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Abstract 11 

Highly-efficient technologies are urgently needed to remove environmental 12 

organic pollutants. Photocatalytic degradation and Fenton (-like) process are often 13 

used to remove organic pollutants. But simplex photocatalysis is a rather slow process, 14 

while Fenton-like process is often limited by low pH levels. Introducing 15 

photocatalysis into Fenton-like process to form photocatalytic Fenton-like system is a 16 

promising method to overcome these drawbacks. This work investigated a 17 

simulated-solar light (SSL) driven photocatalytic Fenton-like process with using a 18 

novel biomimetic photocatalyst hemin-Bi2WO6 induced by H2O2 19 

(SSL/H-Bi2WO6/H2O2 process) to degrade organic pollutants. H-Bi2WO6 possesses 20 

lower fluorescence intensity and faster electron transport than pristine Bi2WO6. 21 

Additionally, combined experimental and theoretical investigations indicated that 22 

SSL/H-Bi2WO6/H2O2 process revealed a high catalytic activity with enhanced pH 23 

tolerance. Furthermore, trapping experiments and electron spin resonance tests were 24 

used to explore the reaction mechanism of photodegradation. Presumably, the 25 

degradation of organic pollutants over SSL/H-Bi2WO6/H2O2 process was ascribed to 26 

•OH, h
+
, and •O2

-
 radical species, and Fe(IV)=O active species generated from the 27 

interaction of H2O2 with the variable valence state of iron on H-Bi2WO6. Overall, this 28 

work puts forward a new possibility for aqueous organic pollutants removal via 29 

SSL/H-Bi2WO6/H2O2 process, which may promote the application of photocatalytic 30 

Fenton-like process and biomimetic catalysis. 31 

Keywords: Bi2WO6; Biomimetic; Hemin; Photocatalytic Fenton-like process 32 
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1. Introduction 33 

In recent few decades, environmental pollution is becoming a worldwide 34 

environmental issue, especially water pollution caused by organic pollutants with 35 

visible, toxic, or nonbiodegradable properties [1-6]. Compared with adsorption 36 

process [7-11], conventional oxidation process [12, 13], biotreatment [14-17] and 37 

electrochemical process [18], photocatalytic degradation and Fenton-like process have 38 

been widely applied in the treatment of organic pollutants [19-22]. But simplex 39 

photocatalysis or Fenton-like process has some drawbacks that limit their efficiency 40 

in the removal of organic pollutants. Photocatalysis is a rather slow process due to its 41 

low oxidation rate, while Fenton-like process alone is often limited in working at low 42 

pH levels to avoid catalyst precipitation [23, 24]. These drawbacks restrain the 43 

practical applications of these individual methods to dispose organic pollutants 44 

economically [25]. Thus, the introduction of photocatalysis into Fenton-like process 45 

to form photocatalytic Fenton-like system is presented for the removal of organic 46 

pollutants, which may improve catalytic activity and pH tolerance. 47 

Some semiconductors have been reported to combine with Fenton-like reaction 48 

to show an effective degradation of organic pollutants, such as carbon nanodots [26], 49 

TiO2 [27], g-C3N4 [28, 29], and WO3 [30]. Compared with these semiconductors, 50 

Bi2WO6 shows remarkable photocatalytic activity when combined with Fenton-like 51 

process owing to its layered structure and narrow band gap [31-36]. Combining with 52 

