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Abstract: A catalyst of ferroelectric-BaTiO,@photoelectric-TiO, nanohybrids (BaTiO,@TiO,) with enhanced
photocatalytic activity was synthesized via a hydrolysis precipitation combined with a hydrothermal approach. Compared
to pure TiO,, pure BaTiO, and BaTiO,/TiO, physical mixture, the heterostructured BaTiO,@TiO, exhibits significantly
improved photocatalytic activity and cycling stability in decomposing Rhodamine B (RhB) and the degradation
efficiency is 1.7 times higher than pure TiO, and 7.2 times higher than pure BaTiO,. These results are mainly attributed to
the synergy effect of photoelectric TiO,, ferroelectric-BaTiO, and the rationally designed interfacial structure. The
mesoporous microstructure of TiO, is of a high specific area and enables excellent photocatalytic activity. The
ferroelectric polarization induced built-in electric field in BaTiO, nanoparticles, and the intimate interfacial interactions at
the interface of BaTiO, and TiO, are effective in driving the separation and transport of photogenerated charge carriers.
This strategy will stimulate the design of heterostructured photocatalysts with outstanding photocatalytic performance via
interface engineering.
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promising techniques to address environmental
1 Introduction pollution and energy demands, in which solar

) ) ) energy can be directly converted into chemical
The increasing organic wastewater has brought

serious environmental pollution and health issues, energy for organic wastewater decomposition [3, 6].

and thus attracts substantial interest in decomposing 1€ semiconductor photocatalysis process mainly
and purifying wastewater [1-4]. Semiconductor contains generation and transportation of charge

photocatalysis is considered as one of the most carriers under light irradiation, which would further
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react with water to induce actives including
hydroxyl radicals (OHe) and superoxide anions
(*O,) to decompose organic pollutants [7]. An
efficient  photocatalyst should possess the
characteristic of broad optical adsorption range,
effective  charge-carrier separation,

stability [8].
semiconductor photocatalysts, such as ZnO [9],
Fe,0, [10], WO, [11] and CdS [12], TiO, is one of

the potential photocatalysts which are widely

and good

chemical Among  various

studied due to their strong catalytic oxidation, non-
toxic feature and low price [13]. Moreover, the large
specific area of mesoporous TiO,nanoparticles is
another favorable factor for generating large
quantities of active sites for photocatalytic reaction,
which has been taken place on the surface of
photocatalyst [14]. However, photogenerated charge
carriers are loosely bound by the Coulomb force and
tend to recombine within femtoseconds, resulting in
low quantum yield of TiO, and
photocatalytic efficiency due to the low transfer rate
of surface charge carriers and quick recombination

rate of electron-hole pairs [15]. Furthermore, great

limited

efforts have been exploited to in-situ synthesis of

heterostructured  photocatalysts to  reinforce
interfacial interactions and boost more efficient
carrier transfer [16, 17].

Recently, heterostructured ferroelectric
photocatalysts have been widely reported. The
ferroelectric polarization-induced built-in electric
field causes a mismatch in the electrochemical
potential of surface electrons, which accelerates
separation and migration of photogenerated carriers
in opposite directions. The built-in electric field
drives the separation of holes and electrons,
recombination of

resulting in inhibiting the

charge carriers and prolonging the lifetime.

Heterostructured  photocatalysts composed of
ferroelectrics core and nanostructured TiO, shell
displayed an improving photocatalytic activity for
hydrogen production and pollutants
degradation [18, 19]. Large polarization renders the
typical BaTiO, as a promising
candidate to construct a heterojunction combined
with TiO,. The ferroelectric polarization-induced

organic

ferroelectric

built-in electric field at the interface will drive the
transfer and separation of charge carriers. FENG et

al [20] and YANG et al [21] validated the positive
effect of built-in electric field on suppressing charge
recombination in dye-sensitized solar cells and
photoelectrochemical photoanodes,
HUANG et al [22]
heterostructured PZT/TiO,
photocatalytic activities with high photochemical
stability under visible light irradiation. WANG et al
[23] and SU et al [24] succeeded in synthesizing
Fe,0,@TiO,-BaTiO, ferroelectric nanohybrids and
SrTiO,/TiO, nanotubes by hydrothermal method for
the acquirement of highly efficient photocatalysts.

