107° m
Total energy received
Energy of 1 photon
~ 3.15x107%J
3.313x10797
~ 10 photons

=3.313x10719 ]

Energy of 1 photon, E =

Number of photons =

=0.9507 x 10" photons

Question 49. Lifetimes of the molecules in the excited states are often
measured by using pulsed radiation source of duration nearly in the
nanosecond range. If the radiation source has the duration of 2ns and the
number of photons emitted during the pulse source is 2.5 x 1015, calculate
the energy of the source.

A
period 2n§ 2x10°s
Energy of the source = Energy of 1 photon xnumber of photons produced

Esource =hv xN
=6.626 x107* Js x0.5 x10° 57! x2.5 x 10" =8.28 x 1010 J

Solution. Frequency,v = =0.5x109 s7!

Question 50. The longest wavelength doublet absorption transition is
observed at 589 and 589.6 nm. Calculate the frequency of each transition
and energy difference between two excited states.

Solution.
(i) Given, wavelength A, =589 nm =589 x10° m
A, =589.6 nm = 589.6 x10™° m
Frequency of wavelength 589 nm
¢ 3.0x10° ms™
V1 = —= 9
M 589x107° m
Frequency of wavelength 589.6 nm

¢ 3.0x10% ms™!
Vy=—= =50 14 -1
R T i

- (ii) Energy difference between two excited states,
AE = hV‘ - th =h (Vl - V,)
AE =6.626 x10™* Js (5.093 x10's™! — 5.088 x 10Ms™
AE =6.626 x107* Js x0.005 x 10" g~!

AE=3.31x10"2]

=5.093 x10'4 5!
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Question 51.  The work function for caesium atom is 1.9 eV. Calculate

(a) the threshold wavelength.

(b) the threshold frequency of the radiation. If the caesium element is
irradiated with a wavelength 500 nm, calculate the kinetic energy and
the velocity of the ejected photoelectron.

wle (i) As we know the value of work function W) and A, calculate the
threshold frequency vy by using the formulalg = hv,

(ii) Calculate Ay by using A, = i
Vo

(ili) To calculate KE = h(v—v,) calculate v of the striking and then
calculate v by using the formula KE = 2 mv?.

Solution.
(a) Work function W, = hv,
W,=1.9eV=19x1.602x107"J

Threshold frequency,
_ W, _1.9x1.602x107 J

YOS Th T 6626 x10 Js
. v =4.59 x10™ 57!
(b) Threshold wavelength,
: ¢ _3.0x 10% ms™!
vy, 4.59x10M" s
=6.536 x10 m
=653.6 x10™° m =653.6 nm
(c) KE of ejected photoelectrqh =h(v-vy)
A of striking radiation = 500 nm = 500 x10™° m
y= £ 30x10° I;‘S_l _6.0x10M s
A 500x10° m
KE =6.626 x 10734 Js (6.0 x10'* s7! —4.59 x10"s7!)

KE=9.34 x107%° J

0:

(d) KE = % mv? (Mass of an electron =9.11 x107%! kg)
9.34 x10720 J =% x9.11 x1073! kg x v?
~ v2=2.050 x10'* m%s72 (+1J=1kg m3s7?
or v =4/20.50 x10'° m?s~2
or v =4.527 x10° ms™!

Note Minimum energy required to eject an electron is also known as
work function, Wy (W, = hv,).
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Question 52. Following results are observed when sodium metal s
irradiated with different wavelengths. Calculate

(a) threshold wavelength (b) Planck’s constant.
A (nm) 500 450 400
v x10% (ms™!)  2.55 4.35 5.20

\\%‘f& (i) To find the value of A, v, is required, so first calculate the value of v

- for all the three experiments by using the formula, v=% and make

three equation by substituting the values of v and v in the formula.
KE = H(v - vy) = %mvz.

(ii) Divide Eq. (ii) by Eq. (i) and obtain v,.

(iii) Find A, by using the formula, Bp= £
(iv) Find hby putting the value of v in Eq. (iii).

Solution. Kinetic energy, KE = h (v-vo) = % mv?

On substituting the given results of the three expenments we get
For Ist experiment A = 500 nm = 500 x10° m
: c 3.0x10% ms™!

v=—= =6 x10's™
A 500x10°m .

>

h(6x10" 5! —vy) =% m (2.55 x10° ms™")? (i)

For 2nd experiment A =450 nm =450 x10™° m;

c_ 3.0x10°ms™ - |
v=_= =6.67 x10 57!
A 450x10°m o <100s

h (6.67 x10"s™! —v,) =% m (4.35 x10° ms™!)? .. (i)

For 3rd experiment A =400 nm =400 x107° m;

¢ 3.0x10% ms!
V=—= _7.5 14 -1 -
A 400x10°m X8

k(7.5 x10% g7 —yy) =% m (5.20 x10° ms™)? ___iij)
On dividing Eq. (ii) by Eq. (i), we get
h (6.67 x10"s™ —v,) =% m (4.35 x10° ms™1)2

h®x10" s! -y ) = % m (2.55 x10° ms™1)2
6.67x10" s! —v,  (4.35)?

6x10" s —vy  (2.55)
6.67x10" s —v( =17.46 x 105! _5 g1 Vo

=291
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2.91vy —vo =17.46 x10' s —=6.67 x10M 57!
1.91v, =10.79 x10Ms7!
1079 x10"s™

101
‘ 8 -1 g
g e B B LE S =531x107m
vo 5.649x10° s”
On substituting the value of v, in Eq. (iii), we get
“h(7.5x10"s™ - 5,649 x10'*s™")

=5.649 x10" s7!

Vo

=% x9.11 x 107! kg x (5.20 x10° ms™)?

h(1.851x10Ms71) x2=9.11x107" kg x(5.20 x10° ms™)
h x3.702 x10" s7! =246.33 107! kg m%s™
, _ 246.33 x10™ kg m®s™ '
3.702 x10'* 571
h=6.6539 x107** Js 1J=1kg m?s7?)

Question 53. The ejection of the pﬁotoelectron from the silver metal in

the photoelectric effect experiment can be stopped by applying the voltage
of 0.35 V when the radiation 256.7 nm is used. Calculate the work function

for silver metal.

e We know that energy of incident radiation is related to work function as £
- of incident radiation = work function + KE, so first calculate £ from

/
E= h—; and use KE of electron = potential applied (as applied potential

gives the kinetic energy of glectron) to calculate work function.
Solution. Energy of incident radiation, hv = hv, + KE
hc _6.626 x10™* Js x3.0 x10° ms™

E=hv=— =3
A 256.7x10° m
| x] |
_77ax10719 g2 7740 eV, g3ev
1.602 x10”

Applied potential gives the kinetic energy to electron, i.e.,

eV, =%mv,2nu =KE

. = % MY} =16 % 1071° x0.35 =0.56 x10'? J
-19
_0.56 x 1o19 oV = 0.35 eV
16 x10~
KE=0.35eV

Work function, W, or hv, = hv - KE
=4.83eV -0.35eV =4.48eV
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- Question 54. If the photon of the wavelength 150 pm strikes an atom
and one of its inner bound electrons is ejected out with a velocity of
1.5x 10" ms™!, calculate the energy with which it is bound to the nucleus,

> The energy (hv,) with which an electron is bound to the nucleus is

-

2 calculated by.using the formula hv = hv, + KE, so first find hv of incident

radiation and KE of electron by using the formula KE = % mv2,

Then, substitute the values of hv and KE to find hv, (ie., energy with
which electron is bound to the nucleus). '

Solution. Energy of incident radiation hv = hvy + 51 mv?

K ' -34 : 8 -1
E=hv=_c=6626x10 Jsx:§20><10 ms (1pm=10‘12m)
A 150 x10™“ m

E=13.25x1071¢ J
KE of ejected electron =% mv? =% x9.11x1073! kg x (1.5 x107 ms™)?
KE=1.025x107'%J
W, = hv, =hv—%mv2

=13.25x107° J-1.025 x1071% J=12.225 x 10716 J
121225 %1070
1.602 x107°

Note Energy with which the electron was bound to the nucleus = work
function for the metql.

eV =7.63x10%eV

Question 55. Emission transitions in the Paschen series end at orbit
n=3 and start from i orbit » and can be represented as

; 1
v=23.29x 10" (Hz) [? - n_z} Calculate the value of 7 if the transition is

observed at 1285 nm. Find the region of the spectrum.

Solution. Frequency,v = € _320x108 (L _1
: A 32 n2
= 3.0x10° ms™

=3.29 x10% Hgz (é - i)

T 1285x10° m n?
3.0 x10% ms™! 1 19
1285 x10° m x3.29 x 10"° Hz (5 - ?J
0.0709 =o.1111-—17
n
1
7 =0.1111-0.0709 =0.0402 ~0.04 - %
n®=250rn=>5
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.. The electrons jumps from n=5 to n=3 ie., the transition occurs in
Paschen series and lies in infra-red region.
Moreover the radiation 1285 nm lies in the infrared region.

Question 56. Calculate the wavelength for the emission transition if it
starts from the orbit having radius 1.3225 nm and ends at 211.6 pm. Name

the series to which this transition belongs and the region of the spectrum.
e (i) Rydberg formula for finding Ais v = % = R22|:—15 - i] To calculate A
woon
by using this formula, n, and n, are required, so first find the values
52.9 n?

-

L

pm, then '

of energy levels n and n, by using the formula, 7, =

calculate A by using Rydberg formula. ‘
(i) On the basis of value of n, also give the name of series as for Lyman
series ny = 1, for Balmer series n, =2, for Paschen series n, = 3and so

on.
Solutlon Radius of nth orbit of H like species,
_529 (n? )
" Z
n =1.3225 nm =1322.5 pm
539 n]
-z
r,=211.6 pm 52;"2
n 13225 _nf
r, 2116 n?
91— =6.250r L =25
n2 nz

If n; =5, n, =2, so, the transition (emission transmon) is from 5th orbit to
2nd orbit and it belongs to Balmer series.

=1_109677 107 iz—i?_ m™
A ny nj

=1.09677 x 107 (zi - glz-) m!

= 1.09677 x 107 21 1203 %108 mt
100

> |- >’IH

A=0.434 x10° m =434 x10™° m =434 nm
It belongs to visible region,
Note In the above Rydberg formula if n,=12,... then n,=n, +1,
ny +2.... For Balmer series, spectral region is visible.
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Question 57. Dual behaviour of matter proposed by de-Broglie led to the
discovery of electron microscope often used for the highly magnified
images of biological molecules and other type of materials. If the velocity of
the electron in this microscope is 1.6x 10® ms™, calculate de-Broglie

wavelength associated with this electron.
Solution. de-Broglie wavelength, A = Rl
mv

_ 6.626 x107%* Js

9.11x107! kg x1.6 x10° ms™!
=0.455 x10° m =4.55 x107'° m =455 pm.

(1J=1kg m?s7?

Question 58. Similar to electron diffraction, neutron diffraction
microscope is also used for the determination of the structure of molecules.
If the wavelength used here is 800 pm, calculate the characteristic velocity
associated with the neutron (mass of neutron = 1.675x 1072 kg).

Solution. Wavelength, A = .k

mv
Mass of neutron, m = 1675 x107%" kg

_6.626 x10™** kg m2s™*
1675 x10% kg x v
,___ 6626 x 10734 kg m2s™!
1.675 x107%* kg x800 x10™2. m
=0.494 x10° ms™' =4.94 x10% ms™

A =800 pm =800 x1072 m

Question 59. If the velocity of the electron in Bohr’s first orbit is
2.19x 10% ms™!, calculate the de-Broglie wavelength associated with it.

Solution. We know that, mass of electron =9.11x107%! kg
h=6626 x10* J-s
h _ 6.626x10* kg m2s!
mv 9.11x10° kg x2.19x10° m s
A=3.32x10""m =332 pm

Wavelength, A =

Question 60. The velocity associated with a proton moving in a potential
difference of 1000 V is 4.37 x10° ms™'. If the hockey ball of mass 0.1 kg is

moving with this velocity, calculate the wavelength associated with this
velocity.

Solution. Wavelength associated with the velocity of hockey ball
h _ 6.626 x10™ kg m?2s™!

mv  0.1kg x4.37 x10° m 5!

=15.16 x10* m =1.516 x1073® m

A=
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Question 61. If the position of the clectron is measured within an
accuracy of £ 0.002 nm, calculate the uncertainty in the momentum of the

electron. Suppose the momentum of the electron is , 18 there
4n,, % 0.05 nm

any problem in defining this value.
Solution. Ax =0.002nm =0.002 x10™? m =2.00 x10™* m
From Heisenberg's uncertainty principle,

Ax x Ap 2 —
P 4

h  6.626 x10™* kg m?*s™
4m AX 4 x3.14 x2.00 1072 m
Ap=2638x10 2 kgms™'
h _ 6.626 x107* kg m*s™!
47 x0.05nm 4 x3.14 x0.05x10° m
=1.055x10" kg m s~

It cannot be defined as the actual value of momentum is smaller than
uncertainty.

Ap =

Actual momentum =

Question 62. The quantum numbers of six electrons are given below.
Arrange them in order of increasing energies. If any of these
combination(s) has/have the same:energy lists :

1. n=4,l=2,m,=—2,ms=—% 2.n=3,l=2,m,;Lms=+%
3.n=4,l=l,m,=0,m,=+% 4.n=3,l=2,m,=;2,m:=—%
5.n=3,l=l,m,=—l,m,=+% 6.n=4,l=l,m,=0,ms=+%

e Energy of the orbitals in multielectron atom depends upon the values of n
P and L The lower the value of (n + 1) for an orbital, the lower is its energy. If
two orbitals have the same (n + I) value, the orbital with lower value of n,

has the lower energy.

Solution. . Subshell notation n+l
1.n=4,l=2,m,=-2,m,,=—% _ 4d 4+2=6
2.n=.3,l=2,}nl=1,ms=+%, 3d _342=5
3.n=4,l='1,ml=0,ms=+% 4p ‘ 4+1=5
4.n=3,l=2,m,=—2,m8=—% 3d 3+2=5
5.n=3l=lm=-1m=+> 3p 3+1=4
6.n=4,l=1,ml=0,ms=+% 4p 4+1=5
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5<2=4<3=6<1.
3p <3d=3d <4p =4p <4d ' .
(Arrangement of orbitals in order of their increasing energies.)

Question 63. The bromine atom possesses 35 electrons. It containg
6 electrons in 2p-orbital, 6 electrons in 3p-orbital and 5 electron in
4 p-orbital. Which of these electron experiences the lowest effective nuclear
charge?

Solution. Effective nuclear charge decreases as the distance of the

orbitals increases from the nucleus. Hence, 4p electrons experience the
lowest effective nuclear charge.

Question 64. Among the following pairs of orbitals which orbital will
experience the larger effective nuclear charge?

(i) 2sand 3s, (ii)4d and4f, (iii) 34 and 3p

§@“"/ As the distance between the nucleus and orbital increases, effective
77 nuclear charge decreases.

Solution.
(i) 2s-orbital experiences larger effective nuclear charge than
3s because 2s is closer to nucleus than 3s.
(ii)-Similarly 4d-orbital experiences larger effective nuclear charge
than 4f-orbital. . ‘
(iii) In 3d and 3p-orbitals, 3p-orbital experiences larger effective nuclear
charge. . N .

Question 65. The unpaired electrons in Al and Si are present in
3p-orbital. Which electrons will experience more effective nuclear charge
from the nucleus?

Solution. ;Al =1s?, 2s%2p°% 3s?, 3p’
1451 = 15,252, 2p°%, 352, 3p?
Si (+4) has greater nuclear charge than aluminium (+3). Hence,

3p unpaired electrons of Si experience greater effective nuclear charge
than Al

Question 66. Indicate the number of unpaired electrons in
(2) P (b) Si (©Cr . (d)Fe (e) Kr
Solution.

(a) 45P = 15?,25%,2p°, 3s%, 3p’ 3 unpaired electrons
(b) 14Si =1s% 25 2p° 357, 3p? 2 unpaired electrons
-+ (c) 24Cr =1s?25%2p° 35 3p°, 3d° 45! 6 unpaired electrons
(d) ,6Fe =157, 25% 2p° 3s?, 3p®, 3d°, 452 4 unpaired electrons
() s6Kr =15? 25%,2p°, 3s% 3p®, 3d"°, 452, 4p° No unpaired electron

Note Either exactly half-filled or fully filled orbitals are more stable dué
to symmetrical distribution of electrons and maximum exchange energy.
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Question 67. (a) How many subshells are associated with n =4?
(b) How many electrons will be present in the subshells having m, value

f - = for n=47
(o) 2 orn

Solution.
(@ n=4, 1=0,1,2,3, s pd f(4 subshells)
(b) Number of orbitals in 4th shell = n? =4% =16
The maximum number of electrons present in any orbital is two and

each orbital has one electron with my =—5. Hence, there are

16 electrons with m, = — l

Selected NCERT Exemplar Problems
Short Answer Type |

Question 1. Arrange s, p and d-subshells of a shell in the increasing
order of effective nuclear charge (Z.) experienced by the electron
present in them.

Solution. s-orbital is spherical in shape, it shields the electrons from
the nucleus more effectively than p-orbital which in turn shields more

effectively than d-orbital. Therefore, the effective nuclear charge (Z)
experienced by electrons present in themisd <p < s.

Question 2. Show the distribution of electrons in oxygen atom
(atomic number 8) using orbital diagram.

Solution. gO=1s2 2s? 2p*

W] (1]

Question 3. Nickel atom can lose two electrons to form Ni%* ion. The
atomic number of Ni is 28. From which orbital will nickel lose two electrons?
Solution. ,4Ni=1s?2s%2p° 3s? 3p° 3d%4s%,  Nickel will lose
2 electrons from 4s (outer most shell) to form Ni?* ion.
Question 4. Which of the following orbitals are degenerate?

. 3d,,, 4d,,, 3d ;,3d,, 4d , :
Solution. The orbitals which belongs to same subshell and same shell

are called degenerate orbitals. (3dy,, 3d ,, 3d,,) and (4d,,,4d,,,4d ,) are
the two sets of degenerate orbitals, 22! Uy ¥ x*

yz!
Question 5. Calculate the total number of angular nodes and radial
nodes present in 3p-orbital.

Solution. For 3p-orbital, principal quantum number, n=3 and
azimuthal quantum number, [ =1
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Number of angular nodes =1=1
Number of radial nodes=n-1-1=3-1-1=1 7
Question 6. Wavelengths of different radiations are given below.
AMA) = 300 nm, A (B) = 300 pm, MC) = 3 nm, (D) =30 A
Arrange these radiations in the increasing order of their energies.
Solution. : '
(A) A=300nm=300x10"° m
" (B) A=300pm =300 x10"° m
(C)A=3nm=3x10"m
D)A=30A=30x10""m=3%x10"m

Energy, E= E
/ _ A
Therefore, ‘E 1

-

Increasing order of energy is B <A<C=D

Question 7. The Balmer series in the hydrogen spectrum corresponds
to the transition from n =2 to n, = 3,4 ... . This series lies in the visible
region. Calculate the wave number of line associated with the transition
in Balmer series when the electron moves to n=4 orbit

(Ry = 109677 cm™) .
Solution. From Rydberg formula,

Wave number, v =109677 iz - iz cm™
4 R ng
Given n; =2 and n; =4 (Transition in Balmer series)
v =109677 [:217 - 4%] cm™!
vV = 109677 [1 - i} cm™
4 16
v =109677 x[ ‘61] cm™

Vv =20564.44 cm !

Question 8. According to de-Broglie, matter should exhibit dual
behaviour, that is both particle and wave like properties. However, @
cricket ball of mass 100 g does not move like a wave when it is thrown by
a bowler at a speed of 100 km/h. Calculate the wavelength of the ball and
explain why it does not show wave nature?

Solution. Given, m=100g =0.1kg

v =100 km/h = 100 %1000 _ 1000  _,
60 x60 36
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From de-Broglie equation, wavelength, A = 5.3
; mv
6.626 x10* kg m?* s _36
= =238.5x10
A 1000 1 238.5 x m

‘ 0.1 kg X ? ms~
As the wavelength is very small so wave nature cannot be detected.

Question 9. Out of electron and proton which one will have, a higher
velocity to produce matter waves of the same wavelength? Explain it.

. . . a h
Solution. From de-Broglie equation, wavelength, A = —

For same wavelength for two - different particles, ie., electron and
proton, m;v; =m,v, (h is constant). Lesser the mass of the particle,
greater will be the velocity. Hence, electron will have higher velocity.

Question 10. A hypothetical electromagnetic wave is shown in Fig. Find
out the wavelength of the radiation. '
2.16 pm,

AL

Solution. Waveiength It is the distance between two successive
peaks or two successive troughs of a wave.
Therefore, A=4x2.16 pm =8.64 pm

Question 11. Table-Tennis ball has a mass 10 g and a speed of 90 m/s. If
speed can be measured within an accuracy of 4% what will be the
uncertainty in speed and position?
Solution. m=10g=10x10"kg

Uncertainty in speed (Av) =4% of 90 ms™" = 417)?)0 =3.6ms™
From Heisenberg uncertainty pﬂnciplé,
Ax-Av = OLAX Se——a=
4t m ' 41t m Av
Uncertainty in position,
6.626 x10™** kgm?s™' =1.46 x107* m

T4 x3.14 x10 107 kg x3.6 ms™*

Question 12. The effect of uncertainty principle is significant only f‘fr
~motion of microscopic particles and is negligible for the macroscopic
particles. Justify the statement with the help of a suitable example.
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Solution. 1f uncertamty principle is applied to an ob]ect of mass, say
about a milligram (10~® kg), then
h

4t m

6.626 x 10734 kgm2s™!
4x3.14x10°% kg

=0.52 x1072® m?s!

The value of Av-Ax obtained is extremely small and is insignificant,
Therefore, for milligram-sized or heavier objects, the associated
uncertainties are hardly of any real consequence.

Av-Ax =

Av-Ax =

Question 13. Hydrogen atom has only one electron, so mutual repulsion
between electrons is absent. However, in multielectron atoms mutual
repulsion between the electrons is significant. How does this affect the
energy of an electron in the orbitals of the same principal quantum
number in multielectron atoms?

- Solution. In hydrogen atom, the energy of an electron is determined
" by the value of n and in multielectron atom, it is determined by n + 1
Hence, for a given principal quantum, electrons of s, p,d and f-orbitals
have different energy (for s, p,d and f, I =0, 1,2 and 3 respectively.)

Long Answer Type

Question 14. Threshold frequency, v is the minimum frequency which a
photon must possess to eject an electron from a metal. It is different for
different metals. When a photon of frequency 1.0 x 101 s™! was allowed to
hit a metal surface, an electron having 1.988 x 107 J of kinetic energy was
emitted. Calculate the threshold frequency of this metal. Show that an
electron will not be emitted if a photon with a wavelength equal to 600 nm
hits the metal surface.

Solution. We know that hv = hv, + KE .
or hv-KE =hv, =(6.626 x10734 Js x1x 10" s~1) ~ 1.988 x10"1° J
hvy =6.626 x10™% ~1.988 x 10719 J
hv,=4.638 x1071°J |
4.638 x107'° J
6.626 x 1074 Js
When, A=600nm =600x10°m

8 -1
w20 X0 T st 5
A 6.0x107" m

Thus, v <v,. Hence, no electron will be emitted.

=0.699 x10'° 57!

V0=
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Question 15. When an electric discharge is passed through hydrogen gas,
the hydrogen molecules dissociate to produce excited hydrogen atoms.
These excited atoms emit electromagnetic radiation of discrete frequencies
which can be given by the general formula

v =109677 [iz - iz}
n" nf'

What points of Bohr’s model of an atom can be used to arrive at this
formula? Based on these points derive the above formula giving
description of each step and each term.
Solution. The two important points of Bohr's model that can be used to
derive the given formula are as follows

(i) Electrons revolve around the nucleus in a circular path of fixed

radius and energy. These paths are called orbits, stationary states or
allowed energy states.

(ii) Energy is emitted or absorbed when an electron moves from higher
stationary state to lower stationary state or from lower stationary
state to higher stationary state respectively.

Derivation The energy of the electron in the nth stationary state is

given by the expression, _
E, =-Ry (iz) n=123... )
n

where Ry is called Rydberg constant and its value is 2.18 x 10718 J,
The energy of the lowest state, also called the ground state, is

- qn=i8 [ 1 - i
E; =-2.18 x10 (12 =-2.18x10718 J )
. The energy gap between the two orbits is given by the equation,
AE = Ef EI \ (m)
On combining equations (i) and (iii)

' Ry Ry
A“[‘? i —]
f i
- where, n; and n, stand for initial orbit and final orbit.
AE = RH[ - 1} 2.18 x 10"18.1[ = —iz]
n® n? “Lnf nf

Frequency, v associated with the absorption and emlssmn of the
photon can be calculated as follows

_.218x10"J |1 1
6.626 x10™* Js | n? n?
v=3.29x1015|:1 IJHz

":2 "!
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. . —— —

V=—— : = 2
¢ 3x10°ms™' | nj nj

v. 329x10" [1 1]

1 1]
v =1.09677 x 107 {—q——;}m .
n; n,‘

1 )
V= 109677[% - —;} cm™!
n;y ng

- Question 16. Calculate the energy and frequency of the radiation
emitted when an electron jumps from n = 3 to # =2 in a hydrogen atom.

. 1 1
Solution. Wave number, v = 109677 cm ™} (2—2 - ?)
vV =109677 x % =15232.9cm™
_V:l or x=é=;=6.564 x107° cm
A v 15232.9

Wavelength, A =6.564 x10~ m
hc 6.626 x1073* Js x 3.0 x10® ms™!
Enerqy, E=— = =3.028 x10719 J
Snergy A . 6.564 x10~7 m 8
v _c_ 3.0 x108 ms™!
A 6.564x107 m

v=4.57x10" s7!

=0.457 x10'5 g~!

Frequency,

Question 17. Why was a change in the Bohr model of atom required, due.
to-which important development(s), concept of movement of an electron in
an orbit was replaced by the concept of probability of finding electron in an
orbital? What is the name given to the changed model of atom?

Solution. In Bohr model, an electron is regarded as a charged particle
moving in well defined circular orbits about the nucleus. An orbit can
completely be defined only if both the position and the velocity of the
electron are known exactly at the same time. This is not possible
according to the Heisenberg uncertainty principal. Further more, the
wave character of the electron is not considered in Bohr model.
Therefore, concept of movement of an electron in an orbit was replaced
by the concept of probability of finding electron in an orbital due to
de-Broglie concept of dual nature of electron and Heisenberg's

uncertainty principle. The changed model is called quantum
mechanical model of the atom.
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Classification of
Elements & Periodicity
in Properties

Important Results

1. Periodic Table is an arrangement of elements with similar
~ properties placed together.
2. Earlier attempts to classify elements :

(i) Dobereiner's Triads Dobereiner (1829) classified the elements
into groups of three elements having similarity in physical and
chemical properties. He also noticed that atomic mass of central
element was the arithmetic mean of other two elements.

(ii) Newland's Law of Octaves Newland arranged the elements in
such a manner that the eighth element starting from a given one
has properties which are a repetition of those of the first, if
arranged in order of increasing atomic weight. '

(iii) Mendeleev's Periodic Table (1869) Mendeleev arranged the
elements known at that time on the basis of his famous periodic
law given as
(a) Atomic weight is the fundamental property of elements.

(b) The physical and chemical properties of elements are
periodic function of their atomic weight.

3. Modern Periodic Law (1972) Moseley modified Mendeleev's
periodic law and proposed modern periodic law as “the physical
and chemical properties of the elements are periodic functions of
their atomic numbers”.

4. Long form of Periodic Table It was based on Bohr-Bury concept
of electronic configuration. It contains 7 periods and 18 groups.
Each period starts with filling of electrons in new principal
quantum number and completes after the outermost shell is
completely filled. Four types of elements can be recognized in the
Periodic Table on the basis of their electronic configurations. These
are s-block, p-block, d-block and f-block elements. Hydrogen with

one electron in the s-orbital occupies a unique position in the
Periodic Table.
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Metals comprise more than 78% of the known elements
Non-metals, which are located at the extreme right of the Periodgjc
Table, are less than twenty in number. Elements which lie at the
border line between metals and non-metals are called metalloids or
semi-metals.

Metallic character increases with increasing atomic number in g
group whereas decreases from left to right in a period. The
physical and chemical properties of elements vary periodically with
their atomic numbers.

. Periodic trends are observed in atomic sizes, ionization enthalpies,

electron gain enthalpies, electronegativity and valence.

. The atomic radii decreases while going from left to right in a

period and increases with atomic number in a group. The size of
isoelectronic species decreases with increase in the nuclear charge.

. Ionization enthalpies generally increase across a period and

decrease down a group. However, the elements having extra stable
configuration have extra. ordinarily high ionization enthalpies.
Electronegativity also shows a similar trend.

Electron gain enthalpies in general, become more negative across
a period and less negative down a group.

There is some periodicity in valence, for example, among
representative elements, the valence is either equal to the number
of electrons in the outermost shell or eight minus this number.

Chemical reactivity is the highest at the two extremes of a period
and is lowest in the centre. The reactivity on the left extreme of a
period is because of the ease of electron loss (or low ionization
enthalpy) and reactivity on the right extreme of a period is because
of the ease of gain of electron.

Oxides of the elements on the left are basic and of the elements on
the right are acidic in nature. Oxides of elements in the centre are
amphoteric or neutral.

Exercises

Question 1. What is the basic theme of organisation in the Periodic
Table?

Solution. The basic theme of organisation in the Periodic Table is to
simplify and systematise the study of physical and chemical properties
of all the elements and their innumerable compounds.

Question 2. Which important property did Mendeleev use to classify
the elements in his Periodic Table and did he stick to that?

Solution. Mendeleev used atomic weight as the basis of classification
of elements in the Periodic Table. He arranged 63 elements known at
that time in the Periodic Table on the basis of the order of their
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increasing atomic weights and he placed elements with similar nature
in same group. '

He stuck to this basis sincerely as some places were left vacant for new
elements which were not discovered at that time. For example Ga
(gallium) and Ge (germanium) were not known at that time. He left
vacant ‘space for them and named them as eka-aluminium and
eka-silicon. He predicted not only the existence of these two elements
but also described some of their general physical properties. These
elements were discovered later.

However, he also found some elements that did not fit in his scheme of
classification on the basis of atomic weight. In such cases, he ignored
the order of atomic weights e.g., iodine is placed after tellurium due t_o
its similarity in properties with other halogens although its atomic
weight is lower (=126.9) than that of tellurium (=1276).

Question 3. What is the basic difference in approach between the
Mendeleev’s periodic law and the modern periodic law?

Solution. Mendeleev periodic law It states that the properties of the
elements are a periodic function of their atomic weights.

Modern periodic law It states that the properties of the elements are a
periodic function of their atomic numbers.

Thus, change in the base of classification of elements from atomic
weight to atomic number is the basic difference between Mendeleev's
periodic law and the modern periodic law.

Question 4. On the basis of quantum numbers, justify that sixth period
of the Periodic Table should have 32 elements.

Solution. In the modern Periodic Table, each period starts with the
filling of a new principal energy level. Sixth period begins with filling of
principal quantum number, n =6. According to Aufbau principle, in the

ground state of the atoms, the orbitals are filled in order of their '
increasing energies. Therefore, in sixth period, electrons enter in
65, 4f, 5d and 6p subshells. Total 16 orbitals (2 + 7 + 5 + 3 respectively) are
present in these subshells. According to Pauli's exclusion principle each
orbital can accomodate maximum two electrons, therefore 16 orbitals
can have 32 electrons and hence, 6th period have 32 elements.

Question 5. In terms of period and group where would you locate the
element with Z =114?

< First write electronic configuration of the given element. Highest value of

2@ n shows the period of element and group number =10 + number of
electrons in ns and np shells.

Solution. ,,,Z = 4Rn] 7s%, 5**,6d"°, 7p*

In the Periodic Table, the element with Z =114 is located in
Block - p-block (as last electron enters in p-subshell).

Period - 7th (as n = 7for valence shell)

Group - 14th (for p-block elements, group number =10 + number of
electrons in the valence shell).
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Question 6. Write the atomic number of the element present in the thirq
period and seventeenth group of the Periodic Table.

Solution. General configuration for 17th group elements is ns’np®.

the third period, the principal quantum number for valence shell g
three, so the electromc configuration of valence shell for the given
element is 3s? 3p°. Third period starts from atomic number, Z =11 ang

end at Z=18. Hence, the atomic number of the given element is
10+ 7=17%

Question 7. Which element do you think would have been named by

(i) Lawrence Berkeley laboratory (ii) Seaborg’s group?
Solution.

(i) Lawrencium (Z = 103) and Berkelium (Z =97).

(ii) Seaborgium (Z =106).

Question 8. Why do elements in the same group have similar physical
and chemical properties?

Solution. Same group elements have similar electronic configuration
therefore, have similar physical and chemical properties.

Question 9. What does atomic radius or ionic radius mean to you?

Solution. Atomic radius Atomic radius means size of the atom. It can
be measured by X-ray or other spectroscopic methods. In case of
non-metals, it is called covalent radius and if the element 1s metal, it is
called metallic radius.

Covalent radius is defined as one half the distance between the nuclei
of two covalently bonded atoms of the same element in a molecule. For
example, the bond distance in the Cl, molecule is 198 pm and half of
this distance, 99 pm is taken as the atomic radius of chlorine.

Metallic radius is defined as one half the distance between the two
adjacent ‘atoms in the metallic lattice. For example, the distance
between two adjacent copper atoms in solid copper is 256 pm; hence,
the metallic radius of Cuis 128 pm.

Ionic radius Ionic radius means size of the ion (cation or anion). It can
be estimated by measuring the distances between cations and anions in
ionic crystal. A cation is always smaller than its parent atom because
effective nuclear charge increases as a result of loss of one or more
electrons. An anion is always larger than its parent atom because
effective nuclear charge decreases as a result of addition of one or more
electrons. For example; ionic radius of fluoride ion (F~ =136 pm) is
greater than atomic radius of fluorine atom (F = 72 pm). On the-other

hand, the atomic radius of sodium (186 pm) is larger than ionic radius of
Na' ion (95 pm).
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Question 10. How do atomic radius vary in a period and in a group?
How do you explain the variation? ,
Solution. Atomic size decreases as we move from left to right in a
period. It is because within a period the electrons enter in the same
valence shell and the effective nuclear charge increases with increase in
atomic number. As a result of this increased effective nuclear charge,
the attraction of the nucleus for outer electrons increases and hence, the
-atomic size decreases.
Within a group atomic size of the elements increases regularly with
increase in atomic number. As we move down a group, number of shells
increases by one and the valence shell electrons are farther and farther
away from the nucleus. Due to this, nuclear attraction for valence
electrons decreases and hence, the size increases.