Fenton-like process show the potential to solve the high recombination of 53 

photoexcited electron-hole pairs in photocatalytic process with using Bi2WO6 alone 54 
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[37, 38]. In traditional Fenton (-like) process, iron ions were the usual Fenton reagent 55 

used for H2O2 activation, which has several main disadvantages [39-41]: (i) 56 

production of additional iron sludge with increased pH; (ii) limitation of the activity 57 

by pH levels; (iii) secondary pollution with excessive use; (iv) difficulties in catalysts 58 

reuse; (v) increased cost for industrial disposition of iron sludge. So in this study, 59 

hemin, a biologically active metalloporphyrin complex, was chosen as the Fenton-like 60 

reagent modified on Bi2WO6 surface to avoid these disadvantages. Hemin has been 61 

widely explored as a biomimetic catalyst in the last few years owing to the unique 62 

photochemical behaviour and biological value [42-44]. For example, a biomimetic 63 

photocatalytic system over the combined g-C3N4-IMD-hemin with the assist of H2O2 64 

revealed high photocatalytic oxidation activity [45] and a prepared 65 

hemin-functionalized graphene hydrogel showed strong antibacterial properties [46]. 66 

The enhanced photocatalytic activity might be contributed to the sensitization with the 67 

hemin, which can improve the separation of photoexcited electron-hole pairs [47]. On 68 

the other hand, hemin molecules are easy to aggregate in aqueous solutions [48]. 69 

Combining with Bi2WO6 that acting as a support might be a feasible way to solve the 70 

aggregation problem, and then prevent the generation of inactive dimers and oxidative 71 

self-destruction of hemin in the photochemistry system. 72 

Hydrogen peroxide is a key factor in the photocatalytic Fenton-like system. H2O2, 73 

an inorganic oxidant with a standard potential of 2.84 V verses standard hydrogen 74 

electrode, has a significant rate-enhancing effect on the degradation of organic 75 

pollutants [49]. H2O2 is used as a "green" oxidant in organics degradation because (i) 76 
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it generates H2O as the only by-product, (ii) it generates active oxygen species, and 77 

(iii) it possesses an oxidative potential prevailing to molecular oxygen (1.76 V vs 78 

0.695 V) [50]. In such photocatalytic Fenton-like process, H2O2 plays as a powerful 79 

scavenger to capture the photogenerated electrons when photocatalysis and 80 

Fenton-like process are conducted simultaneously, which can increase the quantum 81 

efficiency of this system and accelerate the transport of photoexcited charge carriers 82 

and the generation of active species, such as hole (h
+
), superoxide radicals (•O2

-
), and 83 

hydroxyl radicals (•OH), for the more efficient removal of organic pollutants [51]. 84 

However, a high H2O2 concentration was used in many presented wastewater disposal 85 

processes, which is not suitable to be used in commercial large-scale application [52, 86 

53]. Thus, an effective process with a small amount of H2O2 for organic pollutants 87 

degradation is urgently needed. And the use of H2O2 in photocatalytic Fenton-like 88 

process must be examined carefully, because there may appear negative effects with a 89 

too low or too high H2O2 concentration. Moreover, few documents investigated the 90 

effect of pH on the combined photocatalytic Fenton-like process. Hence, the effect of 91 

pH on photocatalytic Fenton-like process needs to be further study. 92 

This work combined an environment-friendly biomimetic material hemin and a 93 

low-cost photocatalyst Bi2WO6 together to get a novel hemin modified Bi2WO6 94 

(H-Bi2WO6) composite via a facile solvothermal method. The morphology and optical 95 

properties of H-Bi2WO6 samples were systematically characterized by the field 96 

emission scanning electron microscopy (FESEM), transmission electron microscopy 97 

(TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), UV–vis 98 
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diffuse reflection spectroscopy (DRS) and photoluminescence (PL) spectroscopy. 99 

Rhodamine B (RhB) was chosen as the initial treated organic pollutant to explore the 100 

catalytic degradation performance of H-Bi2WO6, because RhB is not only a widely 101 

used organic dye in industry but also a model pollutant to explore the photocatalytic 102 

performance of BWO in many studies [54-57]. A combined experimental and 103 

theoretical investigation of the influencing factors in the photocatalytic Fenton-like 104 

process over H-Bi2WO6 induced by a small amount of H2O2 under simulated 105 

solar-light irradiation (SSL/H-Bi2WO6/H2O2 process) was performed, including the 106 

effect of different systems, different initial H2O2 concentrations, and pH levels. 107 

