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Amorphous Se was converted into fibrous crystals of hexag-
onal Se or polyhedral crystals of �-monoclinic Se when exposed
to organic fluids at room temperature for several days. The
growth phase was dependent upon the dielectric constant of
the organic liquids. It is notable that hexagonal Se and �-mono-
clinic Se formed under vapors of d- and l-camphor, respectively.
It is proposed that the organic compounds do not act as solvents,
but play a catalytic role in the reactions.

Elemental Se is used in many applications. For example,
amorphous Se is used in the photoconversion layer of solid-state
image sensors such as highly sensitive camera tubes.1 Many pol-
ytypes of Se exist, including hexagonal (h-Se),2 �-monoclinic
(�-m-Se),3 �-monoclinic,4 �-monoclinic,5 rhombohedral,6 or-
thorhombic,7 amorphous (a-Se),8,9 etc. The h-Se is obtained by
slowly cooling molten Se,2 and the monoclinic phases form by
evaporation from CS2 solution.

3,4 The h-Se is thermodynamical-
ly the most stable form. Other phases convert to h-Se by warm-
ing. The h-Se consists of parallel chains of Se atoms arranged in
helical spirals along the crystalline c axis.2 All of the monoclinic
phases are molecular crystals composed of building blocks of
Se8 molecules arranged in a crown shape.3–5 The structure of
a-Se is built from disordered helix-like Se chains with a minor
contribution from Se8 rings.

10 All the phases are scarcely soluble
in most organic liquids at room temperature.

Recently we prepared Cu and Ag chalcogenides using a so-
nochemical method.11 In the course of that study, we found that
the a-Se form was transformed into h-Se crystals when allowed
to stand in methanol at room temperature. In addition, over 100
years ago, Saunders reported that Se underwent a phase change
from a-Se to hexagonal or monoclinic Se (the type of monoclinic
phase was not identified) when placed in various organic sol-
vents at ordinary temperature.12 The origin remained unclear,
and no further investigations on these phenomena have been re-
ported since Saunders. In the present study, we investigated
these reactions in detail using various organic compounds and
modern analytical techniques.

Commercial a-Se shots (99.9999% purity: Rare Metallic
Co., Ltd) were ground into powder in an agate mortar. Approx-
imately 0.3 g of a-Se powder was placed into 7-mL organic liq-
uid in a glass capsule, and was allowed to stand at room temper-
ature for a certain period of time. In addition, the Se powder was
exposed to a saturated vapor of organic compound in a desicca-
tor at room temperature. In these experiments, various organic
liquids and solids of commercial grade were utilized. Samples
were analyzed by X-ray diffraction (XRD) using a Rigaku RINT
2500 instrument. The morphology of the samples was observed
by scanning electron microscopy (SEM) using a JEOL JXA-
8900 instrument.

Figure 1a shows the XRD pattern of the starting a-Se, which
exhibits a typical amorphous structure. Figures 1b and 1c show
XRD patterns of Se obtained by exposing a-Se to acetone and
benzene, respectively, at room temperature for 10 days. The pat-
terns of Figures 1b and 1c were successfully analyzed on the ba-
sis of the hexagonal structure2 and the �-monoclinic structure,3

respectively. SEM images of Se particles are shown in Figure 2,
where (a), (b), and (c) correspond to Figures 1a, 1b, and 1c, re-
spectively. The a-Se particles possess an angular and irregular

Figure 1. XRD patterns of Se: (a) amorphous Se (a-Se) starting
material; (b) Se obtained by exposing a-Se to acetone at room
temperature for 10 days; (c) Se obtained by exposing a-Se to
benzene at room temperature for 10 days.