respectively.
demonstrated  that

possesses  efficient

In addition, ferroelectric photocatalysts have been
prepared and studied intensively, e. g., core-shell-
heterostructured BaTiO,/Fe,O, [25] and PbTiO,/TiO,
[22] nanoparticles were prepared by conventional
sonochemical and sol-gel method; heterostructured
BiFeO,/TiO, [16] and (Ba, Sr)TiO,/TiO, [18] were
synthesized via a hydrolysis precipitation
processing combined with a hydrothermal approach.

While it is well-accepted that the interfacial
contact region between two phases is fundamentally
related to the transfer behavior of charge carriers,
and the interface structure and interfacial interaction
have great effects on the efficiency of charge
transfer, but little attention has been focused on the
effect of interfacial interaction between ferroelectric
BaTiO, and mesoporous TiO, on photocatalytic
efficiency. In this work, a novel ferroelectric-
BaTiO,@photoelectric-TiO,

designed  and

photocatalyst is
synthesized by  hydrolysis

precipitation combined with a hydrothermal
approach. By comparing structures and properties of
BaTiO,/TiO, physical mixtures and heterostructured
BaTiO,@TiO,, the synergy effect of photoelectric
TiO, and ferroelectric BaTiO,, as well as their
interfacial interactions, has been revealed. It is
supposed that the ferroelectric spontaneous
polarization-induced built-in electric field can act as
an influential driving force for promoting the
separation of photogenerated charge carriers.
Furthermore, the effect of interfacial coupling
between BaTiO, and TiO, is also clarified evidently.
The photocatalytic performance of BaTiO,@TiO,
nanohybrids is

largely enhanced by the

heterostructure design.
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2 Experimental

2.1 Materials preparation

Stober method [26] was adopted to construct
multifunctional heterostructure with ferroelectric
BaTiO, core and mesoporous TiO, shell. BaTiO,
(99%, Sakai
with a diameter of 50-150 nm were obtained
commercially. Figure 1 illustrates the synthesis
process of the heterostructured BaTiO,@TiO,
photocatalysts. ~ BaTiO,  nanoparticles
ultrasonically dispersed in ethanol, followed by the
addition of hexadecylamine (HDA, 90%), which
acts as a surfactant to adsorb on BaTiO, surfaces
and form isolated nanoparticles. Then ammonia was
added and stirred at room temperature for 10 min

nanoparticles Chemical Industry)

WEre

for a homogeneous solution. Hydrolysis product
(TiO,) was obtained by the hydrolysis reaction of
titanium isopropoxide (TIP, 95%). After that, a class
of inorganic-organic composites (BaTiO,@TiO,/
HDA) was synthesized by the reaction of TiO, with
in HDA molecules. The
hydrophobic long carbon chains of HDA are

the amino groups
favorable for the formation of mesoporous TiO,
(Figure 1). The prepared products of BaTiO,@TiO,/
HDA nanocomposites were centrifugally collected,
washed, and then dispersed in a mixture of ethanol
and DI water. The resulting mixtures were sealed in
a Teflon-lined autoclave (50 mL in capacity) and

species. After cooling down to room temperature,
the heterostructured BaTiO,@TiO,
were obtained. For investigating the interfacial
interactions in heterostructured BaTiO,@TiO,, the
optimized weight ratio of 1.2:1 of BaTiO, to TiO,
was selectedas reported in our former studies [27].
The pristine TiO,was obtained by hydrolysis of TIP

nanohybrids

in the same experimental conditions. BaTiO, and
TiO,with a weight ratio of 1.2: 1 were mixed into
ethanol solution. The obtained suspensions were
stirred for 0.5 h, sonicated for 12 h, and then baked
at 80 °C for 10 h to obtain BaTiO,/TiO, physical
mixtures.