Subsequently, radicals trapping experiment and electron spin-resonance spectroscopy 108 

(ESR) analysis technology was performed to probe the generated active species and 109 

investigate the possible reaction mechanism in the catalytic degradation over 110 

SSL/H-Bi2WO6/H2O2 process. It is anticipated that the photocatalytic Fenton-like 111 

process over SSL/H-Bi2WO6/H2O2 system has the potential to promote the efficiency 112 

of other organic pollutants wastewater treatment. 113 

2. Experimental 114 

2.1. Chemical Materials 115 

Na2WO4•2H2O (>99.5%) was supported by Tianjin Kaidahua Reagent Co., Ltd 116 

(Tianjin, China). Hemin (>97%) was purchased from HeFei BoMei Biotechnology 117 

Co.Ltd (Anhui, China). Other chemicals were purchased from Sinopharm Chemical 118 

Reagent Co., Ltd (Shanghai, China). De-ionized water (18.25 MΩ cm) was used in 119 

the whole experiment. 120 
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2.2. Preparation of Catalysts 121 

Bi2WO6 was prepared through hydrothermal method [58]. H-Bi2WO6 was 122 

prepared from hemin and obtained Bi2WO6 samples through one-step solvothermal 123 

process. In a typical procedure, 20 mg of hemin and 200 mg of Bi2WO6 were first 124 

dispersed in acetonitrile and dimethyl sulfoxide mixture (1:1 in volume) to form 125 

suspension. The suspension was next stirred at ambient temperature for 30 min, 126 

followed by sonication for additional 30 min. The suspension was then transferred to 127 

a reaction kettle vessel and heated to 140 °C for 4 h. After cooling to the room 128 

temperature, H-Bi2WO6 was obtained. 129 

2.3. Characterization 130 

The specific surface area, pore volume and pore size of hemin-Bi2WO6 were 131 

measured by the Brunauer-Emmett-Teller (BET) adsorption method (Belsorp-Mini II 132 

analyser, Japan). PL spectra was recorded with Hitachi F-7000 fluorescence 133 

spectrophotometer at an excitation wavelength of 365 nm. The Fourier transforming 134 

infrared spectrum (FT-IR) analysis was performed on NICOLET 5700 FT-IR 135 

spectrometer. The DRS were performed on Hitachi U4100 UV spectrophotometer. 136 

The crystal phase of the samples was determined by using a D/max-2500 XRD 137 

(XRD-6100, Japan) with Cu Kα radiation (λ = 0.15406 nm) in the region of 2θ from 138 

10º to 80º. XPS of the samples was obtained by using an ESCALAB 250Xi 139 

spectrometer (Thermo Fisher, USA) with Al Kα radiation (hv = 1486.6 eV). Their 140 

morphology was examined by TEM (JEM-3010, Japan). The light irradiation source 141 

was a 300 W Xe arc lamp (CEL-HXF300, Beijing). The total organic carbon (TOC) 142 
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was tested to analyse the mineralization degree of organic dyes on Analytik Jena AG 143 

(Multi N/C 2100). 144 

2.4. Photocatalytic activity test 145 

Photocatalytic removal of RhB was carried out under visible light irradiation 146 

using a 300W Xe lamp (CELHXF300, China). In each experiment, 10 mg of 147 

photocatalyst was dispersed into 100 mL of RhB solution (10 mg/L). Before 148 

irradiation, a certain amount of minutes of dark stirring at room temperature was 149 

maintained for achieving the adsorption-desorption equilibrium between the catalyst 150 

and RhB. Then the solution pH level was adjusted and a certain amount of H2O2 was 151 

added before irradiation. Except the experiments of testing the effect of initial H2O2 152 

concentrations, 0.5‰ (in volume) of H2O2 was added. And all the experiments did not 153 

adjust the pH except the tests the effect of pH levels. After that, the mixture was 154 

exposed to simulated solar-light, and 3 mL of solution was taken out at given time 155 

interval. The residual RhB content of the solution was analysed by a Shimadzu 156 

