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OOH/ZnBiTaO5 heterojunction
photocatalyst with enhanced photocatalytic
performance toward enrofloxacin

Panqi Huang b and Jingfei Luan*ab

In this work, a GaOOH/ZnBiTaO5 heterojunction photocatalyst was synthesized innovatively and

characterization techniques including XRD, SEM-EDS, XPS, FT-IR, PL and UV-Vis DRS were carried out to

analyse the structural and morphological properties of the GaOOH/ZnBiTaO5 heterojunction

photocatalyst. The GaOOH is dispersed on the surface of ZnBiTaO5 to form a heterojunction structure

according to the SEM image. The band gaps of 10 wt%, 25 wt% and 50 wt% GaOOH/ZnBiTaO5

heterojunction photocatalysts were calculated to be 3.21 eV, 3.22 eV and 3.23 eV, respectively, which

were between the band gaps of pure ZnBiTaO5 (3.19 eV) and pure GaOOH (4.76 eV). The photocatalytic

performance of the GaOOH/ZnBiTaO5 heterojunction photocatalyst was investigated by degrading

enrofloxacin under ultraviolet light. The results showed that the as-prepared 25 wt% GaOOH/ZnBiTaO5

presented optimal photocatalytic performance and could remove 58.27% of enrofloxacin in 60 min,

which was higher than that of pure ZnBiTaO5 (53.7%) and pure GaOOH (35.4%). In addition, it was

confirmed that cO2
�, h+ and cOH were all the active radicals during the degradation process. Finally, the

possible degradation mechanism of enrofloxacin was discussed in detail. This work provided a viable

strategy for improving the photocatalytic performance of wide band gap semiconductors.
Introduction

Recently, water pollution caused by the extensive use of anti-
biotics has become one of the most urgent problems to solve. In
many advanced oxidation methods, photocatalysis technology
is an effective, environmentally friendly and low-cost method
for treating environmental pollutants.1–8 Up to now, a large
number of semiconductor materials, such as metal oxides
(Bi12TiO20, K6Nb10.8O30, BiVO4),9–11 have been identied as
active photocatalysts. However, there are still some shortcom-
ings that hinder the practical application of photocatalytic
technology, which makes it necessary to design new photo-
catalysts to increase their potential for practical
applications.12,13

Among many types of metal oxides, mixed oxides, have been
found to have good photocatalytic properties.14–19 According to
the previous reports, many polymetallic compounds that had
a pyrochlore-type structure, such as Bi2InTaO7,20 Ca2Nb2O7,21

Y2GdSbO7 (ref. 22) and ZnFe2O4,23 showed good photocatalytic
properties toward organic contaminants. Carta et al. prepared
CoAl2O4 lms and veried their high photocatalytic activity.24

Cui et al. also successfully synthesized ZnCo2O4 nanoparticles
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which could degrade the methyl blue dye solution with high
efficiency under light irradiation.25

However, a single photocatalyst had some inherent proper-
ties and its practical application was limited. Therefore, the
construction of a heterojunction photocatalyst became an
effective method for improving the efficiency and stability of the
photocatalyst.26–29 For example, Yang et al. synthesized a novel
hierarchical Co3O4/Bi2O2CO3 heterojunction composite photo-
catalyst, which had enhanced photocatalytic activity for
degrading methyl orange dye solution under visible light
irradiation.30

Furthermore, GaOOH was a wide band gap metal hydroxide
semiconductor and commonly was used as a precursor for the
preparation of Ga2O3.31 According to previous reports, GaOOH
nanorods had signicant photocatalytic activity for the degra-
dation of aromatic compounds.32 On the one hand, the original
unit cell of GaOOH was composed of twisted octahedral GaO6,
which could generate a strong dipole moment, thereby
promoting the separation of photogenerated electrons and
photogenerated holes.33,34 On the other hand, the low potential
of the valence band gave GaOOH a high oxidizing power for
various photocatalytic reactions.35

Therefore, ZnBiTaO5 with a pyrochlore-type structure was
prepared by solid-state reaction method for the rst time in this
paper. At the same time, the GaOOH/ZnBiTaO5 heterojunction
photocatalyst was constructed by solvothermal method in this
paper. The characterizations including X-ray diffraction (XRD),
This journal is © The Royal Society of Chemistry 2020
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Fig. 1 The Pawley refinements of pure ZnBiTaO5 (a); the XRD patterns
of pure ZnBiTaO5, pure GaOOH and 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts (b).

