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Micro and nano hierachical 
structures of BiOI/activated 
carbon for efficient visible-light-
photocatalytic reactions
Jianhua Hou1,2, Kun Jiang2, Ming Shen2, Rui Wei1, Xiaoge Wu1, Faryal Idrees3 & Chuanbao Cao3

Constructing the heterojunctions or designing the novel nanostructures are thought as effective 
methods to improve photocatalytic activities of semiconductors. Herein, a one-step green route was 
developed to fabricate bismuth oxyiodide/activated carbon (BiOI/C) composite. The prepared BiOI/C 
exhibit obviously red shifts and increased absorption range of visible light. The presence of Bi-C bonds 
confirms the heterojunction, on account of which the BiOI nanosheets tightly grew on the surface of 
carbon and subsequently provided the hierarchical structure, sufficient interfacial interaction and high 
specific surface area. Significantly, the sufficient interracial interaction is beneficial to the detachment 
of electrons (e−)-holes (h+) pairs and the Bi-C bonds work like a bridge to rapidly transmit the e− from 
BiOI to carbon. What’s more, the hierarchical structure of BiOI/C efficiently shortened the diffusion 
pathways of pollutants and the high SBET provided more exposed reaction sites. Benefiting from 
multiple synergistic effects, the as-prepared BiOI/C exhibited enhanced photocatalytic activities in 
degrading Rhodamine B (RhB) solution under visible light irradiation. The degradation rate of optimized 
BiOI/C reaches up to 95% in 120 min, and the efficiency is 3.36 times higher than pure BiOI. This study 
provides a promising strategy that activated carbon can be utilized in highly-efficiency photocatalysts.

In past few years, the water pollution and energy crisis problems have seriously threatened the sustainable devel-
opment of human beings1. Semiconductor photocatalysts have caught considerable attention because of their 
potential in solving energy and environmental problems2–5. Traditional semiconductor photocatalysts such as 
TiO2 and TiO2-based photocatalysts are extensively used to degrade these organic dyes in water6. However, their 
relatively large band gaps greatly hindered the absorption range of visible light7, which involved the high cost and 
complex degradation process. It is the demand of fast growing society to exploit new semiconductor photocata-
lysts with suitable band gap, easy synthesis techniques and favorable photocatalytic properties8,9. Among newly 
found semiconductor photocatalysts, bismuth oxyhalide (BiOX, X = Cl, Br, I) has drawn people’s attention due 
to their layered tetragonal crystal structure and suitable band gaps10–14, which are favorable optical properties for 
degradation pollutants under extensively available sunlight.

Among BiOX, BiOBr and BiOCl mainly respond to UV light, while BiOI shows a high utilization rate of vis-
ible light due to narrow band gap (1.72–1.9 eV)15,16. Nevertheless, the low quantum yield, weak photo-oxidation 
ability and easy recombination of e−–h+ pairs of BiOI still hinder its photocatalytic property17. Regarding these 
drawbacks, different strategies have been adopted to improve photocatalytic response of BiOI, such as, (i) 
designing a novel nanostructures to increase SBET to provide more active sites for reaction18,19; (ii) constructing 
a hierarchical structures to shorten the pathways of water pollutants20,21; (iii) establishing a heterojunction with 
other semiconductors to prevent the recombination of the e−–h+ pairs and to facilitate the advance quantum 
efficiency22,23. It’s no doubt that the aforementioned strategies provide a great improvement in photocatalytic 
response of BiOI.