Figure 2. SEM images of Se particles: (a) amorphous Se (a-Se)
particles; (b) Se particles obtained by exposing a-Se to acetone
at room temperature for 10 days; (c) Se particles obtained by ex-
posing a-Se to benzene at room temperature for 10 days.
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polyhedral form with a mean size of 20–30mm. The h-Se sample
is composed of multiple fibrous single crystals with ca. 50-mm
length and 0.1-mm diameter. The �-m-Se sample consists of
many-faceted polyhedral crystals with mean diameter of ca.
10mm. h-Se crystals with fibrous or needle-like morphology
were obtained in acetone, pyridine, 2-propanol, acetonitrile, di-
ethyl ether, benzylamine, piperidine, aniline, quinoline, aceto-
phenone, or benzonitrile. Polyhedral �-m-Se crystals were
grown in benzene, toluene, cyclohexane, or hexane. In methanol,
ethanol, tetrahydrofuran, or dimethyl sulfoxide, the h-Se domi-
nated. No reaction occurred in pure water. The shapes of the
crystals grown are nearly identical to those obtained by other
methods,13–15 while the fibrous crystals have not been reported
previously. The a-Se was entirely transformed into h- or �-m-
Se form within 30 days at room temperature. The h- and the
�-m-Se forms showed a tendency to be stable at high and low
temperatures, respectively. Our observations differ from those
of Saunders12 for some organic compounds. The discrepancies
seem to be mainly due to a lack of diffraction techniques in Sa-
unders’ experiments. It is known that a-Se is transformed into h-
Se under illumination.16,17 In the present case, the reaction rate
did not change even in the absence of light, indicating that the
reaction is not photoinduced.

When �-m-Se crystals, grown in benzene, were exposed to
acetone at room temperature for 10 days, the polyhedral �-m-Se
crystals became covered with needle-like h-Se crystals as shown
in Figure 3a. In addition, spiral-shaped h-Se crystals occasional-
ly grew, as shown in Figure 3b.

A clear relation exists between the type of phase grown and
dielectric constant, ", of the organic liquid. h-Se was obtained in
liquids with an " greater than 4.0. Liquids with an " less than
3.0, such as benzene, toluene, cyclohexane, and hexane, caused
a transformation to �-m-Se. This result would originate from the
higher dielectric constant possessed by h-Se along the c axis
(" == c ¼ 10{13) compared with that of �-m-Se (" ¼ 6{7).18

Fibrous or needle-like crystals of h-Se formed under vapors
of organic liquids or solids, i.e. acetone, methanol, 2,4-dichloro-
aniline, methyl m-nitrobenzoate, or d-camphor; while polyhed-
ral crystals of �-m-Se grew under vapors of hexane, naphtha-
lene, l-menthol, ethyl p-nitrobenzoate, or l-camphor. Crystals
of two phases were obtained under vapors of benzene, toluene,

cyclohexane, acetonitrile, 2-propanol, or ethanol. It is interesting
to note that the type of crystal grown depended upon the cam-
phor chirality.

Recently, h-Se crystals were obtained by precipitation from
various organic solutions under solvothermal conditions at
453K.14 In the present study, however, the crystallization also
occurred under saturated vapors of organic liquids and solids.
We also observed that crystallization proceeded even under vac-
uum after a short exposure to organic fluids. Thus, it is most like-
ly that organic compounds do not act as solvents, but the organic
molecules adsorbed on the surfaces of Se particles play a catalyt-
ic role in crystal growth. Once the reaction begins, crystalliza-
tion likely proceeds in an autocatalytic manner.

In conclusion, hexagonal and �-monoclinic Se crystals were
grown from a-Se under quite mild conditions, which were entire-
ly reproducible. The similar reactions would be observed for Te,
that have the same structure with h-Se. The present results will
open a path to a new area of surface reactions between organic
and inorganic substances.

We are grateful to Dr. A. V. Powell and Prof. K. Tamura for
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Figure 3. SEM images: (a) hexagonal Se (h-Se) crystals ob-
tained by exposing �-monoclinic Se (�-m-Se) crystals to ace-
tone for 10 days; (b) spiral h-Se crystals obtained by exposing
�-m-Se crystals to acetone for 10 days.
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