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ABSTRACT : The luminescence and fluorescence were investigated by photoluminescence spectroscopy
for six gemstones which exhibit color change effect. The shape of luminescence peaks appears
different when observed by a photoluminescence spectroscopewith a 514 nm Ar laser source. However,
it was not possible to observe the difference in the spectra between the natural and synthetic origins
for the same type of gemstones. It was found that the photoluminescence spectrum was related to the
crystal structure of the stones. Photoluminescence spectra using a 325 nm He-Cd source reveal that
fluorescence is relatively strong for synthetic alexandrite, synthetic color change sapphire and natural
alexandrite comparing to the rest of gemstones examined.
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Fig. 1. Crystal structures of (a) alexandrite (ref; staff,
aist.go.jp), (b) color change sapphire (ref.; hasdeu.bz.
eduro), (c) color change spinel (ref; www.phy.bris.
ac.uk) and (d) color change gamet (ref; fip.ccpld4.
ac.uk).
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Fig. 2. Photographs of gemstones exposed to day-
light; (a) alexandrite, (b) color change sapphire, (c)
color change spinel, (d) color change gamet, (e)
synthetic alexandrite and (f) synthetic color change
sapphire.
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Table 1. Composition data of alexandrite effect gemstones by ED-XRF

Unit: wt% Al Mg/Ca Cr Mn Fe Zn Ga Y
Alexandrite 99.17 0.10 0.16 0.52 0.02
Alexandrite-like sapphire 99.15 0.04 0.80 0.08 0.01
Alexandrite-like spinel 69.9 21\;Ig5 0.03 2.32 0.33
Alexandrite-like garnet 7541 1C933 0.43 028 1920 247 0.02 0.24
Synthetic alexandrite 99.76 0.24
Synthetic alexandrite-like sapphire 99.55 040  0.02 0.02
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Fig. 3. Uv-visible absorption spectra; (a) alexandrite,
(b) color change sapphire, (c) color change spinel,
(d) color change garnet, (¢) synthetic alexandrite and
(f) synthetic color change sapphire.
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HFg. 4. Laser-induced steady-state photoluminescence
(514 nm) spectra of gemstones (a) alexandrite, (b)
color change sapphire, () color change spinel, (d)
color change gamet, () synthetic alexandrite and (f)
synthetic color change sapphire.
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Fig. 5. Fluorescence of gemstones by He-Cd source
(325 nm) as the exiting beam. (a) alexandrite, (b)
color change sapphire, (c) color change spinel, (d)
color change garnet, (¢) synthetic alexandrite and (f)
synthetic color change sapphire.
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Fig. 6. Photoluminescence (325 nm) spectra of gems-
tones; (a) alexandrite, (b) color change sapphire, (c)
color change spinel, (d) color change garnet, (c)
synthetic alexandrite and (f) synthetic color change
sapphire.
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