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PREFACE TO THE FIFTH REVISED AND ENLARGED EDITION

After getting overwhelming response for the previous edition of our books, we planned
to bring out the new revised and enlarged edition of the book A Text Book of +2
Chemistry - XII. Throughout all corners of state, we have received valuable suggestions for
improvement of the book. We have incorporated the matters as desired and all chapters are as per the
syllabi framed by the Council of Higher Secondary Education, 2016. Keeping the CBSE syllabus in
view, all chapters have been updated with inclusion of more solved problems of CBSE question
patterns. Questions of different Entrance Examinations with step by step answers are provided for
the in-chapter problems, catering to the needs of students, offering chemistry as a subject in +2
science course of all over India and intending to appear at any competitive examination. This is the
book which the examiners use.

Thanks are due to Mr. Neeraj Pandey of Himalaya Publishing House Pvt. Ltd., Mr. Bijoy Kumar
Ojha and staff of Bhubaneswar branch for their active co-operation in bringing out this edition.

It is too much to hope that this book is free from any errors and obscurities. Suggestions from
teachers and students for modification and improvement in the book shall be thankfully accepted. We
shall be highly grateful to the readers, if the errors, obscurities and omissions detected in the present
edition are bought to our notice.

We greatly hope that this edition will continue to maintain the high standards and be of substantial
value in the teaching as well as in the preparation for the competitive examinations.

Bhubaneswar
Prof. U.N. Dash

Dr. K.K. Ojha



PREFACE  TO  THE  FIRST  EDITION

The present book “A Text Book of +2 Chemistry - XII” is written as per the latest
syllabus of Chemistry to cater the needs of the students of Standard-XII of  CHSE, Odisha
and All India Curriculum.

Subject matter in this book have been arranged systematically into 22 Chapters and
written in simple language for better understanding. Each chapter begins with Learning
Objectives and ends with Summary. All efforts have been made to make the students develop
confidence in solving the problems on their own and achieve excellence in their final
examination.

A good number  of solved examples of various categories have been incorporated in
each chapter of this book in order to help the students learn the concept practically. At the
end of all chapters “Follow up Fundamentals Questions”  with answers are given as an
exercise for the students for practice. Questions of different categories, such as Short Answer
Type, Long Answer Type and Objective Type (Multiple Choice Questions) are given at the
end of each chapter for the benefit of the students. In the “Entrance Examination Corner”
students shall find previous year important questions shought in different entrance examinations.

We express our sincere appreciation to our colleagues, past and present, and our
students for their continued help at every stage. Thanks are due to Mr. Niraj Pandey of
Himalaya Publishing House and Mr. Bijoy K. Ojha  along with his team at Bhubaneswar
Office for their continued and active co-operation in publishing this volume as a Text Book.

Thanks  to Mr. Dushasan Swain who have taken much pain in designing this book for
DTP work in short span of time.

It is too much to hope that this book is free from any errors and obscurities. Suggestions
from teachers and students for modification and improvement in the book shall be thankfully
accepted. We shall be highly grateful to the readers if the errors, obscunities and omissions
detected in the present edition are brought to our notice.

We greatly hope that this present book will continue to maintain the very high standards
and be of substantial value for the teachers and the students alike.

RATH YATRA
21st June 2012
Bhubaneswar

U.N. Dash
K.K. Ojha
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THE SOLID STATE

(  1  )

1
CHAPTER

1.1 : THE CONDENSED STATE OF
MATTER

Introduction :
The solid state is one of the forms of the matter

that possesses rigidity and maintains both shape and
volume. When the molecules in gaseous state came closer
to one another it first changes to liquid state and then to
solid state. Therefore the liquid and solid states are stated
as condensed state of matter. In a solid, the molecules
are closely packed and the intermolecular force of
attraction is maximum. Since the positions of the particles
(atoms or molecules) in a solid are more or less fixed, the
particles possess vibratory motion only about their mean
fixed positions and possess minimum energy due to
motion. Solids have certain characteristic properties which
are different from liquids and gases.

1.1.1 : Characteristics of solids
Following are some of the important

characteristics of solids :
1. Definite shape : Solids unlike liquids and

gases have definite shape. This is because, the particles
in the solids have fixed positions and they cannot move
appreciably from their fixed positions, and hence they are
rigid which gives the solids a definite shape.

2. Definite volume : The particles in the solids
are closely packed due to strong intermolecular forces
between them. That is why, the solids have definite
volumes which are independent of the size and shape of
the container.

3. Solids are practically incompressible : The
particles in the  solids are very close to one another and
hence quite difficult to compress. Solids are, therefore,
practically incompressible.

4. Very slow diffusion : The positions of the
particles in the solids are more or less fixed, and they

cannot move appreciably from their positions. That is why,
solids do not diffuse ordinarily like gases or liquids.

5. Rigidity : The attractive interaction between
the particles in the solids tries to arrange the particles in
an orderly manner. That is why, the particles have fixed
positions and do not take up different positions. That is
the reason why solids, unlike liquids and gases are stiff or
rigid.

6. Crystalline state : The particles in solids,
unlike in gases or liquids, are arranged in orderly manner
giving rise to crystalline state. However, thermal motion
tends to disturb this ordered arrangement. When a liquid
is cooled the thermal motions become less and less until
they are not sufficient to disturb the ordered arrangement
of particles and at this stage it is said that the substance
assumes an ordered or solid state.

1.1.2 : Classification of solids
The particles in a solid are closely packed and

are held strongly by forces of interaction between the
particles. Inter-particle attractions in solids tend to arrange
the particles in an orderly manner. But, because of thermal
agitations, this orderly assembly of particles may get
disturbed resulting in solids with particles arranged in a
random manner. Thus, depending on the nature of
arrangement of particles, solids are classified into two
types, crystalline and amorphous. We know that a liquid
on cooling changes into the solid state. If the process of
cooling is slow so as to allow the solid particles to arrange
themselves in an orderly manner, the resulting solid is a
crystalline one. If, on the other hand, cooling is rapid,
the solid particles will not be able to arrange themselves
in order. The resulting solid with the constituent particles
arranged in an irregular order is called amorphous. We
will now consider the characteristics of these two types
of solid.

(a) Crystalline solids : A crystalline solid is a
substance in which the constituent particles (atoms,
molecules or ions) are arranged in a definite
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geometrical configuration in a three-dimensional
arrangement which extends to very large distances
as compared to inter-atomic distances.

Crystalline solids have well defined sharp melting
points and long-range order. A crystal is known by its
structure. A crystal changes from the solid to the liquid
state at a definite temperature. Every crystal has a definite
set of plane surfaces, which are called faces. Faces
intersect at an angle characteristic of the solid. On cutting
with a sharp edged tool, a crystalline solid gives two pieces
with plane surfaces. Crystalline solids are considered as
true solids.

Crystalline solids containing water of
crystallization are : CuSO4 5H2O, FeSO4 7H2O,
Na2CO3 10H2O; etc.

Crystalline solids not containing water of
crystallization are : NaCl, KCl, CsCl, KNO3, NH4Cl,
etc.

In sodium chloride, each Na+ is surrounded by
six Cl– ions and each Cl– ion is surrounded by six Na+

ions. The number of ions (six in this case) surrounding
the oppositely charged ion is determined by the relative
size and the charge of the ions. In two dimensions, the
arrangement of Na+ and Cl– ions is given below :

Na+ Cl– Na+ Cl– Na+ Cl–

Cl– Na+ Cl– Na+ Cl– Na+

Na+ Cl– Na+ Cl– Na+ Cl–

Cl– Na+ Cl– Na+ Cl– Na+

In three dimensional arrangement each Na+ is
surrounded by six Cl– ions and vice versa forming a cubic
structure. Similar regular arrangement is also observed
in other solids. In all crystalline solids the constituent
particles are held together by strong electrostatic force
of attraction and thus they have no translational motion.
They have sharp melting points i.e. they changes to liquid
state at a definite temperature. All crystalline solids are
not ionic. For example, diamond and quartz are covalent
solids in which constituent particles are held by covalent
bond forces. Some solids likes iodine, sulphur etc. are
held by van der Waals forces.

(b) Amorphous Solids : An amorphous solid is
a substance in which the constituent particles are not
arranged in regular order. The regular arrangement in
amorphous solids extends to very short distances (a few
angstroms) which are of the same order of magnitude as
the interatomic distances. Thus, amorphous solids have a
short range order. Amorphous solids do not have sharp
melting points. They melt gradually over a certain range
of temperature. An amorphous solid on being cut with a
sharp edged tool gives two pieces with irregular surfaces.

Sometimes, a part of amorphous solid is
crystalline and the rest is non-crystalline. The crystalline
part is termed crystallite, Amorphous substances which
possess many of the properties of solids, such as, definite
shape, rigidity and hardness, the constituent particles are
arranged in an orderly manner to a very short distance.
Because of this, the amorphous substances are not
considered as true solids but rather highly super cooled
liquids possessing high viscosity.

A few examples of amorphous solids are glass,
plastics, coal, fused silica, rubber, cellulose, proteins,
synthetic polymers of high molecular weights, etc.

It many be recalled that when a liquid is cooled
slowly a crystalline solid is obtained and when the process
of cooling is done rapidly, the same liquid gives amorphous
solid.
ISOTROPIC AND ANISOTROPIC CRYSTALS :

Solid substances having equal values of physical
properties, such as refractive index thermal expansion,
electrical and thermal conductivity, solubility, tensile
strength, etc. in all directions are called isotropic crystals
while others having different values for these physical
properties in different directions are called anisotropic
crystals. Most crystalline substances are anisotropic
while amorphous substances are isotropic like liquids.
Anisotropy (particularly with reference to refraction of
light and electrical conductivity) is an important test of a
substance being in a crystalline form.

Anisotrotric nature of crystalline solid can be
explained with the help of fig. 1.1.1 in which a simple two
dimensional arrangement of two different types atoms
have been taken. In the figure, it is found that if the physical
properties are measured along vertical line AB and slanting
line CD, two different types of atoms in alternate position
will be found along line CD while along line AB only one
type of atom will arise. Therefore crystalline solid will
exhibit different physical properties such as refractive
index, thermal conductivity in different directions.

Fig. 1.1.1 : Anisotropic properties of crystals.
(c) Pseudo solids : The name implies that these

substances appear to be solids but not real solids. Common
examples of pseudo solids are glass and pitch. The
characteristic properties of solids are rigidity and definite
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shape. But, the  rigidity and shape of pseudo solids are
only apparent, not real. Because of apparent character in
respect of rigidity and shape, these types of solid are easily
distorted by mild distorting forces like bending and
compressing forces. On standing for a long period, they

tend to lose shape and flow under their own weight. Such
substances are termed as supercooled liquids. On
heating, the pseudo solids gradually become soft and
remain in the soften state over a wide range of temperature
and then become liquid.

Distinction between Crystalline and Amorphous Solids :
Crystalline Solids

1. Geometry : The constituent particles possess a
regular and orderly arrangement and thus it has a
definite geometry.

2. External form : Regular geometry or shapes appear
in the external form when crystals are formed.

3. Melting point : They have sharp melting point.
4. Anisotropy and Isotropy : They are anisotropic

i.e. their physical properties, such as refractive index,
conductivity etc. have different values in different
direction.

5. Cleavage : They give a regular cut (plane surface)
when cut with a sharp edged knife.

6. True solids : These are regarded as true solids as
they possess crystal symmetry.

7. Compressibility : These are generally
incompressible.

8. Rigidity : These are rigid and their shapes are not
distorted by applying mild forces.

Amprphous Solids
1. The constituent particles do not possess a regular

orderly arrangement and thus it has no definite
geometry.

2. Regularity is not observed in the external form when
amorphous solids are formed.

3. They do not have sharp melting point.
4. They are isotropic, i.e., their physical properties such

as refractive index, conductivity etc. have same value
in all directions.

5. They give irregular cut when cut with a sharp edged
knife.

6. These are regarded as super cooled liquids or pseudo
solids and do not have any symmetry.

7. These can be compressed to some extent.

8. These are not rigid and can be distorted by applying
mild forces.

1.1.3 Types of Binding (Lattice)
Forces in Solids

The binding forces in solids are of the following
types :

(a) Electrostatic forces : Such forces operate
between oppositely charged particles. These oppositely
charged particles may be cations (positive ions) and
anions (negative ions) as in ionic solids, and the force
operating between the oppositely charged ions involving
binding gives rise to ionic bonds. In the case, where
binding forces operate between positive ions and free
electrons as in metals constitutes metallic bonds.

