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Abstract: Metal–organic frameworks (MOFs) have recently gained attention as a highly promising
category of photocatalytic materials, showing great potential in the degradation of organic dyes such
as Rhodamine B (RhB). Nonetheless, the mono-metal MOF materials in this application are often
constrained by their limited light absorption capabilities and their propensity for recombination
with carriers. The combination of different metal-based MOFs to form heterogeneous reactors
could present a promising approach for the removal of dyes from water. In this work, a new
CAU-17/MIL-100(Fe) Z-scheme heterojunction photocatalyst composed of two MOFs with the same
ligands is reported to realize the efficient degradation of dyes in water. The combination of the
two MOFs results in a significant enhancement of the surface open sites, optical responsivity range,
and charge-separating efficiency through synergistic effects. In addition, the capture experiments
conducted on the photocatalytic process have verified that ·O2

− and h+ are the primary active species.
Consequently, CAU-17/MIL-100(Fe) exhibited excellent photocatalytic activity and stability. The
degradation rate of the optimal CAU-17/MIL-100(Fe) photocatalyst was 34.55 times that of CAU-17
and 3.60 times that of MIL-100(Fe). Our work provides a new strategy for exploring the visible-light
degradation of RhB in bimetallic MOF composites.

Keywords: MIL-100(Fe); CAU-17; Z-scheme heterojunction; photocatalytic degradation; Rhodamine B

1. Introduction

The proliferation of organic pollutants emanating from diverse industrial sectors,
including the textile, plastic, leather, and paper-making industries, poses a significant
and globally pervasive challenge to the ecology and to human health [1,2]. Conventional
methods for contaminant treatment, including membrane adsorption or ion exchange have
the disadvantages of expensive cost and secondary pollution, which limits their applica-
tions in modern manufacturing. Therefore, developing green and effective technology is
urgently required [3,4]. In recent years, there has been a considerable increase in interest in
photocatalytic technology due to its cost-effectiveness and simple operation for pollutant
degradation [5–7]. Within the domain of photocatalytic technology, the pivotal challenge
lies in the design and synthesis of photocatalysts that exhibit enhanced redox potential, a
broad spectral response, and superior efficiency in the separation of electron–hole pairs.
These attributes are paramount in augmenting the rate of pollutant degradation, thereby
offering a promising avenue for the advancement of sustainable and effective pollutant
remediation strategies. To enhance the degradation rate of pollutants in photocatalytic
technology, it is crucial to focus on optimizing the redox capacity, response range, and
electron–hole pair separation efficiency of photocatalysts [8–10].

Metal–organic frameworks (MOFs) have garnered significant interest among re-
searchers in the energy and environmental sectors due to their distinctive characteristics,
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like their versatile coordination structure and exceptional surface area [11]. Bismuth (Bi),
as a classical kind of main-group metal, features outstanding advantages, including high
abundance, strong stability, environmental friendliness, and flexible coordination relations,
which is conductive to the production of diversified MOF materials [12,13]. CAU-17, a type
of MOF containing bismuth, possesses hexagonal, rectangular, and triangular channels
that facilitate the passage and adsorption of pollutants [14]. The remarkable ability to
adsorb pollutants, combined with its semiconductor properties, renders CAU-17 a highly
promising photocatalyst [15]. However, the current photocatalytic performance of CAU-
17 remains unsatisfactory due to its limited efficiency in charge separation and use of
visible light.

There has been significant interest in creating heterostructure materials through the
integration of MOF with other functionalized substances to enhance the photocatalytic
efficiency of MOF [16,17]. Even though the MOF semiconductor successfully combines
adsorption and enhances the carrier-separation efficiency, important issues still remain,
including (i) the weak interaction between the semiconductor and MOF [18] and (ii) the
secondary pollution caused by semiconductors [19]. Therefore, further optimization is
needed. The catalytic potential of MIL-100(Fe) in pollutant degradation has been the
subject of much research due to its narrow band gap [20,21]. Due to the similarity of
ligands between CAU-17 and MIL-100(Fe), it is possible for different MOF materials to
combine with each other to construct heterojunctions. However, constructing CAU-17 with
MIL-100(Fe) for efficient photocatalytic pollutant degradation has not yet been reported.