Question 11. What do you understand by isoelectronic species? Name a
species that will be isoelectronic with each of the following atoms or ions.
() F- (i) Ar (iii) Mg?* (iv) Rb"
Solution. Isoelectronic species have the same number of electrons but
different nuclear charges. In case of isoelectronic species as the nuclear
charge increases, their size decreases.

(i) F~ has 10 electrons (9 + 1).

(ii) Ar has 18 electrons.
(iii) Mg?* has 10 electrons (12-2) and (iv) Rb" has 36 electrons (37-1).

N3-,0?%", Ne, Na* and A%t are some species which are isoelectronic

with F~ and Mg**. | :
p3-, 52, Cl7,K* and Ca** are some species which are isoelectronic to Ar.

Similarly, Br~, Kr and Sr?* are isoelectronic with Rb*.

Question 12. -Consider the following species :
N3, 0%, F~, Na*, Mg?* and AI**
(a) What is common in them?
(b) Arrange them in the order of increasing ionic radii.
‘\@j (i) Find number of electrons in each ion. For each positive charge

K remove one electron and for each negative charge add one electron.
(ii) lonic radii of isoelectronic species varies inversely with atomic
number.
Solution.

(i) All the given species have same number of electrons (10¢").
Therefore, all are isoelectronic.

(ii) The ionic radii of isoelectronic species decreases with increase in
atomic number (as magnitude of the nuclear charge increases with
increase in atomic number). Therefore, their ionic radii increase in

the order . :
Isoelectronic ions = AlI** < Mg?' <Na' <F"<O"" <N™

Atomic number, Z =13 12 11 9 8 7
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Question 13. Explain why cations are smaller and anions larger in radj;
than their parent atoms?

Solution. Cations are always smaller in radii than their parent atomg
because by the loss of one or two electrons effective nuclear charge
increases. Due to this forces of attraction of nucleus for electrong
increases and hence, ionic radii decreases. On the other hand, aniong
are always larger in radii than their parent atoms because by the
addition of one or two electrons effective nuclear charge decreases. Due
to this, forces of attraction between nucleus and valence shell electrons
decreases and hence, ionic radii of anion increases.

Question 14. What is the significance of the terms - ‘isolated gaseous
atom’ and ‘ground state’ while defining the ionization enthalpy and
electron gain enthalpy?

Hint Requirements for comparison purposes.

Solution. Ionization enthalpy It is the minimum amount of energy
required to remove an electron from an isolated gaseous atom (X) in its
ground state.

X(g) — X'(g)+e”
The force by which an electron is attracted by nucleus is also affected
by the presence of other atoms within its molecule or in the
neighbourhood. - Therefore, -ionization enthalpy is determined in
gaseous state because in gaseous state interatomic distances are larger
and interatomic forces of attractions are minimum. Further more,
ionization enthalpy is determined at a low pressure because it is not
possible to isolate a single atom but interatomic attractions can be
further reduced by reducing pressure. Due to these reasons, the term
isolated gaseous atom in ground state has been included in definition of
ionization enthalpy.
Electron gain enthalpy It is the energy released when an isolated
gaseous atom (X) in ground state gains an electron to form gaseous
anion. :
. Xg)+em —> X7(g)
The most stable state of an atom is ground state. If isolated gaseous
atom is in excited state, comparatively lesser energy will be released on
addition of an electron. So, electron gain enthalpies of gaseous atoms
must be determined in their ground states. Therefore, the terms ground

state and isolated gaseous atom (explained above) has been also
included in the definition of electron gain enthalpy.

Question 15. Energy of an electron in the ground state of the hydrogen

atom is —2.18x 107'® J. Calculate the ionization enthalpy of atomic
hydrogen in terms of J mol™!,

Hint Apply the idea of mole concept to derive the answer.
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Nl (i) We know that the amount of energy required to remove an electron

)

5/@}3 from the ground state (£,) to infinity (£,,) is called ionization energy,
: so |E is calculated by using AE = £, — £,. Calculate the ionization
enthalpy per hydrogen atom.
(in Since, the energy is- obtained in J, convert it into per mole of
_ hydrogen atoms by applying mole concept.
Solution. Ionization energy is the amount of energy required to
remove the electron from the ground state (E,) to infinity (E,).
E, =-2.18x10718 J
By =0 _
AE=E, —F =0-(-2.18x1078 J)=2,18 x107¢ J
Ionization enthalpy per hydrogen atom =2.18 x 1072 J

~Ionization enthalpy per mole of hydrogen atoms
=2.18 x107!8 x6.022 x 10% Jmol ™’
=13.12 x10° Jmol™

Note Energy of an electron at infinity =0.

Question 16. Among the second period elements the actual ionization
enthalpies are in the order

L1<B<Be<C<O<N<F<Ne

Explain why

(1) Be has higher A;H than B?

(ii) O has lower A;H than N and F?

Solution. ,

(i) Be has higher A;H (ionization enthalpy) than boron. In both the

cases, the electron to be removed belongs to the same principal
shell. In ,Be= (ls 2s? ) it is 2s-electron while in boron

= (152,252, 2p') it is 2p-electron. The penetration of a 2s-electron

to the nucleus is more than that of a 2p-electron. It means
2s-electrons are more strongly attracted by the nucleus than
2p-electrons. Therefore, higher amount of energy is required to
remove a 2s-electron than a 2p-electron. Hence, Be has higher A,H
than B.
(ii) O has lower A;H than N and F

;N = 1s2,2s%,2p}, 2p;, 2p};

g0 = 1s2, 252, 2p,2(, 2p§,, Zp}z;

oF = 15%,25% 2pZ,2p2, 2p;,
Across a period ionization enthalpy increases as we move from left
to right due to decrease in atomic size. But A;H of nitrogen is
greater than oxygen. It is becasue of the more stable electronic
configuration (exactly half filled orbitals are more stable) of
nitrogen, so it is difficult to remove an electron from nitrogen than

from oxygen. That's why oxygen has lower ionization enthalpy than
nitrogen and fluorine.
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Question 17. How would you explain the fact that the first ionizatigy,
enthalpy of sodium is lower than that of magnesium but its secong
ionization enthalpy is higher than that of magnesium?

Solution. First ionization enthalpy of sodium (Na = 1s?, 2s%, 2p°®, 35! ) is
lower than that of magnesium (Mg = 1s2,2s% 2p°, 332) because the

electron to be removed in both the cases is from 3s-orbital but .the
nuclear charge is lower in Na than that of magnesium

(IE oc% .

atomic size
After the removal of first electron Na® acquires inert gas (Ne)
configuration (Na* = 1s?, 2s?, 2p6) and hence, removal of second electron

from sodium is difficult. While in' case of magnesium, after the removal
of first electron, the electronic configuration of Mg™ is 152, 232,2p6, 3s'.

In this case 3s' electron is easy to remove in comparison to remove an
electron from inert gas configuration. Therefore, IE, of Na is higher than
that of magnesium. _ -

Note The species having exactly hali-filled or fully filled orbitals have
extra ordinarily high ionization enthalpies. '

Question 18. What are the various factors due to which the ionization
enthalpy of the main group elements tends to decrease down a group?

Solution. The ionization enthalpy of the main group elements
decreases regularly on moving down the group due to the following two
factors:

(i) Atomic size On moving down the group, atomic size increases
due to addition of new higher energy shell. As a result of this forces
of attraction of nucleus for valence electrons decreases and
ionization enthalpy also decreases. :

(ii) Screening effect On moving down the group, screening effect or
shielding effect increases, so ionization enthalpy decreases
(because forces of attraction between nucleus and electrons
decreases). '

Question 19. The first ionization enthalpy values (in kJ mol ™) of group
13 elements are :

B Al Ga In TI
801 577 579 558 589
How would you explain this deviation from the general trend?
Solution. In general on moving down the group (13th group) from B to
Al, the ionization enthalpy decreases with increase in atomic size and
screening effect as expected. But IE, of Ga is slightly higher
(only 2 kJ mol™') than IE; of Al It is due to imperfect shielding of the
valence electrons by 3d-electrons. As a result of this effective nuclear

charge in Ga is slightly more than that of Al. That' H, of Ga
is slightly more than that of Al, s why ([Ey) AH, o
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On moving from In to T1, A;H, of Tl is larger than that of In. It is due to
the fact that effective nuclear charge outweighs the shielding effect of
all the electrons present in 4f and 5d-electrons.

Note d- and f-electrons shield the valence shell electrons from nucleus
less effectively than s- and p- electrons.

Question 20. Which of the following pairs of elements would have a
more negative. electron gain enthalpy? ,
i)OorF (i1) F or Cl
Solution. :
(i) Oxygen and fluorine both belong to second period. Electron gain
enthalpy generally becomes more negative across a period as we
move from left to right. On moving from oxygen to fluorine, the
effective nuclear charge increases and atomic size decreases with
increase in atomic number. Due to this, forces of attraction of the
nucleus increases for the incoming electron. That's why electron
gain enthalpy becomes more negative for fluorine than that of
oxygen. Furthermore fluorine attain stable gas configuration by
picking up an electron.
Fg +e- —> F (9
2,7 2,8
Therefore, electron gain enthalpy of fluorine is much more negative
(-328 kJ mol!) than that of oxygen (- 141 kJ mol™").

(ii) Within a group, electron gain enthalpy becomes less negative down
a group. But electron gain enthalpy of chlorine is more negative
(~ 349 kJ mol~!) than that of the fluorine (- 328 kJ mol™). This is due
to small size of fluorine as the electron-electron repulsions in
relatively compact 2p-orbital is greater than that in the larger
3p-orbital and hence, the incoming electron feels greater repulsion
in fluorine than in the chlorine. That's why chlorine have more
negative electron gain enthalpy than that of fluorine. ‘

Question 21. Would you expect the second electron gain enthalpy of O
as positive, more negative or less negative than the first? Justify you

answer. .
Solution. O(g)+e (g9 —> O(9)i A, H=-141kJ mol ™!

07(g) +e7lg) — O™ (g) A, H =+ 780 kJ mol™

When an electron is added to oxygen atom to form O ion, energy is
released. Hence, first electron gain enthalpy of oxygen is negative.

But when another electron is added to O™ ion to form O*" ion, it feels
stronger electrostatic repulsion. Hence, addition of second electron
takes place with absorption of energy. That's why the second electron
gain enthalpy of oxygen is positive.
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Question 22. What is the basic difference between the terms electroy
gain enthalpy and electronegativity?

Solution. Electron gain enthalpy is the tendency of an isolated gaseous
atom to accept an extra electron to form a gaseous anion while
electronegativity is the tendency of an atom of an element to attract the
shared pair of electrons towards itself in a covalent bond. Unlike
electron gain enthalpy, electronegativity is not a measurable quantity,

Question 23. How would you react to the statement that the
electronegativity of N on Pauling scale is 3.0 in all the nitrogen
compounds?

Solution. The statement that electronegativity of N on Pauling scale is
3.0 in all the nitrogen compounds is wrong because electronegativity of
any given element is not constant. It varies depending on the element to
which it is bound. It increases as the oxidation state of the element
increases or percentage of s-character of hybrid orbital increases.

Question 24. Describe the theory associated with the radius of an atom
as it ' :

(a) gains an electron (b) loses an electron

Solution.

(@) When an atom gains an electron to form anion, its radius increases.
In an anion per electron nuclear forces decreases due to increase in
number of electrons and as a result of decrease in effective nuclear
charge, radius of an anion increases. For example, ionic radius of
Cl ion is greater than the radius of its parent atom CI.

Cl+e” —CIT
Electrons ) 17 . : 18
Nuclear charge 17 17

(b) When an atom loseés an electron to form cation, its radius decreases.
In a cation per electron nuclear forces increases due to decrease in
number of electrons. As a result of this, effective nuclear charge
increases and the radius of cation decreases. For example, ionic
radius of Na* is smaller than the radius of its parent atom Na.

. Na — Na* +1e”
Electrons 11 10

Nuclear charge 11 11

Question 25. Would you expect the first ionization enthalpies for two

isotopes of the same element to be the same or different? Justify your
answer.

Solution. First ionization enthalpies of two isotopes of the same
element are expected to be same because ionization enthalpy depends
upon the electronic configuration and effective nuclear charge. Isotopes

of an element have same electronic configuration and thus, the samé
nuclear charge.
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Question 26. What are the major differences between metals and
non-metals? ; '

Solution. Metals are usually solids at room temperature (mercury is an
exception, Gallium and caesium also have very low melting points).
Metals usually have very high melting and boiling points. They are
good conductors of heat and electricity. They are malleable and ductile.
They are electropositive in nature (having a tendency to form cations by
~ the lose of 1, 2 or 3 electrons). Metals have low ionization enthalpies,
less electronegativity, less negative electron gain enthalpies. They act
as strong reducing agent, form basic and amphoteric oxides. Their
compounds are ilsually ionic in nature. .

Non-metals are usually solids or gases at room temperature with low
melting and boiling points (boron and carbon are exceptions). They are
poor conductors of heat and electricity. Most non-metallic solids are
brittle. They are electronegative in nature, have high ionization
enthalpies and high negative electron gain enthalpies. They act as
strong oxidising agent, form acidic or neutral oxides. Their compounds
are usually covalent in nature. -

Question 27. Use the Periodic Table to answer the following questions.

(a) Identify an element with five electrons in the outer subshell.

(b) Identify an element that would tend to lose two electrons.

(c) Identify an element that would tend to gain two electrons.

(d) Identify the group having metal, non-metal, liquid as well as gas at
the room temperature.

Solution. .

(a) General electronic configuration of elements having five electrons
in the outer sub shell is nsznps. This configuration belongs to
halogen family, i.e., F, Cl, Br, I, At.

(b) Elements of second group are known as alkaline earth metals
(Mg, Ca, Sr, Ba, etc). Their general electronic configuration for
valence shell is ns®. These elements form dipositive cations by the
lose of two electrons easily. ‘

(c) 16th group elements such as O, S, Se, etc., have a tendency to

- accept two electrons because by the gain of two electrons they
attain noble gas configuration. Their general electronic
configuration for valence shell is ns’np*.

(d) Group 1 or 17 of the Periodic Table contains metal, non-metal,
liquid as well- as gas at the room temperature, e.g., H, is a
non-metal and in gaseous state at room temperature. All other
elements of this group are metals. Cs is a liquid metal.

Similary, Br, is a liquid non-metal while other elements of this
group are gaseous non-metals. Iodine can form I" so it has some
- what metallic properties.
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Question 28. The increaéing order of reactivity among group 1 elemen;
is Li < Na < K < Rb < Cs whereas that among group 17 elements g
F > CI > Br > 1. Explain.

Solution. Chemical reactivity of alkali metals is exhibited by the loss of
an electron leading to the formation of cation. The tendency to lose an
electron depends upon the ionization enthalpy and ionization enthalpy
decreases down the group. Hence, the reactivity increases down the
group (Li < Na < K <Rb < Cs).

On the other hand, chemical reactivity of halogens is shown by the gain
of an electron leading to the formation of anion. The tendency to gain
an electron depends upon their electrode potentials. Their electrode “
potentials decrease from fluorine to iodine. Therefore, reactivity
decreases down the group (F > Cl > Br > I). Furthermore, the tendency
to gain an electron is also related to electron gain enthalpy. Electron
gain enthalpy becomes less and less negative as we move from chlorine
to iodine. Hence, reactivity decreases from chlorine to iodine. Fluorine
has less electron gain enthalpy but it is the most reactive due to its low _
bond dissociation enthalpy. ‘ ‘

Group-17 B Cl Br I At

AeqH (kJmol™)  -328 -349 -325 -245 -270

> Reactivity decreases

Question 29. Write the general outer electronic configuration of s-, p-, d-
and f-block elements.

Solution. s-block elements - ns'~? (n=2 - 7
p-block elements - 113211p1 ®n=2- 7
d-block elements — (n — 1) d' ~1° ns®=2 (n =3-7
f-block elements - (n -2) 1 " (n - 1)d° ! ns? (n =6 - 7)

Question 30.  Assign the position of the element having outer electronic
configuration. '
(i) ns’np* forn=3
(i) (n — 1) d®ns® for n = 4, and
(iii) (n - 2) 7 (n~1) d"ns? for n = 6, in the Periodic Table.
Solution. :
(1) nsznp4 forn=3

n =3 means element belongs to third period. Since, last electron

enters in the p-orbital, it belongs to p-block. For p-block elements,

the group number =10 + valence shell electrons = 10 + (2 + 4) = 16

Hence, the element belongs to 16th group.

The complete electronic configuration of the element is as follows,
15 2s% 2p®, 352, 3p* '

Thus, the element is sulphur.
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(i) (n - 1) d* ns* forn =4
n=4 means the element belongs to fourth period. Since, last
electron enters in d-orbital, the given element belongs to d-block.
- For d-block elements, group number = number of d-electrons +
number of ns electrons =2 + 2 =4
Hence, the element belongs to 4th group.
The complete electronic configuration of the element is as follows,
' 1s?, 252, 2p6, 3s?, 3p6, 3d?,4s? '
~ Thus, the element is titanium.
(iii) (n -2) f” (n - 1) d' ns® forn =6
n =6 means, the element belongs to sixth period.
Since, last electron enters in f-orbital, the given element belongs to
f-block and all f-block elements are the members of third group.
Hence, the element belongs to third group.
The complete configuration of the element is as follows,
 1s%,25%,2p5, 357, 3p®, 3d"°, 452, 4p®, 4d°, 552, 5p°, 417, 5d, 657
Thus, the element is gadolinium (Gd). ‘

Question 31. The first (A;H;) and the second (A;H,) ionization
enthalpies (in kJ mol™) and the (AeyH) electron gain enthalpy (in kJ mol™!)
of a few elements are given below : '

Elements' .V CAHG AH, Ae H
I 520 7300 - 60
II ‘ 419 3051 —-48
III 1681 3374 -328
v 1008 1846 - 295
\% 2372 5251 +48
VI 738 1451 - 40

Which of the above elements is likely to be

(a) the least reactive element

(b) the most reactive metal

(c) the most reactive non-metal

(d) the least reactive non-metal

(e) the metal which can form a stable binary halide of the formula
MX ,(X =halogen) ' '

(f) the metal which can form a predominantly stable covalent halide of
the formula MX (X = halogen)? .

Solution. _

(@) The least reactive element is element (V) because it has highest
AH, (first ionization enthalpy) and positive electron gain enthalpy
(AegH). The element (V) is an inert gas because inert gases have
positive electron gain enthalpy. The given values for element (V)
match with He.
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(b) The most reactive metal is element (II) because it has the least A #H,
(first ionization enthalpy) and low negative electron gain enthalpy
(AeyH). The given values for element II match with K.

(c) The most reactive non-metal is element (III) because it has high
AH1 (first ionization enthalpy) and a very high negative electron
gain enthalpy (Ae H). The given values for element-III match with F,

(d) The least reactlve non-metal is element IV. The element IV has not :
so high A;H, but it has high negative electron gain enthalpy (Ae H).
The given values for element IV match with I, (iodine).

(e) The metal which can form a stable binary halide of the formula MX,
is element (VI). Element VI is alkaline earth metal because it has
low AH, but higher than that of alkali metals. Moreover, the
difference between A;H, and A;H, is.very less. The given values for _

element VI match with Mg.

(f) Element I has low A;H; but a very high A,Hz. It has less negative
electron gain enthalpy. So, element (I) is alkali metal. The given
values for element I match with Li. Lithium forms predominantly

stable covalent halide of the formula MX.

Question 32. Predict the formulas of the stable binary compounds that E
would be formed by the combination of the following pairs of elements.

(b) Magnesium and nitrogen

(a) Lithium and oxygen
(¢) Aluminium and iodine
(e) Phosphorus and fluorine

(d) Silicon and oxygen
(f) Element 71 and fluorine

Solution.
: Electronsin | . i
Element | puung, | velence | Valency |yt
(a) |Lithium Group-1 1 1 Li,O
Oxygen Group-16 6 8-6=2
(b) [Magnesium |Group-2 2 2 Mg;N,
Nitrogen Group-15 5 8-5=3 :
(c) |Aluminium |Group-13 3 3 All,
Iodine Group-17 7 8§-7=1 ‘
(d) |Silicon Group-14 4 4 Sio,
Oxygen Group-16 6 8-6=2
(e) |Phosphorus |Group-15 5 3ord PF; or PF;
Fluorine Group-17 7 8-7=1
(f) |Element 71, |Group-3 3 3 LuF;
(Lutetium)
Fluorine Group-17 7 8-7=1 _

Note (i) In case of s- and p-block elements (representative elements),

the valency of an atom is gen.erally equal to either the number of valence
electrons or equal to eight minus the number of valence electrons.
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(ii) In case of lathanoids (inner-transition elements) there is involvement
of d- and f-electrons with valence shell electrons in bond formation.
Common valence for lanthanoids is 3.

iii) Electronic configuration of ,,Lu = [Xe] 4f'*, 5d', 6s%; (Valency = 3).
( 71

Question 33. In the modern Periodic Table, the period indicates the
value of

“(a) atomic number (b) atomic mass
(c) principal quantum number (d) azimuthal quantum number

Solution. (c) In the modern Periodic Table, the period indicates the
value of principal quantum number.

Question 34. Which of the following statements related to the modern
Periodic Table is incorrect?

(a) The p-block has 6 columns, because a maximum of 6 electrons can
occupy all the orbitals in a p-shell.

(b) The d-block has 8 columns because a maximum of 8 electrons can
occupy all the orbitals in a d-subshell.

(c) Each block contains a number of columns equal to the number of
electrons that can occupy that subshell.

(d) The block indicates value of azimuthal quantum number (/) for the
last subshell that received electrons in building up the electronic
configuration.

Solution. Statement (b) is incorrect. The correct statement (b) is; the
d-block has 10 columns, because a maximum of 10 electrons can occupy
all the orbitals in a d-subshell.

All other given statements are correct.

- Question 35. Anything that influences the valence electrons will affect
the chemistry of the element. Which one of the following factors does not
affect the valence shell?

(a) Valence principal quantum number (7)

(b) Nuclear charge (Z)

(c) Nuclear mass

(d) Number of core electrons
Solution. (c) Nuclear mass (protons + neutrons) does not affect the
valence shell, only protons, i.e., nuclear charge affects the valence shell.

Question 36. The size of isoelectronic species;'F', Ne and Na' is
affected by

(a) nuclear charge (Z)

(b) valence principal quantum numbcr (n)

(c) electron-electron interaction in the outer orbitals

(d) none of the factors because their size is the same.
Solution. (a) The size of isoelectronic species; F', Ne and Na' is
affected by nuclear charge (Z). With increase in nuclear charge
(atomic number), the size of the isoelectronic species decreases
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Question 37. Which one of the following statements is incorrect ip
relation to ionization enthalpy?
(a) Ionization enthalpy increases for each successive electron.
(b) The greatest increase in ionization enthalpy i.s experienced on
removal of electron from core noble gas configuration.
(c) End of valence electrons is marked by a big jump in ionization .
enthalpy. ‘
(d) Removal of electron from orbitals bearing lower n value is easier than
from orbital having higher n value.
Solution. Correct statement (d) is; removal of electron from orbitals

bearing lower n value is difficult than from orbital having higher n

value, due to decrease in effective nuclear charge with increase in the
value of n.

Question 38. Considering the elements B, Al, Mg and K, the correct
order of their metallic character is

(a) B> Al> Mg > K (b)Al>Mg>B >K
(c) Mg>AlI>K>B (dK>Mg>Al>B 3
Solution. (d) In a group, metallic character increases from top to
bottom as ionisation energy decreases and in a period metallic character

decreases from left to right as tendency to lose electron decreases.
Therefore, the correct order is K > Mg > Al > B.

Question 39. Considering the elements B, C, N, F and Si, the correct
order of their non-metallic character is

(aB>C>Si>N>F b)Si>C>B>N>F
c)F>N>C>B>Si " MWF>N>C>Si>B
Solution. (c) Non-metallic character in a group decreases from top to
bottom but it increases in a period when we move from left to right. This
is because ionisation energy increases in a period and decreases in a

group. Therefore, among B, C, N, F and Si, the non-metallic character
decreases in the order F>N > C > B > Si.

Question 40. Considering the elements F, Cl, O and N, the correct order
of their chemical reactivity in terms of oxidizing property is

aF>CI>0>N ' ' b)F>0>Cl>N

e)CI>F>0>N =~ dWO>F>N>C(l
Solution. (b) In a group oxidising power (i.e., tendency to gain
electron) decreases from top to bottom as the size increases but when
we move left to right in a period it increases because size decreases.
Therefore, among F, Cl, O and N, the oxidising power decreases in the
order '

F>0>Cl>N

Note Oxygen is more electronegative than

g chlorine. Hence, O is
stronger oxidising agent than CI.
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Selected NCERT Exemplar Problems

Short Answer Type

Question 1. Explain why the electron gain enthalpy of fluorine is less
negative than that of chlorine?

Solution. Electron gain enthalpy of F is less negative than that of Cl
because when an electron is added to F, the added electron goes to the
smaller n =2 quantum level and suffers repulsion from other electrons
present in this level. In case of Cl, the added electron goes to the larger
n=3 quantum level and suffers much less repulsion from other
electrons.

Question 2. All transition elements are d-block elements, but all d-block
elements are not transition elements. Explain.

Solution. Elements in which the last electron enters in the d-orbitals,
are called d-block elements or transition elements. These e]elyents
have the general outer electronic configuration (n —1) dt 1 ng"~%, Zn,
Cd and Hg having the electronic configuration, (n —1)d'°ns® do not
show most of -the properties of transition elements. The d-orbitals in
these elements are completely filled in the ground state as well as in
their common oxidation states. Therefore, they are not regarded as
transition elements. Thus, on the basis of properties, all transition
elements are d-block elements but on the basis of electronic
configuration, all d-block elements are not transition elements.

Question 3. Among the elements B, Al, C and Si,

(i) Which element has the highest first ionization enthalpy?
(i1) Which element has the most metallic character? Justify your answer
in each case.

Solution. .~ Period |  Group-13 Group-14
- 2nd period Boron Carbon
3rd period Aluminium Silicon

(i) Ionization enthalpy increases along a period (as we move from left
to right in a period) with decrease in atomic size and decreases
down the group with increase in atomic size. Hence, carbon has the
highest first ionization enthalpy.

(ii) Metallic character decreases across a period but increases on
moving down the group. Hence, aluminium has the most metallic
character.

Question 4. Choose the correct order of atomic' radii of fluorine and
neon (in pm) out of the options given below and justify your answer.

(i) 72, 160 (ii) 160, 160 - (iii) 72, 72 (iv) 160, 72
Solution. Atomic radius of F is expressed in terms of covalent radius
while atomic radius of neon is usually expressed in terms of van der
Waf‘!s’ radius. van der Waals' radius of an element is always larger than
its covalent radius. Therefore, atomic radius of F is smaller than atomic
radius of Ne (F = 72 pm, Ne = 160 pm).
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Question 5. Illustrate by taking examples of transition elements and
non-transition elements that oxidation states of elements are largely based
on electronic configuration.

Solution. Oxidation state of an element depends upon the electrons
present in the outer most shell or eight minus the number of valence
shell electrons (outermost shell electrons). For example,

Alkali metals (Group 1 elements) General valence shell electronic
configuration —ns'; Oxidation state =+ 1.-

Alkaline earth metals (Group 2 elements) General valence shell
electronic configuration —ns?; Oxidation state = + 2.

Alkali metals and alkaline earth metals belong to s-block elements.
Elements of group 13 to group 18 are known as p-block elements.
Group 13 elements General valence shell electronic configuration —
ns? np'; Oxidation states = + 3 and + 1.

Group 14 elements General valence shell electronlc configuration —
ns? np?; Oxidation states = + 4 and + 2.

Group 15 elements General valence shell electronic configuration —
ns* np®; Oxidation states = — 3,+ 3 and + 5. Nitrogen shows + 1, + 2, + 4
oxidation states also.

Group 16 elements General valence shell electronic configuration —
ns® np*; Oxidation states = -2, + 2, + 4 and + 6.

Group 17 elements General valence shell electronic configuration —
ns’np®; Oxidation states = — 1. Cl, Br and I also show + 1, + 3, + 5 and + 7
oxidation states..

Group 18 elements General valence shell configuration —ns?np®.
Oxidation state = zero.

Transition elements or d-block elements General electronic
configuration -(n-1) d' "' ns'~% These elements show variable
oxidation states due to involvement of not only ns electrons but d- or

f-electrons (inner-transition elements) as well. Their most common
oxidation states are + 2 and + 3.

Question 6. Nitrogen has positive electron gain enthalpy whereas

oxygen has negative. However, oxygen has lower ionization enthalpy
than nitrogen. Explain.

Solution. EC of ;N =1s?2s%2p!, 2p§,, 2pl. Nitrogen has stable
configuration because p-orbital is half-filled. Therefore, addition of
extra electron to any of the p-orbital requires energy.

EC of O = 152,252, 2p,2‘, 2p§,, 2p.. Oxygen has 2p* electrons, so process of
~ adding an electron to the p-orbital is exothermic.

Oxygen has lower ionization enthalpy than nitrogen because by
removing one electron from 2p-orbital, oxygen acquires stable
configuration, i.e., 2p On the other hand, in case of nitrogen it is not

easy to remove one of the three 2p-electrons due to its stable
configuration. '
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Question 7. First member of each group of representative elements
(i.e., s- and p-block elements) shows anomalous behaviour. Illustrate with
two examples.

Solution. First member of each group of representative elements (i.e.,
s- and p-block elements) shows anomalous behaviour due to (i) small
size (ii) high ionization enthalpy (iii) high electronegativity and (iv)
absence of d- orbitals. For example in s- block elements, Lithium shows
anomalous behaviour from rest of the alkali metals.
(i) Compounds of lithium have significant covalent character. While
compounds of other alkali metals are predominantly ionic.
(ii) Lithium reacts with nitrogen to form lithium nitride while other
alkali metals do not form nitrides.
In p-block elements, first member of each group has four orbitals, one 2s-
and three 2p-orbitals in their valence shell. So, these elements show a
maximum covalency of four while other members of the same group or
different group show a maximum covalency beyond four due to
availability of vacant d- orbitals.

Question 8. p-block elements form acidic, basic and amphoteric oxides.
Explain each property by giving two examples and also write the reactions
of these oxides with water. _
Solution. In p-block, when we move from left to right in a period, the
acidic character of the oxides increases due to increase in
electronegativity. For example,
(i) 2nd period B,0; < CO, < N,0; acidic nature increases.
(ii) 3rd period Al,0O;<SiO, <P,0;5<505;<Cl,0; acidic character
increases.
On moving down the group, acidic character decreases and basic
character increases. For example
(i) Nature of oxides of 13 group elements
B,O; Al,0O; Ga,O3 In,0; TI1,0

Basic Strongly
basic

Weakly acidic Ampho?ric

(ii) Nature of oxides of 15 group elements
Strongly Moderately Amphoteric Amphoteric Basic
acidic acidic

Among the oxides of same element, higher the oxidation state of
the element, stronger is the acid. For example, SO, is a stronger
acid than SO,. - . .

B,0; is weakly acidic and on dissolution in water, it forms
orthoboric acid. Orthoboric acid does not act as a protonic acid (it
does not ionize) but acts as a weak Lewis acid.

B,0; + 3H,0 S 2H3B_O3 _
Boron trioxide Orthoboric acid
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- B(OH); + H—OH —> [B(OH),]” +H'
Al,O, is amphoteric in nature. It is insoluble in water but dissolves
in alkalies and reacts with acids. '

ALO, + 2NaOH -2 2NaAlO, + H0
Aluminium trioxide Sodium meta aluminate
ALO, +6HCI —2> 2AICI,  + 3H,0

Aluminium chloride
T1,0 is as basic as NaOH due to its lower oxidation state (+ 1).
T1,0 + 2HCl — 2TICl + H,0
P,O,, on reaction with water gives orthophosphoric acid
POy + 6H,O — 4H;PO,
Phosphorus pentoxide Orthophosphoric acid A
Cl,0, is strongly acidic in nature, and on dissolution in water, it -
gives perchloric acid.
- Cl,04 + HO — 2HCIO,
Dichlorine heptoxide Perchloric acid

Question 9. Arrange the elements N, P, O and S in the order of
(1) increasing first ionization enthalpy. :
" (ii) increasing non-metallic character.
Give reason for the arrangement assigned.

Solution. : Group 15 | Group 16
2nd period N (@]
3rd period P S

(i) Ionization enthalpy of nitrogen (;N = 1s2,2s%,2p°%) is greater than
oxygen (8O=1s2,2s2,2p4) due to extra stable exactly half-filled

2p-orbitals. ~Similarly, ionization ‘enthalpy of phosphorus.
(1sP = 152,282, 2p6, 3s?, 3p3) is greater than sulphur
(1S = 15% 2s%,2p°% 357, 3p%).
On moving down the group, ionization enthalpy decreases with
increasing atomic size. So, the order is
S <P <O < N — First ionization enthalpy increases.

(i) Non-metallic character across a period (left to right) increases but
on moving down the group it decreases. So, the order is
P <S < N <O— Non-metallic character increases.

Question 10. How does the metallic and non-metallic character vary of
moving from left to right in a period?

Solution. As we move from left to right in a period, the number
valence electrons increases by one at each succeeding element but the
number of shells remains same. Due to this effective nuclear charg®
increases. More is the effective nuclear charge, more is the attractio?

.of ‘
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between nuclei and electron. Hence, the tendency of the element to lose
electrons decreases, this results in decrease in metallic character.
Furthermore, the tendency of an element to gain electrons increases
with increase in effective nuclear charge, so non-metallic character
increases on moving from left to right in a period.

Question 11. Among alkali metals which element do you expect to be
least electronegative and why?

Solution. On moving down the group, electronegativity - decreases
because atomic size increases. Fr has the largest size, therefore it is least
electronegative.

Long Answer Type

Question 12. Discuss the factors affecting electron gain enthalpy and the
trend in its variation in the Periodic Table.

Solution. Electron gain enthalpy of an element is equal to the energy
released when an electron is added to valence shell of an isolated

gaseous atom.
CAlg)+e —> AT(9); ' Aey, H = negative
Factors Affecting Electron Gain Enthalpy
(i) Effective nuclear charge ‘Electron gain enthalpy increases with

increase in effective nuclear charge because attraction of nucleus
towards test electron (incoming electron) increases.

(ii) Size of an atom Electron gain enthalpy decreases with increase in
the size of valence shell.