(b) Covalent bond forces : The forces which
comes into play when constituent particles are the atoms
bonded together by sharing of electrons are referred to
as covalent bond forces. Covalent bonding between atoms
may extend throughout the  solids in one, two or three
dimensions giving rise to fibrous, platy and granular
substances, respectively.

(c) van der Waals forces :These forces are
generally weak. Weakest of these forces arise from
nucleus - electron attraction while the strongest ones
appear between highly polar molecules as dipole-dipole
interactions. The solids involving van der Waals forces

alone consist of large molecules and are soft or waxy in
nature.

(d) Hydrogen bond forces : These forces
operate between molecules showing H-bonding.
Hydrogen bonding in solids can increase hardness. The
hardness in ice and the solid character of aromatic acids
like benzoic acid are due to the existence of hydrogen
bond forces. These forces overlap with van der Waals
forces but undoubtedly, the hydrogen bond forces are
stronger than the van der Walls forces.

1.1.4 Classification of Crystalline Solids
Depending on the nature of binding forces holding

the constituent particles, the crystalline solids are further
classified as,

(a) Ionic Solids : The name implies that the
constituent particles are the oppositely charged ions held
together by strong electrostatic force of attraction. As
stated earlier, the  binding between the ions is known as
ionic bonds. Some examples of ionic crystals are sodium
chloride, caesium chloride and calcium chloride. In these
crystals, each cation is surrounded by anions and each
anion by cations. The number of ions surrounding the
oppositely charged ions is obtained by the relative size
and the charge of the ions.
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Fig 1.1.2 : Structure of NaCl
The characteristics of ionic solids (crystals) are

as follows :
1. As a result of very strong attractions between

oppositely charged ions, ionic solids possess
hardness and tenacity.

2. Because of their close-packed structure, they have
very high melting and boiling points and high heats
of fusion.

3. As the ions cannot move in the solid state, ionic
solids cannot conduct electricity (i.e., bad
conductors). In solution or in the molten state they
are good conductors of  electricity because of
mobility of ions.

4. The crystalline solids or the corresponding liquid
states selectively transmit or absorb light of various
wavelengths.

5. Ionic solids are soluble in polar solvents like water,
but insoluble in non-polar solvents.

(b) Covalent Solids or Network Solids : In
covalent solids the constituent particles are atoms held
together by covalent bonds. There are two characteristic
features seen in covalent crystals : (i) Bonding between
atoms which have unpaired electrons results in the
saturation of valency and (ii) the directional properties of
bonds, i.e. the  covalent bonding between atoms extends
throughout the crystal (network pattern) in one, two or
three dimensions resulting in fibrous, platy and angular
substances, e.g., asbestos (fibres), graphite and mica
(sheets, i.e., platy), and quartz (SiO2) and diamond
(angular), carborundum (SiC), Berrylium oxide, Boron
nitride, etc. In diamond each carbon atom is joined
tetrahedrally to four other carbon atoms in space which
results in a three dimensional network structure (see fig.
1.2). Because of this covalent solids are also called the
network solids. Some important characteristics of
covalent crystals are as follows :
1. Covalent solids generally exist as giant molecules in

which the constituent particles are held by covalent
bonds.

2. Due to the presence of strong covalent bonds, these
solids are very hard.

3. Since the bond
is very strong,
the  covalent
solids do not
melt or
e v a p o r a t e
easily, i.e., they
have high heats
of fusion and
melting point.

4. Covalent solids
are bad
c o n d u c t o r s
(graphite is an
exception) of
e l e c t r i c i t y
because of the
absence of free
electrons in
them.

5. Their refractive indices are high. They absorb light of
different frequencies in solid, liquid or gaseous states.

(c) Molecular Solids : In these solids, the
constituent particles are molecules or atoms (in solidified
noble gases). In molecular solids the individual molecules
can be recognised to exist as distinct units. Solid carbon
dioxide (dry ice), iodine, sugar and naphthalene are
some common examples of molecular solids. The
molecular solid may be of three types : (i) Non-polar
molecular, (ii) Polar molecular and (iii) H-bonded
molecular solids.

(i) Non-polar molecular : The solids involving
van der Waals forces are called non-polar molecular solids.
Example– H2, O2, N2, He, Ne, Ar, Kr, I2, Naphthalene
etc. These are soft or waxy in nature. These solids have
large thermal expansions. They have low melting points
and low heats of vaporisation. They may sublime easily.

(ii) Polar molecular solids : The constituent
particles in these solids are held by polar covalent bonds.
Examples of such solids are HCl, NH3, SO2, etc. The
m.pt and b.pt of these solids are higher than non-polar
solids.

(iii) H-bonded molecular solids : The solids
are found in case of molecules where constituent atoms
are linked through F, O or N with H-atom. These molecular
solids show cage like structure.

Ice belongs to this type and is formed from the
unsymmetrical molecules containing polar covalent bond
and has comparatively higher melting point than the non-
polar type, because of stronger dipole-dipole interactions.

Fig. 1.1.3 :
Structure of diamond
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Table 1.1.1 Some characteristic physical properties of solids
Types Constituent Binding Properties Examples

units forces

Ionic Cations and anions Electrosatic forces Hard, Brittle, high melting
points, high heats of fusion,
usually soluble in polar
liquids, bad conductors in
solid state but good
conductors in dissolved and
molten states.

Typical salts, NaCl, CsCl,
CaCl2, ZnS, CuSO4, etc.

Covalent Atoms Covalent bond forces Very hard, high melting point,
high heats of fusion, bad
conductor of electricity,
insoluble in ordinary liquids.

Diamond, quartz, SiC,
BeO, AlN, graphite, etc.

Molecular
solids

(a) Polar molecules Electrostatic attraction
between dipoles,
hydrogen bond and
van der Waals forces

Soft, volatile, low melting
point, low heats of fusion,
poor conductors of
electricity.

Ice, PCl3, S2Cl2, etc.

(b) Non-
     polar molecules

van der Waals forces
(weak)

Soft, usually soluble in non-
polar liquids, low melting
point, poor conductors of
electricity

solid CO2, wax, sulphur,
CH4, ICl, He, etc.

Metallic Positively charged
Kernels and mobile
(free) electrons

Electrostatic attraction Malleable and ductile,
lustrous, very soft to very
hard, good conductors of
heat and electricity,
moderate to high m.pt.

silver, copper, gold, iron,
etc.

Example – 1
Point out True and False statements from the
following :
(a) Melting point of a pure substance is constant.
(b) Crystals have short -range order.
(c) Most crystalline substances are isotropic like liquids.
(d) Amorphous solids melt gradually over a certain

range of temperature.
(e) Amorphous solids do not have a characteristic

geometry like crystalline solids.
(f) Solids built up from atoms without chemical bonds

are called atomic solids.
(g) Freezing point and melting point of a pure substance

are the same.
(h) Glass is a solid substance.
(i) The shapeless amorphous solids are usually treated

as supercooled liquids of very high viscosity.

(j) Strongly polar and relatively large molecules having
large van der Waals forces operating between them
give molecular solids.

(k) Solids in which the constituent units are atoms held
together by shared electron bonds in three-
dimensional structure are the covalent solids.

(l) The defective lattice structure over a wide region
leads to liquefaction.

(m) Solids on long standing tend to lose shape and flow
under their own weight are called pseudo solid.

(n) Ionic solids, metals and atomic solids lack
conventional molecules and are, therefore,
sometimes called non-molecular solids.

(o) Vapour pressure of a subliming solid at a given
temperature is known as its sublimation pressure.

(d) Metallic solids : In this type of solids, the
constituent units are positively charged metal ions which
are surrounded by free moving electrons. Examples of
such solids are copper, silver, gold, aluminium, etc.
Important characteristics of such solids are

(i) High melting and boiling points
(ii) Good conductor of heat and electricity

(iii) Malleable and ductile
(iv) They have metallic lustre.

Lattice strengths :   Covalent > Ionic > Metallic >
Molecular > Atomic.

A brief description of the types of crystals is given
in table. 1.1.1.
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(p) During isothermal changes of fusion, vaporization
and sublimation, the kinetic energy of the initial and
new states remains the same and the energy
absorbed is used up in increasing the potential
energy of the substance.

(q) In solids the constituent particles vibrate about their
mean positions and all their kinetic or thermal energy
is manifested in the vibrations.

Solution
(a), (d), (e), (f), (g), (i), (j) (k), (l), (m), (n), (o), (p),
(q) – True and
(b), (c), (h) – False

Example – 2
Choose the molecular solid from the  following.

(i) Diamond,  (ii) Sodium chloride, (iii) Paraffin wax.
Solution Paraffin wax.
Example – 3
What type of crystals would be  :

(a) The hardest
(b) The softest
(c) The highest melting
(d) The lowest melting
(e) Electrically conducting
(f) Conduction of heat
(g) With directed lattice forces
(h) With non-directional lattice forces.

Solution
(a) covalent (b) molecular
(c) covalent (d) molecular
(e) metallic (f) metallic
(g) metallic and ionic
(h) covalent and molecular

Example –  4
Name the type of cohesive forces existing in :

(a) water, (b) iron, (c) sodium chloride.
Solution

(a) Hydrogen bonding, (b) Metallic bonds,
(c) Coulombic attraction.

Example – 5
Arrange the following solids in the increasing order
of their interparticle attractive forces with reference
to their melting points :

Solid NaCl MgCl2 Ice Naphthalene Phosphorous
M.Pt. (K) 1077  1260 273 353 317

Solution
Ice, Phosphorous, Naphthalene, NaCl, MgCl2

Example –  6
Fill in the blanks :
(a) In covalent crystals atoms are linked together by

—— bonds.
(b) Amorphous solids are ——.
(c) The properties of metals, e.g., lustre are due to

—— in them.

(d) On heating supercooled liquids gradually —— over
a wide range of ––—.

(e) The crystalline part of a known amorphous solid is
termed ——.

(f) A crystal is known by its ——.
Solution

(a) Covalent (b) Isotropic
(c) Free electrons (d) Soften, temperature
(e) Crystalline (f) Structure.

Example – 7
Explain the following :
(a) The solids have definite shape and volume.
(b) Metals are malleable and ductile.
(c) It will be absurd to mention NaCl as a molecule.
(d) Solids are practically incompressible.
(e) The diffusion of the solids is extremely slow.
Solution

(a) The constituent particles in solids are not free
to move about due to strong inter-particle
attractions and high lattice binding energies.
The solids thus have definite shape and volume.

(b) Metals are malleable and  ductile because of
identical lattice sites with balanced attractions
in all directions.

(c) In NaCl, each Na+ ion is surrounded by six
Cl– ions and each Cl– ion by six Na+ ions.
Sodium chloride is thus a giant molecule.

(d) The particles in solids are very close to one
another, and therefore, quite difficult to
compress.

(e) The particles in solids are arranged in a regular
manner having fixed positions from which they
cannot move appreciably. It is therefore, the
diffusion of the solids is extremely slow as
compared to liquids and gases.

Example – 8
What types of crystals are given by,

(a) Diamond, (b) NaCl, (c) Silver, (d) Hydrogen.
Solution

(a) Covalent or network crystals
(b) Ionic crystals
(c) Metallic crystals
(d) Atomic crystals.

1.2 : STUDY OF CRYSTALS

We know that a crystal is known by its structure.
Every crystal has characteristic geometry. A study of the
geometric forms and the physical features of crystals goes
by the  name of crystallography. We will focus our
attention on the crystal structure and its determination in
this section.
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1.2.1 : Crystal structure
Crystal Lattice and Lattice Forces :

We know that in crystalline solids, the constituent
particles have definite orderly arrangement in three
dimensions. The positions of these particles in a crystal,
relative to one one another are usually shown by points.
The arrangement of an infinite set of these points is usually
called Crystal lattice or Space lattice. Thus “a crystal
lattice or space lattice is a regular orderly
arrangement of the constituent particles (atoms, ions
or molecules) of a crystalline solid in three
dimensional space.

Lattice points : The positions occupied by the
particles in the crystal lattice are called lattice points or
lattice sites. A three dimensional space lattice is shown
in the fig. 1.2.1(b).

     (a) (b)
Fig. 1.2.1

In a crystal lattice, the constituent particles are
arranged in definite patterns because of strong
interparticle forces of attraction called binding forces
or lattice forces.

Unit cell : The space lattice of a crystal consists
of a large number of repeating units, which when repeated
over and over again gives the crystal. The smallest
repeatiang unit of the space lattice of a crystal is called
the unit cell of the crystal. Thus, a unit cell may be
defined as the smallest repeating unit in space lattice
which when repeated over and over again produces
the complete space lattice [See fig. 1.2.1(a)].