2.2 Characterization

X-ray (XRD, DX-2700
diffractometer) using Cu K, radiation (35 kV-
25 mA) was applied to investigate the phase
structure of as-prepared products. The morphology

diffraction

was investigated by a high-resolution emission
transmission electron microscope (HRTEM, JEM-
2100F, Japan) and field-emission scanning electron
microscope (FESEM, JSM-7800F, Japan). The
ferroelectric nature of BaTiO, was performed by
piezoresponse force microscope (PFM, Asylum
, USA) via running a phase-
voltage hysteresis and amplitude-voltage butterfly

Research, Cypher ™

loops. Quadrasorb 2MP was used to characterize the
Brunauer-Emmett-Teller (BET) surface areas using
N, as the adsorption gas. The RhB decomposition

heated at 160 °C for 16 h to remove the organic rates were figured out wusing a UV-vis
f —> NH;-H,0
HDA TIP
BaTiO; | 30 min 10 min 160 °oC BaTiO;@TiO,
l6h

BaTiO;

BaTiO,@TiO,/HDA

Heterostructured BaTiO,@TiO,

Figure 1 Schematic illustration of preparation procedure for heterostructured BaTiO,@TiO,
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spectrophotometer (Persee T10, Auburn, CA, USA)
to record the calibration curve with the wavelength
ranging from 300 nm to 700 nm.

2.3 Photocatalytic test

RhB solution (50 mL, 15x10™°) was selected to
evaluate the photocatalyst activity under UV light
irradiation. 30 mg as-prepared photocatalysts were
dispersed in RhB solution. The mixed solution was
stirred for 30 min in darkness and then transferred
to a centrifuge tube which exposes to UV radiation.
During the entire experimental process, a UV
spotlight source (L9566-02, Hamamatsu Photonics,
Japan) equipped with a 200 W mercury-xenon lamp
and a 280-400 nm filter were used for the
illumination. The reaction mixture of 3 mL was
extracted every 30 min, and then transfer red to a
centrifuge tube to remove the photocatalyst by high-
speed centrifugation. The degradation rates were
calculated according to the absorption spectra
measured by UV-Vis spectroscopic measurements in
the range of 300-700 nm.

3 Results and discussion

3.1 XRD analysis of photocatalysts

Figure 2 shows the XRD patterns of pure
BaTiO,, pure TiO,, BaTiO,/TiO, physical mixtures
and heterostructured BaTiO,@TiO,. All diffraction
peaks can be indexed as well-crystallized perovskite
BaTiO, (JCPDS 05-0626) and anatase (JCPDS 21-
1272) TiO,. The main peaks of (110) at 31.5° can be
indexed to the pure tetragonal phase of BaTiO,. The

S

= ~ BaTiO;
e £ 8= a8 §asg
s LA S A B¢

‘ A A A A

\

| BaTiO4/TiO,

\ BaTiO,@TiO,

TiO;
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@11)
(204)
(301
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260/(°)
Figure 2 XRD patterns of photocatalyst of BaTiO,, TiO,,
BaTiO,/TiO, physical mixtures and heterostructured
BaTiO,@TiO,

tetragonal structure and moderate size dimension
(50-150 nm) endow BaTiO, possess a spontaneous
(P=27 uC/em’) and
ferroelectricity at room temperature that can induce
a built-in electric field [28]. The characteristic peaks
at 25.2°, 38.5° and 48.0° in the XRD spectra
correspond to the characteristic planes (101), (004)

polarization excellent

and (200) of anatase TiO,, respectively. Compared
with rutile TiO,, the formed anatase TiO, exhibits
better photocatalytic activity due to the longer
carrier lifetime [29]. No impurity peaks were
observed in BaTiO,/TiO, physical mixtures and
heterostructured BaTiO,@TiO,, indicating that no
secondary phases are produced between the
interface of BaTiO, and TiO,. The resulting phase
a Dbenefit for excellent

structure is gaining

photocatalytic performance.