1Jiangsu Key Laboratory of Environmental Material and Engineering, College of Environmental Science and 
Engineering, Yangzhou University, Yangzhou, 225127, P. R. China. 2College of Chemistry and Chemical Engineering, 
Yangzhou University, Yangzhou, 225002, P. R. China. 3Research Centre of Materials Science, Beijing Institute of 
Technology, Beijing, 100081, P. R. China. Correspondence and requests for materials should be addressed to M.S. 
(email: shenming@yzu.edu.cn)

Received: 2 June 2017

Accepted: 1 September 2017

Published: xx xx xxxx

OPEN

mailto:shenming@yzu.edu.cn


www.nature.com/scientificreports/

2SCiEntifiC REPORTS | 7: 11665  | DOI:10.1038/s41598-017-12266-x

Combining BiOI with fabricated porous carbon material is possible to meet the features required for improv-
ing the photocatalytic activity. BiOI/carbon composites e.g. BiOI/graphene24,25, BiOI/carbon nanotubes26 and 
BiOI/g-C3N4

27,28 exhibited enhanced photocatalytic response. It is suggested that functional porous carbon 
material can improve the photocatalytic activity due to their good electron transfer ability, favorable chemical 
stability and high SBET. However, most of the reported BiOI/carbon composites still suffer some drawbacks, i.e. 
the graphene and carbon nanotubes for their activation undergoes to the carboxylation or acid purification  
pretreatments29. These pretreatments are complicated, toxic and high costly, which might limit the applications 
of BiOI/carbon photocatalysts. On the contrast, the commercial activated carbon with high SBET

30 can effec-
tively overcome this problem. By compositing it with BiOI via a green, facile and low cost method, the BiOI/C 
is expected to show broadened absorption range of visible light, as well as enhanced photocatalytic property. In 
addition, the absorption activity of activated carbon will improve the removal of organic contamination.

In this work, a commercial activated carbon (YP-17D) with high SBET (1660 m2/g)31 was used to syn-
thesize BiOI/C composites micro-nano-hierarchical structures by a one-step green method. The general 
preparation process of BiOI/C is illustrated in Fig. 1. The as-obtained a BiOI/C possess favorable features 
including heterojunction, hierarchical organization, sufficient interfacial interaction sites and high specific 
surface area (SBET = 86.8~145.6 m2/g), which endow the BiOI/C with easy separation of e−h+ pairs, high 
quantum efficiency, short diffusion pathways of pollutants and adequate reaction sites. The multiple syner-
gistic effects of these characteristics dramatically improve the photocatalytic property of BiOI/C for water 
pollutants degradation.

Result and Discussion
The Crystal Structure and Composition. The XRD spectrum of BiOI and BiOI/C is shown in Fig. 2a, 
the diffraction peaks of BiOI at 24.3, 29.6, 31.6, 45,4, 55.1, 66.1 and 75.1° are corresponding to (101), (102), 
(110), (200), (212), (220) and (210) plane, respectively, which well match with the tetragonal phase structure 
(JCPDS No.10-0445)28, demonstrating the high purity of the sample. The XRD patterns of activated carbon 
(Figure S1) exhibit two broad peaks at 22° for (002) and 43° for (101) plane, which correspond to the previ-
ous studies of the amorphous carbon32. Meanwhile, no characteristic peaks assigned to activated carbon are 
observed, which might be due to the relatively low amount and weak diffraction intensity of activated carbon in 
the BiOI/C12. However, the half widths of BiOI/C express slightly increase contributing to the decreased crys-
tallinity, and the half width of (102) and (110) peaks is 1.966 and 0.529, respectively. Importantly, the exposed 
(110) facets were reported to be favorable for adsorbing O2 and forming more O2

·− radicals33, thus effectively 
improving the photocatalytic properties of BiOI/C. The experience of O2

