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Objectives: Metal organic frameworks (MOFs) composites, integrated with metal oxides augment the inherent 
characteristics of the original frameworks. Present study aims to investigate and assess the potential of 
Bi2O3@Fe-MOF composites in efficient photocatalytic degradation of two distinct organic pollutants, namely 
Rhodamine B (RhB) dye and Triclopyr (TC) pesticide. 
Methods: A series of Bi2O3@Fe-MOF was synthesized by changing the Fe: Bi molar ratios and following the 
solvothermal method. Fabricated materials were analyzed primarily for crystalline arrangements, morphology 
features and chemical compositions, band gap energies, functional moieties, recombination of charge carriers, 
and surface charge. These assessments were carried out with the different advanced techniques including XRD, 
FTIR, FESEM and EDX, UV–Vis DRS, PL, and Zeta potential analysis. The synthesized composites were studied for 
their ability in photocatalytic breakdown of RhB and TC under visible light irradiation. The pseudo first order 
kinetic model is implemented to study the degradation kinetics of the pollutants. Trapping experiments were 
performed to determine the reactive species responsible for the degradation reaction. 
Results and conclusions: The study showed that the crystalline nature, morphology, and optical absorbance of the 
prepared composites changed with Fe:Bi molar ratio. The degradation efficiency of Bi2O3@Fe-MOF-3 for RhB 
and TC was 91.79% and 88.42%, respectively, in 120 min, making it the most effective synthesized material. The 
pseudo-first-order kinetic model was in good agreement with the experimental data. The trapping experiments 
revealed that hydroxyl radicals (•OH) were the main contributors to the degradation reaction. 
This study concluded that Bi2O3@Fe-MOF composites are promising photocatalysts for the degradation of 
organic pollutants. The highest photocatalytic performance of Bi2O3@Fe-MOF-3 is attributed to the connected 
interfaces between Bi2O3 and Fe-MOF phases, which facilitate effective charge injections and separation.   

1. Introduction 

Bi2O3 has shown great potential as a photocatalyst for the degrada
tion of organic pollutants in water, due to its environmental friendliness 
and visible light activity. The hybridization of Bi-6s and O-2p orbitals in 
Bi2O3 provides a highway for the movement of valence band up which is 
beneficial for the transfer of electrons from low energy valence band to 
high energy conduction band. Moreover, the wide and delocalized bands 

are favorable for the diffusion of photoinduced charge carriers (Chen 
et al., 2015). Bulk Bi2O3 exist in five different crystalline phases, of 
which α and δ are the most stable. The other three phases (β, γ, and ω) 
are metastable. The narrow band gap of β-Bi2O3 (2.8 eV) allows it to be 
excited by visible light, making it a p-type oxide semiconductor (Hu 
et al., 2018). However, there are difficulties including lower solar en
ergy utilization, fast recombination, and recovery issues during recy
cling that results limited practical applications. Consequently, it is 
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required to improve the photocatalytic efficiency by different methods 
among which heterostructure formation has been found the most 
effective and efficient method (Chawla et al., 2023; Dutta et al., 2023; 
Khan et al., 2023). 

