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TOM TAT

TONG HQP VA NGHIEN CUU HOAT TiNH QUANG XUC TAC PHAN HUY
METYL DA CAM CAC VI CAU BiSbO, CO PINH HUONG MAT NGOAI {0 1 0}

Cdic mdu vét liéu BiShOy don pha duoc ché tao bdng qui trinh thuy nhiét o nhiét do thdb tir cdc tién chat:
Bi(NO3);, HNO3, Sb,0; va ethylenediaminetetraacetic acid (EDTA). Cic két qua do ddc trung bang cdc
phwong phdp nhiéu xa tia X, kinh hién vi dién tir quét va kinh hién vi dién tir truyén qua phdn gidi cao chi ra

rdng cdc mau di ché tao co chwa cac vi cau BiShOy ¢6 chira cdc hat nano dang hat gao cé dinh hudng mat

ngodi {0 1 0. Hién tiong ting dang ké hiéu sudt quang xiic tdc phdn iy metyl da cam ciia mau ché tao

bang phuong phd thiy nhiét so v6i mdu ché tao bang phwong phdp phdan img pha rn duwoc gid thiét la do ¢é

phan déng gép ciia cdc mdt ngoai {0 1 0} ciia cdc hat nano BiShO, dang hat gao.
Tir khéa: BiSbOg,vi cau, dinh huwéng mdt ngoai {0 1 0}, hoat tinh quang xdc tac.

1. INTRODUCTION

The recent intensive studies on finding out
alternatives to titanium dioxide in the field of
photocatalysis led to a variety of novel
photocatalysts including both UV and visible
light (Vis) photoactive materials [1-5]. Similar
to TiO,, for these photocatalysts, crystal facet
engineering has been applied as a novel
efficient  solution to  enhance their
photocatalytic activity and received much
attention currently [6-9]. It is indicated in
literature that for the case of photocatalytic
samples enclosed by certain exposed facets, the
surface energy of textured grains of these
samples is higher than that of random oriented
ones. As a result, these faceted grains enable to
accelerate photocatalytic process stronger due
to the adsorption-desorption rates of available
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species existing on the surface become faster
[10]. It should be mentioned that, in order to
engineering the shapes of photocatalysts to
possess desirable exposed facets, the presence
of structure-directing agents was often
necessary due to the fact that the facets with
high reactivity tendto diminish rapidly
to minimize surface free energy during the
crystal growth [11]. Considering the case of
Bi-based ternary oxides, a novel promising
photocatalyst for many applications such as
environmental remediations, water splitting,
CO, and energy conversion, the research
approach of crystal facet engineering was
employed for several UV- and Vis-photoactive
compounds. For the case of bismuth(lll)
orthovanadate, BiVOs, not only low- and high-
index facet exposed but also coexposed



photocatalysts were already designed to boost
the photogenerated charge separation, and as a
result, to increase the photocatalytic activity
under visible-light irradiation [12-14]. For
BiOX (X = ClI, Br, 1), another Bi-based Vis-
photoactive compound, many results on
tailoring its exposed crystal facets were found
in literature [15-18]. Bismuth(I11)
orthophosphate, BiPO.s, a UV-photocatalyst
with different low-index exposed facets and
enhanced photocatalytic activity were also
studied experimentally and theoretically [19,
20]. To the best of our knowledge, however,
the crystal facet engineering in both senses of
with and without structure-directing agents has
not been reported yet to enhance the
photocatalytic activity of BiSbO4, a potential
UV-photoactive compound [21-24].

We report herein the hydrothermal synthesis of
BiSbOs microspheres with {0 1 0}-exposed
facets. The photocatalytic activity of the
synthesized samples was also tested via methyl
orange photodegradation reaction under UV
irradiation.

2. EXPERIMENTAL

To synthesize BiSbOs, Bi(NO3)s-5H,0
(Aldrich), Sb,Os (Aldrich), HNOs; (BDH),
EDTA were used without further purification.
In detail, 0.146 g Sb,03; (0.5 mmol) and 0.292
g EDTA (1 mmol) were added into a beaker
containing 0485 g (1 mmol) of
Bi(NO3)3-5H,0 dissolved in a certain amount
of 4M HNOs during magnetic stirring. The
resulting mixture was subsequently transferred
into a 100-mL Teflon-lined stainless steel
autoclave, of which 75% of the volumetric
capacity was filled by deionized water. The
auctoclave was then heated at 160 °C for 24h
under autogenous pressure. After the
hydrothermal reaction finished and was cooled
down to room temperature naturally, the as-
prepared light yellow solids were filtered,
washed with distilled water until the neutral pH
was reached, and dried at 60 °C for 12 hours.
For the sake of comparison, the bulk BiSbO4
sample with random orientation was also
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prepared by using the traditional solid-state
reaction as described elsewhere [25].

The structural, microstrutural and optical
properties of synthesized samples were
characterized by X-ray diffraction (XRD,
Bruker D8 Advance diffractometer, CuK,
radiation (A = 1.5406 A)), high resolution
transmission electron microscopy (HR-TEM,
Jeol 2100), field-emission scanning electron
microscopy (FESEM, Hitachi S-4800) and
diffuse-reflectance UV-Vis spectrometry (DR-
UV-Vis, Jasco V670).

The photodegradation of methyl orange in
aqueous solution over the synthesized samples
(0.1 g) was carried out under UV irradiation
with a 70W UV lamp (A = 365 nm; light
intensity: 1.0 mW.cm=2). Prior to starting the
photocatalytic reaction, this solution was
stirred for 60 min in the dark before being
irradiated to gain an adsorption-desorption
equilibrium between the photocatalyst’s
surface. 5 mL of irradiated solution was
withdrawn at each interval of 30 minutes
during the photodegradation process. This
aliquot was then centrifuged to remove all
available suspended photocatalyst for methyl
orange concentration evaluation by using a
Shimazdu-1800 spectrometer.

