LETTERS

MORE ON ORANGE LUMINESCENCE IN
CORUNDUM

We have read with great interest the Winter 2021 article
entitled “Blue sapphires from Mogok, Myanmar: A gemo-
logical review,” by Wasura Soonthorntantikul et al. (pp.
292-317). The authors conducted a fairly complete bibli-
ographical review and a qualitative characterization using
gemological, spectroscopic, and chemical techniques, im-
proving our knowledge of Mogok’s rare and renowned blue
sapphires. In the process, the authors associate the 640 nm
emission band of orange luminescence with “trapped hole
chromophores,” quoting Hughes et al. (2017), that section
of the book being based on Segura’s gemology dissertation
at the University of Nantes (Segura, 2013). We wish to add
further details regarding orange luminescence in corun-
dum, from Mogok and elsewhere. In particular, we re-
cently conducted a rather extensive study of this
luminescence, making it possible to describe in further de-
tail the defect(s) involved.

Dr. Soonthorntantikul and her associates state that
“the remainder displayed zoned orange fluorescence (with
very weak or no red fluorescence) in near-colorless to light
blue color zones,” as seen in their figure 12. For Mogok, or-
ange luminescence has also been described in the yellow
zone of a blue sapphire (Ho et al., 2018, pp. 128-129). Ac-
tually, for all sapphires worldwide, orange luminescence is
absent from blue zones and may be found only in near-col-
orless or yellow domains. This behavior can be explained
for all corundum. Indeed, the blue color is related to the
Fe-Ti charge transfer, and thus blue zones contain iron, also
as Fe®, as can be seen in their UV-visible absorption spec-
trum (see figure 26 of Soonthorntantikul et al.). In blue
zones, the O>-Fe®* charge transfer absorbs the ultraviolet
range, taking away the source of energy necessary to in-
duce luminescence. Thus, it acts as a luminescence
quencher for orange and red emissions.

Regarding the nature of the defect involved with or-
ange fluorescence, the locution “trapped hole chro-
mophore” does not describe the atomic structure in which
the hole is trapped. Our team proposes a more complete
description deduced from the careful characterization of a
collection of nearly 100 orange-luminescing corundum
(Vigier et al., 2021a,b). Based on luminescence excitation
spectra and other arguments, the orange luminescence has
been related to a color center or defect including two oxy-
gen vacancies. An oxygen vacancy is a missing oxygen
atom in the lattice (figure 1), which can be created by

376 LETTERS

chemical means during growth or induced by irradiation
after growth, for example. Such a defect is called an F-cen-
ter, or even V" (Kréger-Vink notation| in the physics com-
munity. An oxygen vacancy may contain zero, one, or two
unpaired electrons. Thus, when there are two vacancies
from two oxygens, each containing two electrons, four

Figure 1. A schematic of the F, center, believed to be
responsible for the orange luminescence in corundum
(Vigier et al., 2021a,b). Two adjacent AIO, octahedra
in the corundum (0-ALO,) structure are represented
here. Two oxygen vacancies are present (noted with
two “e”” each, for the two electrons). X?* stands for a
divalent cation, most likely Mg*.
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electrons are electrically compensated in the corundum
structure by the presence of two divalent cations (see also
Emmett et al., 2003). This double defect is an F, center,
compensated by two divalent ions such as Mg?*, Be?*, and
rarely Min** (again, see figure 1). The concentration of such
defects is not known but may be very small (of the order
of parts per million or less), as luminescence is a very ef-
ficient way to detect defects. The chemical results pre-
sented in Soonthorntantikul et al. (2021) explicit that
there are always traces of magnesium, which is consistent
with this proposed structure.

Furthermore, concerning the relation between orange
luminescence and infrared absorption, the authors state:
“We noted that the studied sapphires exhibiting the 3161
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We truly appreciate the letter from Maxence Vigier and Dr.
Emmanuel Fritsch for the detailed information on defects
for orange luminescence in corundum and also for sharing
their experience with this feature. Their letter is very help-
ful and improved our knowledge on this luminescence. We

cm™ IR feature frequently show orange zoned fluores-
cence...” This is true for Mogok samples and—in our ex-
perience—for some metamorphic yellow sapphires
(generally from Sri Lanka). However, for other corundum
(natural, synthetic, or treated), we did not note any corre-
lation of the 3161 cm™ band with orange luminescence.

We hope these additional scientific details will be help-
ful to better understand the little-studied orange lumines-
cence in sapphire and will nicely complement the work of
Dr. Soonthorntantikul and her colleagues.
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noted the feature in a few samples but did not further ex-
plore this, since it would have taken us outside the scope
of the article.

Wasura Soonthorntantikul, Ungkhana Atikarnsakul,
and Wim Vertriest
GIA, Bangkok
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