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Abstract 

The crystal structure and morphology of photocatalysts play a crucial role in determining their photocatalytic per-

formance. In this study, we synthesized and investigated 1D/2D Bi2S3 as a potential visible-light-activated photo-

catalyst for the reduction of aqueous Cr(VI). The 1D/2D Bi2S3 was synthesized using hydrothermal synthesis tech-

nique by heating Bi2(H2O)2(SO4)2(OH)2 precursor and sodium sulfide at 190 ℃ for 24 h, where the molar ratio of Bi 

to S elements in the reaction reagents was changed from 1:6 to 2:3. The structure, composition, and optoelectronic 

properties of the prepared Bi2S3 were characterized using X-ray diffraction, UV-vis diffuse reflectance spectra, 

field emission scanning electron microscopy, electrochemical impedance spectra, and transient photocurrent. It is 

shown that the prepared orthorhombic Bi2S3 has full-spectrum photoresponsivity. Bi2S3-B with 1D/2D heterogene-

ous structure exhibits the lowest charge carrier transport resistance, and its photocurrent intensity is nearly twice 

that of Bi2S3-C. It demonstrates the highest photocatalytic activity in visible-light photocatalytic reduction of aque-

ous Cr(VI), with a reduction rate of 54.5% after 140 minutes of light exposure. According to the bandgap of Bi2S3 

and radical scavenger experiments, a reaction mechanism for the photocatalytic reduction of Cr(VI) by Bi2S3 was 

proposed. Furthermore, the results highlight the economic and environmentally friendly nature of the hydrother-

mal synthesis method using homemade precursors, which allows for the regulation of Bi2S3 morphology and the 

enhancement of its visible photocatalytic activity. 
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1. Introduction 

Photocatalytic technology is a widely used 

advanced technology in the fields of environ-

ment and energy, known for its green, low-

carbon, and sustainable characteristics [1–11]. 

The photocatalytic reaction usually includes 

several key steps as follows [2–7]: (1) photons 

with energy greater than the semiconductor for-
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bidden band gap are required as an energy 

source; (2) Photocatalysts absorb the energy of 

incident photons and are excited to produce pho-

togenerated carriers; (3) Separation and recom-

bination of photogenerated e-–h+ pairs; and (4) 

Migration of photogenerated carriers to the pho-

tocatalyst surface for redox reactions. 

The crystal structure and morphology of pho-

tocatalysts play a crucial role in determining 

their photocatalytic performance. One-

dimensional (1D) nano photocatalytic materials, 

characterized by their unique nano range, accel-
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erate photogenerated carriers migration and 

suppress the recombination of photogenerated 

e-–h+ pairs [1–10]. On the other hand, two-

dimensional (2D) nanomaterials offer the ad-

vantages of large a specific surface area, nu-

merous reactive sites, and shorter diffusion 

paths, which facilitate exciton dissociation and 

free charge transfer [4]. 1D/2D heterojunction 

photocatalysts combine the advantages of 1D 

rods and 2D nanosheets, effectively increasing 

the specific surface area, exposing more reac-

tive surfaces, and increasing charge separation 

and transfer rate. This results in improved 

photocatalytic oxidation and reduction proper-

ties. Recently, the development of 1D/2D multi-

phase photocatalysts [4–13], such as 

Bi2O2CO3/Bi2WO6 [4], TiO2/ZnIn2S4 [5], 

CdS/WS2 [6], α-Fe2O3/SnO2 [7], Bi2S3/MoS2 [11], 

Bi2S3/Ti3C2 [13], have shown promising applica-

tions in photocatalytic hydrogen production, 

environmental pollutant detection, wastewater 

pollutant degradation, and energy conversion 

[4–13]. 