3.2 Morphology of photocatalysts

Figures 3(a)-(f) present microstructures of
BaTiO,, TiO,, BaTiO,/TiO, physical mixtures and
heterostructured BaTiO,@TiO, by FESEM and
HRTEM. The average diameter of pure BaTiO, and
TiO, was around 120 nm and 430 nm, respectively.
In BaTiO,/TiO, physical
agglomerating BaTiO, nanoparticles tend to fill the

mixtures, self-

gap formed by the spherical agglomeration of TiO,
(Figure 3(c)). Thus, the
BaTiO,and TiO, is in random contact and easier to
break and disappear, BaTiO,and TiO, particles exist
in isolation. The composition of BaTiO, and TiO,

interface  between

can be verified by the energy dispersive X-ray
spectrometry (EDS) spectra (Figures 3(g) and (h).
Unlike the good dispersion and smooth surface of
pure BaTiO,, large aggregates and fuzzy grain
boundaries are observed in heterostructured
BaTiO,@TiO, (Figure 3(d)). This is related to the
characteristics of TiO, that nano-scale grains with
mesopores generate a high surface
Figures 3(d)-(f) show the representative structure
of  heterostructured  BaTiO,@TiO, by the
characterization of HRTEM and indicate that TiO,
has been coated on the surface of BaTiO, tightly.
The size dimension of BaTiO, is above a critical

arca.

size of 5—10 nm, which enables the ferroelectricity
of BaTiO, [30]. The
depletion layer width less than 100 nm allows the
polarization-induced built-in field to penetrate

at ambient temperature
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0:283 nm
— BaTiO; (110)

Element wt/% Element wt/%

Ba 23.24 Ba 0.57
Ti  22.64 Ba Ti 2371 Ba
0 5412 _ o 7572 .
Tatal 100 Ti Ba Tatal 100

1 2 3 4 45 6
Energy/keV

Energy/keV
Figure 3 SEM images of TiO, (a), BaTiO, (b), BaTiO,/TiO, physical mixtures (c), heterostructured BaTiO,@TiO, (d);
(e, f) FETEM images of heterostructured BaTiO,@TiO,; (g, h) EDX spectra of Position 1 and Position 2, which represent

BaTiO, and TiO,, respectively

HRTEM image in Figure 3(f) reveals the

through the interfacial layer and promote the
heterostructure of BaTiO,@TiO,, a lattice spacing of

separation of electron hole pairs (Figure 3(f)).
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0.283 nm is corresponding to the (110) plane of
tetragonal BaTiO,, and of 0.192 nm in agreement
with the (200) plane of anatase TiO,, which matches
the XRD results. As a result, an intimate contact has
been formed at the interfacial region of BaTiO, and
TiO, in BaTiO,@TiO, Such a
heterostructure possesses better mechanical strength

nanohybrids.
to avoid the corruption of the interface.

3.3 Ferroelectricity of BaTiO, nanoparticles

In order to better illustrate the ferroelectric
characteristics of BaTiO, in the heterostructured
BaTiO,@TiO,, PFM was employed to directly
examine the ferroelectricity of BaTiO, nanoparticles
(Figure 4) [23]. The morphology, amplitude and
phase images of BaTiO, were displayed
4(a)=(c),
agglomerated particle morphology of BaTiO, was
found in morphology image and clear contrasts

n

Figures respectively.  Spherical and

were detected both in amplitude and phase images
of BaTiO,. The obvious piezoelectric signals with

10 nm

= -10 nm

Phase/(°)
135

1 pmx1 pm

Phase/(°)

135

O
(=]

N
()]

alternating brightness and clear contrast are related
to the domain structures of BaTiO,. The amplitude
and phase image testify
property of  BaTiO,nanoparticles
temperature. Switching spectroscopy piezoresponse
force microscopy (SSPFM) loops (Figure 4(d))
subjected to DC voltage (+14.5 V) were measured
to investigate the local switching behavior of

intrinsic  ferroelectric

at room

BaTiO,. The blue and red lines represent phase-
voltage hysteresis and amplitude-voltage butterfly
loops of BaTiO,, respectively. A perfectly square
phase-voltage hysteresis loop indicates the typical
180° domain switching and amplitude-voltage
butterfly loop demonstrates the electrostrictive
characteristic, further confirming the intrinsic
ferroelectric property of BaTiO, [20, 31]. The
SSPFM loops are shifted to negative voltage
indicating that BaTiO, generates a downward
oriented built-in electric field. The built-in voltage
V=V, +V,)/2=4YV) is calculated according

to the coercive  voltages ~10.5V,
150 pm
1 pmx1 pm |
-150 pm
d
HD) r 41800
i 11350 3
G
Q
=
- {900 £
o
g
<
- 1450
1 1 1 1 1 0
30 20 -10 0 10 20 30
Voltage/V

