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Abstract 

The xFe2O3/yBiOCl composites (xFe/yBi, x/y = 0/100, 5/100, 10/100, 20/100, 30/100, 

40/100 molar ratios) are, for the first time, prepared through an in situ hydrolysis method 

under hydrothermal conditions. The samples are characterized by X-ray diffraction (XRD), 

scanning electron microscope (SEM), high-resolution transmission electron microscopy 

(HRTEM), selected area electron diffraction (SAED) and UV-vis diffused reflectance spectra 

(UV-DRS). The photodegradation performances of the xFe/yBi samples are mainly 

investigated using the mixture wastewater containing both rhodamine B (RhB) and methyl 

orange (MO) as the simulated industry wastewater. It is found that the uniform Fe2O3 

nanocubes are well distributed on the BiOCl nanosheets. Moreover, the xFe/yBi 

photocatalysts exhibit the unexpectedly higher efficiencies than the bare BiOCl or Fe2O3 
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 2

under ultraviolet light irradiation (λ ≤ 420 nm). Specifically, the degradation rates of the 

xFe/yBi samples at x/y = 5/100 and 10/100 are 4 times higher than that of the bare BiOCl for 

MO-RhB mixture dyes. Their high photocatalytic activities are mainly attributed to the 

formation of stable p-n heterojunctions between the Fe2O3 and the BiOCl, which has greatly 

improved the separation of photogenerated carriers. Importantly, the highly efficient, 

inexpensive xFe/yBi p/n heterojunctions are expected to be applied in practical industry 

wastewater that containing complicated toxic components. 

 

Keywords: In situ; Fe2O3/BiOCl; p/n heterojunction; mixture dyes  
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1. Introduction 

Currently, environmental pollutions, such as water and soil, have caused increasing 

concerns than ever. Particularly for textile industry, the release of toxic organic dyes has 

become a serious environmental problem. 
1,2 

Due to highly stable chemical structures of 

synthetic dyes, they can not be degraded using conventional treatment methods, such as 

adsorption, chemical coagulation, extraction, membrane separation technology and so on. So 

the wastewaters released by textile industry can not meet more stringent international 

environmental standards. In recent years, photocatalysis technology has attracted much 

attention, since it is a potentially green technology to efficiently decompose organic dyes by 

utilizing solar energy. 
3
 However, it is still a big challenge to explore inexpensive, highly 

efficient photocatalysts, which can be applied in practices. 

Recently, BiOCl, as an efficient, inexpensive photocatalyst, has been widely studied in the 

degradation of organic pollutants. 
4-7

 The layered structure of the BiOCl favors for the 

separation of the photo-generated electrons and holes, thus leading to a high activity. 
8-10

 

However, the BiOCl can only absorb ultraviolet light because of its wide band gap 

(3.19–3.60 eV). So far, many efforts have been made to improve its photocatalytic activity by 

coupling with the other semiconductors, such as, BiOCl/Bi2O3, 
11,12

 PANI/BiOCl, 
13

 

BiOI/BiOCl, 
14

 WO3/BiOI, 
15

 NaBiO3/BiOCl, 
16

 BiOCl/BiOBr, 
17

 Bi2S3/BiOCl, 
18,19

 

Ag/AgCl/BiOCl, 
20

 Ag/AgX/BiOX, 
21

 BiOCl/Ag3PO4,
22

 and so on. On the one hand, 

nevertheless, the BiOCl-based heterojunctions modified with BiOI, Ag, AgX and Ag3PO4, 

are expensive, which limits their practical applications. It is desirable to explore the low-cost 

materials to couple with the BiOCl. On the other hand, some of the preparation methods are 

cumbersome, for example, using toxic solvents 
13

 or expensive surfactant, 
15,20,21

 or finely 
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controlling pH values. 
11,12,16,18

 Therefore, a simple, economical and environmentally friendly 

method is highly needed to prepare BiOCl-based heterojunctions. In this study, the 

Fe2O3/BiOCl photocatalysts are prepared by a facile hydrothermal method. Herein, Fe2O3 is 

selected as a coupling component with the BiOCl on base of its following advantages: First, 

Fe2O3 is an abundant, low-cost and environmentally friendly chemical in nature, which is 

widely applied in magnetism, sensors and biologics and photocatalysis. 
23-29 

Secondly, its 

energy bands can well match those of the BiOCl, which favor for the transfers of 

photogenerated charges from one material to another. Thirdly, a stable heterojuction is easy to 

form between the n-typed Fe2O3 and the p-typed BiOCl semiconductors, which favors for the 

separation of photogenerated electrons and holes thus refrain effectively their recombination.  