Unit cells usually contain only a small number (1
to 12) of the constituent particles. Unit cell for each lattice
is described by specifying the lengths of its sides, a, b
and c along X,Y and Z axes, respectively, and angles, ,
 and  at which these axes intersect one another.
The intersection of sides b and c gives the angle , of
sides c and a gives the angle  and of sides a and b, the
angle  [shown in fig. 1.2.1(a)]. Since the replication of
the unit cell in three-dimensions produces the crystal, the
size and shape of the crystal depend on the size and shape
of the unit cells developing the crystal. (i) The crystal is
bounded by plane surfaces called faces (denoted as a, b
and c) and an edge is formed by the intersection of two
faces. (ii) The angle between two faces is termed as the
crystal angle or interfacial angle. These are denoted as
  and . (iii) According to the law of constancy of

interfacial angles, the corresponding angles in different
crystals of the same substance are the same.

Lattice planes : The points in a space lattice
can be arranged in infinite number of ways in a series of
parallel and equidistant planes called the lattice planes
are net plane. The faces of the crystal are parallel to
these lattice planes.
Types of Unit Cells :

Unit cells are generally of two types i.e.,
(i) Primitive unit cells : The unit

cells in which the particles (or
points) are present only at the
corners of a unit cell are called
a primitive unit cells  or
simple unit cells.

(ii) Non-primitive unit cells : The unit cells in which
the particles are present both at the corners and
some other positions in unit cells are called non-
primitive or centred unit cells. These are of
three types.
(a) Face centred unit cell :

The unit cell in which the
particle (or points) are
present at the corners and
centre of each face is
called a face centred unit
cell.

(b) Body centred unit cell :
The unit cell in which the
particles (or points) are
present at the corners as
well as at the centre of the
body is called a body
centred unit cell.

(iii) End centred unit cell : The
unit cell in which particles (or
points) are present at the
corners and also at the centres
of two opposite faces is called
an end centred unit cell.

1.3 : SEVEN CRYSTAL SYSTEMS

It may be recalled that the  arrangement of the
structural units (atoms, molecules or ions) in three-
dimensional periodic network in solids is termed as crystal
lattice or space lattice. The latter is considered to be built
up of replicating unit cells in three-dimensions, since the
shape of the crystal depends on the  shape of its unit cell,
we have seven crystal systems based on seven types
of unit cells. These are also called crystal habits. The
edge lengths, a,b and c and the angles, , ,  for different
crystal systems are given in Table 1.3.1.
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Table - 1.3.1 Seven systems of crystal structure
System Edge lengths Angles Examples

1. Cubic or isomeric a = b = c === 900 NaCl, KCl, Zinc blende (ZnS)
KAl (SO4)2 12H2O, Diamond, Cu, Ag

2. Tetragonal a = b  c === 900 White tin, SnO2

TiO2, NiSO4, CaSO4, K4[Fe(CN)6]
3. Orthorhombic a  b  c ===900 KNO3, BaSO4, K2SO4

or Rhombic MgSO4 7H2O, BaSO4

Rhombic Sulphur, PbCO3

 4. Triclinic a  b  c   900 CuSO4 5H2O; K2Cr2O7, H3BO3

 5. Monoclinic a  b  c ==900, 900 Gypsum, Borax
Na2SO410H2O; NaHCO3,
FeSO4 7H2O;
monoclinic Sulphur

 6. Hexagonal a = b  c  =  =900  = 1200 Graphite, quartz, Ice, ZnO, CdS, PbI2

 7. Rhombohedral or a = b = c == 900 KMnO4, Calcite (CaCO3), NaNO3, HgS
Trigonal

Fig. 1.3.1

Sample         Body-centered     Face-centered Sample         Body-centered

Sample                    Body-centered               End-centered                  Face-centered

ORTHORHOMBIC

Sample               End-centered

MONOCLINIC RHOMBOHEDRAL TRICLINIC HEXAGONAL
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Bravais Lattices : Bravais, a French mathematicians in the year 1848 established 14 different type of lattices
called Bravais Lattices, as per the arrangement of the point in different unit cells. These are enlisted in Table 1.3.2

Table - 1.3.2 Bravais Lattices for crystal systems
Crystal system Bravais Lattice Number
1. Cubic Simple 1

Face centred 1 = 3
Body centred 1

2. Tetragonal Simple 1
Body centred 1 = 2

3. Orthorhombic Simple 1
Face centred 1 = 4
Body centred 1
End (top and base)
centred 1

4. Triclinic Simple 1 = 1
5. Monoclinic Simple 1

End centred 1 = 2
6. Hexagonal Simple 1 = 1
7. Rhombohedral Simple 1 = 1

Total  14
The unit cells for these seven crystal systems are shown in Fig.

1.3.1 : Determination of crystal
structure : X-ray Diffraction

Principle : Since a crystal is reproduced by
replicating the unit cell in three dimensions, the  morphology
or the external geometry of a crystal can be known from
the geometry of its unit cell. The geometry of unit cells, in
turn, are determined by the edge lengths a, b and c, and
the  interfacial angles, ,  and . The structural units of
a crystal which may be atoms, molecules or ions, may be
treated as space points or lattice points. There are three
kinds of lattice points in the various unit cells, viz., (i)
points located at the  corners of a unit cell, (ii) points in
the face centres of the unit cell and (iii) points that lie
entirely in the unit cell.

A crystal lattice is a three-dimensional periodic
structure in which the lattice points are situated at about
0.1.nm or 1Ao  from one another. Since X-rays which
are of the  same nature as electromagnetic radiations
with wavelengths of about 1Ao, Max Von Laue (1912)
suggested that the crystal can give diffraction patterns
with X-rays. The relative locations of the space points,
and hence the structure of the crystal are determined
from the diffraction of X-rays from the crystal based on
Bragg's Law.

Bragg's Equation – For the  investigation of
crystal structure, William H. Bragg and his son, William

L. Bragg, developed an equation involving a simple relation
between the wavelength (), the  angle of incidence 
and the  interplanar distance (d) of the structural units in
a crystal, i.e.,

n = 2d sin (Bragg's equation) where n is
an interger, 1,2,3,....., which stands for serial order of
diffracted beams and is known as order of diffraction. If
n = 1, this is first order diffraction, if n=2, the second
order, and so on.
Bragg's model of X-ray diffraction

According to Braggs, a crystal which is made up
of series of equally spaced atomic planes, can be treated
as a transmission grating and a reflection grating as well.
When X-rays are incident on a crystal face, some of the
rays will pass undeflected and some other rays will
penetrate into the crystal and strike the atoms in
successive planes. From each of these planes the X–
rays are reflected (i.e., X-rays strike with electrons in
the atoms of the structural units and undergo a change in
direction), in all directions. For the  formation of an intense
diffraction pattern in any direction the essential condition
is that the angle of incidence should be equal the angle of
reflection of the beam for the  direction studied.

Bragg's equation can be applied either to the
reflection or the diffraction experiment. In the  cases of
reflection from the crystal surfaces, the angle  stands
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for the angle between the crystal surface and the  direction
of incident X-rays. In the case of diffraction of X-rays on
passing through the crystal  is one half of the angle
between the diffracted beam and the direction of the
undeflected incident beam. The angle 2 is called the
diffraction angle. Thus, the interplanar distance, d may
be found either by the reflector or the diffraction of X-
rays.
Laue's experimental method : X- rays
Diffraction

A simple arrangement of the apparatus is shown
in fig. 1.3.2.

Fig : 1.3.2 :
X-ray determination of crystal structure

X-rays from X-ray tube are colliminated into a
beam by a slit and falls on a crystal mounted in the path.
Each atom in the path scatters or deflects some of the X-
rays from their original path. The diffracted beams are
recorded on a photographic film placed at a distance from
the crystal. Due to diffraction, a pattern (of many spots
of different intensities and sizes) uniquely characteristic
of the crystal studies is obtained on the film.

Thus, diffraction patterns are produced by X-rays
when these pass through, or reflected from a structure of
orderly arranged on a transmitting or reflecting diffraction
grating (i.e., a crystal).
Nature of the  diffraction patterns

The big spot in the centre of the pattern
corresponds to the unscattered beam. The other spots
represent the scattered beam through different
characteristic angles. The spreading of X-rays from each
lines of atoms in the crystal gives rise to regions of various
intensities. Diffraction pattern depends on the symmetry
of the crystals, and helps in determining the crystal
structure.
Example –  9

The interplanar distance in a crystal used
for X-ray diffractin is 0.2nm.The angle of incidence
of X-rays is 99° for the first order diffraction.
Calculate the wavelength of X-rays.

Solution
According to the given data,

d = 0.2nm = 0.2  10–9 m = 2 10–10m
n = 1,  = 9°

Substituting these values in Bragg's equation,
n = 2d sin,

we have, 1   = 2  (210–10m)  sin 9
or,  = 4  10–10  0.1564 = 6.256  10–11m

= 6.256  10–2nm = 0.06256 nm

= 0.6256 OA
Example – 10

Calculate the wavelength of X-rays which
gave a diffraction angle 2 equal to 20.40 for a crystal
of interplanar distance of 0.2nm for the  first order
diffraction.
Solution

Given that d = 0.2nm = 2.0  10–10m
2 = 20.40,  = 10.20, n = 1

According to Bragg's equation,
n = 2d sin

or   = 2  (210–10m) sin 10.2 (n = 1)
 = 2  2  10–10m  0.1771
 = 0.7084  10–10m = 0.07084 nm

Example – 11
In  a diffraction experiment angle of

diffraction () is 9.00 and wavelength of X-rays used
is 154 pm. Calculate the interplanar distance,
assuming the first order diffraction.
Solution

Given that  = 0.154 pm
n = 1,  = 9.00

From the  Bragg's equation, we have,
n = 2d sin,

or, d n pm


 



2

1 0154
2 01564sin

.
.

(sin 90 = 0.1564) = 0.4923 pm.
Example – 12

Calculate the angle of diffraction for a first
order diffraction in a crystal with interplanar
distance of 233 pm using X-rays of wavelength
136pm.
Solution

Given that n = 1, d = 233 pm.
 = 136 pm
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From the Bragg's equation, we have
n = 2d sin

or, sin = 
n
d

pm
pm


2

1 136
2 233

02919 


 .

or,  = 170  2 = 340

Example – 13
In a diffraction experiment using X-rays of

wavelength 0.55A0 the diffraction angle is 22.480.
Calculate the edge length of the unit cell assuming
that the observed diffraction is due to planes
parallel to the face of the unit cell at the shortest
distance.
Solution

Given that   = 0.55A0,  n = 1 (observed
diffraction at the  shortest distance)

2 = 22.480,  = 11.240

According to Bragg's equation, we have
n = 2d sin

or, d = n A
2

1 055
2 0195

0

sin
.
.

 

(sin 11.240 = 0.195)

 = 1.41A0 (interplanar distance)
The edge length of the unit cell = 2  d = 2.82A0

(If the crystal is a body centerd cubic unit cells,
the parallel planes at the shortest distance will be at half
the edge length i.e., the interplanar distance, d = 1

2  of the
edge length)
Calculation of number of atoms or particles per unit
cell :
(a) Calculation of number of atoms or particles (a)

in a simple or Primitive unit cell :
In a simple cubic unit cell the points are located only

at the corners. Each point at the corner is shared between
eight adjacent unit cell, i.e., the contribution point at the
corner to the unit cell is equal 1/8. Thus number of atoms

present per unit cell = 1
8 × 8 = 1

(b) in a body centred cubic unit cell (bcc) :
In this unit cell 8 atoms are present on the corners

and one atom within the body.
 Contribution by eight atoms present on the corners

= 1
8 8  =1.

Contribution by the atom present within the body = 1
Thus, total number of atoms present per unit cell

= 1 + 1 = 2

(c) in a face centred cubic unit cell (fcc) :
In this unit cell 8 atoms are present at the corners

and also 6 atoms on the faces (one atom on each face).
 Contribution by eight atoms present on the corners

= 1
8 8 1  .

Contribution by atoms on six faces = 6 × 1
2  = 3

 Total number of atoms present per unit cell
= 1 + 3 = 4

Remember :
(i) Contribution by a particle present on the corner

of a unit cell = 1
8

(ii) Contribution by a particle present within the
body of a unit cell =  1

(iii) contribution by a particle present on the face

of unit cell = 1
2

(iv) Contribution by a particle present on the edge

of unit cell = 1
4

(v) The ratio of number of different particles
present perunit cell gives the formula of the
compound.

Solved Examples
Example – 14

A cubic solid is made by elements A and B.
A are present at the corners and B at the body
centres. Determine the formula of the compound.
Solution

Number of atoms of A in the unit cell = 
1
8

 × 8 = 1

Number of atoms of B in the unit cell = 1
 Ratio of atoms, A : B = 1 : 1
Hence, the formula of the compound is AB.