UV-vis spectrophotometer with the absorbance at the characteristic band of 550 nm. 157 

Each experiment for photocatalytic measurement were repeated three times. 158 

2.5. Photo-electrochemical measurements 159 

The photocurrent density and electrochemical impedance spectroscopy (EIS) 160 

spectra were determined in a conventional three-electrode electrochemical cell with a 161 

working electrode, a platinum wire counter electrode and a saturated calomel 162 

electrode (SCE) as reference electrode. The working electrode was immersed in a 163 

sodium sulfate electrolyte solution (0.5 M) using CHI760E workstation and irradiated 164 
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at a visible light. 165 

2.6. Active species trapping tests 166 

The active species trapping introduced ethylenediaminetetraacetic acid disodium 167 

salt (EDTA-2Na), benzoquinone (BQ), and tert-butyl alcohol (TBA) as the scavengers 168 

to detect the effect of h
+
, •O2

-
, and •OH in RhB degradation of the photocatalytic 169 

Fenton-like system, respectively. The test was performed by 1 mM scavengers to 170 

degrade RhB in an aqueous solution over SSL/H-Bi2WO6/H2O2 process. 171 

3. Results and discussion 172 

3.1. Characterization of the as-prepared H-Bi2WO6 photocatalysts 173 

Direct evidence for H-Bi2WO6 formation was obtained by FT-IR, XRD and XPS. 174 

The FT-IR analysis of Bi2WO6 and H-Bi2WO6 are shown in Fig. 1a. Main absorption 175 

bands at 400-1000 cm
-1

 can be ascribed to the stretching of Bi-O, W-O and W-O-W of 176 

Bi2WO6. The obvious absorption at 1387 cm
-1

 can be ascribed to N-O bending 177 

vibration, which was caused by NO3
- 
from the raw material HNO3. The absorption at 178 

1641 and 3418 cm
-1

 are attributed to the bending and stretching vibrations of the 179 

adsorbed H2O molecules, respectively. Compared with the spectrum of Bi2WO6, the 180 

spectrum of H-Bi2WO6 changed at the range of 800-1300 cm
-1

. The absorption at 181 

1078 cm
-1

 belongs to the C-O stretching, which was attributed to the binding of hemin. 182 

These results are consistent with the previous reports [59]. 183 

The XRD patterns of Bi2WO6 and H-Bi2WO6 were also investigated, and the 184 

results are revealed in Fig. 1b. It can be seen that there is no change of the XRD 185 
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pattern from Bi2WO6 to H-Bi2WO6. All of them demonstrated a typical Bi2WO6 186 

crystal structure. The peaks at 2θ around 28.3°, 32.7°, 47.1°, 55.8°, 58.5°, 69.1°, 76.1°, 187 

and 78.3°, are attributed to the (131), (060), (202), (331), (262), (083), (2120), and 188 

(402) crystallographic planes (JCPDS, No. 39−0256), respectively. Results 189 

demonstrated that hemin did not influence the crystal structure of Bi2WO6. 190 

XPS experiments were used to demonstrate the formation of covalent bonds 191 

during the fabrication of H-Bi2WO6. The results of C 1s, O 1s, Fe 2p, Bi 4f, and W 4d 192 

were presented in Fig. 2. Binding energies are assigned to C, N, O, Fe, Bi, and W (Fig. 193 

2a). Two strong peaks at 159.25 and 164.58 eV of the high resolution Bi 4f XPS 194 

spectra (Fig. 2b) are the binding energies of Bi 4f7/2 and Bi 4f5/2, respectively. The 195 

high resolution C 1s XPS spectra are also shown in Fig. 2c with a binding energy at 196 

