
Crystals

◼ Solids consist of atoms or molecules

executing thermal motion about an

equilibrium position fixed at a point in

space.

◼ Solids can take the form of crystalline,

polycrystalline, or amorphous materials.

◼ Solids (at a given temperature, pressure,

and volume) have stronger bonds between

molecules and atoms than liquids.

◼ Solids require more energy to break the

bonds.
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Types of Solids

◼ Single crystal, polycrystalline, and amorphous, 

are the three general types of solids.

◼ Each type is characterized by the size of ordered 

region within the material.

◼ An ordered region is a spatial volume in which 

atoms or molecules have a regular geometric 

arrangement or periodicity.



Crystalline Solid

◼ Crystalline Solid  is the solid form of a substance   

in   which   the   atoms  or molecules are  arranged  

in  a  definite, repeating pattern in three 

dimension. 

◼ Single crystals, ideally have a high degree of

order, or regular geometric periodicity, throughout

the entire volume of the material.
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Polycrystalline Solid

Polycrystalline

Pyrite  form

(Grain)

◼ Polycrystal is a material made up of an aggregate of many small single crystals 

(also called crystallites or grains). 

◼ Polycrystalline material have a high degree of order over many atomic or

molecular dimensions.

◼ These ordered regions, or single crystal regions, vary in size and orientation

wrt one another.

◼ These regions are called as grains (domain) and are separated from one

another by grain boundaries. The atomic order can vary from one domain to

the next.

◼ The grains are usually 100 nm - 100 microns in diameter. Polycrystals with 

grains that are <100 nm in diameter are called nanocrystalline 
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Amorphous Solid
◼ Amorphous (Non-crystalline) Solid    is   composed   of  

randomly orientated  atoms ,  ions, or molecules  that  do   not  
form defined patterns or lattice structures.

◼ Amorphous materials have order only within a few atomic or
molecular dimensions.

◼ Amorphous materials do not have any long-range order, but
they have varying degrees of short-range order.

◼ Examples to amorphous materials include amorphous silicon,
plastics, and glasses.

◼ Amorphous silicon can be used in solar cells and thin film
transistors.



Distinction Between Crystalline 
and Amorphous Solids

Crystalline Solids

• Have a regular 
arrangement of particles

• Have different physical 
properties (thermal 
conductivity, electrical 
conductivity, refractive 
index etc.) in different 
directions i.e.  
Anisotropic

• Melting point is very 
sharp

Amorphous Solids
• Have completely random 

particle arrangement
• Have physical properties 

same in all directions, i.e. 
isotropic

• Do not have sharp melting 
point e.g. as the temperature 
of glass is gradually raised, it 
softens and starts flowing 
without any sharp change 
from solid state to liquid 
state



Crystallography is essential for solid state physics

◼ Symmetry of a crystal can have a profound 

influence on its properties.

◼ Any crystal structure should be specified 

completely, concisely and unambiguously.

◼ Structures should be classified into different 

types according to the symmetries they possess.

Why Crystallography





CRYSTALLOGRAPHY

What is crystallography?

The branch of science that deals with the geometric 

description of crystals and their internal 

arrangement. 
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CRYSTAL LATTICE

What is crystal (space) lattice?

In crystallography, only the geometrical properties of 

the crystal are of interest, therefore one  replaces each 

atom by a geometrical point located at the equilibrium 

position of that atom.

Platinum Platinum surface Crystal lattice and 

structure of  Platinum(scanning tunneling microscope)



◼ An infinite array of 

points in space,

◼ Each point has 

identical 

surroundings to all 

others.

◼ Arrays are arranged 

exactly in a periodic 

manner.

Crystal Lattice
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b) Crystal lattice obtained by

identifying all the atoms in (a)

a) Situation of atoms at the

corners of regular hexagons

Basis
▪ A group of atoms which describe crystal structure



Crystal structure

◼ Don't mix up atoms with 
lattice points 

◼ Lattice points are 
infinitesimal points in 
space 

◼ Lattice points do not 
necessarily lie at the 
centre of atoms 

Crystal Structure = Crystal Lattice        + Basis









◼ The primitive unit cell must have only one lattice 

point.

◼ There can be different choices for lattice vectors  , but 

the volumes of these primitive cells are all the same.

Primitive unit-cell: Consists of one lattice point

Non-primitive cell: More than one lattice points / unit cells

Volume of NP Cell = No of Motifs x Volume of Primitive Unit Cell









Crystal Structure 22

















  Miller Indices and lattice planes 

Miller Indices and lattice planes 

The crystal lattice may be regarded 

as made up of an  aggregate of set 

of parallel equidistant planes 

passing through the lattice points , 

which are known as “ lattice planes”

 Miller Indices are a symbolic vector 

representation for the orientation of 

an atomic plane in a crystal lattice 

& are defined as the reciprocals of 

the fractional intercepts which the 

plane makes with the 

crystallographic axes. 
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MILLER INDICES
Miller devised a method to represent a crystal plane or direction by using 
a set of three numbers written within the parentheses (  )

Steps to find Miller indices:

1.Find the intercepts along x,y and z axes of the plane

2.The coefficients of the intercepts are noted separately

3.Inverse is to be taken

4.The fraction are multiplied by a suitable number so that all the fractions    

    become integers

5. Write the integers within parentheses

 for example

#  ABC makes intercepts 2a, 3b and 2c

#  The coefficients are 2,3 ad 2

 #  ½ , 1/3 , ½

#  Multiply (LCM) by 6

#  The integers are 3,2,3

#  Miller indices is (323)



• In a crystal lattice plane cuts intercepts 2a,3b and 
6c along the three axes where a, b and c are the 
primitive vectors of the unit cell. determine the 
miller indices of  the given plane

• obtain the miller indices of a plane which intercepts 
at a,b/2,3c is cubic unit cell. draw a neat diagram 
showing the plane 







Example-1



Axis X Y Z

Intercept 
points 1 1 ∞

Reciprocals 1/1 1/ 1 1/ ∞
Smallest 

Ratio 1 1 0

Miller İndices    (110)

Example-2

(1,0,0)

(0,1,0)



Example-3



Example-4



Example-5



Example-6









Interplanar Spacing 
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