Example – 15
Determine the molecular formula of the ionic

compound formed by A+ and X– ions in which cations
A+ occupy the corner of the body centred cubic
lattice and anions X– occupy faces.
Solution

Number of A+ present on the corner of the cube

= 
1
8

 × 8 = 1
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Number of X– present on the faces of the cube

= 6 × 
1
2

 = 3

 Thus, the molecular formula of the compound
= AX3.

Example – 16
Calculate the number of atoms in a cubic

based unit cell having one atom at each corner and
two atoms on each body diagonal.  [C.B.S.E. 1998]
Solution

Number of atoms present at the corner of the

unit cell = 
1
8

 × 8 = 1

In a cubic unit cell there are four body diagonals
passing through the centre and connecting
opposite points. The atoms present on the
diagonal are not shared by the atoms of
surrounding unit cell. We have two atoms are
present in each body diagonal.
Thus, the number of atoms present on four body
diagonals = 2 × 4 = 8
 The total number of atoms present per unit
cell = 1 + 8 = 9.

Example – 17
If three elements P, Q and R crystallises in

a cubic unit cell with P atoms at the corners, Q atoms
at the centre and R atoms at the centre of each face
of the cube, then write the formula of the compound.

[Pb Board 2002]
Solution :

No. of P atoms on the corner of the cube =
1
8 8 1 

No. of Q atoms on the centre of the cube = 1
No.of R atoms present on the faces of the cube

= 6 × 1
2  = 3

 The formula of the compound = PQR3
Example - 18

A unit cell consists of a cubic solid in which
there are A atoms at the corners and B atoms at
the face centre. Four atoms of A are missing from
four corners of the unit cell. Determine the formula
of the compound.

Solution :
Four atoms are missing from four corners.
So, contribution of other four atoms of A present

at four corners = 4
8

1
2 .

Contribution of B atoms at the six faces

= 6 × 1
2 = 3

 Formula of the compound = A B1
2

3 = AB6

Example - 19
Sodium crystallises in a body centred unit

cubic cell. What is the approximate number of unit
cell present in 2.3g of Na. (At. mass of Na is 23
g mol–1)
Solution :

No.of sodium atoms present in a bcc cell

= 1
8 8 1 2   .

23g Na contains = 6.023 × 1023 atoms of Na
2.3 g Na contains = 6.023 × 1022 atoms of Na
 No. of unit cells present  in 2.3 g

Na = 6 023 10
2

22.  = 3.011 × 1022

Example – 20
In a  crystal A atoms are present at each

corner and B atoms at the centre of each face of the
cube. Calculate the number of A atoms and B atoms
in one unit cell. Write its formula.
Solution

There are 8 corners in the cube.

Number of A atoms in the unit cell = 8 1
8

1  .

There are 6 faces in the cube.

Number of B atoms in the unit cell = 6 1
2

3  .

Number of A atoms and B atoms in one unit cell
= 1 + 3 = 4

The formula is AB3.
Example – 21

A cubic solid is made up of two elements P
and Q. Atoms Q are present at the corners of the
cube and atoms P at the body centre. Calculate the
formula of the compound and  the co-ordination
numbers of P and Q.
Solution

The contribution of  atoms Q per unit cell =

8 1
8

1 
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Hence, Q = 1.
The contribution of atoms P present at the body

centre = 1
Hence, P = 1
Thus, the formula of the compound = PQ. In this

compound, the co-ordination number of P as well as of Q is 8.
Example - 22

In a cubic unit cell X atoms are present at the
corners while Y atoms at the face centres. One X
atom is missing from the a corner of the unit cell.
Determine the formula of the compound ?
Solution :

Contribution of atom X at the corner = 1
8  four

contribution of atoms of X at four corners = 4
8

1
2

contribution made by atom Y at the face centre

= 1
2 .

Contribution made by Y atoms at six faces = 1
2

× 6 = 3

Formula of the compound = X Y1
2

3  = XY6

Problems for Practice :
1. A cubic solid is made up two elements A and B in

which A occupy corners and B occupy at the body
centre. What is the formula of the compound.

Ans.AB
2. A unit cell consists of a cube in which there are

A atoms at the corners and B atoms at the face
centres. Two atoms A missing from the two corners
of the unit cell. What is the formula of the
compound ? (PB. Board 2005)

Ans.AB4
3. Calculate the number of atoms in a cubic based

unit cell having one atom on each corner and one
atom at each body diagonal.

Ans.5
4. Sodium crystallises in a bcc unit cell. Calculate the

approximate number of unit cells in 9.2g of sodium
(Atomic mass of Na = 23)

Ans.1.204 × 1023

5. In a cubic unit cell A atoms occupy the corners
while B atoms are present at the faces. If A atoms
are missing from two corners, determine the formual
of the compound ?

Ans.AB4

1.3.2 : Packing of Particles in Crystals
In a crystal the constituent particles are closely

packed. If maximum available space is occupied by the
constituent particles, a crystal is said to be closely packed
and have maximum density and stability. The close packing,
however depends on the shape and size of the constituent
particles in close packing. Assuming the constituent
particles to be hard spheres of equal size, we will have
following types of packing :

(i) Packing in one dimension : There is only
one possible way of close packing in one dimension, i.e.,
by placing the spheres in a row with horizontal alignment.
In this arrangement each sphere is in contact with two
spheres and thus its coordination number is 2.

Coordination Number (CN) : The number
of nearest neighbours in contact with a particle is
called its C.N. This happens during the development of
edge of the crystal. The packing is shown in the diagram
(Fig. 1.3.3)

Fig. 1.3.3 : Close packing of spheres in one
dimension.

(ii) Packing in two dimensions : It is of two
types :

(a) Cubic array or square close packing and
(b) Hexagonal array or hexagonal close packing.
(a) Square close packing : In this arrangement,

the spheres of second row are placed exactly over the
spheres of first row i.e. different rows share horizontal
as well as vertical alignment. If we mark first row as A
type the second and third rows are of same type i.e. AAA.
This type of arrangement is known as AAA type. This
type of packing is called square close packing, because
each sphere is in touch with four other spheres in the
layer (Fig. 1.3.4). The C.N. in this type of packing is 4.

Fig. 1.3.4 : Square close packing
(b) Hexagonal close packing (HCP) : In this

arrangement the spheres are packed in such a way that
the spheres in the second row are placed in the depressions
between the first row. Similarly, the spheres in the third
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row are placed in the depressions between the spheres
of the second row and so on. This gives rise to hexagonal
close packing of spheres (Fig. 1.3.5). If the first layer is
marked as ‘A’ and second layer as ‘B’ then third layer
will be similar to that if first layer is A. So this type of
arrangement is also known as ABA type. In this
arrangement each sphere is in contact with six sphere.
The C.N. in hexagonal close packing is 6.

Fig. 1.3.5 : Hexagonal close packing (HCP)
From the figure, it is clear that the spheres are

less closely packed in square close packing than in
hexagonal close packing. It has estimated that in square
close packing only 52.4% and in hexagonal close packing
60.4% of the available space is occupied. Therefore,
hexagonal close packing is more efficient and
economical than square close packing in two
dimensions.

(iii) Packing in three dimensions : A three
dimensional packing is obtained, if a second layer of
spheres (particles) will be placed over the voids of first
layer, packed in HCP in two dimensions and a third layer
over the voids of second. Depending upon the extent of
filling of voids this type of packing gives rise to two types
arrangement i.e. (a) hexagonal close packed (hcp),
(b) cubic close packed (ccp) or face centred cubic.

In hexagonal close packing there are two types
of voids having triangular shape. This may be marked as
‘a’ or as ‘b’ as shown in the fig. 1.3.6. In a three
dimensional arrangement, the second layer has to be placed
on the first layer. This can be done by placing the spheres
of the second layer either on voids ‘a’ or on ‘b’. Both
types of voids can not be covered simultaneously. Let the
second layer has been built by covering the voids ‘b’ as
shown in the fig. 1.3.7.

Fig. 1.3.6 : Hexagonal close packing in the base layer

Fig. 1.3.7 : Simple cubic lattice form by AAA
arrangement.

Fig. 1.3.8 : Formation of second layer on the base
layer.

Now, there are two types of voids in the second
layer i.e. voids ‘a’ (already present in the first layer and
are still left unoccupied) and new voids ‘c’ that have been
created in the spheres of the second layer. There are two
alternative ways in which spheres in the third layer can
be arranged over the second layer.

(i) If the third layer is created by placing the
spheres on the void ‘c’ of the second layer, it repeats the
arrangement as in the first layer i.e. the spheres of third
layer lie directly above the sphere of first layer. In the
same way, the fourth layer repeats the second layer. If
first and second layers are marked as A and B respectively,
then this arrangement is represented as ABAB..........
This type of packing is called hexagonal close packing
and is shown in the fig.1.3.9.

Fig. 1.3.9
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(ii) If third layer is created by placing the spheres
over the void ‘c’ then the third layer (labelled as c) which
will be formed will be different from those of first and
second layer b. However, the arrangement of spheres in
the fourth layer will be similar to the spheres present in
the first layer. This type of arrangement can be represented
as ABCABC........ and the packing is called cubic close
packing (ccp). It has been shown in the fig. 1.3.10.

Fig. 1.3.10
Coordination Number : The number of

spheres which are touching a given sphere is called the
Co-ordination number.
Interstitial sites or Interstitial voids :

During the close packing of spheres certain
spaces are left vacant. These vacant spaces or holes or
voids in the crystals are called interstitial sites or
interstial voids. Generally, two important voids are
(i) Tetrahderal voids and (ii) Octahedral voids.

(i) Tetrahedral voids : The vacant space among
four spheres having tetrahedral arrangement is called
tetrahedral voids or sites or tetrahedral hole.

If a triangular void in a close packed layer has a
sphere over it we get a tetrahedral void.

Fig. 1.3.11(a) : Fig. 1.3.11(b) :
Tetrahedral void Four sphere around a

tetrahedral void
The co-ordination number of a tetrahedral void

is four. Hence the number of tetrahedral void belonging
to one sphere is 1/4. Again each sphere in this void is
surrounded by eight tetrahedral voids.
 The number of tetrahedral voids belonging to a sphere =

Number of tetrahedral voids
around a sphere

Number of sphere around
a void

 
8
4

2

(ii) Octahedral voids : If a triangular void in a
given sphere is covered by another triangular void in the
layer above it so that one triangular void points in the
upward direction whereas the other points in the
downward direction, then an octahedral point is formed.
(See Fig.1.3.12) Thus the void formed by two
equilateral triangles with apices in opposite direction
is called Octahedral site or Octahedral hole. The
co-ordination number of an octahedral void is six and the
number of voids around a sphere is also six. Thus,
The number of octahedral voids belonging to a sphere =

Number of octahedral voids
around a sphere

Number of sphere around
a void

 
6
6

1

         (a)      (b)  (c) (d)
Fig. 1.3.12

Calculation of radius of tetrahedral void :
During the formation of a tetrahedral void, three

spheres form the triangle base while the fourth sphere
lies at the top. For the calculation, let a tetra hedral void
may be  represented in a cube as shown in fig. in which
three spheres A, B, C from the triangle base while the
fourth (D) lies at the top. The shaded sphere in the
middle of the cube occupies the tetrahedral void.

Fig. 1.3.13
Let the edgelength of the cube is a, radius of

sphere is R respectively. From the the void is r and
radius of right angle triangle, ADF, face diagonal.

AD = AF DF a a2 2 2 2  

= 2a ....(1)
As spheres A and D are touching each other in

close packing, the face diagonal AD = R + R = 2R

 2R = 2 a



THE SOLID STATEA TEXT BOOK OF +2 CHEMISTRY - XII 16

or, R a 1
2 .....(2)

From the right angle triangle, ADE body diagonal

AE = AD2 + DE2 = 2 3
2 2a a ae j   ...(3)

As shaded sphere (tetrahedral void) touches other
spheres, body diagonal,

AE = 2(R + r) ....(4)
From (3) and (4)
2 (R + r) = 3 a

 R + r = 3
2

 a ...(5)

Dividing (5) by (2) we get

R r
R

a
a


  3

2
2 3

2

 1 +  r
R  3

2

 r
R  3

2 – 1 = 
3 2

2
1 732 1 414

1 414



. .

