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Abstract. This work demonstrated a facile and swift surfactant-free solvothermal synthesis of
BiOBr architectures at 170°C for 6h. The structure and morphology were probed through
diverse microscopy apparatus. The XRD result shows the obtained samples were
well-crystallized tetragonal phase of BiOBr architecture. SEM images display these
microspheres were distributed with a good polydispersity, even though most of them have
inconsistent diameters. UV-vis spectrum reveals the band gap energy is approximately about
2.87 eV. The PL spectrum of the obtained BiOBr tested at room atmosphere reveals the
strongest emission peaks appear at 469nm, which is in the visible region. On the basis of the
above results, BiOBr samples also exhibit excellent photocatalytic performance in
decomposing the organic dye RhB, which degradation efficiency reaches 99.7% after 50 min
under ultraviolet light irradiation.

1. Introduction

As a layer-structured semiconductor, bismuth oxybromide (BiOBr) with tetragonal matlockite
structure that [Bi,0,]*" slabs interleaved by double slabs of halogen atoms[1]. Besides this, bismuth
oxybromide is interesting, not only as a good catalysts for degrading rhodamine-B (RhB)[2] or methyl
orange (MO)[3], but also because of their special and excellent physical-chemical properties with
other potential applications in ferroelectric materials, pigments, and catalytic fields[4-6]. Generally
speaking, the properties of materials mainly rely on their size, structure, and dimensions. Considerable
efforts have been devoted to the fabrication of BiOBr. For example, Xiong and co-workers prepared
three-dimensional flower-like BiOBr nanoarchitectures through the direct transform of metallic Bi
nanospheres[7]. Cheng's group prepared BiOBr hollow microspheres via a one-step
Miniemulsion-Mediated route[8]. Zhang et al reported the synthesis of 3D flower-like BiOI nanoplates
by an simple EG-assisted solvothermal method[9]. Inspired by previous work, we proposed a facile
and mild surfactant-free solvothermal process to fabricate BiOBr microspheres. The optical and
photocatalytical preformances were examined by UV-vis spectroscopy and fluorometer.
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2. Experimental

2.1. Preparation of BiOBr Microspheres

Preparation of BiOBr Microspheres

All chemicals used in this work were purchased from the Shanghai Experiment Reagent Corporation
Ltd. and were utilized as received without any further purification. In a typical experiment, 1.5 mmol
Bi(NO3);-5H,O was mixed in 30 mL of ethylene glycol (EG) with vigorously stirring until
Bi(NO3)3-5H,O was dissolved completely. Then, 8.0 mmol NaBr was introduced into the former
solution with stirring at room temperature. Subsequently, a transparent precursor was obtained and
placed into a Teflon-lined stainless steel autoclave (50 mL), and then sealed and heated at 170°C for
6h at the same time. Finally, when the autoclave was cooled to room temperature naturally, the
resulting white precipitate was collected, then wash with deionized (DI) water and absolute ethanol
three times and dried at 80°C in air.

2.2. Photocatalysis Experiments

The photocatalytic efficiency of the obtained BiOBr samples was investigated by degrading
Rhodamine-B (RhB) under UV light irradiation (A=365nm), as described in our previous
works[10-11].

2.3. Materials Characterizations

The phase purity of the products were measured by X-ray diffractometer (XRD, Rigaku D/max 2500).
The overview of the sample morphology was characterized by scanning electron microscope (SEM,
Hitachi S-4800), in conjunction with a system of energy-dispersive spectroscopy (EDS) analysis.
Diffuse reflectance UV-vis of the powders were carried out by UV-vis spectrophotommeter (Shimadzu
2550), and photoluminescence (PL) spectrums were conducted by fluorometer (Hitachi F-4500) with a
Xe lamp as the excitation light source at room temperature. Moreover, the concentrations of the RhB
were measured by Shimadzu 2550 spectrophotommeter at 553nm during the photodegradation
process.

