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Unit 4: Solid State

[Syllabus: Types of crystal, space lattice, unit cell, seven crystal systems, fourteen Bravals

lattices, law of constancy of interfacial angles, law of rational indices, Miller indices, and)
X-ray diffraction, Bragg’s law. Defects i crystals, Colour center, Energy band theory of
Conductor, Semiconductors and insulators, Glasses, liguid crystal and therir phases (Nematre,

Swectic A and Smectic €)]
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Solid state chemistry deals with the synthesis, structure, properties and applications of

solid materials.

Properties of Solid

0 They are incompressible, inflexible and Mechanical strength.
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0 Intermolecular force is physically powerful.

O Intermolecular distance is minimum.

Sollids
Non - Crystalline Crystalline Poly Crystalline
The constituents are not arranged “A substance whose Occur as powder resemble
in a regular manner. constituents are arranged in an amorphous, but properties are
Amorphous orderly manner in a definite just like crystalline solids

geometric form” (-have sharp

mdtin.ﬂ'points)
v

) i v 2

Dielectric Electrical Magnetic Thermal Optical
eg. Ultrasonic eg. Diodes, eg Telephones, eg Thermistores eg. Lasers
Generators Solar Cells Tapes

Crystalline Solids: The solids that have their atoms, ions, or molecules which are arranged

in a definite three dimensional pattern are called as crystalline solids.



Dt Sanchagitn Rejhhiswa
Unit 4: Solid State

They have the following characteristics

+ Crystalline Solids have a characteristic geometrical shape.

+ Crystalline solids have sharp melting points, indicating the presence of a long range

order arrangement in them

« Crystalline solids are anisotropic by nature i.e., their mechanical, electrical and optical

properties depend upon the direction along which they are measured.

« When cut or hammered gently they show a clean fracture along a smooth surface.

Types ot Crystalline Solid

Crystalline solids may be classified into four types depending upon the nature of bonds

present in them.

1. Tonic C Nature of force: Strong electrostatic forces of attraction) Eg: NaCl, LiF, Mg0 and

etc.

2. Molecular: contain discrete molecular units held by relatively weak intermolecular forces

(VanderWaal sforces, Dipoleinteraction, Hydrogen bonding). Eg: Solid Ar, Kr and etc.

3. Covalent (Covalent bonds). Lattice points are atoms. Eg: Diamond, graphite, Si, Ge and

ete.

4. Metallic ( Metallic bonds). Eg: Al, Cu and etc

Crystals: A crystal is a homogenous solid, which is formed by a 3-D repeating unit

(pattern of ions, atoms or molecules) with fixed distances.

Crystallography: Science that deals with the chemical and physical properties, structure,

formation and applications of crystals.
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Unit Cell: The smallest unit of a structure that can be indefinitely repeated to generate the
whole structure. A unit cell is representative of the entire crystal in terms of properties and

symmetry.

Crystallographic Laws

LAW OF CONSTANCY OF INTERFACIAL ANGLES

The law of the constancy of interfacial angles (also called the first law of crystallography’.)
states that the angles between the crystal faces of a given species are constant, whatever
the lateral extension of these faces and the origin of the crystal, and are characteristic of

that species.
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angles even if the guartz crystals is flattened along one axis

LAW OF RATIONAL INDICES

It states-that the-intercepts, OA, OB, 0C, of the natural faces of a—crystal-form with-the
unit-cell axes a, b, ¢ (Figure 2) are inversely proportional to prime integers, h, k, |. They
are called the Miller indices of the face. In other words, Miller indices are a set of integers

Ch, k, 1) which are used to describe a given plane in a crystal.

Weiss indices: The coefficients of a, b, ¢ are known as Weiss indices.

Miller indices. are . i) Used to characterise the crystal pattern,.ii) Used to calculate the

edge length of the unit cell.
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i) Let OX, OY and 02 represent the 3 crystallographic axes.

i) Let ABC a unit plane

iii) Let a, b, ¢ be unit intercepts.

iv) Let KLM are the multiples of abc.

Fig. 2

The procedure for determining the Millar indices for a plane is as follows.

a) Prepare a three column table with the unit cell axes at the top of the column.

h) Enter_iv_each _column. the imfprrnpfc (pvprpctpn’ as.a mulﬁp.‘nc of a, b or r,)

¢) Invert all the numbers.

d) Clear the fraction to obtain the whole number h, k and .

(Note: The negative sign in the Miller indices are indicated by placing a bar on the integer.

The Miller indices are enclosed within parentheses).

Problems:

I. Calculate the Miller indices of Crystal planes which cut through the crystal axes at
(2a,3b,c).

Solution: Unit cell axes a b ¢
intercepts 2 3 1

1'eciprocals 1/2 /3 | 1

3 2 6

Clear fractions

Hence, the Miller indices are (326).

2. Calculate the Miller indices of Crystal planes which cut through the crystal axes at
(2a,-3b,-3¢).

Refer to class notes
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Types of unit cell

There are four different types of unit cells

Simple cubic or primitive or basic unit cell: In case of simple cube, the lattice points are

situated only at the corners of the cube.

Body_centered cubic (BCC) unit cell : In BCC, an additional one lattice point is placed at

the center of the body of the simple cube.

Face centred cubic (FCC)unit cell: In FCC, the additional one lattice point is placed on

each face of the simple cube (on six faces).

Endface centered uwit cell or

the two opposite faces in addition to the lattice points at the corners.

Simple cubic Body-centred Face-centred End-Centred
CUbI(CBlCJ:gt} Cell Cubl(cFlégg Cell cibicunikcall

3D Bravais Lattice

Bravais found that in three dimension, from seven crystal system, we can get fourteen type
of lattice and these fourteen type of lattice is basically called the Bravais lattice after his

name. So, the Bravais lattice are of fourteen types and shown in the table :
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3 D Bravais Lattice
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