·− was proved by the following active 
species trapping experience. The XPS spectra of BiOI and 50%-BiOI/C were carried out to evaluate the valence 
state of surface elements. The full survey spectrum (Fig. 2b) of BiOI indicates the presence of Bi, O and I atoms, 
a small peak at about 285 eV is also present in the sample due to carbon pollutant. For 50%-BiOI/C, besides Bi, 
O and I, a strong diffraction peak of C can be observed due to the addition of YP-17D. The Bi 4 f spectrum of 
BiOI (Fig. 2c) exhibits two diffraction peaks at 159.5 and 164.8 eV, which can be assigned to Bi 4 f7/2 and Bi 4f5/2 
of [Bi2O2]2+, respectively34,35. Importantly, the Bi 4f peak of 50%-BiOI/C slightly shift (0.3 eV) as compared to 
BiOI indicating the surface chemical environment changing of Bi due to the interaction between carbon and 
BiOI11,12. The O1s spectra (Fig. 2d) of BiOI and 50%-BiOI/C at 530.6 eV and 531.8 eV are compliance with 
Bi-O bonds of [Bi2O2]2+ and I-O bonds34,36. Furthermore, the peak at 533.1 eV of 50%-BiOI/C agrees well with 
hydroxyl functional groups of carbon. About 0.1 eV shift in I 3d spectrum of 50%-BiOI/C (Fig. 2e), further 
revealing the interaction between carbon and BiOI. The C1s spectra (Fig. 2f) of 50%-BiOI/C can be divided 
into four different peaks. The binding energies at 284.5, 286.6 and 289.1 eV are corresponding to C-C, C-O 
and C=O, respectively. Interestingly, the small peak at lower binding energy of about 283.8 eV in C 1 s spec-
trum is usually referred to carburet in reported studies11,37, confirming the formation of Bi-C bonds. Further 
information of Bi-C bonds could be observed in following FTIR spectra. Deriving from bridge effects of Bi-C 
bonds, the BiOI nanosheets tightly grew on the surface of carbon to form sufficient interfacial interaction. The 
sufficient interfacial interaction can remarkably accelerate the separation of e−h+ pairs to generate free radicals 
(O2

·−,·OH). Then these radicals degrade organics into micro-molecule such as H2O and CO2 through photo-
catalytic redox reactions, as a result, improving the photocatalytic properties.

The FT-IR analysis was shown in Fig. 3 to further evaluate the surface functional groups of the as-prepared 
materials. For pure BiOI, the characteristic absorption bands below 600 cm−1 and around 3340 cm−1 attribute 
to the vibration mode of Bi=O=Bi and O-H stretching vibrations of absorbed water molecules5, which are 

Figure 1. Schematic illustration of the preparation of BiOI/C composites micro-nano-hierarchical structures.
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also observed in BiOI/C samples. For carbon, the characteristic absorption bands locate at 684, 966, 1538 and 
1706 cm−1 are correspond to C-O-C, C-OH, O-H and C=O stretching vibrations of the -COOH group, demon-
strating the abundant oxygen-containing functional groups11,12,24, which derives from incomplete carbonization. 
After compositing carbon with BiOI, the characteristic peaks of BiOI/C express little differences with pure BiOI 
except a new peak appearing at 1706 cm−1, which indicates that the -COOH of carbon react with the surface 
hydroxyl of BiOI and successfully form chemically bonded BiOI/C composites and further prove the formation 
of Bi-C bonds5,24.

Microstructure and Morphology Analysis. The nitrogen adsorption-desorption isotherms of pure BiOI 
and BiOI/C possess hysteresis loops with a wide P/P0 range about 0.5–1.0, indicating the typical mesopores fea-
tures (Fig. 4a). The pore size distribution was calculated by utilizing density Functional theory (DFT) (Fig. 4b). 
The micropores range in 1.1–1.7 nm and the optimized mesopores center of 18.3 nm, which clearly demonstrate 
the hierarchical pores structure of BiOI/C. Figure 4c,d shows the cumulative pore volume and cumulative pore 
area, respectively. The percentage of micropores, mesopores and macropores are displayed in Tables S1 and S2, 
which also demonstrate the hierarchical pores structure. Compared with YP-17D (Figure S2), the pore size less 

Figure 2. (a) XRD patterns of BiOI and X-BiOI/C. (b–e) XPS spectra of BiOI and 50%-BiOI/C for full survey, 
Bi 4 f, O 1 s and I 3d. (f) XPS spectra of 50%-BiOI/C for C 1 s.