284.8 eV for C-C/C=C bonds, at 286.1 eV for C-N bonds and at 288.2 eV for C-O 197 

bonds. Fig. 2d shows the XPS spectrum in the O 1s region with a binding energy at 198 

530.4 eV for Bi-O bonds. The XPS spectra from a wide scan indicated the presence of 199 

Fe and N. The peak of Fe 2p spectra (Fig. 2e) loaded at 710.38 eV and 723.48 eV are 200 

assigned to the energies of Fe 2p3/2 and Fe 2p1/2, respectively, which can be ascribed 201 

to the iron atom of hemin. And the peak of N 1s spectra loaded at 400.0 ± 0.2 eV (Fig. 202 

2a) attributes to the four chemically equivalent N atoms that bind to the central iron 203 

atom in hemin [60]. In Fig. 2f, the W 4f spectra of H-Bi2WO6 at 35.5 eV and 37.5 eV 204 

are assigned to the binding energies of W 4f7/2 and W 4f5/2, respectively. According 205 

to all the above results, hemin was successfully modified on Bi2WO6 surface. 206 

Furthermore, the morphology of Bi2WO6 and H-Bi2WO6 has been characterized 207 



 

11 

 

by SEM and TEM images. Fig. 3a showed the SEM images of Bi2WO6, while Fig. 3b 208 

and 3c showed the SEM images of H-Bi2WO6. It can be seen that the sample has 209 

randomly distributed clusters because of the introduction of hemin on Bi2WO6 surface. 210 

These surface clusters existing on the H-Bi2WO6 can provide many active sites and 211 

improve mass transportation, which can further utilize the advantages for 212 

photocatalytic degradation. TEM images of H-Bi2WO6 (Fig. 3d, 3e and 3f) showed 213 

that the edge of H-Bi2WO6 samples was square laminar. Fig. S1 showed the EDS 214 

analysis of the as-prepared H-Bi2WO6, which demonstrated that hemin was 215 

successfully combined with Bi2WO6. Besides, nitrogen adsorption-desorption 216 

isotherms experiments were used to further study the surface morphology and pore 217 

volume of H-Bi2WO6. The results showed that H-Bi2WO6 had a little decrease of 218 

surface area and pore volume compared with Bi2WO6 (Table S1 and Fig. S2). 219 

3.2. Optical property, photoluminescence, and photo electrochemical properties 220 

H-Bi2WO6 possessed higher optical absorption than Bi2WO6 according to UV-vis 221 

DRS (Fig. 4a). PL spectra were recorded to explore the behaviour of photoinduced 222 

charge carries, and the results suggested the reduced recombination rate of 223 

photogenerated electron-hole pairs and the facilitated electron transport and 224 

charge-separation efficiency (Fig. 4b). The result of transient photocurrent 225 

measurement showed the increased transient photocurrent (Fig. 4c), suggesting the 226 

effective separation of photogenerated electron-hole pairs of H-Bi2WO6 [61]. EIS is 227 

also a method to explain the electron-transfer efficiency at the electrodes. The arc 228 

radius on the EIS Nyquist plot of the ITO/H-Bi2WO6 film was smaller than that of the 229 
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ITO/Bi2WO6 film (Fig. 4d), showing a high electron-transfer efficiency. All of these 230 

results revealed a rapid transfer of interfacial charge, and then leading to a valid 231 

inhibition in recombination of photogenerated electron-hole pairs. 232 

3.3. Evaluation of photocatalytic activity 233 

A series of experiments were performed to explore the effect factors, including 234 

different systems, initial H2O2 concentrations (0.2‰-0.9‰ in volume), and pH levels 235 

(3, 4, 5, 7, 9, 11, 12, and 13), and the stability of H-Bi2WO6. The photocatalytic 236 

activities of Bi2WO6 and H-Bi2WO6 samples were evaluated by the decomposition of 237 