.  = 0.225

 r R0 225.
 radius of tetrahedral void = 0.225 or 22.5% of

radius of sphere.
Octahedral voids :

An octahedral void is created when three spheres
arranged at the corners of an equilateral triangle are
placed over another set of three spheres pointing in the
opposite directions. (see fig. 1.3.14)

Fig. 1.3.14 : Formation of Octahedral Void.
Calculation of radius of an octahedral void :

A small sphere fitting into an octahedral void is
shown in the figure which lies in between four spheres
(Joining in the from of a square). The spheres below
and above the void are not shown in the figure. Let the
length of each side of the square is a, the radius of the
void and sphere are r and R respectively.

Fig. 1.3.15
In the right angle triangle, ABC
BC2

2 = AB2 + AC2

2R2  = (R + r)2 + (R + r)2

 = 2 (R + r)2

Or, 2R2 = (R + r)2

Or, R + r = 2R

 R + r = 2 R

 r = 2 R – R = R 2 1e j
= R (1.414 – 1) = 0.414R
 radius of an octahedral void is 0.414 or 41.4%

as compared to that of the radius of the sphere (particle)
Distinction between tetrahedral ordoctahedral
voids :
Tetrahedral voids :
1. Radius of tetrahedral void is 0.225 or 22.5% as

compared to radius of sphere.
2. C.N. of tetrahedral hedral void is 4.
3. There are two tetrahedral voids per sphere.
Octahedral voids :
1. Radius of octahedral void is 0.414 or 41.4% as

compared to radius of sphere.
2. C.N. of octahedral void is 6.
3. There are only one octahedral void per sphere.
Note : (1) Number of tetrahedral voids = 2N

   (2) Number of octahedral voids = N, where N
= No of atoms present in different
structures.

1.3.3 : Radius Ratio
As stated earlier, in ionic compounds, the co-

ordination number of ions and the  structure of the ionic
compounds depend on the relative sizes of the ions
concerned. The ratio of the radii of the cation and the
anion is called the radius ratio.

 Radius ratio = 
radius of cation (r
radius of anion (r

+

-
)
)

It is a fact that structure of NaCl, CsCl and ZnS has been
predicted on the basis of their radius ratio. In the  ionic
crystals having closed packed structure, large sized ions
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(e.g., anions) have a definite arrangement and small sized
ions (e.g., cations) are accommodated in the holes
between the larger ions. The radius ratio concept arises
in the packing of non-uniform particles and satisfies the
following conditions.

(i) Ions always adopt the highest possible co-
ordination number.

(ii) Their radii are known exactly.
(iii) The ratio of cations to the anions is the same

as that of the formula, e.g. for NaCl and CsCl,
the ratio is 1 : 1. Such ionic compounds are
electrically neutral.

(iv) Oppositely charged ions should be very close
to each other.

(v) The ionic solids behave as hard, inelastic
spheres.

Ionic radii vary with co-ordination number. Ionic
radius increases by about 3% when the  co-ordination
number increases from 6 to 8 and decreases by about
6% when the co-ordination number decreases from 6 to
4. It follows that ionic radii cannot be measured absolutely
but are only estimated. The effect of the ionic radius in
determining the co-ordination number and the  shape and
size of an ionic solid is termed as the radius ratio effect.

Limiting radius ratios corresponding to different
co-ordination numbers and the  type of structure are given
below.

Limiting (r+/r–) Co-ordination Structure Example
radius ratio number
0.155 to 0.255 3 Trigonal p B2O3

0.225 to 0.414 4 Tetrahedral ZnS, CuCl,
CuBr, HgS

0.414 to 0.732 6 Octahedral NaCl, KBr,
MgO, CaO

0.732 to 1.000 8 Body centred Cubic CsCl,
CsBr, CsI

A given set of ions will always give rise to the
same particular crystal structure because the lattice energy
(It is the energy evolved when one mole of the crystal is
formed from gaseous ions) is maximum in this case.
1.3.4 : Metallic crystals

It may be recalled that in metallic crystals, the
metal ions are regarded as the lattice points and the
electrons move freely amongst the metal ions. In other
words, metal ions are located in a sea of mobile electrons.
Metallic crystals mostly belong to the cubic and hexagonal
close packed arrangement of  crystals.

Characteristics of fcc arrangement :
(a) The crystal having the ccp or fcc arrangement

has cubic symmetry. A crystal has an axis or line of
symmetry if by rotating the crystal on this axis, the crystal
gives the same appearance a number of times different
from one and infinity. If the appearance is the same only
three times, the axis has three fold symmetry. Thus, the
crystal having cubic symmetry has three fold axis of
symmetry.

(b) We know that crystals are made up of layers
of atoms piled in a regular manner. This type of
arrangement gives layers as ABC ABC ABC...... With
this arrangement the third layer does neither resemble
first layer nor second. But the fourth, fifth and sixth layers
resemble first, second and third layers, respectively and
this sequence is repeated with the  addition of more layers.

(c) Because of fcc or ccp structure, metals
possess the properties of malleability, ductility and welding.
This is due to the fact that metal ions are quite close to
each other and a very small shift in any direction causes
a metal ion to move into a neighbouring void space without
any change in the nature of the material.

(d) As started earlier, becaue of close packing,
the available space in the crystal is most economically
used, and a state of maximum density is reached. It has
been shown that in this fcc arrangement about 74% of
the available space is occupied by the atoms in the crystal
giving rise to maximum density.

Metals such as Cu, Ag, Au, Al, Ni, Fe, Pt, etc.,
have ccp or fcc structure.
Hexagonal Close Packed (hcp) Structure

In this arrangement, atoms A and atoms B form
first and second layers, respectively. The third layer is
the  repetition of the first and the fourth layer is the
repetition of the second. This type of  arrangement is
called the ABABAB..... type and indicates that odd
numbered layers are alike and also the even numbered
layers are alike. In this type, each atom is surrounded by
12 other atoms, and hence its co-ordination number is 12.
The metals having hcp structure are less malleable but
are hard and brittle. Metals such as Zn, Mg, Cd, etc.
possess hcp arrangements of atoms in which 74% of the
available space is occupied by atoms giving rise to
maximum density.
Crystal structure of some metals at room
temperature and pressure
s c bcc fcc Hexagonal close

packing (HCP)
Mn All alkali metals, Ca, Sr, Zn, Cd

Ba, V, Cr, Fe, Co, Ni, Cu,
Nb, MO Rh, Pd, Ag
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Example – 23
Predict the type of crystal structure of NaCl

and LiF. Calculate the co-ordination number of each
ion in the crystals. Ionic radii are : Li+ = 60 pm,
Na+ = 95 pm, Cl– = 181 pm and F– = 136 pm.
Solution

In the  case of NaCl, rNa+/rCl– = 95/181 = 0.525.
This value lies between 0.414 to 0.732 suggesting the
crystal structure to be octahedral. Hence, the cation will
occupy the octahedral void with co-ordination number of
6. Thus, NaCl will crystallize in cubic close packing (ccp)
in which Na+ ions (smaller ions) will fill into the  octahedral
void formed by the close packing of Cl– ions (larger ions)

In the case of LiF, the ratio, rLi+/rF– = 60 pm/136
pm = 0.441 which lies between 0.414 and 0.732
suggesting the structure to be octahedral with co-
ordination number 6. In this case, large F– ions will form
cubic close packing in which smaller Li+ ions fit into the
octahedral voids.
Example – 24

The ionic radii of Cs+ is 169 pm and of Br– is
195 pm. What kind of unit cell would be expected
for CsBr crystal ?
Solution

The ratio, rCs+/rBr– = 169pm/195pm = 0.867 which
lies between 0.732 and 1.0 suggesting the CsBr
crystal to be body centred cubic with Cs+ ion in the
centre and Br– ions at the corners.

Example - 25
A compound is formed by two elements X

and Y. Atmos of the element Y (as  anions) make
ccp and those of element X (as cations) occupy all
the octahedral voids. What is the formula of the
compound. (NCERT TEXT PROBLEMS)
Solution :

Let the number of atoms Y
in ccp = Y = no.of octahedral voids.
As all the octahedral voids are occupied by X

atoms, therefore no.of atoms of X = n
 The formula of the compound = XY.

Example - 26
Predict the structure of a crystalline solid

compound and the co-ordination number of the
cation having radius of cation and anion are 66 pm
and 142 pm respectively.
Solution :

Radius ratio, 
r
r

pm
pm



 
66

142  = 0.469

Since the radius ratio falls in the range of 0.414
– 6.732 the co-ordination of the cation is 6 and it’s
structure is expected to be octahedral.

Example - 27
A compound froms hcp structure. What is

the total number of voids in 0.5 mole of it.
(NCERT TEXT PROBLEMS)

Solution :
Total no.of of atoms in hcp structure, N
= 0.5 mole = 0.5 × 6.023 × 1023 = 3.011 × 1023

Number of tetra hedral voids = 2N = 2 × 3.011
× 1023 = 6.023 × 1023

Number of octahedral voids = N =3.011× 1023

Total number of voids
= 6.023 × 1023 + 3.011 × 1023

= 9.033 × 1023

Example - 28
A compound is formed by two elements A

and B. The element A forms ccp and atoms of A

occupy 1
2  of the tetrahedral voids. what is the

formula of the compound.
(NCERT TEXT PROBLEMS)

Solution :
Let the number of atoms of B present in ccp = x
The number of tetrahedral in ccp = x

Since, 1
2  of the tetrahedral voids are occupied

by atoms of A, therefore number of atoms of element

A = 1
2  × 2x = x

 Ratio of A :B = x : x
The formula of the compound is AB.

Example - 29
In a crystalline solid, atoms of B from ccp

lattice and those of B occupy 2
3 rd of the

tetrahedral voids. What is the formula of the
compound ?
Solution :

The number of atoms of B per unit cell in ccp
lattice = 4.

 The number of tetrahedral voids = 2 × 4 = 8
The no. of tetrahedral voids occupied by

A = 2
3  × 8 = 16

3

Ratio of A : B = 16
3 4:  = 16 : 12 = 4:3

The formula of the compound = A4B3
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Example – 30
Determine the molecular formulae of the ionic
compounds formed by ions A+ and X– in which :
(a) Anions X– form a close packed lattice and

cations A+ occupy all the tetrahedral voids.
(b) Anions X– form a closed packed lattice and

cations A+ occupy half of the tetrahedral
voids.

(c) Anions X– occupy the corners of the body
centred cubic lattice and cations A+ occupy
the centre. What are the co-ordination
numbers of A+ and X– ions ?

(d) Anions X– form the close packed structure
and cations A+ occupy all the  octahedral
voids.

(e) The oxide ions form the close packed structure
of mixed oxide. Divalent cation A2+ occupy
one -eighth of the tetrahedral voids while half
of the octahedral voids are occupied by
trivalent B3+ ions.

Solution
(a) In this case, the number of tetrahedral voids

per X– anion forming the lattice = 2. All of
these are occupied by cations A+. Hence, the
number of cations A+ per anion X– = 2
Therefore, the  formula of the compound =
A2X.

(b) The half of the tetrahedral voids, i.e., 2 1
2

1 

per anion X– forming the lattice is occupied
by the cation A+.
Hence, the formula of the compound = AX

(c) Since each of the  eight corners of a cube is
shared by eight ions, the number of anions X–

(occupying the corner) = 8 1
8

1  . The body

centred cation.
A+ is shared by no other ion.
Therefore, number of cations = 1
Thus, the formula of the compound = AX.
Each ion in a body centred close packing is
surrounded by eight ions of opposite charge.
Hence co-ordination numbers of both A+ and
X– are 8.

(d) The number of octahedral voids per anion,
X– forming the lattice = 1. This is occupied
by the cation A+.
Thus, the number of cations A+  per anion X–

is 1.
The formula of the compound is AX.

(e) The number of divalent cations A2+ = one - eighth
of the tetrahedral voids per O2– ion forming

the lattice = 1
8

2 1
4

 

Number of trivalent cations B3+ = half of the
octahedral voids per O2– ion forming the
lattice = 1
Thus, the ratio of A2+ : B3+ : O2– ion in the

compound = 1
4

 :  1
2

 : 1 =  1 : 2 : 4

Hence, the formula of the mixed oxide =
AB2O4

1.3.5 : Types of Symmetry in Crystals
(a) Centre of symmetry : The centre of symmetry

is an imaginary point when anyline drawn through it meets
the surface of the crystal at equal distances on either
side. A crystal is said to have centre of symmetry if every
face has an identical face at an equal distance on the
opposite side of this corner. (see fig. 1.3.16) A crystal
possesses only one centre of symmetry.

(b) Plane of symmetry : It is an imaginary plane
which when passes through the centre of a crystal devides
it into two equal parts which are mirror amages to each
other. (fig.1.3.18) A cubic crystal possesses nine plane of
symmetry i.e. three rectangular and six diagonal plane of
symmetry.

