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Abstract: A piezoelectric field promotes the photocatalytic activity of a photocatalyst by helping
separating photo-generated charge carriers. Wurtzite phase ZnO is a typical photocatalyst with a
piezoelectric property, thus self-assisted photocatalysis with ZnO based on the piezophototronic
effect can be achieved. ZnO nanorods or nanowires with a clear c-axis have been well studied,
while other morphologies have not been fully discussed. In this work, we prepared wurtzite phase
ZnO with four different morphologies. By comparing their photocatalytic activity for degradation
of Rhodamine B under the same mechanical energy source provided by ultrasound, the effect of
morphology and exposed facets on photo-induced charge separation were highlighted. The ZnO
nanowire photocatalyst delivered an impressive improvement in photocatalytic efficiency when
ultrasound driven, suggesting that the morphology-related piezophototronic effect had a positive
effect on separation of photo-generated charge carriers, and more exposed active facets benefitted the
utilization of charge carriers.

Keywords: ZnO; photocatalysis; morphology; piezophototronic effect

1. Introduction

Water pollution has become a hot issue in recent years. Toxic compounds in water can
cause an ecological crisis and negative effects on human health [1,2]. Organic pollutant,
such as dyes, antibiotics, and surfactants, are typical pollutants in effluent wastewater,
which mainly comes from paper, textile, and apparel industries [3]. Dyes usually have
complex chemical structures; they are stable to light and oxidation and are very difficult
to biodegrade; they are toxic to aquatic life and cause severe health hazards to human
beings. Thus, it is urgent to treat dyes before discharging them into water, or to remove
dyes in wastewater [4]. A variety of emerging technologies have been developed, such as
adsorption, precipitation, membrane separation, and electrodialysis [5–9]. Though these
conventional technologies are promising in practical applications, they suffer from low
efficiency, high cost, and secondary pollution [10]. In contrast, photocatalysis, as a new
environmentally friendly technology, has drawn a great attention due to its low cost and
green process [11]. So far, photocatalysis technology has been applied in many fields,
such as wastewater treatment [12,13], photocatalytic hydrogen generation [14,15], and
photocatalytic CO2 reduction [16,17]. In a typical photocatalytic process, the selectivity
for a photocatalyst is first taken into account. Many photocatalysts, such as TiO2 [18,19],
CdS [20–22], BiVO4 [23,24] and Ag2O [25,26], have been used for wastewater treatment.
Among them, ZnO is a typical semiconductor photocatalyst with a wide bandgap of
about 3.2 eV. It has advantages of being nontoxic, low-cost, and has easy-synthesis; how-
ever, it often suffers from a high recombination rate of photo-induced charge carriers in
photocatalysis, which decreases the photocatalytic efficiency and limits its practical appli-
cation [27–29]. Thus, searching effective techniques to avoid or alleviate the recombination
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of photo-induced charges in the ZnO photocatalyst has become a big challenge. Substantial
efforts have been devoted to this aspect, such as doping [30,31], designing Z-scheme het-
erostructure photocatalysts [32–34], and so on. The piezophototronic effect of a metal-ZnO
system was discovered in 2010, and revealed that the piezoelectric effect could significantly
enhance the Schottky barrier height, while photon excitation lowered the Schottky barrier
due to increased local carrier density, resulting in tuning piezoelectric polarization charges,
and thereby affecting carrier separation, recombination, and transport. [35]. As one of
the piezoelectric materials with photocatalytic activity, ZnO can generate a polarization
electric field upon piezo-excitation, which is beneficial for separating photo-generated
carriers in photocatalytic processes [36,37]. Furthermore, some works have introduced
ultrasonic wave as an irradiation energy source to vibrate the photocatalysts and enhance
their photocatalytic efficiency. For example, Bai et al. reported that ZnO nanorods created
a piezoelectric field under water flow, and the generated piezoelectric field enhanced the
photocatalytic activity [38]. Wu et al. designed a water flow-driven piezophotocatalytic
flexible film by bi-piezoelectric integration of ZnO nanorods and polyvinylidene fluoride
(PVDF), which presented a significant improvement in photocatalytic activity related to
piezoelectric property [39]. So far, most cases have focused on ZnO nanowires or nanorods
with wurtzite structure. This is because wurtzite ZnO nanowires have a clear c-axis, which
can deform under mechanical energy provided by tide or sonic effects and result in produc-
ing piezoelectric field on the surface [40,41]. However, the influences of morphology on the
piezoelectric filed of wurtzite ZnO has rarely been discussed.

