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CRYSTALLINE SOLIDS

1. Crystalline solids have regular periodic

Arrangement of particles (atoms. ions,

Or molecules).
2. They are un-isotropic 1.e., they differ in
Properties with direction.

3. They have well defined melting and
Freezing points.

Melting and freezing points
occurs at different temperatures at
different locations in the solids.

4. Crystalline solids my be made up of
materials are metallic crystals or
non-metallic crystals. Some of the
metallic crystals are Copper, silver,
aluminum, tungsten, and manganese.
Non-metallic crystals are crystalline
carbon, crystallized polymers or plastics.

5. Metallic crystals have wide use in
engineering because of their favorable
Properties of strength. ductility,
conductivity and reflection.

AMORPHOUS SOLIDS

1. Amorphous solids have no
regularity in the arrangement
Of particles.
2. They are usually 1sotropic 1.e.,
They possess same properties in
different directions.
3. They do not posses well defined
melting and freezing points.

4. Most important amorphous
glasses, plastics and rubber.

5. An amorphous structure does not
generally posses elasticity but only
plasticity.
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Translational Lattice Vectors - 2D

A space lattice is a set of points such that a
translation from any point in the lattice by
a vector;

R,=n,a+n,b

locates an exactly equivalent point, i.e. a
point with the same environmentas P.

This is translational symmetry.

The vectors a, b are known as lattice vectors
and (n,, n,) is a pair of integers whose

) values depend on the lattice point.

Point D(n1, n2) = (0,2)

Point F (n1, n2) = (0,-1)




Lattice Vectors — 3D

A three dimensional crystal is described
by 3 fundamental translation vectors a, b
and c (AKA: a,, a, and a,)

r=0a+2b+lc
[021]

e r=u;a+uU,b+uzc

| o | Also common:
N Real R=ha1+k32+/a3
space

Sometimes people will use [h k I] instead of u’s.
(more common to see in reciprocal space, later)
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e 2- Tetragonal crystal system a=b#c and
o=PB=y=90
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* 4- Monoclinic crystal system azb#c and
o=[=90 =#y
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e 6- Trigonal(rhombohedral) crystal system
a=b=c and a=p=y#90 ‘-’,

gd=h=p

a=Qf=y290"
IOMBOHEDRAL (TRIGONAL) SYSTEM

e 7- Hexagonal crystal system a=b#c and
o=p=90 y=120

a=hb#c
a=Ff=90°, y=120°
HEXAGONAL SYSTEM
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Fig. Simple Cubic Structure



Nearest neighboring distance = 2r = a
Atomicradius=r=a /2
Lattice constant =a = 2r

Coordination number = 6 ( since each corner atom is
surrounded by 6 equidistant nearest neighbors )

Effective number of atoms belonging to the unit cell or
no. of atoms per unit cell = (7£)x8 =1 atom per unit cell.

Atomic packing factor = v/ V = volume of the all atoms
in the unit cell volume of the unit cell.

=1x(4/3)nr3/a3=4nr3/3(2r)3
=1n/6=0.52=52%
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Fig. Body Centered Cubic Structure



Diagonal length = 4r

Body diagonal = (v/3)a

i.e. 4r=(V3)a

Nearest neighboring distance = 2r = (\/3)a /2
Atomic radius=r=(v3)a/ 4

Lattice constant = a = 4r / V3

Coordination number = 8 ( since the central atom touches all the
corner 8 atoms )

Effective number of atoms belonging to the unit cell or no. of atoms
per unit cell = (7£)x8 +1 = 2 atom per unit cell.

i.e. each corner atom contributes % th to the unit cell. In addition to
it, there is a centre atom.

Atomic packing factor = v/ V = volume of the all atoms in the unit
cell.

Atomic packing factor =v/ V
=2x(4/3)nr3/a%=8nr3/3(4r /N3 )3
= /31/8=0.68=68%
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Fig. Face Centered Cubic Structure




Face diagonal length = 4r = (v/2) a

Nearest neighboring distance = 2r = (\/2)a [2=a /2
Atomic radius =r=a / 2v2

Lattice constant=a=2v2r

Coordination number = 12 ( the center of each face has one atom.
This center atom touches 4

corner atoms in its plane, 4 face centered atoms in each of the 2
planes on either side of its plane)

Effective number of atoms belonging to the unit cell or no. of atoms
per unit cell = (%)x8 + (1/2)x 6 =1 + 3 = 4 atom per unit cell.

i.e. each corner atom contributes Y%th to the unit cell. In addition to
it, there is a center atom on each face of the cube.

Atomic packing factor=v/ V =
=4*(4/3)mr3/ad=16mr3/3(2V2r)
= 11/3v2=0.74=74%