Furthermore, more than one kind of pollutants (e.g., different organic compounds, heavy 

metal ions, alkaline or acidic substances, etc.) is generally contained in practical industrial 

wastewaters. To the best of our knowledge, however, most of researches are mainly focused 

on the degradation of single pollutant, fewer have report the degradation performances of the 

photocatalysts under the co-presence of multi-component pollutants. It is needed to develop 

an efficient and inexpensive photocatalyst that can effectively degrade industrial wastewaters 

containing multiple organic dyes.  

Herein, the uniform Fe2O3/BiOCl p/n heterojunctions are, for the first time, prepared by a 

simple in situ hydrolysis method. We have investigated the activities of the catalysts at 

different molar ratios of the Fe2O3 to BiOCl. Furthermore, our main attention is paid to their 

photodegradation performances for the simulated the RhB-MO mixture wastewater. Here 

RhB is considered to be a cationic dye while MO is an anionic dye. The influences of 

different dye degradation have been briefly discussed. This contribution is aimed to extend 

photocatalysis technology to the practical applications. 
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2. Experimental 

2.1. Materials and preparation 

All chemicals were of analytical regent grade (A.R.), and used without further 

purification. Bismuth nitrate pentahydrate (Bi(NO3)3·5H2O), sodium chloride (NaCl) and 

ethylene glycol (EG) were purchased from the Sinopharm Chemical Reagent Co., Ltd. Iron 

chloride hexahydrate (FeCl3·6H2O) was purchased from Guangzhou Jinhuada Chemical 

Reagent Co., Ltd. 

Preparation of xFe/yBi samples. A simple, in situ hydrolysis method under hydrothermal 

conditions was used to synthesize the xFe/yBi samples. The BiOCl sample was prepared by a 

simple solvothermal synthesis method, which was described in electronic supporting 

information (ESI). Typically, 0.4 mmol of the FeCl3·6H2O was added into 50 mL of distilled 

water. After the FeCl3·6H2O was dissolved fully, 1 mmol of the as-prepared BiOCl powder 

was then added to the solution and stirred for 30-min by a magnetic stirrer. After that, the 

mixture was transferred into a Teflon-lined stainless steel autoclave and maintained at 160 °C 

for 12 h. The as-obtained sample was then washed with distilled water for several times and 

dried at 60 °C for 5 h. In order to achieve the optimum photocatalysts，the nominal molar 

ratio of the Fe2O3 to BiOCl varies from 5/100, 10/100, 20/100, 30/100 to 40/100 in our 

experiment (the real ratio of Fe/Bi are present in electronic supporting information (Table 

S1)). Furthermore, the phase-pure Fe2O3 sample was also prepared under the same conditions 

without adding the BiOCl. Herein, the as-prepared pure Fe2O3, xFe2O3/yBiOCl and the 

phase-pure BiOCl samples were labeled as 0Fe/100Bi, 5Fe/100Bi, 10Fe/100Bi, 20Fe/100Bi, 

30Fe/100Bi, 40Fe/100Bi and 100Fe/0Bi, respectively. 

2.2. Photocatalytic degradation reactions 
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 6

   Photocatalytic activities of the samples were evaluated by photocatalytic decomposition 

of rhodamine B (RhB), methyl orange (MO), methylene blue (MB) and the RhB-MO mixture 

wastewater, respectively. Typically, 0.05 g of powder was respectively added into the 

solution (200 mL, 10 mg/L), which was irradiated with a 300 W Xe arc lamp equipped with 

ultraviolet light (λ ≤ 420 nm). The suspension was stirred for 30 min to reach an 

adsorption–desorption equilibrium of dye molecules on the surface of photocatalyst. During 

photoreaction, 4 mL of suspension was collected at a given interval time and centrifuged to 

remove the particles. The concentration of dye remained in the solution was determined by 

using UV–vis spectrophotometer. For the RhB-MO mixture wastewater, 200 mL of 10 mg/L 

RhB and 10 mg/L MO are employed. 