(iii) Type of subshell More closer is the subshell to the nucleus, easier is
the addition of electron in that subshell.
Electron gain enthalpy (in decreasing order) for addition of electron
in different subshell (n-same) is

s>p>d>f

(iv) Nature of configuration Half-filled and completely-filled subshell
have stable configuration, so addition of electron in them is not
energetically favourable.
Variation in the Periodic Table As a general rule, electron gain
enthalpy becomes more and more negative with increase in the
atomic number across a period. The effective nuclear charge
increases from left to right across a period and consequently it will
be easier to add an electron to a smaller atom.
Electron gain enthalpy becomes less negative as we go down a
group because the size of the atom increases and the added
electron would be farther from the nucleus.
Electron gain enthalpy of O or F is less than that of the succeeding
element (S or Cl) because the added electron goes to the smaller
n =2 level and suffers repulsion from other electrons present in this
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n=23level (S o.r Cl), the added electron occupies a

level. For the i
eve fers much less repulsion from

larger region of space and suf
electrons present in this level.

Question 13. Justify the given statement with suitable examples—“the
properties of the elements are a periodic function of their atomic
numbers”.

Solution. There are numerous physical properties of elgme_nts such as
melting points, boiling points, heats of fusion and vaporization, energy
of atomization, etc., which show periodic variations. The cause of
periodicity in properties is the repetition of similar outer electronic
configurations after certain regular intervals. For example, all the
elements of 1st group (alkali metals) have similar outer electronic

configuration, i.e., ns'.
,Li =152, 25!
1Na= 1s2,2s%,2p°, 3s'
10K = 1s2,2s2%,2p°, 3s?, 3p°, 45!
37Rb = 152,252, 2p6, 3s?, 3p6, 3d'°, 4s?, 4p6, 5s!
55Cs = 15%,2s2,2p®, 3s?, 3p®, 3d™°, 457, 4p®,4d"°, 55, 5p° 65
o7Fr =152, 25% 2p®, 3s%, 3p°, 3d1°,-4s2,_4p6, 4d"°, 4
5s%, 5p°, 5d'°,6s%,6p°, 7s'
Therefore, due to similar outermost shell electronic configuration all
alkali metals have similar properties. For example sodium and
potassium both are soft and reactive metals. They all form basic oxides -
and their basic character increases down the group. They all form
unipositive ion by thelose of one electron.
Similarly, all the elements of 17th group (halogens) have similar
outermost shell electronic configuration, i.e., ns’np’ and thus possess

similar properties.
oF =15%,2s%,2p° .
7C1 =1s%2s? 2p°, 3s?, 3p°
2sBr = 1s%,25%,2p°, 3s?, 3p®, 3d'°, 452, 4p°
sal = 152,252, 2p°, 352, 3p%, 3d'°, 452, 4p®, 4d"°, 552, 5p°
gsAt =1s%,25%,2p° 3s?, 3pS, 3d'°, 452, 4p°®, 4d"°
4", 552, 5p°, 5d'°, 652, 6p°
Question 14. Write the drawbacks in Mendeleev’s Periodic Table that
led to its modification.

Solution. The main drawbacks of Mendeleev's Periodic Table are
(i) Some elements having similar properties were placed in different
groups whereas some elements having dissimilar properties were
placed in the same group. For example alkali metals such as Li, Na:
K, etc., (IA group) are grouped together with coinage metals such
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as Cu, Ag, Au (IB group) though their properties are quite different.
Chemically similar elements such as Cu(IB group) and Hg (IIB
group) have been placed in different groups.

(ii) Some elements with higher atomic weights are placed before the
elements with lower atomic weights in order to maintain the similar
chemical nature of elements. For example,

3 ;
RO Ay and %'K; 339Co and 337 Ni, etc.

(iii) Isotopes d1d not find any place in the Periodic Table. However,
according to Mendeleev's classification, these should be placed at
different places in the Periodic Table.

(All the above three defects were however removed when modern
periodic law based on atomic number was given.)

(iv) Position of hydrogen in the Periodic Table is not fixed but is
controversial.

(v) Position of elements of group VIII could not be made clear which
have been arranged in three triads without any justification.
- (vi) It could not explain the even and odd series in IV, V and VI long
periods.

(vii) Lanthanides and actinides which were discovered later on have not

been given proper positions in the main frame of Periodic Table.



Chapter 4

Chemical Bonding and
Molecular Structures

Important Results

1. The attractive force which holds various constituents (atoms, ions,
etc.) together in different chemical species is called a chemical
bond. : '

2. The atoms of different elements combine with each other in order
to complete their respective octets (i.e., 8 electrons in their
outermost shell) or duplet (i.e., outermost shell containing 2
electrons) in case of hydrogen, lithium and beryllium (Octet rule).

3. Lewis symbols are the simple symbols to denote the valence shell -
electrons in an atom. The valence shell electrons are shown as dots .

surrounding the symbol of the atom.

4. An ionic bond is formed when a metal atom transfers one or more
electrons to a non-metal atom. As a result of this transfer, the metal
atom converts into cation and non-metal into anion.

5. Ionic solids are good conductor of electricity in fused state and in
aqueous state. These are soluble in polar solvents, insoluble in
non-polar solvents and have high melting and boiling point due to
strong electrostatic forces of attraction.

6. The energy given off when gaseous positive and negative ions

come together to form 1 mole of the solid ionic compound is called

lattice energy (U). It can be calculated using Born-Haber cycle.

7. If duplet (2) or octet (8) is completed by sharing of electrons
between two electronegative elements, the bond formed is known
as covalent bond. In single, double and triple covalent bonds, the
number of shared pair of electrons between the two atoms are one,
two and three.

8. Formal charge (F.C.) on an atom in a Lewis structure
= (total number of valence electrons in the free atom)
— [total number of non-bonding (lone pairs) electrons]

1 y
~ 5 [total number of bonding (shared) electrons]
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9.

10.

11.

12.

13.

14.

13.

Bond length is defined as the equilibrium distance between the
nuclei of two bonded atoms in a molecule.

Bond angle is defined as the angle between the orbitals contqining
bonding electron pairs around the central atom in a
molecule/complex ion.

Bond enthalpy is defined as the amount of energy required to
break one mole of bonds of a particular type between Ewo atoms in
the gaseous state. The unit of bond enthalpy is kJ mol™".

Bond order In the Lewis representation of a molecule or ion, the
number of bonds present between two atoms is called bond order.
Isoelectronic molecules and ions have identical bond orders, e.g.,
F, and O have bond order 1. N,, CO and NO* have bond order 3.
With increase in bond order, bond enthalpy increases, bond length
decreases and stability increases.

Whenever, a single Lewis structure cannot describe a molecule
accurately, a number of structures with similar energy, positions of
nuclei, bonding and non-bonding pairs of electrons are written.

These structures are called canonical structures. The phenomenon
is called resonance.

The actual structure is in between of all these contributing
structures and is called resonance hybrid. The difference in the
energy of the resonance hybrid and the most stable contributing
structure (having least energy) is called resonance energy.

Non-polar covalent bond is formed between the two similar atoms.

~ In this bond the electron cloud is completely symmetrical. Polar

16.

17;

18.

covalent bond is formed between two dissimilar atoms having
different electronegativities, e.g., in HCl, HBr, etc. In this bond,
electron cloud is unsymmetrical (more towards more
electronegative atom). Due to this, more electronegative atom

acquires slightly negative chargée an%l less electronegative atom
+ —_

acquires slightly positive charge (H— Cl).

As a result of polarisation, the molecule possesses the dipole

moment, which can be defined as the product of the magnitude of

the charge and the distance between the centres of positive and
negative charge.

Dipole moment, p = charge (Q) x distance of separation (r)

It is usually expressed in Debye unit. 1D =3.33564 x1073° Cm

(where, C is coulomb and m is meter.)

Fajan's rule

(i) The smaller the size of the cation and the larger the size of the
anion, the greater is the polarizing power and hence, greater the
covalent character of an ionic bond. That's why LiCl is more
covalent than KCI and Lil is more covalent than LiCl.

(ii) If two cations have same size and charge then the one with 18
electrons in outermost shell has greater polarizing power than
the other with 8 electrons in outermost shell. That's why CuCl is
more covalent than NaCl.
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(iii) Larger the charge on the cation, greater is its polarizir}g power,
Similarly, greater the charge on the anion, more easily it gets
polarized.

19. The Valence Shell Electron Pair Repulsion (VSEPR) theory-The
VSEPR theory used for predicting the geometrical shapes of the
molecules is based on the assumption that electron pairs repel each
other and therefore, tend to remain as far apart as possible,
According to this model, molecular geometry is determined by
repulsions between lone pairs-lone pairs, lone pairs — bond pairs -
and bond pairs - bond pairs.

20. The valence bond (VB) approach to covalent bonding is basicaHy'
concerned with the energetics of covalent bond formation and
discusses bond formation in terms of overlap of orbitals. "

21. For explaining the characteristic shapes of polyatomic molecules,
Pauling introduced the concept of hybridization of atomic orbitals. -
sp, sp?, sp® hybridizations of atomic orbitals of Be, B, C, N and O -
are used to explain the formation and geometrical shapes of
molecules like BeCl,, BCl;, CH,, C,H,, C,H,, NH; and H,O. _

22. The molecular orbital (MO) theory describes bonding in terms of -
the combination and arrangement of atomic orbitals .to form
molecular orbitals associated with molecule. The number of:
molecular orbitals are always equal to the number of atomic_
orbitals from which they are formed.

23. Bonding molecular orbitals increase electron density between the,
nuclei and are lower in energy than the individual atomic orbitals.
Similarly, antibonding molecular orbitals have a region of zero.
electron density between the nuclei and have more energy than
the individual atomic orbitals.

24. The increasing order of energies of various molecular orbitals for
Bz,Cz, N2, etC., iS ¥y i

ols < 615 < 025 < 625 < (1 2p, ~ 12p,) < O2p, < (L 2p, ~ n2p,) < 62p,

The increasing order of energies of various molecular orbitals for

O, andF, is '
ols < G1s < 025 < 625 < 02p, < (1 2p, ~ n2p,) < (R 2p, ~ 12p,) < 62P,
25. Hydrogen bond is formed when a>hydrogen atom finds itself
between two highly electronegative atoms such as F, Oor N. It
may be intermolecular (existing between two or more molecules)

or intramolecular (within the same molecule). H-bonds have a

powerful effect on the structure and properties of many
compounds.
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Exercises

Question 1.  Explain the formation of a chemical bond..

Solution. Kossel and Lewis approach to chemical bonding was based
on the inertness of noble gases. Inertness of noble gases is due to the
presence of 8 electrons in their outermost shell (called octet) except He
(2 electrons in its outermost shell). Atoms of all other elements have less
than eight electrons in their outermost shell, hence they are reactive
chemically.

Lewis postulated that atoms achieve the stable octet when they are
linked by chemical bonds. Atoms combine with one another in a
number of different ways, i.e., by transference of electrons (ionic bond)
or by sharing of electrons (covalent bond), etc. For example, in case of
sodium and chlorine, a chemical bond is formed by the transfer of an
electron from sodium to chlorine.

Question 2. Write Lewis dot symbols for atoms of the followmg
elements : Mg, Na, B, O, N, Br.

éb (i) Write the electronic configuration of each element to find the

number of valence electrons i.e, electrons present in the outer shell.
(i) Represent the valence electrons by dots around the symbols of the
element to write Lewis dot symbols.

Solution. ,Mg =2,8,2; Lewis symbol = i\/.Ig |
11Na=2381; Lewis symbol = Na
sB=2,3; Lewis symbol = B .
O Lewis symbol _:0:
4sBr=2,8,18, 7 Lewis symbol = +Br:

(Lewis symbols are simple notations to represent valence electrons in an
atom.)

Question 3. Write the: Levw.;is structure for the following atoms and ions
S and S*"; Al and AI**; H and H™.

\\I‘l,

(8% (i) Write the electronic configuration of’ each element to find the

g number of valence electrons /.e., electrons present in the outer shell.

(i) Represent the valence electrons by dots around the symbols of the
element to write Lewis dot symbols.
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Solution. (S =2,8,6; ' Lewis symbol = Z%;
| S% =(16 + 2) electrons; Lewis symbol =[S 1"~
” Al =2,83; Lewis symbol = {\.1 .
A* =(13-3)=10electrons;  Lewis symbol = [AI[**
H=1; - Lewis symbol = I:.I.
H=01+1 = 2 electrons; Lewis symbol = [H]~

Question 4, Draw the Lewis structures for the folllowing molecules and
ions.

H.S, SiCl,, BeF,, CO5", HCOOH
;& In Lewis structures, all the elements (except H) have 8 electrons in their
“ outer shell. H has only 2 electrons.
Solution.

CO3 HCOOH

Question 5. Define octet rule. Write its significance and limitations.

Solution. Octet rule Atoms can combine either by transfer of valence

electrons from one atom to another (gaining or losing) or by sharing of
valence electrons in order to have an octet in their valence shell.

- Significance of octet rule It helps to explain why different atoms
combine with each other to form ionic or covalent compounds.
Limitations of octet rule It is quite useful for un
structures of most of the organic compounds and a
second period elements of the Periodic Table. Some
octet rule are

(@) In some compounds, there are less than eight valence electrons
Cl
around the central atom, e.g., Li:Cl, H:Be:H; C1 B :CL In LiC],

BeH, and BCl;, central atoms Li, Be and B have only 2, 4 and 6
electrons respectively.

derstanding the
pplies mainly to
exceptions to the
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(b) In some compounds there are more than eight valence electrons
around the central atom, e.g.,

:il:°: i?' . :1|= . :(”):
. : 'F : . .
:F_P/.' 'Q\S/OO H—O—S—O_H
F
F

|\: RN IRE

- HoH

In PF;, SFs and H,SO,, central atoms P, S and S have 10, 12 and 12
electrons respectively. )

(c) In molecules with an odd number of electrons like NO (nitric oxide)
and NO, (nitrogen dioxide), the octet rule is not satisfied for all the
atoms.

(d) Octet rule is based upon the chemical inertness of noble gases.
However, some noble gases such as Xe and Kr also form a number
of compounds, e.g., XeF,, XeF,, XeF;, KiF,, XeOF,, etc.

(e) It does not explain the shape of the molecules.

(f) It does not explain about the energy of a molecule and the relative
stability of the molecules.

Question 6. Write the favourable factors for the formation of ionic
bond. :

:@ lonic bond is formed between ions /.e, cation and anion. Thus, factors
- which favour the formation of these ions, also favour the formation of
ionic bond. .
Solution. . The favourable conditions for forming stable ionic bond are
(i) Low ionization enthalpy of element forming cation. .
(ii) More negative electron gain enthalpy of element forming anion.
(iii) High-lattice enthalpy of the ionic compound formed.

Question 7. Discuss the shape of the following molecules ﬁsing the
VSEPR model. ‘ :

BeCl,, BCly, SiCly, AsFs, H,S, PH, ~

¥s¢ (i) Find the number of bonds formed (i.e, bond pairs of electrons) and
y lone pairs (/.e, non bonding pairs) around the central atom.

(i) If lone pairs are absent and the number. of bond pairs is 2, the
molecule is linear, if 3, the molecule is trigonal planar, if 4, the
molecule is tetrahedral and if 5, it is trigonal bipyramidal.

(iii). If there is 1 lone pair and 3 bond pairs, the molecule is pyramidal and
if there is 2 lone pairs and two bond pairs, the molecule has angular
or V shape.

Solution. According to VSEPR theory, the shape of a molecule
depends upon the number of valence shell electron pairs (bonded or
non-bonded) around the central atom. Pairs of electrons in the valence
shell repel each other. The order of their repulsions is as follows

Ip-Ip>Ip-bp>bp-bp
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(i) BeCl,: Cl: Be: Cl; The central atom Be has only 2 valence

electrons which are bonded to Cl, so there are only 2 bond pairs

and no lone pairs. It is of the type AB, and hence, the shape is
linear.

<l Cl
(i) BCly: Cl—B\ or CI:B )
Cl :Cl

The central atom B has only 3 valence electrons which are bonded

with three Cl atoms, so it contains only 3 bond pairs and no lone
pair. It is of gxe type AB, and hence, the shape is trigonal planar.
1

cl
(iii) SICl,:  _Si - Si oo,
a” \ >al cr: .- Cl
Cl Cl.

Similarly, the central atom Si has only 4 bond pairs and no lone
pair. It is of 1::the type AB, and hence, the shape is tetrahedral.

F
F | FY e
(iv) AsF; ¢ >As—F or As : F

i F F
The c\'-:entral atom As has only 5 bond pairs and no lone pair. It is of
the type AB; and hence, the shape is trigonal bipyramidal.

(v) H,S: S or S

The central atom S has 6 valence electrons. Out of these, only two
are used in bond formation with two H atoms while four (two pairs)
remains as non-bonding electrons (i.e., lone pairs). So it contains 2

bond pairs and 2 lone pairs. It is of the type AB,L, and hence, the
shape is bent or V shaped.

V ..

; B o
(vi) PHy: 1~ \\H > I—I"P'.I—II'I
H

The central atom P has 5 valence electrons. Out of which three are
utilized in bonding with H atoms and one pair remains as lone pair.

So, it contains 3 bond pairs and 1 lone pair. It is of the type ABiL
and hence, the shape is pyramidal.

Question 8. Although geometries of NH; and H,O molecules ar¢

dia.stortcd tetrahedral, bond angle in water is less than that of ammonia.
Discuss.

Ml i ir i
3‘& The size of lone pair is larger than the bond pair, so more the number of
7 lone pairs of electrons, lesser is the bond angle.
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N QL

Solution. o /N\\H o /O\H

H
NH H,0
bp=3 bp=2
Ip=1 Ip=2

In H,0 molecule there is lone pair-lone pair repulsion due the presence
of two lone pairs of electrons while in NH,; molecule there found only
lone pair-bond pair repulsion. According to VSEPR theory, the former
one is more stronger and hence, the bond angle in water is less than
that of ammonia (NH,).

Question 9. How do ‘you express the bond strength in terms of bond
order?

Solution. With increase in bond order, bond enthalpy increases.
‘Therefore, greater the bond order, higher is the bond strength, i.e., bond
strength ««bond order,

Question 10. Define the bond length.

Solution. Bond length It is defined as the equilibrium distance
between the nuclei of two bonded atoms in a molecule. It is measured
by spectroscopic, X-ray diffraction and electron diffraction techniques.
In an ionic compound, the bond length is the sum of their ionic radii,
d=r, +r_ and in a covalent molecule, it is the sum of their covalent
radii, e.qg., for HBr, d = Lo ¥ T -

Question 11. Explain the important aspects of resonance with referénce
to the CO§“ ion.

Solution. When a single Lewis structure of a molecule cannot describe
its all properties, a number of structures, called canonical structures, are
written. The actual structure, known as resonance hybrid, is in between
of all these canonical forms. This phenomenon is called resonance.
According to experimental findings, all carbon to oxygen bonds in CO3"

are equivalent, while in a single Lewis structure, there are two single
bonds and one double bond between carbon and oxygen. So, a single
Lewis structure is inadequate for the representation of CO3™ ion. The

carbonate ion is best described as a hybrid of the canonical or resonance
forms I, IT and III.

:(I?: 108" :CI):f
o — C — C
I . II III
Resonance in co§' ion

é
9
O

O

He)
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All canonical forms have similar energy, same positions of atoms ang
same number of bonded and non-bonded pairs of electrons. |

Question 12. H;PO; can be represented by structures 1 and 2 shown
below. Can these two structures be taken as the canonical forms of the
resonance hybrid representing H ;PO;? If not, give reasons for the same,

H
H:0:P:0:H | H:0:P

oo :o. :H
el O
.- . q
(1) (2
% Resonating structures or canonical forms differ only in the arrangement
“>®  of electrons, but not in the positions of atoms.

Solution. No. These two structures cannot be taken as the canonical
forms of the resonance hybrid because positions of the atoms have been
changed.

Question 13. Write the resonance structures for SO3, NO, and NOj3.

3‘\"” Draw the possible structures in which octet (duplet in case of H) of all the
27 atoms is complete and which differ only in the positions of electrons, but
not in the position of atoms or nuclei.

Solution. Sulphur trioxide, SO,

O: _ :0 - O:
:Q=s< > :§<—S< o :§<—S<
Nitrogen dioxide, NO, - '

PN e N e NG e N

:Q: HON HOK :Q: ) :Q: HOH :0: :(_):
Nitrate ion, NOj;
:E|3:' ‘ (lf \ -:CT)‘
N -—> N -—
S VN /N\

HOX :Q: :9: HOHE ) —:0: HON
Question 14. Use Lewis symbols to show electron transfer between the
following atoms to form cations and anions :

(a) Kand S (b) Caand O (¢)Aland N

\\‘"/

3G Metals lose electrons to complete their octet while non-metalS Q?’i”
-7® electrons to complete octet. So write the Lewis symbol /.e, symbols wit
valence electrons to show the transfer of electron from metal to non-metal
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Solution. .
a)2 K + S! — 2K'[}S*;K,S
( SiEg [*S 7K,

2,8,6

(b) Ca: + 0! — Ca*[:0%*;Ca0
2,8,8,2 5.6 ..

() AL + Nt —> AN AN

Question 15. Although both CO, and H,O are triatomic molecules, the
shape of the H,0 molecule is bent while that of CO, is linear. Explain this
on the basis of dipole moment.

. Wy % . .
=¥ For symmetrical or regular structures dipole moment is zero.

-

-7 % Unsymmetrical structures have some dipole moment.
Solution. The net dipole moment of CO, is zero. This is because the

two equal bond dipoles (SC —O) point in opposite directions and cancel
the effect of each other. Hence, CO, is linear. On the other hand, H,0
molecule is found to have a net dipole moment (1.84 D) which suggests
that the two O—H dipoles are not in a straight line opposing each other,
ie., H)O does not have linear structure, but they (O—H) must be
inclined to each other at certain angle. Thus, H,O molecule has a bent
structure in which the two O—H bonds are oriented at an angle of
104.5°. :

H ,
104.5‘E o oXco

Question 16. Write the significance/applications of dipole moment.

Solution. The applications of dipole moment are :

(i) The dipole moment helps to predict whether a molecule is polar or
non-polar. As p =q xd, greater is the magnitude of dipole moment,
higher will be the polarity of the bond. For non-polar molecules, the
dipole moment is zero.

(ii) The percentage of ionic character can be calculated as

Percentage of ionic character = Hobserved 10
. H ionic
(iii) Symmetrical molecules have zero dipole moment although they
have two or more polar bonds. (In determination of symmetry).

(iv) It helps to distinguish between cis- and trans-isomers. Usually
cis-isomer has higher dipole moment than trans-isomer.

(v) It helps to distinguish between ortho, meta and para isomers.
Dipole moment of para isomer is zero. Dipole moment of ortho
isomer is greater than that of meta isomer.
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Question 17. Define electronegativity. How does it differ from electrqn

gain enthalpy? . » .
Solution. Electronegativity of an element 15 the Fendency of its atom to
attract the shared pair of electrons towards itself in a covalent bond.
Electron gain enthalpy of an element may be defined as the energy
released when a neutral isolated gaseous atom acc'epts an extra electron
to form the gaseous negative ion, i.e., anion.
X(g) + e —> X9 AH = Ae,H

Neutral gaseous atom ) Anion : _
Greater the amount of energy released in the above process, higher is
the electron gain enthalpy of the element. _
Electronegativity differs from electron gain enthalpy because
electronegativity is a property of an atom 1n the bonded state while
electron gain enthalpy relates to atoms in their isolated gaseous states.

Question 18. Explain with the help of suitable example polar covalent
bond. '

Solution. When covalent bond is formed between two dissimilar
atoms, for example, HF (heteronuclear molecule), the shared. pair of
electrons between the two atoms gets displaced more towards more
electronegative atom, fluorine. As a result, hydrogen atom becomes
slightly positively charged and fluorine becomes slightly negatively
charged. This type of bond is called polar covalent bond.

' 0 oo 8+ O— '

H:F: H—F
attracted more towards fluorine

Question 19. Arrange the bonds in order of increasing ionic character in
the molecules; LiF, K,0, N,, SO, and CIF;. '

\\l'[/

. , . 1 ;
(o (i) lonic character o lattice energy o« —————— oc charge on ion.
o ‘ size of ion

_ (i) A non-polar molecule like N, has almost negligible ionic character.
Solution. N, <SO, < CIF; <K,0<LiF

Question 20. The skeletal structure of CH3;COOH as shown below is

correct, but some of the bonds are shown incorrectly. Write the correct
Lewis structure for acetic acid.

H :(|):
H

\ily
stsr  Complete the octet (or duplet in ot the
',@ structure. P case of H) of all the atoms to corre
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Solution. The correct Lewis structure fdr acetic acid is
}I{ :IOI:
H—C—C—0O—H
H

Question 21. Apart from tetrahedral geometry, another possible
geometry for CH, is square planar with the four H-atoms at the corners of
the square and the C atom at its centre. Explain, why CH, is not square
planar?

Solution. Electronic configuration of carbon

In ground state :  C— 1s? 2s?, 2p}, 2p;

In excited state :  1s?, 2s', 2py, 2p}, 2p;

sp® hybridized
In CH, molecule, carbon is sp> hybridized, so it is tetrahedral in shape.
For square planar dsp? hybridization is required which is not possible in

carbon due to absence of d-orbitals. Furthermore according to VSEPR
theory, the four bonded electron pairs around carbon atom arranged
themselves in a regular tetrahedron geometry. For tetrahedral structure,
the bond angle is 109°28' while in square planar structure, the bond
angle is 90°. Therefore, in tetrahedral structure repulsions between
bonded electron pairs is less than that of the square planar.

Questidn 22. Explain why BeH, molecule has a zero dipole moment
although the Be—H bonds are polar?

\\I"/

3(s%  Dipole moment is the vector sum of all the bond dipoles.

L)

Solution; BeH, molecule is linear. The two equal bond dipoles point in

opposite directions and cancel the effect of each other. That's why its

dipole moment is zero.
180°

H-LBe) H

“—t >

BeH; molecule, n=0
Question 23. Which out of NH; and NFj; has higher dipole moment and
why? :
Solution. NH, has higher dipole moment than NF;, although both the

molecules are pyramidal in shape. In NHj;, the orbital dipole due to lone
pair is in the same direction as the resultant dipole moment of the three
N—H bonds, while in NF;, the orbital dipole due to lone pair is in the
direction opposite to the resultant dipole moment of three N—F bonds.
Hence, resultant dipole in NF; decreases.
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0! i

H I\a\\':{\*ﬂ F/l\{\‘;\“f’

92

’ -30
NHj, (1 = 4.90 x 107 cm) NF3, (1 = 0.80 x 107 cm)

Note Dipole moment is represented by an arrow pointing towards the
more electronegative atom.

Question 24.  What is meant by hybridization. of atomic orbitals?
Describe the shapes of sp, s[)2 and sp3 hybrid orbitals.

Solution. Hybridization To explain the shape of polyatomic
molecules like CH, H,O, etc., Pauling introduced the concept of
hybridization. It is defined as the mixing of atomic orbitals of nearly
same energy, resulting in the formation of new set of orbitals of equal
energies and identical shapes. The new orbitals thus, formed are known
as hybrid orbitals. The number of hybrid orbitals is equal to the number
of atomic orbitals mixed.

sp-hybridization It involves the mixing of one s and one p (p,) orbital

resulting in the formation of two sp hybridized orbitals. These two sp
hybridized orbitals are oriented in opposite direction (linear
arrangement) and make an angle of 180° with one another. Examples,
in BeH,, BeF, and C,H,, Be and C are sp-hybridized.

180°
O —
2s 2p, Two sp-hybrid orbitals
N - (linear shape)
sp-hybridization

sp hybridization is also called diagonal hybridization.

sp>-hybridization It involves the mixing of one s and two p-orbitals
resulting in the formation of three sp2 hybridized orbitals. These three
sp2 hybridized orbitals are oriented in trigonal planar arrangement and

make an azngle of 120° with one another. Examples, in BHj and BF;
boron is sp* hybridized and in C,H,, carbon is sp-hybridized.

+ (OO + —

2p,

28

: 2py Three sp?-hybrid orbitals
bri ' Tri hape)
sp2-hybridization (Trigonal plaear shap
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sp>-hybridization It involves the mixing of one s and three p-orbitals |
resulting in the formation of four sp3-hybridized orbitals. These four
sp>-hybridized orbitals are oriented towards the four corners of a

regular tetrahedron and make an angle of 109°28' with one another.
Examples In methane (CH,), ethane (C,Hg) and all compounds of

carbon containing C—C single bonds, carbon is sp® hybridized.

9+C>2p,©+ +f_+

b ~ y Four sp3-hybrid orbitals
. sp2-hybridization (Tetrahedral shape)

Question 25. Describe the change in hybridization (if any) of the Al
atom in the following reaction. o

AICI; + CI —> AICI;
Solution. Electronic configuration of Al ‘
In ground state ,;Al = 1s?, 2s? 2p°®, 3s%, 3p} ' .
In excited state = 1s%, 2s% 2p®, 3s', 3p;, 3p, :
In the formation of AICl;, Al undergoes spz-hybridization and it is
trigonal planar in shape. While in the formation of AICI;, Al undergoes
sp>-hybridization. It means empty 3p,-orbital also involved in
hybridization. Thus, the shape of AICl, ion is tetrahedral.

Question 26. Is there any change in the hybridization of B and N atoms
as a result of the reaction? -

BF3 + NH3 e F3BNH3
¥ Find the number of lone pairs and bond pairs on the central atom to find
“; hybridization. |
Solution. InBF,;, there are 3 bond pairs and 0 lone pairs, so boron is sp*
hybridized and in NH;, there are 3 bond pairs and 1 lone pair, so-
nitrogen is sp> hybridized. After the reaction, hybridization of boron
changes to sp® but hybridization of nitrogen remains the same because
N shares its lone pair with electron deficient B. -



94 NCERT Class XI Chemistry Solutions

Question 27. Draw diagrams showing the formation of a double bond
and a triple bond between the carbon atoms in C,H, and C,H,.

Solution. Formation of C,H, (ethylene)
H_1s 1s H 2px 2px

(¢) i 14
% o @ H\\ : ; ; ; H
e A >¢ JC 4
& % =0
T
T Is oS ;

(a) Formation of o- (b) Formation of
bonds in ethene, CoHy ~ m-bonds in ethene

(c) Formation o-
and n-bonds in ethene (50, 17)

Formation of C,H, (acetylene)

_ 2px . 2Px
His o His 2pY
(e g el D)
c - Sp sp ) C
-2
Py n 2px

(a) Formation of o- (b) Formation of =-
bonds in ethyne, C;H, : bonds in ethyne
2px . 2px

2p 2y
o . [} E o
QO =>cm>cC
T

H H
(1s) n (1)
. ' L}
(c) Formation of o- and n bonds in ethyne (30, 2n)

Quest.ion 28. What is the total number of sigma and pi bonds in the
following molecules?

(a) C;H, (b) C,H,
e As each single bond is a o-bond, a double bond contains one o and
s . - one
3 n-bond and a triple bond contains one ¢ and two m-bonds, so draw

structure of the given molecules and count the number of ¢ and n-bonds.
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B e
ion. — — =
Solution. (a) C;H, H—_C=C—H (b)CoHy 2% SN

H o]
T— I8 (50 and 1r)

(3o and 21:)

Question 29. Considering x-axis as the internuclear axis, which out of
the following will not form a sigma bond and why? _
(a) Isand 1s (b) 1s and 2p, (c) Zpy and 2p, (d)1s and 2s

R
& Axial overlapping results in the formation of o bonds.

Solution. Only (c) will not form a o-bond. Because on taking x-axis as
the internuclear axis, 2p, and 2p, orbitals overlap sideway (lateral-
overlapping) resulting in t¥1e formatlon of a n-bond.

Question 30.  Which hybrid orbxtals are used by carbon atoms in the
following molecules?

(a) CH3;—CHj; (b) CH;CH =CH,

(¢) CH3;CH,OH . (d) CH;CHO

(e) CH3COOH
e Find number of o-bonds and find hybridization as 46 = sp>-hybridization,

-

- 30 = sp®-hybridization, 26 = sp-hybridization.

Solution. ;
H H H H H H H
(@) HZ C— —H (b) H l_ = \:H (c) H_(|:_(|:—OH
‘ % 2(3 S|\ o
\__sp3 (40) sp2(3ﬁ-)( °) \_SPJ (40)
sp3(40) sp3(4o)
(C2He) (40) (CHsCH—CHz) ’ (CHgCHZOH)
‘ H H ) H O
o llo
\ sp? (30) H\ L—sp2(3c)
sp3 (40) sp3(da) -
(CH3CHO) - (CHgCHO)

(If a carbon atom is bonded by only single bonds, it is sp°
hybridized, if it is bonded by double bond, it is sp? hybridized and if
it is bonded by one triple bond, it is sp hybridized.)

Question 31. What do you understand by bond pairs and lone panrs of
electrons? Illustrate by giving one example of each type.

Solution. Covalent bond is formed by mutual sharing of electrons. The
shared pair of electrons present between the bonded atoms are called



96

are called lone pairs of electro
3 bond pairs and 1 lone pair of electrons,
pairs and 2 lone pairs of electrons and CH,
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ns. For example, ammonia, NH; contains

water H,O contains 2 bond
contains only 4 bond pairs.

(end to end overlapping) of atomic
orbitals.

It involves overlapping of s-s, s-p

‘|and p-p atomic orbitals.

In o-bond, the overlapping of
orbitals takes place to a larger
extent, so, it is a stronger bond.
Free rotation about a o-bond is
possible.

A o-bond may exist either alone or
along with n-bonds. .
Electron cloud of sigma bond is

symmetrical about internuclear
axis.
In the formation of o-bond,

hybridized orbitals or unhybridised
orbitals are involved.

H «+««—— Lone pair oo
H:C:H H:N:H . H:O:H
f‘i H Bond pair
(CH4 - 4bp) (NH3z - 11p and 3bp) (H20 - 2Ip and 2bp)
. Question 32. = Distinguish between a sigma and a pi bond.
Solution.
IS Sigma (c)bond (  Pi(bond
1. |Itis formed by the axial overlapping|{It is formed by the sideways

overlapping (lateral overlapping) of
atomic orbitals.

It involves overlapping of p-p atomic
orbitals.

In n-bond, the overlapping of orbitals
takes place to a smaller extent, so, itisa
weaker bond. .
Free rotation about a w-bond is not
possible. '

It is always present along with a sigma
bond. .
Electron . cloud of ~n-bond is
unsymmetrical. It consists of electron
clouds’ below and above the
internuclear axis.

