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a b s t r a c t
The synthesis of the photo-Fenton catalysts with novel structures is of great importance. Herein, 
a novel strategy is developed for photo-Fenton catalyst via in-situ vertical growth of 2D BiOCl 
nanosheet on FeOCl nanoplate. The BiOCl/FeOCl demonstrates excellent photo-Fenton catalytic 
performance under simulated sunlight for phenol degradation. The catalytic activity of the BiOCl/
FeOCl is five times higher than that of FeOCl. The novel interface structure of –Fe–Cl–Bi– acceler-
ates the electron transfer and increases the structural stability of BiOCl/FeOCl. The photogenerated 
electrons of BiOCl can reduce the Fe3+ to Fe2+ ions, which boosts the production of •OH radicals. 
The results will expand the synthetic pathway of the Fenton catalyst with a novel interfacial structure.
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1. Introduction

Nowadays, advanced oxidation technologies have 
become an effective way to solve the environmental crisis 
[1,2]. Among them, the photo-Fenton catalytic technology 
has attracted much attention [3–5]. Iron-based compounds 
are usually used as photo-Fenton catalysts. The photogene-
rated electrons in the photo-Fenton catalysis can reduce 
Fe3+ to Fe2+, which promotes the generation of •OH radical 
[4]. Therefore, the accelerated charge separation of iron-
based compounds is the key to improve the photo-Fenton 
catalytic performance.

Recently, ElShafei et al. [6] have shown that the 
metal oxychlorides have good catalytic activity as robust 
heterogeneous Fenton catalysts [7]. The FeOCl shows the 
best Fenton catalytic activity among metal oxychlorides 

under UV light [6]. BiOCl has been studied as a photo-Fen-
ton catalyst based on the oxygen vacancy of electron-do-
nor nature [8]. The doping of Fe3+ in BiOCl can increase 
the photo-Fenton catalytic activity under visible light 
[9–13]. Moreover, the FeOCl also shows the best Fenton 
catalytic activity than other iron oxides [14]. However, 
owing to the small bandgap of FeOCl (about 1.8  eV), the 
recombination rate of the photogenerated electron–hole 
pair is very high [15]. The combination of FeOCl and pho-
tocatalyst with a similar crystal structure appears to be 
an effective method. Therefore, it is reasonable to expect 
that the BiOCl modified FeOCl will be a novel photo-Fen-
ton catalyst with excellent catalytic activity.

Based on the above analysis, BiOCl/FeOCl has been 
successfully prepared as an efficient photo-Fenton catalyst 
for phenol degradation. The 2D BiOCl nanosheet anchored 
on FeOCl nanoplate surface. The accelerated charge transfer 
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of the BiOCl/FeOCl has been evidenced by measuring the 
yield of •OH radical. The photo-Fenton catalytic activity of 
the BiOCl/FeOCl is five times higher than that of FeOCl. 
The cycle number of BiOCl/FeOCl increased to five. This 
work will help to provide a reasonable strategy for the 
preparation of novel FeOCl based photo-Fenton catalysts.

2. Experimental

2.1. Synthesis of BiOCl/FeOCl

All the chemicals with analytical grade (Sinopharm 
Chemical Reagent Co., Ltd., China) are used in our exper-
iments. The pure FeOCl was synthesized by calcining 
FeCl3·6H2O at 230°C for 1  h. 0.05  g pure FeOCl was dis-
persed in 10  mL H2O with ultrasound for 5  min at 25°C. 
20  mL Bi(NO3)3 aqueous solution (2  M) was added to the 
above suspension and stirred strongly for 2 h. After wash-
ing three times, the product dried at 90°C in a vacuum oven 
for 12 h and named as BiOCl/FeOCl-2. The BiOCl/FeOCl-1 
and BiOCl/FeOCl-3 were prepared by adding 0.02 mol and 
0.06 mol Bi(NO3)3, respectively.