3. RESULTS AND DISCUSSION

XRD patterns of the samples synthesized by
EDTA-assisted hydrothermal and solid-state
reactions were presented in Figure 1. It is
clearly that for both these samples, diffraction
peaks in XRD diagrams at 2-theta values of
27.29; 30.77; 33.37; 36.76 and 50.60° can be
indexed to (11-2);(112);(200); (020)and
(2 2 0) lattice planes of the monoclinic BiSbO4
phase (PDF card: 01-086-0126), respectively.
Interestingly, the (I 2 0))/ 11 1 2) intensity ratio
of (1 1 2) and (0 2 0) peaks of the
hydrothermal synthesized sample was 0.44,
pronouncedly higher than that (0.19) of the
standard pattern of monoclinic BiSbO,4 and of
the bulk sample also. Thus, it can be suggested
that by using Bi(NOs)s, HNOs;, Sbh,Os; as
hydrothermal precursors with the presence of
EDTA as a structure-directing agent, crystal



growth is preferably oriented along b-axis
crystallographic direction.

{0 1 0j-facet exposed BiShO.
Random-oriented bulk BiShO4
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Figure 1. XRD patterns of the {0 1 0}-facet exposed
and the random-oriented bulk BiSbO, samples
From the FE-SEM image shown in Fig. 2,
microspheres with average diameters of 4um
were found to dominate in the EDTA-assisted
hydrothermal synthesized sample. Moreover,
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Figure 2. SEM images of the {0 1 0}-facet exposed BiSbO4 sample with magnification of
a) 20,000 and b) 150,000

A)
Figure 3. A) HRTEM image of the {0 1 0}-facet exposed BiSbO4 sample; B) DRUV-Vis spectra and
Tauc’s plot of a) the random-oriented bulk BiSbO4 and b) the {0 1 0}-facet exposed samples

each of these microspheres was comprised of
nanoseeds with an average length of 60 nm and
width of 15 nm (Fig. 2, inset). In the HRTEM
image of a typical nanoseed, two observed
lattice fringes with the spacing of 0.27 and
0.19 nm and the interfacial angle of 79.0° were
corresponding to (2 0 0) and (0 0 6) planes of
BiSbO4, respectively (Fig. 3A). Based on
calculation from these data, the nanoseed was
concluded to be enclosed by {0 1 0} facets.
Thus, HRTEM analysis confirmed the

orientation grain growth along [0 1 Q]
crystallographic direction for
sample.

the studied
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The DRUV-Vis spectra and derived Tauc’s
plots of the {0 1 O}-facet exposed and the
random-oriented bulk BiSbO, samples were
demonstrated in Fig. 3B. The band gap energy
of the {0 1 O}-facet exposed BiShO, sample
was determined to be 3.30 eV while that of the
random oriented BiSbO, sample valued at 2.55
eV. The significant difference in band gap
energy of these two samples can be explained
by the existence of oxygen vacancies in the
bulk sample, similar to the published work
[25]. The photodegradation of methyl orange
over the {0 1 0}-facet exposed BiSbO4 sample
and the bulk counterpart under UV irradiation
was presented in Figs. 4 and 5. After 4 hours of
irradiation, the photodegradation efficiency of
the faceted BiSbO4 microspheres was as high
as 80 %, considerably superior to that of the
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bulk sample (16 %). The existence of {0 1 0}-
exposed facets was proposed to be the main
factor leading to the increase in dye
photodegradation efficiency of the {0 1 0}-facet
exposed BiSbO4 microspheres. The mechanism
of MO photodegradation reaction can be
described by the following steps, similar to that
reported in literature [14, 26, 27].

1) Under UV irradiation, BiSbO, absorbed
suitable irradiated photons to produce free
electrons ( Eq. (1)), which are then captured by
dissolved oxygen (O2) in aqueous medium to

produce free radicals like O3 and OH" (Egs. 2
and 3).

hv + BiSbO, — BiSbO,(h*) + e;z (1)
e” + 0, = 0f @
e” + 0, +2H" = OH (3)
0.08
——0 hour
——1 hour
0.06 | —— 2 hour
- ——3 hour
3 4 hour
_5 0.04 |
12
=]
2
<
0.02 |
0.00 e
300 400 500 600 700

Wavelength (nm)

b)

Figure 4. UV absorption spectra of the time dependent photodegradation of MO using: a) the {0 1 0}-
facet exposed and b) the random-oriented bulk BiSbO, as a photocatalyst

2) The methyl orange molecules, which were
adsorbed on the surface of BiShO,
microspheres (MO.4q), are oxidized by

photogenerated holes and other free radicals
such as 0;,0H to form photodegraded

products like CO,, H,O and other by-products.
MO_, + h* JOH /057 = CO, + H,0+
by—products

(4)
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Figure 5. Methyl orange photodegradation
under UV irradiation of: a) the {0 1 0}-facet
exposed and b) the random-oriented bulk

BiSbO4 samples.



4. CONCLUSION

The BiSbOs microspheres with {0 1 0}-
exposed facets were synthesized by
hydrothermal method at 160°C for 24 hrs from
Bi(NO3)s, HNOs;, Sbh,O3 and EDTA. The
photodegradation efficiency of the faceted
BiSbO, microspheres was as high as 80 %,
considerably superior to that of the bulk
sample (16 %). The significant increase in
methyl orange photodegradation efficiency of
the {0 1 O}-facet exposed BiSbO, sample in
comparison to the bulk one was probably due
to the existence of {0 1 0}-exposed facets.
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