In the formation of =n-bond, only
unhybridized orbitals are involved.

Question 33. Explain the formation of H, molecule on the basis of
valence bond theory.

_Solution. Formation of H; molecule Consider two hydrogen atoms A
and B, each containing one electron in its 1s-subshell. When the two
atoms are at large distance from each other, there is no interaction
between them. As these two atoms approach each other, new attractive

_forces and repulsive forces begin to operate.
(i) Attractive forces arises between nucleus of A and electron of B and

vice-versa, i.e., Ny —ep, Ny —e,.

(ii) Repulsive forces arises between nuclei of two atoms A and B, .1.e.

N, - Nj.

(iii) Repulsive forces arises between electrons of two atoms A and B,

le; e, ey

-
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’@\eA €A
AN =
Ha (&) (D Hs A <3 O
\ / Ha Hs
\@ & e ea

Attractive forces Repulsive forces

Repulsive forces tend to push them apart while attractive forces
tend to bring the two atoms close to each other . As the two atoms
start to come closer to each other from infinite distance, the energy
of the system starts decreasing as the forces of attraction exceed the
forces of repulsion. Ultimately at a certain equilibrium distance, the
net force of attraction balances the force of repulsion and system
acquires minimum energy. At this stage, the two H-atoms are said
to be bonded together to form a stable molecule having the bond
length of 74 pm. In the formation of H, molecule, the released
energy is called bond enthalpy. The energy changes taking place
during the formation of H, molecule are shown graphically in the
following figure.

-Cg @ OO0 O
5 4
- : : i
30 j 1 ? .
2 ! Distance of
i , separation
} . ' /~Bond energy
4358 "Bond length Internuclear —
74 pm distance

The potential energy curve for the formation of H, molecule as a function of
internuclear distance of the H-atoms. The minimum in the curve
corresponds to the most stable state of H,.

Question 34. Write the important conditions required for the linear
combination of atomic orbitals to form molecular orbitals.

Solution. Conditions for the combination of atomic orbitals :

(i) The combining atomic orbitals must have comparable energies.
For example 1s-orbital can combine with another 1s-orbital but not
with 2s-orbital because 2s-orbital have higher energy than that of
1s-orbital. Such combinations are possible if the atoms are different
(heteronuclear diatomic molecules).

(ii) The combining atomic orbitals must have the same symmetry
about the molecular axis. For example 2p,-orbital of one atom can
combine with 2p,-orbital of another atom. It cannot combine with .
the 2p, or 2p, orbitals because of their different symmetries.
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(iii) The combinixig atomic orbitals must_ overlap to the lflaximum
extent. Greater the extent of overl.applng, the greater will be the
electron density between the nuclei.

2p; 2p, 2p,

Proper orientation for overlap 2py OT 2Py 2py 2Dy
(same symmetry) | \ — . —_—
Improper orientation Improper orientation
(no overlapping) (no overlapping)

Question 35. Use molecular orbital theory to explain why the Be,
molecule does not exist? '

e A positive bond order means a stable molecule (ie., it exists) while a

D negative or zero bond order means an unstable molecule (i.e., it does not
exist). Write MO electronic configuration of Be, to find its bond order
from the formula

BO = % (N, - N,]

where, N, = number of electrons in bonding molecular orbitals and

N, = number of electrons in antibonding molecular orbitals. (represented

by*) ' '
Solution. Electronic configuration of ,Be—1s?,2s>
Electronic configuration of Be, molecule (4 + 4 =8),

ols?, o1s?, o2s?, 625>
1
Bond order=%{Nb - Na]=5 4-4)=0
Hence, Be, does not exist. '
Question 36. Compare the relative stability of the following species and
indicate their magnetic properties. ‘
0,, 03, O; (superoxide), 0%~ (peroxide).

3@ (i) Bond order is directly proportional to stability so calculate

y bond order by writing MO configuration and using the-formula
BO =7 (N, = N,). Now ‘compare the stability by comparing bond
order.

(ii) Also fin‘d whether all the electrons are paired (i.e., it is diamagnetic)
ornot (/e itis paramagnetic). '

Solution. Electronic configurations of O,, 03,03 and O3~ species are as
follows

O, (16e’) — 0'1i92. o1s?, 0282.16'282. o2p7, (n2p? =~ 1t2p$) (1‘t2p1. ~ 1‘1:29;)
‘Bond order = 2 (N, =N, = = (10 -6) =2

O, is paramagnetic because it has two unpaired electrons.
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Oj3 ion is formed by the lose of one electron by O, molecule.
O3 (15e7) —. cls cls o2s?, 02s chz, (1t 2p2 ~m 2py) (n 2pl ~ n2py)
Bond order = — (Nb N,) == (10 5)=

O3 is paramagnetlc because-1t has one unpaired electron.
O ion is formed by the gain of one electron by O, molecule.

0; (17%) — ols?, 51s?, 0252, 625%, o2p?, (n 2p2 ~ n 2p3), (n2p? = n2p})
Bond order = % (N, = N,)= % (10-7=1.5

O; is paramagnetic because it has one unpaired electron.
O " ion is formed by the gam of 2 electrons by O, molecule.
3 (18e7) — crls o1s?, 0252, c2s chz,(n 2p2 ~ n2py) (n2px ~ n2py)

Bond order— (Nb N,)= (10 8) =

022,' is diamagnetlc because all electrons are paired.

Relative stability of the above species in decreasing order
0} >0,>0;>03

Question 37. Write the significance of a plus and a minus sign shown in
representing the orbitals.

Solution. Orbitals are represented by wave functions. A plus sign in an
orbital represents a positive wave function and a minus sign represents
a negative wave function. Combination of two wave functions having
similar sign gave bonding molecular orbital while that having opposite
sign, gave antibonding molecular orbital.

Question 38. Describe the hybridization in case of PCls. Why are the
axial bonds longer as compared to the equatorial bonds? :

< Find the number of unpaired electrons present in excited state in P atom

3 from its electronic configuration and give hybridization on this basis.

Solution. Electronic conﬁguratlon of phosphorus
In ground state, ;5P = 1s*, 28" 2p 3s? 3p

WAL T
In excited state 5P = |1| 1]'”1”1[ | | | ]

Formation‘ofPC15= !TL]HLHLHLIHH‘ HEN

sp3d hybrid orbitals (filled by
electrons donated by 5 Cl atoms)
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In the formation of PCls molecule, the five orbitals, ie., one s, three
p and one d-orbitals, are available for hybridizatiop to yield five sp3d
hybridized orbitals. These five sp°d hybridized orbitals are directed

towards the five corners of a trigonal bipyramidal.
Cl

| Cl
Cl—P<

| Na |

€l :
In PCl;, three P—Cl bonds lie in one plane and make an angle of 120°
with each other. These bonds are known. as equatorial bonds. The
remaining two P—CIl bonds, one lying above and other lying below the
equatorial plane make an angle of 90° with the plane. These bonds are
known as axial bonds. Axial P—Cl bonds are longer than equatorial

P—CIl bonds because of the greater repulsion on axial bond pair
electrons by equatorial bond pair electrons.

Question 39.  Define hydrogen bond. Is it weaker or stronger than the
van der Waals’ forces? :

Solution. Whenever in a molecule H-atom is linked with an atom of
electronegative element like F, O or N, the shared pair electrons of the
covalent bond are shifted towards the more electronegative atom. Due
to this H-atom acquires partial positive charge and more electro-.
negative atom acquires partial negative charge. This partially positively
charged hydrogen of one molecule forms a bond with the other partially
negatively charged more electronegative atom. This bond is known as
hydrogen bond, e.g., in HF molecule hydrogen acquires partial positive
charge and F acquires partial negative charge due to the shifting of
shared pair of electrons towards F. This partial positive charged H-atom
. of one molecule forms a hydrogen bond with partial negative charged F
atom of another molecule.- :

+8 -6 +8 -6 +8 -8

H—F--H—F: H—F

Hydrogen bond

Thus, H-bond can be defined as the attractive force which binds H-atom
of one molecule with the electronegative atom like F, O or N of another
molecule.
Hydrogen bond is stronger than van der Waals' forces.

Question 40. What is meant by the term bond order? Calculate the bond
order of N,, O,, O3 and O;.

Solution. Bond order is defined as one half the difference between the
number of electrons present in the bonding and antibonding orbitals,
ie., ' '

Bond order (B.O.) = % (N, =N,)
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A positive bond order means a stable molecule while a negative or zero
bond order means an unstable molecule. ' '

Stability of a molecule o« bond order
1

bond order i

Bond order values 1,2 or 3 correspond to single, double or triple bonds
~ respectively. -

Calculation of the bond order of N,, O,, O and O;

Electronic configuration of N, (14 electrons)

ols?, c‘slsz, o252, &232, (m Zp,z( =T 2p3). o2p?
1
Bond order = 9 [N, = N,] =% x(10.-4)=3

Bond length «

E.C. of O, (16 electrons) ]
= ols?, 51s?, o2s?, 6252, o2p?, (n 2p = w2p2), (2P, ~ n2pY)
Bond order = % (N, - N,) = %'(10 ~6)=2
E.C. of O (15 electrons)
= 1%, 6157, o2s?, 6257, o2p?, (n 2p? = n2p2), (x2pk = 72p,)
- Bond order =% (Np = Ng) =—;— (10-5)=2.5
E.C. of O; (17 electrons)
' = o1s?, o1s?, 0252, 5252, o2p2, (m 2p2~m 2p3,), (n2p2 =~ 1'r2p§,)
Bond order=%(Nb —Na)=%(10—7)=1.5 '

Selected NCERT Exemplar Problems

Short Answer Type | /
Question 1. Explain the non-linear shape of H,S and non-planar shape
of PCl; using valence shell electron pair repulsion theory.

Solution. H,S—Central atom is sulphur. There are 6 electrons in its

valence shell (S =2,8,6). Two electrons are shared with two H-atoms
and the remaining four electrons are present as two lone pairs. Hence,
- total pairs of electrons are four (2 bond pairs and 2 lone pairs). Due to
the presence of 2 lone pairs the shape becomes distorted tetrahedral or

angular or bent (non-linear). ﬂ

H/S\H
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PCl,—Central atom is phosphorus. There are 5 electrons in O
its valence shell (;sP =2,8,5). Three electrons are shared

with three Cl-atoms and the remaining two electrons are /p\
present as one lone pair. Hence, total pairs of electrons are Cl Cl
four (1 lone pair and 3 bond pairs). Due to the presence of

one lone pair, the shape becomes pyramidal (non-planar).

Question 2. Explain the shape of BrFs.

Cl
Solution. The central atom Br has seven electrons in the v F .
valence shell. Five of these will form bonds with five N l ]

fluorine atoms and the remaining two electrons are ,f Br i
present as one lone pair. Hence, total pairs of electrons F"A®'&F
are six (5 bond pairs and 1 lone pair). To minimize

repulsion between lone pairs and bond pairs, the shape
becomes square pyramidal.

Question 3. Structures of molecules of two compounds are given
below.

(0) (0)

@N \O—
H
g
| OH

D (1D

(a) Which of the two compounds will have intermolecular hydrogen
bonding and which compound is expected to show intramolecular
hydrogen bonding ? :

(b) The melting point of a compound depends on, among other things,
the extent of hydrogen bonding. On this basis explain which of the
above two compounds will show higher melting point ?

(c) Solubility of compounds in water depends on power to form
hydrogen bonds with water. Which of the above compounds will form
hydrogen bond with water easily and be more soluble in it ?

Solution.

(@) Compound (I) will form intramolecular H-bonding. Intr
ower: f . amolecular
H-bonding is formed when H-atom, in betweeliJ the twoo gicghly
electronegative atoms, is present within the same molecule. In

ortho-nitrophenol (compound I), H-atom is i
oxygen atoms. ) : Is In between the two

\N/O_-
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(D

Compound (II) forms intermolecular H-bonding. In para-
nitrophenol (II) there is a gap between NO, and OH group. So,
H-bond exists between H-atom of one molecule and O-atom of
another molecule as depicted below.
oN
Osn/ THyo

NH. o)
=g Q/ .
(I1) '

(b) Compound (II) will have higher melting point because large
number of molecules are joined together by H-bonds. '

(c) Due to intramolecular H-bonding compound (I) is not able to form
H-bond with water, so it is less soluble in water. While molecules of
compound II form H-bonding with H,O easily, so it is soluble in
water. :

Question 4. Why does the type of overlap given in the following figure
not result in bond formation? .

+ o

Pz By
) (In

Solution. In the figure (I) area of ++ overlap is equal to +- overlap, so
net overlap is zero, while in figure II there is no overlap due to different

symmetry. ‘
Question 5. Explain why PCls is trigonal bipyramidal whereas IFs is
square pyramidal?

Solution. PCl;—The ground state and the excited state outer
electronic configurations of phosphorus (Z = 15) are represented below:
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104
P(ground state) (11111 || |
, 3s 3p 3d
N P(excited state) AEIER K |

v

spid
In PCI,, P is sp°d hybridized, therefore, its shape is trigonal bipyramidal.

IF,—The ground state and the excited state outer electronic
configurations of iodine (Z = 53) are represented below.

I (ground state) ‘ ml']”ﬂ l l
' 5s 5p

5d

(] T A T 1]

sp3d?

I (excited state)

In IF;, I is sp°d? hybridized, therefore, shape of IF; is square pyramidal.

Question 6. In both water and dimethyl ether (CH3—‘b‘—CH3),

oxygen atom is central atom, and has the same hybridization, yet they
have different bond angles. Which one has the greater bond angle? Give
reason.

Solution. Dimethyl ether has greater bond angle than that of water,
however in both the molecules central atom oxygen is sp® hybridized

with two lone pairs. In dimethyl ether, bond angle is greater (111.7°)

due to the greater repulsive interaction between the two bulky alkyl
(methyl) groups than that between two H-atoms.

He X _H 103
>C 11137 C< , H/I&L)SAH
H | | H Water
H H
Dimethyl ether

Actually C of CH, group is attached to three H-atoms t
These three C—H bond pair of electrons increases the
density on carbon atom.

hrough o-bonds.
electronic charge

Question 7. Write Lewis structure of the followj
show formal charge on each atom :

HNO;, NO,, H,SO,

0:(2)
Solution. (a) HNO,: H—'C')—Itl/

o \a

0:3

ng compounds and
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Formal charge on an atom in a Lewis structure
= [total number of valence electrons in free atom]
— [total number of non-bonding (lone pairs) electrons]

- % [total number of bonding or shared electrons]
Formal charge on H=1-0 ok X2 =0
2 .
Formal charge on N = 5 —0—1 x8=1
. 2

Formal charge on O(1) =6 -4 ‘—% x4=0"

Formal charge on O(2) = 6 — 4 -% wda=0

Formal charge on O(3) =6—6—% x2=-1

o+

NO; : /N
1) )

Formal charge on O(1) =6 —4 —% x4 =0

Formal charge onN=5-1 —% x6=+1

Formal charge on O(2) =6 - 6 —:21- x2=-1

:0: )
H,;SO,: H—O—SZ0—H
join

4)
Formal charge on H(l) or H(2) =1-0 - % x2=0

1
Formal charge on O(1) or O(3) =6 -4 — 5 x4 =0
' 1
Formal charge on O (2) orO(4)=6—6—§ x2=-1
Formal charge on S =6—0—% x8=+2

Question 8. What is the effect of the following processes on the bond
order in N, and O, ?

()N, — Nj+e” (ii))O, —> O} +e”
Solution, According to molecular orbital theory, electronic configurations
and bond order of N,, N3, 0, and Oj species are as follows:
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. . & ) 2 2
N, (14e7) = ols?, o182, o252, 62s%, (n 2p2 =~ n2py), 92p;
1 1 _
~ Bond order == [N, — Nol= 2 (10-4)=3

N7 (13e7) = ols?, &lsz, o2s?, &232, (m2p§ ~ KZP,ZI) GZP;
Bond order = % [N, ~ Nyl =5 @49 =25

0, (16¢7) = ols?, 51s?, 0257, 5252, 62p, (n2p2 = 12p) (m 2p = n2py)
1
.Bond order =%[N,, - Nol=5 (10-6)=2

t (15e7) = ols?, o1s?, o2s?, 6252, 02p (n2p3 = 72py), (n2pl ~ n2p,)
' ' 1
Bond order =% [N, — N,]= > (10-5)=2.5

i N, —> N; +e
BO.=3 BO.=25
Thus, bpnd order decreases.

i O, — O; +e
BO =2 BO =25
Thus, bond order increases.

Question 9.  Give reasons for the following.

(i) Covalent bond are directional bonds while ionic bonds are
non-directional. . :

(ii) Water molecule has bent structure whereas carbon dioxide molecule
~ is linear. .
(iii) Ethyne molecule is linear. ‘

Solution.

(1) A cov.alent bond is fprmed by the overlap of atomic orbitals. The
direction of overlapping gives the direction of bond. In ionic bond
the electrostatic field of an ion is non-directional. Each positive jon
is sungungd by a number of anions in any direction depending
upon its size and vice-versa. That's why covalent bonds are
directional bonds while ionic bonds are non-directional.

(ii) In H,O, oxygen atom is sp® hybridised with two lone pairs. The four

sp® hybridised orbitals acquire a tetrahedral geometry with two

corners occupied by hydrogen atoms while other two b
. R t
pairs. The bond angle is reduced to 104.5° from 109.§° hcfu}.eorti

. greater repulsive forces between Ip-Ip and the
acquires a V-shape or bent structure (angular structurrrg))lecule thus

QL
H/w%gﬁ-{
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In CC)2 molecule, carbon atom is sp-hybridised. The two sp hybrid
orbitals are oriented in opposite direction forming an angle of 180°.

oZcZo
g g

That's why H,0 molecule has bent structure whereas CO, molecule
is linear.

(iii) In ethyne molecule, both the carbon atoms are sp hybridised,
having two unhybridised orbitals, i.e., 2p, and 2p,. The two sp
hybrid orbitals of both the carbon atoms are oriented in opposite
direction forming an angle of 180°.

"H—C=C—H
' 2n-bond
That's why ethyne molecule is linear.

Question 10. Arrange the following bonds in order of increasing ionic
character giving reason.

N—H, F—H, C—H and O—H
Solution. Greater is the electronegativity difference between the two
bonded atoms, greater is the ionic character.

N—H F—H C—H and O—H
Electronegativity (3.0-2.1) = (4.0-2.1)= (25-2.1) = 3.5-2.1) =
difference _ 0.9 1.9 0.4 1.4

Therefore, increasing order of ionic character of the glven bonds is as

follows :
C—H<N—H <O—H<F—H

Question 11. Predict the hybridization of each carbon in the molecule of
organic compound given below. Also indicate the total number of sigma
and pi-bonds in this molecule.

| [
CH=C—C—CH,—C?

H
H O ‘
ol loelr o-bonds =11
Soluti HSC=CSC—-C-C-O-H ; =
o ATOh 4 ° lo°4° ° n-bonds = 4
sp sp sp*/H sp?

sp’
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Question 12. Group the given molecules as linear and non-linear
molecules.

H,0, HOCI, BeCl,, Cl,0

Solution. 0° 0* Cl—Be—Cl O

H/ S a cl cl
‘Therefore, only BeCl2 is hnear and rest of the molecules are non-linear.
Questlon 13. (i) X, Y and Z elements have 4, § and 7 valence electrons.
Draw the structure of XH,, YHs, YH; and H—Z.

(i1) Which of these compounds has the highest dipole moment?

Solution.
|
' H\l e H—Z
(1) —X~—_ —H Y\ ey
H | H /| T E Ty
H H
XH, YHS YHj3

(ii) Z has seven electrons in its valence shell. It is the most
electronegative element Therefore HZ will have the thhest dipole
moment.

Question 14. What is meant by the term average bond enthalpy? Why is
there difference in bond enthalpy of O—H bond in ethanol (C,HsOH) and
water?

" Solution. All the similar bonds in a molecule do not have the same
bond enthalpies. For example in H,O(H—O—H) molecule after the
breaking of first O—H bond the second O—H bond undergoes some
change because of changed chemical environment. Therefore, in
polyatomlc molecules the term mean or average bond enthalpy is used.
It is obtained by dividing total bond dissociation enthalpy by the
number of bonds broken. For example,

H,0(g) — Hig) + OH(g); AHY =502 kJ mol™!
OH(g) — H+ O(g); A Hj =427 kJ mol™
Average O—H bond enthalpy = M =464.5 kJ mol™!

The bond enthalpies of O—H bond in C,H;OH and H,O are different

because of the different chemical (electronic) environment around
oxygen atom.

]
I‘1--?—('3—0—1-1. H—O—H
H H :
(H,0)

-(C,H;OH)
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Long Answer Type

Question 15. (i) Discuss the significance/applications of dipole moment.

(ii) Represent diagrammatically the bond moments and the resultant
dipole moment in CO,, NF; and CHCI;.

Solution.
(i) Refer Q. 16 of Exercises.
i I
(i) o‘——*c‘(')=’o N ICI
£\ cl @Cl
| . F -l
p=024D p=1.03D

Question 16. Use the molecular orbital energy level diagram to show
that N, would be expected to have a triple bond; F,, a single bond and Ne,,
no bond.

Solution. Formation of N, molecule, ,N = 1s?,2s?, 2p}, 2p;,, 2p}

KK
T[2px=n2py
2s '/’ 2s
o2s
// cls \\
Atomic s /" Atomic
“orbitals “ orbitals
of N-atom of N-atom

Molecular orbitals
of N» molecule

Bond order =.% [Ny, = Ng] =%(10 -4)=3

Bond order value of 3 means that N, contains a triple bond.
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2 9l
Formation of F, molecule, ¢F = 1s*, 5% 2n% 2py. 2p,

i

/' c2p, %
": 1D_\“\\\
& rope=r2py
2p AN ,/’:
\\\ ,"
N n2px= n2p ,/'
i ‘
o2p;
r'/ 02s \\
2s N\ 2
o2s
[l
P
Atomic “\ ,/' Atomic
orbital orbitals
of F atom of F atom

Molecular orbitals
of Fo> molecule

Bond order=%[Nb - N, ]=1(10—8]=

Bond order value 1 means that F, contains smgle bond.
Formation of Ne, molecule ,,Ne = 152, 252 2px, 2py, 2pz

Ja

N
Q»
S
N
I

—_
-—
—
<

_—( _

A=
I
A
N

2px

’I
-
|
<
|
—
<
NS \
s\ \

\1!2Px—n2p l,’
‘ '
a2p;
25 N o 2s
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7 :/ cls \\_:
B /" Atomic
omic . 4 i

orbitals
orbital of Ne atom
of Ne atom cls

Molecular orbitals of Ne, molecule
’ 1
Bond order = 2 [Ny, = N,]= % (10-10)=0

Bond order value zero means that there is no formation of bond between
two Ne atoms. Hence, Ne, molecule does not exist.

Question 17. Describe the hybridization in the case of PCls and SFg.
The axial bonds are longer as compared to equatorial bonds in PClg
whereas in SFg both axial bonds and equatorial bonds have the same bond
length. Explain. : ‘

Solution. . Formation of PCl,

E.C. of 15P(ground state) KKK R l I I—l

3s 3p 3d
E.C. of 15P(excited state) AT T T T
sp3d Eﬁdization

In PCl;, phosphorus is sp°d hybridized to produce a set of five spd .
hybrid orbitals which are directed towards the five corners of a trigonal
bipyramidal. These five sp°d hybrid orbitals overlap with singly
"occupied p-orbitals of Cl atoms to form five P—Cl sigma bonds.
1 Cl:
\IL—CI
/
c” |
Cl
(Trigonal bipyramidal)
PCls

Three P—CI1 bonds lie in one plane and make an angle of 120° with each
other. These bonds are called equatorial bonds. The remaining two
P—CI bonds one lying above and other lying below the plane make an
angle of 90° with the equatorial plane. These bonds are called axial
bonds. Axial bonds are slightly longer than equatorial bonds because
axial bond pairs suffer more repulsive interaction from the equatorial

bond pairs.



112 NCERT Class XI Chemistry Solutions

Formation of SE;

E.C. of 1¢S(ground state} |’TLI 1] ’IJ r| l I | |
3s 3p

3d

S(excitedstate)Fll’lHJm’ll [ 1]

sp3d? hybridization

In SF;, sulphur is spd? hybridized to produce a set of six sp°d” hybrid
orbitals which are directed towards the six corners of a regular
octahedron. These six sp’d? hybrid orbitals overlap with singly

occupied orbitals of fluorine atoms to form six S—F sigma bonds. Thus,
SFs; molecule has a regular octahedral geometry and all S—F bonds
have same bond length.

NT
/l b

Octahedral geometry of SF¢ molecule.

‘Question 18. (i) Discuss the concept of hybridization. What are its
different types in a carbon atom? _

(ii) What is the type of hybridization of carbon atoms marked with star?
‘ 0]

(a) E}Hz.-:CH—pJ*—O—H
*
(b) CH;—CH,—OH

0
©) CH3—CH2—£"—H
(d) CH;—CH= CH—CHj

(e) CH;—G=CH

Solution. Hybridization It can be defined as the process of
intermixing of the orbitals of slightly different energy or of same energy
to produce entirely new orbitals of equivalent energy, identical shapes
and symmetrically disposed in plane. New orbitals formed are called
hybrid orbitals.

Only the orbitals of an isolated single atom can undergo hybridization.
The hybrid orbitals generated are equal in number to that of the pure
atomic orbitals which mix up.

Hybrid orbitals do not make n, pi-bonds. If there are n-bonds, equal
number of atomic orbitals must be left unhybridised for n-bonding.
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Like atomic orbitals, hybrid orbitals cannot have more than two
electrons of opposite spins. |
Types of hybridization in carbon atoms v
(i) (@) Diagonal or sp-hybridization—All compounds of carbon
containing C=cC triple bond like ethyne (C,H,).
(b) Trigonal or spz-hybridization—All compounds of carbon
containing C=C (double bond) like ethene (C,H,).
(c) Tetrahedral or sp3-hybn'dization—All compounds of carbon

containing C—C single bonds only like ethane (C,Hg).

(ii) (a) CH,—CH—C'—O—H (b) CH, CH,OH
sp? sp? . _ sp?
(30) (30) (40)
(c) CHy;—CH,—C, —H (d) CH,— CH—CH—CH,
sp 58
(30) _ (40)

(e) CH;—C =CH
sp
(20)



Chapter 5
States of Matter

Important Results
- At STP/NTP, T =273.15K; p = 1atm =101.325 kPa; V =224 L mol .
- 1Pa=1Nm 1atm =1.01325 x10° Nm 2 (S])
- Boyle's law p,V| =p,V, (at constant T)

Charles' law A -2 (at constant p) -
1 I :

. Gay Lussac'slaw p «T (at constant V).
. Avogadro law V «n (at constant T and p)
nRT mRT dRT

. Ideal gas equation pV =nRTorp=
g q p P MV M

where, d = density in gL,
. Dalton's law of partial pressure

Protas =P1 + P2 + P3 + .....
where, p;, p3 ..... are partial pressures.

P1 = Protal X1 etc,'f x, =mole fraction.
Pdry gas = Ptotal — @qUe€OUS tension

. Graham's law .
n_ [dy_ [My_Vity
r, \d M; Vyt, .
where, d = vapour density; V;, = volume of gas-1 diffusing in time ¢,

and V, =.volume of gas-2 diffusing in time t,.
If two gases diffuse under different pressures then

‘h_p /&J_x {ﬁ
n p2 \M; p,\dq

. Kinetic theory

1 A
pV = g Mu? where, u = root mean square velocity
KE = % n RT
3RT 3 R
Average KE = 2N, 2 KT where, K = i aa Boltzmann's constant

0
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10. van der Waals' equation
2
[p + %} [V - nb] = nRT

where, a and b are van der Waals' constants.
2 8

n‘a . . _
11. eTey = Internal pressure and is called pressure correction. It is a

measure of force of attraction between gas molecules. Gases wh1ch
can be liquified easily have high value of a.

nb is the volume correction due to finité size of the molecules; b is
called excluded volume. (b~4V, where, V is the volume of a
spherical molecule).

12. Units of a =atm L2 mol?; units of b = L mol~?.

13. Compressibility factor Z = BY
nRT

Z =1for ideal gas, Z # 1 for real (non-ideal) gas.
14. Boyle's temperature is a temperature at which real gas obeys the

gas laws over a wide range of pressure. '
~ 15. Surface tension (y) Surface tension of a liquid is defined as the
work (energy) required to expand the surface of a liquid by unit
area.

y =force/length; dyne/cm, Nm

16. Surface tension is due to intermolecular attractive forces. It
decreases with rise in temperature.

17. Viscosity It is defined as the resistance in flow of liquid and
decreases with increase in temperature.
du
F=mA—;
0 dz' -
where, 1 is the proportionality constant and is called coefficient of
viscosity, F = force required to maintain the flow of layers, A = area
of contact and du /dzis velocity gradient.
It is expressed in poise (dynes/cm? s)
1 poise =10"'kg m's!

Exercises
Question 1. - What will be the minimum pressure required to compress
500 dm? of air at 1 bar to 200 dm? at 30°C ?

:& Apply Boyle's law, p,V; = p,V, to calculate p, as temperature remains
7 constant.



116 | NCERT Class XI Chemistry Solutions

Solution. p, =1bar, p, =?, V; = 500 dm*, V, =200 dm’

piVi =p.V, ‘
3
s = Vi _ 1 barx500;im _ 9.5 bar
V, 200 dm

Question 2. A vessel of 120 mL capacity contains a certain amount of
gas at 35° C and 1.2 bar pressure. The gas is transferred to another vessel
of volume 180 mL at 35°C. What would be its pressure ?

3,& App|yl Boyle's law, p,V; = p,V, to calculate p, as temperature remains
o constant.
Solution. p, =1.2bar, p, =2V, =120mL, V, =180 mL
From Boyle's law, p,V; =p,V,
_pVy _1.2bar x120 mL
P2y, T 180mL
p, =0.8 bar.

Question 3. Using the equation of stétc pV =nRT;show that at a given
temperature, density of a gas is proportional to gas pressure p.

Solution. pV=nRT
pV = m ot -l _ Mass of gas (g)
M _ M Molar mass of gas
RT 'dRT '
or p= —H\I/M or p= B | ( Density, d = %)
or d= % ;If T = constant, d «cp

Question 4. At 0°C, the density of a certain oxide of a gas at 2 bar is
same as that of dinitrogen at 5 bar. What is the molecular mass of the

oxide P

e Molar mass is related to the density by the formula, d = % Since, d is

-

e

! same and R and T are constant, M,p, = M,p,. As M,p, and p, are given,
calculate M, (mass of gaseous oxide).

. . Mp |
Solution. Density, d = -
When T and d are same and R is constant,
then p;M; (gaseous oxide) = p,M, (nitrogen).
2 bar xM; = 5bar x28 u (Molar mass of N, =28 u)

Molecular mass of unknown oxide, M, = Sharx28 ..

2 bar
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Question 5.  Pressure of 1 g of an ideal gas A at 27°C is found to be 2 bar.
When 2 ¢ of another ideal gas B is introduced in the same flask at same
temperature, the pressure becomes 3 bar. Find a relationship between
their molecular masses.

E (i) In order to compare the molecular masses of gas Aand B, write two
- equations for Aand B gases by using the relation, pV = nRT.
(ii) Find the moles of Aand B from their masses and pressure of 8 by
subtracting pressure of Afrom total pressure.
(iii) Now, find the relation between M, and Mgz by comparing the two

equations.

Solution. pV = nRT

For A gas, paV = nsRT w1}

Similarly for B gas, pgV =ngRT swe(il)

Number of moles of A gas; n, = ML (M, =molar mass of gas A)
A

Number of moles of Bgas; ng = 1—\42— (M =molar mass of gas B)
B

Pressure of gas A, pa =2 bar

Total pressure, Ptotal =Pa + Pp =3 bar

Pressure of gas B, Pg =Piotal —Pa =3 —2=1Dbar

V, R and T are same for both the gases.

Hence, from Egs. (i) and (ii),
: Pa _Na _ 1xMpg

pB IlB MA x2

My _2p,
M,y Ps
EE_ZXZ
M, 1
Mg=4M,

Question 6. The drain cleaner, Drainex contains small bits of
aluminium which react with caustic soda to ‘produce dihydrogen. What
volume of dihydrogen at 20°C and 1 bar will be released when 0.1S g of

aluminium reacts ?

ol (i) To find the volume of dlhydrogen by using the equation pV = nRT,
3,@ number of moles of hydrogen produced are required, so write a
balanced chemical reaction between Al and NaOH and find the

number of moles of H, produced from 0.15 g Al.
(i) FindY,, by using the relation pV = nRI.
Solution. 2Al + 2NaOH +2H,0 — 2NaAlO, +  3H,
2x27g 3 mol

0.15x3
0.15g X 27 0.00833 mol
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pV =nRT .
0.00833 mol x0.0821dm?® atm K™ mol™ x293K

. . 1x0.987atm

Vi, =

(1 bar =0.987 atm)
Vy, =0.203dm*®
Vi, =203 mL

Note Temperature must be in kelvin. If it is gzven in °C, convert it intoK.

Question 7. What will be the pressure exerted by a mixture of 3. 2 g of
methane and 4.4 g of carbon dioxide contained in a 9 dm? flask at 27°C?
Solution.  Moles of CH,,

Mass of CH, -

Molar mass of CH,

—E—OZmol
16

Ncy, = [Molar mass of CH, =12 +4x1= 16]

Similarly, moles of CO,,

Nco, = % =0.1mol [Molar mass of C02 =12 + 2 x16 =44)

Total moles =0.2 + 0.1=0.3 mol \

pV =nRT

nRT
Pressure, p=——

\'%

0.3 mol x0.0821dm? atm K™ mol™! x 300 K
= 5 " =0.821atm

In terms of SI units :

0.3 mol x8.314 Pam?® K‘ mol‘xaoo
9x1073 m3

p =8.314 x10* Pa

Pressure, p =

Question 8. What will be the pressure of the gaseous mixture when

0.5 L of H, at 0.8 bar'and 2.0 L of dloxygen at 0.7 bar are introduced in a
1L vessel at 27°C?

e (i) Calculate the total number of moles of H,

-

andO by using the
) relation pV = nRT. 2 DY g

(i) Calculate the total pressure exerted
~applying pV = nRT.
Solution. pV =nRT
_PV _08x05_0.40
Similarly, moles of O, ng, = _PV _07x2 14

RT RT RT

by mixture of gas again by

Moles of Hy, ny,
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Total number of moles = gt + L = 18
: RT RT RT
nRT 18 xRT

Total pressure, py. = =1.8atm

V. RT x1.

Quéstion 9. Density of a gas is found to be 5.46 g/dm® at 27°C and
2 bar pressure. What will be its density at STP P

\& STP mean at 1 bar and 273 K so compare the de/rcllsity at 27°C and 2 bar
A with the density at STP by using the relation d = o .