The binary metal-sulfur compounds A2
VB3

VI 

(A = As, Sb, Bi. B = S, Se, Te) have unique opti-

cal and electrical properties, making them 

widely used in energy conversion materials re-

search [14]. Among these compounds, Bi2S3 is a 

semiconductor photocatalyst with a narrow 

bandgap (Eg = 1.3–1.7 eV) and broad spectral 

absorption properties. It has been proven to be 

an excellent material for photosensitizing and 

light-absorbing applications [14–18]. Bi2S3 can 

be used to construct heterojunction materials 

and is widely applied in renewable energy and 

environmental remediation [12,15–18]. Bi2S3 

offers controllable morphology through valua-

ble synthesis methods and synthesis condi-

tions, enabling a variety of morphological struc-

tures including 1D and 2D materials.  

Motaung et al. [14] prepared Bi2S3 nanopar-

t i c l e s  u s i n g  N - m e t h y l -

Nethanoldithiocarbamate complexes of Bi(III) 

as precursor and ethylene glycol solvent as sol-

vent using microwave irradiation technique. Do 

et al. [19] prepared Bi2S3 nanowires with diam-

eters of 60–80 nm and lengths of more than 1 

μm using a simple hydrothermal synthesis 

technique and investigated the lattice dynam-

ics and micro-Raman scattering of Bi2S3, as 

well as the photocatalytic treatment of hexava-

lent chromium-containing wastewater. Arumu-

gam et al. [20] prepared Bi2S3 nanorods via the 

refluxing method using bismuth nitrate, thiou-

rea, and cetyltrimethylammonium bromide as 

reactants, and the performance of Bi2S3 for 

photocatalytic degradation of methylene blue 

was investigated. The experimental results 

showed that reaction time and temperature 

were the important factors controlling the mor-

phology of Bi2S3, and the high aspect ratio of 

the nanorods realized the optical blue shift 

phenomenon. Sasikala et al. [21] synthesized 

Bi2S3 nanowires and nanorods via microwave 

i r r a d i a t i o n  m e t h o d  u s i n g  N , N -

dimethylformamide, and ethylene glycol as sol-

vents, respectively, and honeycomb shape Bi2S3 

consisting of nanosheets in mixed solvents was 

obtained to have optimum photocatalytic deg-

radation of MB dyes. Wu et al. [22] used a low-

temperature molten-salt method for the prepa-

ration of rod-like Bi2S3 single crystals and in-

vestigated the effects of annealing temperature 

and the dosage of molten salt (KSCN) on the 

morphology and Hg0 elimination properties of 

Bi2S3, which showed that Bi2S3 single crystals 

have a better Hg0 capture ability due to the 

one-dimensional rod-like structure with suffi-

cient exposed adsorption sites, as well as the 

higher binding energy of Bi3+ species. Jia et al. 

[23] utilized a CTAB-assisted hydrothermal 

synthesis route to obtain 3D Bi2S3 for photo-

catalytic degradation of RhB. However, for the 

above-mentioned methods for synthesizing 

Bi2S3, complex and expensive equipment is 

generally required, or additional surfactants, 

ligands, or toxic organic solvents are needed 

[20–26], which are not environmentally friend-

ly. Furthermore, most studies have focused on 

a single morphology of Bi2S3, and the research 

on the 1D/2D Bi2S3 is relatively limited, indi-

cating the need for further exploration. The 

preparation of Bi2S3 using hydrothermal syn-

thesis is a simple, economical, and efficient 

method in terms of environmental sustainabil-

ity [27], which contributes to a thorough com-

prehension of the physicochemical and lattice 

dynamics properties of Bi2S3 nanostructures. 

Hexavalent chromium (Cr(VI)), a highly 

toxic metal pollutant, is derived from electro-

plating, dyeing, and leather manufacturing. 

Cr(VI) is carcinogenic and mutagenic to hu-

mans, animals, and plants through the enrich-

ment of the food chain, posing a serious threat 

to human health and the ecological environ-

ment. The World Health Organization (WHO) 

has established the maximum concentration of 

Cr(VI) in drinking water at 50 ppb [28]. In this 

work, an attempt was made to synthesize 1D, 

2D, and 1D/2D Bi2S3 materials using a hydro-

thermal synthesis route combined with an ion-

exchange technique. A homemade 

Bi2(H2O)2(SO4)2(OH)2 precursor was utilized for 

this purpose. The research focused on the pho-

tocatalytic reduction of aqueous Cr(VI) using 

Bi2S3 under visible light. Furthermore, the 
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photocatalytic activities of different photocata-

lysts were and analyzed through photoelectric 

tests. Based on the results obtained, a proposed 

photocatalytic mechanism for the visible-light 

photocatalytic reduction of aqueous Cr(VI) by 

Bi2S3 was presented.  
 