RhB under simulated solar-light irradiation. According to the result of RhB adsorption 238 

experiments (Fig. S3), the little decrease in surface area and pore volume of 239 

H-Bi2WO6 had a very small effect on the adsorption capacity, and 30 min dark stirring 240 

was maintained for achieving the adsorption-desorption equilibrium between catalyst 241 

and RhB. RhB content of the solution was analyzed via UV-vis spectrophotometer 242 

with the absorbance at the characteristic band of 550 nm. Besides, TOC analysis was 243 

used to measure the mineralization for RhB. 244 

3.3.1. Effect of different systems 245 

Degradation experiments of RhB were performed to explore the catalytic activity 246 

of different process. The results are shown in Fig. 5a. Little RhB was removed in 247 

SSL/H2O2 or SSL/hemin/H2O2 process. In SSL/Bi2WO6/H2O2 process, about 63.7% 248 

of RhB was removed in 60 min. And about 71.4% of RhB was removed in the 249 

presence of hemin, Bi2WO6 and H2O2 under SSL irradiation, which was close to the 250 

degradation result of SSL/Bi2WO6/H2O2 process. In contrast, 99.5% of RhB was 251 



 

13 

 

removed in SSL/H-Bi2WO6/H2O2 process. The above experimental results 252 

demonstrated that the catalytic activity of SSL/H-Bi2WO6/H2O2 system was higher 253 

than other systems. 254 

3.3.2. Stability of prepared H-Bi2WO6 255 

H-Bi2WO6 samples was performed four reaction runs under the same conditions 256 

to test the stability. Comparing fresh and aged H-Bi2WO6, nearly no significant loss of 257 

catalytic activity was observed in RhB degradation (Fig. 5b), suggesting that 258 

H-Bi2WO6 has good photostability. Besides, the ability to deep mineralize organics is 259 

a key evaluation criterion for pollutant treatment. This work used TOC analysis to 260 

measure the mineralization for RhB. The removal of TOC in RhB aqueous solution 261 

achieved above 70% of TOC after 3 h SSL irradiation (Fig. S4). The result 262 

demonstrated that SSL/H-Bi2WO6/H2O2 process exhibited high photocatalytic activity 263 

in the RhB degradation with a favourable mineralization ability. 264 

3.3.3. Effect of initial H2O2 concentrations 265 

Effect of initial H2O2 concentrations was explored on the RhB degradation over 266 

SSL/H-Bi2WO6/H2O2 process. As illustrated in Fig. 6a, all the experiments with a 267 

small amount of initial H2O2 concentrations ranging from 0.2‰-0.9‰ (in volume) 268 

showed an efficient degradation on RhB. Furthermore, the degradation efficiency of 269 

RhB increased with the increase of initial H2O2 concentrations, and optimized at 0.5‰ 270 

in volume. This is because a lower H2O2 concentrations cannot generate enough •OH 271 

radicals, while a higher H2O2 concentrations would retard the photocatalytic 272 
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Fenton-like process caused by the competition by excess H2O2 with RhB for •OH 273 

radicals, generating weaker •OOH radicals (equation 1) and having a negative impact 274 

on RhB degradation. 275 

 •OH + H2O2 → •OOH + H2O  (1) 276 

3.3.4. Effect of pH 277 

Effect of pH varying from 3.0-13.0 on the photocatalytic degradation of RhB 278 

over SSL/H-Bi2WO6/H2O2 process was also explored. As shown in Fig. 6b, when pH 279 

was below 9, the degradation of RhB is efficient. This is because the surface charge of 280 

the as-prepared catalysts became increasingly positive as the pH decreased resulting 281 

in increasingly stronger electrostatic repulsion with RhB, and the acid environment is 282 

beneficial for Fenton-like process. The degradation efficiency decreased when pH 283 

located at 11, because the negatively charged photocatalyst surface prevented the 284 

sorption of hydroxide ions, thus reducing the formation of hydroxyl radicals. However, 285 

the degradation efficiency has an increasing trend with the pH increasing from 12.0 to 286 