MOFs have rapidly progressed in their ability for the effective 
adsorption and degradation of various types of hazardous water con
taminants, due to their high surface area, tunable porosity along with 
thermal and chemical stability. There are several studies that have re
ported excellent enhancement in the photocatalytic efficiency of the 
composite materials of MOFs with other semiconductors like ZnO, TiO2, 
ZnFe2O4, WO3, and BiVO4 for the removal of organic contaminants. A 
MOF-based magnetic nanocatalyst with Fe3O4 was applied to remove 
methyl orange (Ghourchian et al., 2021) and exhibited magnetic sepa
rable characteristics. TiO2@MIL-101 (Cr) composites were designed for 
photodegradation of Bisphenol A wherein improved features were ob
tained with reduced recombination of charge carriers (Tang et al., 
2020). Encased Bi2O3 nanoparticles into the pores of Cu-MOF exhibited 
excellent photodegradation efficiency towards nuclear fast red dye (Guo 
et al., 2016). The removal efficiency of the composite materials depends 
upon the type of the semiconductors as well as the nature of hetros
tructures and migration of active species across the interfacial layers. 
Generally, Type-II and Z-scheme mechanisms of charge migration are 
followed in photocatalytic reactions. Fabrication of Z-scheme hetero
junctions has been reported as the feasible strategy to enhance the 
migration efficiency of the photoelectrons. In Z-scheme, low resistance 
transfer of electrons is allowed between the semiconductors and smaller 
change in Gibbs free energy is required as compared to the Type-II 
mechanism. Therefore, stronger ability is achieved in Z-scheme junc
tions to facilitate the various redox photoreactions (Zhong et al., 2022). 
A Z-scheme Bi2WO6/Ni-MOF heterostructure with enhanced photo
catalytic activity for methylene blue degradation was constructed by 
wrapping Bi2WO6 on Ni-MOF sheets (Cheng et al., 2022). Ti-MOF/Ag/ 
NiFeLDH composites displayed outstanding degradation activity for 
organic dye RhB and an antibiotic Levofloxacin where constructed 
heterostructures enhanced the catalytic efficiency following the Z- 
scheme charge movement mechanism (Liu et al., 2021). 

Among bountiful metal organic frameworks, Fe-MOFs are exten
sively advantageous being less toxic and abundant presence of iron in 
the earth’s crust. Additional benefits include excellent interfacial charge 
transfer properties, unsaturated metal centers of high catalytic activity, 
and lower band gap energies as compared to the other MOFs due to 
which these can be easily excited under visible light (Joseph et al., 
2021). Above literature inspired us to fabricate Z- scheme Bi2O3@Fe- 
MOF and investigated against decontamination of two different organic 
pollutants namely Rhodamine B (RhB) and Triclopyr (TC). Herein, the 
nanocomposites were synthesized by solvothermal method and optimal 
ratio of the constituents in the composites (Fe: Bi) was determined. 
Possible photodegradation mechanism was also speculated. This study 
may be an efficient and sustainable method for the waste water 
decontamination. 

2. Experimental section 

2.1. Chemicals used 

Bismuth nitrate [Bi(NO3)3.5H2O, 99.9%], Ferric nitrate [Fe(NO3)3.

9H2O,99.9%], Terephthalic acid (1, 4 benzenedicarboxylic acid, 98%), 
N, N dimethylformamide (DMF, 99.5%), and HNO3 were taken from 
CDH chemicals. Urea [NH2CO NH2,99.5%] was utilized as the fuel. 
Sigma Aldrich, India, was the supplier of the model contaminants 
Rhodamine B and Triclopyr. 

2.2. Fabrication of Bi2O3 and Bi2O3@Fe-MOF nanocomposites 
photocatalysts 

2.2.1. Bi2O3 
Bi2O3 was prepared by the simple and efficient solution combustion 

method following the literature with slight modifications (Astuti et al., 
2020b). First, calculated amount of (4.8507 g) of bismuth nitrate was 
blended with appropriate quantity of urea, which is used as the fuel. To 
this mixture, 5 ml of 1 M HNO3 was introduced and thoroughly stirred on 
a hot plate to achieve a homogeneous and consistent mixture. To avoid 
the oxi-nitride formation and precipitation of Bi ions, it is necessary to 
use an acidic solvent which is usually nitric acid in distilled water 
(Iyyapushpam et al., 2013), and the same was used in the present pro
cedure. The obtained solution was subjected to a thermal treatment a 
preheated muffle furnace set at 400 ◦C for a duration of 30 min. This 
process led to the rapid dehydration and combustion of the solution, 
releasing gases. The resultant product was allowed to cool at ambient 
room temperature. The resulting solid powder was pulverized and 
collected for subsequent characterization and experimentation. 