2. Materials and Methods 

2.1 Chemical Reagents 

Chemical reagents Bi(NO 3)3•5H2O, 

Na2S•9H2O, sulfuric acid, and anhydrous etha-

nol were analytically pure and purchased from 

China National Pharmaceutical Group Chemi-

cal Reagent Co. 

 

2.2 Synthesis of Bi2S3 

Bi2(H2O)2(SO4)2(OH)2 precursors were pre-

pared by hydrolysis at room temperature. 10 

mmol of Bi(NO3)3•5H2O was dissolved in 35 

mL of a 10 wt% sulfuric acid solution, was dis-

solved in 35 mL of 10 wt % sulfuric acid solu-

tion, and the hydrolysis reaction was carried 

out at room temperature with magnetic stirring 

for 60 min (460 r/min), followed by aging for 

120 min. The precipitate was centrifuged, 

washed to neutrality with deionized water, and 

dried in an electric draught drying cabinet at 

80 °C for 4 h. 

Hydrothermal ion-exchange synthesis of 

precursor Bi2S3. 0.5 mmol, 1 mmol, and 2 mmol 

of homemade Bi2(H2O)2(SO4)2(OH)2 were dis-

solved in 20 mL of deionized water, respective-

ly, and stirred magnetically until well-

dispersed. Then three equal parts of 6 mmol 

Na2S•9H2O were dissolved in 20 mL of deion-

ized water, respectively. Under the condition of 

continuous stirring, the Na2S aqueous solution 

was added drop by drop into a container of 

Bi2(H2O)2(SO4)2(OH)2, and after continued stir-

ring for 30 min, the above solution was sealed 

in a stainless steel reactor and heated in a 

blower heating chamber at 190 °C for 24 h. It 

was naturally cooled to room temperature 

when the reaction was completed, and the pre-

cipitate generated was washed and dried using 

the above method. The samples were recorded 

as Bi2S3-A, Bi2S3-B, and Bi2S3-C according to 

the amount of Bi2(H2O)2(SO4)2(OH)2 from small 

to large. The preparation schematic diagram of 

1D/2D Bi2S3 is given in Figure 1. Additionally, 

according to the above procedure for the syn-

thesis of Bi2S3, 1 mmol Bi2(H2O)2(SO4)2(OH)2 

was substituted with 1 mmol Bi(NO3)2•5H2O 

while keeping the other experimental parame-

ters unchanged. The synthesized sample was 

named Bi2S3-D.   
 

2.3 Instrumentation Techniques 

The compositional characterization of the 

synthesized samples was carried out using 

Bruker AXS D8 ADVANCE X-ray powder dif-

fractometer (XRD, operating voltage 40 kV, op-

erating current 40 mA). The morphology of the 

synthesized samples was observed using a Hi-

tachi SU8600 scanning electron microscope 

(SEM, the accelerating voltage was 15 kV). The 

UV-vis diffuse reflectance spectrum (UV-vis 

DRS) was obtained by using a PELambda 

750UV-vis spectrophotometer (BaSO4 as back-

ground, and a slit width of 2 nm, wavelength 

interval of 1 nm). The electrochemical imped-

ance and transient current of the samples were 

analyzed using the CHZ660E electrochemical 

workstation. In the analysis, the platinum 

sheet served as the auxiliary electrode, the sil-

ver chloride electrode was the reference elec-

trode, and the working electrode was the elec-

trode of the photocatalyst fixed on the conduc-

tive glass, and the 200 W Xe lamp was used as 

the light source. 