In this current work, we synthesized four wurtzite ZnO samples with different mor-
phologies by varying the type and concentration of precipitants. Rhodamine B (RhB)
was used as a model dye to evaluate photocatalytic efficiency and enhancement brought
about by an ultrasound-produced piezoelectric field. A majority of prepared ZnO samples
showed improvement in photocatalytic efficiency upon ultrasonic vibration, implying that
the piezoelectric field induced by ultrasound produced a positive effect on suppressing the
recombination of photo-generated charge carriers. In particular, the impressively enhanced
photocatalytic efficiency of the ZnO nanowire photocatalyst under ultrasound indicated a
morphology influence on the piezoelectric field.

2. Results and Discussion

As shown in Figure 1a, the XRD patterns of samples with different morphologies
all fit well with the hexagonal wurtzite ZnO (JCPDS card no. 36-1451). The diffraction
peaks at 31.8◦, 34.4◦, 36.2◦, 47.5◦ and 56.6◦ are indexed to the (100), (002), (101), (102), and
(110) crystal planes of ZnO, respectively [42]. No extra peaks were detected in the XRD
patterns, implying high purity of these ZnO samples. The XRD patterns were all unified
by the intensity of the (101) crystal plane for each sample. The diffraction intensities of
other crystal planes were similar in four samples. The distinct and sharp peaks in the XRD
patterns suggested that the as-obtained ZnO samples had good crystallinity. The relatively
broaden peaks for the ZnO nanosphere sample indicated a relatively poor crystallinity,
which was attributed to the small crystalline size ~10 nm analyzed according to the Scherrer
Formula [43]. As shown in the Raman spectra (Figure 1b), there are two distinct peaks
at 334 and 436 cm−1, which can be assigned to E2

(low) (E2l) and E2
(high) (E2h) modes of

ZnO, respectively. The peak at 580 cm−1 is ascribed as E1 (LO) mode of ZnO [44]. No
detectable difference was identified in the Raman spectra, which further reveals similar
crystal structures of the as-obtained four ZnO samples.
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Figure 1. (a) XRD patterns of ZnO samples with four different morphologies. (b) Raman spectra of 
ZnO samples with four different morphologies. 

Figure 2 displays SEM and TEM images as well as morphology schematics of the 
ZnO samples. Due to different synthesis methods, the four samples had different mor-
phologies. As shown in Figures 2a–d, when using NaOH as a precipitant with a low con-
centration (0.1 M) during preparation, ZnO grew into short nanorods with a regular hex-
agon section (see Figure 2b). The corresponding HRTEM image shows a distinct lattice 
fringe with a d spacing of 0.247 nm, ascribed to the (101) plane of ZnO (Figure 2c). When 
increasing the concentration of NaOH to 1.0 M, the morphology of ZnO changed to nan-
owires with lengths of about 3–4 μm (see Figures 2e and 2f). The HRTEM image in Figure 
2g shows a well-defined lattice fringe with a d spacing of 0.247 nm, which can be indexed 
to (101) plane of ZnO. The exposure of the (101) plane on both ZnO nanorod and nanowire 
samples implies that they follow the same crystal growth direction. When using other 
precipitants, the ZnO morphologies were diverse. For example, when urea worked as a 
precipitant, ZnO was assembled as cabbage-like nanoclusters composed of nanoflakes 
(see Figures 2i–l). An individual nanoflake exhibited lattice fringes with d spacings of 
0.247 and 0.281 nm, which correspond to (101) and (110) planes of ZnO, respectively (see 
Figure 2k). The formation and assembling of ZnO nanoparticles with urea as the precipi-
tant was attributed to burst nucleation during the temperature controlled hydrolyzation 
of urea [45]. When TEOA was added as a surface modification agent, ZnO was assembled 
as nanospheres with diameters of 400–500 nm consisting of small nanoparticles (see Fig-
ures 2m–p). The nanoparticles had sizes of 20–30 nm as discussed in our previous work 
[46]. The nanoparticle displayed a lattice fringe with a d spacing of 0.191 nm, which can 
be ascribed to the (102) plane of ZnO.  

