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Crystals and Their Optical Classification

An important use of polarized light is the identificarion of crystal-
line material. This booklet gives a brief description of the optical prop-
erties of crystals which make possible their identification with a polar-
izing microscope.

A crystal is a solid body whose physical properties result from an
arrangement of atoms into definite geometric forms, such as cubes,
hexagons or rhombohedra. Precipitation, condensation and changes in
the solid state are common methods of obraining crystals,

Cube Octahedron

Fig. 5 Fig. 6

They are generally classified under six systems. However, we are
more interested in optical classification because each crystal has a
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set of optical properties which makes its identification possible.
Oprical classification divides crysrals into three groups:
Isorropic (Isoaxial )
Anisotropic (Uniaxial )
( Biaxial )

Isotropic is a term to describe marerial which shows no bi-refringent
properties or is invisible when observed between crossed polarizer
and analyzer. Light travels through this material ac uniform speed
regardless of the direction of passage through the crystal.

Isoaxial: Such marerials as glass not under stress, some transparent
substances and certain crystals are isocaxial”, because light travels
through them in all directions ar the same speed. They are invisible
between crossed polarizer and analyzer. These isvaxial crystals are
identified by determining their single refractive index by the Becke
Line Method.

Anisotropic refers to material which appears alternately bright and
dark when rotated between crossed polarizer and analyzer. Lighr travels
through this material at different speeds, depending upon the direc-
tion In which it passes through the crystal.

Uniaxial Crystals: In uniaxial crystals, light is said to travel ar a
definite speed when parallel to one axis. At an angle to this axis the
speed is different. These crystals are anisotropic, appearing alternately
bright and dark when observed between crossed polarizer and analyzer.
They have two refractive indices. Quartz crystals, starch grains and
fused sodium nitrate are a few uniaxial substances. Uniaxial material
may be identified quickly by inserting the Bertrand lens* and observing
a definite pattern, called an interference figure, appearing as a large
black cross at the center of the field with colored concentric circles
proceeding ourward from the center.

Biaxial Crystals: In biaxial crystals, lighe travels ar different speeds
in the direction of the two axes. These crystals are anisotropic and
have three indices of refracrion which are determined by the Becke
Line Method. Boric acid, Sulphonal, Topaz and Kyanite are a few
biaxial marerials. These crystals have several characteristic interference

*Bertrand lens conoscopically brings interference hgure to focus in focal plane
of eyepicce. Interference fgures can also be seen by removing evepiece and
observing, with naked eye, through small apertures.
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Mathematically, the refractive index is equal ro the sine of the
angle of incidence over the sine of the angle of refraction.

Sine 1
Index of Refraction = —
Sine R
The refractive indices of a few common substances are;:—
Air 1.000 Canada Balsam 1.537 “cooked”
Water 1.333 Raw Balsam 1.525-26 liquid
Clove Oil  1.330 Quartz 1.5344 & 1.553

Methylene lodide 1.740

[

V7= T

|r

Fig. 12

Becke Line Method—In crysral analysis the index of refraction is
determined by the Becke Line Method. The crysrals are immersed in
oil on a microscope slide whereupon a concentrated bright line ap-
pears around the edge of the specimen. As the body tube of the micro-
scope is slowly raised the bright line shifts toward the medium of
higher refractive index, either the oil or the crystal. By trial and error
method an oil will be found in which the crystal disappears. (A
similar condition exists when a glass rod is immersed in a bocde
of cedar wood oil.) The index of refraction of the specimen is recorded
as the index of the oil which is known.

2. Optic Sign: To explain the optic sign of a crystal it is necessary
to recall the fact thac light is split into two rays wraveling ar different
speeds when it enters certain crystals. One of these rays is called the
ordinary ray (O) and the other the extraordinary ray (E), Fig. 16.
When the ordinary ray travels faster than the extraordinary, the
crystal is positive; when the opposite is true, the crystal is negative.
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