 

2.4 Photocatalytic Activity Evaluation 

The photocatalytic activity of Bi2S3 was 

evaluated by Cr(VI) reduction. 300 mL of 50 

mg/L Cr(VI) solution as a simulated pollutant, 

Figure 1. The schematic diagram for the synthesis steps of 1D/2D Bi2S3.  
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which was prepared directly using deionized 

water. The experimental processes were as fol-

lows: 300 mg of the prepared Bi2S3 powder was 

added to the Cr(VI) solution, and the adsorp-

tion was first carried out for 100 min under 

light protection to maintain the adsorption-

desorption equilibrium. After the 200 W Xe 

lamp was turned on (UV light with a λ < 420 

nm was filtered out with a light filter), at a 

fixed time interval of 20 min, about 3.5 mL of 

the aqueous suspension was fetched from the 

reactor. Cellulose acetate membranes with a 

0.22 μm pore diameter were employed to filter 

and separate the fetched suspension for remov-

al of the Bi2S3. The concentration of Cr(VI) in 

the filtrate was measured using the diphenyl-

carbazide spectrophotometry at a wavelength 

of maximum absorption (λmax) of 542 nm.  

The photoreduction rate (Rt) of Cr(VI) solu-

tion was calculated using Equation (1), where 

c0 and ct are the concentrations of aqueous 

Cr(VI) before and after the reaction, respective-

ly. 

 

Rt = (c0-ct)/c0  100%         (1) 

 

2.5 Experiments of Active Species Capture in 

Photocatalytic Reactions 

Photocatalytic active species capture experi-

ments were used to analyze and determine the 

mechanism of visible-light photocatalytic re-

duction of aqueous Cr(VI) by Bi2S3-B. In the ex-

perimental operation of 2.3, •OH was captured 

by adding 1 mL of 0.4 mol/L isopropanol (IPA), 

1 mL of 0.28 mol/L ammonium oxalate solution 

(AO) for h+, and 1 mL of 0.06 mol/L p-

benzoquinone (BQ) solution for •O2
-, respec-

tively.  
 

3. Results and Discussion 

3.1 Structure and Composition 

Figure 2 depicts the XRD patterns of syn-

thesized Bi2S3 and Bi2(H2O)2(SO4)2(OH)2. Com-

parison with JCPDS card no. 76-1103 shows 

that the precursor prepared by room tempera-

ture hydrolysis is monoclinic phase 

Bi2(H2O)2(SO4)2(OH)2 and no other impurity 

peaks were detected. By controlling the molar 

ratios of Bi2(H2O)2(SO4)2(OH)2 precursor to so-

dium sulfide as 1:6, 1:3, and 2:3, Bi2S3-A, Bi2S3-

B and Bi2S3-C obtained by hydrothermal syn-

thesis of the precursors had similar XRD dif-

fraction peaks but with differences in the peak 

intensities. Bi2S3-D obtained by direct hydro-

thermal synthesis also has the same diffraction 

peak. The overall diffraction peaks presented 

by the Bi2S3 correspond to the orthorhombic 

phases of Bi2S3 (JCPDS card no. 43-1471) with 

the lattice constant values of a = 11.20 Å, 

b=11.34 Å, and c=3.99 Å, and no other impurity 

peaks appeared. The diffraction peaks were lo-

cated at 2θ values of 15.7°, 17.6°, 22.4°, 23.8°, 

24.9°, 28.6°, 31.8°, 35.6°, 39.9°, 46.6°, and 52.6°, 

which were attributed to the (020), (120), (220), 

(101), (130), (121), (221), (240), (141), (431), and 

(132) planes of the Bi2S3, respectively. The 

sharp and intense peaks indicate that pure 

Bi2S3 was prepared with high crystallinity. 

The average crystallite size (D) of Bi2S3 and 

Bi2(H2O)2(SO4)2(OH)2 were determined using 

the Debye-Scherrer formula (Equation (2)) [21], 

where D represents the crystallite size (nm), λ 

is the wavelength of X-ray radiation (0.15406 

nm), K is Scherrer's constant (0.89), β is the full 

width half maximum, and θ is the diffraction 

angle.  

