
 

General Introduction to the Solid State 

As you know there are three states of matter – solids, liquids, and 

gases. Most objects around us are in their solid state. Everything from 

the chair you are seated on to the sand on the beach is solid. However, 

their physical appearances can vary their physical properties are 

similar. Let us learn a bit more. 

 Solid State 

As we have studied before we can change the physical properties of an 

object or element by varying its temperature and pressure, This 

phenomenon is known as Change of State. For example when we heat 

water to turn it into water vapor or freeze it to turn it into ice. 

The states of matter and its stability actually depends on two opposing 

forces found in the atom of an element. These are the two forces 

responsible for the formation and stability of a solid. Let us discuss 

these two forces in some detail. 

● Intermolecular Forces: Intermolecular forces exist between 

molecules of an element. They actually determine not only the 
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state of the matter but also factors such as boiling point, 

melting point, enthalpy of the elements. They keep the atoms or 

molecules of matter close together in a bond. 

● Thermal Energy: Thermal energy is a form of kinetic energy. It 

is the energy that particles possess due to their motion. It is the 

internal energy of an object that is responsible for its 

temperature. Transfer of thermal energy happens through the 

transfer of heat. With a rise in the thermal energy, the particles 

of matter tend to move faster and vice-versa. 

These two forces keep the atoms of solids closely packed in a fixed 

structure we call a lattice. At low temperatures the thermal energy of 

particles of solid matter is low. So the movement of particles is 

minimal, the intermolecular force is high and spaces between atoms is 

very less. This gives solid their basic properties. 
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Now if you actually observe all the solid objects around you, you will 

notice many dissimilarities between them. Their shapes, texture, 

weight, size, colors etc may vary greatly. But there are a few physical 

properties of a solid that holds true for all solids baring a few rare 

exceptions. Let us take a look at few such common/general 

characteristics of solids. 

● Definite Mass and Volume and Shape: Mass and Volume of a 

solid and liquids remain same. But unlike liquids solids also 

have a fixed shape. The tightly packed atoms of a solid ensure 

that they maintain a definite shape. 

● Strong Intermolecular Forces: The tight close knit packing of 

molecules is due to the strong intramolecular forces between 

particles. This also means that the intermolecular distances 

between particles are also very small/short. This is the reason 

why solids hold their shape and do not spread out like liquids 

or gasses. 

● Solids are Incompressible: As there is already no spaces 

between molecules, solids cannot be compressed further 

● Boiling Points: Solids have Boiling and Melting Points above 

room temperature 



 

● Thermal Energy: Solids have low thermal energy. So this 

means their constituent particles do not roam about freely like 

in liquids and gases. They only oscillate about their mean 

positions. 

Solved Question for You 

Q: Which states of matter have no miscibility? 

a. Solid 

b. Gases 

c. Liquids 

d. All of the above 

Ans: The correct answer is “A”. Solids do not mix with each other. 

This is because they have very little space between their atoms since 

these atoms are tightly packed in solids. 

 

 

 



 

Crystalline and Amorphous Solids 

Think of a diamond and some cotton candy. Do you think these 

substances are alike? They are different in every aspect, and yet they 

are both solids. What differentiates these is the structure and 

arrangement of their particles. Let us learn about the two types of 

solids, crystalline Solids and Amorphous Solids. 

Crystalline Solids 

These are the most common type of solids. Their characteristics are 

what we associate solids with. They are firm, hold a definite and fixed 

shape, are rigid and incompressible. They generally have geometric 

shapes and flat faces. And examples include diamonds, metals, salts 

etc. 

To understand crystals we must understand their structure. The 

arrangement of particles in a crystalline solid is in a very orderly 

fashion. These articles are arranged in a repeating pattern of a 

three-dimensional network. This network is known as a Crystal lattice 

and the smallest unit of a crystal is a Unit Cell. If you see the X-ray of 

https://www.toppr.com/guides/science/separation-of-substances/purpose-of-separation-of-substances/
https://www.toppr.com/guides/accountancy/accounting-for-partnership/special-aspects-partnership-accounts-its-maintenance/
https://www.toppr.com/guides/business-management-entrepreneurship/organizing/structure-of-organization/
https://www.toppr.com/guides/maths/basic-geometrical-ideas/basic-geometrical-shapes/
https://www.toppr.com/guides/maths/basic-geometrical-ideas/basic-geometrical-shapes/
https://www.toppr.com/guides/chemistry/materials-metals-and-non-metals/metals-and-non-metals/
https://www.toppr.com/guides/english/articles/introduction-to-articles/
https://www.toppr.com/guides/computer-aptitude-and-knowledge/networking/computer-networks/


 

a crystal this distinct arrangement of the unit cells will be clearly 

visible. 

Learn more about Magnetic Properties of Solid here in detail. 

The spaces between the atoms are very less due to high intermolecular 

forces. This results in crystals having high melting and boiling points. 

The intermolecular force is also uniform throughout the structure. 

Crystals have a long-range order, which means the arrangement of 

atoms is repeated over a great distance. 

 

Amorphous Solids 

Amorphous solids are rigid structures but they lack a well-defined 

shape. They do not have a geometric shape. So they are 

non-crystalline. This is why they do not have edges like crystals do. 

The most common example of an amorphous solid is Glass. Gels, 
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plastics, various polymers, wax, thin films are also good examples of 

amorphous solids. 

This variation in characteristics of solids occurs due to the 

arrangement of their molecules. Here the particles of matter do not 

form the three-dimensional lattice structure that we see in solids. 

Some naturally occurring amorphous solids have impurities that 

prevent such a structure from forming. So they have a short order 

arrangement of molecules. 
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Amorphous solids break into uneven pieces with irregular edges. And 

they do not have any distinct arrangement or shape of molecules. so 

they cannot be identified by their structure as crystals. 