3. Results and Discussion

The XRD pattern of the product is shown in Figure 1(a). The narrow broadening of peaks displayed a
well-crystallized BiOBr material, and can be allocated to the tetragonal phase of BiOBr structure
(JCPDS card no.73-2061). Consistent with the XRD results, the EDS pattern illustrated in Figure 1 (b)
reveals the product includes Bi, O, and Br elements is approximately equal to 1:1:1.
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Figure. 1 Powder XRD (a) and EDS (b) patterns of BiOBr micropheres.
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The morphology of the BiOBr microspheres fabricated by a surfactant-free solvothermal method
are shown in Figure 2 (a-c). The SEM image with low-magnification manifests that the product
composes of numerous microspheres with diameters ranging from 2 to 6 pm. An individual BiOBr
microsphere is shown in Figure 2 (b)-(c) reveals the exterior surfaces of microspheres are not
obviously smooth but involve many radially grown nanosheets.

Figure. 2 SEM images in low-magnification (a), and a single BiOBr at various angle : (b) declivitous,
(c) left-oblique.

Figure 3 (a) depits the UV-vis diffuse reflectance spectrum of BiOBr microspheres. Assuming
BiOBr is an indirect semiconductor, the (ohv)"? versus photon energy hv curve for the BiOBr samples
can be shown in the inset of Figure 3 (a). The extrapolates value (the straight line to the X-axis) of
band gap energy (Eg value) at a = 0 gives an absorption edge energy corresponding to Eg = 2.87 eV,
which is in the visible light region. The Eg values were a slight different from the theoretic value (2.54
eV)[12], which could be ascribed not to the transition from the impurity to the conduction band but to
the intrinsic transition between the valence band and the conduction band.

The photoluminescence property of the flower-like BiOBr excited at 270nm at room temperature is
demonstrated in Figure 3 (b). It can be observed that the PL spectrums of the prepared samples are in
the visible region (390 - 550 nm). Moreover, the strongest PL emission peaks appear at 469 nm.
According to the literature[13-14], the PL intensity may be attributed to the morphology, particle size,
and surface defects.
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Figure. 3 UV-vis diffuse reflectance spectrum (a) and PL spectrum (b) of the flower-like BiOBr. Inset :
the (ohv)"- hv curve for the products.
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The variations of RhB concentration (C/Co) with different catalyst loading can be described in
Figure 4 (b). It is note worthy that the absence of both light source and catalysts are negligible for
efficient degradation. Therefore, as to photocatalytic activities, catalysts and illumination are of great
importance. Generally, catalyst loading plays a critical part in the control of recombination of holes
and electrons of BiOBr samples. Hence we probed with different catalyst loading ranging from 5 mg
to 20 mg, while the concentration of RhB and light source remained constant. The results clearly show
that the degradation efficiency reaches 89.2%, 96.1%, 99.7% for samples Smg, 10mg, and 20mg with
50 min, respectively. Thereby, the suggested catalyst dosage is 20mg.

Figure 4 (b) demonstrates the UV-vis spectra of RhB (10mg/L) degradation on BiOBr (20mg) for
time intervals of 0-50 min. The results show that the absorption peak diminishes progressively as the
exposure time increases and completely vanishes after 50 min, which means that 99.7% of the RhB
degradation was achieved in 50 min, which is consistent with UV and PL results.
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Figure. 4 (a) photocatalytic performances of different catalyst loading:5mg, 10mg, and 20mg. (b)
absorption spectra of a solution of RhB in the presence of the BiOBr products (20mg) under ultraviolet
light exposure.

4. Conclusions

In summary, flower-like BiOBr with high crystallinity are successfully synthesized by a simple
surfactant-free solvothermal method. Flower-like BiOBr in the rang of 2- 6 um were observed which
were confirmed by SEM analysis. UV-vis demonstrates the samples prepared at 170°C show the band
gap energy were about 3.07 eV. The PL spectrum indicates that the powders possess a strong and
broad emission in the visible region (390-550nm), in which the strongest emission peak appears at
469nm. The suggested catalyst loading is 20mg, which the degradation efficiency reaches 99.7% in
50min. The present work suggests that these 3D BiOBr architectures may be offer new potentials in
semiconductor photocatalysis, solar cells, optic and gas sensing applications.
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