Figure 3. FT-IR analysis of YP-17D activated carbon and BiOI/C.
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than 1.1 nm almost disappear in BiOI/C, and the total micropore area significantly decrease from 1262.6 m2/g to 
34.1 m2/g. It indicates that BiOI have effectively grown on the surface of porous carbon due to Bi-C bonds and 
endow the BiOI/C with sufficient interfacial interaction, which is favorable for separating and transmitting e-h+ 
pairs5,24. The mesopores on the accumulated BiOI nanosheets are beneficial for the pollutants entering the pore 
tunnel38. Then, attributing to the confinement effect, the pollutants can be trapped within the effective functional 
mesoporous pores where photo-electrons accelerate the degradation process. The SBET of 50%-BiOI/C reaches up 
to 145.6 m2/g, which is 2 time of pure BiOI (70.1 m2/g), and much higher than other studies5,18,37,39–41. The main 
reason for the increased SBET is that the high viscosity of glycol slow the reaction of Bi(NO3)3·5H2O and KI, thus 
prompting the growth of BiOI in the form of nanosheets. The high SBET can offer more reaction sites for degrading 
pollutants, thus improving photocatalytic property.

To further evaluate the morphology, the 50%-BiOI/C was taken for instance and characterized by SEM and 
HRTEM. It can be clearly observed from SEM images (Fig. 5a,b) that BiOI nanosheets have grown on the car-
bon surface to form the unique hierarchical structure, and BiOI particle further (diameter about 10 nm) deposit 
on the nanosheets. The thickness of BiOI nanosheets is about 10–30 nm. The lattice fringes with a spacing of 
0.301 nm and 0.280 nm in HRTEM images (Fig. 5c–e) can be indexed to (102) and (110) planes, respectively, 
which is consistent with the XRD patterns. Interestingly, BiOI nanosheets work like numerous mirrors to reflec-
tion and absorption of incident light, thus efficiently increasing the production of photon-electrons. The hierar-
chical structure of BiOI/C can greatly shorten the diffusion pathways of pollutants, which is favorable for higher 
utilization efficiency of reaction sites. The elemental mapping analysis (Fig. 5f–j) demonstrates the uniform dis-
tribution of Bi, C, I and O elements. The SEM images of other BiOI/C are displayed in Figure S3 and the morphol-
ogy is roughly the same with the 50%-BiOI/C.

Optical Properties. The UV-Visible diffuse reflectance spectroscopy (UV-DRS) with a wavelength range of 
200–800 nm is used to detect the optical properties of BiOI and BiOI/C as displayed in Fig. 6a. The inset photo-
graph of BiOI, 33%-BiOI/C, 50%-BiOI/C and 66%-BiOI/C in Fig. 6a shows the gradually colors changes (dark) 
from brick-red to brown with the increasing contents of carbon. The darker of the sample is, the more light it will 
absorb. Theoretically speaking, carbon works as visible-light photosensitizer to BiOI in BiOI/C due to the efficient 
chemical bonds, and the increasing amount of carbon can improve the interaction between carbon and BiOI, 
finally enhancing the harvest of visible light42,43. Therefore, the BiOI/C composites exhibit obvious enhancement 
in absorbing visible light compared to pure BiOI and the absorption edges red shift from 581 to 675, 732 and 
795 nm. Considering the dominant status of visible light in solar energy, it is suggested that BiOI/C may possess 
delightful photocatalytic activity. The photoluminescence spectrum (PL) of BiOI and 50%-BiOI/C were measured 
under an excitation of 532 nm to further investigation of the recombination of e−–h+ pairs. As shown in Fig. 6b, 
a broad emission peak of 50%-BiOI/C at approximately 570–650 nm derives from the recombination of e−–h+ 
through band transitions. The much lower peak intensity of 50%-BiOI/C indicates a higher separating capacity of 

Figure 4. (a) Nitrogen adsorption-desorption isotherm (b) Pore size distribution (c) Cumulative pore volume 
and (d) Cumulative surface area of BiOI and BiOI/C.
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e−–h+ pairs as compared to BiOI, suggesting that the addition of carbon efficiently enhance the interfacial charge 
transfer and hence favors the photocatalytic process11,26,39. The plots of (αhv)1/2 versus hv and corresponding band 
gaps were shown in Figure S4 for further investigating the VB/CB levels of as-prepared materials.