(c) Axis of symmetry : It is an imaginary line about
which if the crystal is rotated, it will represent the same
appearance more than once during the complete
revolution. (fig.1.3.17) The axis of symmetry are called
diad, triad, tetrad and hexad axes of symmetry depending
upon the same appearance of crystal two times three
times, four times and six times respectively i.e., after
rotation of 180°, 120°, 90° and 60°. The axis of symmetry
is represented by C. For example, for two fold axis of
symmetry it is represented C2, for three fold by C3 etc.

A cubic crystal possess three four fold axes of
symmetry, six two fold axis of symmetry and four three
fold axes of symmetry.

Fig. 1.3.16 : Centre of symmetry
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    (a)             (b)        (c)      (d)
Fig. 1.3.17 : Rectangular (a, b, c) and diagonal (d)

       Four fold     Three fold Two fold
Fig. 1.3.18 : Axis of symmetry

The total number of plane, axes and centre of
symmetry by a crystal is termed as elements of symmetry.
As a cubic crystal possesses one centre of symmetry,
nine plane of symmetry and 13 axes of symmetry, thus it
has all total 23 elements of symmetry.

1.3.6 : Salient features of Cubic system
1. Edges and Edgelength : The intersection of two

adjacent faces of a cube give rise to the formation
of edge.

Edgelength (a) is defined as the distance
between the centres of the spheres present on
the corners of edges of the cube.

2. Atomic radius (r) : It is defined as half of the
distance between adjacent atoms in a crystal.

3. Packing fraction or packing density : It is defined
as the ratio of volume occupied by atoms in unit cell
to the total volume of the unit cell.
Packing fraction =

Volume occupied by atoms in unit cell
Total volume of the unit cell

It is also defined as the fraction of the total space
occupied by atoms in unit cell.

4. Packing efficiency : It is defined as the percentage
of packing fraction in certain packing of a crystal.
Packing efficiency =

Volume occupied by atoms in unit cell
Total volume of the unit cell

 × 100

5. Co-ordination number : It is defined as the number
of nearest neighbours that an atom has in a unit cell.
The co-ordination number of a crystal depends upon
their structure.

Structure C.N.
(1) For sample cubic 6
(2) For face centred cubic 12
(3) For body centred cubic 8

6. Number of atoms per unit cell
Structure No. of atoms

per unit cell
(1) Simple cubic 1
(2) fcc 4
(3) bcc 2

1.3.7 : Calculation of radius, Edge-
length and packing fraction and
fraction efficiency in different
cubic cell systems

(a) Simple cubic structure :
Let ‘a’ be the edgelength of a simple cubic unit cell

and ‘r’ be the atomic radius. As one simple cubic structure
contain only one atom;

radius of atom = r = 
a
2

Volume of atoms in the unit cell = 1 × 
4
3

 (r)3

= 
4
3 2

3


aF

HG
I
KJ  = 

a3

6
volume of the cube = a3

 Packing density or packing fraction

= 
volume of atoms in unit cell

volume of the unit cell

= 
 a3 / 6

63a
  = 

3143
6

.
 = 0.524

Packing efficiency = Packing fraction × 100
                    = 0.524 × 100 = 52.4%

Thus in simple cubic system 52.4% of unit cell is
occupied by atoms and 47.6% empty.

Distance betwen nearest neighbour = AB = q = 2r
(b) Face centred cubic structure :

fcc structure contain = 4 atoms
volume occupied by 4 atoms

= 4 × 
4
3

 r3 = 
16
3

 r3



THE SOLID STATEA TEXT BOOK OF +2 CHEMISTRY - XII 21

a

a 2r

r

r
A B

CD

Length of the face diagonal

(BD) = r + 2r + r = 4r
As per pythagorean theorem a2 + a2 = (4r)2

or, 2a2 = 16r2   or, a2 = 8r2

or, a = 8r    or, a = 2r 2
 Edge length = 8r    or, 2r 2

or, r = 
a

2 2
Volume of the cube = a3 = ( )8 8 83 3r r

Packing fraction = 

Volume occupied by 4 atoms
in the unit cell

Volume of the cube

                 = 
16 3

8 8

3

3
/ r

r
 = 0.74

 Packing efficiency = 74%
Thus, in fcc structure 74% of unit cell is occupied

by atom and 26% is empty.

Nearest neighbour distance, d = 
1
2 2

BD a


(c) Body centred cubic structure :
For bcc structure, number of atoms per unit cell = 2.

Volume occupied by 2 atoms = 2 × 
4
3

 r3

Length of the body diagonal (BE) = r + 2r + r = 4r
From the diagram, taking triangle, BDE, we get

BE2 = BD2 + ED2

In the triangle ABD, BD2 = AB2 + AD2

 BE2 = AB2 + AD2 + ED2

we have AB = AD = ED = a (edgelength)
 BE2 = a2 + a2 + a2 = 3a2

or, (4r)2 = 3a2

or, r = 
3
4

a
      or, a = 

4
3
r

 Edge length = 
4

3
r

Nearest neighbour distance = 
1
2

3
2

EB a


Volume of the cube = a3 = 
4

3
64
3 3

3 3r rF
HG

I
KJ 

Packing fraction = 

Volume occupied by
2 atoms in the unit cell

Volume of the cube

                 = 
8 / 3 r 3

( / )64 3 3 3r
 = 0.68

 Packing efficiency = 0.68 × 100 = 68%
Thus in bcc system 68% of unit cell is occupied by

atoms and 32% is empty.
Note : Packing of atoms in cubic structure follow the

order fcc > bcc > sc.
1.3.8 : Calculation of dimensions

(edgelength) of unit cell if At. wt.
and density is known:

(a) Simple cubic structure :
Let the atomic wt. of the substance is A.
No. of atom in sc structure = 1 atom

Mass of one atom = 
A
N0

(where N0 = Avogadro’s Number)
Let the edgelength of sc structure = a
Volume of the unit cell = a3

Mass of unit cell = a3 × d ... (1)
(where d = density of unit cell)

As sc structure contain only one atom,

the mass of unit cell = 
A
N0

... (2)
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From (1) and (2) we get, a3 × d = 
A
N0

 a = 


N d0

1
3


F
HG

I
KJ

(b) Face centred cubic structure :
For fcc structure, number of atoms per unit cell = 4.
Similarly, like, above relation, we have

a = 
4

0

1
3


F
HG

I
KJ

A
N d

(c) Body centred cubic structure :
For bcc structure, number of atoms per unit cell = 2

Similarly, a = 
2

0

1
3


F
HG

I
KJ

A
N d

Example - 31
The radius of Al is 125 pm. If it crystallises to

a fcc structure, calculate (i) edgelength of the unit
celll (ii) How many unit cells are there in  1.00 cm3

of aluminium.
(NCERT TEXT PROBLEMS)

Solution :
For fcc structure,

edge length, a = 2r 2  = 2 × 125 × 1.414
= 353.5 pm

Volume of unit cell = a3 (353.5 × 10–10cm)3

= 442 × 10–25 cm3 (1pm = 10–10cm)

 No. of unit cell = 
100

442 10

3

25 3
. cm

cm 

= 2.26 × 1022 unit cels.
Example - 32

Silver metal crystallises in a cubic close packed
structure having edge length 407 pm. What is the
radius of silver atom ?
Solution :

For Cubic close packed structure,

r = 
a

2 2
407

2 1414
 .  = 143.9 pm

Example - 33
Sodium crystallises in a bcc unit cell having

radius of Na atom 1.86 A
0

. Calculate the edgelength
and body diagonal of the unit cell.
Solution :

For a bcc unit cell,

edge length a = 
4

3
4 186
1 732

r 
 .
.  = 4.295 A

0

Length of the body diagonal = 4 × r

= 4 × 1.86 = 7.44 A
0

Example - 34
Tungsten crystallises in body centred cubic unit

cell. If the edge of the unit cell 316.5 pm, what is
the radius of tungsten atom ?
Solution :

For bcc structure,

radius, r = 3
4  × a = 3

4  × 316.5 pm

= 1732
4

. × 316.5 = 137.04 pm.

Example - 35
Silver crystallises in fcc unit cell. If the radius

of silver atom is 145 pm, what is the length of each
side of unit cell.

(CBSE foreign - 2012)
Solution :

Here r = 145 pm.
Edge length a = 2r 2 = 2 × 145 2  = 410.06 pm

Example - 36
Copper crystallises in face centred cubic lattice

and has density  8.930g cm–3 at 293k. Calculate the
radius of copper atom.

(At. mass of Cu = 63.55u, NA = 6.02 × 1023

mol–1) (CBSE 2010C)
Solution :

a3 = 
4 4 6355

6 02 10 8 93023






 
A

N dA

.
. .

= 4.72 × 10–23

a = 4 72 10 23
1
3.  d i  = 3.606 × 10–8 cm

for fcc structure, radius

r = 2
4

1414 3606 10
4

8a    . .

= 1.27 × 10–8 cm.
Example – 37

The edge length of NaCl unit cell is 564 pm.
What is the density of NaCl in g/cm3 ?

(IIT-JEE-1997)
Solution

Here, Edge length (a) = 364 pm
Molecular mass of NaCl = 58.5 gmol–1
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As NaCl as fcc structure, thus, no. of atoms per
unit cell (Z) = 4

Density of unit cell = Z M
a3


 10 30 N

 gcm–3

= 4 58 5
564 10 6 023 103 30 23


  

.
( ) .

 gcm–3

= 2.16 gcm–3

Example – 38
A face centred cubic element (atomic mass

60) has cell edge of 400 pm. What is the density of
unit cell ?
Solution

Here, M = 60, a = 400 pm, Z = 4

Density = 
Z M

a N


 3 3010

= 
4 60

400 10 6 023 103 30 23


   ( ) .
= 6.23 gcm–3

Example – 39
Gold (atomic mass = 197) has atomic radius

0.144 nm. It crystallises in a face centred cubic cell.
Calculate the density of gold.
(N0=6.022×1023 mol–1) (CBSE Sample Paper-2011)
Solution

Here r = 0.144 nm = 144 pm
For fcc cell, edge length (a) = 2r 2

= 2 × 144 × 1.44 = 407.23
No. of atoms per unit cell (Z) = 4
Atomic mass of gold (M) = 197.0 g mol–1

Avogadro’s Number (N0) = 6.023 × 1023 mol–1

Density of gold (unit cell) = 
Z M

a N


 3 30
010

= 
4 197

4 7 23 10 6 023 103 30 23


  ( . . ) .
= 19.38 gcm–3

Example – 40
A metal crystallises into two cubic faces i.e.

face centred (f.c.c.) and body centred (b.c.c.) whose
unit cell edge lengths are 3.5Å and 3.0Å,
respectively. Calculate the ratio of the densities of
f.c.c. and b.c.c.       (IIT-JEE-1990)
Solution

Density of fcc unit cell = 
4

35 103 30
0


 

M
N( . )

(Here, Z = 4)

Density of the unit cell = 
2

30 103 30
0


 

M
N( )

(Here Z = 2)

 
Density of f.c.c.
Density of b.c.c.




 

 





4
9 5 10

2
3 0 10

3 30
0

3 3
0

M
N

M
N

( . )

( . )

 = 1.259

Example – 41
An element crystallises in f.c.c. structure.

200g of this element has 4.12 × 1023 atoms. If the
density of A is 7.2 gcm–3, calculate the edge length
of the unit cell.        (A.I.S.B.-2001)
Solution

Here, Z = 4, density (d) = 7.2 gcm–3 a = ?
4.12 × 1023 atoms of the element weight = 200
6.023 × 1023 atoms of the element weight

= 
200

4 12 1023.   × 6.023 × 1023 = 29.23 g

 Atomic mass of the element (M) = 29.23

Density (d) = 
Z M

a N


 3 30
010

or, a3 = 
Z M

d N


 



   10

4 29 23
7 2 10 6 023 1030

0
30 23

.
. .

or, a3 = 26.97 × 106 (pm)3

or, a = (26.97 × 106 (pm)3 )
1
3

       = 2.999 × 102 pm = 299.9 pm
Example – 42

A metallic element has a bcc structure. The
density of the metal is 7.20 gcm–3 and it’s edgelength
is 280 pm. Calculate the (a) number of unit cells
and (b) number of atoms present in 100g of the
metal.
Solution

Edgelength (a) = 280 pm = 280 × 10–10 cm
Volume of the unit cell = (280 × 10–10 cm)3

= 21.95 × 10–24 cm3

Mass of the unit cell = Volume of unit cell × density
= 21.95 × 10–24 cm3 × 7.20 gcm–3

= 1.53 × 10–22 g

Number of unit cell in 100 g = 
100

Mass of unit cell

= 
100

153 10 22.    = 6.53 × 1023
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For bcc structure, number of atoms per unit cell=2
Total number of atoms in 100g = 6.53 × 1023 × 2

= 13.06 × 1023 atoms
1.3.9 : Calculation of density of a crystal

Consider a unit cell having edge length ‘a’ pm (pico
meter) = a × 10–12m = a × 10–10cm
Volume of unit cell = (a × 10–10 cm)3

  = a3 × 10–30 cm3

Mass of unit cell = Number of atoms in a unit cell
× mass of each atom = Z × m

Mass of each atom = 
Atomic mass

Avogadro's No.