Learn abut Tetrahedral voids and Octahedral voids here. 
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● General Introduction 

● Space Lattice or Crystal Lattice and Unit Cell 

https://www.toppr.com/guides/chemistry/the-solid-state/tetrahedral-and-octahedral-voids/
https://www.toppr.com/guides/chemistry/the-solid-state/general-introduction-to-the-solid-state/
https://www.toppr.com/guides/chemistry/the-solid-state/space-lattice-or-crystal-lattice-and-unit-cell/


 

● Number of Particles in Unit Cells 

● Close Packing in Crystals 

● Tetrahedral and Octahedral Voids 

● Radius Ratio Rules 

● Density of a Cubic Crystal 

● Imperfections or Defects in a Solid 
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Difference Between Crystalline and Amorphous Solids 

● Crystals have an orderly arrangement of their constituent 

particles. In comparison, amorphous solids have no such 

arrangement. Their particles are randomly organised. 

● Crystals have a specific geometric shape with definite edges. 

Amorphous solids have no geometry in their shapes 

● Crystalline solids have a sharp melting point on which they will 

definitely melt. An amorphous solid will have a range of 

temperature over which it will melt, but no definite temperature 

as such 

● Crystals have a long order arrangement of their particles. This 

means the particles will show the same arrangement 
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indefinitely. Amorphous solids have a short order arrangement. 

Their particles show a lot of variety in their arrangement. 

● Crystalline solids cleavage (break) along particular points and 

directions. Amorphous solids cleavage into uneven parts with 

ragged edges. 

● Crystals are also known as True Solids, whereas another name 

for Amorphous Solids is Super-Cooled Liquids. 

Learn more about Electrical Properties of Solid here in detail. 

Solved Examples for You 

Question:  Assertion- Initially the term pseudo solid was given for 

solids, which were easily distorted by bending and compression 

forces. They even tend to flow slowly under its own mass and lose 

shape. 

Reason- These characteristics are shown by pseudo solids as in pitch, glass 

and thus, the name pseudo solid was replaced by supercooled liquids. 

A. Both Assertion and Reason are Correct and the Reason is the 

correct explanation for Assertion 
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B. Both Assertion and Reason are Correct but the Reason is not 

the correct explanation for Assertion 

C. Assertion is correct but Reason is incorrect 

D. Both Assertion and Reason are incorrect 

Solution: Option B. Both Assertion and Reason are Correct but the 

Reason is not the correct explanation for the Assertion. Initially, the 

term pseudo solid was given for amorphous solids, which were easily 

distorted by bending and compression forces. They even tend to flow 

slowly under its own mass and lose shape. 

The intermolecular forces present in such materials are stronger than 

those present in the liquids but weaker than those present in solids. 

They are not solids in the real sense. The regular arrangement of 

constituent particles is present only up to short distance in these solids. 

These characteristics are shown by pseudo solids as in pitch, glass and 

thus, the name pseudo solid was replaced by supercooled liquids. 

 

 

 



 

Space lattice or Crystal lattice and Unit 
Cell 

A crystalline solid has a very special structure, that gives it the unique 

properties of a solid. This structure is made up of repeating units 

which we call a unit cell. Let us study this special lattice structure in 

detail. 

 Crystal Lattice 

As we have studied in the previous topic, solids are basically of two 

shapes. One is an amorphous solid which has no specific shape or 

structure. Another is a crystalline structure or crystals which have a 

specific organized structure of their particles. Let us take a look. 

Crystals have a structure made up of a regular arrangement of their 

atoms (or particles). When such an arrangement of atoms is 

represented in a three-dimensional structure, this is a crystal lattice. So 

a lattice is an array of points in a particular order which describes the 

arrangement of particles of a crystalline solid. 
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Now Auguste Bravais was French scientist who found out that there 

are a total of fourteen possible three-dimensional lattices. These 14 

arrangements are the Bravais Lattice. They have six basic shapes. The 

following diagram shows you the fourteen arrangements. 

 

Characteristics of Crystal Lattice 

The fourteen Bravais Lattices show some similar characteristics. 

These are 

● Each point on the lattice represents one particle of the crystal, 

This is a lattice point. 

● This particular particle may be an atom, a molecule or even 

ions 

● These lattice points of a crystal are joined together by straight 

lines. 



 

● By joining of these points we get the geometry (or shape) of the 

crystal 

● Every one of the fourteen lattices has such a unique geometry 
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Unit Cell 

A unit cell is the most basic and least volume consuming repeating 
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patterns solids arrange themselves in. The entire of the space lattice is 

https://www.toppr.com/guides/maths/lines-and-angles/basics-of-geometry/
https://www.toppr.com/guides/chemistry/the-solid-state/general-introduction-to-the-solid-state/
https://www.toppr.com/guides/chemistry/the-solid-state/crystalline-and-amorphous-solids/
https://www.toppr.com/guides/chemistry/the-solid-state/number-particles-unit-cells/
https://www.toppr.com/guides/chemistry/the-solid-state/close-packing-in-crystals/
https://www.toppr.com/guides/chemistry/the-solid-state/tetrahedral-and-octahedral-voids/
https://www.toppr.com/guides/chemistry/the-solid-state/radius-ratio-rule/
https://www.toppr.com/guides/chemistry/the-solid-state/density-of-a-cubic-crystal/
https://www.toppr.com/guides/chemistry/the-solid-state/imperfections-or-defects-in-a-solid/
https://www.toppr.com/guides/chemistry/the-solid-state/electrical-properties-of-solids/
https://www.toppr.com/guides/chemistry/the-solid-state/magnetic-properties-of-solids/
https://www.toppr.com/guides/maths/how-big-how-heavy/volume/