Photocatalytic Activities and Mechanism. To evaluate the photocatalytic activities of as-prepared 
pure BiOI and BiOI/C, they were first mixed with RhB and dark absorption for 60 min. From Fig. 7a we 
could draw the conclusion that most of the RhB had been absorbed due to the high SBET of as-prepared 
materials, and the absorption ability improved with the increasing mole ratio of activated carbon. The 

Figure 5. (a,b) SEM images, (c–e) HRTEM images and (f–j) the corresponding EDX elemental mapping of 
50%-BiOI/C.

Figure 6. (a) UV-Vis diffuse reflectance spectra (inset: corresponding photographs) and (b) photoluminescence  
spectra of BiOI and 50%-BiOI/C.
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degradation of RhB is carried out under visible-light (500 W Xe lamp, λ > 420 nm). The degradation rate is 
calculated by using the following formula: photodegradation rate = (C0 − C)/C0, in which C0 and C are the 
original and degraded concentrations of dyes, respectively. Obviously, the self-degradation of RhB and deg-
radation over YP-17D could be ignored without BiOI according to Fig. 7b. The pure BiOI absorbed about 
65% of the RhB in 60 min, and removed about 64% of RhB in 120 min, while the number of 50%-BiOI/C 
reaches to 95%, showing the best photocatalytic activity. Further by increasing the quantity of the activated 
carbon (66%-BiOI/C), the degradation rate is decreased. It is attributing to the shielding effect44 of activated 
carbon, which hinders the adsorption of incident light. Figure 7c shows the kinetic study for the degradation 
of RhB with pure BiOI and BiOI/C, and the corresponding pseudo-first-order rate constant (k) is calculated 
by the formula: ln(C0/C) = kt, in which k and t are constants. It can be observed that the degradation process 
follows the pseudo-first-order kinetics and the rate constants for pure BiOI, 33%-BiOI/C, 50%-BiOI/C, 
66%-BiOI/C are 0.00868, 0.0181, 0.0235 and 0.0292 min−1. It’s obvious that 50%-BiOI/C shows the fastest 
rate constant, and the value is about 3.36 times greater than pure BiOI. The photocatalytic activities of 
BiOI/C are superior or comparable to many other BiOX-based photocatalysts, including BiOI micro-flowers 
(26% RhB degraded within 120 min)45, BiOI hollow microspheres (93% RhB degraded within 120 min)18, 
3D hierarchical graphene-BiOI nanoarchitectures (57% RhB degraded within 120 min)46, Core/Shell 
BiOI-BiVO4 composites (95% RhB degraded within 180 min)47, CQDs/BiOI hollow microspheres structure 
(68% RhB degraded within 120 min)48. The corresponding UV-Vis spectra were displayed in Figure S5. 
Furthermore, we have also measured the long-term cyclic performance of 50%-BiOI/C to detect the stability 
of our material. The result shown in Fig. 7d demonstrates a slightly decrease (<5%) in degradation of RhB 
under visible-light irradiation after 5 cycles, indicating the highly stability of the material.