2.2.2. Fe-MOF 
Fe-MOF was fabricated using a hydrothermal procedure reported 

previously with slight modifications (Li et al., 2020; Yan et al., 2019). 
Ferric nitrate (4 mmol, 1.616 g) was dissolved in 15 ml DMF and stirred 
for 10 min. Another beaker contained terephthalic acid (2 mmol, 0.332 
g) again in 15 ml DMF and stirred for the same time. The obtained two 
clear solutions were mixed and stirred for an additional 20 min using a 
magnetic stirrer. The mixture was then transferred to an autoclave and 
subjected to a temperature of 120 ◦C for 24 h. The product was isolated 
by filtration and then washed with DMF many times to remove the 
unreacted moieties. Then the compound was dried overnight at 80 ◦C to 
get the final Fe-MOF. 

2.2.3. Bi2O3@Fe-MOF composites 
Pre-calculated stoichiometric quantities of Bi2O3 powder were 

incorporated corresponding to the distinct molar ratios of (Fe: Bi) into 
the ferric nitrate solution (Chen et al., 2020). Similar procedure was 
then followed for further steps until autoclave placed at 120 ◦C for 24 h. 
Three composites in 1:0.3, 1:0.05, and 1:0.1 were obtained and named 
as Bi2O3@Fe-MOF-1, Bi2O3@Fe-MOF-2, and Bi2O3@Fe-MOF-3, 
respectively. 

2.3. Characterizations 

To analyze the phase and structural attributes of the produced ma
terials, SmartLab 3 kW-Rigaku instrument was used to obtain their high- 
quality XRD patterns. To access morphology, the field emission scanning 
electron microscopy technique (FESEM) (7610F Plus/JEOL) was 
employed. Energy dispersive x-ray spectroscopy (EDX) coupled with 
FESEM was used to confirm the elemental composition. Optical prop
erties and band gap characteristics were investigated using Shimadzu- 
3600 plus double beam UV–vis spectrophotometer. The separation of 
photogenerated charge carriers was studied by Photoluminescence (PL) 
spectroscopy. The spectra were acquired using a Hitachi F-7000 fluo
rescence spectrophotometer. Furthermore, the zeta potential (ζ) of the 
synthesized materials was measured using a (Zetasizer Ver. 7.13) 
analyzer. 

2.4. Photocatalytic activity procedure 

To evaluate the photocatalytic degradation ability of the synthesized 
compounds, Rhodamine B dye and Triclopyr pesticide were employed as 
the representative pollutants. The degradation experiment involved the 
addition of 10 mg of the photocatalyst into a 100 ml aqueous solution of 
the pollutant (10 ppm). Subsequently the mixture was stirred under dark 
conditions until adsorption–desorption equilibrium was reached. The 
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stirring process was continued for 60 min at a controlled temperature of 
25 ◦C. After that, a visible light lamp (250 W) was turned on and oxygen 
was supplied continuously. At regular intervals, approximately 5 ml of 
the experimental solution was taken out for centrifugation, facilitating 
the separation of photocatalyst from the solution. The remaining con
centration of the dye and pesticide in the collected solution was deter
mined using a double beam UV–visible spectrophotometer by measuring 
the absorbance at their respective wavelengths of maximum absorption 
(553 and 295 nm respectively). The percentage degradation efficiency 
(η) was calculated utilizing the following equation: 

η =
C0 − Ct

C0
*100  

where C0 and Ct represent the concentration of organic pollutant at the 
initial time and after time t, respectively. 

Furthermore, the impact of pH on the degradation process was 
investigated across the pH range of 3–11. To understand the involve
ment of reactive oxygen species, scavenger’s studies were conducted, 
aimed at evaluating the various reactive species. 