2.2. Catalytic tests

The 100  mL suspension with 50  mg BiOCl/FeOCl and 
0.5 mg phenol were stirred for 60 min in the dark. Start the 
timer after adding 0.8  mL H2O2 (30 weight%) and turning 
on the simulated sunlight. 5  mL of suspension was taken 
out every 2  min to detect the UV-vis absorption spectra. 
The scavengers (1 mM) were used to detect the active spe-
cies, which were benzoquinone (BQ), ammonium oxalate 
(AO), and iso-propyle alcohol (IPA) [16,17]. The decom-
position of H2O2 was detected by fluorescence technique. 
The test method is the same as the above catalytic test except 
that the terephthalic acid is added as a trapping agent [18,19].

2.3. Characterization

The crystalline phase of the sample was measured by 
X-ray diffraction ( XRD; Rigaku D/Max 2200-PC). The mor-
phology was characterized by scanning electron micros-
copy (SEM; ZEISS system). The fine structure was further 
measured by transmission electron microscopy (TEM; JEM-
100CXII). The detailed structure of the sample was studied 
by the Fourier transform infrared (FTIR; Nicolet 5DX) spec-
tra. The elements of the sample were measured by the X-ray 
photoelectron spectra (XPS; PerkinElmer PHI-5300 ESCA). 
The optical adsorption was collected by UV/vis spectro-
photometer (Lambda-35, PerkinElmer). QuadraSorb SI was 
used to collect the information of the surface area and pore 
distribution. The H2O2 decomposition was studied by an 
F-4600 fluorescence spectrophotometer. Inductively coupled 
plasma mass spectrometry (ICP-MS) was used to measure 
the leaching of Bi and Fe on Nu ATTOM measurements.

3. Results and discussion

3.1. Catalyst characterization

Fig. 1a shows the schematic diagram of the synthesis 
process of BiOCl/FeOCl. The FeOCl nanoplates are prepared 

by a simple one-step low-temperature calcination method. 
The Bi3+ in the solution reacted with FeOCl in-situ to form 
two-dimension (2D) BiOCl nanosheets at 25°C, which were 
anchored on FeOCl nanoplates surface. The [Bi2O2]2+ was first 
bonded with Cl– on FeOCl surface to form a –O–Fe–Cl–Bi–O– 
interface. Using Cl as a bridge, a stable interface structure was 
formed between the BiOCl and FeOCl. To characterize the 
crystal structure of the samples, XRD measurement is carried 
out (Fig. 1b), which shows that the pure FeOCl is orthorhom-
bic (JCPDS, No. 24-1005). When a small amount of Bi(NO3)3 
is added, most of the diffraction peaks of BiOCl/FeOCl-1 are 
the same as those of the pristine FeOCl. However, the new 
diffraction peaks of BiOCl/FeOCl-1 at 32.8° and 33.4° are 
attributed to the (110) and (102) of BiOCl, respectively [20]. 
The fact indicates that the BiOCl has been successfully com-
bined with FeOCl. As for the BiOCl/FeOCl-2, a new diffrac-
tion peak appears at 24.1°, which is related to the (002) of 
BiOCl [21]. No peaks of other phases are detected. In the XRD 
pattern of BiOCl/FeOCl-3, the impurities are observed, indi-
cating that excessive Bi(NO3)3 leads to other products. Fig. 1c 
is the SEM image of the BiOCl/FeOCl-2, the BiOCl nanosheets 
are vertically fixed on the FeOCl surface. TEM is further 
measured to study the novel morphology of the BiOCl/
FeOCl-2 (Fig. 1d), which shows that the BiOCl has grown 
on the surface of FeOCl. The low contrast of BiOCl implies 
the characteristics of nanosheet structure [22,23]. To further 
confirm the BiOCl, the high-resolution transmission elec-
tron microscopy image (HRTEM) is also carried out (Fig. 1e), 
which demonstrates that the lattice fringes are observed with 
a lattice spacing of 0.74 and 0.28 nm, corresponding to the 
(001) and (110) crystal plane of BiOCl, respectively [24,25]. 
The energy-dispersive X-ray spectroscopy (EDS) results indi-
cate that all the elements of Fe, Bi, O, and Cl are detected 
(Fig. 1f). The corresponding mapping images in Figs. 1g–j 
show that the Fe, Bi, O, and Cl are uniformly dispersed in 
the BiOCl/FeOCl-2. The close contact between FeOCl and 
BiOCl is propitious to strengthen the contact between them 
and promote the rapid charge transfer at the interface.

