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Bismuth selenoiodide (BiSeI) millimeter-scale rod-like
crystals were synthesized for the first time via a mild solution
route based on the reactions of BiCl3, Se with NaI or Bi2Se3 with
BiI3 in ethanol solvent at 200 �C. A possible growth mechanism
of the rod-like BiSeI was proposed.

Bismuth selenoidide (BiSeI) being one of theV-VI-VII group
compounds, which belongs to the orthorhombic system with the
space group Pbnm, exhibits interesting properties, such as
photoelectric,1 ferroelectric2 and piezoelectric,3 and shows both
n-type and p-type conductivity depending on the method of
growth.

In the past, various methods have been developed to
synthesize BiSeI. Traditionally, the melt growth by the Bridge-
man-Stockbarger technique4 and the growth from the vapor5 have
been applied to prepare the crystal BiSeI. However, all of these
methods generally require special, complicated devices, or
sophisticated techniques. Moreover, the growth temperature is
high (>600 �C) and the temperature gradient has to be carefully
controlled.

Recently, development of the solution routes in the mild
temperature range 100 �C–200 �C has been motivated by current
interest in the design of solid-state chalcogenides with low–
dimensional structure due to the simple operation. For example,
the crystal BiSeI has been synthesized via chemical transport
reactions1 and the hydrothermal method,6 however, in the
processes, the toxic gas H2Se was used. In this work, we report
for the first time the growth of rod-like crystal BiSeI via an
ethanothermal process. The synthesis is based on the following
two reactions:

Bi2Se3 þ BiI3 ! BiSeI ð1Þ

BiCl3 þ Seþ NaI ! BiSeIþ NaCl ð2Þ

The analytical grade reactants Bi2Se3 (1mmol) with BiI3
(1mmol) or BiCl3 (1mmol), Se (1mmol)withNaI (1mmol)were
added into a Teflon-lined autoclave of 50mL capacity with
ethanol solution up to 85% of the total volume, respectively. The
autoclaves were heated at 200 �C for 12 h, and then gradually
cooled to the room temperature. The black powders obtainedwere
washed with distilled HCl, distilled water and ethanol sequen-
tially for several times, respectively. Finally, the products were
dried in vacuum at 60 �C for 4 h.

The X-ray diffraction (XRD)7 pattern of the rod-like crystal
BiSeI is shown in Figure 1. All the reflections can be indexed
those of the corresponding pure orthorhombic phase BiSeI.8 The
calculated cell parameter of BiSeI is a ¼ 8:6899 �A,
b ¼ 10:5937 �A, c ¼ 4:221 �A, which is consistent with the
literature (a ¼ 8:7053 �A, b ¼ 10:5827 �A, c ¼ 4:2199 �A) within
the experimental errors.

The morphology and size of as-prepared products were
observed by scanning electronic microscopy (SEM)9 and the
typical SEM image is shown in Figure 2. Figure 2a displays rod-
like crystals BiSeI obtained from the reaction of Bi2Se3 and BiI3
with the dimensions of ca. (1–5)mm� (10–30)mm.Moreover, the
BiSeI crystals prepared based on the reaction BiCl3, Se and NaI
also showed rod-like morphology with diameters of ca. 2–4mm
and lengths of ca. 20–50mm (Figure 2b) and the corresponding
electron diffraction (ED) patterns9 (Figure 2c) obtained from a

Figure 1. The XRD pattern of the product BiSeI.

Figure 2. a) TEM images of the rod-like crystal BiSeI
obtained using Bi2Se3 and BiI3 as the reactants b) TEM
images of the rod-like crystal BiSeI prepared based on the
reaction of BiCl3, Se and NaI c) the corresponding electron
diffraction (ED) patterns of rod-like crystal BiSeI in Figure 2b.
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selected area of rod crystals BiSeI displays the diffraction spots,
indicating the monocrystal feature of the rod-like crystals.

The chemical composition of the product was determined
using X-ray photoelectron spectra (XPS).10 No obvious impu-
rities could be detected in the sample. The binding energy values
are 159.00 eV for Bi 4f, 54.90 eV for Se 3d and 619.95 eV for I 3d,
respectively, which coincide with the reported values.11 The
result of XPS also reveals that the rod-like crystals are composed
of Bi, Se, I and the quantitative analysis indicates that the atomic
ratio of Bi:Se:I is approximate 1:1:1.

In the prepared experiment No. 2, the possible process of the
formation of BiSeI is similar to that of BiSCl12 and can be
described as bellows:

BiCl3 þ H2O ! BiOClþ HCl ð3Þ

BiOClþ CH3CH2OH ! Biþ CH3CHOþ HClþ H2O ð4Þ

Biþ Se ! Bi2Se3 ð5Þ

BiCl3 þ NaI ! BiI3 ð6Þ

Bi2Se3 þ BiI3 ! BiSeI ð7Þ

Firstly the reactant BiCl3 hydrolyzes to BiOCl due to the
trace of water in absolute ethanol (Eq 3). Then BiOCl can be
reduced to active Bi by ethanol at 200 �C, thus the newly activated
Bi atom can easily combine Se atom to Bi2Se3 (Eq 4 and 5). In the
meantime, after NaI is added, the color of the solution changing to
brick red proves the formation of BiI3

13 (Eq 6). Then the crystal
BiSeI can be obtained from the reaction of BiI3 with Bi2Se3 (Eq
7).

As for the morphology of BiSeI, whatever the selenium
source was Se or Bi2Se3, all the products display rod-like
morphology, which is probably associated with its inherent
structure characteristic of the bond anisotropy. The BiSeI
structure consists of a double chains of (Bi2Se2I2)n parallel to
the c-axis (Figure 3).14 The forces between the chains are much
less than the exchange forces within the chains and are bonded via
van der Waals forces and exchange interaction. The crystals
possessing bond anisotropy will lead to the growth rate
anisotropy. Molnar et al. ever estimated the growth rate to be
more than 50 times parallel to the c–direction than that
perpendicular to it.15 It is the structure characteristic that results
in the formation of rod-like morphology.

In the reaction process, the heating temperature had another

important influence on the formation of BiSeI rod-like crystals. If
the temperature is below 200 �C, there are no products obtained
because Bi2Se3 cannot be produced at lower temperature.

In conclusion, two kinds of reaction routes via a mild
ethanothermal process were applied to prepare BiSeI rod-like
crystals. In the process, the possible reactionmechanisms forBiSI
using BiCl3, Se and NaI as raw materials is that ethanol reduce
BiOþ to active atom Bi, which can combine atomic Se to Bi2Se3,
and then Bi2Se3 reacts with BiI3 producing from the reaction of
BiCl3 and NaI to BiSeI. The morphologies of the products are
firstly associated with their inherent structures of the bond
anisotropy, which consists of a double chains of (Bi2Se2I2)n
parallel to the c-axis.
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Figure 3. The struc-
ture of three unit cells
of BiSeI.
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