 

built by the repeating arrangement of unit cells. A unit cell is a 

geometric shape even by itself. It has three edges. And these three 

edges form three respective angles. The edges of a unit cell are as 

follows 

● A: edges defined by lattice vectors b and c 

● B: edges defined by lattice vectors a and c 

● C: edges defined by lattice vectors a and b 

The interfacial angles of the unit cell are as follows: 

● α: the angle between edges b and c 

● β: angle between edges a and c 

● γ: angle between edges a and b 

Primitive Unit Cells 

A primitive unit cell only has atoms, molecules or ions at the corners 

of the lattice. There are no particles located at any other position in a 

primitive unit cell. So essentially primitive unit cell has only one 

lattice point. 
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Non-Primitive Unit Cells 

In this type of unit cell, there are particles not only at the corners of 

the lattice but in other positions as well. These additional constituent 

particles are either on the face of the unit cell or inside the unit cell. So 

there is more than one lattice point in a non-primitive unit cell. There 

are actually three types of non-primitive unit cells, namely: 

● Body Centered: It has one particle at the center of the body. 

Other particles (one or more) are at the corner of the lattice 

● Face Centered: This contains particles on every face of the 

lattice and other particles on the corners 

● End Centered: Has particles at the corners and one particle at 

the center of the opposite faces. 

Solved Question for You 

Q: How many kinds of space lattices are possible in a crystal? 

a. 14 

b. 29 

c. 08 

d. 24 



 

Ans: The correct option is “A”. There are fourteen types of lattices 

possible in a crystal. These are known as Bravias Lattices. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Number of Particles in Unit Cells 

A unit cell is a repeating structure whose specific arrangement makes 

up a cubic crystal system. However, a unit cell must not be confused 

with an atom or a particle. These atoms make up a unit cell. So let us 

understand how to calculate the number of particles in unit cells in a 

cubic crystal system. 

 Number of Particles in Unit Cells 

Let us remember what a unit cell is. It is the most basic unit of the 

crystal lattice. The arrangement of the unit cells will define the 

structure as well as the symmetry of the crystalline solids. Now a 

lattice point in the unit cell is generally where we would find a 

constituent particle. But it must be kept in mind that a lattice point can 

also be vacant. 

Now, we must calculate the number of particles that are present in unit 

cells. For this let us first consider some general characteristics of unit 

cells and their structure. The contribution of atoms present at different 

lattice sites 
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● A particle (atom, molecule or ion) which is located at the 

corners of the lattice, is shared by eight unit cells all in all. 

Hence the contribution of an atom at the corner to a particular 

unit cell is one-eighth 

● An atom on the face of the unit cell is shared by two unit cells. 

Hence the contribution of a particle at the face to a unit cell is 

1/2 

● The constituent particle at the edge center is shared by four unit 

cells in the lattice. Hence its contribution to any one particular 

unit cell is one-fourth 

● An atom at the body center of a unit cell belongs entirely and 

only to that unit cell of the lattice. There is no sharing involved 

So now let us calculate how many constituent particles are in all the 

different times of unit cells 

Browse more Topics under The Solid State 
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● Tetrahedral and Octahedral Voids 

● Radius Ratio Rules 

● Density of a Cubic Crystal 

● Imperfections or Defects in a Solid 

● Electrical Properties of Solids 

● Magnetic Properties of Solids 

Primitive Cubic Unit Cells 

As you know in a primitive unit cell the constituent particles, whether 

atoms, molecules or ions, are only located at the corners of the unit 

cell. As we saw above any particle at the corner of a unit cell 

contributes one-eighth of itself to one unit cell. Now in a cube, there 

are a total of eight corners. 

And so in a primitive unit cell, there are eight particles at eight corners 

of the cubic structure. So the total contribution can be calculated as: 

1/8 (contribution of corner atoms) × 8 (number of corners) = 1 

Body-Centered Unit Cells 
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In a body centered unit cell, we have eight atoms at the corners and 

also one atom at the center of the unit cell. Now the particles at the 

center and those at the edges have different contributions. The one at 

the edges contributes one-eighth to a particular unit cell. The one at 

the center is not shared by any other unit cell in the lattice. So when 

we calculate the total number of atoms to a body centered unit cell, we 

get : 

(1/8 × 8) + (1 × 1) = 2 

Face Centered Unit Cells 

Now in a face-centered unit cells particles are present at the edges and 

the faces of the cubic structure. The atoms at the eight corners have a 

one-eighth contribution to the unit cell. And the atoms at the face are 

shared equally between two unit cells in a lattice. So their contribution 



 

is half an atom. Note that in a cubic cell there are six faces. So the 

total number of atoms in a face-centered unit cell are: 

(1/8 × 8) + (1/2 × 6) = 4 

Solved Question for You 

Q: A compound formed by elements A and B crystallizes in the cubic 

structure where A atoms are at the corners of a cube and B atoms are 

at the face centers. The formula of the compound is 

a. AB3 

b. AB 

c. A3B 

d. A3B3 

Sol: The correct answer is “A”. The calculation will be as follows 

Number of A atoms = 1/8 × 8 = 1 

Number of B atoms = 1/2 × 6 = 3 

Therefore the compound will be AB3 
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Close Packing in Crystals 

Most of the solids we find around ourselves are crystal solids. These 

crystalline shapes form due to the arrangement of constituent particles 

in a specific arrangement known as crystal lattices. These structures 

form due to close packing of their atoms. Let us study this in detail. 