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
Ja

nu
ar

y 
20

20
. D

ow
nl

oa
de

d 
on

 1
2/

10
/2

02
5 

7:
58

:1
7 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
scanning electron microscopy-X-ray energy dispersion spec-
troscopy (SEM-EDS), X-ray photoelectron spectroscopy (XPS),
Fourier transform infrared spectroscopy (FT-IR), UV-visible
diffuse reectance spectroscopy (UV-Vis DRS) were used to
analyse the morphology, chemical state, band gap and structure
of GaOOH/ZnBiTaO5 heterojunction photocatalyst. Moreover,
the enrooxacin was used to test the photocatalytic perfor-
mance of GaOOH/ZnBiTaO5 heterojunction photocatalyst. The
three-dimensional uorescence was used to visualize the
changes of enrooxacin in degradation process. The hydroxyl
radicals and superoxide radicals which generated in photo-
catalytic process were determined by the electron paramagnetic
resonance spectrometer (EPR). Finally, three possible degrada-
tion pathways of enrooxacin were analysed in detail.

Experimental

The pure ZnBiTaO5 was synthesised by solid-state reaction
method. The rawmaterials, ZnO, Bi2O3 and Ta2O5 with purity of
99.99% (Sinopharm Group Chemical Reagent Co., Ltd.,
Shanghai, China), were weighed according to an atomic ratio of
1 : 1 : 1 (Zn : Bi : Ta). The calcination was carried out at 900 �C
for 25 h in an electric furnace (KSL 1700X, Hefei Kejing Mate-
rials Technology Co., Ltd., Hefei, China).

GaOOH/ZnBiTaO5 heterojunction photocatalyst was syn-
thesised by solvothermal method. 1.1296 g Ga2O3 powder with
a purity of 99.99% (Aladdin Biochemical Technology Co., Ltd.,
Shanghai, China) was weighed accurately and the pure
ZnBiTaO5 powder was weighed according to demand, then they
were placed in a beaker and 80 mL of deionized water and
80 mL of absolute ethanol were added. The mass percentages of
GaOOH to ZnBiTaO5 were set to be 10%, 25%, and 50%,
respectively. Then the solution was transferred into a 200 mL
tetrauoro-lined reactor and heated at 200 �C for 12 h. In
addition, the pure GaOOH was synthesised as a control sample
according to the above procedures with no ZnBiTaO5 powder
added.

The crystal structure of sample was analysed by the powder
X-ray diffractometer (XRD, D/MAX-RB, Rigaku Corporation,
Japan) with CuKa radiation (l ¼ 1.54056). The data was
collected using Step-scan program at 295 K and the scan range
was 10–80�. The morphological feature of sample was analysed
by scanning electron microscopy-X-ray energy dispersion spec-
troscopy (SEM-EDS, LEO 1530VP, LEO Corporation, Dresden,
Germany). The morphology and the diffraction lattice of sample
were analysed by the transmission electron microscopy (TEM,
Tecnal F20 S-Twin, FEI Corporation, Hillsboro, OR, USA). The
element contents of sample were analysed by the X-ray photo-
electron spectroscopy (XPS, ESCALABMK-2, VG Scientic Ltd.,
London, UK). The main chemical vibrational specie of sample
was analysed by the fourier transform infrared spectrometer
(Nexus, Nicolet Corporation, Madison, WI, USA) with an atten-
uated total reectance (ATR) mode. The UV-visible diffuse
reectance spectra of samples were analysed by UV-Vis spec-
trophotometer (UV-2450, Shimadzu Corporation, Kyoto, Japan)
and the background material was pure BaSO4 powder. The
superoxide radicals (cO2

�) and hydroxyl radicals (cOH)
This journal is © The Royal Society of Chemistry 2020
generated during photocatalytic degradation of enrooxacin
were determined by electron paramagnetic resonance spec-
trometer (EPR, EMX-10/12, Bruker, Germany).