3. Results and discussion 

3.1. XRD analysis 

The crystalline structure of the synthesized materials was studied by 
recording the high quality XRD patterns (Fig. 1). XRD patterns were 
provided the evidence of the crystalline nature of the synthesized ma
terials as depicted in the Fig. 1. The diffraction peaks obtained at 2θ 
values 5.06◦, 8.90◦, 10.20◦, 16.40◦, 18.84◦, 24.22◦, and 35.74◦ agree 
with the previously reported works (Hao et al., 2022; Yan et al., 2019) 
and confirm the successful synthesis of Fe-MOF. Sharp peaks below 10◦

indicated the formation of well crystalline MOF material. For Bi2O3, the 
obtained diffraction positions were in agreement with the β-tetragonal 
Bi2O3 phase (PDF NO. 27-50). The distinct peaks characteristic of Fe- 

MOF are also obtained in the patterns of the composite materials with 
Bi2O3. This observation indicates that the structural integrity of the Fe- 
MOF framework remains unaffected after the incorporation of Bi2O3 
nanoparticles. To determine the crystallite sizes of these materials, 
Scherrer’s equation was employed (Kumari et al., 2020). The calculated 
sizes were found to be 10.24, 8.85, 9.10, 8.85, 9.10 nm for Bi2O3, Fe- 
MOF, Bi2O3@Fe-MOF-1, Bi2O3@Fe-MOF-2, and Bi2O3@Fe-MOF-3, 
respectively. 

3.2. FESEM and EDX 

Surface micrographs of the synthesized samples were obtained using 
FESEM to study their morphology. Fig. 2A depicts FESEM images of 
Bi2O3, Fe-MOF and Bi2O3@Fe-MOF-3 composite. The agglomeration of 
pure Bi2O3 nanoparticles was possibly caused by electrostatic in
teractions, resulting in an irregular morphology (Koli et al., 2021). Fe- 
MOF material exhibited the rough surface with pores which is favor
able for binding adsorbate molecules. The material was composed of a 
numerous accumulated nanoparticle, resulting in void spaces/sites i.e. 
pores among them. Within the composite material, similar micrographs 
depicted the attachment of Bi2O3 nanoparticles to the surface of Fe- 
MOF. The EDX spectrum in Fig. 2B shows all the relevant peaks for 
the constituents of the synthesized materials, with no additional peaks 
detected. Further, investigation into the elemental distribution through 
elemental mapping of the synthesized compounds further supported the 
uniform distribution of the elements. 

3.3. UV–Vis DRS 

UV visible spectra were recorded to study the optical response and 
band gap energies of the prepared materials. As shown in the Fig. 3A, 
Bi2O3 shows an absorption edge at a shorter wavelength (414 nm) than 
Fe-MOF (855 nm). Absorption bands of the composites were detected in 
the region 800–850 nm. The band gap energies were evaluated 

Fig. 1. XRD patterns of Fe-MOF, Bi2O3, and Bi2O3@Fe-MOF composites.  
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according to the relation: 

Eg =
1240

λg  

where λg represents the main absorption edge wavelength in nm. The 
calculated values of band gaps were 2.99, 1.45, 1.48, 1.47, and 1.46 eV 
for Bi2O3, Fe-MOF, Bi2O3@Fe-MOF-1, Bi2O3@Fe-MOF-2, and 

Bi2O3@Fe-MOF-3, respectively. It is observed that with increase in Bi 
content in MOF, band gap values were gradually increased. 

3.4. FTIR 

Structures of the fabricated materials were further confirmed with 
FTIR spectra recorded in the range 500–4000 cm− 1 (Fig. 3B). The Fe- 
MOF has characteristic peaks at 543, 753, 1020, 1384, 1574, and 

Fig. 2. (A) FESEM images of (a) Bi2O3, (b) Fe-MOF, and (c) Bi2O3@Fe-MOF-3 composite and (B) EDX constitution and elemental mapping of the synthe
sized compounds. 