 Close Packing in Crystal 

Close packing in crystals refers to space efficient arrangement of 

constituent particles in a crystal lattice. To understand this packing 

more clearly we have to assume all particles (atoms, molecules and 

ions) are of the same spherical solid shape. 

So the unit cell of a lattice is a cubic shape. Now when we stack 

spheres in the cell, there will always be some empty spaces. To 

minimize these empty spaces, the arrangement of these spheres must 

be very efficient. The spheres should be arranged as close together as 

possible to eliminate empty spaces. 

Another related concept is that of Coordination Number. The 

coordination number is the number of atoms that surround a central 
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atom in a crystal lattice arrangement. It is also known as Ligancy. So 

this close packaging of the constituent particles happens in three ways. 

Let us take a look at each of them. 

One Dimensional Close Packing 

 

In this arrangement, the spheres (i.e. the atoms) are arranged in a row. 

All the spheres are closely packed and are in contact with each other. 

So one sphere is in contact with the sphere to both its sides. So there 

are two spheres or particles near any one particular sphere. This makes 

the coordination number of the one-dimensional structure 2. 

Two Dimensional Close Packing 

 



 

Two-dimensional arrangement is when stacking the rows (from the 

above one-dimensional structure) one after another. This stacking of 

the rows can be done in two ways. 

● AAA Type: In this type of packing arrangement the two rows 

are stacked right above each other. One row is packed directly 

above or below the other one. So whether you consider the 

stacking horizontally or vertically it will be the same structure. 

Here the spheres are directly touching the two spheres above 

and below them, and also to two spheres to the right and the 

left. So the coordination number of this will be 4. 

● ABA Type: In this type the spheres of the second row to be 

seated on the first row in a staggered manner, that is, in the 

depressions of the first layer. The stacking is not uniform as in 

the AAA type. Here the spheres are in contact with six other 

spheres, so the coordination number is 6. Also when you join 

these contact points it will form a hexagonal shape. 

Three Dimensional Close Packing 

This is the real structure of the space lattice. It happens due to the 

three-dimensional arrangement of the unit cells. Now, this structure 

https://www.toppr.com/guides/reasoning-ability/puzzle-test/seating-placing-arrangements/


 

forms by the continuous and repetitive stacking of the 

two-dimensional structures above each other. It can also happen in 

two ways 

● Hexagonal Closest Packing: Here the alternating layers cover 

each others gap. Spheres in one layer align to fit in the gaps of 

the previous layer. The first and the third rows have the same 

alignment. So we call this ABA type 

● Cubic Closest Packing: Here the layers are placed exactly 

above each other in symmetry. This shape takes the form of a 

cube and hence the name. The coordination of such a structure 

is 12. 

Solved Questions for You 

Q: The cubic close-packed structure is based on an fcc unit cell. True 

or False? 

Sol: The statement is True. Cubic closed packed (ccp) structure has 

3-fold axes of symmetry which pass through the diagonal of the cube 

since in this system, there is a sphere at the center of each face of the 
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unit cell and hence, this structure is also known as face-centered cubic 

(fcc) structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Tetrahedral and Octahedral Voids 

The crystalline solids are characterized by their space lattices and 

close packing of atoms. However, these structures have some gaps in 

their arrangement we call voids. Many scientists believe that this 

spacing between atoms is of crucial importance to the properties of the 

substance. So let us study tetrahedral voids and octahedral voids. 

 Three Dimensional Structure of Crystal Lattice 

Now we have previously seen the closet packing in crystal structures. 

This packing happens at three different levels, one dimensional, two 

dimensional and three dimensional. Now we must realize those 

constituent particles have a spherical shape. And the unit cells of a 

crystal lattice is a cube. So when these atoms or ions are packed into a 

cube there will be space between the atoms. These spaces are known 

as voids. 

We see these voids in the two-dimensional structures as well. Here 

there are two types of closet packing, and two types of voids. One is a 
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square shape void and the other is a triangle shape void. But here we 

will be focusing on the voids in the three-dimensional structure. 
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(Source: Chemistrystackexchange) 

Now there are two types of three-dimensional close packing in 

crystals. One such type is Cubic Close packing. Here the 

two-dimensional structures are stacked in a specific alignment. The 

layers alternate with each other. So the second layer will be located in 

the depression of the first layer. 

You will notice that a triangle-shaped void is seen in this type of 

alignment. The sphere which is in the depression will leave a void 

between itself and the sphere in the layer above. This void is the 

Tetrahedral Void. 

There is a simple way to calculate the number of Tetrahedral Voids in 

a lattice. Here if the number of spheres (i.e. unit cells) is said to be 

“n”, then the number of voids will be twice as many. So the number of 

tetrahedral voids will be “2n”. 
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The void is much smaller than the sphere, i.e. it has a smaller volume. 

And the coordination number of a tetrahedral void is four because of 

the void forms at the center of four spheres. 

Octahedral Voids 

If you observe a three-dimensional structure of a crystal lattice you 

will observe the gaps in between the spheres. These are the voids. As 

you see that tetrahedral voids are triangular in shape. When two such 

voids combine, from two different layers they form an octahedral 

void. 

So when the tetrahedral void of the first layer and the tetrahedral void 

of the second layer align together, they form an octahedral void. Here 

the void forms at the center of six spheres. So we say the coordination 

number of an octahedral void is six. 

To calculate octahedral void, if the number of spheres in a structure is 

“n”, then the number of octahedral voids will also be the same. i.e. 

“n”. 

Solved Question for You 
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Q: If Z is the number of atoms in the unit cell that represents the 

closest packing sequence ABCABC, the number of tetrahedral voids 

in the unit cell is equal to: 

a. Z 

b. 2Z 

c. Z/2 

d. None of the above 

Ans: The correct option is “B”. As we know the number of tetrahedral 

voids in a closed packed ccp or fcc is double the number of atoms 

forming the crystal lattice (Z). So the number of voids will be 2Z. 