The morphology was characterized by the SEM mea-
surements (Fig. 2). The morphology of the pure FeOCl is 
nanoplate with a thickness of about 300  nm (Fig. 2a). The 
surface of pure FeOCl is smooth. However, the surface of 
FeOCl nanoplates in BiOCl/FeOCl-2 is covered with verti-
cally grown BiOCl nanosheets. The thickness of the BiOCl 
nanosheet is ca.10 nm (Fig. 2b). In the case of BiOCl/FeOCl-1 
(Fig. 2c), only a small amount of BiOCl adhered to the sur-
face of FeOCl, which is due to the small additional amount of 
Bi(NO3)3. As for the BiOCl/FeOCl-3 (Fig. 2d), a large number 
of bismuth compounds are dispersed around the FeOCl.

In order to study the detailed composite structure of 
the BiOCl/FeOCl, FTIR spectrums are measured as seen 
in Fig. 3a. The peaks in the range of 3,000–3,700  cm–1 are 
assigned to the stretching vibration of hydroxyl groups 
in pure FeOCl. The peak at 490  cm–1 is attributed to Fe–O 
stretching [26,27]. The adsorbed water on the FeOCl sur-
face is at 1,620  cm–1 [28,29]. In the FTIR spectrums of the 
BiOCl/FeOCl, the peak at 1,380 cm–1 belongs to nitrate [30]. 
Compared with pure FeOCl, the peak intensity of hydroxyl 
groups in BiOCl/FeOCl is obviously weakened. It indi-
cates a relatively small OH bonding group in BiOCl/FeOCl. 
Owing to the weak bonding strength of Cl on the FeOCl 
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Fig. 1. (a) Schematic diagram of the synthesis process of BiOCl/FeOCl nanosheets, (b) XRD patterns of BiOCl/FeOCl, (c) SEM 
image, (d) TEM image, (e) HRTEM image, (f) EDS of BiOCl/FeOCl-2, elemental mapping images of BiOCl/FeOCl-2 with 
(g) Fe, (h) Bi, (i) O, and (j) Cl.

 
Fig. 2. SEM images of (a) pure FeOCl and (b) BiOCl/FeOCl-2, TEM images of the (c) BiOCl/FeOCl-1 and (d) BiOCl/FeOCl-3.
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surface, the OH group can replace part of the chloride on 
the FeOCl surface in solution, resulting in poor structure 
stability of pure FeOCl. The weak bonding of the OH group 
in BiOCl/FeOCl implies the increased structural stability 
in the solution, which is propitious to improve catalytic 
performance.

The yield of hydroxyl radical in Fenton catalysis is a 
key index to evaluate the performance of the catalyst. The 
high specific surface of the Fenton catalyst not only has a 
large number of active sites but also means increased con-
tact with H2O2 to generate hydroxyl radical. Thus, the sur-
face area of the prepared sample is measured by the N2 
adsorption–desorption isotherms as seen in Fig. 3b. The 
surface area of the pure FeOCl is 1.6 m2/g, and that of the 
BiOCl/FeOCl-1 is 7.7  m2/g. The surface area of the BiOCl/
FeOCl-2 is the highest (13.0 m2/g). The surface area of the 
BiOCl/FeOCl-3 decreases to 9.4  m2/g. The correspond-
ing pore volumes of pure FeOCl, BiOCl/FeOCl-1, BiOCl/
FeOCl-2, and BiOCl/FeOCl-3 are 0.004, 0.035, 0.070, and 
0.057 m3/g, respectively.