2.3.  Characterization 

  The crystal structures of the samples were determined by X-ray powder polycrystalline 

diffractometer (Rigaku D/max-2550VB), using graphite monochromatized CuKα radiation 

(λ= 0.154 nm), operating at 40 kV and 50 mA. The XRD patterns were scanned in the range 

of 20-80
o
 (2θ) at a scanning rate of 5

o 
min

-1
. The samples were characterized on a scanning 

electron microscope (SEM, Hitachi SU-1510) with an acceleration voltage of 15 keV. The 

samples were coated with 5-nm-thick gold layer before observations. The fine surface 

structures of the samples were determined by high-resolution transmission electron 

microscopy (HRTEM, JEOL JEM-2100F) equipped with an electron diffraction (ED) 

attachment with an acceleration voltage of 200 kV. The texture properties of the samples 

were measured by nitrogen sorption isotherms. The surface areas and pore size distribution of 

the samples were calculated by the Brunauer-Emmett-Teller (BET) and 

Barret-Joyner-Halender (BJH) methods, respectively. UV-vis diffused reflectance spectra 
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(UV-DRS) of the samples were obtained using a UV-vis spectrophotometer (UV-2550, 

Shimadzu, Japan).  

3. Results and discussion 

3.1. Characterization of xFe/yBi samples 

Fig. 1(a,b) shows the representative SEM image of the typical BiOCl sample. The 

as-prepared sample is composed of microspheres, whose diameters range from 4 to 7 µm. 

Moreover, these microspheres are well separated one another, although they have discrepant 

diameters. It is interesting that the microspheres are assembled by numerous nanosheets, in 

which many pores can form. Such porous structure favors for the adsorption and desorption 

of dyes; as well for the multiple reflections and absorptions of irradiated light, which can take 

full advantage of irradiation light (Fig. 2). So the nanosheet-assembled microsphere structure 

plays an important role in the photocatalytic reaction. Fig. 1c shows the XRD patterns of the 

sample. All the diffraction peaks of the sample are in good agreement with those of the 

standard BiOCl (JCPDS 06–0249), indicating the phase-pure BiOCl is obtained. After being 

coupled with the Fe2O3, some of microspheres have broken into pieces, the others 

microspheres have become loose, as shown in Fig. 1d. It was found that before hydrothermal 

reaction, the pH values of the FeCl3 solutions were 2.16~2.57 at different amounts added. 

After hydrothermal reaction, the pH values have decreased to 1.7~2.46 due to the hydrolysis 

of Fe (III) ions. It is a fact that the hydrogen ions generated in the system will increase. As 

the BiOCl itself can dissolve in acidic solution, it is reasonable that the edges of nanosheets 

can dissolve in acidic solution. As a result, the microspheres can gradually become loose, 

even broke into pieces, as shown in Fig. 1d. In Fig. 1c, the diffraction peaks of the Fe2O3 can 

not be observed for 10Fe/100Bi sample, which may be due to some diffraction peaks of 

Fe2O3 overlap with those of the BiOCl (e. g., the diffraction peaks at 33.5° and 54° ). 
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Moreover, the small size and small amount of Fe2O3 (Table S1 of ESI) on the BiOCl 

nanosheets also result in the decreasing of peaks intensities. Besides, Table 1 presents the 

texture properties of the xFe/yBi samples. The surface areas of the xFe/yBi samples are 

almost identical (about 1 m
2
/g), indicating that the amount of the Fe2O3 added has little 

influence on the texture properties of the coupled samples. In contrast, the surface area of the 

pure BiOCl is 15 m
2
/g, which is significantly higher than those of xFe/yBi samples. Also, the 

pore volumes of the xFe/yBi samples are smaller than that of the pure BiOCl. The decrease of 

surface areas and pore volumes of the xFe/yBi samples may be due to the microstructure 

change from the porous BiOCl microspheres to the xFe/yBi nanosheets. Fig. 3 shows the 

XRD patterns of the samples. It is observed that compared with BiOCl, all the diffraction 

peak positions of the BiOCl in the xFe/yBi samples have not shifted, indicating that Fe (III) 

ions have not inserted into the lattice or substituted for Bi (III) ions of the BiOCl. At higher 

x/y values than 10/100 (molar ratios), besides the diffraction peaks of the BiOCl, the 

diffraction peaks of the Fe2O3 are observed. Moreover, the (110) peak intensity of the Fe2O3 

increases gradually with increasing the amount of the Fe2O3 added.  