Figure 4 Characterization of ferroelectric property of BaTiO,: (a) Topographic image; (b) Amplitude image; (c) Phase

image; (d) Representative phase-voltage hysteresis loop (blue) and amplitude—voltage butterfly loop (red)
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V. =~-18.5 V), which would lead to a built-in
electric field and thus provide a driving force for
promoting the charge carriers separation [32, 33].

3.4 Performance of photocatalysts

Photocatalysts with large BET surface areas are
beneficial for generating more active sites for redox
reaction, which can degrade organic pollutants. As
shown in Figure 5, the BET surface area of BaTiO,,
TiO,, BaTiO,/TiO, and BaTiO,@TiO, are
34.08 m’/g, 73.48 m’/g, 39.71 m’/g and 35.77 m’/g,
respectively. The mesoporous structure of TiO,
induces the highest BET surface area, and the pure
BaTiO, with a smooth surface delivers the lowest
value, whereas the median values are obtained in
both  BaTiO,/TiO, physical mixtures and
heterostructured BaTiO,@TiO,. BaTiO,@TiO, with
the slightly lower BET surface area possesses larger
photocatalytic efficiency (Figure 6) than BaTiO,/
TiO, physical mixtures. This phenomenon can help
us to reveal the paradoxical effect of decomposition
efficiency (D) by designing heterostructured
BaTiO,@TiO,.

100

80

73.48

60

39.71

il

BaTiO, TiO, BaTiO4/TiO, BaTiO;@TiO,
Figure 5 BET surface area of BaTiO,, TiO,, BaTiO,/
TiO,  physical
BaTiO,@TiO,

40

20

Specific surface area/(m?-g™")

0

mixtures and heterostructured

The D can be explained as:D = (1 - C,/C, )*

100%, where C, and C, are the initial and actual
concentrations of RhB after performing different
irradiation  time intervals, respectively. To
investigate the enhancement in the photocatalysis
property of heterostructured BaTiO,@TiO,, D of
RhB in the presence of photocatalyst BaTiO,, TiO,,
BaTiO,/TiO, physical mixtures is systematically

measured for comparison (Figure 6). BaTiO,/TiO,

Degradation efficiency/%

0
BaTiO,@TiO,
BaTiOy/TiO,

3 .
0 ¢/
2.0
(b)
BaTiO;@TiO,
1.6 /E
- | -
[I)o 1.2 P —
8 g T BaTiO3/Ti02
£ 08 i
T TIOZ
A,/'A
A—
04r
BaTiO,
of —
80 120

t/min
Figure 6 Comparison of decomposition efficiency (a)
and degradation rate (b) of RhB with different
photocatalysts under UV light irradiation

physical mixtures are composed of commercial
BaTiO, and hydrothermal synthesized mesoporous
TiO,, which are prepared using the same hydrolysis
reaction followed by the hydrothermal process.
Figure 6(a) indicates that the D of heterostructured
BaTiO,@TiO, is the
photocatalysts investigated herein. BaTiO, exhibits
a slight degradation with the increasing degradation

largest among the

time. Only 18% of the initial wastewater was
degraded under 120 min, which is supposed to be
related to the smooth, low BET surface area
(34.8 m’/g) and low photocatalytic activity of
BaTiO, (Figure 5). The pristine TiO, with a high
BET surface area (73.48 m’/g) can degrade almost
55% of the