In this work, the CAU-17/MIL-100(Fe) Z-scheme heterojunction photocatalysts were
successfully prepared through the in situ growth of MIL-100(Fe) on rod-like CAU-17. This
unique architecture maximizes the availability of active sites for both adsorption and
photocatalytic reactions within the MOF. In comparison with the individual CAU-17 and
MIL-100(Fe), the combined CAU-17/MIL-100(Fe) demonstrated a remarkable improvement
in the degradation efficiency of RhB under visible-light irradiation. Mechanistic studies
revealed that the enhanced photocatalytic ability of CAU-17/MIL-100(Fe) is derived from
the efficient carrier separation and migration and enhanced light absorption. This work
demonstrates the acceleration of the reaction kinetics of RhB degradation, opening a new
approach for the design of novel photocatalysts.

2. Results and Discussion
2.1. Characterization of Structure and Morphology

According to the depicted procedure in Figure 1a, various specimens comprising
CAU-17, MIL-100(Fe), and composites of CAU-17/MIL-100(Fe) were provided. The XRD
analysis was conducted on the prepared photocatalysts, and the findings are presented in
Figure 1b. It is evident that the intense diffraction peaks observed at 19.1◦ and 24.0◦ for the
synthesized CAU-17 match those reported in previous studies, revealing the achievement
of CAU-17 synthesis [22,23]. The dominant peak observed at an angle of 10.77◦ corresponds
to MIL-100(Fe), which exhibits a consistent peak position in CM-n (n = 1, 2, 4, 6) similar
to that in CAU-17 and MIL-100(Fe) [24]. This indicates that MIL-100(Fe) was synthesized
on CAU-17.

The formation of CAU-17, MIL-100(Fe) and CM-2 was further confirmed by FT-IR
spectra (Figure 1c). It can be observed that asymmetric vibration of C-O bonds, carboxyl
groups, and carbonyl groups appeared at 1363, 1552, and 1721 cm−1 in each material,
respectively [25,26]. The peaks of the three samples at 3250–3550 cm−1 correspond to
the vibration of O-H bonds in chemisorbed H2O [27]. The presence of O-Bi-O bands at
400–800 cm−1 is indicative of characteristic peaks in CAU-17 [28]. MIL-100(Fe) possesses
characteristic peaks of Fe-O bands at approximately 472 cm−1 [29]. CM-2 possesses the
above two characteristic peaks, which indicates its successful synthesis.

The morphologies of the CAU-17, MIL-100(Fe), and CM-2 catalysts were examined
using SEM. As observed, the length of CAU-17 is 10 µm, and it exhibits a characteristic
columnar structure (Figure 2a). Figure 2b shows the topography of MIL-100(Fe), and it can
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be seen that nano-sized particles are aggregated. As illustrated in Figure 2c, MIL-100(Fe)
nanoparticles were dispersed on the surface of CAU-17, while the cylindrical CAU-17
was clearly coated by a substantial quantity of MIL-100(Fe). The detailed morphology of
CM-2 was further analyzed by TEM. As shown in Figure 2d,e, MIL-100(Fe) nanoparticles
were closely attached to the surface of CAU-17. This interaction between the cylindrical
structure of CAU-17 and the nanoparticles of MIL-100(Fe) is a result of an electrostatic
self-assembling process triggered by positively charged entities on the surface of CAU-17
and negatively charged entities on the surface of MIL-100(Fe) when they are present in a
solution. The electrostatic interaction between CAU-17 and MIL-100(Fe) leads to an increase
in the contact area between the final photocatalyst components and promotes the electron–
hole conversion between CAU-17 and MIL-100(Fe). Figure 2f presented the elemental
mappings of the CM-2 composite material, revealing the uniform presence of Fe, Bi, C, and
O elements. This observation suggests that the material exhibits excellent homogeneity.
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The N2 adsorption isotherms and plots illustrating the distribution of pore sizes can
be observed in Figure 3. The N2 adsorption–desorption isotherm of MIL-100(Fe) shows
a curve that falls between type IV and I, indicating the presence of both mesoporous
and microporous materials. Meanwhile, the MIL-100(Fe) surface area SBET = 80.7499 m2