Fig. 3. (A) UV–Vis DRS spectra of all the synthesized nanomaterials and (B) FTIR spectra of all the synthesized materials.  
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1660 cm− 1. The peak appeared at 543 cm− 1 is due to the Fe–O bond 
vibration (Gecgel et al., 2019). Peak 753 cm− 1 corresponds to the C–H 
bond bending vibration of the benzene ring and at 1020 cm− 1 is assigned 
to the C–O–C bond. Peaks obtained at 1384 and 1574 cm− 1 confirmed 
the carboxyl group while at 1660 cm− 1 is due to the C––O bond 
stretching vibration. For Bi2O3, vibrational band at 543 cm− 1 is origi
nated from Bi–O bond while at 818 cm− 1 belongs to the vibration of 
Bi–O–Bi bonds (Motakef-Kazemi and Yaqoubi, 2020; Yang et al., 
2018). The peak at 1384 cm− 1 corresponds to the stretching vibration of 
Bi–O bond (Astuti et al., 2020a). In addition, peak at 3437 cm− 1 in
dicates the stretching vibration of O–H bond of the adsorbed water 
molecules (Yang et al., 2018). All the characteristic peaks of Fe-MOF 
were retained in the Bi2O3@Fe-MOF composites indicating the exis
tence of stable crystal structure of Fe-MOF in the composites. 

3.5. PL spectra 

It is widely recognized that the PL signals arise due to the recombi
nation of electron-hole pair’s within semiconductor materials (Sharma 
et al., 2021). Intensity of a peak in a photoluminescence spectrum is 
directly related to the rate of electron-hole recombination in the sample 
being studied. In the sample with high recombination rates, the PL peak 
has a high emission intensity, indicating that excited electrons and holes 
are recombined rapidly and vice versa (Fan et al., 2014). PL emission 
spectra of the different synthesized materials were recorded at room 
temperature (Fig. 4). Among all the synthesized samples, Bi2O3 exhibi
ted the highest emission intensity i.e. maximum recombination of 
charge carriers while Bi2O3@Fe-MOF-3 had lowest emission intensity in 
the spectrum as shown in the inset Fig. 4. Minimum peak intensity of the 
composite Bi2O3@Fe-MOF-3 indicated the highest separation of the 
photogenerated electron holes pairs and hence the maximum photo
catalytic efficiency of this material towards degradation of organic 
pollutants. 

4. Photodegradation evaluation 

4.1. Catalytic efficiency and degradation kinetics 

The ability of the synthesized materials to degrade RhB and TC under 
visible light irradiation was studied. The results obtained are depicted in 

the Fig. 5(Aa and Ba) for both the pollutants, respectively. It can be seen 
that Bi2O3 exhibited lower adsorption and photodegradation activity for 
both the pollutants (50.87% for RhB and 68.89% for TC in 120 min). Fe- 
MOF showed strong adsorption capacity under dark conditions and 
moderate photodegradation activity for both the pollutants, respec
tively. With Fe-MOF, removal efficiencies obtained were 78.99 and 
77.04% for RhB and TC, respectively. Composites Bi2O3@ Fe-MOF 
showed lower adsorption capacity for both the pollutants which may 
be ascribed to the decreased surface areas of the composite materials as 
compared to the Fe-MOF (Tang et al., 2020). However, the photo
catalytic activity of the Bi2O3@ Fe-MOF composites was found signifi
cantly increased than the both pristine Bi2O3 and Fe-MOF. Out of all the 
composites, Bi2O3@ Fe-MOF-3 exhibited the highest degradation effi
ciency for both the pollutants (91.79 and 88.42% respectively in 120 
min). The enhanced photoactivity of the composite materials is attrib
uted to the Bi2O3/Fe-MOF heterojunctions owing to which effective 
separation and movement of the charge carriers become successful (Wu 
et al., 2022). Further, Fig. 5(Ab and Bb) showed the photodegradation 
kinetics of both the pollutants. Langmuir-Hinshelwood model was 
employed to study the kinetics of degradation where pseudo-first-order 
reaction kinetics was followed (Danish and Muneer, 2021). Curve fitting 
of this model was utilized to evaluate rate constants and regression 
constants that are tabulated in Tables S1 & S2. 