Furthermore, Fig. 4 displays the high-resolution electron emission microscopy (HRTEM) 

images and selected area electron diffraction (SAED) pattern of the 10Fe/100Bi sample. It is 

clearly observed from Fig. 4(a,b) that the cubic Fe2O3 nanoparticles uniformly distribute on 

the BiOCl nanosheets through the dark-bright contrast resulting from the different atomic 

densities of the Fe2O3 and the BiOCl. It is clear that the sides lengths of the Fe2O3 cubes are 

about 30~50 nm. Fig. 4c shows SAED pattern of the sample. The clear diffraction spots result 

from the (200) and (110) Bragg reflections of the BiOCl and the (110) Bragg reflections of 

the Fe2O3, respectively. Moreover, the interface between the Fe2O3 and the BiOCl is observed 

by HRTEM (Fig. 4d). The lattice spacing of 0.248 nm is well indexed to the (110) crystal 

plane of the Fe2O3, while that of 0.273 nm matches the (110) crystal plane of the BiOCl. The 
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HRTEM results firmly confirm the formation of xFe/yBi heterojunctions. 

3.2. Photocatalytic activities of the samples 

3.2.1. Photocatalytic activities for single-component wastewater 

   Our measurement results show (Fig. S1 of ESI) that under visible light irradiation, the 

xFe/yBi heterojunctions almost have no catalytic activity, which may be closely relative to 

the visible light responsive Fe2O3. It has been reported 
27,30,31

 that due to the short diffusion 

length of photogenerated holes in the Fe2O3, the photogenerated electron–hole pairs can not 

be separated easily, because they are easy to recombine again. Thus, all the photocatalytic 

activities of the samples were evaluated under ultraviolet light irradiation. It is clearly 

observed from Fig. 5(a,b) that the photocatalytic degradation efficiencies of RhB over these 

samples follow the order: 10Fe/100Bi > 5Fe/100Bi > 20Fe/100Bi > 30Fe/100Bi > 

40Fe/100Bi > 0Fe/100Bi > 100Fe/0Bi. The xFe/yBi heterojunctions have the improved 

photocatalytic activities. In particular, the 10Fe/100Bi sample exhibits the highest 

photocatalytic activity for the degradation of RhB among the samples, and 98% of RhB has 

been degraded after 20-min UV light irradiation. In contrast, only 88% of RhB can be 

degraded after 40-min irradiation for the pure BiOCl. It is obvious that the optimum molar 

ratio of the Fe2O3 to the BiOCl is 10/100 for the photocatalytic degradation of RhB. With 

further increasing the amount of Fe2O3, the photocatalytic activity of the xFe/yBi 

photocatalyst decreases. It may be that at a too high x/y ratio, more Fe2O3 nanoparticles have 

agglomerated and even separated from the surface of BiOCl (Fig. S2d). Furthermore, it has 

been reported 
27,30,31

 that the photogenerated electron–hole pairs of Fe2O3 are easy to 
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recombine again. So the photocatalytic degradation efficiencies of the xFe/yBi samples 

decrease at too higher Fe2O3 amounts. Besides, the pure BiOCl has a higher photocatalytic 

activity than the pure Fe2O3. It is well known 
27,30,31

 that the Fe2O3 has a short diffusion 

length of photogenerated holes, resulting in a higher recombination rate of photogenerated 

electrons and holes, compared with the BiOCl that has a layered structure favoring for the 

separation of photogenerated carriers. 
8-10

 Further, we have investigated the photodegradation 

of mehylene orange (MO, an anionic dye). As shown in Fig. 5(c,d), the xFe/yBi 

heterojunctions also show the improved photocatalytic activity for the degradation of MO, 

compared with the pure BiOCl. Moreover, the optimum molar ratio of the Fe2O3 to the BiOCl 

is 5/100. 

The photodegradation of RhB or MO can be simplified as the pseudo-first-order kinetic 

reaction, as described as the following formulae. 

                              ln(C0/C) = ka×t,                             (1)                                                         

Where C is the concentration of RhB or MO remained in the solution after irradiation and C0 

is the initial concentration of RhB or MO before irradiation. Fig. 5b and 5d present the plots 

of ln(C0/C) versus irradiation time for the degradations of RhB and MO, respectively. The 

xFe/yBi heterojunctions have the notably high reaction rates in a wide x/y molar range, 

whereas the pure BiOCl or Fe2O3 has a low reaction rate. The calculated apparent rate 

constants (ka) for the degradations of RhB and MO are given in Table 2, respectively. It is 

obvious that for the decomposition of RhB, 10Fe/100Bi sample has the highest reaction rate 

among the samples and the ka value of the 10Fe/100B is 4 and 16 times higher than those of 

the pure BiOCl and Fe2O3, respectively. For the degradation of MO, the ka value of the 

5Fe/100Bi sample is the largest among them, which is about 7 and 19 times higher than those 

of the pure Fe2O3 and BiOCl, respectively. At same time, the xFe/yBi composites also show 
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the improved photocatalytic activities than pure BiOCl and Fe2O3 for the degradation of 

methylene blue ( Fig. S3 of ESI). It is worth noting that the xFe/yBi heterojunctions can 

mineralize dyes because the reports 
9,10,14

 have demonstrated this using TOC or LC–MS 

method. 