g−1 (Figure 3a). The N2 isothermal adsorption–desorption curve for CAU-17 shows a
curve of type I, indicating the presence of microporous materials. The SBET of CAU-17 is
13.6113 m2 g−1 (Figure 3b). Based on the data presented in Figure 3c, it can be observed
that CM-2 exhibits type IV isotherms accompanied by an H3 hysteresis loop, suggesting
the presence of mesoporous structures. The SBET of CM-2 composite is 77.3923 m2 g−1

(Figure 3c). The above results show that the introduction of CAU-17 to MIL-100(Fe) can
maintain the large specific surface area and pore size of MIL-100(Fe). It is well known that
the large surface area in the structure of photocatalysts can provide many more photoactive
sites and reaction spaces, thus improving the photocatalytic performance of catalysts [30].
Therefore, it is reasonable to believe that CM-2 has a high performance of photocatalytic
degradation of dyes.
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To obtain the actual Bi/Fe ratios in CM-1, CM-2, CM-4, and CM-6, ICP and TGA
experiments were carried out. In the ICP test result (Table 1), the Bi content of CM-1, CM2,
CM-4, and CM-6 was 6.92%, 7.14%, 8.96%, and 15.96% respectively, and their Fe content
was 19.25%, 14.66%, 13.66%, and 11.09% respectively. The Bi/Fe ratios of these samples
were 0.36, 0.49, 0.66, and 1.44 respectively. With the increase in the proportion of Bi in
the reaction substrate, the proportion of Bi in the product gradually increased. To further
validate the results of the ICP test, we performed the TGA test (Figure 4). Below 100 ◦C,
the weight loss mainly comes from water. The weight loss between 350–450 ◦C is caused
by the oxidation of ligands, where an upward peak appears in the DSC curve that indicates
the exothermic process of oxidation. Above 450 ◦C, Bi and Fe begin to oxidize, and the
final product remaining is a mixture of oxides of Bi and Fe at 800 ◦C. The mass ratio of the
mixture was 34.58%, 28.49%, 29.22%, and 33.76%, respectively, which is consistent with the
result of ICP test.

Table 1. ICP test results of CM-1, CM-2, CM-4, and CM-6.

Wt/% CM-1 CM-2 CM-3 CM-4

Bi 6.92 7.14 8.96 15.96
Fe 19.25 14.66 13.66 11.09

Bi:Fe 0.36 0.49 0.66 1.44
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To investigate the surface chemical characteristics of CAU-17/MIL-100(Fe) composites
and to examine the interfacial interactions between CAU-17 and MIL-100(Fe), XPS analysis
was conducted [31]. As depicted in Figure 5a, the analysis of CM-2 revealed the presence
of only Bi, Fe, C, and O elements, providing evidence of the effective synthesis of CAU-
17/MIL-100(Fe) composites. In the Bi 4f spectra (Figure 5b), the observed peaks at 159.70
and 164.99 eV correspond to Bi 4f7/2 and Bi 4f5/2, indicating that the oxidation state of
bismuth is +3. In contrast, a slight shift to 159.35 and 164.61 eV is observed for the signal
peaks of Bi 4f7/2 and Bi 4f5/2 in CM-2 [32]. In the spectrum of Fe 2p (Figure 5c), MIL-100(Fe)
exhibited two distinct peaks at energy levels of 724.59 and 711.72 eV, corresponding to
Fe 2p1/2 and Fe 2p3/2, respectively [33]. By comparison, the binding energies of Fe 2p1/2
and Fe 2p3/2 in CM-2 showed a slightly negative shift to 725.05 and 711.85 eV. For the C
1s spectrum (Figure 5d), two peaks were observed in CM-2 at energy levels of 284.8 and
288.66 eV, corresponding to the presence of C=C and C=O functional groups in H3BTC [34].
For the O 1s spectrum (Figure 5e), the peak at 531.38 eV in CAU-17 corresponds to the
Bi-O bond, and the peak at 533.08eV corresponds to the Bi=O bond. The peak at 531.88 eV
in MIL-100(Fe) corresponds to O-H in the adsorbed water on the sample surface, and the
peak at 533.58 eV corresponds to the C=O bond [35]. In sample CM-2, the above peaks still
exist, indicating that CM-2 is synthesized from CAU-17 and MIL-100(Fe). The XPS results
were in agreement with the FT-IR results, providing additional evidence of the successful
synthesis of the composite catalyst comprising the Bi/Fe-based MOF.
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2.2. Optical and Electrochemical Properties of Photocatalysts

