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ABSTRACT

A total of 1020 corundum samples, 952 natural and 68 synthetic, were studied
using standard gemmological methods and advanced analytical techniques (UV-Vis-
NIR, EPMA-WDS, LA-ICP-MS, SEM-EDS and XRD) to obtain mineral chemistry
and spectroscopic information. The samples were classified into 10 groups by their
apparent colour, i.e. colourless, blue, green, yellow, orange, purple, violet, pink, red

and colour-changed varieties.

The specific gravity and refractive index values are not different between the
10 groups and also agree with corundum from other localities world-wide. The
samples show different absorption spectra with absorption bands of different
intensities caused by Cr¥*, Fe** crystal field transition, and/or intervalence charge
transfer transitions between Fe?* and Ti** or Fe**. The samples which show prominent
absorption of Cr** crystal field transition comprise orange, purple, violet, pink, red
and colour-changed varieties. Purple and violet samples also show moderate to strong
absorption of Fe?*/Ti** IVCT which is the major cause of blue. Some green samples
show absorption of Fe?'/Ti*" IVCT together with Fe**/Fe** IVCT and Fe** crystal

field transition. Fe** crystal field transition mainly occurs in yellow and orange



Vi

samples. The absorption spectral information agrees well with the contents of the

colouring elements.

The colouring trace elements in natural corundum are chromium, iron and
titanium. Chromium causes red hue, always found in red, purple, violet, pink, and
colour-changed samples. Iron causes yellow hue, present in natural orange and yellow
whereas the colours in synthetic samples are due to nickel. Irons are also present as
colouring element in natural green samples, while cobalt is used in synthetic green
samples. When titanium is present in iron containing samples, blue hue is shown both
in the natural and synthetic samples. The intensity of blue varies with titanium

concentration in the samples.

Trace elements in corundum can be divided into having direct and indirect
influence on the cause of colours in corundum. The direct influenced elements are the
first row transition metal ions which produce the crystal field transition of their outer
electron or intervalence charge transfer transition between the adjacent cations. The
indirect influenced elements include elements that by themselves cannot produce
colour, but have effects on crystal structure or on other trace elements causing crystal
defects. Colour of corundum is also affected by trace element concentration whether
they are direct or indirect influenced elements. High content of trace element effects
on the corundum structure in term of their inter-atomic distances and unit cell

dimensions.
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