3.2.2. Photocatalytic activities for RhB-MO mixture wastewater 

Generally, more than one dye is contained in practical wastewater. In order to simulate 

practical wastewater, the photoderadation of the RhB-MO mixture dye solution was employed 

to investigate the degradation activities of the samples under ultraviolet light irradiation. It is 

found that the positions of maximum absorption peaks for RhB and MO dyes have not changed 

in the mixture dye solution, as shown in Fig. 6. The absorbencies of RhB and MO in mixture 

wastewater were still measured at 552 nm and 463 nm, respectively. Fig. 7 shows the 

photocatalytic activities of the samples for the RhB-MO mixture dye solution. Compared with 

the pure BiOCl, xFe/yBi heterojunctions show the improved photocatalytic activities under 

ultraviolet light irradiation. The 5Fe/100Bi photocatalyst show the highest activity for the 

RhB-MO mixture solution. After 30-min ultraviolet light irradiation, more than 90% of RhB 

(Fig. 7a) and 90% of MO (Fig. 7c) in the RhB-MO mixture dye solution are degraded by the 

5Fe/100Bi photocatalyst. We also prepared the composites of 0.05 mmol Fe2O3 and 1 mmol 

BiOCl by mechanical grinding method, and test its degradation activity. It is obvious that its 

photocatalytic activity is almost same as that of BiOCl, but is far lower than that of the 

5Fe/100Bi heterojunction. The photodegradation reaction of the RhB-MO mixture dyes can 

also be simplified as the pseudo-first-order kinetics reaction. Fig. 7b and 7d present the kinetic 

curves of RhB and MO in mixture dyes solution, respectively. Their apparent reaction rate 

constants (ka) are given in Table 2. The 5Fe/100Bi sample has a ka value much larger than the 

others samples for the degradation of the RhB-MO mixture dyes solution. Besides, it is also 
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observed that the degradation rate of MO is faster than that of the RhB dye (Table 2 and Table 

S2 of ESI). The apparent rate constant of MO is about 2 times as high as that of RhB over the 

5Fe/100Bi photocatalyst.  

Fig. S4 (seeing ESI) shows the adsorption amounts of RhB and MO dyes over the 

5Fe/100Bi sample in the RhB-MO mixed solution under dark condition. The average 

adsorption amount of the RhB over the sample is 7.8%, but that of MO is 1.8%. It is obvious 

that over the 5Fe/100Bi sample, the adsorption amount of the RhB is 4 times as large as that of 

the MO; however, the degradation rate of MO is 2 times as high as that of the RhB over the 

same 5Fe/100Bi catalyst, indicating that a larger adsorption amount does not always mean a 

high degradation activity. Herein we hold that their different degradation rates are mainly 

associated with their different molecule structures, as shown in Fig. S5 (seeing ESI). Rauf et al. 

have reported that azo bonds (–N=N–) are the most active in azo dye molecules and can be 

easily oxidized by hydroxyl radicals or positive holes. 
32

 But the RhB dye has a stable chemical 

structure. As a result, the degradation rate of MO is higher than that of the RhB. Furthermore, it 

should be noted that in the single dye solution, the degradation rates of the RhB and MO are 

3.4-6.7 and 1.4-3.8 times as high as those in mixture dye solution over the same sample, 

respectively (Table 2). It is obvious that there is a strong interaction among the components in 

mixture dye solution. We hold that in the co-presence of both the RhB and MO, the activity 

decrease may mainly result from their competitive adsorptions. Both the RhB and MO can 

adsorb on the surfaces of the catalysts simultaneously. As a result, the degradation rate of the 

RhB-MO mixture solution is slower than that of single-dye. To conclude, the xFe/yBi 

photocatalyst is promising to be applied in cleaning industry wastewater that generally contains 

more than one dye. Future work will mainly focus on the degradation performance of the 

xFe/yBi for more complicate wastewaters containing heavy metals ions, acids or alkalines, and 

other organic pollutants, so as to extend photocatalysis technology to practical wastewaters.  
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3.3. Formation of xFe/yBi heterojunctions and photocatalytic mechanism  

It is well-known that the activity of photocatalyst is strongly dependent on the generation 

and separation of photogenerated charges. 
33,34 

The transfer rate and the separation efficiency 

of interfacial charges can be effectively improved by the coupled xFe/yBi samples with the 

matched conduction band (CB) and valence band (VB), as schematically illustrated in Fig. 8. 