 

 D = K λ / (β cos θ)         (2) 

 

The average crystallite size of the 

Bi2(H2O)2(SO4)2(OH)2 precursor was 52 nm 

based on the (120) lattice plane. On the other 

hand, according to the (130) lattice plane of 

Bi2S3, the average crystallite particle sizes 

were measured to be 31.13 nm, 34.48 nm, 33.74 

nm, and 34.15 nm for Bi2S3-A, Bi2S3-B, Bi2S3-C, 

and Bi2S3-D, respectively.  
The nanostructures of synthesized samples 

were analyzed by SEM to find the influence of 

the molar ratios of elemental Bi to S in the re-

action reagents. Figure 3(a) displays a rod-like 

morphology of the Bi2(H2O)2(SO4)2(OH)2 precur-

sor with length and diameter of 2.58 μm and 

0.44 μm, and the surface appears relatively 

Figure 2. XRD patterns of the synthesized 

Bi2S3-A, Bi2S3-B, Bi2S3-C, Bi2S3-D, and 

Bi2(H2O)2(SO4)2(OH)2 precursor. 
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rough with a disordered distribution. In Figure 

3(b), numerous 2D nanosheet morphologies can 

be observed, corresponding to Bi2S3-A with 

length and breadth of 0.5 μm and 0.21 μm.   

Figure 3(c) shows the image of Bi2S3-B, exhibit-

ing a 1D/2D heterostructure formed by one-

dimensional rods with length and diameter of 

0.78 μm and 0.09 μm and two-dimensional 

sheets with 0.59 μm and 0.23 μm. Both Bi2S3-C 

(Figure 3(d)) and Bi2S3-D (Figure 3(d)) pre-

pared from the same molar ratio of Bi to S ele-

ment, show a rod-like morphology. However, it 

is still distinguishable that Bi2S3-C synthesized 

from the precursor exhibits a higher (Figure 

3(d)) level of rod-like dispersion, with length 

and diameter of 1.57 μm and 0.11 μm. On the 

other hand, the rods of Bi2S3-D obtained from 

the direct hydrothermal synthesis of bismuth 

nitrate, are connected in the form of a "bamboo 

row" (Figure 3(e)), with length and diameter of 

3.41 μm and 0.31 μm, indicating a decrease in 

the number of reactive active sites exposed on 

the surface of the photocatalyst. Bi2S3 synthe-

sized using hydrothermal synthesis demon-

strates a transition from 2D flakes to 1D rods 

as the Bi3+/S2- molar ratio increased. Figure 2(f) 

shows the size distribution of the synthesized 

samples.  
 
 

Figure 3. SEM images of (a) Bi2(H2O)2(SO4)2(OH)2 precursor, (b) Bi2S3-A, (c) Bi2S3-B, (d) Bi2S3-C, (e) 

Bi2S3-D, and (f) size distribution of synthesized samples.  
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3.2 Performance of the Synthesized Products in 

Visible-light Photocatalytic Reduction of Aque-

ous Cr(VI) 

The photocatalytic activity of the photocata-

lyst depends on the band gap structure. Figure 

4(a) shows the UV-vis diffuse absorption spec-

trum of Bi2S3-B. It can be observed in Figure 

4(a) that Bi2S3-B exhibits significant absorption 

of visible light between 400 nm and 700 nm. 

The band gap energy (Eg) of Bi2S3-B can be esti-

mated from the Kubelka-Munk function in 

Equation (3) [29,30]: 

 

 αhν = B(hν – Eg)n/2                              (3) 

where, α represents the light absorption coeffi-

cient, h, ν, B, and Eg are the Planck constant, 

light frequency, an energy-independent con-

stant, and the band gap of a semiconductor ma-

terial, respectively. The value of n depends on 

the optical transition characteristics of the 

semiconductor, with n being 1 for the direct 

transition and 4 for the indirect transition. 