M
N

Here M = Atomic mass of the element (or Molar
mass in case of compound). N = 6.023 × 1023

 Mass of unit cell = Z × 
M
N

Density of unit cell = 
Mass of unit cell

Volume of unit cell

 = Z M
a3


 10 30 N

 gcm–3

Note:(i) Density of a substance is the same as the
density of unit cell.

(ii) As edge length ‘a’ is already used in cm in
the above relation, a pm is taken as a...........

Example – 43
Calculate the density of silver which

crystallises in face-centred cubic form. The distance
between nearest metal atoms is 287 pm (Molar
mass of Ag = 107.87 gmol–1)

(N0 = 6.022 × 1023 mol–1)     (A.I.S.B.-2004)
Solution

Density d = ?
If the radius of the metal atom is the distance

between nearest metal atoms (2r) = 287 pm.
Edge length for the crystal (a) = 2  × 2r

= 2  × 2 × 287 pm = 405.87 pm = 4058
Atomic mass of silver (M) = 107.87 gmol–1

Number of atoms per unit cell (Z) = 4

Density of silver (d) = 
4
103 30

0

M
a N( )  

= 
4 107 87

40587 10 6 023 103 30 23


  

.
( . ) .

= 10.72 gcm–3

Example – 44
An element crystallises in a bcc structure.

The edge length of it’s unit cell is 288 pm. If the
density of the crystal is 7.3 gcm–3, what is the atomic
mass of the element.        (A.I.S.B.-2002)
Solution

Here, edge length (a) = 288 pm = 288
As, it has bcc structure, the no. of atoms per unit

cell (Z) = 2
Density of the element (d) = 7.3 gcm–3

Avogadro’s number (N0) = 6.023 × 1023 mol–1

Atomic mass of the element (M)

= 
d a N

Z
  3 30

010

= 
7 3 288 10 6 023 10

2

3 30 23. ( ) .   

= 52.5 gmol–1.
Example – 45

Density of copper metal is 8.95 gcm–3. If the
radius of copper atoms is 127.8 pm, predict the
nature of its unit cell whether cubic, face centred or
body centred cubic. (Given atomic mass of Cu =
63.5 gmol–1 and N0 = 6.022 × 1023 mol–1)

(A.I.S.B.-2010)
Solution

Let us try the unit cell for Cu as cubic or fcc or
bcc, as edgelength is not given to get it’s density and tally
with the density of Cu metal as 8.95 gcm–3 (as given).
First, let us assume that the unit cell of Cu is f.c.c. For
fcc, the value of Z = 4.

Radius of Cu atom (r) = 127.8 pm = 127.8
Edgelength (a) = 2  × 2r

= 1.414 × 2 × 127.8 = 361.42
Atomic mass of Cu (M) = 63.5 gmol–1

Avogadro’s Number, N0 = 6.022 × 1023 mol–1

 Density = 
Z M

a N


 3 30
010

= 
4 635

36142 10 6 022 103 30 23


  
.

( . ) .
= 8.95 gcm–3

The density of a metal is given 8.95 gcm–3 which
is nearly same as found for f.c.c. structure.

Thus, the unit cell is face centred cubic.
Example – 46

Density of Li is 0.53 gcm–3. The edgelength
of Li is 3.5Å. Find the number of Li atoms in a given
unit cell (N0 = 6.023 × 10–23, M = 6.94)

(C.B.S.E. P.M.T.-2005)
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Solution
Density of Li (d) = 0.53 gcm–3

Edge length (a) = 3.5Å = 3.5 × 10–8 cm
N0 = 6.023 × 10–23 mol–1

Atomic mass (M) = 6.94
From the relation, we get,

Z = 
d a N

M
 3

0

   = 

( . ) ( . )
.

.

053 35 10
6 023 10 3

6 94

3 8 3

1

1

gcm cm
mol

gmol

 





 
  

   = 1.972   2
So, the number of atoms in a unit cell of Li is 2.

Example – 47
The density of chromium is 7.2 gcm–3. If the

unit cell is a cube with edgelength of 289 pm,
determine the type of the unit cell.

(Atomic mass of Cr = 52 amu)
(C.B.S.E. P.M.T. Main-2006)

Solution
Here, density of Cr (d) = 7.2 gcm–3

Edge length of unit cell (a) = 289 pm = 289
Atomic mass of Cr (M) = 32.0 gmol–1

No. of atoms per unit cell (Z) = ?
Applying the relation, we have

Z = 
d a cm N

M
  3 30 3

010

= 
7 2 289 10 6 023 10

52 0

3 3 30 3 23 1

1
. ( ) .

.
gcm cm mol

gmol

  



   

    = 2
As the unit cell has 2 atoms, it’s type is body

centred cubic.
Example – 48

The edge length of NaCl unit cell is 564 pm.
What is the density of NaCl in g/cm3 ?

(IIT-JE-1997)
Solution

Here, Edge length (a) = 364 pm
Molecular mass of NaCl = 58.5 gmol–1

As NaCl as fcc structure, thus, no. of atoms per
unit cell (z) = 4.

Density of unit cell = 
Z M

N


 9 103 30  g cm–3

= 
4 58 5

564 10 6 023 103 30 23


  

.
( ) .  g cm–3

= 2.16 g cm–3

Example – 49
A face centred cubic element (atomic mass

60) has cell edge of 400 pm. What is the density of
unit cell ?
Solution

Here, M = 60, a = 400 pm, Z = 4

density = 
Z M

a N


 3 3010

= 
4 60

400 10 6 023 103 30 23


   ( ) .
= 6.23 g cm–3

Example – 50
Gold (atomic mass = 197) has atomic radius

0.144 nm. It crystallises in a face centred cubic cell.
Calculate the density of gold. (N0 = 6.022 × 1023

mol–1). (CBSE Sample Paper-2011)
Solution

Here, r = 0.144 nm = 144 pm
For fcc cell, edgelength (a) = 2r 2
= 2 × 144 × 1.44 = 407.23
No. of atoms per unit cell (Z) = 4
Atomic mass of gold (M) = 197 g mol–1

Avogadro’s Number (N0) = 6.023 × 1023 mol–1

Density of gold (unit cell) = 
Z M

a N


 3 3
010

= 
4 197

407 2 10 6 023 103 30 23


  ( . ) .g =19.38 gcm–3

Example – 51
A metal crystallises into two cubic faces i.e.

face centred (f.c.c.) and body centred (b.c.c.) whose
unit cell edge lengths are 3.5Å and 3.0Å,
respectively. Calculate the ratio of the densities of
f.c.c. and b.c.c.      (IIT-JEE-1999)
Solution

Density of f.c.c. unit cell = 
4

35 103 30
0


 

M
N( . )

(Here, Z = 4)

Density of b.c.c. unit cell = 
2

30 103 30
0


 

M
N( . )

(Here Z = 2)


Densityof f c c
Densityof b c c

M N
M N

. . .

. . .
/ ( . )
/ ( . )


  
  





4 35 10
2 3 0 10

3 30
0

3 3
0

 = 1.259
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Example – 52
An element crystallises in f.c.c. structure

200g of this element has 4.12 × 1023 atoms. If the
density of A is 7.2 gcm–3, calculate the edge length
of the unit cell.         (A.I.S.B. 2001)
Solution

Here, Z = 4, density (d) = 7.2 gcm–3, a = ?
4.12 × 1023 atoms of the element weight = 200
6.023 × 1023 atoms of the element weight

= 
200

4 12 1023.   × 6.023 × 1023 = 29.239

 Atomic mass of the element (M) = 29.23

density (d) = 
Z M

a N


 3 30
010

or, a3 = 
Z M

N


 



   4 10

4 29 23
7 2 10 6 023 1030

0
30 2

.
. .

or, a3 = 26.97 × 106 (pm)3

or, a = (26.97 × 106(pm)3)1/3

       = 2.999 × 102 pm = 299.9 pm
Example – 53

A metallic element has a bcc structure. The
density of the metal is 7.20 gcm–3 and its edgelength
is 280 pm. Calculate the (a) number of unit cells
and (b) number of atoms present in 100g of the
metal.
Solution

Edgelength (a) = 280 pm = 280 × 10–10 cm
Volume of the unit cell = (280 × 10–10 cm)3

= 21.95 × 10–24 cm3

Mass of the unit cell = Volume of unit cell × density
= 21.95 × 10–24 cm3 × 7.20 gcm–3 = 1.53 × 10–22g
Number of unit cell in 100g

= 
100 100

153 10 22Massof unit cell


 .
= 6.53 × 1023

For bcc structure, number of atoms per unit cell=2
Total number of atoms in 100g = 6.53 × 1023 × 2
= 13.06 × 1023 atoms.

Example – 54
Calculate the density of silver which

crystallises in face-centred cubic form. The distance
between nearest metal atoms is 287 pm (Molar
mass of Ag = 107.87 gmol–1)

(N0 = 6.022 × 1023 mol–1)    (A.I.S.B.-2004)
Solution

Density = d = ?
If radius, of the metal atom is the distance
between nearest metal atoms (2r) = 287 pm.

Edgelength for fcc crystal (a) = 2  × 2r
= 2  × 2 × 287 pm = 405.87 pm = 405.8
Atomic mass of silver (M) = 107.87 gmol–1

Number of atoms per unit cell (z) = 4

Density of silver (d) = 
4
3
M

= 
4 107 87

40587 10 6 023 103 30 23


  

.
( . ) .  = 10.72 gcm–3

Example – 55
An element crystallises in a bcc structure.

The edge length of its unit cell is 288 pm. If the
density of the crystal is 7.3 gcm–3, what is the atomic
mass of the element ?         (A.I.S.B.-2002)
Solution

Here, Edge length (a) = 288 pm
As, it has bcc structure, the no. of atoms per unit
cell (Z) = 2
Density of the element (d) = 7.3 gcm–3

Avogadro’s number (N0) = 6.023 × 1023 mol–1

Atomic mass of the element (M)

= 
d a N

Z
  3 30

010

= 
7 3 288 10 6 023 10

2

3 30 23. ( ) .   

= 52.5 g mol–1

Example – 56
Density of copper metal is 8.95 gcm–3. If the

radius of copper atoms is 127.8 pm, predict the
nature of its unit cell whether cubic, face centred or
body centred cubic. (Given atomic mass of Cu =
63.5 g mol–1 and N0 = 6.022 × mol–1) (A.I.S.B.-2010)
Solution

Let us try the unit cell for Cu as cubic or fcc or
bcc, as edge length is not given to get its density
and tally with the density of Cu metal as 8.95
gcm–3 (as given). First, let us assume that the
unit cell of Cu is fcc. For fcc, the value of Z = 4,
radius of Cu atom (r) = 127.8 pm = 127.8
Edge length (a) = 2  × 2r = 1.414 × 2 × 127.8

= 361.42
Atomic mass of Cu (M) = 63.5 g mol–1

Avogadro’s Number, N0 = 6.022 × 1023 mol–1

         Desnity = 
Z M

a N


 3 30
010

= 
4 635

36142 10 6 023 103 30 23


  

.
( . ) .  = 8,96 gcm–3
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The density of Cu metal is given 8.95 gcm–3

which is nearly same as found for c.c.c. structure.
Thus, the unit cell is face centred cubic.

Example – 57
Density of Li is 0.53 gcm–3. The edge length

of Li is 3.5Å. Find the number of Li atoms in a given
unit cell (N0 = 6.023 × 10–23, M = 6.84)

(C.B.S.E. P.M.T.-200 )
Solution

Density of Li (d) = 0.53 gcm–3

Edge length (a) = 3.5Å = 3.5 × 10–8 cm
N0 = 6.023 × 10–23 mol–1

Atomic mass (M) = 6.94
From the relation, we get

Z = 
d a N

M
 3

0

= 
( . ) ( . ) .

.
053 35 10 6 023 10

6 94

3 8 23 1

1
gcm cm mol

g mol

  



   

= 1.972   2
So, the number of atoms in a unit cell of Li is 2.