Figure 1. (a) XRD patterns of ZnO samples with four different morphologies. (b) Raman spectra of
ZnO samples with four different morphologies.

Figure 2 displays SEM and TEM images as well as morphology schematics of the ZnO
samples. Due to different synthesis methods, the four samples had different morphologies.
As shown in Figure 2a–d, when using NaOH as a precipitant with a low concentration
(0.1 M) during preparation, ZnO grew into short nanorods with a regular hexagon section
(see Figure 2b). The corresponding HRTEM image shows a distinct lattice fringe with a
d spacing of 0.247 nm, ascribed to the (101) plane of ZnO (Figure 2c). When increasing
the concentration of NaOH to 1.0 M, the morphology of ZnO changed to nanowires with
lengths of about 3–4 µm (see Figure 2e,f). The HRTEM image in Figure 2g shows a well-
defined lattice fringe with a d spacing of 0.247 nm, which can be indexed to (101) plane of
ZnO. The exposure of the (101) plane on both ZnO nanorod and nanowire samples implies
that they follow the same crystal growth direction. When using other precipitants, the
ZnO morphologies were diverse. For example, when urea worked as a precipitant, ZnO
was assembled as cabbage-like nanoclusters composed of nanoflakes (see Figure 2i–l). An
individual nanoflake exhibited lattice fringes with d spacings of 0.247 and 0.281 nm, which
correspond to (101) and (110) planes of ZnO, respectively (see Figure 2k). The formation
and assembling of ZnO nanoparticles with urea as the precipitant was attributed to burst
nucleation during the temperature controlled hydrolyzation of urea [45]. When TEOA was
added as a surface modification agent, ZnO was assembled as nanospheres with diameters
of 400–500 nm consisting of small nanoparticles (see Figure 2m–p). The nanoparticles had
sizes of 20–30 nm as discussed in our previous work [46]. The nanoparticle displayed a
lattice fringe with a d spacing of 0.191 nm, which can be ascribed to the (102) plane of ZnO.
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Figure 2. (a) SEM, (b) TEM, (c) HRTEM images, and (d) morphology schematic of ZnO short nano-
rods. (e) SEM, (f) TEM, (g) HRTEM images, and (h) morphology schematic of ZnO nanowires. (i) 
SEM, (j) TEM, (k) HRTEM images, and (l) morphology schematic of ZnO nanoflakes. (m) SEM, (n) 
TEM, (o) HRTEM images, and (p) morphology schematic of ZnO nanospheres. 

XPS spectra were analyzed to reveal the chemical binding states of elements in the 
ZnO samples (Figure 3). For the ZnO short nanorod sample, Zn 2p XPS spectra displayed 
two distinct peaks located at 1021.7 and 1044.75 eV, corresponding to the 2p3/2 and 2p1/2 
doublets of Zn2+ (see Figure 3a) [47]. O 1s XPS spectra could be deconvoluted into two 
peaks at 530.37 and 531.72 eV, which can be indexed to Zn-O and hydroxyl oxygen on the 
sample surface [48], respectively (see Figure 3b). The other ZnO samples with different 
morphologies (nanowires, nanoflakes, and nanospheres) showed similar Zn 2p and O 1s 
XPS spectra to the ZnO short nanorods (see Figures 3c–h), indicating that these four ZnO 
samples have similar chemical states of Zn and O.  

Figure 2. (a) SEM, (b) TEM, (c) HRTEM images, and (d) morphology schematic of ZnO short nanorods.
(e) SEM, (f) TEM, (g) HRTEM images, and (h) morphology schematic of ZnO nanowires. (i) SEM,
(j) TEM, (k) HRTEM images, and (l) morphology schematic of ZnO nanoflakes. (m) SEM, (n) TEM,
(o) HRTEM images, and (p) morphology schematic of ZnO nanospheres.