initial wastewater at the same

conditions. Comparatively, both BaTiO,/TiO,
physical mixtures and heterostructured
BaTiO,@TiO, exhibit significantly higher D
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compared with that of single-phase photocatalysts,
which can degrade almost 67% and 80% of the
initial wastewater, respectively. Ideally, when TiO,
was  physically mixed with BaTiO,, the
photocatalytic activity should be decreased due to
the smooth surface of BaTiO,, but we found an
in BaTiO,/TiO, physical
mixtures, which can be explained as following
reasons. First, the weakened catalytic activity can be
compensated by the cooperation effects of the

abnormal D increase

increased surface area by TiO, deagglomeration and
the polarization-induced built-in electric field by
BaTiO,. Second, the built-in electric field can
promote the separation of generous photo-induced
carriers which are related to the increased surface
area. These typical results illustrate the synergistic
effect of mesoporous TiO, and ferroelectric BaTiO,.
Due to the good dispersion property and intimate
interfacial contact, the heterostructured
BaTiO,@TiO, exhibits much more efficiency than
BaTiO,/TiO, physical mixtures. The facilitation of
this unique structure on RhB decomposition is
ascribed to the polarization-induced built-in electric
field generated in BaTiO,. The built-in electric field
can penetrate the interfacial region and TiO, shell to
drive the

carriers, reduce the recombination rate of the

separation of photo-induced charge
electrons and holes, and then degrade the pollutants
effectively. The calculated degradation rates of RhB
are shown in Figure 6(b), where the BaTiO,@TiO,
possesses the largest degradation rate due to the
accelerated separation of photo-induced -carriers
determined by the interfacial built-in electric field.
The cycling stability of photocatalysts was also
characterized by investigating their cyclic property
using the catalysts of pure TiO,, BaTiO,/TiO,
physical mixtures and BaTiO,@TiO, nanohybrids.
Thus, four cyclic experiments were conducted to
clarify the photo-catalytic activity and stability
under UV light. A series of absorption spectra of
RhB solution are portrayed in Figure 7. For all three
catalysts, the intensity of the maximum absorption
peak of RhB solution at 554 nm weakens under the
application of UV irradiation, indicating a rapid
decomposition of RhB solution during 120 min. The
insets of Figures 7(a), (c) and (e) show the color
change of RhB with different irradiation time,
which fades gradually after undergoing 120 min.

The photocatalytic activity and stability of
BaTiO,@TiO, nanohybrids are much higher than
that of pure TiO, or BaTiO,/TiO, physical mixtures;
the degradation efficiency increases from 44% to
52%, 33% to 40%, and 20% to 23%, which indicate
that the degradation efficiency decreased by 14%,
10% and 3% for pure TiO,, BaTiO,/TiO, physical
BaTiO,@TiO,
spite  of the
photocatalytic activity, the cycling stability of
BaTiO,@TiO, is improved obviously under UV
irradiation, after four cycles of photocatalytic, only

mixtures and nanohybrids,

respectively. In increase in

3% decrease in photocatalytic activity. These results
built-in field generated in
heterostructured BaTiO,@TiO, can maintain photo-

demonstrate the

induced carrier separation preferable. Simple
physical mixing of photocatalyst and TiO, has been
employed to improve the photocatalytic efficiency;
the momentary random collision of

heterophase particles induces the poor electron

however,

transfer characteristic and limit enhancement of
photocatalytic efficiency [34]. Furthermore, the
constructed heterostructure of physical mixtures
tends to be destroyed in the solution.

The semiconductor photocatalysis process
mainly contains generation and transportation of
charge carriers under light irradiation, which would
further react with water to induce actives including
hydroxyl radicals (OHe) and superoxide anions
(*O,) to decompose organic pollutants. Suppressing
charge recombination and improving carrier
transport by ferroelectric polarization-induced built-
in electric field was designed in this work. The
separation of carriers is promoted because the built-
in electric field can penetrate the TiO, when its
thickness is less than the depletion width (~100 nm).
Taking the depletion width of 100 nm, the built-in
electric field approved by SSPFM is 40 V/um,
which is consistent with the built-in electric field
estimated by adopting the classical dipole field
study [26].