13.0. This increasing trend might be attributed to the surface charge variations of RhB 287 

adsorbed onto H-Bi2WO6 [58]. And a system with high OH
-
 content can affect the 288 

stability of H2O2, then accelerate the generation of •OH. The above results showed 289 

that SSL/H-Bi2WO6/H2O2 process possessed enhanced pH tolerance. 290 

3.4. Proposed photocatalytic mechanism in organic dyes removal 291 

To understand the mechanism of SSL/H-Bi2WO6/H2O2 process, scavenger tests 292 

were performed to evaluate the contribution of the specific free radical species to 293 
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photocatalytic degradation. BQ, TBA and EDTA-2Na were used as the scavengers of 294 

•O2
-
, •OH and h

+
, respectively [62]. As shown in Fig. 7, it can be found that the 295 

photocatalytic performance of SSL/H-Bi2WO6/H2O2 process decrease after adding 296 

these scavengers. The activity was inhibited by BQ, TBA and EDTA-2Na, and the 297 

degradation rate was reduced from 97.9% to 72.6%, 72.7% and 76.9%, respectively. 298 

The result implies the •O2
-
, •OH and h

+
 should have an influence on the photocatalytic 299 

activity of the SSL/H-Bi2WO6/H2O2 process. Meanwhile, ESR with 300 

5,5-dimethyl-1-pyrroline N-oxide (DMPO) in aqueous solution was performed to 301 

further confirm the reactive oxygen species [63]. There is no obvious •OH and •O2
-
 302 

signal in the dark, but an increasing trend can be observed after irradiation (Fig. 8), 303 

suggesting that •OH and •O2
- 
were formed in the SSL/H-Bi2WO6/H2O2 process. But 304 

according to the literature [64-67], the photogenerated electrons on CB of Bi2WO6 305 

can easily transfer to the adsorbed oxygen molecules to form •O2
-
, while •OH cannot 306 

be directly generated via the hole on VB of Bi2WO6. Presumably, the •OH detected in 307 

Fig. 8a with four obvious signals (1:2:2:1) were generated from the decomposition of 308 

H2O2 added after the dark reaction or the multistep reduction of •O2
-
 [68-74]. 309 

Except the contribution of •O2
-
, •OH, and h

+
, end-on Fe(IV)=O species formed 310 

by the reaction of hemin-Fe(III) in H-Bi2WO6 with H2O2 might also played a role in 311 

the photodegradation of RhB [45]. The hydrogen peroxide O-O bond can be cleaved 312 

through homolysis or heterolysis, which is related to the conditions [75]. When the 313 

axial groups or substituent groups of hemin are electron acceptor, it is in the favour of 314 

hemolytic cleavage of the O-O band, whereas it is beneficial for the heterolytic 315 
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cleavage of O-O bond when the axial groups or substituent groups of hemin are 316 

electron donators. In SSL/Bi2WO6/H2O2 process, Bi2WO6 under SSL irradiation is an 317 

electron donator, which will enhance the H2O2 heterolytic process and facilitate the 318 

formation of Fe(IV)=O active species. Fe(IV)=O are strong oxidative species that can 319 

also take part in the degradation of RhB. 320 

Based on all the experimental results, a possible mechanism for the high 321 

photocatalytic activity and stability of the as-prepared H-Bi2WO6 is proposed in Fig. 9. 322 

Under SSL irradiation, H-Bi2WO6 absorbed efficient photons and then generated lots 323 

of electrons and hole with the assistance of H2O2. And there was a special association 324 

between chlorine ions of hemin and hydrated excess proton generated in 325 

SSL/H-Bi2WO6/H2O2 process, which had a positive effect on the photoinduced 326 

positive charge transportation from H-Bi2WO6 bridging oxygen to those of the 327 

amorphous layer [76]. Hemin acted as an electron shuttle that quickly transferred the 328 

photoelectrons from Bi2WO6 to combined oxygen molecules to form •O2
-
 species [44, 329 