The CB (-1.1eV) of BiOCl lies above the CB (0.28 eV) of Fe2O3, and the VB (2.48 eV) of 

Fe2O3 lies below that (2.4eV) of the BiOCl. Both the BiOCl and the Fe2O3 have the matched 

energy bands. Thus, a stable heterojuction is easy to form between the n-typed Fe2O3 and the 

p-typed BiOCl semiconductors. 
35,36

 Consequently, an internal electric field is built in the 

xFe/yBi heterojunction interface. Under UV light irradiation, both the Fe2O3 and BiOCl can 

be excited. Driven by the internal electric field, the photogenerated electrons at the CB of the 

BiOCl can migrate to the CB of the Fe2O3. Simultaneously, the generated holes in the VB of 

the Fe2O3 can move along the opposite direction to that of the BiOCl. As a result, the 

recombination rate of the photogenerated electrons and holes can be reduced effectively, and 

the photocatalytic activity of the xFe/yBi photocatalyst can be improved greatly, compared 

with the pure BiOCl or Fe2O3. Moreover, the UV–DRS spectra show that the light absorption 

ability of the xFe/yBi samples also have been improved than BiOCl or Fe2O3 (Fig. S6 of ESI), 

which also favors for the improvement of photocatalytic activity. 

4. Conclusions 

The Fe2O3/BiOCl p/n heterojunctions can be easily synthesized by an in situ hydrolysis 

method. Compared with BiOCl or Fe2O3, the Fe2O3/BiOCl heterojunctions exhibit fairly 

higher activities not only for individual RhB or MO dye but also for the RhB-MO mixture 

dyes. Their high degradation activities are mainly attributed to the formation of a stable p-n 

heterojunction between Fe2O3 and BiOCl, which has refrained greatly the recombination of 
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photogenerated carriers. Future work will mainly focus on the degradation performance of 

xFe/yBi for more complicate toxic wastewaters containing heavy metals ions, acids or 

alkalines, and other organic pollutants, so as to extend photocatalysis technology to practical 

wastewaters.
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Table 1 

 

Table 1 Texture properties of the xFe/yBi samples (x/y, the molar ratio of Fe2O3 to 

BiOCl )  

Sample 
[a] 

BET surface area 

(m
2
/g) 

[b] 
Pore volume 

(cm
3
/g) 

[b] 
Pore Diameter 

(nm) 

0Fe/100Bi 15.9 0.056 10.7 

5Fe/100Bi 1.6 0.009 36.8 

10Fe/100Bi 1.8 0.009 35.7 

20Fe/100Bi 1.7 0.015 34.3 

30Fe/100Bi 1.1 0.012 39.5 

40Fe/100Bi 2.1 0.023 40.7 

Notes: [a], calculated by the Brunauer-Emmett-Teller (BET) method; [b], calculated by 

the Barret-Joyner-Halender (BJH) method 
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Table 2 

Table 2 Apparent reaction rate constants (ka) of the RhB, MO and RhB-MO mixture wastewater over xFe/yBi samples after 20 min UV irradiation 

(λ ≤ 420 nm) 

xFe/yBi samples ka (Single-component RhB solution) 

(min
-1

) 

ka (RhB in mixture solution) 

(min
-1

) 

ka (Single-component MO solution) 

(min
-1

) 

ka (MO in mixture solution) 

(min
-1

) 

0Fe/100Bi 0.03861 0.00831 0.02516 0.01809 

5Fe/100Bi 0.14412 0.04178 0.18149 0.09314 

10Fe/100Bi 0.16621 0.03198 0.12365 0.08457 

20Fe/100Bi 0.07662 0.01144 0.05118 0.02392 

30Fe/100Bi 0.05937 0.01125 0.05684 0.03495 

40Fe/100Bi 0.04208 0.00799 0.04612 0.03074 

100Fe/0Bi 0.01011 0.00171 0.00955 0.00251 

RhB, 200 mL, 10 mg/L; MO, 200 mL, 10 mg/L; RhB-MO, 200 mL of 10 mg/L RhB + 10 mg/L MO 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Graphic abstract 

 

Uniform Fe2O3/BiOCl p/n heterojunctions are synthesized by an in situ hydrolysis method, 

whose degradation rates are 4 times higher than that of the bare BiOCl. 
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