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Elements of Symmetry
In Crystals - |l



Crystallographic and Geometrical Symmetry

Crystallographic symmetry depends upon the internal atomic structure of the crystal, and as the
arrangement of atoms is the same for parallel planes, the angular position is the only factor
Important.

The sizes of like faces and their distance from the centre of symmetry or a plane are if no
Importance in this connection.

Example: In the octahedra shown in this
figure, left one is regular with faces equally
developed, while the right is a distorted one,
with some faces larger than the other.

If such a distorted form was examined by
contact goniometer, the interfacial angles
would be same as in the regular form.

Q
Regular Octahedron Distorted Octahedron

Most crystals occur in distorted forms, having like faces not of the same size and not in the same

geometrically symmetrical position.
Distortion in crystals may be due to some restraint on growth of the crystal in certain directions or to

a greater supply of material being available in one direction as compared with another.



Crystallographic Axes

The position of a plane in space is given by the intercepts that the plane makes on the three
axes.

These axes are termed crystallographic axes and intersect at the origin.
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Parameters

The parameters of a crystal face are the ratios of the distances from the origin at which

the face cuts the crystallographic axes.
Thus, the parameters are the ratios of the intercepts.

In the adjoining figure, OX, OY and OZ are the
V4 crystallographic axes.
C ABC is a crystal face that makes intercepts of OA on
OX, OB on OY and OC on OZ.

L Parameters of face ABC is given by OA:OB:OC

! \ B For the other face DEF, the intercepts are OD on OX, OE on
‘ 3 OY and OF on OZ.
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Parameters of face DEF with reference to ABC:



Indices

The reciprocals of the parameters are called the indices, and form the basis of
crystallographic notation.

Crystallographic Notation
It Is a concise method of writing down the relation of any crystal face to the
crystallographic axes.

There are two main systems of notation- the Parameter system of Weiss, and the Index
system of Miller.

Parameter System of Weiss tc

Unequal axes are taken as a, b, c.
Two equal axes are written as a, a, C.

Three equal axes are written as a, a, a. Y

The intercept that the face XYZ makes on a- O b
axis is written before a, the intercept on b-axis 7 >
IS written before b, and the intercept on c-axis a

IS written before c. X

The most general expression of a crystal face in the Weiss notation is:

na, mb, pc
where, n, m, and p are the lengths cut off by the face on the a, b, and c axes as
compared with the corresponding lengths cut by unit form.



If a face is parallel to an axis, it can be imagined as cutting that axis at an infinite
distance, and the sign of infinity, «, Is placed as Iit's parameter before the
corresponding axial letter.
A

In the given figure, the shaded face mis
parallel to b and ¢ axes and intercepts
a-axis at unit distance. It's Weiss symbol
will be notated as:

a, ©b, ©C

'-------------



Index System of Miller
Miller's indices are most commonly used crystallographic notations in the crystal studies.

In this systems, the indices or reciprocal of the parameters are used.

They are written in axial order, a, b, ¢, and are always given in their most simple form by

clearing off fractions.

For example, in this crystal the face m,
has following Weiss symbol:

a, ©b, «©C

The reciprocals of the parameters are-

111l -100

1 o0 o0

Clearing of fractions and omitting the
axial letters the Miller symbol is-
100
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Miller Indices In a
Cubic Crystal
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Miller Indices In an
Octahedral Crystal