Enrooxacin was selected to evaluate the photocatalytic
performance of GaOOH/ZnBiTaO5. The photocatalytic experi-
ments were carried out in a photocatalytic reactor (Xujiang
Machine, Nanjing, China) which contained a mercury lamp
(500 W) with major emission wavelength of 365 nm, optical
lters (l < 400 nm) and a magnetic stirring device. The photo-
catalyst dosage was set to be 1 g L�1 and the initial concentra-
tion of enrooxacin was set to be 10 mg L�1. In the procedure of
photocatalytic degradation, 2 mL of the solution was taken
under ultraviolet light for 10 min, 20 min, 30 min, 40 min, and
60 min, and the absorbance of enrooxacin was measured at
276 nm using the UV-visible spectrophotometer (UV-2550, Shi-
madzu Corporation, Kyoto, Japan). The total organic carbon
(TOC) concentration was determined by the TOC analyser (TOC-
5000, Shimadzu Corporation). The three-dimensional uores-
cence of enrooxacin was determined by the full-function
uorescence spectrometer (Fluoromax-4, Horiba Scientic).
According to our previous report, the relationship between the
absorbance and the concentration for enrooxacin matched the
eqn (1).36 In addition, the removal rate of enrooxacin (D%) was
counted by the eqn (2).

A ¼ 0.10632 � C + 0.01381 (1)

D% ¼ (C0 � Ct)/C0 � 100% (2)

where, A was the absorbance of enrooxacin at 276 nm, C was
the concentration of enrooxacin, D% was the removal rate of
enrooxacin, C0 was the initial concentration of enrooxacin,
and Ct was the concentration of enrooxacin at time t.
Results and discussion
Structure and morphology analysis

The crystal structures of as-prepared samples were analysed by
XRD, as shown in Fig. 1. Fig. 1(a) shows the Pawley renements
of the as-prepared ZnBiTaO5. The raw XRD data of the as-
prepared ZnBiTaO5 was rened in this paper by using the
Materials Studio soware, which was based on Pawley analysis.
There was a good agreement between the observed and calcu-
lated data for the as-prepared ZnBiTaO5, indicating that the as-
RSC Adv., 2020, 10, 4286–4292 | 4287
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prepared ZnBiTaO5 was a single phase and had high crystal-
linity. According to the renements results, the as-prepared
ZnBiTaO5 crystallized with a pyrochlore-type structure, a cubic
crystal system and a space group Fm�3m (O atom was included in
the model). The lattice parameter of the as-prepared ZnBiTaO5

was calculated to be 5.268012 Å. In addition, the diffraction
peaks at 29.51�, 34.18�, 49.03�, 58.18�, 61.03�, 71.75� and 79.34�

were corresponding with the (111), (200), (220), (311), (222),
(400) and (331) planes of pure ZnBiTaO5, respectively, which
were all marked in the Fig. 1(a). Fig. 1(b) shows the XRD
patterns of pure ZnBiTaO5, pure GaOOH and 10 wt%, 25 wt%
and 50 wt% GaOOH/ZnBiTaO5 heterojunction photocatalysts.
According to the Fig. 1(b), it could be observed that there were
both strong diffraction peaks of pure ZnBiTaO5 and weak
diffraction peaks of pure GaOOH in the XRD data of 10 wt%,
25 wt% and 50 wt% GaOOH/ZnBiTaO5 heterojunction photo-
catalysts, indicating that the 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts were prepared
successfully.

The morphology and elemental composition of samples
were analysed by SEM-EDS. Fig. 2 shows the SEM pictures of
pure ZnBiTaO5, pure GaOOH, 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts and the EDS
data of 25 wt% GaOOH/ZnBiTaO5 heterojunction photocatalyst.
It could be conrmed that 10 wt%, 25 wt% and 50 wt% GaOOH/
ZnBiTaO5 heterojunction photocatalysts were prepared
successfully because both ZnBiTaO5 and GaOOH were observed
in Fig. 2(c, d and e). According to the Fig. 2(c, d and e), GaOOH
covered the surface of ZnBiTaO5 to form a heterojunction
structure. In Fig. 2(f), the EDS results of GaOOH/ZnBiTaO5

heterojunction photocatalyst showed that there were no impure
elements in GaOOH/ZnBiTaO5 heterojunction photocatalyst.
Fig. 2 The SEM pictures of pure ZnBiTaO5, pure GaOOH, 10 wt%,
25 wt% and 50 wt% GaOOH/ZnBiTaO5 heterojunction photocatalysts
(a–e); the EDS spectra of 25 wt% GaOOH/ZnBiTaO5 heterojunction
photocatalyst (f).