RT
Solution. Density, d = P
RT
For same gas at different temperatures and pressures :
& Pl
d pT,

d, =546g/dm?®d, =?
T, =27°C =300K, T, =0°C =273K"

p; =2 bar, p, =1bar

d. = p2T1d1 _ 1x300 x546
h = =

=3gdm™

Qliestion 10. 34.05 mL of phosphorus vapour weighs 0.0625 g at 546°C
and 0.1 bar pressure. What is the molar mass of phosphorus P

Solution. pV =nRT

pV = Ln% (m =mass of phosphorus (g) and
M =molar mass of phosphorus)
RT
M=—
pV

00625 g x0.0821L atm K mol! x819K
0.1 x0.987atm x0.03405L
M =1250.4 g mol™

M=

Question 11. A student forgot to add the reaction mixture to the round
bottomed flask at 27°C but instead he/she placed the flask on the flame.
After a lapse of time, he realized his mistake, and using a pyrometer he
found the temperature of the flask was 477°C. What fraction of air would
have been expelled out P

¢ Apply Charles' law as pressure remains constant, H L to find a
2% 4 g hoh
relation between ¥, and V, and then calculate the fraction of air expelled

by using the formula,
Volume expelled

Fraction of air expelled = —————"—
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Solution. Suppose volume of the air in flask = Vem® at 27°C = 300K
V, =Vem?®, V,=%T =300K, T, =750K

Vi Vs
., T,
Y Ve or 300V, =750V
300 750
V, =25V ‘ (final volume)
Volume expelled =25V -V=15V
Fraction of air expelled = 1oV =06
2.8V

Alternatively, using pV =nRT

n oc—

n, T, _300
n, T, 750
2 04
ng

Fraction of air expelled =0.6

Question 12. Calculate the temperature of 4.0 mole of a gas occupying
5 dm®at 3.32 bar. (R = 0.083 bar dm® K™ mol™).

Solution. ' ‘Apply ideal gas equation, pV = nRT

Pressure, p = 3.32 bar
Volume, V=5dm?
Number of moles, n =4 mol
Gas constant, R =0.083 bardm?® K™! mol™!
Temperature, T=¢
_pV_ 3.32 bar x 5dm*
"~ Rn 0083 bardm® K™' mol™ x4 mol
T=50K

Question 13. Calculate the number of electrons present in 1.4 g of
dinitrogen gas. ,
e (i) Convert the given mass into mole with the help of the formula,

-

5 Mass
J Moles =
Molecular mass

(i) 1 mol =6.022 x 10 molecule

A 14
Solution. ny, = 5= 0.05 mol

-1 mol =6.022 x 102 molecules
0-05 mol =0.05 x6.022 x10% =0.3011 x10?* molecules
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1 molecule of N, contains = 14 electrons
<. 0.3011 x10* molecules will contain

=0.3011x10% x14 =4.2154 x10% electrons

Question 14.  How much time would it take to distribute one Avogadro
number of wheat grains if10'° grains are distributed each second ¥

e () 1N, =6.022 x 102 where, N, =Avogadro’s number.

9 (ii) Convert time intoyr.

Solution. Time required = Total grains

Grains distributed
_6.022x10%

1010
6.022 x10"3

~ 365 x24 x60 x60 |
Question 15. Calculate the total pressure in a mixture of 8g of dioxygen
and 4 g of dihydrogen confined in a vessel of 1 dm? at 27°C.
R =0.083 bar dm® K! mol™.
e To calculate the total pressure exerted by a mixture of -gases first find

=6022x10" s

—1.909 x10° yr

B total number of moles of gas and then apply the relation, pV = nRT.
Solution. Moles of 02,' ng, = ag b 0.25 mol
2 Mol.wt. 32 i

[mol. wt. of O, =16 + 16 = 32]
4
Moles of Hy, ny, = 5 2.0 mol [mol. wt. of H, =1+ 1=2]

Total number of moles =0.25 + 2.0=2.25 mol
p=%n=225mol; V=1dm% R =0083 bardm® K™ mol™

T =27°C=300K

pV =nRT ;
nRT 225 mol x0.083 bardm? K™ mol™ x300K
Pressure, p= = 3
v 1dm
p = 56.025 bar

Question 16. Pay load is defined as the difference between the mass of
displaced air and the mass of the balloon. Calculate the pay load when a
balloon of radius 10 m, mass 100 kg is filled with helium at 1.66 bar at
27°C. (Density of air = 1.2 kg m~ and R = 0.083 bar dm® K™! mol™).

e (i) To calculate the pay load, mass of displaced air, and mass of balloon
7 with He are required, so calculate mass of air displaced by using the

' formula,
Mass of air displaced =V x d
3

- 4
and V = volume of air displaced = volume of balloon = 3 e

. Mass of air displaced = % . d
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(i) Then, calculate the mass of helium filled in the balloon by using the
relation, pV = A—n; RT and use the relation,

Pay load = Mass of displaced alr—Mass of balloon with He
(to calculate pay load.)

Solution. Radius, R, ., =10m
Vballoon = % nr’ = % X % X (10)3 =4190476 m>.

Vballoon = Vd.\splaced air (by balloon)
% Mass of displaced air = lesplaced air % den51ty of air

Myiciaced air =4190.476 m® x 1.2 kg m ™
m = 5028.57 kg

RT
Mass of He filled in balloon, Mye = p:,;,w (p ~ )

1.66 bar x4190.476 x10°dm? x4 x10™> kg mol ™
0.083 bar dm® K™ mol™ x300K

my, =1117.46 kg
Total mass of filled balloon, my 00,
=mass of balloon + mass of He filled in the balloon
My,anoon = 100 kg + 1117.46 kg =1217.46 kg
Pay load = mass of displaced air — mass of balloon
=5028.57kg - 121746 kg = 3811.11 kg

Question 17. Calculate the volume occupied by 8.8 g of CO, at 31.1°C
‘and 1 bar pressure. R = 0.083 bar LK ™! mol™.

Solution. pV =nRT
m
V=—RT
P M

He =

p=1bar,V=?, m=88g
M =44 g mol™ (CO,)
R=0.083bar LK 'mol™ and T =304.1K

Volume occupied by 8.8 g of CO,,
v MRT _8.8g x0.083 bar LK™ mol! x 304.1K

pM 1 bar x44 g mol™
V=5.048L

Question 18. 2.9 g of a gas at 95° C occupied the same volume as 0,184 gof
dihydrogen at17° C, at the same pressure. What is the molar mass of the gas?

b (i) Since, two gases are given write two separate equations (for

-

@ unknown gas and for Hy) by using the relation, pv = 7 g7
ik

(i) To calculate the molar mass of unknown ga
equations at the same volume and pressure. gas compare both the
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Solution. pV =nRT

mRT
V=——
PY="M
Unknown gas; H, gas
myRT, m,RT.
V. = 1 1; )7 A 282D
Pivi M, P2V2 M,
PiVi =P,V
Hence, mRTy _ m,RT,
M, M,
29g xR x368K 0.184g xR x290K
M, ' ~2g mol™
; -1
Molar mass of unknown gas, M, = 29g x368K x2gmol _,, g mol™
0.184 gx 290 K

Question 19. A mixture of dihydrogen and digxygen at one bar pressure

contains 20% by weight of dihydrogen. Calculate the partial pressure of

dihydrogen. ) A

e (i) To calculate the partial pressure, total pressure and mole fraction of

NED hydrogen is required, so first calculate number of moles of H, and O,
in the given mixture and mole fraction of hydrogen.

(i) Then, calculate py, by using the formula py = pyga X X4,
Solution. A mixture of H, and O, contains 20% by weight of H, means
H2 =20gand02 =80g

20
Moles of hydrogen, ny, = T 10 mol

80
Moles of oxygen, ng, = 32 2.5 mol

ny, 10
ny, +no, 10+25
Partial pressure of Hy, Py, = Piotal X X, '

pu, =1barx038
Pu, =08 bar.
Question 20. What would be the SI unit for the quantity pV'?T2 / n?
pV:T* _(Nm~ (m’)* (K)*
n mol

Mole fraction of hydrogen, xy, = 0.8

Solution.

=Nm* K2 mol™?
Question 21. In terms of Charles’ law explain why — 273°C is the lowest

possible temperature?

. t.
Solution. According to Charles' law, V, =V, [1 " 57—3]

273
Att=-273°C, v,=v0[1-——]=o
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Thus, at — 273°C, volume of a gas becomes equal to zero and below this
the volume become negative which is meaningless.

Question 22. Critical temperature for carbon dioxide and methane are
311°C and -819°C respectively. Which of these has stronger
intermolecular forces and why ?

Solution. Critical temperature is the temperature above which the gas-
cannot be liquified, how so ever high pressure we may apply. Higher
the critical temperature, more easily the gas can be liquified, i.e.,
stronger are the intermolecular forces. Hence, CO, has stronger
intermolecular forces than CH,.

Question 23.  Explain the’ physical significance of van der Waals’
parameters. : .

Solution. a is a measure of magnitude of intermolecular forces of
attraction while b is a measure of the effective volume of the gas
molecules. Value of a and b depends upon the characteristics of a gas.

Selected NCERT Exemplar Problems

Short Answer Type

Question 1. If1 g of each of the following gases are taken at STP, which

of the gases will occupy (a) greatest volume and (b) smallest volume?
CO,H,0, CH,,NO

Solution. Volume of 1 mole of the gas =22.4 L at STP

Volume occupied by 28'g CO (1 mol CO) = 22.4L at STP
(- Molar mass of CO =12 + 16 =28 g mol ™)

". Volume occupied by 1 g CO = 222—84 Lat STP

Similarly, volume occupied by 1 g H,O= % L at STP

(- Molar mass of H,O= (2 x1) + 16 = 18 g mol ™)
Volume occupied by 1 g CH, = 2:‘—64 L at STP

(- Molar mass of CH, =12 + (4 x1) =16 g mol ™)
Voiume occupied by 1 g NO = 2;32—04 L at STP

(- Molar mass of NO =14 + 16 = 30 g mol™)

Thus, 1 g CH, will occupy maximum volume and 1 g of NO will occupy
minimum volume at STP.



States of Matter ' 125

Question 2. The behaviour of matter in different states is governed by
various physical laws. According to you what are the factors that
determine the state of matter? -

Solution. Temperature, pressure, mass and volume are some factors
which determine the state of matter. '

Question 3. What will be the molar volume of nitrogen and argon at
273.15S K and 1 atm?

Solution. Every gas has 22.4 L molar volume at 273.15 K and latm
pressure (STP).

Question4. A gas that follows Boyle’s law, Charles’ law and
Avogadro’s law is called an ideal gas. Under what conditions a real gas
would behave ideally? '

Solution. At low pressure and high temperature, a real gas behaves as
an ideal gas. '

Question 5. Two different gases ‘A’ and ‘B’ are filled in separate
containers of equal capacity under the same conditions of temperature
and pressure. On increasing the pressure slightly the gas ‘4’ liquefies but
gas B does not liquify even on applying high pressure until it is cooled.
Explain this phenomenon. ' ,

Solution. A gas cannot be liquified above critical temperature. So, gas

‘A’ is below its critical temperature whereas gas 'B' is above its critical
temperature. -

Question 6. One of the assumptions of kinetic theory of gases states
that “there is no force of attraction between the molecules of a gas.” How
far is this statement correct? Is it possible to liquefy an ideal gas? Explain.

Solution. This statement is correct only for ideal gases. It is not

possible to liquefy an ideal gas because there is no intermolecular forces
of attractions between the molecules of an ideal gas.

Question 7. The magnitude of surface tension of liquid depends on the
attractive forces between the molecules. Arrange the following in
increasing order of surface tension :

water, alcohol (C,Hs;OH) and hexane [CH3(CH,),CHj))

Solution. In hexane, there are omly London forces between the

molecules. These forces are very weak. H-bondng is stronger in H,O in

comparison to C,HsOH. Hence, the increasing order of surface tension is
Hexane < alcohol < water

'Question 8. Name the energy which arises due to motion of atoms or
molecules in a body. How is this energy affected when the temperature is
increased?

Solution. The energy which arises due to motion of atoms or molecules
In a body is know as thermal energy. It is a measure of average kinetic
energy of the particles. It increases with increase in temperature.
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Question 9. Name two intermolecular forces that exist between HF

molecules in liquid state.

Solution. HF are polar covalent molecules. In liquid state, there are

dipole-dipole interactions and H-bonding.
_ V
Question 10. Compressibility factor, Z of a gas 1s given as Z = nl;? T

(i) What is the value of Z for an ideal gas?
(ii) For real gas what will be the effect on value of Z above Boyle's
temperature?
Solution.
(i) For ideal gas, compressibility factor, Z = 1.
(ii) Above Boyle's temperature, real gases show positive deviation.
So, Z>1

Question 11. For real gases the relation between p, ¥V and T is given by
van der Waals’ equation :

2 ;
[p + %”7) (V - nb) =nRT

where, ‘@’ and ‘b’ are van der Waals’ constants, ‘#b’ is approximately
equal to the total volume of the molecules of a gas. ‘a’ is the measure
of magnitude of intermolecular attraction.

(i) Arrange the following gases in the increasing order of ‘4’. Give
reason.

02, COZ, Hz, He .
(ii) Arrange the following gases in the decreasing order of magnitude of
‘a’. Give reason.
v ) CH4, 02, H2
Solution.

(i) Molar volume occupied by the gas molecules « size of the
molecules and van der Waals' constant ‘b’ represents molar volume
of the gas molecules. Hence, value of ‘b’ increases in the following
order

H, <He<0O,<CO,

(ii) van der Waals' constant ‘a’ is the measure of magnitude of
intermolecular attraction. The magnitude of intermolecular
attractions increases with increase in size of electron cloud in a
molecule. Hence, for the given gases magnitude of ‘a’ decreases in
the following order:

CH, > 0, > H,
Greater the size of electron cloud, greater is the polarisabilitY of the
molecule and greater is the dispersion forces or London forces.
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Question 12. The relation between pressure exerted by an ideal gas
(Pigear) and observed pressure (., ) is given by the equation,
an '
Dideal = Dreal + W
(i) If pressure is taken in Nm 2, number of moles in mol and volume in m?,
~ calculate the unit of ‘a’.
(ii) What will be the unit of ‘@’ when pressure is in atmosphere and

volume in dm?3?
2

' . an
Solution. Pideal = Preal + Vg_
. V2
(i) a=25
n

If units of p = Nm~2, units of V = m®, units of n = mol
Nm 2 (ms)'z
(mol)®
(ii) If units of p = atm, units of V = dm?, units of n = mol
pv? _atm.(dm??

n? (mol)?

then, units of a = = Nm* mol™

then, units of a = =atm dm® mol?

Questidn 13. Explain the effect of increasing the temperature of a liquid,
on intermolecular forces operating between its particles. What will happen
to the viscosity of a liquid if its temperature is increased?

Solution. As the temperature of a liquid increases, kinetic energy of the

molecules increases which can overconie intermolecular forces. So, the
liquid can flow more easily, this results in decrease in viscosity of the liquid.

' 600 K
400 K
200 K

Volume (dm3) —»

Question 14. The variation of pressure with
volume of the gas at different temperatures can
be graphically represented as shown in figure.

On the basis of this graph answer the following
questions:

(i) How will the volume of a gas change if its
pressure is increased at constant
temperature?

(ii) At a constant pressure, how will the volume of a gas change if the
temperature is increased from 200 K to 400 K?

Solution. N o f

(i) The volume of a gas will decrease if . b
the pressure on the gas is increased
keeping the temperature constant. p2
For example at 200 K when pressure p(constant)
increases from p, to p,, volume of P1

o Pressure (bar)—-

' 600 K
i 400 K
]

| Yo oy "

the gas decreases, V, <V;. _ ! |
(ii) On increasing temperature, the oLk
volume of a gas will increase if 2 V—
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pressure i:s kept constant. At constant p when we inc_rease the
temperature from 200 K to 400 K, the volume of the gas increases,
Vi > V. :

Question 15. Pressure versus volume graph for
a real gas and an ideal gas are shown in figure.
Answer the following questions on the basis of
this graph.

(i) Interpret the behaviour of real gas with
respect to ideal gas at low pressure.
(i) Interpret the behaviour of real gas with
respect to ideal gas at high pressure.
(iii) Mark the pressure and volume by drawing
a line at the point where real gas behaves as an ideal gas.
Solution. ‘ ' :
(i) Atlow pressure, the real gas shows very small deviation from ideal
behaviour because the two curves almost coincide at low pressure.
(i) At high pressure, the real gas show large deviations from ideal
behaviour as the curves are far apart.
(iif) At point ‘A", both the curves intersect each other. At this point real
gas behaves as an ideal gas. p, and V, are the pressure and volume
which corresponds to this point A. ‘ '

L—— Real gas
- Ideal gas

Pressure <—

o

Volume —

Long Answer Type

Question 16. Isotherms of carbon dioxide at various temperatures are
represented in figure.

Answer the following questions based on this figure.

Pressure —
3

(i) In which state will CO, exist between the points @ and b at
temperature 7,7
(ii) At what point will CO, start liquefying when temperature is 7, P
(iii) At what point will CO, be completely liquefied when temperature is 7,?
(iv) Will condensation take place when the temperature s 137

(v) What portion of the isotherm at 7] represent liquid and gaseous CO;
at equilibrium?
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" Solution.

(i) Gaseous state

(ii) At point b, the plot becomes linear, this shows the phase transition,
i.e., liquification of CO, starts and at point ¢, it gets completely
liquified. , ;

(iii) Similarly, at temperature T,, g is the point at which CO, will be
completely liquified.

(iv) Condensation will not take place at T; temperature because Ty > T
(critical temperature).

(v) Between b and ¢, liquid and gaseous CO, are in equilibrium.

Question 17. Why does sharp glass edge become smooth on heating it up
to its melting point in a flame? Explain which property of liquids is
responsible for this phenomenon? .

Solution. Sharp glass edges are heated to make them smooth. Because
on heating glass melts and the surface of the liquid tends to take the
rounded shape at the edges which has minimum surface area. This is
called fire polishing of glass. : '

Question 18. Explain the term ‘Laminar flow’. Is the velocity of
molecules same in all the layers in laminar flow? Explain your answer.

Solution. When a liquid flows over a fixed surface, the layer of
molecules in the immediate contact of surface is stationary. The velocity
of the upper layers increases as the distance of layers from the fixed
layer increases. This type of flow in which there is a regular gradation of
velocity in passing from one layer to the next is called laminar flow. In
laminar flow, the velocity of molecules is not same in all the layers
because every layer offers some resistance or friction to the layer
immediately below it.

Area of
plate A

dzy L7
o WA

Gradation of velocity in the laminar flow

A Tk




Chapte.r 6
Thermodynamics

Important Results

1. A part of the universe which is under investigation is called system

and everything else in the universe except system is called
surroundings. .

.In an open system, there is exchange of energy and matter

between system and surrounding. In a closed system, there is no
exchange of matter, but exchange of energy between system and
surrounding. In an isolated system, there is no exchange of energy
or matter between the system and the surrounding.

. The state of a system is described by its measurable properties

such as T, V, p etc., of the system. These properties of the system
are called state variables.

A physical quantity is said to be a state function if its value
depends only upon the initial state and final state of the system
and does not depend upon the path by which this state has been
attained. p, T, V, internal energy (U), enthalpy (H), entropy (S) and
free energy (G) etc., are some examples of state functions.

. Thermodynamic processes—Isothermai process is carried out at

constant temperature, isobaric process is carried out at constant
pressure, isochoric process is carried out at constant volume and in
adiabatic process, there is no exchange of heat between system

and surroundings.

.-Heat absorbed by the systém =+ ve, heat lost by the ‘system =-ve.

Work done on the system =+ve and work done by the system =-ve

Mechanical work, W = —-p,, AV; where, AV is the change in volume
of the system by the application of external pressure.

. Internal energy, U is the energy associated with every substance,

" depending on the chemical nature, temperature, pressure and

volume. It is a state function.

. First law of thermodynamics is also called law of conservation of
energy.

AU=q+W
For reversible change under constant temperature, AU =0

W,.x = =PAV =2.303 nRT log %
1
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10.

. 11.

12.

13.

14.
. enthalpies of reactants = Xq;H (products) — Zb;H (reactants)

15.

16.

17.

18.

For isochoric.process, AV =0,pAV =0,AU =q
For adiabatic change, g =0, AU = W

. The thermodynamic quantity U + pV is called the heat content or

enthalpy of the system. Enthalpy change of a system is equal to the
heat absorbed or evolved by the system at constant pressure.

AH = AU + pAV

AH =AU+ An,RT  (Ang = Nyroducts ~ Mreactants)
Heat. capacity of a system is defined as the amount of heat required
to raise the temperature of the system through 1°C.

Heat capacity of the system, C = qu (where, g is the heat supplied

to a system and AT rise in temperature).
Specific heat capacity or specific heat ¢, of a substance is defined
as the amount of heat required to raise the temperature of 1 g of
the substance through 1°C.

q =mcAT or q=C AT
Molar heat capacity of a substance is defined as the amount of heat
required to raise the temperature of one mole of the substance

through 1°C.

Cn=S
n

m

Relationship between C, and Cy for an ideal gas

For 1 mole of an ideal gas, C, -Cy =R
For n mole of an ideal gas, C,, - Cy =nR
Enthalpy of reaction, A H = sum of enthalpies of products — sum of

(where, T (sigma) represents summation, g; and b; represents
coefficients of the products and reactants.)
Standard enthalpies of formation,
A H° = (sum of the standard enthalpies of formation of products) —
(sum of the standard enthalpies of formation of reactants)
A H° =Xa;AH° (products) — Zb;AH° (reactants)

Hess's law of constant heat summation : If a reaction takes place in
several steps then its standard reaction enthalpy is the sum of the
standard enthalpies of the intermediate reactions into which the
overall reaction may be divided at the same temperature.

. ArH=ArH1 +ArH2+ArH3 .....
The standard enthalpy of reaction, A/H° is related to bond
enthalpies of the reactants and products in gas phase reaction as:
AH°=% bond enthalpies (reactants) - £ bond enthalpies (products)
Entropy is a measure of disorder or randomness. For a spontaneous
change, total entropy change is positive. Therefore, for an isolated
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system, AU =0, AS >0. Change in entropy, A.S = q%"— for a reversible

process. q#Te‘L is independent of path.

19. Gibbs energy, G is related to entropy and enthalpy changes of the
system by the equation;
AG=AH-TAS
For a spontaneous change, AGy,, <0 and at equilibrium, AG, =0.
20. Relation between Gibbs energy and equilibrium constant,
AG°=-RTIn K
A,G°=-2.303 RT log K,
A,G° can be calculated from A,G°=AH® - TA,S°

Exercises

Question 1. Choose the correct answer. A thermodynamic state
function is a quantity -
(1) used to determine heat changes.
(i1) whose value is independent of path.
(ii1) used to determine pressure-volume work.
(iv) whose value depends on temperature only.

Solution. (ii) A thermodynamic state function is a quantlty whose
value is independent of path. Its value depends only upon the state of

the system.
Question 2. For the process to occur ‘under adiabatic condmons, the
correct condition is

(1) AT =0 (i) Ap=0 - (i) g=0 (iv)w =0
Solution. (iii) For the process to occur under adiabatic conditions, q= 0
i.e., heat cannot flow from system to surroundings or vice-versa.

Question 3. The enthalpies of all the elements in their standard states
are '

(i) unity (if) zero (iii) < 0 (iv) different for each element.
Solution. (ii) The enthalpies of all elements in their standard states are
taken as zero. The standard state of an elementary substance means the
most stable form of that substance at 298 K temperature and 1 bar
pressure.

Questlon 4. AUP° of combustion of methane is -X kJ mol™. The value
of AH? is '
() =AU°® (i) > AU°® (iii) <AU° (iv)=0
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S (i) AH® (enthalpy change) is related to AU® (internal energy change) by

(s the following relation; .

AH®= AU°+ An,RT
So, first find An, by writing a balanced chemical equation for the
combustion of methane and using the formula An, = total moles of
gaseous products - total moles of gaseous reactants.

(i) If An, =0, then AH = AU; If An, >0, then AH >AU : similarly if A, <0
. then AH < AU -
Solution. CH, (g) + 20, (g) —> CO, (g) + 2H,0 ()
Ang=(n,-n)=1-3=-2
AH® = AU® + AnRT
AH°=-X -2RT -
Hence, - AH° < AU° [option (iii) is correct]
Question 5. The enthalpy of combustion of methane, graphite and
dihydrogen at 298 K are, —890.3kJ mol™, —393.5 kJ mol™! and
—285.8 kJ mol™ respectively. Enthalpy of formation of CH 4(g) will be
. () -74.8 kI mol™ - (i) -5227kJ mol™*
(iii) +74.8 kJ mol™ | (iv) +52.26 kJ mol™

Syl (i) Write the re.quired eduation for the formation of 1 mole of methane.
’ (ii) Apply Hess's law to calculate A H°for methane.

7’

Solution. Required equation for the formation of 1 mole of methane,
CH, is given by : '

i - C(s) +2H; (g) — CH4lg) AH® =2
Given, the enthalpy of combustion of 1 mole of methane is
(i) CH4 (g) + 20, (9) —> CO, () +2H,0 (I; AH =-890.3 kJ mol™
the enthalpy of combustion of 1 mole of graphite is
(ii) C(s) + O, (99 —> CO, ()i AH =-393.5 kJ mol™
' The enthalpy of combustion of 1 mole of dihydrogen is
(iii) H, (g) + %oz (@ — HO(); AH =-285.8 kJ mol™!

Multiplying Eq. (iii) by 2, we get

(iv) 2H, (g) + O, (@) —> 2 H,0 (I); AH =-571.6 kJ mol™
Adding Egs. (ii) and (iv), we get

(v) C(s) + 2H,(g) + 20,(g) — CO,(g) + 2H,0O(l); AH =-965.1kJ mol ™
Reversing Eqgs. (i),

(vi) CO,(g) + 2H,0() —> CH,(g) +20,(9); AH =+ 890.3 kJ mol™
Adding Egs. (v) and (vi), we get required equation
C(s) + 2H,(g) — CH,4(g); AH =-74.8 kJ mol™!

Hence, option (i) is correct.
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'Qu:estion 6. A reaction, A+B — C+ D +gq is found to have a
positive entropy change. The reaction will be

(1) possible at high temperature.

(i) possible only at low temperature.
(ii1) not possible at any temperature.
(iv) possible at any temperature.

LU

%@ For a reaction to be spontaneous, AG must be negative.
Solution. (iv) AG=AH - TAS

For the given reaction, AH = —ve as it is exothermic, AS = +ve then
AG =-ve. So, the reaction will be spontaneous at all temperatures. '

Question 7. In a process, 701 J of heat is absorbed by a system and

394 J of work is done by the system. What is the change in internal energy
for the process P

Solution. Given, q = + 701J (heat is absorbed, hence q is positive.)
W =-394 J (work is done by the system, hence W is negative.)
By first law of thermodynamics;
Internal energy change, AU=q + W
' ' =+ 701J+ (-394 J)=+ 307 J.
Hence, internal energy of the system increases by 307 J.

Question 8. The reaction of cyanamide, NH,CN (s), with dioxygen
was carried out in a bomb calorimeter, and AU was found to be
— 742.7 kJ mol™! at 298 K. Calculate the enthalpy change for the reaction
at 298 K (R = 8.314 x1073 kJ K ! mol™}) , .

NH,CN(s) + 5 0,(8) —> Nafe) + CO,(g) + H,0()

S (i) Enthalpy change AH is related to internal

-

e AH = AU + An, RT

(i) We have AU, Rand T, so first calculate An, and then AH from all other
values.

3
Solution. NH,CN(s) + Eoz(g) —> N,(g) + CO,4(g) + H,0())

energy AU as

Difference of moles of gaseous products and reactants,
3 1

An, =n, _nr=2-5=—=0.5mol
AH = AU + An,RT '
AH =-742.7kJ mol™ + (0.5 mol x8.314 x10™3 kJ mol~! x298 K)
AH = (- 742.7kJ + 1238.786 x 10~ kJ) mol™"
= — 741.46 kJ mol™

Question 9. Calculate the nurpl?er of kJ of heat necessary to raise the
temperature of 60.0 g Ofl alurlmmum from 35°C to 55°C. Molar heat
capacity of Alis 24 J mol™ K™ Molar mass of A] = 27 g mol™!.
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Solution. Given, mass of Al =60.0g
Molar mass of Al =27 g mol™!
Molar heat capacity, C =24 J mol™' K™
AT =55°C - 35°C =20°C or 20K
Heat,q =n.C.AT 5
60 i s 6
q=§x24Jmollx‘x20K (n=5mol)

=1066.66 J =1.067 kJ

Question 10. Calculate the enthalpy change on freezing of 1.0 mole of
water at10.0° Cto ice at — 10.0° C. A, = 6.03 kJ mol™! at 0°C.
C ,[H,0()] =753 J mol™* K™
C ,[H,0(s)] = 36.8J mol™' K™
S Conversion of 1 mole of water at 10°C to ice at =10°C involves the
7 following steps: )
1 mol HO(/) at 10°C —— 1 mol HLO(/) at 0°C A H, = C,HO(/) x AT
1 mol HO(/) at 0°C — 1 mol H0(s) at 0°C A Hyp = AHjreezing -
1 mol HO(s) at 0°C —1 mol HO(s) at 10°C AH,y = C,HLO(s) x AT,
AT =10K and we know that according to Hess's law, total enthalpy
change, AH = H, + H, + Hy so first calculate AH,, AH, AH; and then
AH.
Solution. Enthalpy change for the conversion of 1 mole liquid water at
10°C into 1 mole liquid water at 0°C,

AHl = Cp HzO(I) X AT
=-753Jmol K™ x10K = - 753 Jmol™!

Enthalpy of fusion,
AHj = AHeezing = — AHpysion = =603 kJ mol™

Enthalpy change for the conversion of 1 mole of ice at 0°C to 1 mole of
ice at 10°C, | ;
AHj3 = C,H,0(s) x AT =-36.8J mol™! K™ x10K
=-368 J mol™!
AH, g1 = —(0.753 + 6-03 + 0.368) kJ mol™" = - 7.151 kJ mol™*

Note Heat is evolved in the process of cooling (freezing) so each step
will have a negative sign with AH. .

Question 11.  Enthalpy of combustion of carbon to CO, is
- 393.5 kJ mol™!. Calculate the heat released upon formation of 35.2 g of
CO, from carbon and dioxygen gas. (Molar mass of CO, = 44. ¢ mol™).

Solution. The reaction for the combustion of carbon into CO, is
C(s) + O,(g) —> CO,(g); AH = - 393.5 kJ mol™
449

Heat released in the formation of 44 g CO, = 393.5 kJ
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. Heat released in the formation of 35.2 g CO,
_ 393.5 kJ x35.2g ~314.8 kJ.

44g

Question 12. Enthalpies of formation of CO(g), CO,(g), N,O(g) and
N,0,(g) are -110,-393, 81 and 9.7 kJ mol ™ respectively. Find the value of
A, H for the reaction,

N,0,(g) + 3CO(g) —> N,0(g) + 3CO,(¢)
Solution. Heat of reaction, A, H° =ZAH oqucts — ZAtH eactants
=81+ (3 x—393)]-[9.7+ (3 x—110)] kJ
=—-777.7kJ = - 778 kl.
Question 13. Given, N,(g) + 3H,(g) — 2NH;(g);
A H°=-92.4 kJ mol™
What is the standard enthalpy of formation of NHj gas ?

AL
>~

:@’ Standard enthalpy of formation means heat released in the formation of
5 . 1 mole of substance.

Solution. Given, N,(g) + 3H,(q) —> 2NH;(g) A, H°=-92.4 kJ mol ™!
Chemical reaction for the enthalpy of formation of NH;(g) is as follows :
1 3

= Nj(g) + EHZ(Q) — NH;(9)

2
-92.
Therefore, AH® = % =-462 kJ mol™

Question 14. Calculate the standard enthalpy of formation of CH 3OH()
from the following data :

3
CH;0H() + 2 02(8) — COx(g)+ 2H,0(0); A, H° = -726 kJ mol ™!

Clgraphitey T 02(8) —> CO,(g); AH®°=-393 kJ mol™!
1 .
H,(g) + > 0,(g) — H,0(); AsH® = -286 kJ mol™!

e Firstly write the required chemical equation for the formation of 1 mole

-

A of methanol (/) and then calculate A,H°for the formation of methanol by
adding all the equation in such a way so that it give the required
equation (i.e., apply Hess's Law)

Solution. Required reaction for the formation of methanol is as follows
1
C(S) -+ 2H2(g) + 502(9) 2 CHaOH(l), AiHo =?
Given, enthalpy for the combustion of methanol;
(i) CHiOH() + 205(9) — CO,(g) + 2H,0(); A,H® = -726 kJ mol™*

Enthalpy for the formation of 1 mole of CO,(9);
(ii) C(s) + Oa(g) —> CO,(g); AH® = -393 kJ mol™
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Enthalpy for the formation of 2 moles of H,O(J);

1 g
(iii) Ho(g) + Eoz(g) — H,0()); AH° =286 kJ mol™

Multiplying Eq. (iii) by 2 [because 2 moles H,O(]) are formed in
equation (i)] we get,

(iv) 2ZHy(9) + O,(g) —> 2H,0());
Summing up the Egs. (ii) and (iv), we get
(v) C(s) +2H,(g) + 2 O,(g) —> CO,(g) + 2H,O(l); AH°=-965kJ mol ™
Reversing Eq. (i), we get

(vi) CO,(g) +2H,0(]) — CH;OH(]) + g O,(9); AH°=+726kJ mol !

AH°=-572kJmol™

Adding Egs. (v) and (vi) we get required equation :
C(s) +2H,(g) + %Oz(g) — CH3;0H()); AH°® =-239 kJ mol™

Question 15. Calculate the enthalpy change for the process :

CCl4(g) — Clg) +4Cl(g)
and calculate the bond enthalpy of C —Clin CCly(g).