The optical properties of the samples are character-
ized by UV-vis reflectance spectra, which are displayed 
in Fig. 3c. The absorption edge band of the BiOCl/FeOCl 
obviously moves to the direction of high absorption. 
Among them, the redshift of the BiOCl/FeOCl-2 is the 
largest. The BiOCl/FeOCl-2 has a wide absorption tag of 
300–800  nm, indicating that the BiOCl/FeOCl-2 possesses 
excellent solar light utilization efficiency. According to the 

literature [31], the calculated optical band gap value of the 
pure FeOCl is 1.81  eV (Fig. S1). After doping with BiOCl, 
the bandgap values of the BiOCl/FeOCl-1, BiOCl/FeOCl-
2, and BiOCl/FeOCl-3 decreased to 1.77, 1.60, and 1.78 eV 
(Fig. 3d), respectively. On the one hand, this result shows 
that the modification of BiOCl can change the bandgap 
of FeOCl. On the other hand, the results also imply that 
the BiOCl/FeOCl-2 could have excellent photo-Fenton 
catalytic performance under sunlight.

XPS measurements are further carried out to study 
the chemical state of the samples. The XPS spectra of the 
BiOCl/FeOCl-2 in Fig. S2a show the strong signals of Fe, 
Bi, O, and Cl elements, indicating the successful combina-
tion of them. Fig. 4a is the Fe 2p XPS spectrum of BiOCl/
FeOCl-2, which shows that the peaks at 710.1 and 723.4 eV 
are assigned to the Fe 2p3/2 and Fe 2p1/2 peak, respec-
tively. Combined with the peak at 717.3  eV, the Fe in the 
BiOCl/FeOCl-2 is determined as Fe3+ state [32]. However, 
the characteristic peaks of Fe 2p in pure FeOCl are at 710.7 
and 724.0 eV, which shift to a small angle (0.6 eV) compared 
with that in BiOCl/FeOCl-2, indicating the partial reduc-
tion of Fe3+ in the BiOCl/FeOCl-2. Owing to the chemical 
bonding between –Bi–Cl– and FeOCl surface, the chemi-
cal bond strength of Fe–Cl decreases, which results in the 
partial reduction of Fe3+ in the BiOCl/FeOCl-2. The fact 
also further proves the formed novel interface structure of 
–Fe–Cl–Bi– in the BiOCl/FeOCl-2. Furthermore, the com-
parison of the Bi 4f XPS spectrums between BiOCl/FeOCl-2 

 
Fig. 3. (a) FTIR spectrums, (b) N2 adsorption–desorption isotherms, (c) ultraviolet-visible diffusive reflectance spectra, and 
(d) the bandgap value of FeOCl, BiOCl/FeOCl-1, BiOCl/FeOCl-2, and BiOCl/FeOCl-3.
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and BiOCl/FeOCl-3 can also prove this viewpoint. The two 
peaks are at 163.7 and 158.4 eV, corresponding to Bi 4f7/2 
and Bi 4f5/2 of Bi3+ (Fig. 4d), respectively [9,10]. However, 
the characteristic peaks of Bi3+ shift to 163.9 and 158.6  eV 
in the BiOCl/FeOCl-3 (Fig. S2b). For the same reason, the 
binding energies of Bi3+ in BiOCl/FeOCl-2 are smaller than 
those in BiOCl/FeOCl-3.

The O1s XPS spectra of the BiOCl/FeOCl-2 in Fig. 4b 
show two peaks at 529.0 and 530.6 eV, which are ascribed to 
the crystal lattice oxygen and hydroxyl oxygen, respectively 
[33,34]. Whereas the peaks of O1s in pure FeOCl in Fig. 4f 
are at 531.0 and 531.6  eV. Compared with pure FeOCl, the 
content of hydroxyl oxygen decreases, which consists of the 
FTIR results (Fig. 3a). The increased content of crystal lat-
tice oxygen in BiOCl/FeOCl-2 indicates the existing Bi–O in 
the composite. Meanwhile, compared with pure FeOCl, the 
shifted peaks of O1s in the BiOCl/FeOCl-2 further prove the 
existent interaction between FeOCl and BiOCl. The Cl 2p 
XPS spectrum shows two peaks with binding energies at 
197.2 and 198.7 eV, corresponding to Cl 2p3/2 and Cl 2p1/2 
of Cl– (Fig. 4c), respectively [11,12]. The peaks of Cl 2p in 
pure FeOCl locate at 198.1 and 199.8 eV (Fig. 4g). The obvi-
ous shift peaks of Cl 2p in the BiOCl/FeOCl-2 are caused by 
the interface structure, which further proves the existence 
of a covalent chemical bond between BiOCl and FeOCl.