4288 | RSC Adv., 2020, 10, 4286–4292
Band structure and chemical state analysis

Fig. 3 shows the UV-vis DRS spectra and band gaps of pure
ZnBiTaO5, pure GaOOH and 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts. As shown in
Fig. 3(a), compared with the pure GaOOH, the absorption edges
of 10 wt%, 25 wt% and 50 wt% GaOOH/ZnBiTaO5 hetero-
junction photocatalysts all presented apparent red-shi
phenomenon. The absorbance was counted by using the
Kubelka–Munk transformation method in this paper. The
optical absorption near the band edge of the crystalline semi-
conductors follows the eqn (3).37,38

ahn ¼ A(hn � Eg)
n (3)

where a, n, Eg, and A are absorption coefficient, light frequency,
band gap, and proportional constant, respectively. In this
formula, n determines the type of the transition in a semi-
conductor. Therefore, according to the eqn (3), it could be ob-
tained that the band gaps of 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts were counted
to be 3.21 eV, 3.22 eV and 3.23 eV, respectively, which were
shown in Fig. 3(b). The band gaps of pure ZnBiTaO5 and pure
GaOOH were counted to be 3.19 eV and 4.76 eV, respectively,
which were shown in Fig. 3(c) and (d). According to the UV-vis
DRS results, the band gaps of 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts were close to
that of pure ZnBiTaO5, but they were much lower than that of
pure GaOOH. In addition, the counted values of n were all 0.5
for all as-prepared samples, indicating that the optical transi-
tion of all samples belonged to the type of direct transition.39

Fig. 4(a) shows the FT-IR spectra of GaOOH/ZnBiTaO5.
According to the Fig. 4(a), the peaks that belonged to GaOOH
were observed in the FT-IR spectra of 10 wt%, 25 wt% and
50 wt% GaOOH/ZnBiTaO5 heterojunction photocatalysts. It
Fig. 3 The UV-vis DRS spectra of all photocatalysts (a); the band gaps
of 10 wt%, 25 wt% and 50 wt% GaOOH/ZnBiTaO5 heterojunction
photocatalysts (b); the band gaps of pure ZnBiTaO5 (c) and pure
GaOOH (d)

This journal is © The Royal Society of Chemistry 2020
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Fig. 4 The FT-TR spectra (a) and PL spectra (b) of GaOOH/ZnBiTaO5

heterojunction photocatalyst.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
Ja

nu
ar

y 
20

20
. D

ow
nl

oa
de

d 
on

 1
2/

10
/2

02
5 

7:
58

:1
7 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
could be seen from Fig. 4(a) that with the increasing composite
amount of GaOOH, the peak intensity at 1018 cm�1 and
948 cm�1 became more and more stronger and the two peaks
were attributed to the constitutional Ga–OH bending mode and
its overtones in GaOOH.40,41 The FT-IR results revealed indi-
rectly the successful preparation of GaOOH/ZnBiTaO5 hetero-
junction photocatalyst. Fig. 4(b) shows the PL spectra of
GaOOH/ZnBiTaO5. In general, the higher intensity of emission
peak in PL spectra revealed the higher recombination rate of
electrons–holes pairs in photocatalyst. The construction of
GaOOH/ZnBiTaO5 heterojunction increased the recombination
rate of electrons–holes pairs for ZnBiTaO5, according to the
Fig. 4(b). In addition, the intensity of emission peaks for 25 wt%
GaOOH/ZnBiTaO5 heterojunction was lowest. Thus, the
optimum composite amount of GaOOH in GaOOH/ZnBiTaO5

heterojunction was considered to 25 wt%, according to the
results of PL spectra.

The XPS spectra was obtained to analyse the oxidation state
and the surface chemical composition of samples. Fig. 5 shows
XPS spectra of Zn2p, Bi4f, Ta4f and Ga3d for 25 wt% GaOOH/
ZnBiTaO5 heterojunction photocatalyst. The peaks at the binding
energies of 1022.0 eV and 1045.0 eV in Fig. 5(a) were corre-
sponding to Zn2p3/2 and Zn2p1/2, respectively, which revealed
Fig. 5 The XPS spectra of Zn2p (a), Bi4f (b), Ta4f (c) and Ga3d (d) for
25 wt% GaOOH/ZnBiTaO5 heterojunction photocatalyst.