4.2. pH of the medium and scavengers study 

The pH of the initial solution can affect the number of available 
adsorption sites, surface charge, and hence binding and reactivity of the 
photocatalyst towards organic pollutants. To examine the effect of pH 
conditions for the synthesized compounds, initial solution pH was 
selected 3, 5 (acidic), 7 (neutral), and 9, 11 (basic). Fig. 6(Aa and Ba) 
depict the degradation in different pH mediums of both the pollutants 
(RhB and TC), respectively. For RhB, when pH increased from 3 to 5, 
degradation also increased up to ~99% in 120 min. Further, rise of pH 
from 7 to 11 lead gradual decrease in photocatalytic activity (Fig. 6Aa). 
This can be explained by the electrical charges of RhB molecules and the 
electrostatic interactions with the photocatalyst surface that dominate in 
the adsorption process. In highly acidic environment (pH = 3), catalyst 
surface becomes protonated (zeta potential = + 2.48 mV) and repels 
away the cationic molecules of the dye. Thus, degradation efficiency 

Fig. 4. Photoluminescence spectra of Bi2O3, Fe-MOF, and Bi2O3@Fe-MOF composites.  
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decreases at pH = 3 than pH = 5. Further, under acidic conditions, the 
existence of H+ ions result in a huge production of •OH radicals, hence 
resulting in a high photodegradation rate of organic pollutants as 
compared to the neutral media (Nguyen Thi et al., 2021). Moderate 
degradation was obtained at pH = 7. At higher pH from 9 to 11, cationic 
dye is adsorbed more strongly on the negatively charged catalyst surface 
(zeta potential = − 13.4 mV) and more adsorption of the dye molecules 
effectively shields the surface of the catalyst and prevented the contact 
of the catalytic surface with light, resulting in a decreased photocatalytic 
efficiency (Nguyen et al., 2018). 

On the other hand, Triclopyr showed maximum removal under 
neutral conditions and decreased activity in both acidic and alkaline 
conditions (Fig. 6Ba). This can be attributed to the charge of the pho
tocatalyst surface and acid dissociation constant of Triclopyr (pKa =

2.93) under different pH values of the solution. At acidic pH, pesticide 
molecules are more likely to exist in their undissociated form which 
result in lesser adsorption and photocatalytic activity (Poulios et al., 
1998). In basic pH conditions, the removal efficiency decreased due to 
the repulsive forces between the negatively charged catalyst and the 
anions. In addition, hindrance caused by the excess OH− ions also 

prevents the absorption of light and generation of the reactive species 
that are needed for an efficient degradation of the pollutants. 

Trapping experiments for the different reactive species were per
formed to examine the role of these species in the photodegradation 
reaction. The scavengers like ethylene diamine tetra-acetic acid (EDTA), 
p-benzoquinone (BQ) and isopropanol (IPA) were used to examine the 
involved reactive species. BQ, IPA and EDTA are highly reactive to su
peroxide anion radicals (•O2), hydroxyl radicals (•OH), and holes 
respectively. Fig. 6(Ab and Bb) clearly shows that the presence of all 
scavengers hinders the decomposition of the organic pollutants. EDTA 
exhibits the highest scavenging performance with maximum decline in 
efficiency of the photocatalyst against both RhB and TC, suggesting 
major role of holes species in the reaction mechanism for oxidation of 
pollutants under visible light irradiation. Whereas, lesser effect on 
degradation rate by IPA and BQ for RhB, suggested lower participation 
of hydroxyl radicals and superoxide anion radicals in the degradation 
process. On the other side, the reaction rate of photocatalytic oxidation 
of TC was significantly inhibited by both IPA and BQ addition, indi
cating that hydroxyl radicals (•OH) and superoxide anion radicals (•O2) 
also played their role in the photodegradation process of the pollutant. 