The UV-vis DRS technique was employed to assess the optical performance of the
photocatalyst that was prepared (Figure 6a). The light-absorption capability of CAU-17 is
limited to ultraviolet light, whereas MIL-100(Fe) can absorb both visible and ultraviolet
light. It should be noted that the CM-2 composite material exhibits a higher level of
light absorption compared with CAU-17 and MIL-100(Fe). These findings suggest that
incorporating CAU-17 into MIL-100(Fe) enhances its ability to absorb light, primarily due
to the stronger absorption of ultraviolet light by CAU-17. The enhanced light-absorption
capability of the composite material CAU-17/MIL-100(Fe) implies a greater likelihood
of being stimulated by incoming light, leading to an increased production of electrons
(e−) and holes (h+). This advantageous characteristic contributes to the enhancement of
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photocatalytic efficiency. The Kubelka–Munk Equation (1) was utilized to estimate the
band-gap energy of CAU-17 and MIL-100(Fe).

αhν = A
(
hν − Eg

)n/2 (1)
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The constants A, α, hυ, and Eg represent the proportionality constant, the absorption
coefficient, the photon energy, and the band gap [36]. The constant n represents the specific
type of semiconductor transition. In the case of MIL-100(Fe), a direct-transition semicon-
ductor, n has a value of 1. Conversely, for CAU-17, an indirect transition semiconductor, n
is equal to 4. As shown in Figure 6b, the energy gaps (Eg) of CAU-17 and MIL-100(Fe) were
determined to be 3.89 eV and 2.37 eV. The effective carrier conduction between CAU-17
and MIL-100(Fe) was further verified by Mott–Schottky measurements of CAU-17 and
MIL-100(Fe). In Figure 6c, the slopes of the Mott-Schottky curves for the CAU-17 and
MIL-100(Fe) samples are positive, indicating that they are n-type semiconductors. Based
on the Mott–Schottky plot, the flat-band (Efb) potentials of CAU-17 and MIL-100(Fe) were
calculated to be −0.2 and −0.38 eV versus SCE, which can be converted to −0.34 and
−0.52 eV versus NHE [37]. Combining these values with the Eg evaluated by the Tauc
plots, the valence band potentials (EVB) of CAU-17 and MIL-100(Fe) were estimated to be
+3.55 and +1.85 eV vs. NHE by using Equation (2).

EVB = ECB + Eg (2)

To explore the ability of photoinduced carriers to separate, we conducted an analysis
on the electrochemical impedance spectroscopy (EIS), photocurrent performance, and
photoluminescence (PL) spectra of CAU-17, MIL-100(Fe), and CM-2 in their pure forms. As
shown in Figure 6d, the photoluminescence (PL) spectra of all samples are observed. In
comparison to pure MIL-100(Fe) and CAU-17, the prepared CM-2 exhibits a reduced PL
emission intensity. This suggests that the heterojunction between CAU-17 and MIL-100(Fe)
facilitates the suppression of recombination between photogenerated holes and electrons.