Example – 58
The density of chromium is 7.2 gcm–3. If the

unit cell is a cube with edgelength of 289 pm,
determine the type of the unit cell. (Atomic mass of
Cr = 52 amu) (C.B.S.E. P.M.T. Main-2006)
Solution

Here, density of Cr (d) = 7.2 gcm–3

Edge length of unit cell (a) = 289 pm = 289
Atomic mass of Cr (M) = 52.0 g mol–1

No. of atoms per unit cell (Z) = ?
Applying the relation, we have

Z = 
d a cm N

M
  3 30 3

010

= 
7 2 289 10 6 023 10

52 0

3 3 30 3 23 1

1
. ( ) .

.
gcm cm mol

g mol

  



   

= 2
As the unit cell has 2 atoms, its type is body
centred cubic.

1.3.10:Structure of simple Ionic crystals
In ionic crystals lattice positions are occupied by

positive and negatives ions in equivalent amounts. In such
crystals positive ions are  surrounded by negative ions
and vice-versa. Since the coulombic forces holding the
oppositely charged ions together in an ionic crystal are
non-directional, the arrangement of ions in the crystal is
largely controlled by the sizes and charges of the ions
concerned. Normally, each ion is surrounded by the largest
number of oppositely charged ions. The number of

oppositely charged ions surrounding an ion is the co-
ordination number of the ion and is related to the relative
sizes of the positive and negative ions. We will discuss
below the different types of ionic compounds, depending
upon the relative number of positive and negative ions
present in them.

1.4 : IONIC COMPOUNDS OF THE
TYPES OF AX

Examples of this type are NaCl, CsCl and ZnS,
and these are representatives of the three types of
crystalline structure. In this type of ionic compounds, the
co-ordination number of the cation is the  same as that of
the anion.
(a) Sodium chloride structure

(i) The radii of Na+ and Cl– ions are 95 pm and
181 pm. The radius ratio in sodium chloride is
rNa+/rCl– = 0.525 which suggests it to be
octahedral shape.

(ii) In this each Na+ ion is surrounded by six Cl–

ions, and each Cl– ion is surrounded by six
Na+ ions. Thus, both Na+ and Cl– ions have
co-ordination number of six.

(iii) Space lattice of sodium chloride is known to
have a face-centred cubic (fcc) or cubic close
packed (ccp) lattice. There are 14 Cl– ions
out of which 8 occupy the corners and 6 at
the  centres of each of the six faces of the
cube, and 13 Na+ ions (smaller ions) where
12 ions are on the edges and one within the
body centre (Fig. 1.4.1).

Fig : 1.4.1 :
 NaCl crystal structure
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(iv) The unit cell of NaCl crystal consists of four
NaCl units, i.e., 4 Na+ ions and 4 Cl– ions.
There are 8 Cl– ions at the corners and 6 Cl–

ions on the faces. Thus, Cl– ions per unit cell

= ? ? ? ? ?1
8

8 1
2

6  1 + 3 = 4,

There are 12 Na+ ions on the edges and one within
the body, hence, Na+ ions per unit cell

=  1
4

12 1 3 1 4    

Examples of some other compounds which have
NaCl structure are halides of Li, Na, K, Rb and Ag (except
AgF), oxides and sulphides of alkaline earth metals except
BeS.

(b) Caesium chloride structure : If the  sizes
of the ions involved are increased beyond certain limits,
the  NaCl structure would not exist on geometrical grounds.
For example, when Cs+ ions of radius 160 pm replaces
Na+ ion (r = 95 pm) in NaCl, the radius ratio becomes,
rCs+/rCl– = 160pm/181 pm = 0.884, giving rise to body
centred cubic (bcc) lattice structure.

In this structure, each Cs+ ion is surrounded by 8
Cl– ions and vice versa (Fig. 1.4.2). The co-ordination
number of Cs+ ion and also of Cl– ion is 8. Higher co-
ordination number of CsCl as compared to that of NaCl
suggests that the former is more stable than the latter.

Fig : 1.4.2 :
Caesium chloride crystal structure

The unit cell of CsCl consists of 8 1
8

  + 1 = 1 +

1 = 2 particles, i.e. one Cs+ ion and one Cl– ion, i.e., one
unit CsCl.

Examples of compounds having CsCl structure
are CsBr, CsI, TlCl, TlBr, TlI. CsCN, etc.

(c) Zinc blende (ZnS) structure

In ZnS, the  radius ratio, r rzn s2 2 /  = 74pm/184pm
= 0.402 suggests the tetrahedral shape. That is, each Zn2+

ion is surrounded tetrahedrally by four S2– ions and vice-
versa. The structure has 4 :4 co-ordination, i.e., the

co-ordinatin number of Zn2+ ion and also of S2– ion is 4.
ZnS has ccp structure. i.e., S2– ions (larger) occupy the
corners as well as the centre of each face of the cube
(Fig. 1.4.3)

Fig 1.4.3 :
Zinc blende crystal structure

The unit cell of ZnS consists of four ZnS units,

i.e., number of S2– ions per unit cell = 1
8

8  (at the

corners) + 1
2

6  (at face centres) = 1 + 3 = 4. Number

of Zn2+ ions per unit cell = 4 (within  the body)  1 = 4.
Examples of ionic compounds having Zinc blende

structure are CuCl, CuBr, CuI, AgI, BeS,  etc.
It should be mentioned here that Zinc blende (or

Sphalerite) and Wurtzite are two different forms of Zinc
sulphide. Wurtzite has hcp structure. ZnS occurs in this
form in nature. Examples of this type are ZnO, CdS, BeO,
AgI, etc.

1.4.1 : Ionic compounds of the type :
AX2

Example of this type, AX2 are : Fluorite, CaF2
and rutile, TiO2. Many other similar compounds are
expressed in terms of these two types.

(a) Fluorite structure : In CaF2, the radius ratio
is 0.732 which gives rise to a body -centred cubic (bcc)
structure. In this case, each Ca2+ ion is surrounded by
eight F– ions, so the co-ordination number of Ca2+ is 8.
Since in an ionic compound containing different numbers
of cations and anions, the cation and anion have different
co-ordination numbers, it follows that the co-ordination
number of F– ion is four (since the number of F– ions is
double the number of Ca2+ ions). Thus, CaF2 has 8 : 4
arrangements. In fluorite, Ca2+ ions are too small to touch
each other hence, the structure is not strictly close packed
structure.
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(b) Rutile structure : The radius ratio is in the
range 0.73 to 0.41. In rutile (TiO2) each Ti4+ ion is
octahedrally surrounded by six O2– ions whereas each
O2– ion is surrounded by only three Ti4+ ions arranged at
the  three corners of a plane triangle. The co-ordination
numbers of Ti4+ and O2– ions are 6 and 3, respectively. It
is not exactly a close packed structure. Ti4+ ions in rutile
may, however, be considered as forming a sufficiently
distorted body centred cubic lattice.

Examples of compounds having radius ratio below
0.41 are SiO2 and BeF2 but these are only a few. The co-
ordinatin number of Si4+ and Be2+ is four and that of O2–

is two. However, these are appreciably co-valent.
1.4.2 : Imperfections or Defects in

Crystalline Solids

In an ionic crystal the particles are well orderly
arranged in a regular pattern. An ideal crystal is that which
has same unit cell containing the same lattice points through
out the whole crystal. But, such ideal crystal only exists
at zero Kelvin temperature i.e., entropy of it’s particle is
zero. It means that there is no movement of the constituent
particles at 0K. But, none of the crystals are basically
ideal and it suffers certain defects at temperature above
0K. This defect may arise due to some irregularities in
the arrangement of constituent particles in the crystal
lattice and are called imperfections or crystal defects.
These defects are of two types.

(a) Points defects : These defects are due the
irregularities in the arrangement of atoms around a point
or an atom in a crystalline solid. These are also called
atomic defects.

(b) Line defects : These defects are due to the
irregularities in the arrangement of entire rows of lattice
points.
1.4.3 : Types of Point Defect

Point defects are of the following three types :
(i) Stoichiometric defect,  (ii) Non-

stoichiometric defects, (iii) Impurity defects.
Stoichiometric defects : The defects which are

found in stoichiometric compounds (i.e. the compounds
in which the number of positive and negative ions are
exactly in the ratios indicated by their chemical formula)
are called stoichiometric defects. These are also called
intrinsic or thermodynamic defects. These are of
following types.

(a) Vacancy defect : If in a crystalline solid some
lattice sites are found vacant, then it is known as vacancy
defect in crystal. (see fig.1.4.4)

              

Fig. 1.4.4 : Vacancy defect
(b) Interstitial defect : In a crystalline solid, if

some constituent particles occupy the intestitial sites, then
it is known as interstitial defects. (see fig. 1.4.5)

           

Fig. 1.4.5 : Interstitial defect
Note : Vacancy defect and Interstitial defects are

found in non ionic solids.
(c) Schottky defect : This defect arises in the

ionic solids and was discovered by German scientist
Shottky in 1930. This defect arises when equal number
of +ve and –ve ions are found missing from their normal
lattice sites. Taking example of an ionic crystal A+B– the
arrangements of ions in an ideal crystal and Schottky
defect crystal are shown below (fig. 1.4.6 & 1.4.7
respectively) :

Fig. 1.4.6 : An ideal crystal
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Fig. 1.4.7 : Schottky defect in crystal
Schottky defects are observed :

In case of (i) strongly ionic compounds having
high co-ordination number and (ii) cations and anions
having almost equal sizes.
Results of Schottky defects :

Because of missing of ions, the ionic compounds
show following changes in the properties of ionic crystals.
(i) The density of the crystal decreases.
(ii) The stability and lattice energy of crystal decreases.
(iii) The electrical conductivity of the crystals increases.

It is because when electricity is applied, the ions
move to the vacant places and this process
continues in the whole crystal lattice resulting in
the increase of electrical conductivity of crystals.

Alkali metal halides such NaCl, KCl, KBr, CsCl
etc. normally show this defect.

(d) Frenkel defect : This defect was discovered
by Russian scientist Frenkel in 1926 in ionic crystals. This
defect arises when certain ion found missing from it’s
normal sites and occupy positions elsewhere in the interstial
sites in the crystal lattice. In this case, the crystal remain
electrically neutral as the number of cations and anions
remain same. This defect is shown below (fig. 1.4.8)
where a cation A+ is found missing from it’s normal site

and present in one of the interstitial sites in the crystal
lattice.

Fig. 1.4.8 : Frenkel defect in ionic crystal.
Frankel defects are observed in case of ionic

compounds (i) having low co-ordination number (ii) in
which anions are much bigger in size as compared to
cation.
Results of Frenkel defect :
(i) It increases the electrical conductivity of the crystal

because of the presence of vacancy in crystal
lattice.

(ii) It decreases the stability or lattice energy of the
crystal.

(iii) This defect does not change the density of crystal
because the number of ions per unit volume remain
same in the crystal.

(iv) It increases the dielectric constant of the crystalline
solid as the similarly charged ions come closer.
This defects are generally found in (i) AgCl, AgBr,

AgI etc. It is because Ag+ ion being small in size occupy
the interstitial sites leaving it’s own position in crystal
lattice. (ii) Further this defect is also noticed in ZnS crystal
because of the small size of Zn2+ ion which can fit in it’s
own interstitial sites. (iii) Alkali metal halides donot exhibit
this defect because of large size of alkali metal ions.

1.4.4 : Comparison between Schottky and Frenkel Defects
The similarity and difference between Schottky and Frenkel defects are given in the following table.

Schottky defect
Similarity :
(i) It is found in case of ionic crystals
(ii) The electrical conductivity of the crystal increases.
(iii) The stability of the crystal decreases.
Differences :
(i) Equal number of cations and anions are missing

from their normal lattice sites.
(ii) It decreases the density of the crystal.
(iii) Dielectric constant value remains same.
(iv) It is observed in case of ionic compounds having

high co-ordination number.
(v) These are noticed in case of ionic compounds

where cations and anions are almost of equal sizes.
(vi) These are observed in case of alkali metal halides.

Frenkel defect

(i) It is also found in case of ionic crystals.
(ii) The electrical conductivity of the crystal increases.
(iii) The stability of the crystal decreases.

(i) Ions leave their normal position and occupy some
whereelse in the interstitial sites in crystal lattice.

(ii) The density of crystal remain same.
(iii) Dielectric constant value increases.
(iv) It is observed in case of compounds having low

co-ordination number.
(v) These are noticed in case of ionic compounds

where cations are smaller in size than anions.
(vi) These are observed in case of silver halides.
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