Bi2S3 is a direct band gap semiconductor 

[29,30]. By plotting (αhν)2 versus hv can exhibit 

the calculated Eg of Bi2S3-B is 1.33 eV. Further-

more, the valence band potential of Bi2S3 was 

estimated to be 1.425 eV using Equation (4) 

[31], which is consistent with previous reports 

[16,32]. Therefore, the conduction band (CB) 

potential of Bi2S3 was further estimated to be 

0.095 eV according to the formula of ECB = EVB - 

Eg. 
 

 EVB = X - Ee + 0.5Eg                           (4)  

 

The visible-light photocatalytic performance 

of synthesized Bi2S3 was carried out with 50 

mg/L aqueous Cr(VI) as a target contaminant 

as shown in Figure 5. The adsorption experi-

ments of Bi2S3 on Cr(VI) solution revealed that 

the concentration of Cr(VI) remained constant 

after 100 minutes, indicating the adsorption-

desorption equilibrium was reached. Upon visi-

ble light irradiation, the concentration of 

Cr(VI) in different photocatalyst systems de-

creases further with increasing light exposure 

time. After 140 minutes of visible-light irradia-

tion, the reduction of Cr(VI) by Bi2S3-A, Bi2S3-

B, Bi2S3-C and Bi2S3-D was 51.0%, 54.5%, 

34.9% and 40.5%, respectively. The synthe-

sized Bi2S3 exhibits significant photocatalytic 

activity in reducing Cr(VI) under visible light. 

The fabricated Bi2S3-A has a 2D sheet struc-

ture, but the lamination phenomenon occurs 

due to the high surface energy of the 

nanosheets, which covers part of the reactive 

active sites on the surface of the photocatalyst 

and hinders the transmission of the photogen-

erated carriers. In contrast, Bi2S3-B has a 

1D/2D heterogeneous structure, which reduces 

the coverage of the active sites and can im-

prove the separation and transmission of pho-

togenerated carriers. Therefore, the photocata-

Figure 4. (a) UV-vis diffuse reflection spectra; and (b) Tauc plots of Bi2S3-B.  
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lytic activity of Bi2S3-B is higher than that of 

Bi2S3-A. Subsequently, the photocurrent and 

electrochemical impedance spectroscopy were 

used to further verify the production and sepa-

ration of photogenerated charge carriers on the 

photocatalyst.  
The reaction rate constants (k) for the pho-

tocatalytic reduction of Cr(VI) by Bi2S3 were 

calculated using the pseudo-first kinetic equa-

tion (5) [32–34], where ct and c0 represent the 

concentration of aqueous Cr(VI) at time t and 0 

min, respectively: 

 

 ln (c0/ct) = k t                      (5) 

 

The higher activity of Bi2S3-B, synthesized 

using the precursor method, can be attributed 

to its 1D rod-like and 2D nanosheet structures, 

which provide more reactive active sites. Addi-

tionally, the unique 1D/2D heterostructure fa-

cilitates the transport and transfer of photogen-

erated carriers. According to the ln(c0/ct) 

against t (Figure 6)) plots, the k values for the 

systems containing Bi2S3-A, Bi2S3-B, Bi2S3-C, 

and Bi2S3-D were determined to be 0.0054, 

0.0064, 0.0036, and 0.0042 min-1, respectively. 

The Bi2S3-B with a 1D/2D morphology, synthe-

sized as a precursor, exhibits the highest effi-

ciency in the photocatalytic reduction of Cr(VI). 

The experimental results indicate that the 1D 

rod-like and 2D nanosheet structure of Bi2S3-B 

allows for more reactive active sites. In particu-

lar, the unique 1D/2D heterostructure is favor-

able for the transport and transfer of photogen-

erated carriers.  
 