AyapH°(CCly)= 30.5 kJ mol ™.
~ A;H°(CCly)=-135.5 kJ mol ..
A H°(C)= 715.0 kJ mol?,

where, A, H ° is enthalpy of atomisation, A,H °(Cl,) = 242 kJ mol!.
Solution. Given,

(i) CCly()) —> CCly(9):
(ii) C(s) + 2Cl5(g) —> CCl,(D;
(iii) C(s) — C(9);
(iv) Cly(g) — 2Cl(g);
Multiplying Eq. (iv) by 2, we get
(v) 2Cl,(g) —> 4Cl(g);
~Adding Egqs. (iii)-and (v), we get
(vi) C(s) + 2Cl,(g) —> Clg) +4Cl(g);
Reversing Eqgs. (i) and (ii), we get
(vii) CCly(g) — CCly(D;
(viii) CCl,()) —> C(s) + 2Cl,(9);
Adding Egs. (vi), (vii) and (viii), we get
CCl,(g) — C(g) + 4Cl(g); AH =1304 kJ mol™

Bond enthalpy of C—Cl bond in CCl, = Lo 326 kJ mol ™.

|

(. There are four C — Cl bonds in CCly, Cl—ﬁl —Q))
i |

AyapH® = +30.5 kJ mol™
A{H®=-135.5 kJ mol ™!
A H® =715.0 kJ mol™
A,H® =242 kJ mol™

A, H® =484.0 kJ mol™!
AH =1199 kJ mol™

AH =-30.5 kJ mol™!
AH =+135.5 kJ mol™*
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~ Question 16. For an isolated system, AU =0, what will be AS P

Solution. For an isolated system, AU =0 and for a spontaneous process,
total entropy change must be positive. For example, consider the
diffusion of two gases A and B into each other in a closed container
which is isolated from the surroundings. The two gases A and B are
separated by a movable partition. When partition 1s removed, the gases
begin to diffuse into each other and the system becomes more
disordered. It shows that AS >0 and AU =0 for this process.
AH AU+ pAV _ pAV

Moreover, = Trev _ (AU =0)
ver AS T T T T
ie., TAS or AS >0 ‘
" Question 17. For the reaction at 298 K,
24+B — C

AH =400 kJ mol™ and AS = 0.2 kJ K~! mol™

At what temperature will the reaction become spontaneous considering
AH and AS to be constant over the temperature range ?

L

X2y For a reaction to be spontaneous, AG 0. So, calculate the temperature
“l at which AG =0 by using the relation, AG = AH - TAS
Solution. Given, AH =400 kJmol™, AS =0.2 kJK 'mol ™,
Gibbs free energy, AG = AH - TAS ,

0=400 kJmol™ - T x0.2 kJK™ mol™

-1 i
Temperature, T = 409 kJ_rlnol — =2000K
0.2 kJK™ mol

Therefore, above ZOQOK, the reaction will become spontaneous.
Note If AG <0, the process is spontaneous and if AG >0, the process is
non-spontaneous. :

Question 18. For the reaction, 2Cl(¢§) — Cl,(g), what are the signs of
AH and AS ? .

Solution. In the giiren reaction, a molecule of Cl, is formed from its two

gaseous atoms and the energy is released with the formation of bond.
Hence, AH is -ve. In this reaction, randomness (entropy) also decreases
because 2 mol atoms of Cl have more randomness than one mole
molecules of chlorine. Hence, AS is -ve,

. Question 19. For the reaction,

2A(g) + B(g) —> 2D(g); AU°=-10.5kJ and AS° =— 44.1 JK.
Calculate AG® for the reaction,  and predict whether the reaction may
occur spontaneously. :
(R =8.314 x 10-3 kJ K“I mol‘l' T =298 K)
e (i) We know that AG® = AH® - TAS®s0 first find AM®

/ ! by using the formula,
iC 2?0 = AU®+ AnyRT and then AG°by putting the \Yaluesgof ngrT and

(ii) For a spontaneous reaction AG° <0
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Solution. 2A(g) + Blg) —> 2D(g);An, =n, -n, =2-3=-1
AH® = AU° + An RT
AH®°=-10.5KkJ +(-1x8.314 x107° kJK™! mol™! x298K)
AH®=-10.5 + (-2.477 kJ mol !
AH® =-12.977 kJ mol™!
AG® = AH® — TAS®
AG® =-12.977 kJ mol™! — (298 K x —44.1x107> kJK™! mol™)
AG® = -12.977 kJ mol™ + 13.14 kJ mol ™! = +0.165 kJ mol™
The reaction will not occur spontaneously because AG® is positive.
Question 20. The equﬁibrium constant for a reaction is 10. What will be
the value of AG°? R = 8.314 JK™ mol™, T = 300 K.
Solution. AG°=-2.303RT log K,
Given, R=8.314 JK™ mol™,T = 300K, K, =10
AGP° =-2.303 x8.314 JK ! mol™! x 300K xlog 10 (log 10=1)
=-5744.14 J mol™*

Question 21. Comment on the thermodynamic stability of NO(g), given

L Ny(g) +1 04(9) —> NO(e) - 4,H°=90 i mo™

NO(g) + % 0y(8) —> NO(g); A, H° =—74 kJ mol™

Solution. NO(g) is unstable because formation of NO is endothermic

(energy is absorbed), but NO,(g) is formed because its formation is
exothermic (energy is released). Therefore, unstable NO(g) converts
into stable NO,(g). -

Question 22. Calculate the entropy change in surroundings
when 1.00 mole of H,O(/) is formed under standard conditions. .

A;H® = —286 kJ mol™.
Solution. Enthalpy change for the formation of 1 mole of H,O()),
'Ha(g) + % O,(g) —> HO); AH® = -286 kJ mol™

Energy released in the above reaction, is absorbed by the surroundings.

It means Qeurr =+ 286 kJ mol ™.
AS < Jum _ + 286 kJ mol !
T 298K

=09597 kJK'mol™ =959,7 JK 'mol™!
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Selected NCERT Exemplar Problems

Short Answer Type

Question 1. 18.0 g water completely vaporises at 100°C .andl 1 bar
pressure and the enthalpy change in the process is 40.79 kJ mol™". What
will be the enthalpy change for vaporising two moles of water under the
same conditions? What is the standard enthalpy of vaporisation for
water?

Solution. 18.0 g H,0 =1molH,0 .

Enthalpy change for vaporising 1 mole of H,O=40.79 kJ

-. Enthalpy change for vaporising 2 moles of H,O =2 x40.79 kJ

=81.58 kJ

Standard enthalpy of vaporisation at 100°C and 1 bar pressure,
Ay Ho=+4079kJmolt =

vap

Question 2. Standard molar enthalpy of formation, A;H® is just a
special case of enthalpy of reaction, A, H°. Is the A H° for the following
reaction same as A sH?P Give reason for your answer.

CaO(s)+ CO,(g) —> CaCOs(s);  ApH°=-178.3 kJ mol ™

Solution. The standard enthalpy change for the formation of one mole
of a compound from its elements in their most stable states (reference
states) is called standard molar enthalpy of formation, A;H®.

Ca(s) + C(s) + gOz(g) — CaCO;4(s); A,H°

This reaction is different from the given reaction.
Hence, AH°#AH®

Question 3. The value of A H° for NHj is - 91.8 kJ mol~!. Calculate

the enthalpy change for the following reaction,
2NH;(g) —> Nj(g)+ 3H,(g)

. ) 1 3
Solution. Given, 2 N,(g) + 2 H,(g) — NH;(g) A;H°=-91.8kJ mol™}
(A/H° means enthalpy of formation of 1 mole of NH,)
-, Enthalpy change for the formation of 2 moles of NH,

N,(g) + 3Ha(g) —> 2NHy(g); AH®=2x-91.8=-183.6 kJmol™
and for the reverse reaction, ,

2NH,(g) —> 'Nj(g) + 3H,(g); AH° = + 183.6 kJ mol ™’
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Question 4. The enthalpy of atomisation for the reaction,
CH,(g) —> C(g)+ 4H(g) is 1665 kJ mol~!. What is the bond energy of
C—H bond?

Solution. In CH,, there are four C—H bonds. The enthalpy of atomisation
of 1 mole of CH, means dissociation of four moles of C—H bond

16ha:fel =416.25 kJ mol ™
4 mol

Question 5 Use the following data to calculate AlattxceH for NaBr.
Ay H ° for sodium metal = 108.4 kJ mol™!
Ionization enthalpy of sodium = 496 kJ mol™
Electron gain enthalpy of bromine =- 325 kJ mol™
Bond dissociation enthalpy of bromine = 192 kJ mol™
A¢H* for NaBr(s) =— 360.1 kJ mol™!
Solution. Born Haber cycle for the formation of NaBr is as

. C—H bond energy per mol =

Na(s) + %Brz(g) g =-dehd %, NaBr(s)
lAsubH" =108.4kJ mol" l AdissH® = 192/2 kJ o
Na(g) - Br(g) |
llE = 496 kJ mol! lAegHo =-325 kJ mol™*
Nla+(g) Blr_(g)
‘ -U (Lattice enthalpy)

By applying Hess's law,
AH® = Ay H° + IE + Ay H + A, H° +U

-360.1= 1084+496+96+(—325)
" U=+ 735.5kJmol™

Question 6. At 298 K, K, for the reaction, N,04(g) = 2NO,(g) is
0.98. Predict whether the reaction is spontaneous or not.

Solution. A,G°=-2.303RT log K,
Here K,=0.98, ie, K, <1 therefore, A,G°® is positive. Hence, the

reaction is non-spontaneous. .
Question 7. A sample of 1.0 mole of a

monoatomic ideal gas is taken through a cyclic T

process of expansion and compression as shown in ¢

figure. What will be the value of AH for the cycle as §

a whole? &)

Solution. The net enthalpy change, AH for a

cyclic process is zero as enthalpy change is a state Volume —-

function.
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Question 8. Which quantity out of A,G and A,G° will be zero at

equilibrium?
Solution. A,G=A,G°+RTInK
At equilibrium, 0=A,G°+RTInK | (- 4,G=0)
or AG°=-RTInK
A,G°=0when K =1
For all other values of K, A,G° will be non-zero.

Question 9. Predict the change in internal energy for an isolated system
at constant volume.
Solution. For isolated system there is no transfer of energy as heat or
work, so according to the first law of thermodynamics,

AU=q+W

AU=0+0=0
Question 10. Expansion of a gas in vacuum is called free-expansion.

Calculate the work done and-the change in internal energy when 1 L of
ideal gas expands isothermally into vacuum until its total volume is S L?

Solution. Workdone, W =-p. (V, = V})

AS pext =0.SOW=-—0(5—1)=0

For isothermal expansion, AU =0as AT =0

Question 11. Heat capacity (C,) is an extensive property but specific
heat (C) is an intensive property. What will be the relation between C » and
C for 1 mole of water?

Solution. For water, molar heat capacity, Cp =18 x specific heat, C
Specific heat, C=4.18Jg7'K™" (for water)

Heat capacity, C, =18 x4.18 JK ™' =75.3 JK™

Question 12. If the combustion of 1 g of graphite produces 20.7 kJ of
heat, what will be molar enthalpy change? Give the significance of sign also.

Solution. Molar enthalpy change for the combustion of graphite, AH
= enthalpy of combustion of 1 g graphite x molar mass
AH =-20.7kJg™" x12g mol™
AH =-2.48 x10* kJ mol™
Negative sign in the value of AH indicates that the reaction is exothermic.

Question 13. The enthalpy of vaporisation of CCl, is 30.5 kJ mol™.
Calculate the heat required for the vaporisation of 284 g of CCl, at
constant pressure (molar mass of CCly = 154 g mol™)

Solution. 1 mol of CCl, =154¢g

H for 154 g CCl, = 30.5 kJ

30.5 x 284
BapH for 284 g CCly = =22 k= 56,25 kJ

Avap
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Question 14. What will be the work done on an ideal gas
enclosed in a cylinder, when it is compressed by a
constant external pressure, Pext 1N a single step as shown
in figure ? Explain graphically.

Solution. Suppose total volume of the gas is V; and
pressure of the gas inside cylinder is p. After
compression by constant external pressure, (Do) in a
single step, final volume of the gas becomes V;.

Then, volume change, AV = (V, - V)

If W is the work done on the system by movement of the piston, then

Vi

Vi

W=p. (-AV) :

Thi b Jeul Wdf Pext (Vf i) o B A

1s can be calculated from p-V graph as shown in the Pext :
side figure. Work done is equal to the shaded area T %
ABV,V., ==
The negative sign in this expression is required to P Z
obtain conventional sign for W, which will be positive, %
Because in case of compression work is done on the : —
system, so AV will be negative. Viy Vi

Question 15. How will you calculate the work done on an ideal gas in a
compression, when change in pressure is carried out in infinite steps?

Solution. When compression is carried out in T
infinite steps with change in pressure, it is
a reversible process. Work done on the gas is
represented by the shaded area.
Vi Volume — V;

ngstion 16. . Enfhall-)y d.iagram for a —
~ particular reaction is given in figure. Is it Hpprsssinm=
possible to decide spontaneity of a reaction T gtr)/:b?betg?rat
. . . : ed from
from given diagram. Explain. , H Surroundmgs
. R T
Reactants

Reaction coordinate —

Solution. No, enthalpy is one of the contributing factors in deciding
spontaneity but it is not the only factor. Another contributory factor,
entropy factor has also to be taken into consideration.

Question 17. 1.0 mole of a monoatomic ideal
gas is expanded from state (1) to state (2) as
-shown in figure. Calculate the work done for the
expansion of gas from state (1) to state (2) at
298 K.

Solution. The given diagram represents that
the process is carried out in infinite steps,

| _State (1)
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hence it is isothermal reversible expansion of the ideal gas from
pressure 2.0 atm to 1.0 atm at 298 K.

W =-2.303 nRT log 2L
P2

' P2
W =-2.303 x 1mol x8.314 JK 'mol ™! x298 K log 2 ( ;)i - IJ
2
W =-2.303 x1x8:314 x298 x0.3010 J
W =-1717.46 J

Long Answer Type

Question 18. Extensive properties depend on the quantity of matter but
intensive properties do not. Explain whether the following properties are
extensive or intensive. Mass, internal energy, pressure, heat capacity,
molar heat capacity, density, mole fraction, specific heat, temperature and
molarity. =

Solution. Extensive properties—mass, internal energy, heat capacity.
Intensive properties—pressure, molar heat capacity, density, mole
fraction, specific heat, temperature and molarity.

Ratio of two extensive properties is always intensive.

Extensive .
—— = Intensive
Extensive

So, mole fraction and molarity are intensive propefties.

Question 19. Graphically show the total work done in an expansion
when the state of an ideal gas is changed reversibly and isothermally from
(p:» V) to (ps -Vy). With the help of a pV plot compare the work done in the
above case with that carried out against a constant external pressure by
Solution.

(i) Reversible work is represented by the combined areas ABC and
BCV,V,.

Pi

< Pt

(ii) Work against constant pressure,
BCV)V,
Work (i) > work (ii)

P¢ is represented by the area



Chapter 7
Equilibrium

Important Results

1. Equilibrium is a dynamic process. It is established in a system
when reactants combine to form products at the same rate at
which products combine to form reactants.

2. Chemical equilibrium can be approached from either sides. A
catalyst can hasten the approach of equilibrium but does not alter

the state of equilibrium.
Systems can be homogeneous or heterogeneous
4. For a reaction in equilibrium,

‘aA+ bB = cC+ dD

g

c d
" % (in terms of active masses)
pcpd
K =£€D (in terms of partial pressures)
? pap3

5. Partial pressure of solid is taken as unity and in the calculation of
partial pressure of solids, their number of moles are not
considered. Molar concentration of pure solid or pure liquid is

constant.
6. K, =K, (RT)A"g and An, =(c + d) —(a + b)

While calculating Ang, take only gaseous species

7. For, A+B = C+D; - K.=K
C+D = A+B K =
‘ K
2A +2B = 2C +2D; K, = K2
A B _ _C D
—+— = —+ -~ =
2 3 2 2 Ko =il
8. Reaction quotient, Q_ for reversible reaction,
Cl1D]
A+B<+= C+D; Q.= (102
© [Al[B|

Q is taken before equilibrium is attained.
If Q. = K, then system is in equilibrium.
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If Q,>K, then system proceeds in backward side to attain
equilibrium. '
If Q, <K, then system proceeds in forward side to attain
equilibrium. : .

9. Relationship between equilibrium - constant (K.), reaction
quotient (Q,) and Gibbs energy (G),

AG=AG°+RT InQ, -
At equilibrium when AG=0and Q, = K, then, AG°=-RTIn K,
AG° =-2.303 RT log K,
10. AG°=-nFE°_, (where E°,, =standard emf and n is the number
of electrons.)

and E° , = % log K

(o}

11. Le-Chatelier's principle It states that a change in any of the
factors that determine the equilibrium conditions of a system will

cause the system to change in such a manner so as to reduce or
to counteract the effect of the change.

Or

If a stress is applied to a reaction mixture at equilibrium,
reaction occurs in that direction that relieves the stress.

12. Acid-Base Theory
(i) Arrhenius concept Acid ionises in water to give H,O* ion
while base ionises to give OH™ ion.
(ii) Bronsted-Lowry’s protonic concept Acid is H' ion donor and

base is H" ion acceptor. HCl and C1” is a conjugate acid-base

pair. If acid is weak, its conjugate base is strong and
vice-versa.

A substance that can accept H' ion as well as can donate H*
ion is called amphiprotic.
-H* .
HO" == HO & H'+0H
+H" Amphiprotic
(iii) Lewis concept Lewis acid is an electron pair acceptor, and

Lewis base is an electron pair donor. All Lewis bases are
Bronsted-Lowry bases and vice-versa.

13. Tonic product of water, K,, = [H,0*] [OH | =1x 10~ at 298 K.
14. In a mixture of acid and base, resultant is ‘
(a) acidic mixture if N}V, (acid) > N,V, (base)
' [H3O+]= val = N2V2
i+V,
(b) basic mixture if N,V, (base) > N,V, (acid)

(o] = NaVa = NV,
-Vi+V,
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15.

16.

17.

18.

(c) neutral mixture if N}V, (acid) = N,V, (base)

K, -K,=K, =1x10"
where, K, is the ionization constant of acid and K, is the
ionization constant of base. ; )

HA +H,0 = H,0" + A5 K, (A" +H,0 = HA +OH; K})
PK, + pPK, =pK,, =14
 pH=-log[H,0"]

POH = -1og[OHT]

PK, =-logK, and pK, =-log K,

pH+ pOH=14 =pK,,
Acidic solution has pH < 7, basic solution has pH > 7 and neutral
solution has pH=7
Fo; a weak acid by Ostwald dilution law,

2
K, = Lo = Co2
(l-a)
2
and for a weak base, K, = (ICa ) =Ca.?
—a

1
[H']=yK,C, pH= 5 [PK, —logC]

[OH]=K,C, pOH = % [PK}, —log C]

Hydrolysis of salts and pH of their solutions
(i) Salt of strong acid and weak base, e.g., NH,C], its aqueous

solution is acidic due to hydrolysis of cation.
NH; + H,O == NH,OH + H*
K .
K,C

Hydrolysis constant, K = %

b
pH=7_PKs _logC
2 2 .
(ii) Salt of weak acid and strong base, e.g., CH;COONa, its
aqueous solution is basic due to anionic hydrolysis.
CH;COO™ + H,0 = CH;COOH + OH~
K,
K C

Degree of hydrolysis, h =

Degree of hydrolysis, h =

K,=K,/K,

pH:?.;-.B.IS‘l.;.IOLC
2 2
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(iii) Salt of weak acid and weak base, e.g. CH,;COONH;y, its
aqueous solution may be neutral or weakly acidic or basic
depending upon the nature of acid and base.

CH,COO™ + NH} + H,0 = CH,COOH + NH,OH

K
Degree of hydrolysis, h= *
gr ydrolysis K. .K,
Kh= Kw
K < 15
pH=7+ (————pK" ;pr)

pH = 7if pK, =pK,
pH < 7if pK, < pK,
pH > 7if pK, > pK,
For amphiprotic anion (as HCOj3)
o Ll
2

19. Buifer solution The solutions which resist the change in pH on
dilution or with the addition of small amounts of acid or alkali
are called buffer solutions.

20. Solubility’ product of the sparingly soluble salt, A.B, with
solubility (s mol L!) in saturated solution,
AB, = xAY" +yB"

Ko =x".y" (" v

S= (Ksp /xX. yy)l/x+y

21. Common-ion effect Ionization of weak electrolyte is decreased
in the presence of common-ion.

22. Salt analysis of inorganic mixture depends on common-ion effect
and values of solubility products. Solute AB is precipitated if
[A*][B]> Kqp.

Exercises

Question 1. A liquid is in equilibrium with its vapour in a sealed
container at a fixed temperature. The volume of the container is suddenly
increased.

(a) What is the initial effect of change on vapour pressure ?

(b) How do rates of evaporation and condensation change initially ?

(c) What happens when equilibrium is restored finally and what will be
the final vapour pressure P :
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Solution. A( — - A@9)
Low pressure High pressure

If volume is increased at constant temperature, pressure decreases,

1
since, p «< v at constant temperature.

(a) Decrease in pressure shift the equilibrium in the direction of high
pressure ie., more vapours are formed hence vapour pressure
increases. '

(b) Rate of evaporation increases and rate of condensation decreases.

(c) When equilibrium is restored finally the rate of evaporation again
becomes equal to the rate of condensation and the final vapour
pressure becomes equal to the vapour pressure that was before the
sudden increase in the volume of the container.

Question 2. What is K, for the following equilibrium when the
equilibrium concentration of each substance is

[SO,1=0.60 M, [0,]=0.82M and [SO;] = 1.90 M P
280,(g) + O,(g) = 2S0;(g)

Solution. 2S0,(g) +0,(g) = 2S04(g) -
Given, [SO,]=0.60 M, [0,] =0.82 M, [SO;] = 1.90 M

. [SO;F (1.90 M)?
[SO,J*-[0,]  (0.60 M)? (0.82 M)
=12.2280 M1~ 12.23 M™!

Equilibrium constant, K, =

Question 3. ‘At a certain temperature and total pressure of 10° Pa,
iodine vapour contains 40% by volume of I atoms.

L(g) = 2Kg)
Calculate K , for the equilibrium.

;@ K, eren_ds upon the partial pressures of reactants and products so find
77 their partial pressures from the percentage given and then, calculate Ky
Solution. Given,1,(g) = 2I(g)

I atoms in iodine vapours =40% by volume }

So, iodine vapours of I, molecules =60% by volume

Partial pressure of iodine atoms, p, = % x10° =0.40 x10° Pa

Similarly, partial pressure of iodine molecules (L)

P, =50 105-0.60x10° Pa
100 :

According to equation,
K Pt _(0.40x10° Pa)?
Pi, (0.60 x10° Pa)

4 =0.2666 x 10° Pa ~2.67 x10* Pa
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Question 4. Write the expression for the equilibrium constant, K for
each of the following reactions.

~ (i) 2NOCl(g) = 2NO(g) + Cl(8)

(i) 2Cu(NO3),(s) = 2CuO(s) + 4NO,(g) + 02(8)

(iii) CH,;COOC,Hg(aq) + H,0() = CH;COOH(ag) + C,H;sOH(ag)

(iv) Fe**(ag) + 30H (aq) = Fe(OH);(s)
(V) Iz(S)+5F2 = ZIFS

\‘@)f; K. shows the ratio of the product of concentrations of the products to the
P product of concentrations of the reactants, each raised to a power equal
to the corresponding stoichiometric coefficient.

Solution. (i) K, = [NOJ [CL,]
‘[NOCI)?
(i) K, =[NO,J*[O,]
(because molar concentrations of pure solids are constant)
i) K, = ICHLCOOH(@q)] (C;H:0Haa)]
¢ . [CH3COOC,;Hs(aq)] [HO()]

1 g i
Fe® @q)]. [OH‘(aq)]3 (because [Fe(O_H)3(s)] =1)

(iv) K. =

' 2

v) K. = [_IF_5]5_ (because [I,(s)] =1)

[F.] '

Question 5. Find out the value of K, for each of the following equilibria

from the value of K ;: . '
(i) 2NOCl(g) = 2NO(g) + Cl(g); K, = 1.8x 1072 at 500 K

(ii) CaCOs(s) = CaO(s) + CO(g); K, =167 at 1073 K

Sl (a) Firstfind An, by subtracting the moles of gaseous reactants from the
‘/@ moles of gaseous products for each equation, as K, and K, are

related as K, = K, (RT)""? .
(b) Then, calculate K. in each case.
Solution. (l) 2NOCl(g) —_ 2N0(g) + Clz(g); Kp =1.8 x 10—2 at 500 K
Ang =npK—n,=SI§=1 &
Kc = P = . X 10

= = -4
&7 0.0821x500 o0 X0

(i) CaCOqy(s) = CaO(s) +CO, (@) K, =167at 1073 K
Ang =n, - n= 1
K, 167
K. = Ang, ~ =
(RT)™™  0.0821x1073

1.89
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Question 6. For the following equilibrium, K, = 6.3 x 10" at 1000 K
NO(g) + O3(8) == NO,(g) + O(g)

Both the forward and reverse reactions in the equilibrium are elementary
bimolecular reactions. What is K, for the reverse reaction ?

Solution. For the reaction, NO(g) + O4(g) == NO,(g) + Oz(g)
K. =6.3 x10" at 1000 K
_[NO,J(0,]
[ o
[NOJ[O;]
For reverse reaction,
NO,(g) + O,(g) = NO(g) + O5(9)
. _ [NOJ[O;] ....(ii)
c s
[NO,][O,]
From Egs. (i) and (ii), we get

B s . i EH o A

° K. 63x10"

=6.3 x 10" (i)

Question 7. Explain, why pure liquids and solids can be ignored while
writing the equilibrium constant expression ?

Solution. Molar concentration of a pure solid or liquid (if in excess) is
constant (i.e., independent of the amount present) . That's why pure
liquids and sohds can be ignored while writing the equilibrium constant

expression.
Question 8. Reaction between N » and O, takes place as follows :

2N,(g)+ O5(8) = 2N,0(g)

If a mixture of 0.482 mol N, and 0.933 mol O, is placed in a 10 L
reaction vessel and allowed to form N 20 at a temperature for which
K, =2.0x 1073, determine the composition of equilibrium mixture.

A (i) Find the equilibrium concentrations of reactants and products in the
" given equation by assuming 2x mol of N, and x mol of O, are
disappeared and 2x mol of NJO are appeared.

(i) Find the value of x to determine the concentration of reaction

mixture.
Solution. 2N,(g) + O,lg = 2N,0(g)
Initial conc. 0.482 0.933 0
Equilibrium conc. (0.482 -2x)  (0.933 -x) 2x
. (0.482—2x) (0 933 - x) (Zx)
Active mass —_— —
10 10 10
KC = 2.0 X 10—:’7

K, is very-very small, which means negligible amounts of N, and O,
react.
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_0482-2x 0482 _, /g,

[Nzleq = 10 10
0.933-x 0.933
o _o. _ =0.0933
Similarly, [O2leq 10 10
__INyOP
cT 2
[N,]°[O,]
4x%/100)
K. =2.0x10 = L
¢ 0.0482)* (0.0933)

x2=10-837x10%° or x=3.292x107%°

-20
[N,0]= 2X _2x3:292x10° _4 5841072 mol L

10 10
Question 9. Nitric oxide reacts with Br, and gives nitrosyl bromide as
per reaction given below :

2NO(g) + Br,(g) = 2NOBr(g)
When 0.087 mole of NO and 0.0437 mole of Br, are mixed in a closed

container at constant temperature, 0.0518 mole of NOBr is obtained at
equilibrium. Calculate the equilibrium amount of NO and Br,.

e Find the value of x as in the previous Q. and then, substitute the value of x
t@ to calculate the equilibrium concentration of NO and Br,.

Solution. '~ 2NO + Br, —> 2NOBr

Initial conc. 0.087 0.0437 0 .
Equilibrium conc. (0.087 — 2x) (0-0437 — x) 2x .
Given, 2x =0.0518 = moles of NOBr formed

x =0.0259 mol

Moles of NO at equilibrium = (0.087 - 2x)

=0.087-0.0518 =0.0352 mol
Moles of Br, at equilibrium = (0.0437 - x)

=0.0437-0.0259 =0.0178 mol

Question 10. At 450 K, K, =2.0x10'"bar for the given reaction at
equilibrium,

250,(g) + O,(8) = 2S05(g)
What is K, at this temperature?

:\“ K, and K, are related as K, = KJ(RT)* so calculate An, by subtracting

“7 moles of gaseous reactants from the moles of gaseous products and
then, calculate K_.. .

Solution. 250,(9) + O,(g) = 2S04(9)
K, = K.(RT)*"
Ang =2-3=-1
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K, =2.0x10'" bar™", R =0.0831L bar K 'mol ™ and T =450 K
K K '
K.= P__ - p (. An, =- 1)
c (RT)Ang (RT)—l g
K, =K, xRT =2.0 x10"* bar™' x0.0831L bar K~! mol™! x450 K

K, =7.479 x10"'L mol™

Question 11. A sample of HI(g) is placed in flask at a pressure of
0.2 atm. At equilibrium, the partial pressure of HI(g) is 0.04 atm. What is
K , for the given equilibrium ?

2HI(g) = H,(e)+ L(e)

Solution. . 2HI(g) = H,lg + 1.09)

Initial pressure 0.2 atm 0 0

Equili. pressure 0.04 atm 0.08 atm 0.08 atm

(Decrease in pressure .of HI = 0.2 -0.04= 0.16 atm; so equilibrium
pressure of H, is 9? = 0.08 atm, and for I, is Gfo =0.08 atm as two

moles of HI on dissociation gives 1 mol H, and 1 mollI,)
_ Pu, "P1, _0.08atm x0.08atm 4.0

K;=
& Péx (0.04 atm)?

Question 12. ‘A mixture of 1.57 moles of N,, 1.92 moles of H, and
8.13 moles of NHj is introduced into a 20 L reaction vessel at 500 K. At
this temperature, the equilibrium constant, K. for the reaction,
N,(g) + 3H,(g) = 2NHj(g) is 1.7x 10%. Is the reaction mixture at

equilibrium? If not, what is the direction of the net reaction P

e To predict the direction of a reaction calculate Q., reaction quotient. If
A Q, = K., the reaction mixture is at equilibrium ;If Q. >K_ the reaction will
proceed in the direction of reactants; If Q; <K, the reaction will proceed

in the direction of the products.
Solution. N,(g) + 3Hy(g) == 2NH;(9)

0. - [NHsJ"
, |
[N] [H,)
Given, [NH;]= %%3 M =0.4065 M; [N,]= 1—;62 M =0.0785 M

[H,]= 192 1 —0.006 M
20

N [04065 M}
[0.0785 M] [0.096 MJ®

Q. #K_, so the reaction mixture is not in equilibrium. Q. > K, it
indicates that the reaction will proceed in the direction of reactants.

Q. =2.379 x10° M2
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Questlon 13. The equilibrium constant expression for a gas reaction is,
_INH;]* [0,T°
* " INOJ* [H,07° |
Write the balanced chemical equation corresponding to this expression.
Solution. The expression shows that 4ANO and 6H,0 are reactants and
4NHj; and 50, are products. Thus, the balanced chemical equation is
' 4NO + 6H,0 — 4NH, + 50,
Question 14. One mole of H,0 and one mole of CO are taken in 10 L

vessel and heated to 725 K. At equilibrium, 40% of water (by mass) reacts
with CO according to the equation,

H,0(g) + CO(g) =" H;(g) + CO,(g)

Calculate the equilibrium constant for the reaction.

Solution. "H,0(g) + CO(g) = H,(g) + CO,(g).
Initial conc. 1 B | 0 0
 Equili. conc. 1-x) 1-x) X X
H,O reacted =40% of 1 mol of H,0O = 0.4 mol
x =0.4 mol

(1-x)=1-04 =06 mol
_ [Hy][CO,y] 0.4 x0.4

" = =0.444
[H,0][CO] 0.6 x0.6

Question 15. At 700 K, equilibrium constant for the reaction,

Hy(g) + I(¢) = 2HI(g)

is 54.8. If 0.5 mol L' of HI(g) is present at equilibrium at 700 K, what are
the concentration of H,(g) and I,(g) assuming that we initially started with
HI(g) and allowed it to reach equilibrium at 700 K ?

e (i) As we started'the reaction with HI, so equilibrium constant for the

-

7y dissociation of HI (2HI == H, +1,) is required. Thus, calculate
equilibrium constant for backward reaction (KC')'(K'C = Kl)
(o

(i) and then calculate [H,] and [I,].

Solution. H,(g) +1,(g) = 2HI(g); K, =548
1 1
2(9) +1,(g) =K "5a8
_[HL][Tp) 1
[HI]> ~ 54.8
Given, [HI]=0.5mol L!

According to equation, [H,]=[I,]= [x]
X.Xx 1

057 548
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2 [0.5)?
x* = =0.00456
54, .
x =0.0675 M

[H,] = [I,] = x =0.0675 M

Question 16. What is the equilibrium concentration of each of the
substances in the equilibrium when the initial concentration of ICl was

0.78M?

2ICI(g) = L(g)+ Cly(g); K, =014
~ Solution. 2ICl(g) == 1,(9) + Cl,(9)
Initial conc. 0.78 M 0 0
Equili conc. ' 0.78 — 2x X X

Kc=[12][C12]= X.X =0.14

[ICI? ~ (0.78-2x)*

X :

or ——————=40.14 =0.374 or x=0.29172 -0.748x
(0.78 — 2x) _

or 1.748x =0.29172 or x= g2iz2 =0.1668

[IC] ¢ qui; =045

- Question 17. K, = 0.04 atm at 899 K for the equilibrium shown below.

What is the equilibrium concentration of C,;H¢ when it is placed in a flask
at 4.0 atm pressure and allowed to come to equilibrium ?

C,Hg(e) = C,Hy(g) + Hy(g)

3& (i) Find the equilibrium concentration of all reactants and products in
<7 the given equation by assuming decrease in pressure of CHg is p and
increase in pressure of CH; equal toH, is p.
(ii) Find the value of p to calculate PeHg: :

Solution. C,Hglg) = C,H,(g) + H,(g)
Initial pressure 4.0 atm 0 0
Equili. pressure (4.0 — p) atm p p

Kk =PCHyPHy _ PP

? pCzHﬁ 4'0_p
2

p 2
0.04 = or 0.16-0.04p =
40-p H=p

_-0.04 £ ,/0.0016 — 4 (- 0.16)
- ;2 »
_—=0.04+0.80
2 ;
p=0.38 (by taking positive value)
Hence, Pc,n, =4.0-0.38=3.62 atm




156 NCERT Class XI Chemistry Solutions

Question 18. Ethyl acetate is formed by the reaction between ethanol
and acetic acid and the equilibrium is represented as

CH;COOH() + C,HsOH () == CH;3;COOC;H;() + H,0()
(i) Write the concentration ratio (reaction quotient), Q, , for this reaction

(Note : Water is not in excess and is not a solvent in this reaction.)