According to the outcomes mentioned above, CM-2 exhibits the least intensity of
PL emission, indicating its remarkable capability to effectively segregate photogenerated
carriers [38]. As depicted in Figure 6e, a comparison was made between the transient
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photocurrent response of CAU-17 without impurities, MIL-100(Fe), and CM-2. It can be
observed that CM-2 exhibits a significantly higher photocurrent intensity than pure CAU-17
and MIL-100(Fe) when exposed to visible light. This indicates an improved capacity for
separating photogenerated holes and electrons as well as enhanced transfer efficiency [39].
In addition, a decrease in the EIS spectra radius generally corresponds to an increase
in the ability to separate e− and h+. Figure 6f illustrates that different materials exhibit
varying EIS radii, suggesting differences in charge-transfer resistance within the materials.
The introduction of MIL-100(Fe) into CAU-17 significantly influences its charge-transfer
resistance. By optimizing the amount of MIL-100(Fe) used, it is possible to reduce the
charge-transfer resistance of the materials, enhance the e− and h+ separation capabilities,
and ultimately improve the photocatalytic efficiency [40].

2.3. Degradation Performance

The photocatalytic performance of different samples in the decomposition of RhB
under visible-light irradiation was investigated, as depicted in Figure 7. All the Fe/Bi-
MOF composites exhibited superior photocatalytic performances compared with pure
CAU-17 or pure MIL-100(Fe). As shown in Figure 7a, after a 60 min irradiation period,
CM-1, CM-2, CM-4, and CM-6 achieved respective rates of RhB photocatalytic degradation
of approximately 85%, 95%, 90%, and 90%. It is evident that among all the samples,
the degradation rate of the CM-2 sample is the highest. Hence, a Bi/Fe ratio of 2:1 is
considered optimal. In general, the typical photocatalytic degradation process mainly
includes light absorption, the separation of photogenerated carriers, and the formation
of free radicals to disrupt the molecular structure of pollutants. These factors collectively
determine the ultimate elimination of pollutants. The aforementioned characterization
and testing demonstrate that CM-2 exhibits a broader range of light absorption, higher
light-absorption efficiency, and superior carrier separation efficiency, indicating satisfactory
efficacy in pollutant degradation. Within the composite sample, an optimal proportion
of Fe ions and Bi ions manifests excellent degradation performance. This is attributed
to the fact that when Fe ions are too small, it is difficult to effectively attach them to the
surface of CAU-17 in the hydrothermal synthesis experiment and form heterojunctions.
When there are too many Fe ions, the surface of CAU-17 is inlaid with excessive MIL-
100(Fe) nanoparticles, which covers the active site of photogenerated carriers and increases
the recombination rate of photogenerated carriers. Figure 7b presents a quantitative
assessment of the degradation kinetics of different samples using photocatalysis. The
obtained results demonstrate conformity with the pseudo-first-order kinetic diagram, as
indicated by Equation (3).

− ln(C/C0) = kt (3)

In the given context, k denotes the constant determining the rate of reaction, C rep-
resents the concentration of RhB under visible-light exposure, and C0 signifies the initial
concentration. Based on the provided diagram, it can be observed that the CM-2 compos-
ite exhibits a superior kinetic reaction constant, indicating its remarkable photocatalytic
activity performance. The degradation rate of CM-2 was 34.55 times that of CAU-17 and
3.60 times that of MIL-100(Fe). While CM-2 may not possess the highest specific surface
area among all the samples, its exceptional photocatalytic performance suggests that factors
such as the structure, particularly the heterojunction structure, could play a more significant
role in influencing photocatalytic activity rather than solely relying on the surface area of
the photocatalyst.
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2.4. Stability and Reusability of Photocatalysts

Whether the catalyst can maintain stability for a long time is an important sign in
measuring the quality of the catalyst. The optimal CM-2 catalyst (10 mg) and RhB solution
were selected for continuous cyclic reaction tests. After each reaction, the catalyst was
washed in distilled water and dried for the reaction. The activity of the catalyst remained
basically unchanged after five repetitions (Figure 7c). The reduced performance may be
caused by the loss of catalyst content during each washing. The XRD spectra revealed that
the phase structure of CM-2 composite was preserved after photocatalytic cycles, which
further proved the excellent stability of the CM-2 catalyst (Figure 7d).