Therefore, based on the above structural characteriza-
tion results, the 2D BiOCl nanosheets have been success-
fully vertically anchored to the FeOCl surface by using Cl 
as a bridge at the interface (Fig. 4h). The bigger surface 
area of the BiOCl/FeOCl-2 can provide a large number of 
active sites. The BiOCl/FeOCl-2 should have an excellent 
photo-response under sunlight. Meanwhile, the novel 
interface structure will facilitate the accelerated charge 
transfer at the interface.

It is expected that an efficient photo-Fenton catalyst will 
be obtained. Thus, using phenol as a degradation agent, 

the photo-Fenton catalytic performance of the samples was 
measured in neutral solution (pH  =  7) and simulated sun-
light. Fig. 5a is the photo-Fenton catalytic activities of the 
prepared samples. It is clearly observed that all the BiOCl/
FeOCl exhibit excellent photo-Fenton catalytic activity for 
phenol degradation, while pure FeOCl displays a relatively 
low activity. It indicates that the photo-Fenton catalytic 
activity of FeOCl improves by the introduction of BiOCl. 
The BiOCl/FeOCl-2 has the highest catalytic activity within 
12  min. The corresponding kinetic plots of these samples 
are also depicted in Fig. 5b. The degradation constants (k) 
of the FeOCl, BiOCl/FeOCl-1, BiOCl/FeOCl-2, and BiOCl/
FeOCl-3 are 0.06, 0.07, 0.32, and 0.10  min–1, respectively. 
The photo-Fenton catalytic activity of the BiOCl/FeOCl-2 is 
five times higher than that of pure FeOCl.

Fig. 5c shows the degradation efficiency of the BiOCl/
FeOCl-2 under different experimental conditions. It shows 
that the catalytic activity of the BiOCl/FeOCl-2 is low 
under dark (19%), while it increases to 85% after adding 
H2O2. It is worth mentioning that the photocatalytic activ-
ity of the BiOCl/FeOCl-2 is low. It can be seen that the 
Fenton catalytic activity of the BiOCl/FeOCl-2 in the dark 
is obviously better than the photocatalytic activity of the 
BiOCl/FeOCl-2. Therefore, although the excellent catalytic 
activity of the BiOCl/FeOCl-2 is derived from the contri-
bution of Fenton catalysis and photocatalysis, the Fenton 
catalysis plays a more important role. In addition, the 
decreased amount of phenol on the BiOCl/FeOCl-2 in the 
dark (19%, Fig. 5c) is mainly due to the surface adsorp-
tion caused by the high surface area of the BiOCl/FeOCl-2 
(Fig. 3b). Owing to the key role of H2O2, the effect of the 
H2O2 content on the photo-Fenton catalytic activity of the 
BiOCl/FeOCl-2 was also measured (Fig. 5d). It shows that 
the degradation efficiency improves with the addition of 
8.5  mmol H2O2, and further increases with the addition 
of 27.2  mol H2O2. However, the degradation efficiency 

Fig. 4. XPS spectrums of (a) Fe 2p, (b) O 1s, (c) Cl 2p, and (d) Bi 4f in BiOCl/FeOCl-2, (e) Fe 2p, (f) O 1s, and (g) Cl 2p in pure FeOCl, 
(h) the schematic representation of the BiOCl/FeOCl-2.
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Fig. 5. (a) Photo-Fenton catalytic activity and (b) the corresponding kinetic plots over FeOCl, BiOCl/FeOCl-1, BiOCl/FeOCl-2, and 
BiOCl/FeOCl-3, (c) degradation efficiency of BiOCl/FeOCl-2 by different (c) test conditions and (d) H2O2 content, (e) H2O2 conversion 
over FeOCl and BiOCl/FeOCl-2, (f) cycling experiments of BiOCl/FeOCl-2.