 

 

 

 

 

 



 

Radius Ratio Rule 

Radius Ratio Rule is not much of a big topic in the chapter “The Solid 

State”. However, it plays a very important role in the determination of 

a stable structure in an ionic crystal. It also helps in the determination 

of the arrangement of the ions in the crystal structure. Let us study this 

radius-ratio rule in detail and how it affects the stability and 

arrangement of a structure. 

Ionic Model & Ionic Radius 

The electrostatic interaction between charged spheres is responsible 

for the formation of bonding in an ionic model. The determination of 

the sizes of the ionic radius is possible by the internuclear separation 

of the separate contributions of the anion from cation. 

The radius of one ion is calculated on the basis of a standard ion (by 

assuming the value of one ion). The standard ion is oxide ion which 

helps in the determination of the other ions. This is because an oxide 

ion occurs in combination with many different elements. Moreover, an 

oxide ion is comparatively unpolarizable. Therefore, the significant 

change in the size is negligible on the basis of the counterion present. 



 

Ionic radius is helpful in the prediction of crystal structures including 

lengths of the axes, lattice parameters, etc. However, this prediction is 

possible provided the values of the radius of the ions are taken from 

the same origin or same reference ion. This is important for achieving 

the correct relative sizes. 

It is essential to understand that ionic radius differs on the basis of 

coordination number. The increase in coordination number results in 

the ions moving further away from the central ion to fit more ions. 

Therefore, increase in coordination number will increase the interionic 

separation and decrease the short ranged repulsion. This, in turn, will 

allow the electrons present on the central ion to expand thereby 

increasing the size of the central ion. 

Therefore, we can conclude that ionic radius will increase with an 

increase in coordination number. The sizes of ions help in the 

prediction of the structure which will form during the combination of 

ions. The prediction is of the ions in the structure is done by Radius 

Ratio or Radius Ration rule. How? Let us understand! 
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The Radius Ratio Rule 

If we consider an array of anions present in the form of cubic close 

packing, the tetrahedral holes and the octahedral holes will vary in the 

sizes. Therefore, the cations will occupy the voids only if they are 

enough space to accommodate them. This prediction of whether the 

ions will be able to hold the cations can be done on the basis of Radius 

Ratio. 

Ionic Crystals comprises many cations and anions. We know that 

anions are larger in size and surround the smaller cations. They are 
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arranged in space such that anions and cations touch each other and 

produce maximum stability. 

This stability of the ionic crystals can be explained on the basis of 

radius ratio. Therefore, radius ratio is the ratio of cation to the ratio of 

an anion. Here, Ratio of cation= r, Ratio of anion = R. Thus, Radius 

ratio = (r/R). Limiting radius ratio helps in expressing the range of 

radius ratio. 

Definition of the Radius Ratio Rule 

Radius Ratio refers to as the ration of smaller ionic radius (cation) by 

the ratio of larger ionic radius (anion). Hence, Radius ration ρ = rs/rl. 

Importance of the Radius Ratio Rule 

This rule helps in the determination of arrangement of ions in various 

types of crystal structures. It also helps to determine the stability of an 

ionic crystal structure. For instance, larger cations will fill the larger 

voids like cubic sites whereas smaller cations will fill the smaller 

voids such as tetrahedral sites. 



 

It is also possible to predict the coordination number of any 

compound. Hence, the radius ratio rule helps in determining the 

structure of ionic solids. 

Examples of Radius Ratio Rule 

The ratio of radii of the ions can affect the arrangement of ions in a 

crystal. Moreover, the limiting ratio has to be greater than 0.414, 

(radius ratio greater than 0.414) to fit an octahedral arrangement of 

anions. In this formation, cations will be able to accommodate 6 

anions. 

However, radius ration in between 0.225 to 0.414 will be able to fit 

into tetrahedral voids in the crystal lattice thereby preferring 

tetrahedral coordination and above 0.414 will prefer octahedral 

coordination. For example, if we consider an ion zinc sulfide, the 

radius ration will be 

 

Therefore, zinc ion will favour tetrahedral voids in the closely 

arranged lattice of sulfide ions. However, in case of larger cations 

such as caesium, the radius ratio is larger than the limit of the 



 

coordination number of 6. Hence, the caesium ions will fit cubic sites 

so the coordination number will increase to 8 in the chloride ions 

lattice. 

 

Below Table demonstrates the relationship between radius ratio 

(limiting ratio) and coordination number. 

 

(Source: Wikipedia) 

Effect of Difference in Size of Ions on 
Arrangement 



 

Below are the three diagrams which explain how the different sizes of 

ions will affect the arrangement as well as the stability of the ions. 

 

Figure 1 represents M+ ion in contact with X– ions and the fit of the 

first layer are “just correct.” However, Figure 2 the M+ ion in contact 

with X– ions is smaller. Thus, the fit of the first layer of arrangement 

is poor. Moreover, if the cations move closer to the anion, the 

crowding of the arrangement will increase which in turn would lead to 

repulsion among each other. 

This will further increase the energy of the system. Furthermore, if the 

ions try to hold each other apart then it will not be near to the opposite 

M+ ion. Figure 3 represents the arrangement of M+ ion and X– ions 



 

where M+ ion is too large. Therefore, the X– will be far away and not 

feel the X– – X– repulsion. 

Therefore, in the case similar to figure 2 and figure 3, the crystal 

packing of MX will be different. Thus, if we take the example of 

compounds, then consider figure 1 as the lattice of NaCl. We ca relate 

figure 3 to the structure of CsCl where the M+ ion is large and it can 

accommodate more X– ions. 

