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WATCHARAKON  SETWONG : STUDIES OF COLOR CHANGED BERYLS CAUSED BY
X-RAY IRRADIATION. THESIS ADVISOR : ASST. PROF. PIYANUT PINYOU, Ph.D. 88 PP.

Keyword: Beryl coloration/Iron ions behavior/X-ray absorption spectroscopy

Beryl gemstone colors result from several factors, including its elemental
composition, atomic imperfections, mineral inclusions, structural irregularities, and
crystal growth patterns. Notably, iron ions play a pivotal role due to their behavior as
d-orbital transition metals, hich energy band gap, vulnerability to oxidation, and affinity
for bonding with oxyeen.

This study compared various colors of natural and synthetic beryl samples
{consisting of 6 beryl samples), with the synthetic variant containing a higher iron
content. When subjected to X-ray synchrotron irradiation, the berytl underwent color
changes, shifting towards an intense yellow hue, except for colorless beryl, which
remained unaffected. The analysis encompassed UV-Vis and XANES spectra, which
exhibited dEstindive peaks linked to the electron transitions of Fe** and Fe?*. The X-
ray irradiation modified the oxidation state of iron ions, leading to an increase in Fe’
as confirmed by absorption and EPR technigues. The EXAFS analysis revealed that Fe
ions mostly had a six-coordinated arrangernent and were more likely to replace Al
sites than 6¢ sites. After X-ray irradiation, this substitution caused no change in bond
lengths but an increase in Fe** ions in their original positions, indicating an inter-valence
charge transfer (IVCT) reaction between Fe** and Fe*, This IVCT caused a blue color
in the beryl and suggested a potential Fe-Fe pair distance of 2.49-2.51 A (Lin et al,
2013). This color shift resulted from reduced electron transfer between ions of
different oxidation states and increased transfer between ions of the same oxidation
state or between iron ions and oxygen. The NIR data from the study showed no
evidence of foreign substances or water molecules, ruling out OH bond breakdown as
the cause of observed oxidation effects.

While irradiation treatment has been less common for enhancing beryl compared
to other methods, this study demonstrated that X-ray synchrotron irradiation could

safely produce color-stable yellow tones in beryl without residual radioactivity.



Moreover, the ability to adjust the incident X-ray beam size and duration.could create

various two- or three-color shades in beryl gemstones.
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