3.3. Photocatalytic Mechanism of Bi2S3-B 

To experimentally verify the higher transfer 

and separation efficiency of photogenerated 

carriers in Bi2S3-B, both electrochemical imped-

ance spectra and transient photocurrent re-

sponse measurements were conducted. Figure 

7(a) illustrates the electrochemical impedance 

spectra, demonstrating that the Nyquist arc 

radius follows the order of Bi2S3-B > Bi2S3-A > 

Bi2S3-D > Bi2S3-C. Since the arc radius of the 

Nyquist arc radius is directly proportional to 

the charge transfer resistance [35–37], the 

smallest Nyquist arc radius of Bi2S3-B indi-

cates a faster charge transfer rate. Further-

more, the transient photocurrent response of 

Bi2S3 was assessed, as displayed in Figure 7(b) 

Bi2S3-B exhibited a larger photocurrent, indi-

cating that Bi2S3-B is more proficient in gener-

ating and separating h+ and e− [35–37]. Addi-

tionally, the greater decline in the photo-

response after turning off the light indicates 

that the photogenerated carriers exist for a 

shorter duration and are prone to recombina-

tion on the surface or interior of the photocata-

lyst.  
To elucidate the reaction mechanism of the 

photocatalytic reduction of Cr(VI) by Bi2S3-B, 

free radical trapping experiments were con-

ducted to detect the active species present in 

the photocatalytic system. Various trapping 

Figure 6. Determination of k values of Bi2S3-A, 

Bi2S3-B, Bi2S3-C, and Bi2S3-D using the plots of 

ln (C0/Ct) vs. t.  
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agents, including BQ, AO, and IPA were uti-

lized to capture •O2
−, h+, and •OH, respective-

ly, as depicted in Figure 8. The results revealed 

that the photoreduction efficiency of Cr(VI) de-

creased to 28.7% and 43.1% upon the addition 

of AO and BQ, respectively. However, the addi-

tion of quantitative IPA had minimal impact ef-

fect on the photocatalytic reduction rate of 

Cr(VI). The experimental findings suggested 

that •O2
− and h+ were the predominant active 

species involved in the photocatalytic process. 

According to the aforementioned experi-

mental results, the photocatalytic reduction 

mechanism of Cr(VI) by Bi2S3-B can be de-

scribed in Figure 9. Specifically, When Bi2S3-B 

is exposed to visible light irradiation, it absorbs 

photon energy, leading to the generation of h+ 

and e
–
. The conduction band holes of Bi2S3-B 

oxidize water, resulting in the production of O2, 

which then combines with e
–
 to form •O2

−
, con-

sequently reducing Cr(VI) to Cr(III). Moreover, 

the photogenerated electrons in the conduction 

band of Bi2S3-B can directly participate in the 

reduction of Cr(VI) to Cr(III). Overall, the pro-

cess can be represented by the following reac-

tion equations: 

 

Bi2S3 + hν → Bi2S3 (e–) + Bi2S3 (h+)         (6) 

Bi2S3 (h+) + H2O → O2           (7) 

Bi2S3 (e–) + O2 → •O2
−           (8) 

•O2
− + Cr(VI) → Cr(III) + O2          (9) 

e– + Cr(VI) → Cr(III)          (10) 

 

4. Conclusions 

The synthesis of orthorhombic Bi2S3 photo-

catalysts with a 1D/2D heterogeneous morphol-

ogy structure was successfully achieved 

through a simple hydrothermal method, utiliz-

ing homemade Bi2(H2O)2(SO4)2(OH)2 precur-

sors. By adjusting the molar ratio of elemental 

Bi to S in the reaction reagents, it was possible 

to synthesize either 2D sheet or 1D rod Bi2S3 

structures. Among the different synthesized 

morphologies, the Bi2S3 with a 1D/2D heteroge-

neous structure exhibited the highest photo-

catalytic activity in the reduction of aqueous 

Cr(VI), along with the fastest photogenerated 

carrier mobility and the lowest recombination 

rate. This superior performance can be at-

tributed to the unique combination of 1D and 

2D morphologies, facilitating efficient separa-

tion of photogenerated carriers and minimizing 

recombination. The findings of this study have 

significant implications in the field of energy 

conversion and environmental treatment. The 

ability to modulate the morphology of photo-

catalysts with a 1D/2D heterogeneous struc-

ture presents new opportunities for enhancing 

their photocatalytic activity and efficiency, ulti-

mately contributing to the development of 

more effective and sustainable photocatalytic 

systems for the reduction of Cr(VI) in water. 
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Figure 8. Trapping experiment for photoreduc-
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