77, 78]. Moreover, hemin reacted with added H2O2 to form Fe(IV)=O species for RhB 330 

degradation. Besides, •OH generated from the decomposition of H2O2 and the hole 331 

left in VB of H-Bi2WO6 were powerful oxidants that can also degrade RhB directly. 332 

4. Conclusions 333 

In summary, SSL/H-Bi2WO6/H2O2 process was an effective method for 334 

degradation of synthetic organic dyes. Novel photocatalyst H-Bi2WO6 was 335 

successfully prepared via a facile one-step solvothermal method. The hemin particles 336 

were highly dispersed on the Bi2WO6 surface and they can effectively enhance the 337 
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photocatalytic activity of Bi2WO6. This could be ascribed to two aspects: (i) hemin 338 

acted as an electron shuttle that transferred the photogenerated electrons from CB of 339 

Bi2WO6 to the surface to be trapped by dissolved molecular oxygen to form strong 340 

oxidative radicals •O2
-
; (ii) hemin consumed the photoelectrons through the 341 

Fenton-like circulation with the assistance of trace H2O2. Moreover, H-Bi2WO6 342 

disfavoured protons transfer to the bound oxygen species, funneling the O-O 343 

activation pathway to single-electron chemistry and the production of H2O2. 344 

Particularly, the photocatalytic Fenton-like method through SSL/H-Bi2WO6/H2O2 345 

process presented in this work well meets the requirements of 21
st
 century green 346 

development: environment-friendly materials, sustainable energy and efficient 347 

economy. 348 
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1s, (e) Fe 2p, (f) W 4f. 625 

Figure.3 (a) FESEM images of Bi2WO6; (b), (c) FESEM images of H-Bi2WO6; (d), (e) 626 

and (f) TEM images of H-Bi2WO6 from different regions。 627 

Figure.4 Optical property, photoluminescence, and photo electrochemical properties 628 

analysis of Bi2WO6 and H-Bi2WO6: (a) DRS; (b) PL; (c) IT; (d) EIS. 629 
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RhB; (b) cycling runs in the degradation of RhB through SSL/H-Bi2WO6/H2O2 631 

process. 632 
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Figure.2 The XPS analysis of H-Bi2WO6: (a) survey spectra, (b) Bi 4f, (c) C1s, (d) O 647 

1s, (e) Fe 2p, (f) W 4f. 648 
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Figure.3 (a) FESEM images of Bi2WO6; (b), (c) FESEM images of H-Bi2WO6; (d), (e) 651 

and (f) TEM images of H-Bi2WO6 from different regions。 652 
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Figure.4 Optical property, photoluminescence, and photo electrochemical properties 655 

analysis of Bi2WO6 and H-Bi2WO6: (a) DRS; (b) PL; (c) IT; (d) EIS. 656 
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Fig.5 (a) Photocatalytic activity analysis of different systems in the degradation of 659 

RhB; (b) cycling runs in the degradation of RhB through SSL/H-Bi2WO6/H2O2 660 

process. 661 
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 663 

Fig. 6 (a) Effect of H2O2 in the SSL/H-Bi2WO6/H2O2 process; (b) effect of pH in the 664 

SSL/H-Bi2WO6/H2O2 process. 665 

 666 

 667 

Figure.7 Scavenger tests of SSL/H-Bi2WO6/H2O2 process. 668 
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 669 

 670 

Figure.8 ERS analysis of SSL/H-Bi2WO6/H2O2 process: (a) •OH and (b) •O2
-
. 671 

 672 

 673 

Figure.9 Possible reaction mechanism over the H2O2 assisted H-Bi2WO6 photocatalyst 674 

under solar irradiation. 675 

 676 

 677 