(ii) At 293K, if one starts with 1.00 mole of acetic acid and 0.18 mole of
ethanol, there is 0.171 mole of ethyl acetate in the final equilibrium
mixture. Calculate the equilibrium constant.

(iii) Starting with 0.5 mole of ethanol and 1.0 mole of acetic acid and
maintaining it at 293 K, 0.214 mole of ethyl acetate is found after
sometime. Has equilibrium been reached?

Solution. CH,COOH()) + C,H;OH() == CH;COOC,H;(}) +H;0())

i Q, = [CH,COOC,H;] [H,O]
¢ [CH,COOH][C,H,OH]
Here, H,0 is not in excess that's why its concentration is not
constant. .
(i) CH,COOH()) + C,H;OH() = CH3;COOC,H;()) + HO())
Initial conc. 1.00 mol 0.180 mol 0 0
Equili. conc. (1 - x) mol (0.180 — x) mol x mol x mol

Given, [CH;COOC,H;loquy, =0.171mol =
_ [CH,COOC, H] [H,0]
¢~ [CH,COOH] [C,H,OH]

" 0.171x0.171
¢ (1-0.171) x(0.180 - 0.171)
= QAFIX0071 5619~ 3.02
0.829 x0.009
(iii) CH,COOH()) + C,H;OH(l) = CH;COOC,H,(]) + H,0O())
Initial conc. 1.0 mql 0.5mol 0 0
Aftert time, conc. (1.0 — 0.214) (0.5-0.214) 0.214 mol 0.214 mol
= (0.786 mol =0.286 mol
_ [CH;COOC,H;] [H,0]
¢ [CH;COOH][C,H,OH]
~0.214 x0.214

=————"""" =0.2037 ~0.204
¢ 0.786 x0.286

Q. # K., hence, equilibrium has not been reached.
Question 19. A sample of pure PClg was introduced into an evacuated
vessel at 473 K. Afu.r equilibrium was attained, concentration of PClg was

found to be 0.5x 107! mol L', If value of K, is 8.3x1073, what are the
concentration of PCI; and Cl, at cqunhbrlum?

PCls(g) = PClz(g)+ Cl,(g)
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Solution.  PCl;(g) = PCl,(g) + Cl,(q)

At equili. 0.05M X b'q
Given,  [PClslequy =0.5x107" mol L™ (=0.05mol L")
K,=83x107°
K.=83%10"3 = [PCL] [Cly]
© [PCls]

8.3x107 = x_2 ~ (because [PCl3] = [CL,))
0.05
x2=0.415x10°=4.15x10™
x=2.037x107% ~2.04 x1072 mol L™
Hence,  [PCly]=[Cl,]=2.04 x102mol L ~*

Question 20. One of the reaction that takes place in producing steel from

iron ore is the reduction of iron(II) oxide by carbon monoxide to give iron
metal and CO,.

FeO(s) + CO(g) = Fe(s) + CO,(g) ;

K, = 0.265 atm at 1050 K
What are the equilibrium partial pressures of CO and CO, at 1050 K if the
initial partial pressures are; pco = 1.4 atm and pco, = 0.80 atm ?
e (i) First find Q, by the given initial partial pressures of [CO] and [CO,].
L (i) Compare Q, and K. to find the equilibrium partial pressure of [CO]

s

and [CO,].
Solution. FeO(s) + CO(g) = Fe(s) + CO,(9); K, =0.265at 1050 K
Initial pressure 1.4 atm 0.80 atm
Pco, 0.80 .
= s e ) 5P, [+ Fe and FeO are solids.]
Pco 14

Qp, > K, the reaction will go in reverse direction. Due to this pressure of
CO, will decrease and that of CO will increase to attain equilibrium.
Hence, pco, =(0.80 - p)and pco =(1.4 + p)

(Suppose p is the decrease in pressure of CO, and p is the increase in
pressure of CO).

K, :@:0,2%:@'80_‘1’)

Pco (1.4 + p)
1.265p =0.80 - 0.371
1.265p = 0.429
p=3429 0339 afm
- 1.265

Hence, at equilibium,
Pco, = 0.80 -0.339=0.461atm

and Pco = 1.4 +0.339 =1.739 atm,
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Question 21. Equilibrium constanf,_ K, for the reaction,
N,(g) + 3H,(g) = 2NHj;(g) at S00 K is 0.061

At a particular time, the analysis shows that compositi_on of the reaction

mixture is 3.0 mol L™ N,, 2.0 mol L' H, and 0.5 mol L™ NH3. Is the

reaction at equilibrium ? If not in which direction does the reaction tend to

proceed to reach equilibrium ? |

e Find Q, and compare it with K_.. If Q, = K., the reaction is in equilibrium, if

‘/@b Q. <K, the reaction will go in forward direction and it Q. >K, the
reaction will go in backward direction.

Solution. N, (g)+3H,(g) == 2NH, (g); K, =0.061 at 500 K

Given, “[N,]=3.0mol L™}, [H,]=2.0mol L™
and [NH;]=0.5mol L™" at time ¢
; 2 2
So, Q- INH®__[05F_
' [N2][Hp]"  [3.0]2.0]
Q. =0.0104

Because Q. # K., equilibrium has not been attained.
Because Q. < K, (0.0104 <0.061), the reaction will proceed from left to
right, i.e., towards formation of more products. 4
Question 22. Bromine monochloride, BrCl decomposes into bromine
and chlorine and reaches the equilibrium,

_ 2BrCl(g) = Br,(g) + Cl,(g)
for which K,=32 at 500 K. If initially pure BrCl is present at a
concentration of 3.3x 10~ mol L'l, what is its molar concentration in the
mixture at equilibrium?

e (i) First find equilibrium concentration for all reactants and products
< given in the equation by assuming x mole of BrCl decomposes.

7 (i) Find x by the expression of K, and then find [BrCll equitibrium:
Solution. 2BrCl(g) = Br(g) + Clg): K.=32at500K
Initial conc.  3.30 x 107 mol L™! 0 0
Equili. conc. (3.30 x 107 — x) mol L™ %mol Lt % mol L~
Es [Br][Cly] _ x/2xx/2

= =32
¢ [BrCl* (3.30x1073 - x)?
2

- =3 7 =32
4x(3.30x107% - x)
X
=+/32 =5.656
2x(3.30 x107 - x)
X
=2x5.656=11.
A 656 =11.312

x =11.312(3.30 x 10~ - x)
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x =0.03732 -11.312x
X +11.312 x =0.03732

_ 003732 _ 5032 10 mol L
12.312

[BrClloquis. = (3.30 107 —3.032 x 10%)mol L™= 2.68 x 10™* mol L™’

Question 23. At 1127 K and 1 atm pressure, a gaseous mixture of CO
and CO, in equilibrium with solid carbon has 90.55% CO by mass.

Cls) + CO,(g) = 2CO(g)
Calculate K _ for this reaction at the above temperature.
\\G{Q; (i) Since, the percentage by mass is given, so calculate the number of
5, moles of CO and CO, to calculate their mole frattions.

(i) Then, calculate the partlal pressures of CO and CO, by using the
formulapy = x4 Pigtal

(iii) Calculate K, by using the formula, K, = Péo. and K, by using the
Pco,

formula, K, = K (RT)™"

Solution. 90.55% CO by mass means. 90.55 g CO and 9.45 g CO, are

present in 100 g mixture.

No. of moles of CO, hco = 9—(;85—5 = 3.234 mol

(Molar mass of CO = 28 g mol™})

' 9.45
No. of moles of CO,, nco, = vy = 0.215 mol

(Molar mass of CO, = 44 gmol™})
. 3.234
3.234 +0.215

Partial pressure of CO, pco =Xco- ptotal(xco = 0.938]

Pco =0.938 x1atm = 0.938 atm

. 0.215
Similarly, pco, =Xco, *Protal (XC% T 3.234+0.215 20'062)

Pco, =0.062 x1atm =0.062 atm
C(s) +C02 (@ = 2CO(g)

2
K, - péo _ (0.938) 1419
Pco,  0.062
Ang=2-1=1
A
K,, K. (RT)™"
K, =22 ' (e Ang = 1)
RT C
14.19

= =0,15336 ~0.153
0.0821 x 1127
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Question 24. Calculate (a) AG° and (b) the equilibrium constant for the
formation of the NO, from NO and O, at 298 K.

NO(g) + 1 0,(g) = NO,(g)

where, A(G°(NO,) = 52.0 kJ/mol ‘
AsG°(NO) = 87.0 kJ/mol, A;G°(0z) = 0 kJ/mol
e ()  Calculate the A,G°by using the formula A,G° = £A,G°, — £A,G*,

i : (p = products and r = reactants.)
(i) Calculate the equilibrium constant, K. by using the formula,
AG°=-2. 303RT|og K

Solution. (a) NO(g) + — Oz(g) = NOz(g).

A Go =X Af @* products ™ Z]-A G reactants,
A,G° =A; G°(NO,) - (AfGo (NO) + - A, G° (Oz))

A,G° =52.0 —(87.0 + % xo] kJ mol™!

~ AG° = -35.0kJmol™!
(b) A,G° =-2.303 RT log K,
-35000Jmol™! =-2.303 x8.314 Jmol ' K™! x298K xlog K,
35000

5705.85
K, = antilog 6.134
K, =1.361 x10°

log K, = = 6.134

Question 25. Does the number of moles of reaction products increase,
decrease or remain same when each of the following equilibria is
subjected to a decrease in pressure by increasing the volume P

(a) PCls(g) = PCl;(g) +.Cl,(g)
(b) CaO(s) + CO,(g) = CaCOy(s)
(c) SFC(S) + 4H20(g) ‘_—x Feso4(S) + 4H2(g)

Solution. According to Le-Chatelier's principle, on decreasing
pressure equilibrium shifts in that direction where pressure increases
(i.e., number of moles in gaseous state are more). Therefore, number of
moles of reaction products in (a) increases (b) decreases (c) remains the
same. (If An, =0, there is no effect of change in pressure).

Question 26. Which of the following reactions will get affected by
increasing the pressure? Also, mention whether change will cause the
reaction to go into forward or backward direction.

(i) COCl,(g) = CO(g) + Cly(g)

T
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(ii) CHy4(8) + 2S5(g) = CS,(g) + 2H,S(g)
(i) CO,(8) + C(s) = 2CO(g)

(iv) 2H,(g) + CO(g) = CH;3;O0H(g)

(v) CaCOs(s) == CaO(s) + CO5(g)

(vi) 4NH;3(g) + SO,(g) = 4NO(g) + 6H,0(g)

e According to Le-Chatelier's principle, increase in pressure shifts the

-

2 equilibrium in the direction where pressure decreases (i.e., number of

moles are less), Furthermore, if n, # n, , the change in pressure affects
the equilibrium. '

Solution. (i) n, > n,, the reaction will go in backward direction.

(ii) n, = n,, the reaction will not be affected by increasing pressure.
(iii) n, > n,, the reaction will go in backward direction. !
(iv) n, < n,, the reaction will go in forward direction.

(v) n, > n,, the reaction will go in backward direction.
(vi) n, > n,, the reaction will go in backward direction.

Question 27. The equilibrium constant for the following reaction is
1.6 x 10° at 1024 K

H,(g) + Bry(g) = 2HBr(g)

Find the equilibrium pressure of all gases if 10.0 bar of HBr is introduced
into a sealed container at 1024 K.

Solution. H,(g) +Br,(g) = 2HBr(g); K, =16x10°at 1024 K

1
2HBr(g) = H +Br,(g); K, =———at1024 K
@ = H(9) +Br(9); K, 16 x10°

Initial pressure 10.0 bar 0 0
Equili. pressure (10 - x) g %
X
I = sz .pBl'g 2 2
p 2 2
PHBr (10 -x)
X X ~
——1—5- =0.625x10° =2 2_
1.6 x10 10 x10

[(10 — x) = 10 because magnitude of K, is small.)]
2 x2x10 x10 x0.625 x10° =x* or x=0.050

P, =Par, = % = @ =0.025 bar =2.5 x107 bar

Pes; =10 —0.050 =9.95 ~ 10 bar
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Question 28. Dihydrogen gas is obtained from natural gas by partial
oxidation with steam as per following endothermic reaction,

CH,(g) + H,Xg) = CO(g) + 3H,(g)

(a) Write an expression of X » for the above reaction.
(b) How will the values of X » and composition of equilibrium mixture be

affected by

(1) increasing the pressure
(i) increasing the temperature
(ii1) using a catalyst?

Solution. CH,(g)+H,0(g) = CO(g) + 3H,(g)
3
pCO - sz
PcH, :Pn,0

(b)(i) Increase in pressure shifts the equilibrium in the direction where
pressure decreases (i.e., number of moles are less). This is
backward direction. K p remains unaffected from pressure change.

(ii) Since, AH = +ve (endothermic reaction), reaction takes place with
-absorption of heat. Hence, increase in temperature shifts the

equilibrium in the direction where heat is absorbed (i.e., forward).
It also increases the value of K .

(iii) No effect, since catalyst affects rate of both directions equally.
Question 29. Describe the effect of
(a) addition of H, (b) addition of CH;OH
(c) removal of CO (d) removal of CH;0
on the equilibrium of the reaction, :
: 2H,(g) + CO(g) == CH;OH(yg)
Solution. 2H,(g) + CO(g) = CH,OH(qg)
According to Le-Chatelier's principle,
(a) Addition of H, (increase in concentration of reactants) shifts the
equilibrium in forward direction (more product is formed).

(b) Addition of CH;0OH (increase in concentration of product) shifts the
equilibrium in backward direction.

(c) Removal of CO also shifts the equilibrium in backward direction.
(d) Removal of CH;OH shifts the equilibrium in forward direction.

(@) K, =

Question 30. At 473K, equilibrium constant K . for decomposition of

phosphorus pentachloride, PCl; is 8.3 x 1073, If decomposition is depicted
as,

PCls(e) = PCly(e)+ Clagy  AH®=124.0kJ mol™!
(a) Write an expression for K _ for the reaction.
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(b) What is the value of K . for the reverse reaction at the same
temperature?

(c) What would be the effect on K ¢ if (i) more PCl; is added (ii) pressure
is increased (iii) the temperature is increased P

Solution. PCls(g) = PCly(g)+ Cly(g); K, =8.3x107°

@ K, = PCLlCLy]
[PCL]
(b) For the reverse reaction, K’ = i_: ———1——5 =120.48
_ K., 8.3x10"

(c) () Addition of PCl; have no effect on K, because K, is constant at
constant temperature.

(ii) K. does not change with pressure.
(iii) The given reaction is endothermic, hence on increasing the

temperature, K; will increase, this results in increase in K,
K ;
f

Question 31. Dihydrogen gas used in Haber’s process is produced by
reacting methane from natural gas with high temperature steam. The first
stage of two stage reaction involves the formation of CO and H,. In

second stage, CO formed in first stage is reacted with more steam in water
gas shift reaction,

CO(g) + H,0(g) = CO,(g) + Hy(g)

If a reaction vessel at 400°C is charged with an equimolar mixture of CO
and steam such that pco = py,0 = 4.0 bar, what will be the partial pressure
of H, at equilibrium? K, =10.1at 400°C.

Solution. CO(g) +H)O(g = CO,(g) + Hy(g)
Initial pressure 4.0 bar 4.0 bar 0 0
At equili. (40~p (40-p) p p
’ K =pC02'pH2= p~p
P Pco-Pu,o @-p).4-p)
2
10.1=—P—
@4 -p)
Jio1=—F_
4 -p)
p
317=—L—
@4 -p)

p=12.71-317p
417p =12.71
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p =12_71._304 bar
417

Hence, Py, =304 bar

Question 32. Predict which of the following reaction w11] have
appreciable concentration of reactants and products ?

(a) Cly(g) == 2Cl(g); K,=5x10"%
(b) Cl,(g) + 2NO(g) = 2NOCI(g); K, =3.7x108
(c) Cly(g) + 2NO,(g) = 2NO,Cl(g); K, =18

S When the value of K, is greater than 10%, only product predominates. If
~} K ) only reactant predominates, and if the value of K. lies between

10 to 10° both reactants and products are present in appreciable
concentration.

~Solution. For the reaction (c) equilibril;m constant, K, is neither high
nor very low so the reactants and products will be present in
appreciable concentrations.
Question 33. The value of K, for the reaction,
30,(g) = 205(g)

is 2.0 ><-10'so at 25°C. If the equilibrium concentration of 02 n axr at 25°C
is 1.6 x1072, what is the concentration .of 03?7

Solution. 30,(9) = 204(9g)
Equili. conc. 1.6 x 1072 ?
_[OosP
© 0,
2.0x10°% = [05]°

[1.6 x1072)3

[03]* =2.0 x 107 x[1.6 x1072]°
[05]* =8.192 x 10756

[03]=2.86 x10728 mo] !

Question 34. The reaction,

CO(g) + 3H2(g) = CHy(g) + H,0(g)

is at equilibrium at 1300 K in a 1L flask. It also contains 0.30 mole of CO,
0.10 mole of H; and 0.02 mole of H,0 and an unknown amount of CH,
in the flask. Determine the concentration of CHy in the mixture. The
equilibrium constant, K, for the reaction at the given temperature is 3.90.
Solution. CO(g) + 3H,(g) = CH,(g) + H,0(g); K. = 3.90 at 1300 K.
‘ k. - ICH,]-[H,0)
" [COIH,P
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90  [CH] [0.02]3
0.30] [0.10]

(Molar concentration means number of moles present in 1 L and volume

of the flaskis 1 L.)
3
ey =22 x0(.)3(())2x 0107 _ 4 0585 M

[CH,]q = 5.85 x107*M

Question 35. What is meant by the conjugate acid-base pair? Find the
conjugate acid/base for the following species.

HNO,, CN-, HCIO,, F~, OH", CO3” and S*

e Acid = HY —— Conjugate base
“(o»

Base + H —— Conjugate acid.
Solution. An acid-base pair differ by a proton is known as conjugate
acid-base pair. .
HNO, = NO, + H*
Acid Conjugate base
CN™+ H" = HCN
Base Conjugate acid
HCIO, = ClO; + H*
Acid Conjugate base
F + H" = HF
Base Conjugate acid
OH + H" = H,0
Base Conjugate acid
OH = ‘OF + H'
Acid Conjugate base -
CO3; + H* = HCO;
Base Conjugate acid
S+ H' = HS”
Base Conjugate acid
Question 36. Which of the following are Lewis acids ?
H,O0, BF;, H*, NH‘;
3 Lewjg acids have a tendency to accept electrons. Electron deficient or
®  positively charged species have such tendency.
Solution. BF; H'and NHj act as Lewis acids.

Question 37. What will be the conjugate bases for the Bronsted acids:
HF, H,SO, and HCO;3?

3& Acid = Conjugate base + H'
“
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Solution. | HF = F +H'
' ' H,80, = HSO; +H'
HCO; = CO} +H'

Question 38. Write the conjugate acids for the Bronsted bases
NH3, NH; and HCOO". '

Ay
\\ ok

i/& Base + H* = Conjugate acid
Solution. NH; + H* = NH;,
NH, + H* = NH;
HCOO + HY = HCOOH

Question 39. The species, H,0, HCO3, HSO; and NH3 can act both as

Bronsted acids and bases. For each case give the corresponding conjugate
acid and base.

~ Solution.
_ Species | Conjugateacid | Conjugate base
H,0 H,0* . | | OH"
HCO; H,CO, CO?%-
HSO; H,SO, S03%-
NH, NH; NH,;

Question 40. Classify the following species into Lewis acids and Lewis
bases and show how these act as Lewis acid/base?

(a) OH™ (b)F~
(c)H* (d) BCl;

i
OVl

Lewis acids have a tendency to accept.electrons and Lewis bases have a
K tendency to donate electrons.

Solution. OH™ and F~ are electron rich species and can donate electron
pair. Hence, these act as Lewis base.

:9H'+H+ — H,0

oo 1N
F{ +BF; — [BF]
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H* and BCl; are electron deficient species and can accept electron pair.
Hence, these act as Lewis acid. '

H;N: +H" —— NHT;
N4
H3;N? + BCl; —— H3;N — BCl,

Question 41. The concentration of hydrogen ion in a sample of soft
drink is 3.8 x10~° M. What is its pH?

Solution. pH =-log [H']
pH=-10g [3.8 x107]
pH=- (-31og10 + log 3.8)
pPH=+ 3-0.5798 =2.4202 =2.42

Question 42. The pH of a sample of vinegar is 3.76. Calculate the
concentration of hydrogen ion in it.
. Solution. pH=3.76 = —log [H']
log [H*]=-3.76
[Before taking antilog add -1 in characteristic (- 3) and +1 in mantissa
0.76),ie.,—3.76 — 1+ 1=4.24)
log[H*] = 4.24 or [H*] = antilog 4.24
[H']=1.738 x10* M

Question 43. The ionization constant of HF HCOOH and HCN at
298 K are 6.8 x10™*, .8 x10™* and 4.8 x10~° respectively. Calculate the
ionization constants of the corresponding conjugate base.

\@ To find K, of a conjugate base, use the formula K, -K, = K, =1x107".
Solution. If K, is the ionization constant of a weak acid (HA) and K, is

the ionization constant of its conjugate base (A7) then K, -K, =K,

-14 . -14
10
g L e L =147 x10™!
K, HF) 6.8x10

: 1x10714 1x1071
K, (HCOO) = =
b ( ) K, HCOOH) 1.8x10™*
1x107%  1x107%

K, (CN") = = =2.08 x1078
» (CN7) K, HCN) 4.8x107°

‘Question 44. The ionization constant of phenol is 1.0 x107'°. What is the
concentration of phenolate ion in 0.05S M solution of phenol ? What will be
its degree of ionization if the solution is also 0.01 M in sodium phenolate?
Solution. CH,OH+H,0 == CgH, 0" +H,;0"
phenol phenolate
_ [CH:OT] [H,07]
“ T [CeHOH]

=5.56 x10™ 1!
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By Ostwald dilution law,
[CeH;0"] = [H;0"]= K, C
= 1.0 x107° x0.05 =2.24 x10° M

When mixture contains 0.05 M phenol and 0.01 M phenolate ion (from
sodium phenolate) then

[CeHs0™] [H0"]

K. =
" [CeH;OH]
1.0 x10-10  [0:01] x[H;0"]
[0.05]
-10
[H3O+] - 0.05x1.0x10 =5% 10_10 M
0.01
-10
[H,0*]=C-0 =5x107"° or « =5—"1C0—
i A
2 X 110
0.05

Question 45. The first ionization constant of H,Sis 9.1 x 1078, Calculate
the concentration of HS™ ion in its 0.1 M solution. How will this
concentration be affected if the solution is 0.1 M in HCI also? If the
second dissociation constant of H,S is 1.2 x10'13, calculate the
concentration of S~ under both conditions.

Sple (i) H,S, being a weak acid, dissociates as H,S + HO = HO" + HS"
% so, calculate [HS™] by using the formula, K, %
H,

(ii) HCI being a strong acid dissociates completely, so calculate [HS™] in
the presence of 0.1 M HCI by taking [H*] concentration as 0.1 M.

(iii) Calculate [S] ion concentration by using the equation,
. HS™ + HO = HO* +S*
(iv) Calculate [S?] ion concentration in the presence of 0.1 M HCI.
Solution. (i) H,S +H,0 = H;0" +HS™
_ H;0"] [HST]
a
[H,S]
[H;0*]=[HS"] = /K,,.C
=9.1x1078 x0.1=9.54 x10"5 M
(ii) In the presence of 0. 1 M HC], [H;0*]1=0.1M
[H;0'] HS7] -
Ky = ——7—1
' [H,S]
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9.1x10" < LI HS]
- [0.1]

[HS™] =9.1x10° M
Hence, concentration of [HS] is decreased in the presence of
- 0.1M HCI due to common-ion effect.
(iii) For second dissociation constant,
HS™ +H,0 == H,0" +S* (In absence of HCI)
[HS™]1=9.54 x10° M
_ HO']8%]
“ S]]
H:0']=5"1=K,, C
=1.2x107" x9.54 x10™° = 3.38 x10°M
(iv) In the presence of 0.1 M HC],
. [RCT 51 _4 5 1019 - 101 [s:l
[HS] [9.1x1078]

[S*]=1.092 x107°M

Question 46. The ionization constant of acetic acid is 174 %1075,
Calculate the degree of dissociation of acetic acid in its 0.0S M solution.
Calculate the concentration of acetate ion in the solution and its pH.

Solution. CH,COOH +H,0 == CH,COO™ +H,0"
o y 0 0 Initially

C-Ca Ca At time t

[CH;COOT] [Cﬁso*l
@~ " |CH,COOH] _
Given, K, =1.74 x107°, [CH;COOH] = 0.05 M
[CH,COO] = [H,0*] =/ K, -[CH;COOH]
[CH,COO™] = [Hy0*] = /1.74 x107° x0.05
[CH,COO™ | = [Hy0*] =/17.4 x10® x 5.0 x10™2
' =9.33x10* M
[CH,COO ]=[H,0%]=C"a
H,0"] 9.33x107*
| C 005
pH = - log [H;0"]
pH = - log [9.33 x10™]
pH =4 -0.9699 = 3.0301

=1.86 x1072

Degree of dissociation, o =
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Question 47. It has been found that the pH of a 0.01 M solution of an
organic acid is 4.15. Calculate the concentration of the anion, the
ionization constant of the acid and its pK,.

3\\"'/ (iy Organic acids are weak acids, so dissociate as HA = H* + A- and
77 e [H"1[A]
their K, is calculated as, K, = i
3 culated as, K, A

(i) To calculate K,, [H*] and [A7] are required. Calculate H*] by' using
the formula, pH =-log[H*] and calculate [A7] by using the

equation HA = HY+ A

+ _
(ili) Then, calculate K, by using the formula, K, = [H“_]lz]q ]

(iv) Calculate pK, by using the formula pK, = —log K,
Solution. HA = H' + A~ '
pH =4.15=-1log [H']
log [H*] =-4.15
log [H*] = 5.85 or [H*] = antilog 5.85 = 7.079 x107°
[H*] =[A7]=7.079x10° M ,
K, = [H'][A7] _(7.079 x10™°) (7.079 x 1079
[HA] 0.01
K, =5011.22x107° =50 x107"
pK, =-log K, =-log [5.0 x1077]
pK, =7-0.699=6.301

Question 48. Assuming complete dissociation, calculate the pH of the
following solutions :

(a) 0.003 M HCI (b) 0.005 M NaOH
(c) 0.002 M HBr (d) 0.002M KOH
e pH = — log [H0*]
-y pOH = - log [OH"]
pH+ pOH =14

Solution. (a)0.003 M HC1=0.003 M [H,0%]
PH = -log [H;0"]
pH = -10g [0.003] = - log [3.0 x107].
pH =3 + (-0.4771) =2.52
(b) 0.005 M NaOH = 0.005 M [OH"]
pOH = - log [OH"] = - log [0.005]
pOH =-1og [5.0 x107*] = 3 + (-0.6990)
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pOH =2.30

PH + pOH=14 or pH=14-2.30=11.70
(c) 0.002 M HBr
PH = -log [H;0*] = - log [0.002]
PH =3+ (-0.3010) =2.699 ~ 2.70
(d) 0.002 M KOH '

POH = - log [0.002] = 2,70
PH+pOH=14 or pH=14-270=11.30
Question 49. Calculate the pH of the following solutions :
(a) 2 g of TIOH dissolved in water to give 2 L of solution.
(b) 0.3 g of Ca(OH), dissolved in water to give 500 mL solution.
(c) 0.3 g of NaOH dissolved in water to give 200 mL of solution.
(d) 1 mL of13.6 M HCl is diluted with water to give 1 L of solution.

e (i) To find pH of the given solution, first find concentration of solution in

-

P mol L',

(i) To find pH of the given acidic solution use the formula
pH = —log [H0*].

(iii) To find pH of the given basic solution, first find pOH of the solution by

using the formula pOH = - log [OH"] and then find pH by using the
formula pH + pOH =14,

Solution. (a) Molecular mass of TIOH =204 + 16 + 1 =221 g mol!

Conc. in mol L ™! (molarity)
Mass of TIOH (g)

- Molar mass of TIOH x Volume of solution (L)
2

| T 221x2 |
pH = —log [OH"] =-log [4.52 x10™]
pOH =3 + (- 0.6551) =2.344
pH+pOH=14 or pH=14-2.334=11656~ 1166
(b) Molecular mass of Ca(OH), =40 + [(16 + 1) x2] = 74 g mol !
) , Mass of Ca(OH),(g) x 1000
Molarity; M= Molar mass of Ca(OH), xVolume of solution (mL)
0.3 x1000
" 74 x500

One mole of Ca(OH), gives 2 moles of OH™. So
[OH]=2 x00081=0.0162 M
pOH = -log [OH ] =-10g [0.0162]
pOH =-1log [162 x107%] =2 + (- 0.2095) = 1.7905 ~1.79
pH+pOH=14 orpH =14-179=1221

=0.00452=4.52 x103 M

=0.0081
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(c) Molecular mass of NaOH =23 + 16 + 1 =40
Mass of NaOH (g) x 1000

B Molar mass of NaOH x Volume of solution (mL)

0.3 %1000
40 x200

=0.0375

pOH = - log [0.0375] =- log [3.75 x107?]

POH =2 + (-0.5740) =1.426 ~1.43
pH + pOH =14 or pH=14-1.43=12.57
(d) In case of dilution MV, =M,V,
136 x1(mL) =M, x1000 (mL)

13.
,=135x1_ 46136 =1.36 x102M
1000
pH = - log [1.36 x1072] =2 + (- 0.1335)=1.8665
pH =1.87

Question 50. The degree of ionization of a 0.1 M bromoacetic acid
solution is 0.132. Calculate the pH of the solution and the pK, of
bromoacetic acid.

\é; (i) Find K, by using the formula K, = C- o? (for weak acid).

25 (i) Find pK, by using the formula pK, = —log K.

(iii) To find pH of the solution, find [H O*] concentration, by using the
relation [HO"] = Ca..

Solution. CH,(Br)COOH + H,0 == CH,(Br)COO™ +H,0"

Initial conc. (o 0 0
Equili. conc. C-Ca Ca Ca.
Cl-a) '
K, = Ca .Co Ca?
C(l-a) (1 -a)
K, = Ca? [For weak acid (1 - a) = 1]
K, =0.1x (0.132)2 =0.00174 ~1.74 x1073
pK, =-1log K,

or pK, =-log [1.74 x 1073

pK, =3 + (- 0.2405) =2.7595
pH = -log [H,0"]
pH = -log [1.32 x 107
(because [H;0%) = Ca =0.1x0.132=0.0132)
pH=2+(-0.1206) = 1.8794 ~ 1.88
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Question S1.  The pH of 0.005 M codeine (C;gH,;NO3) solution is 9.95.
Calculate its ionization constant and pK,.

S (i) As codeine is a weak base, its ionization constant is related to OH™ as

e k. _ [OH7?
b = At
[Codeine]
(ii) Calculate [OH") from pOH with the help of the formula
. pOH = - log[OH"]
(ill) pK, = - log K, »
Solution. Codeine (C,gH,)NO,) + H,0. == Codeine H* + OH"
pH =9.95 or pOH =14 -9.95 =4.05
pOH = —log [OH]
log [OH] =-4.05=5.95
[OH] = antilog 5.95 =8.913 x107°

k.  lcodeine H'] [OH'] _ [OH J?
L =

(because [codein H'] =[OH))

[codeine] - [codeine]
-5,2
K, =813 x107) ) o0 10
0.005

pK, =-log [K,] =—log [1.588 x 1079

PK, =6+ (- 0.2009) = 5:7991~ 5.80
Question 52. What is the pH of 0.001 M aniline solution? The jonization
constant of aniline is 4.27 x107'°. Calculate the degree of ionization of
aniline in the solution. Also calculate the ionization constant of the
conjugate acid of aniline.

% (i) Find [OH ] ion concentration by using the formula [OH"] = JK,C.
” (i) To find pH of the solution first find pOH and then pH (pH + pOH = 14),
(iii) Find a by using the formula a = \/K, / C (for weak base).
(iv) Find K, by using.the formula K, - K, = K, =104,
Solution. CH,NH, +H,0 == CgH,NH} + OH"
_[CHNH][OH] _ [OH ]
[CeHsNH,] ~ [CgHsNH,]
[OH]=,/K,-C =44.27x107 x0.001
[OH™]=6.534 x10~7
pOH = - log [6.534 x1077)

pOH =7+ (-0.8152) =6.18
pH + pOH =14
or pH=14-6.18 = 7.82
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CgHsNH, + H,O0 = CgHsNHj + OH

Initial conc. 4 0 0
Equili. conc. C - Ca Ca Ca
' y = st [(1 - @) = 1 for weak base]
Cl-a) :

K,=Ca? or o=4K,/C

’ -10
Degree of ionization, a = 429 H107 - 6.53 x10™*
0.001

K, of conjugate acid of aniline,
K, 1 T 5
Ko =—*=——"">5=234x10
K, 4.27x10

Question 53. Calculate the degree of ionization of 0.05 M acetic acid if '
its pK ,value is 4.74. How is the degree of dissociation affected when its

solution also contains (a) 0.01 M (b) 0.1 M in HCI ?
e () ais related to K, as a = /K, / C, so first find K, from pK, as

“a pK, = —log (K,) and then calculate a.

(ii) To find a in the presence of 0.01 M HCl or 0.1 M HCI, calculate Ca fof
acetate ions by taking [H*] ion concentrations 0.01M or 0.1 M.

Solution. pK, =-1log K,,
474 =-log K,
log K, =—4.74=5-26 |
K, =antilog 5.26 =1.82 x107°

1.82x107°
a=JK,/C or o= —0’65— (C =0.05given)
5
o= LB2X19 " _ 5364 x107 = /3.64 x 107
5.0 x107
o= 1,908 X 10_2

(a) In the presence of 0.01 M H* :
CH,COOH == CH,CO00™ + H*

Initial conc. 0.05M ‘ 0 0
Equili. conc. 0.05 - Ca Ca (Ca +0.01)
~0.05 ~0.01

[CH;COOH is a weak acid and HCl is a strong acid, so we can
assume that (Ca + 0.01) ~0.01]

K, = [CH,COO™| [HY)
[CH;COOH)
Ca x0.01
0.05

1.82 x107° =
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Co, = 1:82 x107° x0.05
o =
0.01

or =9.1x10"°

9.1x1075
o =—-
0.05

(b) In the presence of 0.1 M HCI similarly, K,

Co=9.1x10"° or =1.82x107 .