Similarly, in Figure 2 M+ ion is very small so it can accommodate 

only four negative ions and compounds such as ZnS can be the 

example of such a case. 

Solved Example for You 

Question: If a solid “A+B–” has a structure similar to NaCl. Consider 

the radius of anion as 250 pm. Find the ideal radius of the cation in the 

structure. Is it possible to fit a cation C+ of radius 180 pm in the 

tetrahedral site of the structure “A+B–”? Explain your answer 

Solution: If the A+B– structure is similar to Na+Cl– ion then we know 

that six Cl– ions will surround Na+ and vice versa. Therefore, Na+ ion 



 

fits into the octahedral void. Therefore the limiting ratio for an 

octahedral site is 0.414 

Thus, limiting radius ratio= r/R= 0.414 

From the question, R=250 pm 

Therefore, r=0.414R= 0.414 × 250pm 

Hence, r= 103.5pm 

So the ideal radius ration of cation will be 103.5pm or A+ = 103.5 pm 

From the above table, we know r/R for a tetrahedral site is 0.225 

Therefore, r/R= 0.225 

Or, r= 0.225R = 0.225 × 250pm = 56.25 pm 

Thus, the ideal radius for the cation in the given structure will be 

56.25 pm for a tetrahedral site. However, we know the radius of C+ is 

180 pm. This means that the radius of C+ is much larger than 56.25 

pm. Therefore, it is not possible to fit cation C+ in a tetrahedral site. 



 

Density of a Cubic Crystal 

We have already studied the structure of a cubic crystal. This structure 

will define the properties of the solid. It will also help us determine 

the density of a cubic crystal. Let us see how this calculation is done. 

 Density of a Cubic Crystal 

The first important thing to understand is that a cubic crystal is made 

up a crystal lattice or a space lattice structure. And as we have studied 

before, a space lattice is made up of a repeating arrangement of unit 

cells. A unit cell is the most basic structure of a crystalline solid. 

Hence if we are able to find the density of a unit cell, it can be said 

that we have found the density of the cubic crystal itself. With this in 

mind, let us determine how to arrive at the density of a cubic crystal 

cell. 
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Calculations of a Unit Cell 

Now as we know a unit cell also has a cubic structure. It has one, two 

or four atoms located at various lattice points. Now with the help of 

geometry, some basic calculations and certain attributes of this cubic 

structure we can find the density of a unit cell. Let us start with the 

basic formula for the density of any solid. This formula is 

Density =  

Mass 

Volume 

The density of a Unit Cell will be 

D =  
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MassofUnitCell 

VolumeofUnitCell 
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Mass of a Unit Cell 

Now to calculate the mass of one unit cell we add up the mass of all 

the atoms contained in that particular cell. The number of atoms will 

depend on the kind of cell it is. So to obtain the mass of a unit cell we 

multiply the number of atoms “n” into the mass of each atom”m”. 
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Mass of Unit Cell = m × n 

But now the question remains, what is the mass of an atom? Well, this 

can be represented in terms of its Avogadro Number (NA)., i.e. 

number of units in one mole of any substance and the molar mass of 

an atom. So the mass of an atom can be calculated as 

Mass of an Atom =  

MolarMass 

AvogadroNumber 

Mass of an Atom =  

M 

N 

A 

So now the formula for Mass of Unit Cell is as follows 

Mass of Unit Cell = n ×  

M 
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N 

A 

Volume of Unit Cell 

As we already know, the unit cell is a cubic structure. So the Volume 

of a cube is the cube of the length of the side, Assume that the length 

of the side of the cube is “A”. 

Volume of Unit Cell = a3 

Density of Unit Cell 

And now we finally arrive at the actual formula for the density of a 

unit cell 

Density of a Unit Cell =  

MassofUnitCell 

VolumeofUnitCell 

Density of a Unit Cell =  

n×M 

a 
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3 

× 

N 

A 

Solved Example for You 

Q: An atomic solid crystallizes in a body center cubic lattice and the 

inner surface of the atoms at the adjacent corner are separated by 60.3 

pm. If the atomic weight of A is48, then the density of the solid is 

nearly: 

a. 2.7 g/cc 

b. 5.07 g/cc 

c. 3.5 g/cc 

d. 1.75 g/cc 

Sol: The correct answer is “D”. According to given condition, 

0.13 a=60.3 ⟹ a=463.8 

So Density =  



 
n×M 

a 

3 

× 

N 

A 

 =  

2×48× 

10 

3 

4(63.8 

) 

3 

×6.023×(10 

) 

23 



 

 =  1.75 g/cc 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Imperfections or Defects in a Solid 

When we talk about the structure of a solid, especially a crystalline 

solid, we talk about the uniformity of their structure and arrangement 

of atoms. However, there are certain defects in this structure, that give 

solids certain characteristic features. Here we will learn particularly 

about point defects. 

 Defects in a Solid 

When we talk about crystalline solids, we say they have a definite 

structure. They have long term arrangement of their molecules. This 

means that they have repeated arrangement of a unit cell to form a 

space lattice structure. So the arrangement of molecules, in the long 

run, will remain the same. 

However, these crystals are not perfect. They have defects or 

imperfections in their arrangement of constituent particles. These 

defects are a deviation from their uniform arrangement of particles. 

The defects are of two kinds 
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● Point Defects: When the deviation occurs around an 

atom/particle it is a point defect. It could be due to 

displacement, an extra particle or a missing particle. 

● Line Defects: When there is an abnormality in the arrangement 

of an entire row, then it is a line defect. 