Fig. 5. (A) (a) Photocatalytic removal and (b) kinetic study of RhB degradation and (B) (a) Photocatalytic removal and (b) Degradation kinetics of TC by pre
pared samples. 
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4.3. Mechanism of degradation 

The efficiency of photocatalysis in composite structures depends on 
the production, separation, and migration of electron-hole pairs (Hu 
et al., 2023). On the basis of energy level diagram, possible photo
catalytic mechanism for degradation of organic pollutants with 
Bi2O3@Fe-MOF composites is illustrated in the Fig. 7. The valence band 
and conduction band of Bi2O3 lies at higher positive potentials than the 
LUMO and HOMO potentials of Fe-MOF (Hao et al., 2022; Lan et al., 
2022). Therefore, the Z-scheme charge transfer mechanism is a possible 
explanation for the observed results (Raizada et al., 2019). Under the 
visible light illumination, both the materials i.e. Bi2O3 and Fe-MOF get 
excited and generate electrons and holes respectively. The photo
generated electrons in the higher energy conduction band of Bi2O3 
migrate to the low energy valence band of Fe-MOF owing to the internal 
field at the heterojunction interface. The quick combination of these 
electrons with the holes species of Fe-MOF, boosts up the interfacial 
separation of charged carriers. Ultimately, electrons in the conduction 
band of Fe-MOF and holes in the valence band of Bi2O3 remain reserved. 
According to the literature reported values of the conduction band of Fe- 
MOF being more negative than the O2/

•O2 reduction potential (− 0.33 
eV), the electrons in LUMO of Fe-MOF can transform the O2 molecules 
into •O2 radicals. In the similar manner, holes in the valence band of 

Fig. 6. Photocatalytic decontamination of (A) RhB and (B) TC involving (a) effect of different pH mediums and (b) effect of addition of different scavengers on 
Bi2O3@Fe-MOF-3. 

Fig. 7. Proposed Z- scheme photocatalytic charge transfer mechanism of 
Bi2O3@Fe-MOF composites for degradation of organic pollutants. 
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Bi2O3 produce •OH radicals from H2O molecules oxidation [H2O/•OH 
(2.4 eV)] as indicated by their respective redox potential values. The 
reactive species thus produced (•O2 and •OH radicals) then decompose 
the targeted organic pollutant molecules. Therefore, the improvement in 
the photocatalytic performance of the composite Bi2O3@Fe-MOF is 
ascribed to the effective generation and separation of photogenerated 
charge carriers at the Z-scheme heterojunctions. 

5. Conclusion 

The energy efficient solvothermal technique was adopted to syn
thesize a series of Bi2O3@Fe-MOF composites. The synthesized materials 
were subjected to a range of characterizations by different techniques. 
Subsequently, these composites were implemented as photocatalysts 
with a focus on decontamination of Rhodamine B and Triclopyr pol
lutants under the exposure of the visible light. The well crystalline and 
porous composite materials provided suitable sites for adsorption and 
accelerated the separation and transfer of photoinduced charge carriers. 
Introduction of Bi2O3 into Fe-MOF led to a significant increase in the 
rate of charge carrier separation at the interface. Highest degradation 
efficiency of 91.79% for RhB and 88.42% for TC in 120 min, respectively 
was exhibited by the Bi2O3@Fe-MOF-3 under visible light illumination. 
The corresponding rate constants were 0.014 and 0.011 min− 1 for RhB 
and TC, respectively. The acidic conditions of solution were found 
favorable for the removal of RhB while, in case of TC, maximum elim
ination of the pollutant was attained under neutral medium. Trapping 
experiments indicated that the holes were the dominant reactive species, 
followed by superoxide radicals and then hydroxyl radicals. The com
posite structures were inferred to be a direct Z-scheme heterojunction 
system. This configuration established a closely connected interface 
thereby promoting the efficient injection of charges, ultimately leading 
to the enhanced photodegradation efficiency of the composite 
photocatalysts. 
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