illustrates a schematic of the polarization-induced

model in our previous Figure 8
built-in electric field in charge separation and
transfer. The enhancement of photocatalytic
activities of BaTiO,@TiO, is attributed to the
accelerating separation of carriers, which are driven
by the built-in field force generated by spontaneous
polarization. The charge carriers tend to transfer
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Figure 7 Absorption spectra (a, ¢, ¢) of RhB solution under UV irradiation and their cyclic degradation curves (b, d, f) in
the presence of (a, b)TiO,, (c, d) BaTiO,/TiO, physical mixtures and (e, f) heterostructured BaTiO,@TiO,(The insets in
Figures 7 (a, c, e) display the color change of RhB solution during the photocatalysis process)

through  the interface of  heterostructured
photocatalyst. Thus, the thickness of TiO, and the
size of interface contact area become the key-point
for photocatalytic activity. As shown in Figure 8§,
BaTiO,@TiO,
showed good dispersion and large contact area. By
contrast, nanosized BaTiO, and mesoporous TiO,

heterostructured nanoparticles

tend to aggregate and form ball-liked clusters in
BaTiO,/TiO, physical mixtures. The agglomeration
will reduce the interfacial contact area and induce

large  quantities of electrons and  holes
recombination. Furthermore, TiO, with large size
dimension (430 nm) is not beneficial for penetration
of the built-in electric field, and thus the
enhancement of photocatalytic activity is limited.
Therefore, the interface structure and interfacial
interaction greatly affect the efficiency of charges
transfer and separation, which in turn determine the
photocatalytic efficiency of the heterostructured

photocatalyst.
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Figure 8 Schematic illustration of built-in electric field in charge separation and transport of BaTiO,/TiO, physical

mixtures and heterostructured BaTiO,@TiO,

4 Conclusions

In  summary, we have
heterostructured hybrid

hydrothermally coating mesoporous TiO, onto the

designed a
photocatalyst by

surface of ferroelectric BaTiO, nanoparticles. The
BaTiO,@TiO, exhibits
significantly improved photocatalytic activity and

heterostructured

photostability in organic pollutants degradation. The
improvements in photocatalytic performance are
ascribed to the synergistic effect of polarization-
induced built-in electric field generated by BaTiO,,
the high photocatalytic activity of mesoporous TiO,
and the intimate interfacial contacts. The interface
structure and interfacial interaction affect the built-
in electric field greatly, and further influence the
separation and transfer of charge carriers, which
result in improving photocatalytic efficiency.
Coupled with the simplicity and scalability of
preparation, this work provides an efficient route to
develop heterostructured photocatalysts with high
photocatalytic activity by rational manipulation of

interfacial interactions.
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i R R 45 Bk F AR AL 1 585 S 4544 BaTiO,@TiO, JefE AL L fE

FEE: KK ARUTUE 45 5 /K AAIE R RO A A 175 1 38 5 (1) 2k FE -BaTiO, @'t HE-TiO, 4 K 2 Ab A fiE AL 71
(BaTiO,@Ti0,). 54l TiO,. 4 BaTiO, Al BaTiO,/TiO, MR S WIAH L, K5 5 45 K 1 BaTiO,@TiO,
PR 2 FEI B (RhB) G Ak 3G PE RN A A2 e 19 2R T, OB AL PR AR ROR 2 41 Tio, ) 1.7 f5, 4
BaTiO, ) 7.2 f5. JYetEALBE MR BCR (3R TH 5% HL TiO, 42k i BaTiO, K 9 2 Fi 1T 45 A4) 110 i [ 2660 2 A 5%
LIS F 1 TiO, PR w5 1 bl T AR T 2L A8 P S R AR TS P - 992K BaTio, (R Bk B AR AL 7= AE I N L3
J% BaTiO, 5 TiO, [A]'& % ) L 1H AH ELAE FH A R AR BE Y6 A2 3R T 10 2 A ALy .l i 9% F i T REH
TRt B 0 e A R 55 R 45 BB AL A BT 5 T R

XA 7L BaTiO@TIO,; Britlfes FMAHEAER]; SLhEILETE