Point Defects 

Our main focus today will be to learn about point defects. Point 

defects usually occur when the crystallization has occurred very 

rapidly, not allowing a perfect crystal arrangement to form. Although 

it should be noted there are imperfections in even during a slow 

crystallization. There are mainly three different kinds of point defects. 

Let us study each of them. 
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Stoichiometric Defects 

Stoichiometric compounds are those who maintain their 

stoichiometry. That means they maintain their ratios of cations and 

anions as indicated by their chemical formula. The defects in the solid 

do not affect this ratio. They are of various kinds, such as 

Vacancy Defect 
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Here the lattice site is simply vacant, which means there is a missing 

particle. In a perfect crystal, there would not be this vacancy. This 

defect will lead to a reduced density of the solid. Some surrounding 

particle may move to fill in the gap, but the vacancy will only shift in 

the opposite direction, Also the solid structure of the crystal will 

ensure that the particles surrounding the vacant spot do not collapse. 

Interstitial Defect 

There is an unoccupied space at the very center of the cube structure 

of the solid. When the eight spheres of a unit cell meet at the center 

they leave a little space, the interstitial site. Sometimes another 

particle will occupy this space. This is what we call an interstitial 

defect. 

These are extra atoms or molecules or ions that occupy space which 

was supposed to be empty, which is why it is a defect. The density of 

the solid also increases due to such defects. 

Schottky Defects 
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In this defect, more than one 

particle is missing. But the number of cations missing is equal to the 

number of anions missing. So the electrical composition remains the 

same. 

Since more than one particle is missing, the mass of the structure will 

decrease. But since the volume remains the same, the density of the 

solid will also decrease. If there are too many particles missing, then 

the lattice structure may be compromised. this could mean the stability 

of the structure may suffer. An example of this defect is NaCl, KCl, 

and other such ionic compounds. 

Frenkel Defects 

When a cation is missing from its normal position and has instead 

occupied an interstitial site it is a Frenkel Defect. Here the electrical 



 

neutrality will be unaffected. Also, it is usually cations that cause this 

defect since they can easily fit in the interstitial site due to their small 

and compact size. 

Here no particles are actually missing, only the position is wrong. So 

the density of the solid will not change. It usually occurs in 

compounds where there is a significant size difference between 

cations and anions. Some examples are AgCl, AgBr etc. 

Non-Stoichiometric Defects 

These defects will change the ration of ions in the solid. The number 

of cations and anions will not reflect as stated in their chemical 

formula. This imperfection is generally found in a large number of 

inorganic compounds. There are mainly two types of 

non-stoichiometry defects. Let us take a look. 

Metal Excess Defects 

Here there is a surplus of metal ions in the space lattice. This can 

happen in one of two ways; 

● Anionic Vacancy: Sometimes an anion may be missing from its 

usual position in the unit cell. This empty space will be 



 

occupied by an electron to maintain the electric neutrality of 

the solid. This space that the electron invades, is known as the 

F-center. This F-center electron is what gives the compound a 

color, One common example is NaCl and the yellow color it 

obtains on being heated. 

● Extra Cations: On being heated many compounds result in 

having extra cations. These cations fit into the interstitial sites. 

To balance the neutrality an equal number of electrons do the 

same. But the ultimate result is the excess of metal in the solid. 

An example of this is when Zinc Oxide is heated and it losses 

oxygen, 

Metal Deficiency Defects 

In such compounds, there is less metal than its ideal stoichiometric 

proportions. Sometimes a positive ion is missing from the lattice site, 

but the neutrality of the solid will remain same as a neighbouring ion 

will take up two charges. The metal deficiency defect is normally 

found in Transition Elements, that have the ability to have multiple 

valencies. 
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Solved Question for You 

Q: Which defect in any crystal lowers its density? 

a. Schottky 

b. Interstitial 

c. F-center 

d. Frenkel 

Ans: The correct answer is “A”. In Schottky defect, the same number 

of cations and anions are missing from the lattice. Hence this defect 

will decrease the density. 

 

 

 

 

 

 

 



 

Electrical Properties of Solids 

We are aware of the physical properties of solids. Like the fact that 

they have a definite shape and volume. But the electrical properties of 

solids vary largely based on their composition and chemical structure. 

They are divided into three groups – conductors, semiconductors, and 

insulators. Let us study these further. 

 Electrical Properties of Solids 

Now the electrical property of a substance is a reference to its 

conductivity. Electric Conductivity of a substance is defined as its 

ability to transmit heat energy or electric energy (and in some cases 

also sound energy). So a good conductor of electricity is easily able to 

transmit the energy without boiling or melting or changing its 

composition in any way. 

Solids have varying degrees of conductivity i.e. all solids do not have 

uniform electrical properties. Actually, solids can be divided into three 

broad categories based on their electrical conductivity. These three 

groups are as follows, 
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Conductors 

Broadly speaking, conductors are solids that have good electrical 

conductivity. They allow heat energy and electric currents to transmit 

through them with ease and speed. Conductors allow this transfer of 

energy to happen via free flow of electrons from atom to atom. They 

have the ability to carry this energy throughout themselves even when 

the current is only applied to one part of their body. 

All metals are known to be the best conductors. Their conductivity 

depends on the number of valence electrons of their atoms. These 

electrons are not closely bound together and can move freely. Metals 

have such electrons in their atoms, and so they conduct heat and 

electricity so well. Metals allow the electric field to transmit through 

them in conductivities order of 106 – 108 ohm-1. 

Insulators 
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Stark opposite to conductors, insulators are materials that absolutely 

do not conduct any electric energy or currents. They do not let any (or 

very little) electric charge flow through them. They have a significant 

band gap which prevents the flow of electricity. Some examples are 

glass, wood, plastics, rubber etc. 