XPS spectra were analyzed to reveal the chemical binding states of elements in the
ZnO samples (Figure 3). For the ZnO short nanorod sample, Zn 2p XPS spectra displayed
two distinct peaks located at 1021.7 and 1044.75 eV, corresponding to the 2p3/2 and 2p1/2
doublets of Zn2+ (see Figure 3a) [47]. O 1s XPS spectra could be deconvoluted into two
peaks at 530.37 and 531.72 eV, which can be indexed to Zn-O and hydroxyl oxygen on the
sample surface [48], respectively (see Figure 3b). The other ZnO samples with different
morphologies (nanowires, nanoflakes, and nanospheres) showed similar Zn 2p and O 1s
XPS spectra to the ZnO short nanorods (see Figure 3c–h), indicating that these four ZnO
samples have similar chemical states of Zn and O.
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Figure 3. XPS spectra of (a) Zn 2p and (b) O 1s of ZnO short nanorods, (c) Zn 2p and (d) O 1s of ZnO 
nanowires, (e) Zn 2p and (f) O 1s of ZnO nanoflakes, (g) Zn 2p and (h) O 1s of ZnO nanospheres. 
Figure 3. XPS spectra of (a) Zn 2p and (b) O 1s of ZnO short nanorods, (c) Zn 2p and (d) O 1s of ZnO
nanowires, (e) Zn 2p and (f) O 1s of ZnO nanoflakes, (g) Zn 2p and (h) O 1s of ZnO nanospheres.
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The optical properties of four ZnO samples were analyzed by UV-Vis spectroscopy
(see Figure 4a). All samples showed similar absorption spectra with significant absorption
intensity below 400 nm wavelength, indicating that these samples mainly absorb UV lights.
The band gaps of the ZnO samples were calculated by following the equation [49]:

(αhν)2 = C (hν − Eg) (1)

where, α, h, ν, C, and Eg refer to absorption coefficient, Planck constant, frequency of
photon, absorption constant, and band gap energy, respectively. The intersection in the
abscissa axis for the linear fit in the graph between (αhν)2 and incident energy of photon
(hν) gave the Eg value [50]. The ZnO samples with different morphologies showed slightly
different band gap values of 3.18, 3.04, 3.15, and 3.05 eV for the ZnO nanorods, nanowires,
nanoflakes, and nanospheres, respectively. The difference may arise from different defect
states, especially the surface defects in the nanostructures with different morphologies. PL
spectra were recorded to evaluate the recombination property of photo-induced charge
carriers in different samples (see Figure 4f). At room temperature, four ZnO samples
all showed broad bands between 400 to 700 nm. The board emission characteristic was
attributed to the oxygen vacancies [51]. It was noted that the shoulder peak at 650 nm
of ZnO nanorods was due to band transition from Zni to Oi level [52]. Notably, the
short nanorod ZnO sample performed the highest PL intensity, indicating the heaviest
recombination of photo-generated electron-hole pairs. Other samples displayed decreased
PL intensities, suggesting the suppressed charge recombination.
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Figure 4. (a) UV-Vis spectra of four ZnO samples. (b–e) Plots of (αhν)2 versus photon energy (hν)
for (c) ZnO short nanorods, (d) ZnO nanowires, (e) ZnO nanoflakes, and (f) ZnO nanospheres. (f) PL
spectra of four ZnO samples.

BET surface areas of four ZnO samples were measured by testing N2 adsorption/desor-
ption isotherm at 77 K (Figure 5). The BET surface areas of ZnO samples follow the order:
nanoflakes (8.31 m2 g−1) > nanospheres (6.47 m2 g−1) > nanowires (4.32 m2 g−1) > nanorods
(2.86 m2 g−1). ZnO nanorods and nanowires have relatively lower BET surface areas,
consistent with their smooth surface and high-crystalline structure as discussed above
(Figure 2). The ZnO nanoflakes and nanospheres show higher BET surface areas, which are
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attributed to their nanoparticle-assembled structures. Moreover, the adsorption/desorption
isotherms for all the samples are quite similar, and no specific porous structures were
identified in the nanoflake or nanosphere samples. However, it was noted that the very
low BET surface areas of all the samples would not be the determinant for the adsorption
property of RhB.
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Figure 5. BET curves of (a) ZnO short nanorods, (b) ZnO nanowires, (c) ZnO nanoflakes, and
(d) ZnO nanospheres.