_ [CH,COOT] [HT]
~ [CH,COOH]

1.82x1075 = C‘:‘) ;;).1 (H'] =(Ca +0.1M) ~0.1M)

. | (because 0.1 M HCl =0.1MH" ions)
Co = 1:82x107° x0.05
0.1
0.91x107°
o =
0.05

In the presence of strong acid, dissociation of weak acid i.e., CH,;COOH
decreases due to common ion effect.

=0.91x107°

=1.82x10™

Question 54. The ionization constant of dimethylamine is 5.4 x107*,
Calculate its degree of ionization in its 0.02 M solution. What percentage
of dimethylamine is ionized if the solution is also 0.1 M in NaOH?

Solution. Given, K, for dimethylamine = 5.4 x 107
C for dimethylamine =0.02 M

4 x10™ .
a=4K,/C =J% =1.64 x107=0.164

In the presence of 0.1 M NaOH,
: +
(CH;),NH+H,0 = (CHj),NH, + OH"

Initial conc. 0.02 M 0 0
Equili. conc.  (0.02 - Ca) Ca Ca + 0.1
~0.02 ' =0.1

| (0.1from 0.1 M NaOH)
+
_ [(CHy), NH,] [OH']
b [(CH;), NH]

Ca x0.1
-4 _
or 54 x107" = 0.02
-4
Ca = 54 x107™ x0.02 ~108 x 10~
0.1
"
02108107 _ o4 10 =5.4x107
0.02

o =0.54%
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Question 55. Calculate the hydrogen ion concentration in the following
biological fluids whose pH are given below :

(a) Human muscle-fluid, 6.83 (b) Human stomach fluid, 1.2
(¢) Human blood, 7.38 -(d) Human saliva, 6.4

Solution. (a) pH of human muscle fluid =6.83
pH= - log [H']
or log [H*] =-6.83 = 7.17
or [H*] = antilog 7Z.17 =1.479 x107'M
(b) pH of human stomach fluid = 1.2
log [H*]=-1.2=2.80 or [H*]=antilog 2.80

5, [H*]1=6.31x107°M
(c) pH of human blood = 7.38

log [H]=-7.38=8.62
or [H*] = antilog 8.62=4.169 x10°M
(d) pH of human saliva = 6.4 '

log [H']=-6.4= 7.60
[H*]= antilog 7.60 =3.981x107’M

Question 56. The pH of milk, black coffee, tomato juice, lemon juice and

egg white are 6.8,5.0,4.2,2.2 and 7.8 respectively. Calculate the
corresponding hydrogen ion concentration in each.

Solution. (a) pH of milk'=6.8
log [H*]=-6.8=7.20
[H*] = antilog 7.20 =1.585 x 107M
(b) pH of black coffee = 5.0
log [H"]=-5.0
[H*]=10"M
(c) pH of lemon juice =2.2
log [H*]=-2.2=38
[H*] = antilog 3.8 =6.310 x107>M
(d) pH of tomato juice =4.2
log [H*]=-4.2=5.80 .
[H*] = antilog 5.80 =6.310 x 10M
(e) pH of egg white = 7.8
log [H*]= - 7.8=8.20
[H*] = antilog 8.20 =1.585 x 10~*M
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Question 57. If 0.561 g of KOH is dissolved in water to give 200mL of
solution at 298 K, calculate the concentrations of potassium, hydrogen
and hydroxyl ions. What is its pH?
Solution. Concentration of ag. KOH in mol L7}, i.e.,
Molarity, M = Mass of KOH (g) x 1000 .
Molar mass (KOH) xVolume of solution (mL) ‘
M = 0.561 x1000 .
56 x200
(Molar mass of KOH = 39 + 16 + 1= 56 g mol ")
M =0.05mol L™
KOH = K' + OH
0.05M 0.05M 0.05M
[K*]=0.05M and [OH]=0.05M

[H*]-[OH]= K, =1.0x107"

pr« L4200

pH = - log[H*] = - log[20 x107%3)
=-1log2 - log 1073
=-0.3010 + 13=127

Question 58. The solubility of Sr(OH), at 298 K is 19.23 g/L of solution.
Calculate the concentrations of strontium and hydroxyl ions and the pH
of the solution.

=20 x10"% M=2.0 x107*M

e (i) First find concentration of Sr(OH), solution in mol per litre as
s concentration is given in g/L.
(ii) We have the [OH"], so find [H"]ion concentration, with the help of
[H*][OH]=10""
(iii) Find pH of the solution from [H*].
Solution. Solubility of Sr(OH), = 19.23 g/L at 298 K
19.23 (g) '

121.6 gmol™ x1L

/

Molarity, M =

(Molar mass of Sr(OH), =87.6 + 2 (16 + 1) =121.6 g mol™})
M =0.1581mol L!

Sr(OH), — Sr** + 20H"
0.1581 M 0.1581M 2 x0.1581 M
[Sr**]=0.1581M

[OH]1=0.3162 M
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[H'] [OH]=10""" (K, =107 =[H"]-[OH")
-14
H= 10
.7 0.3162
pH = - log [H*] = - log [3.16 x 107
pH =14 - 0.4997 = 13.5003 ~ 13.5

Question 59. The ionization constant of propanoic acid is 1.32x107°,
Calculate the degree of ionization of the acid in its 0.05 M solution and

also its pH. What will be its degree of ionization if the solution is 0.01 M in
HClI also ?

Solution.
CH,CH,COOH + H,0 = CH,CH,COO0™ + H;0*; K, =1.32x107°
Propanoic acid
(0.05 - Ca) Ca Ca
From Ostwald's dilution law,

-5
=\/K07= 1.32 x10
005

o =0.016248
[H,0*]= Ca = 0.05 x0.016248

[H,0%]=0.0008124=8.124 x107*
pH = -log [H,0"]= —log (8.124 x107%)

pH =4 -0.9098 = 3.0902 =~ 3.09
When the solution contains 0.01 M HCI1

[CH,CH,COO™|[H;0"]

=3.16 x107~¥

K, =
CH,CH,COOH
1.32 x1075 = _Co x0.01
(0.05-Ca)

(H;0"]=0-01M from HCL. In the presence of 0.01 M HCl dlssoc1at10n of
propanoic acid decreases.)

1.32 x10™ x(0.05 - Ca)

Co = ' 05 - ~
o 0.01 [as (005 - Ca) = 0.05]
Co =6.60 x10™°
-5
Degree of ionization, a = ﬁ%foé—o— =1,32 x10™

Quéstion 60. The pH of 0.1M solution of dyanic acid (HCNO) is 2.34.

Calculate the ionization constant of the acid and its degree of ionization in
the solution.

\\l“,

3 As we have pH, find [H,0*] to calculate K, and a.
2 - [H O*]
Cc



Equilibrium . 179

Solution. HCNO +H,0 = H,0* + CNO~
pH =2.34
pH =-log [H;0%]
log [H,0%]= -2.34 = 3.66
[H;0%] = antilog 3.66 =4.571 x10~°M
[HyO*] = Ca =4.571x107°
4.571x1073

Degree of ionization, o = e Wl B T e
+1 14 -
Ionization constant, K, = i O 2O ]
[HCNO]
-3 -3
Z 4.571x10 0x14.571 x10 ~2.089 x10™*

Question 61. The ionization constant of nitrous acid is 4.5 x1074.

Calculate the pH of 0.04 M sodnum nitrite solution and also its degree of

hydrolysis.

e (i) Sodium nitrite is a salt of weak acid and strong base. Hence, to

< calculate pH of its aqueous solution use the formula
pH — 7 + W

(ii) Degree of hydrolysis |, h=

/

Ky
K

a

(for a salt of weak acid + strong

base)
Solution. Given, [NaNO,]=0.04 M
K, of HNO, =4.5 x10™*
pK, =-1log K, =-log (4.5 x107%)
pK, =4 -0.6532 =3.3468 ~3.35

logC
pH=7+ BK_%_O_Q_
pHS T4 3.35+ ;og0.04 _708
pH=7.98
’ 1014
De f hyd
gree of hydrolysis, h = ’KC 15 %10 x0.04
h=2.36x10"°
Alternatively, NO; +H,0 = HNO, + OH"
Initial conc. C 0 0
After hydrolysis conc. (C - Ch) Ch Ch

[OH )= Ch=0.04 x2.36 x10™°
[OH ]=9.44 x1077
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pOH = -1log [9.44 x 107)
pOH = 7-0.9750 =6.03
pH+ pOH=14 or pH=14-6.03=7.97

" Question. 62. A 0.02 M solution of pyridinium hydrochloride has
pH = 3.44. Calculate the ionization constant of pyridine.
il (i) Pyridinium hydrochloride is a salt of weak base (pyridine) and

E strong acid (hydrochloric acid). Therefore, to calculate K, first calculate

PK, by using the formula,
pK, log €

. 2 2
(ii) Calculate K, by using the formulapK, = —log K,
Solution. CH/N*HCI™ + H,0 = CH,N*HOH™ +HCl
(Solution is acidic due to hydrolysis)
oH =7 DKo _1ogC
- 2 2
log 0.02

2

pH=7-

3.44-=7-PKb _
2

pK, =8.82
pK, =8.82=-1log pK,
log K;, =—-8.82=9.18
K, =antilog 9.18 =1.5 x107°

Alternatively,
e (i) Find [H30+] ion conc. by using the formula pH = - log [H0*].
=) ter +
! (i) Calculate K, by using the formula, K, = [CN"CH tHO™]
. [CHsN-HCI)
(iii) Calculate pK, from K, and then pK,, by using the formula

pK, + pK, =14.
(iv) Calculate K, from pK,.
CeHsN-HCl +H,0 = CgHs;N*Cl™ + H,0"
g - [CetsN 'CI'] [H0]
e [CeHsN -HCl)
pH = 3.44 = - log [H,0"]
log [H;0%]= - 3.44 = 4.56
[H;0*]= antilog 4.56 = 3.63 x10™*M
[H,0"]= [CeHsN*Cl] = 3.63 x 107
_3.63x107* x3.63 x10™
- 0.02
pK, =-log K, = - log 6.588 x107°
pK, =6+ (-0.8187) = 5.18
pKa + pK, =14
pK, =14 -5.18 =8.82

Hence, K, =6.588 x107°
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~log K, =-8.82 _
or log K, =-8.82=9.18
K, =antilog 9.18=1.5x10™

Question 63. Predict if the solutions of the following salts are neutral,
acidic or basic :

NaCl, KBr, NaCN, NH4NO3, NalNO, and KF
e The solution of a salt of strong acid and strong base is neutral while that

-

2 of weak acid and strong base is basic. A solution of salt of strong acid
and weak base is acidic.

Solution.
L Salt et Ak B g o et Nature of
Salt. | Acid | Base | 'Hydrolysis reaction - e ition
(i) " |NaCl HCl NaOH H,0 = H'+OH Neutral
No hydrolysis
(ii) |KBr HBr KOH No hydrolysis Neutral

(i) |NaCN |HCN |NaOH | cN-+ H,0 = HCN + OH~ |Basic
(iv) |NH,NO3HNO; |NH,OH |NH; + H,0 = NH,OH + H* |Acidic

(v) [NaNO, |HNO, |NaOH NO; + H,0 = HNO, + OH|Basic

(vi) | KF HF KOH F~+ H,0 = HF + OH" Basic

Question 64. The ionization constant of chloroacetic acid is 1.35 x1073.
What will be the pH of 0.1 M acid and its 0.1 M sodium sa.lt solution P

L (i) To calculate pH of the solution first find [|—|30+] ion Concentrahon
e by using the formula, [H0*] = /K, C.

(ii) Calculate pH by using the formula, pH =-log [HO"1.

(ifi) Sodlum chloroacetate is a salt of strong base and weak acid therefore,

ST pK, + log C
Solution. CH,CICOOH +H,0 == CH,CICOO™ +H,0"
K, =1.35x10" - (given)
pK, =-log K, =-1og [1.35 x107%]
" =3-0.13=2.87
By Oswald's dilution law,

[H,0%]= K, -C =1.35 x1073 x0.1
[H,0%]=1.16 x102M
pH of acid = - log [H;0"] = - log (1.16 x1072) M |
pH=2-0.06 =1.94
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0.1 M CH,CICOONa (sod. chloroacetate) is basic due to hydrolysis.
CH,CICOO™ +H,0 = CH,CICOOH + OH"

For a salt of strong base + weak acid, o T
.87 + log 0.
pH=7+ s =422l 09

2
287+ (1) _, 187

He74 87 _ 2.4 0.935~7.94
P 2 2

pH =7.94
Alternatively To find pH of 0.1 M sodium salt solution use the formula,

pH = - % [log K, + log K, —log C]
pH=- % [log 107 + log (1.35 x 107°) ~1og 0.1]

pH =- % [- 14 + (- 3 + 0.1303) — (- 1)]
pH =- % [~ 15.8697] = 7.93485 ~ 7.94

Question 65. Ionic product of water at 310 K is 2.7x 107'*. What is the
pH of neutral water at this temperature?

Solution. K, =[H,O%] -[OH]=2.7x10"* at 310 K
H,0 +H,0 = [H,0"][OH]
[H,0"]=[OH]

Therefore, [H,0*] = y2.7x10™ =1.643 x107M

pH = - log [H,0*] = - log 1.643 x 10~
pH = 7+ (- 0.2156) = 6.7844

Question 66. Calculate the pH of the resultant mixtures :
(a) 10 mL of 0.2 M Ca(OH), + 25 mL of 0.1 M HCI
(b) 10 mL of 0.01 M H,SO, + 10 mL of 0.01 M Ca(OH),
(c¢) 10 mL of 0.1 MH,SO, + 10 mL of 0.1 M KOH

e Compare millimoles (MV) of acid and base, to find the nature of solution.
A (i) If millimoles of acid are more, the resultant mixture is acidic.
(ii) If millimoles of base are more, the resultant mixture is basic.

(i) If millimoles of acid and base are equal, the resultant mixture, is
neutral. Then calculate the pH.

Solution. (a) Base, Ca(OH), = Acid, HCI
MV, =MyV,
Given, M; =[OH]=2x0.2=04M
Vi =10mL, M, =0.1M, V, =25mL
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MVi =M,V,
0.4 x10=0.1x25
4>2.5
MV, > M,V, hence, solution is basic.
[OH | = M,V; -M,V, _4-25
Vi+V, 10 + 25

POH =-1log [4.3 x107%]=2 - 0.6335=1.3665

PH=14 - pOH =14 - 1.3665 = 12.6335~ 12.63
(b) Similarly, base, Ca(OH), = Acid, H,SO,
MV, =M,V,

(2 x0.01) x10=(2 x0.01) x10
Because M,V; = M, V,, hence solution is neutral.
& PH=7
(c) Acid, H,SO, = Base, KOH

MV, =M,V,
(2x0.1)10=0.1x10

Because M,V; > M,V,, hence solution is acidic,

=0.043 M

(11¢] = Mai —MaVy
_ . Vi+V,
0210 - 01108 21 o Jens
10 + 10 20 :

PH =-1og [0.05] = - log [5.0 x1072]
pH=2-0.6990 =1.301~1.30
pH=1.30

Question 67. Determine the solubilities of silver chromate, barium
chromate, ferric hydroxide, lead chloride and mercurous iodide at 298 K
from their solubility product constants. '

[K,(Ag,CrO,) =1.1x107", K, (BaCrO,) =1.2 x107°,
K, [Fe(OH);]1=1.0 x107%, K, (PbCl,) =1.6 x10~
K, (Hg,l,) =4.5 x107%] |
Determine also the molarities of individual ions.
Solution. (a) Ag,CrO, == 2Ag"* +CrO%; K, =1.1x10712
s 2s s .
Ko =[Ag*]*-[CrO]]
K, =[2s]* - [s] =45°

B = Kep
4
-12
or Pl X s g 0-i2

4
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3log s=log2.75 x107*
3log s =-13 + 0.4393 = — 12.5607

log s ;:%607 = _4.1869=5.8131

s = antilog 5.8131=6.503 x10~° M
[Ag*]=2s=2x6.503 x10™°
=13.006 x10° ~ 1.3 x10™* M
[CrO?]=5=6.503 x10™° M
(b) BaCrO, = Ba® +CrOj; K, =1.2x107"
s s s (Solubility of BaCrO, is s mol L%

K., =1.2x107'% =[Ba®*]-[C1O} ] = s* -
s=412x101°=1.1x10"° M
Ba**] = [CrO?]=1.1x10"° M
(c)Fe (OH); = Fe’ +30H; K,, =1.0 x107%® _
s .8 35 (Solubility of Fe(OH), is s mol L™?)
K, =[Fe**][OH]?

: - K
K., =5-(3s)°=27%s* or s*=—%P
sp (33) 27

=0.037 x10738

i 1.0x10™%8

§'=—
27

4 log s =log 3.7 x1074°

41log s =-40+0.5682 = - 39.4318

—-39.4318 —
log s =—— =-9.8579=10.1421

s = antilog 10.1421 = 1.387 x 10~1°
.8§~1.39 x1071°
[Fe3*]=1.39x1071° M
| [OH]=35=3x1.39x101°=4.17x10"1° M
() PbCl, = Pb* +2CI; K, =1.6x1075 .
s S 2s (Solubility of PbCl, is smol L)
K,, =[Pb?*][CI}?
Ky, =5-(25)* =4s°
o Ko _16x107°
4 4
3log s=1og 0.4 x107° = log 4.0 x107®

=0.4 x107°
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3log s=-6+0.6021=-5.3979

log s = L:;g'ig =-1.7993 =2.2007

s = antilog 2.2007 =1.585 x 107
~1.59x102 M
Solubility of PbCl, = 1.59 x 10 M
[Pb?*]=1.59 x1072 M
[CI']=2x1.59x102M=3.18 x107> M
() Hgyl, = Hg}" +2I5 K, =4.5x107
S s 2s (Solubility of Hg,1, is s mol L™")
K, =Hg3' 10
Ky =5.Q8) =45
5 K 45x10%

g = =1.125x107%°
4 4

31og s =log (1.125 x107%%)

3log s=-29+0.0512 =-28.9488

log s = i8‘394—8§ =-9.6496

" log s = —9.6496 = 10.3504
s = antilog 10.3504 =2.241x10"1° M
Solubility of Hg,I, =2.241x107°M
[Hg2*]1=2.241x107''M

[I7]=2x2.241x107 M =4.482 x1071°M

Question 68. The solubility product constant of Ag,CrO, and AgBr are
1.1x1072 and 5.0 x107'3 respectively. Calculate the ratio of the molarities
of their saturated solutions.
Solution. Ag,CrO, == 2Ag" + C10f; K, =1.1x102
s 2s s
(Solubility of Ag,CrO, is s mol L)
K =[Ag*)[C1O}
2. e A3
Koy =(25)"-s=45"
-12
or ¢ =Ko _LIXI0TE o ooe jo12
4 4
s3=2.75x10713 |
3log s=log2.75 x10713
3log s=-13 +0.4393 =-12.5607
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log s = ’_12_;3?6_07 =-4.1869 =5.8131
s = antilog 5.8131=6.503 x10™° M
Solubility of [Ag,CrO,] = 6.503 x 10> M
AgBr == Ag® + Br; K, =5.0x107"°

8 ] s
(Solubility of AgBr is s mol L)

K =[Ag*|Br]=s-5=5"

or s=/K, =+ 5.0x107 = /50 x107
s=7.07x10"7 M
Ratio of their solubilities
s (Ag,Cr0,) 6.50 x10™° M
s(AgBr)  7.07x107 M
Ag,CrQ, is 92 timés more soluble than AgBr. ’
Question 69. Equal volumes of 0.002 M solutions of sodium iodate and

cupric chlorate are mixed together. Will it lead precipitation of copper
iodate? (For cupric iodate K, = 7.4 x107%)

e (i) For precipitation, ionic product > K, so first.find concentration,
’/@ (mol L") of Cu®* ions and 103 ions in mixture and then ionic product
of [Cu** ] and [103].

(i) If ionic product >Ksp. precipitation of Cu(lO;), will take place,
otherwise not.

Solution. 2NalO; + Cu(ClO3), —> 2NaClO; + Cu(IO5),

=91.93 92

copper iodate

[Cu?* |pix = Ogﬂ =0.001M

_. - 0.002
[103] iy = TO =0.001M

(Due to mixing of equal volumes, molar concentrations of each species is
halved.) '

Cu(I0y), = Cu?* +2I0;
Cu(IOy), is precipitated if [Cu®*]- [I03]* > K,
[Cu®].[103]% = (1.0 x107%) x(1.0 x 10732 = 1 x10™°
It is less than K,, of Cu(IO;), (7.4 x107®). Hence, there will be Nno
precipitation,

Question 70. The ionization constant of benzoic acid is 6.46 x10™° and
K,, for silver benzoate is 2.5x107, How many times is silver benzoate

more soluble in a buffer of pH 3.19 compared to its solubility in pure
water?
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e (i) In order to find the hydrolysis constant of silver benzoate, first write the
* =8 equation of ionization of benzoic acid and ionization of silver benzoate

and find a relation of K (hydrolysis constant) with K} (K,) and K,.
(i) Find [H*] concentration to find s (solubility of silver benzoate) in

buffer.
(ili) Find solubility of silver benzoate in aqueous solution and compare
them. ' »
Solution. CegH;COOAg(s) = C¢H;COO + Ag*; K, = Ke
' |
C¢H;COO™ + H* = CgH;COOH; K, =K—
a
+ d + KSP
CgH;COOAg (s) + HY = C¢H;COOH + Ag™; K3 = X

a

K, = [CeHsCOOH][Ag"] _s-s _ s* _Kg
[H'] [H*] [H] K,

where, s is the solubility of CgHsCOOAg.

In a buffer of pH =3.19

log [H*]=-3.19=4.81
[H*] = antilog 4.81=6.46 x10™*

52 Ksp or S2 — Ksp X[H+]

[H'] K, K, |
oo |25 x107" x6.46 x 107
6.46 x107°

s=42.5x10" x10

s=1.6 x10™°M (in buffer)
In aqueous solution, solubility of CsH;COOAg :
K., =[CeH;COO][AG’] =5-5=5"

s=JK,, =y 2.5x107% =5x107"M

S(cgH5COOAg) in buffer _16x 107® _
S(CeH5COOAg) I @queous solution 5.0 x 1077

CeHsCOOAg is 3.2 times more soluble in buffer than in pure water.

Question 71. What is the maximum concentration of equimolar
solutions of ferrous sulphate and sodium sulphide so that when mixed in
equal volumes, there is no precipitation of iron sulphide P (For iron
sulphide, K, = 6.3 x107'%)

Solution. FesS is at the point of precipitation when
[Fe®*][S*]= Ky,
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[Fe?*1=[s*] = /Ksp =6.3x10718
[Fe?*] = [S*]=2.51x10°M -

Since, equimolar solutions are to be mixed, hence on mixing
concentration is halved. Thus, in original solution

[FeSO,]=[Na,S] =2 x2.51x10"° M =5.02 x10°M

Question 72. What is the minimum volume of water required to
dissolved 1g of calcium sulphate at 298 K P (For calcium sulphate, K o 18
9.1x107%), |

Solution. CasO, == Ca® +S0}7; K, =9.1x10°

S S S
where s is the solubility of CaSO,.

K,, =[Ca**][SO} ]=5-5 =5

s=,/K, =9.1x10°°

$=3.017x10° M
CaSO, solubility = 3.017 x10°mol L
=3.017x107 x136 gL
(Molar mass of CaSO, = 136 g mol ™)
;| =410.3 x1073gL ™"
410.3 x107® g CaSO, is dissolved in 1 L.
1x1

Therefore, 1 g CaSO, is dissolved in ————
‘ » . 410.3 x107°

=2.437L

Question 73. The concentration of sulphide ion in 0.1 M HCI solution
saturated with hydrogen sulphide is 1.0 x10™° M. If 10 mL of this is added
to S mL of 0.04 M solution of the following : FeSO,, MnCl,, ZnCl, and
CdCl,, in which of these solutions precipitation will take place ?

(Given, K,0of FeS=6.3 x10™8, K of MnS = 2.5 x 1013

K, of ZnS = 16 x10™*, K of CdS = 8.0 x10-%7)

\@ For precipitation, ionic product > solubility product, so calculate ionic
) product of each salt and compare it with solubility product.

Solution. [S?*"]=1x10"1" M

10 mL of S*" is mixed with 5 mL of 0.04 M solution of different solutes s0
that final volume of solution is 15 mL,

5 10 x10719
B s x15 =6.67x10"2° M
5 %0, :
M) 22008 ) aa 1072 B

15
where, [M?**] = Fe?*, Mn2*, Zn?* or Cq2*
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[M2*][S%]=1.33 x1072 x6.67 x107%°
Ionic product of [M2*][S?"] =8.87x107%
IP of [M**][S*"] > K, of ZnS and CdS
So, these (CdCl, and ZnCl,) are precipitated as CdS and ZnS.

Selected NCERT Exemplar Problems
Short Answer Type

Question 1. The ionization of hydrogen chloride in water is given
below

HCl(ag) + H,O()) = H;0%(ag) + Cl™(ag)
Label two conjugate acid-base pairs in this ionization.

[ Adds proton_}
Solution. HCl(aq)+ H,O() == ‘H;O"(@g) + Cl(aq)
Acid Base Conjugate acid Conjugate-base

‘___ Loses proton

Question 2. Ionization constant of a weak base MOH, is given by the
expression

_[MT]1[OH7]
b= IMOH]
Values of ionization constant of some weak bases at a particular
temperature are given below :

Base Dimethyl amine | = Urea * Pyridine Ammonia
K, 5.4x 107" 1.3%10°°% 177107 - | 177107

Arrange the bases in decreasing order of the extent of their ionization at
equilibrium. Which of the above base is the strongest?

Solution. Greater the ionization constant (K,) of a base, greater is its
ionization. Hence, dimethyl amine is the strongest base.
Dimethyl amine > ammonia > pyridine > urea
K, 5.4 x107* 1.77x107° 1.77x107° 1.3x107™

Question 3. Conjugate acid of a weak base is always stronger. What
will be the decreasing order of basic strength of the following conjugate
bases?
OH",RO", CH;COO", CI”
Solution. Conjugate acids of the given bases are, H,0, ROH,CH;COOH
and HCI Order of acidic strength is
HCl > CH,COOH > H,0 > ROH
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Hence, order of basic strength of their conjugate bases is
RO>OH > CH3CO(—) >4 ©! 1

Question 4. Arrange the following in increasing order of pH.
KNO3((1Q), CH3COONa(aq), NH4Cl(aq)y CGHSCOONH4(aq)
Solution. (i) KNO; is a salt of strong acid-strong base, hence its
aqueous solution is neutral; pH =7 ‘
(if) CH,COONa is a salt of weak acid and strong base, hence, its
aqueous solution is basic; pH > 7
(iif) NH,Cl is a salt of strong acid and weak base, hence its aqueous
* solution is acidic; pH < 7
(iv) CgH;COONH; is a salt of weak acid, C¢qH;COOH and weak base,
NH,OH. But NH,OH is slightly stronger than CgH;COOH. Hence,
pH is slightly > 7. '
Therefore, increasing order of pH of the given salts is,
NH,Cl <KNO,; < CgH;,COONH, < CH;COONa

Question 5. On the basis of the equation pH =—log[H*], the pH of
1078 mol dm ™ solution of HCI should be 8. However, it is observed to be
less than 7.0. Explain the reason.
Solution. Concentration' 10® moldm ™ indicates that the solution is
very dilute. So, we cannot neglect the contribution of H,O" ions
produced from H,O in the solution. Total [H;0*]=10"8 + 107 M. From
this we get the value of pH close to 7 but less than 7 because the
solution is acidic.
Question 6. pH of a solution of a strong acid is 5.0. What will be the pH
of the solution obtained after diluting the given solution 100 times?
Solution. pH=5 ‘

[H']=10" mol L}

107

On diluting the solution 100 times, [H*] = e 1077 mol L

Total H' ion concentration =H" ions from acid + H" ion from water
H']=107 +107 =2x107 M
pH=-1log[2 x107"]
pH =7-0.3010 = 6.699

Question 7. A sparingly soluble salt gets precipitated only when the
product of concentration of its ions in the solution (K sp) becomes greater
than its solubility product. If the solubility of BaSO, in water i
8 x10™*mol dm 3, calculate its solubility in 0.01 mol dm™ of H,SO,.
Solution. BaSO,(s) = Ba*' (aq) + SO?"(aq)

At equili. (1-g) s s _‘

K, forBaSO, =[Ba*"] [SO¥]=sxs =52
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But s = 8 x10™ mol dm™
. -8x10%)2 =64 x10"®
In the presence of 0. 01 M H2804, the expressmn for K, will be
=[Ba"][SOf"
: =(s)-(s+0.01)
(0.01M SO 1ons from 0.01 M HZSO4)
64 x1078 = 5-(s + 0.01)
s +0.015-64x10°%=0

_—0.01+ (0.0 + (4 x64 x10°%)

2
_—0.01+ 107 + (256 x10°%)
- 2
_—0.01+ 107 (1+256 x107)
- ' > ’
~0.01+1072 /1+0.0256 1072 (—1+ 1.012719)
2 . " 2

=5%1073 (-1+ 1.012719) =6.4 x 10> mol dm ™

Note s<<<0.01, 50, s+ 0.01~0.01 and64 x107® = 5 x0.01
64 x 1078

0.01

=6.4x107°

S =

Questlon 8. Calculate the pH of a solution formed by mixing equal
" volumes of two solutions, A4 and B of a strong acid having pH= 6 and pH=4
respectively.

Solution. pH of solution A =6. Hence, H1=10"° mol L™
pH of solutlon B=4. Hence,[H']=1 10~ mol L}

On mixing 1 L of each solution, molar concentration of total H" is halved.

-6 -4
Total, [H"] = E—%lg— mol L™

_ -4
H']= Lo_1_;1_0_ ~5.05x10"° mol L™

[H']=5.0 107> mol L™

pH = - log [H']

pH = - log (5.0 x10™)

pH =-[log 5 + (- 5 log 10)]
pH=-log5+5

pI'I =5~ lOg 5=5 -0.6990
pH=4.3010~4.3
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Question 9. Calculate the volume of water required to dissolve 0.1 g
lead (II) chloride to get a saturated solution (K, of 'PbClz =3.2x1078

atomic mass of Pb = 207 u). .
Solution. Suppose solubility of PbCl, in water is s mol L™

PbCl,(s) = Pb2+(aq)+2C1 (ag)
(1— 5)

=[Pb?*].[CI"}?

= [s] [25)* =4s°
3.2x107% =4s°
3 _32x i1

4
s*=8.0x107°
Solubility of PbCl,, s =2 x 10> mol L™
Solubility of PbCl, ing L™ =278 x2 x10™ =0.556 g L™
(- Molar mass of PbCl, =207 + (2 x 35.5) =278)
0.556 g of PbCl, dissolve in 1 L of water. -

0.1 g of PbCl, will dissolve in L0
0.556

=0.8x1078

L of water

=0.1798L =179.8 mL

' Question 10. Following data is given for the reaction,
CaCOj3(s) —> CaO(s) + COx(g); A H°[CaO(s)]=-635.1kJ mol =
ArH® [CO,(g)]1= - 393.5 kJ mol™!

A;H° [CaCOs(s)] = - 1206.9 kJ mol ™!
Predict the effect of temperature on the equilibrium constant of the above
reaction.
Solution. CaCO,(s) = CaO(s) + CO,(g)
AH® = AH® [CaO(s)] + AH°[CO,(g)] - A;H° [CaCO4(s)]
AH®=-635.1+ (- 393.5)- (- 1206.9) = 178.3 kJ mol!
Because AH value is positive, so the reaction is endotherrmc Hence,

according to Le-Chatelier's principle, reaction will proceed in forward
direction on increasing temperature.

Long Answer Type

Question 11. How can you predict the following stages of a reaction by
comparing the value of K, and Q,P
(i) Net reaction proceeds in the forward direction.
(ii) Net reaction proceeds in the backward direction.
(iii) No net reaction occurs.
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Solution. ' (i) If Q, < K_, the reaction will proceed in the direction of the
products (forward reaction).
(ii) Q, > K., the reaction will proceed in the direction of reactants
(reverse reaction).
(ili) If Q. = K., the reaction mixture is already at equilibrium.

Question 12. On the basis of Le-Chatelier’s principle, explain how
temperature and pressure can be adjusted to increase the yield of
ammonia in the following reaction?

Ny(g) + 3H,(g) = 2NHj(g); AH =-92.38kJ mol™

What will be the effect of addition of argon to the above reaction mixture at
constant volume?

Solution. N,(g) + 3H,(g) = 2NHj,(g); AH =-92.38 kJ mol™!

It is an exothermic process. According to Le-Chatelier's principle, low
temperature is favourable for high yield of ammonia, but practically very
low temperatures slow down the reaction. So, optimum temperature,
700 K is favourable in attainment of equilibrium.

Similarly, high pressure about 200 atm is favourable for high yield of
ammonia. On increasing pressure, reaction goes in the forward direction
because the number of moles decreases in the forward direction.

At constant volume addition of argon does not affect the equilibrium
because it does not change the partial pressures of the reactants or
products involved in the reaction and the equilibrium remains
undisturbed. '

Question 13. Write a relation between AG and Q and define the meaning
of each term and answer the following : :
(a) Why a reaction proceeds forward when Q <K and no net reaction
occurs when Q = K?
(b) Explain the effect of increase in pressure in terms of reaction
quotient Q for the reaction. .
CO(g) + 3H,(g) = CH,(g) + H,0(g)

Solution. AG=AG°+RTInQ

AGP° = change in free energy as the reaction proceeds
AG = standard free energy
Q =reaction quotient
R = gas constant
T = absolute temperature
(a) Since, AG°=-RT In K ‘
AG=-RTInK+RTInQ

AG=RT1n—(2
K
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If Q < K, AG will be negative and the reaction proceeds in the forward

direction. .
If Q = K, AG =0reaction is in equilibrium and there is no net reaction.

(b) CO(g) + 3H,(g) = CH,(g) + H,0(g)
_[CH,][H,0]
¢ [COIMH,P

On increasing pressure, volume decreases. If we doubled the pressure,

volume will be halved but the molar concentrations will be doubled.
Then

_2[CH,]-2[H,0] _ 1 [CH,][H,0] 1

’ o =

2[COI{2[H,] 4 [COJMH,]® 4

Therefore, Q. is less than K, so Q, will tend to increase to reestablish
equilibrium and the reaction will go in forward direction.

C



