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Sodalite Na,(Al,Si,O,,)Cl is a natural aluminosilicate min-
eral that contains sulfur or sulfur-related defects, known
as chromophores (Reinen et al. 1999; Fleet et al. 2010).
Hackmanite, a variety of sodalite, exhibits unusual optical
properties such as photoluminescence, tenebrescence, or
photochromism upon absorption of UV light, causing a
change in color that can be reversed (see Fig. 1) (Williams
et al. 2010). Since Kirk's research on the photochromism
of sodalite in 1955, the cause of the photochromism of
hackmanite has been studied. It has been attributed to
a sulfur-related defect and, more recently, an interaction
between disulfide ions and chloride vacancies (Kirk 1955,
Agamah 2020). However, the exact mechanism is still under
investigation (Blumentritt 2021). The objective of this study
is to examine the role of sulfur-related defects on the photo-
chromism of hackmanite by investigating the spectroscopic
properties of sodalite and hackmanite.
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Figure 1: Tenebrescence or reversible photochromism of
hackmanite before and after UV (365 nm) irradiation after one
hundred seconds.
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Thirteen stones used in this study were cabochon-cut
from Myanmar, comprising eight hackmanites with color
ranges of very pale yellow, light gray, and red hues, and five
sodalites with blue hues. The stones weighed between 0.45
and 1.67 carats and ranged in transparency from translu-
cent to semi-opaque (see Fig. 2).
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Figure 2: Thirteen samples from Myanmar (cabochons weighing
0.45-1.67 ct) under this study.

UV-Vis spectra were obtained using a JASCO UV-Vis spec-
trometer (V-660, Japan) with a bandwidth of 2 nm. The
transmission mode spectrum was measured in the range of
200 to 800 nm at a scan rate of 400 nm per minute. Chemi-
cal analyses were performed using Energy-Dispersive X-ray
Fluorescence spectroscopy (EDX-8000, Shimadzu, Japan)
with an acceleration voltage of 50 kV and a beam current of
1000 pA measured by irradiating the sample using a 1000
pm collimator. Additionally, X-ray photoelectron spectros-
copy (XPS) was used to determine the oxidation state of sul-
fur, using a Nexsa instrument from ThermoFisherScientific.
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Table 1 displays the results of the chemical analysis con-
ducted on the 13 stones. The weight percentages of SiO,
and ALLO,, which form the basic framework of both sodalite
and hackmanite, were found to be similar, as expected. As
per Jackson's definition, hackmanite is identified as a sul-

fur-bearing sodalite that exhibits fluorescence (Jackson
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1997). The photochromism of hackmanite is believed to
be associated with the presence of sulfur (Agamah 2020,
Carvalho 2018). However, sulfur was detected in all sam-
ples at levels lower than approximately 0.4 wt.%, with the
highest concentration being found in the sodalite sample.
XPS analysis revealed that SO,* ions were present in all
samples, while mono-/polysulfur species were not detected.

sio, |ALO, |NaO |cl Ca0 50, K,0 Br Ga0, |FeO,
Sodalites 36.253- | 32.115- |22.901- |6.442- [0.253- [0.070- [0.128- |0.008- |0.003- |0.004-
37.130 |32.623 |24.110 |6.792 |0.789 |0.344 |0.307 |0.024 |0.004 |0.008
Hackmanites | 36.317- | 32.062- |21.840- |6.247- |0.184- [0.028- |0.144- |0.009- |0.002 |0.004-
38.298 |32.867 |24.151 |6.880 |0551 |0.204 |0.189 |0.015 0.008
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Figure 3: UV-Vis spectra for representative hackmanite show
an increase in absorption at ~530 nm for the UV excited state
(in red) compared to the desaturated color state (in blue).
However, spectrum of representative sodalite shows two broad
band absorptions at ~600 nm and 660 nm (in black).
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The optical properties of sodalite and hackmanite are clearly
shown in the UV-Vis spectra (Fig. 3). In previous studies
(Williams et al. 2010; Stoliaroff et al. 2021), the origin of
color in hackmanite is that one of electrons of the disulfide
ion is captured at a chlorine vacancy and acts as a color
center (F-center). Such charge transfer requires energy cor-
responding to the ultraviolet region (Medved 1953).

A blue spectrum was measured before hackmanite was
exposed to UV light, and a red spectrum was measured
after exposure (using a Fabel FUV-R2 lamp with a wave-
length of 365 nm) in Figure 3. An absorption band due
to the chlorine vacancy is observed over a broad range
centered at 530 nm. This absorption decreases with time,
which can take from minutes to hours depending on the
stone, in a dark room or under visible light and returns to
the pre-UV irradiation state (as shown in Fig. 2).

The UV-Vis spectrum of blue sodalite (Figure 3) was found
to be identical before and after UV irradiation, indicating
the absence of photochromism. The blue color of sodalite
is known to be caused by tri-sulfur radical ions substituted
for the chlorine site, resulting in an absorption band at
595 nm (Reinen et al., 1999). However, in this study, the
blue sodalite sample showed a combined spectrum of two
absorption bands centered at 600 nm and 660 nm, suggest-
ing the existence of different cage environments containing
trisulfide or other types of sulfides.

Based on these measurements, it can be summarized that
the manifestation of photochromism is not proportional to
the concentration of sulfur and is likely due to the presence
of trace sulfur-related defects that meet certain conditions,
such as disulfide ions and chloride vacancies.
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