Since insulators are very bad conductors they have another use. We 

use them to insulate conductors and semiconductors. For example, you 

must have seen copper wires with a covering of plastic or some form 

of polymers. They protect the wires and cables without allowing the 

electric current to go through them. This is insulation of the wire. 

Semiconductors 



 

Semiconductors are the go-between conductors and insulators. These 

are solids that have the ability to conduct electricity through them but 

only under certain conditions. There are two such conditions that 

affect the ability of semiconductors to conduct energy, heat, and 

impurities. 

● Intrinsic Semiconductor: These are pure materials with no 

impurities added, so they are known as undoped 

semiconductors. Here we apply thermal energy to the material 

and create vacancies in the valence bands. This allows the 

energy to pass through. And yet these are not very good 

conductors and find very limited applications 

● Extrinsic Semiconductors: These are doped semiconductors. 

We add certain impurities to increase the conductivity of the 

materials. There are two types of extrinsic semiconductor, 

namely n-type and p-type. Examples are when we boost the 

conductivity of silicon and germanium by this method. 



 

One reason why semiconductors are an important material is that we 

have control over their conductivity. This is why they find many 

applications, especially in electronics. 

Solved Question for You 

Q: Conductivity of semiconductor increases with increase in 

temperature. True or False? 

Ans; The given statement is True. 

● Intrinsic semiconductor; conductivity goes up or resistivity 

goes down with temperature goes up. 

● Heavily doped conductivity turns up again or resistivity goes 

down with temperature goes up. 

 

 

 



 

Magnetic Properties of Solids 

We are all aware of magnets, and you also probably know the metals 

that are magnetic. But did you know that the magnetic property of a 

solid is due to its atomic structure? Let us take a look at the different 

types of magnetic solids. 

Magnetic Property of Solids 

The magnetic properties of a solid are the result of the magnetic 

property of the atoms or ions of these solids. More specifically the 

magnetism and magnetization of a solid will depend on the movement 

of electrons in an atom. It can thus be said that each electron of an 

atom behaves like a magnet, lending the whole solid its magnetic 

property. 

This magnetic behaviour of the electrons of an atom is due to the 

movement patterns. They have specifically two types of movements, 

● Electrons revolve around the nucleus of the atom 
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● Electrons also spin on their own axis, spins in opposite sides 

are labelled with + and – signs. 

 

These two motions of the electrons give the atom and the substance 

their magnetic power. These constant motions make an electric field 

around the electrons, almost like a loop of current which lends it its 

magnetic property. On the basis of their magnetic properties, solids 

can be classified into five categories. Let us take a look. 

Paramagnetic 

These substances are weakly magnetized in an external magnetic field. 

The direction is the same direction of the magnetic field. So they gain 

a net magnetization When we remove the paramagnetic substance 

from the field, the alignment of electrons is interrupted and the 
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substance will lose its magnetic property. Thus paramagnetic 

substances are not permanent magnets. 

Paramagnetism is due to at least one pair of unpaired electrons in its 

orbit shell which get magnetized in the magnetic field. Some common 

examples are O2, Cu2 etc. These paramagnetic substances find a 

variety of applications in electronics. 

Browse more Topics under The Solid State 
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Just like paramagnetism, in diamagnetism too the substances are 

magnetized in an external magnetic field. But diamagnetic solids are 

repelled in the field. The magnetic property effected in them is in the 

opposite direction of the magnetic fields and thus they have a 

repulsive force. 

In diamagnetic substances, all electrons in their last shell are paired, 

there are no valence electrons. This is the reason that the magnetic 

moment of their atoms is nearly zero. Examples are substances like 

Sodium Chloride, Benzene etc. Being such bad conductors, we use 

them as insulators. 

Ferromagnetic 

Now, these solids are strongly magnetized when we place them in an 

external magnetic field. Besides the very strong attraction forces, these 

solids can actually be magnetized permanently. This means that even 

when the external magnetic fields are removed the solids will retain 

their magnetic properties. 

It is a widely believed theory that the ferromagnetic structures have 

certain special characteristics. They have what we call “domains’ 

which is a special grouping of metal ions. Each domain is similar to a 



 

small magnet. In an electromagnetic field, these domains rearrange 

themselves and align themselves with the magnetic field. In a 

non-magnetized metal, these domains are randomly arranged and it 

cancels out their magnetic properties. 

The examples of ferromagnetic solids include Cobalt, Nickel, 

Chromium Oxide etc. And they have widespread industrial and every 

day uses. 

Antiferromagnetic 

In antiferromagnetism, the domain structures of the solid are very 

similar to those of ferromagnetic solids. But here the domains are 

oppositely oriented. This means they cancel out each other’s 

magnetism. 

Ferrimagnetic 

These substances occur when magnetic moments are aligned in both 

directions (parallel as well as anti-parallel) but in unequal numbers. 

These are weakly attracted to magnetic fields. Also on heating, these 

substances will lose their ferrimagnetism altogether. Examples are 

magnetite and ferrites of Zinc and Magnesium. 
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Solved Question for You 

Q: The temperature at which the domain structure gets destroyed and 

ferromagnetic substance is converted into the paramagnetic substance 

are called as : 

a. critical temperature 

b. saturation temperature 

c. curie temperature 

d. Kraft temperature 

Ans: The correct option is “C”. Curie temperature or Curie point is the 

temperature at which certain materials lose their permanent magnetic 

properties, to be replaced by induced magnetism. The Curie 

temperature is named after Pierre Curie, who showed that magnetism 

was lost at a critical temperature. And ferromagnetic substances get 

converted into paramagnetic substances 
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