This journal is © The Royal Society of Chemistry 2020
that the chemical valence of Zn element was +2.42,43 In Fig. 5(b),
the binding energies at 159.0 eV and 163.7 eV were attributed to
Bi4f7/2 and Bi4f5/2, respectively, and the chemical valence of Bi
element was conrmed to be +3.44,45 In Fig. 5(c), the three peaks of
Ta4f were appeared at the binding energies of 20.3 eV (Ta4f7/2),
25.1 eV (Ta4f5/2) and 26.5 eV (Ta4f5/2), which indicated that the
chemical valence of Ta element was +5.46,47 Moreover, in Fig. 5(d),
the binding energies of 19.7 eV and 20.7 eVwere all corresponded
to Ga3d3/2 and the binding energies of 25.0 eV and 26.5 eV were
all corresponded to Ga3d5/2, thus the chemical valence of Ga
element was +3.48,49
Photocatalytic performance test

Fig. 6 shows the removal of enrooxacin under ultraviolet
light irradiation with TiO2, pure ZnBiTaO5, pure GaOOH,
10 wt% GaOOH/ZnBiTaO5, 25 wt% GaOOH/ZnBiTaO5 or
50 wt% GaOOH/ZnBiTaO5 as a photocatalyst. As shown in
Fig. 6(a), when the 10 wt%, 25 wt% or 50 wt% GaOOH/
ZnBiTaO5 was used as a photocatalyst, aer ultraviolet light
irradiation for 60 min, the removal rate of enrooxacin was
57.02%, 58.27% or 54.55%, which was higher than that of
pure ZnBiTaO5 (53.7%), pure GaOOH (35.4%), or TiO2

(29.37%). In addition, the photocatalytic kinetics of enro-
oxacin degradation in this paper could be analysed using the
Langmuir–Hinshelwood (L–H) model (eqn (4)).50 Due to the
initial concentration of enrooxacin in this paper was
10 mg L�1, (1 + Kc) could be assumed to be equal to 1. Thus,
eqn (4) could be expressed in the form of eqn (5), where k0 was
the pseudo rst-order rate constant. Aer integrating eqn (5)
and (6) was obtained.

r ¼ �dc/dt ¼ kq ¼ kKc/(1 + Kc) (4)

�dc/dt ¼ kKc ¼ k0c (5)

ln(c/c0) ¼ �k0t (6)
Fig. 6 The removal rate (a) and removal kinetics (b) of enrofloxacin
with TiO2, pure ZnBiTaO5, pure GaOOH, 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 as a photocatalyst; the mineralization rate of
enrofloxacin with 25 wt% GaOOH/ZnBiTaO5 as a photocatalyst (c).

RSC Adv., 2020, 10, 4286–4292 | 4289
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Fig. 8 Cyclic photocatalytic degradation of enrofloxacin with 25 wt%
GaOOH/ZnBiTaO5 as a photocatalyst (a); removal of enrofloxacin with
the addition of different radical scavengers with 25 wt% GaOOH/
ZnBiTaO5 as a photocatalyst (b).
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where r is reaction rate, c is the concentration of enrooxacin, c0
is the initial concentration of enrooxacin, t is the irradiation
time, k is the reaction rate constant, q is the ratio of adsorbed
enrooxacin, K is the adsorption constant, and k0 is the pseudo
rst-order rate constant. Thus, the relationship between ln(c/c0)
and t was shown in Fig. 6(b). According to the Fig. 6(b), the
photocatalytic degradation of enrooxacin followed the rst-
order reaction kinetics. The degradation rates of enrooxacin
with 10 wt%, 25 wt% or 50 wt% GaOOH/ZnBiTaO5 as a photo-
catalyst was 0.01264 min�1, 0.01431 min�1 or 0.01279 min�1,
respectively, which was higher than that of pure ZnBiTaO5

