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Ternary bismuth oxide bromide nanobelts have been pre-
pared by using the cationic surfactant cetyltrimethylam-
monium bromide (CTAB) as the bromine source; their
composition can be easily controlled by changing the
reaction conditions.

One-dimensional (1D) nanostructures have been the focus of
extensive research over the past decade due to their unique
electrical and optical properties and potential application in
nanotechnology.2=3 A number of 1D nanostructures, such as
nanoscale tubes, wires, rods and belts, were successfully
fabricated, and a large part of this work has been concentrated
on mono- and binary component structures, such as metals,4
oxides>—7 and 11-V1,8 [11-V9.10 compounds, etc. However, only
limited kinds of single crystal ternary 1D nanostructures have
been obtained until now, and the synthesis of new-type multi-
component 1D nanostructures remains as a challenge to
materials scientists.11-13 Here, we demonstrate that nanobelts of
ternary bismuth oxybromide Bi;20,7Br,, BizsOz;1Brio, and
Bi304Br can be selectively prepared through a facile solution-
based hydrotherma method using CTAB as the bromine
source.

Binary and ternary bismuth oxides have been investigated as
ionic conductors, catalysts, ferroelectrics and high-temperature
superconductors.14 Oxyhalides are also an important family of
compounds, which shows unique and excellent properties in
electrical, magnetic, optical, and luminescent regimes.1> Bis-
muth oxyhalide has been used as a catalyst'6 or for its
therapeutic effects against microscopic carcinoma? and its
activities may be enhanced using ultrathin nanobelts of bismuth
oxyhalide because of their large surface-to-volume ratios.

Nanobelts of ternary bismuth oxybromide are prepared
through a hydrothermal route, the composition of which could
be controlled by simply adjusting pH of the solution. Briefly,
0.05 mol analytical-grade bismuth nitride (Bi(NOs)-5H,0) and
0.05 mol CTAB were put into distilled water a room
temperature. The mixture was stirred for ten minutes and the pH
value of the resulting solution was adjusted above 8 by addition
of 1 M NaOH solution. The solution wasthen stirred vigorously
for 1 h and transferred into a Teflon-lined stainless steel
autoclave with a capacity of 50 ml. The autoclave was sealed
and maintained at 160-180 °C for 1224 h. After the reaction
was completed, the resulting white solid product was collected
by filtration, washed with large amounts of distilled water to
removeall impurities such asNaNOs and CTAB, and then dried
at 50 °C for 3 h.

X-ray diffraction (XRD) has been used to characterize the
crystal structure of the as-obtained bismuth oxybromide
nanobelts. Fig. 1a shows atypical XRD pattern of Bi»4O31Brio
nanobelts, and all the peaks could be readily indexed to a
monoclinic phase with lattice constants comparable with the
values given in JCPDS 72-1184. The XRD pattern of
Bi1,0,7Br, nanobelts is displayed in Fig. 1b, and most of the
peaks could be indexed to a tetragonal structure of bulk
Bi12017Br2 with cell constants a = 5.48 and ¢ = 35.69 A
(JCPDS 37-0701) athough some peaks due to Bi,Oz impurity
are also seen, while all the peaksin Fig. 1c could be indexed to
a pure orthorhombic phase of BizO4Br (JCPDS 84-0793). All
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these XRD patterns indicate that three different ternary phases
of bismuth oxide bromide have been successfully synthesized.

Transmission electron microscopy (TEM) has provided
further insight into the morphologies and structure details of
these bismuth oxybromide products. Fig. 2a gives the TEM
image of a typical example of as-synthesized Bi,0./Br;
nanobelts with uniform width of 100-300 nm and lengths up to
several micrometres. Fig. 2b shows a high-resolution TEM
image of asingle-crystalline Bi;»0,7Br» nanobelt. The spacing
of 0.30 nm between adjacent lattice planes corresponds to the
distance between two (0012) crystal planes. The selected area
electron diffraction (SAED) pattern (Fig. 2b inset) indicatesthat
the nanobelts are single crystals, whoselong axis corresponds to
the <100> direction. Fig. 3aand b show typical TEM images
of structurally uniform and single crystalline Bi»;O3;Bri9 and
BizO4Br nanobelts, respectively. These nanobelts are all very
thin (10-20 nm) and of high aspect ratio.

Thorough elemental composition analysis of these nanobelts
was performed by energy-dispersive X-ray anaysis (EDXA)
and revealed that these nanobelts contained only Bi, Br and O.
Fig. 4 shows a typical EDXA spectrum recorded on an
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Fig. 1 XRD patterns of as-synthesized Bi,4O3;Br;0 (8), Bi12017Br» (b), and
Bi304Br (c) nanobelts (*, peaks of Bi,O3).

Fig. 2 (a) A typica TEM image of Bi;»0,7Br, nanobelts. (b) HRTEM
image of a single Bi;2O;7Br, nanobelt. The inset is the corresponding
SAED pattern.
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Fig. 3 Typica TEM images of (a) BixOsBrio and (b) BizO4Br
nanobelts.
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Fig. 4 EDXA spectrum of as-prepared Bi;,0O;7,Br, nanobelts.

individual Bi1,0,7Br» nanobelt, whose peaks are assigned to Bi
and Br (the Cu pesks arise from the copper grid). Relative
guantitative analysis shows that the atomic ratio of Bi to Br is
6.2.

We have demonstrated that various 1D nanostructures could
be prepared by hydrothermal methods.”-13 For a solution-based
process, reaction conditions, such as temperature and monomer
concentration, play a key role in controlling the phase and
anisotropic growth of crystals.18:19 |n the current process, the
controllable crystal phases and morphologies of bismuth
oxybromide could be achieved by simply changing some
growth parameters, including pH and temperature. Normally,
we got Biz4O3;1Brio nanobelts at pH 8-10, BizO4Br at 11-12,
Bi120,7Br, at 13-14, but BiOBr nanoplates at lower pH (<7)
and Bi,O3 microstructures at higher base concentration in our
synthetic conditions. In addition, due to the basic surroundings,
Bi-Os may be mixed in the product as a separate phase, and
vigorous stirring before heating may avoid this. The optimal
temperature for growth of the nanobelts is 160-180 °C. If the
temperature is lower than this, thermodynamicaly stable
nanoplates will be obtained. It is noteworthy that CTAB, asthe
bromine source, aso determinesthe crystal structure and phase.
Controlled experiments were conducted with CTAB replaced
by NaBr, and only BiOBr nanoplates could be obtained
whatever we changed pH at the same conditions. It is believed
that the formation of CTA+OH— provides a proper environment
for growth of bismuth oxide bromide nanobelts.

This present work shows that single-crystalline nanobelts of
ternary bismuth oxide bromide Bi;>017Br2, BizsO31Brio, and

Bi3zO4Br can be synthesized on alarge scale by afacile solution-
based hydrothermal method using CTAB asthe bromine source.
The phase and anisotropic growth of crystals are monitored by
simply changing the reaction parameters based on akinetically-
driven process. CTAB daso playsauniquerolein controlling the
phase and morphologies of bismuth oxide bromide. The
synthetic method presented here may be extended to other 1D
nanostructures of oxide bromide compounds by selecting the
proper conditions.
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