To investigate how morphology affected the photocatalytic efficiency and piezoelectric
properties of ZnO samples, RhB was used as a model water pollutant to test photocat-
alytic dye degradation. The piezoelectric effect was verified by comparing photocatalytic
performance with or without ultrasound. The photocatalytic degradation curves of ZnO
samples are shown in Figure 6. All samples delivered RhB photo-degradation activity. For
the ZnO short nanorod sample, RhB could be completely degraded within 30 min with or
without ultrasound. The photocatalytic efficiency was slightly improved with ultrasound
assistance (see Figure 6a). For the ZnO nanowire sample, the degradation of RhB showed
a similar tendency to that for the ZnO short nanorod sample. The RhB was degraded
within 20 min and an obviously increased degradation rate was detected with assistance of
ultrasound (see Figure 6b). The ZnO nanoflake sample showed comparable photocatalytic
activity for degradation of RhB as the above described two samples. However, ultrasound
did not affect the degradation rate in this case (see Figure 6c). In comparison, the ZnO
nanosphere sample showed relatively poor photocatalytic activity for degradation of RhB,
which required 60 min to finish degradation (see Figure 6d). However, under ultrasound,
the degradation rate was significantly increased.
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Figure 6. Photocatalytic degradation performance of (a) ZnO short nanorods, (b) ZnO nanowires,
(c) ZnO nanoflakes, and (d) ZnO nanospheres. (e) Ultrasonic degradation curves for all the ZnO
samples in dark. (f) Degradation enhancement of all samples compared at the points around 70%
degradation under S+L condition (L: light illumination only, S+L: light illumination with ultrasound).

As shown in Figure 6e, the ultrasound-derived degradation rates of RhB in dark for
the short nanorod, nanoflake, and nanosphere samples are all around 10%, but for the
nanowire sample, the degradation rate is around 18%. The enhanced degradation rate is
due to the piezoelectric effect of ZnO stimulated by ultrasound. The ZnO nanowire sample
possesses both the good crystallinity and easily-stimulated morphology, which endows
the best ultrasonic catalytic performance. As shown in Figure 6f, we took the points at
70% degradation under S+L condition for various samples to make comparison. The ZnO
short nanorod, nanowire, and nanosphere samples all showed significant improvements
under ultrasound. The ZnO short nanorod sample provided a ~15% improvement in pho-
tocatalytic efficiency assisted by ultrasound, which is comparable to ultrasound-derived
RhB degradation in the dark (~10%, Figure 6e). Thus, the improved photocatalytic prop-
erty of the ZnO nanorod sample assisted by ultrasound should be the combination of
photocatalysis and ultrasonic catalysis. Notably, the improved degradation rate under
ultrasound and light for the ZnO nanowire and nanosphere samples were both around
30%, which is much higher than the individual ultrasound-derived RhB degradation. This
indicates that ultrasound would enhance the photocatalytic process in this case instead
of the addition of the two kinds of catalysis. As discussed in our previous work [53], the
enhancement should come from the improved photo-induced charge separation in ZnO
driven by piezo-electric filed under ultrasonic vibration. Moreover, as discussed in the
previous work, the piezoelectric material of BaTiO3 works as the generator of driving force
for charge separation only, while the surface constructed photocatalyst of Ag2O performs
the catalytic process. Different from the heterostructure of BaTiO3@Ag2O, the piezoelectric
ZnO could combine the functions and work as a self-assisted photocatalysis based on the
piezophototronic effect. The ultrasound showed negative effect on the ZnO nanoflake
sample, which might be due to that the ultrasonic vibration affected the reaction process
via suppressing the adsorption of RhB molecules.

The degradation rate constant (k) was calculated using the equation ln(C/C0) = −kt.
The RhB degradation processes for various ZnO samples follow the pseudo-first-order rate
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law [54]. For the ZnO short nanorod sample, the photocatalytic degradation rate constants
(k) with and without ultrasound were calculated as 0.107 and 0.078, respectively. The
corresponding values for the ZnO nanowire sample were 0.208 and 0.117, respectively,
in agreement with the best photocatalytic property and the highest enhancement under
ultrasound for the ZnO nanowire sample. However, a negative effect of ultrasound on the
photocatalytic process was observed for the ZnO nanoflake sample, the k value decreasing
from 0.163 to 0.141 under ultrasound. Notably, for the ZnO nanospheres, the k value
doubled from 0.013 to 0.028 by involving the ultrasound during the photocatalytic process.
However, the photocatalytic efficiency of the ZnO nanosphere sample was the lowest
among all the studied ZnO samples. The above results indicate that different morphologies
resulted in different degradation rates. Moreover, the responses to the ultrasound-derived
piezoelectric effect in ZnO were different with the morphology change. The ZnO nanowire
sample with good crystallinity, more catalytic active surfaces, and excitable deformation,
delivered the highest piezophototronic effect and the best photocatalytic performance.