(0.01048 min�1), pure GaOOH (0.00757 min�1), or TiO2

(0.00527 min�1). It could be concluded that the construction of
GaOOH/ZnBiTaO5 heterojunction photocatalyst enhanced the
photocatalytic performance of both pure ZnBiTaO5 and pure
GaOOH. In addition, the TOC data were used to analyse the
mineralization rate of enrooxacin with 25 wt% GaOOH/
ZnBiTaO5 as a photocatalyst, as shown in Fig. 6(c). Aer the
illumination for 60 min, the mineralization rate of enrooxacin
was 27.38%, which was lower than the removal rate (58.27%) of
enrooxacin with 25 wt% GaOOH/ZnBiTaO5 as a photocatalyst.
This showed that in the photocatalytic process, enrooxacin
was not completely mineralized, and some intermediate prod-
ucts were produced.

Moreover, when 25 wt% GaOOH/ZnBiTaO5 was used as
a photocatalyst, the three-dimensional uorescence changes of
enrooxacin during photocatalytic degradation was deter-
mined, as shown in Fig. 7. It could be observed that the colour
of the three-dimensional uorescence centre of enrooxacin
became lighter as the photocatalytic reaction time increased,
indicating that enrooxacin was gradually removed during
photocatalysis.

The reusability was one of the important indicators for
evaluating photocatalytic activity of photocatalyst. Fig. 8(a)
shows the cyclic photocatalytic degradation of enrooxacin with
25 wt% GaOOH/ZnBiTaO5 heterojunction as a photocatalyst. As
shown in Fig. 8(a), the removal rate of enrooxacin deceased by
Fig. 7 The three-dimensional fluorescence changes of enrofloxacin
during photocatalytic degradation with 25 wt% GaOOH/ZnBiTaO5 as
a photocatalyst.

4290 | RSC Adv., 2020, 10, 4286–4292
10.21% aer four cycles. Fig. 8(b) shows the effect of radical
scavengers on the degradation of enrooxacin with 25 wt%
GaOOH/ZnBiTaO5 as a photocatalyst. The different radical
scavengers were separately added to the enrooxacin solution at
the beginning of the photocatalytic experiment to determine the
active species in the process of degrading enrooxacin. The
radical scavengers we used in this paper were ethyl-
enediaminetetraacetic acid (EDTA), tert-butyl alcohol (TBA) and
benzoquinone (BQ), which captured holes (h+), hydroxyl radi-
cals (cOH) and superoxide radicals (cO2

�), respectively.51,52 The
formulated EDTA, TBA or BQ concentration was 0.15 mmol L�1,
and the amount of EDTA, TBA or BQ added was 1mL. According
to Fig. 8(b), when the EDTA, TBA or BQ was added in enro-
oxacin solution, the removal rate of enrooxacin decreased by
36.73%, 34.57% or 39.46%, respectively, comparing with the
control group. Therefore, it could be concluded that cO2

�, h+

and cOH were all the active radicals during degrading enro-
oxacin process.

In order to further conrm the presence of cO2
� and cOH in

the procedure of photocatalytic degradation, the EPR charac-
terization was performed and the DMPO spin-trapping EPR
spectra of 25 wt% GaOOH/ZnBiTaO5 heterojunction photo-
catalyst was shown in Fig. 9. In the EPR characterization
process, the 5,5-dimethyl-1-pyrroline N-oxide (DMPO) was used
to spin traps the active radicals in the system for detection. As
we could see from Fig. 9, when it was in darkness no EPR signals
relevant to DMPO adducts were detected for 25 wt% GaOOH/
ZnBiTaO5 heterojunction photocatalyst. However, aer ultravi-
olet light irradiation for 10 min, there were apparent signals in
Fig. 9 DMPO spin-trapping EPR spectra of 25 wt% GaOOH/ZnBiTaO5

heterojunction photocatalyst in aqueous dispersion for DMPO–cOH
(a) and in methanol dispersion for DMPO–cO2

� (b).