To investigate the reaction mechanism during photocatalysis process, trapping experiment of active spe-
cies (Fig. 8a) for 50% BiOI/C was evaluated by adding different agents, including isopropyl alcohol (IPA) 
for ·OH, p-benzoquinone (BQ) for O2

·− and edta-disodium (EDTA-2Na) for h+, respectively. After adding 
IPA as the trapping agent, for the photocatalytic activity, there was no obvious difference between control 
and IPA experiments. The results indicated the ·OH radical was not the main active species in photocatalysis 
process. However, when BQ and EDTA-2Na were selected as the trapping agents, the photocatalytic activ-
ity exhibited significantly decline, demonstrating the key roles of O2

·− and h+ in the degradation process. 
Moreover, the mineralization of 50% BiOI/C in degrading RhB was detected by TOC and showed in Fig. 8b. 
With expanding of illumination time, the removal ratio shows a gradually increase and reaches to about 
71% in 120 min, meaning that most of the organic pollutant has been decomposed to mineral substances. At 
the same time, some of the pollutants exist in the form of intermediate products, so the TOC results show 
a slightly lower than the photocatalysis results. The valence band maximum (VBM) of BiOI (Figure S6) 
was calculated to be 1.36 eV by the correction value of 0.63 eV for normal hydrogen electrode (NHE) at 
pH 7. The band gap (Eg) of BiOI was determined to be 1.78 eV according to plots of (αhv)1/2 versus h.  

Figure 7. (a) Absorption activities. (b) Photocatalytic activities. (c) Kinetic study of YP-17D, pure BiOI and 
X-BiOI/C and (d) Long-term cyclic experiment of 50%-BiOI/C in degradation of RhB under visible-light irradiation.
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Therefore, the conduction band minimum (CBM) was determined to be −0.42 eV by utilizing the formula 
ECB = EVB − Eg, which is negative enough to generate O2

·− compared with the redox potentials of O2/O2
·− of 

−0.046 eV (vs. NHE)5,22. However, ·OH cannot be generated due to the negative VBM than the redox poten-
tials of·OH/OH−, which was determined to be +2.38 eV22. The CB/VB level further demonstrates the result 
of trapping experiment.

Thus, we proposed the reaction mechanism of photocatalysis process to review the crucial role of activated 
carbon (Fig. 9). Firstly, the YP-17D active carbon worked as absorption center and led to a higher visible light har-
vesting ability for photocatalysis. Secondly, the e− on the valence band (VB) of BiOI was excited to the conduction 
band (CB), and the carbon could efficiently capture the e− attributing to the bridge effect of Bi-C bonds, which 
not only inhibited the recombination of e−–h+ pairs, but also react with the absorbed O2 to generate O2

·−. Thirdly, 
the optimized mesopores centered of 18.3 nm provide the pollutants with facile channel to arrive at the interface 
of BiOI/C, so the pollutants can be trapped within the effective functional mesoporous where photo-electrons 
accelerates the degradation process. Lastly, the hierarchical structures of BiOI/C endow them with high SBET 
(145.6 m2/g) and adequate exposed reaction sites. The multiple synergistic effects above are responsible for the 
good photocatalytic activity.

Conclusions
In this work, optimized micro-nano-hierarchical structure BiOI/C photocatalysts were successfully synthe-
sized by a one-step green method. The red shift of absorption edge in BiOI/C may attribute to the growth of 
BiOI on the surface of carbon, which conduce to generate more O2

·− radicals for the photocatalysis process. 
The degradation rate of optimized BiOI/C toward RhB was 95% within 120 min, and the number is 3.36 times 
higher than that of pure BiOI. The reason for the high efficiency is that the enhanced photocatalytic activ-
ities deriving from the multiple synergistic effects of heterojunction, sufficient interfacial interaction, high 
SBET (145.6 m2/g) and hierarchical structure. Especially, the hierarchical structure doping BiOI nanoparticles 
endowed the photocatalysts with easy separation of e−–h+ pairs, high quantum efficiency, adequate reaction 
sites and short diffusion pathways of pollutants, which is favorable for improving the photocatalytic activities. 
This work provides guidance in the facile fabrication of high performance BiOI/C based photocatalysts for 
degrading water pollutants.