decreases when the addition amount of H2O2 reaches 
51 mol. Owing to the limited number of catalytic active sites 
in the BiOCl/FeOCl-2, a small amount of H2O2 means more 
attachment between H2O2 and the active sites. But exces-
sive H2O2 cannot react with H2O2 sufficiently. Besides, the 
generated •OH radical can also be partially consumed by 
excessive H2O2 [35,36]. The pH value in the photo-Fenton 
system can affect the degradation performance of pollut-
ants, thus the effect of pH value on phenol degradation was 
also investigated (Fig. S3). It indicates that the degrada-
tion activity of BiOCl/FeOCl-2 decreased with the increase 

of pH value. The catalytic activity in acidic solution is 
higher than that in alkaline solution.

In photo-Fenton catalysis, the •OH radical is the most 
important active species. Therefore, using the terephthalic 
acid as a trapping agent, the decomposition of H2O2 is 
determined by fluorescence technique as seen in Fig. 5e, 
which shows that the conversion of H2O2 over the BiOCl/
FeOCl-2 is obviously better than that over pure FeOCl. Thus, 
the presence of BiOCl in the composite effectively acceler-
ates the decomposition of H2O2 to produce •OH radicals. 
Further cycling experiments are carried out to measure 
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the recycling performance of the BiOCl/FeOCl-2 as seen in 
Fig. 5f, which demonstrates that the BiOCl/FeOCl-2 main-
tains high photo-Fenton catalytic activity in five cycles. 
Whereas, the pure FeOCl can only maintain its catalytic 
activity in two cycles (Fig. S4). It indicates that the BiOCl/
FeOCl-2 shows higher structural stability than pure FeOCl, 
which consists of the above structural characterization 
results. The interface bonding of –Fe–Cl–Bi– effectively 
prevents the loss of chloride ions on the FeOCl surface 
and improves the stability of the structure. Furthermore, 
the structural characterization of the BiOCl/FeOCl-2 after 
photo-Fenton catalysis reaction is also carried out (Fig. S5). 
The TEM image of the BiOCl/FeOCl-2 demonstrates the 
well-preserved morphology (Fig. S5a). The XPS spectrum of 
the BiOCl/FeOCl-2 shows the stability of the chemical state 
and composition (Fig. S5b). Moreover, to avoid the second-
ary pollution to water, the leaching amounts of Fe and Bi 
are also measured by the ICP-MS. The results reveal that the 
leaching amounts of Fe and Bi are 0.71 and 0.03 ppm, respec-
tively, which are very small and would not cause secondary 
pollution [14].

In order to study the catalytic mechanism, the active 
species are detected by the trapping experiments as seen 
in Fig. 6, which has been proved to be an effective way by 
Fan et al. [37,38]. Moreover, the suppressed degradation 
degree can also represent the content of active species [39–
41]. Fig. 6a shows the degradation efficiency of the BiOCl/
FeOCl-2 by introducing scavenger into the photo-Fenton 
catalysis. The IPA causes the biggest suppressed degrada-
tion efficiency, which suggests that the •OH radical plays 
the most important role in these active species. And the 
amount of the •OH radical in the reaction system is also 
the biggest, which comes from the decomposition of H2O2. 
Using BQ as a scavenger, the role of superoxide radical is 
studied, which also plays an important role in photo-Fen-
ton catalysis. However, the contribution of photogenerated 
holes detected by introducing AO is small (Fig. 6a).