This journal is © The Royal Society of Chemistry 2020
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Fig. 9(a) and (b), which were corresponding with DMPO/cOH
adducts and DMPO/cO2

� adducts, respectively.53,54

Possible degradation mechanism analysis

The possible photocatalytic degradation mechanism of enro-
oxacin under illumination with GaOOH/ZnBiTaO5 hetero-
junction photocatalyst is shown in Fig. 10. The potentials of the
valence band (VB) and conductor band (CB) for semiconductor
can be counted according to the eqn (7) and (8):55

ECB ¼ X � Ee � 0.5Eg (7)

EVB ¼ ECB + Eg (8)

where, Eg is the band gap of semiconductor, Ee is the energy of
free electrons on the hydrogen scale (about 4.5 eV), and X is the
electronegativity of the semiconductor. According to the above
equations, the potentials of VB and CB for GaOOHwere counted
to be 3.890 V and �0.870 V, respectively. The potentials of VB
and CB for ZnBiTaO5 were counted to be 3.265 V and 0.075 V,
respectively. As shown in Fig. 10, when the GaOOH/ZnBiTaO5

heterojunction was irradiated by ultraviolet light, both GaOOH
and ZnBiTaO5 absorbed light and internally generated elec-
trons–holes pairs. The electrons on the CB of GaOOH could
transferred to the CB of ZnBiTaO5 and the holes on the VB of
GaOOH could transferred to the VB of ZnBiTaO5. Thus, the
recombination of electrons and holes in the ZnBiTaO5 was
increased, which was agreement with the results of PL
measurement. The CB of ZnBiTaO5 was 0.075 V which was more
positive than O2/cO2

� (�0.33 V). However, the CB of GaOOH was
�0.87 V which was more negative than O2/cO2

� (�0.33 V). Thus,
the electrons in the CB of GaOOH could convert O2 to cO2

�

which degraded enrooxacin, which was shown as path 1 in
Fig. 10. In addition, the holes that came from the VB of GaOOH
and ZnBiTaO5 could convert OH� that absorbed on the surface
of photocatalyst to cOH. Subsequently, the cOH degraded
enrooxacin. This was shown as path 2 in Fig. 10. Finally, the
holes in the VB of GaOOH and ZnBiTaO5 could directly oxidize
and degrade enrooxacin due to the strong oxidizing ability and
Fig. 10 Possible photocatalytic degradation mechanism of enro-
floxacin under illumination with GaOOH/ZnBiTaO5 heterojunction
photocatalyst.

This journal is © The Royal Society of Chemistry 2020
this was shown as path 3 in Fig. 10. Overall, the construction of
GaOOH/ZnBiTaO5 heterojunction had both positive and nega-
tive effect on ZnBiTaO5. According to the results of degradation
experiments, the construction of GaOOH/ZnBiTaO5 hetero-
junction improved the photocatalytic performance of ZnBiTaO5,
so it was necessary to construct GaOOH/ZnBiTaO5

heterojunction.

Conclusions

In this paper, pure ZnBiTaO5 was synthesized by the solid-state
reaction method rstly. The pure ZnBiTaO5 crystallized with
a pyrochlore-type structure, a cubic crystal system and a space
group Fm�3m and the lattice parameter of the pure ZnBiTaO5 was
calculated to be 5.268012 Å. Then, 10 wt%, 25 wt% and 50 wt%
GaOOH/ZnBiTaO5 heterojunction photocatalysts were synthe-
sized by solvothermal method. The diffraction peaks of pure
GaOOH and pure ZnBiTaO5 were both observed in XRD results
of 10 wt%, 25 wt% and 50 wt% GaOOH/ZnBiTaO5 hetero-
junction photocatalysts, which meant that the 10 wt%, 25 wt%
and 50 wt% GaOOH/ZnBiTaO5 heterojunction photocatalysts
were synthesized successfully. In addition, the construction of
heterojunction structure increased the band gap of ZnBiTaO5,
according to the UV-Vis DRS results. In the experiments of
degrading enrooxacin, the removal rate of enrooxacin with
10 wt%, 25 wt% or 50 wt% GaOOH/ZnBiTaO5 as a photocatalyst
was 57.02%, 58.27% or 54.55%, respectively, which was higher
than that of pure ZnBiTaO5 (53.7%), pure GaOOH (35.4%) or
TiO2 (29.37%). Therefore, the construction of heterojunction
could improve the photocatalytic performance of pure
ZnBiTaO5 and pure GaOOH. Besides, it was conrmed that
cO2

�, h+ and cOHwere all active radicals in degradation process.
And the cO2

� and cOH generated during photocatalytic process
were determined by EPR. Finally, the possible paths of degra-
dation of enrooxacin were described in detail.
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