Figure 8. (a) Trapping experiments of active species and (b)TOC removal of RhB species of 50% BiOI/C 
during photocatalytic time.

Figure 9. Mechanism schematic of BiOI/C in degrading RhB under visible light.
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Methods
Materials and Reagants. Bismuth nitrate [Bi(NO3)3·5H2O], ethylene glycol (EG) and potassium iodide 
(KI) were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). The YP-17D activated car-
bon was bought from Shanghai Heatton Environmental Protection Technology Co., Ltd. All the chemicals were 
of reagent grade and were used without further purification.

Sample Preparation. In a typical synthesis process of BiOI/C, two different solutions were prepared. 
Solution A: a certain amount of YP-17D activated carbon (1.5, 3.0 and 6.0 mmol) was dropped into a round 
bottom flask, followed by 3.0 mmol of Bi(NO3)3·5H2O and 60.0 mL of glycol. Solution B: 3.0 mmol of KI was 
dissolved into 20.0 mL glycol. After vigorous stirring at room temperature for 15 min, solution B was added to 
solution A and stirred to form a homogenous solution. The mixed solution continued to stir for 30 min and 
then transferred into 100 mL Teflon-lined stainless steel autoclaves for 12 hours at 120 °C.The obtained solution 
was centrifuged, washed with alcohol and distilled water and finally dried at 60 °C. The obtained materials were 
denoted as X-BiOI/C, and the value of X is the molar percentage of activated carbon (the wt% of carbon in 
33%-BiOI/C, 50%-BiOI/C and 66%-BiOI/C were calculated as 1.7, 3.3 and 6.4%). The pure BiOI was synthesized 
following the reported method without adding carbon.

Characterization. The crystal structures of theas-prepared materials were investigated by X-ray powder 
diffraction (XRD) (AXS D8 ADVANCE, Bruker) with Cu Kα radiation (λ = 1.5406 Å) and a scanning speed of 
6°·min−1. The valence state of elements was tested by X-ray photoelectrons spectroscopy (XPS) (ESCALAB 250Xi, 
Thermo Fisher Scientific). The morphology of the samples was captured by the scanning electrons microscopy 
(SEM) (Zeiss_Supra55, Carl Zeiss AG) and high resolution transmission electrons microscope (HRTEM) (Tecnai 
G2 F30 S-Twin, FEI). The UV-visible diffuse reflectance spectroscopy (UV-Vis DRS) (TU-1901, PERSEE) was 
used to analyze the optical properties of samples. The specific surface area together with pore properties were 
calculated by the Brunauer-Emmett-Teller (BET) (ASAP 2460, Micromeritics) technique. The surface functional 
group’s information was measured by Fourier transforms infrared spectrometer (FT-IR) (TENSOR27, Bruker).

Photocatalytic Evaluations. The photocatalytic activities of BiOI/C and pure BiOI were evaluated by the 
degradation of the RhB. The 500 W Xe lamp is used as a visible light source. Initial 10.0 mg of the as-prepared 
materials together with 50.0 mL of RhB aqueous solution (10.0 mg/L) were dropped into photocatalytic bottles. 
The mixed solutions were kept under stirring for 1 h to reach the absorption-desorption equilibrium in dark. 
Then the Xe lamp was turned-on after definite time (60 min), 3 mL of degraded solutions were taken out after 
every 10 min and centrifuged to remove the photocatalyst particles. The samples after centrifugation were ana-
lyzed by using UV-Vis spectrophotometer.

To investigate the active species generated during the photocatalysis process, the experiments of active species 
(·OH, O2·− and h+) trapping were performed by adding 2 mmol/L isopropyl alcohol (IPA), 2 mmol/L benzoqui-
none (BQ) and 2 mmol/L ammonium oxalate (AO), respectively. Additionally, the TOC analysis was performed 
to detect the mineralization of organic molecules.
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