Fig. 6b is the trapping experiment over BiOCl/FeOCl-2 
in the dark. The BiOCl cannot excite photogenerated elec-
trons and holes in the dark. Thus, compared with the trap-
ping experiment under simulated sunlight, the production 

of superoxide radicals obviously reduced. It indicates that 
the superoxide radicals mainly come from the reaction of 
dissolved oxygen and photogenerated electrons, which is 
from the BiOCl in the composite. According to the litera-
ture, the conduction band of FeOCl is 0.98  eV, which is 
more positive than the potential of O2/•O2– [42]. The con-
duction band of BiOCl is –1.09 eV, which is more negative 
than the potential of O2/•O2– [43]. Therefore, the generated 
•O2– radicals are from the reaction between photogene-
rated electrons and dissolved oxygen [44,45]. Fig. 6b also 
shows that the production of •OH radical is bigger than that 
of superoxide radical. The fact suggests that the FeOCl in 
the composite mainly decomposes H2O2 to generates •OH 
radical, while BiOCl in the composite mainly produces 
superoxide radicals. Furthermore, the suppressed degra-
dation efficiency of the BiOCl/FeOCl-2 by IPA under simu-
lated sunlight is significantly bigger than that under dark, 
implying that the simulated sunlight also promotes the 
production of •OH radical. The photogenerated electrons 
in BiOCl are captured by Fe3+ in FeOCl through the inter-
face bonding, which accelerates the reduction of Fe3+ to Fe2+ 
and promotes the generation of •OH radical, in accordance 
with the literatures [9,10].

In this study, the novel composite structure of 2D BiOCl 
nanosheets vertically anchored on FeOCl nanoplates greatly 
improved the photo-Fenton catalytic activity. Based on the 
above experimental results, the photo-Fenton catalytic pro-
cess under simulated sunlight irradiation is illustrated in 
Fig. 7. Under simulated sunlight, owing to the ultrathin 
nanosheet structure and self-induced internal electric field 
of BiOCl, the photogenerated electrons and holes are easily 
separated [46,47]. Partial photogenerated electrons trans-
fer to the BiOCl surface and react with dissolved oxygen to 
form superoxide radicals [48,49]. At the same time, some 
of the photogenerated electron transfer to FeOCl through 
the –Fe–Cl–Bi– interface, resulting in the reduction of Fe3+ 
to Fe2+ ions. The transferred photogenerated electrons 
enhanced the separation ability of photo-generated charge 
carriers and increased the electrons that participated in 
the Fe2+/Fe3+ cycle [50–52]. The Fe2+ ions accelerate the for-
mation of •OH radical from H2O2. Furthermore, the high 

 
Fig. 6. Trapping experiment of active species over BiOCl/FeOCl-2 under (a) simulated sunlight and (b) dark.
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surface area of BiOCl/FeOCl-2 increases the adsorption of 
hydrogen peroxide and phenol on its surface, which effec-
tively improves the contact between phenol and active 
species, promoting the degradation of phenol.

4. Conclusion

In summary, the 2D BiOCl nanosheets vertically 
anchored on FeOCl nanoplates are successfully fabricated 
by an in-situ synthesis method. The BiOCl/FeOCl-2 effec-
tively increased the surface area and the utilization of 
sunlight. The formed novel structure and nanosheet mor-
phology promote interfacial charge transfer. The novel 
structure of the BiOCl/FeOCl-2 boosts the surface Fenton 
reaction. The BiOCl/FeOCl-2 presents a five times acceler-
ation of photo-Fenton catalytic degradation rate for phenol. 
Furthermore, the interface bonding of –Fe–Cl–Bi– effec-
tively prevents the loss of Cl on the FeOCl surface and 
improve the stability and durability of the composite. The 
synthesis of the BiOCl/FeOCl provides a new research 
idea for the preparation of Fenton catalysts.
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Supporting information

 
Fig. S1. Bandgap value of the pure FeOCl.

 
Fig. S3. Photo-Fenton catalytic activity of BiOCl/FeOCl-2 by 
different pH values.

 
Fig. S2. XPS spectrums of (a) BiOCl/FeOCl-2, (b) Bi 4f XPS spectrums in BiOCl/FeOCl-3.

 

Fig. S4. Cycling experiments of pure FeOCl.
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Fig. S5. (a) SEM image and (b) XPS spectrums of the BiOCl/FeOCl-2 after reaction.
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