3. Experimental procedures
3.1. Materials

Chemical reagents (analytical grade), such as zinc acetate dihydrate [Zn(CH3COO)·2H2O],
zinc nitrate hexahydrate [Zn(NO3)2·6H2O], sodium hydroxide (NaOH), urea (CH4N2O),
triethanolamine (TEOA), were purchased from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China) and used without further purification. Distilled water and absolute
ethanol were used for preparing solutions and for washing the as-obtained samples.

3.2. ZnO Synthesis

Preparation of ZnO short nanorods: typically, 0.01 mol of Zn(CH3COO)·2H2O and
0.01 mol of NaOH were dissolved in 100 ml of distilled water separately; the concentration
of NaOH solution was 0.1 M. Then, they were mixed and kept at 90 ◦C for 40 min. After
the reaction, the white precipitate was washed by distilled water and ethanol several times
and finally dried in a vacuum oven at 60 ◦C for 12 h.

Preparation of ZnO nanowires: the preparation procedure was the same as that for
ZnO short nanorods as described above, except for increasing the dosage of NaOH to
0.1 mol, the concentration of NaOH is 1.0 M.

Preparation of ZnO nanoflakes: 0.2 mol of Zn(NO3)2·6H2O and 0.3 mol of urea were
dissolved in 40 ml distilled water and stirred for 2 h, then the mixture was put into a Teflon-
lined autoclave and maintained at 90 ◦C for 4 h. After the reaction, the white precipitate
was washed and dried.

Preparation of ZnO nanospheres: 1 g of Zn(CH3COO)·2H2O and 10 ml of TEOA were
added into 100 ml distilled water separately, then they were mixed and kept at 90 ◦C for
1 h. After the reaction, the white precipitate was washed and dried.

All above samples were calcined at 500 ◦C for 2 h in the furnace after drying to remove
the residual TEOA, as well as to improve the crystallinity of samples.

3.3. Characterization

X-ray diffraction (XRD) patterns of all samples were collected on a Bruker D8 Ad-
vance powder X-ray diffractometer (Cu Ka) at 2θ range between 25◦–60◦ with a 0.02◦

step interval. Raman spectra were measured using a WiTech alpha 300R confocal Raman
Microscopy. Scanning electron microscopy (SEM) images were taken on the Hitachi S-4800
field-emission scanning electron microscope. High-resolution transmission electron mi-
croscopy (HRTEM) images were collected using a JEOL JEM 2100 microscope operating at
200 kV. Photoluminescence (PL) spectra were measured by Edinburgh FLS 980. BET data
were recorded on the specific surface area and pore size analyzer (Micromeritics ASAP2460).
UV-Vis spectra were measured on an Agilent Cary 5000. X-ray photoelectron spectroscopy
(XPS) was performed using the Thermo Scientific ESCALAB 250Xi.
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3.4. Photocatalytic Property Evaluation

RhB is used as a model organic compound to evaluate the photocatalytic performance
of all prepared photocatalysts. The concentration of RhB solution was 30 mg L−1. Typically,
50 mL of RhB solution was mixed with 50 mg of photocatalysts and then stirred in the dark
for 30 min to make an adsorption/desorption equilibrium of RhB on the photocatalyst
surface. Then, the mixture was illuminated by a simulated sunlight with a 300 W Xenon
lamp. Samples were taken every 10 min from the photoreactor and centrifuged and
collected for the measurement of UV-Vis spectrophotometry. For ultrasound assisted
photocatalysis, the mixture was put into an ultrasonic machine where it was illuminated
by the Xenon lamp.

4. Conclusions

In this study, wurtzite ZnO with various morphologies was successfully prepared
by a hydrothermal method. RhB was used as a model dye to evaluate the influence of
morphology on photocatalytic activity. The ZnO nanowire sample presented a significant
improvement in photo-degradation of RhB upon ultrasonic vibration, revealing that the
good crystallinity and more exposed active facets benefited the piezoelectric property
of ZnO nanowires, thereby improving photo-generated charge separation induced by
piezophototronic effect. The self-assisted photocatalysis based on the piezophototronic ef-
fect was shown with piezoelectric-photocatalytic materials under ultrasonic treatment. This
work also highlights the influence of morphology on piezoelectric field and photocatalytic
efficiency, which may result in the new design of photocatalysts for water treatment.
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