Furthermore, the used CAU-17 and MIL-100(Fe) were tested by XRD (Figure 7e) and
FT-IR (Figure 7f) analysis to explore their stability. Compared with fresh samples, no new
peaks were generated in the XRD pattern of used MIL-100(Fe) and CAU-17, indicating that
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the structure of samples did not change, which indicates that the fresh samples have good
stability. The FT-IR test of the samples also showed the same results.

2.5. Degradation Mechanism

In order to further explore the degradation mechanism of CM composites, the follow-
ing tests were conducted. Electron spin resonance (ESR) spectroscopy was used to test
·O2

− and ·OH free radicals, as shown in Figure 8b,c [41,42]. The results confirmed that
CM can produce ·O2

− and ·OH free radicals under light exposure. Then, the trapping
agents EDTA-Na, BQ, and IPA were added to the test sample to capture h+, ·O2

−, and ·OH,
respectively. The addition of BQ and EDTA to the CM-2 catalyst can significantly reduce
the catalytic activity. These results indicated that the ·O2

− and h+, rather than ·OH, played
a key role in the degradation reaction (Figure 8a) [43]. We also performed an ESR test on
MIL-100(Fe) and CAU-17 (Figure S1), which showed that ·O2

− and ·OH can be generated
by both CAU-17 and MIL-100(Fe) under light conditions. The intensities of peaks increased
with visible-light exposure time from 5 to 10 min, verifying the generation of ·O2

− and
·OH active substances during the photocatalytic degradation process.
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under illumination over the CM-2 sample.

Based on the characterization studies, the photocatalytic mechanism of the CAU-
17/MIL-100(Fe) composite is discussed in Figure 8d. The EVB of CAU-17 and MIL-100(Fe)
were determined to be +3.55 eV and +1.85 eV, while the ECB of CAU-17 and MIL-100(Fe)
were −0.34 eV and −0.52 eV, respectively. The calculated results show that the conduction
band of MIL-100(Fe) is lower than that of CAU-17, and the VB potential of CAU-17 is
higher than that of MIL-100(Fe). In general, a semiconductor immediately produces photo-
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generated electrons and hole pairs after absorbing photons. According to the calculation of
the band structure, type II and type Z heterojunctions can be formed between CAU-17 and
MIL-100(Fe). Due to the lack of redox capacity of the type II heterojunction, the electron
flow is contrary to the XPS test results, hence a Z-type heterojunction is formed between
the CM composites prepared by us. When MIL-100(Fe) is in contact with CAU-17, electrons
from MIL-100(Fe) will spontaneously transfer to CAU-17, resulting in the formation of an
internal electric field between MIL-100(Fe) and CAU-17, with the direction of the electric
field directed from MIL-100(Fe) to CAU-17. When the light is irradiated, the electrons in
the MIL-100(Fe) and CAU-17 valence bands will transition to the conduction band, and the
electrons in the CAU-17 conduction band will recombine with the holes in the MIL-100(Fe)
band under the action of the internal electric field. Finally, O2 accepts electrons on the
MIL-100(Fe) band to form a hole in the ·O2

− valence band. The CAU-17 band transforms
H2O into ·OH. The resulting ·O2

− and ·OH degrade RhB. The reaction process can be
described by the following formulas:

CAU − 17/MIL − 100 + hν → e− + h+ (4)

MIL − 100(e−) + O2 → •O2
− (5)

CAU − 17(h+) + H2O → •OH (6)

h+/ • O2
−/ • OH + RhB → products + CO2 + H2O (7)

3. Materials and Methods
3.1. Chemicals

1,3,5-benzenetricarboxylic acid (H3BTC), bismuth nitrate pentahydrate (Bi(NO3)3·5H2O),
N-dimethylformamide (DMF), methanol anhydrous (MeOH), ferric trichloride hexahydrate
(FeCl3·6H2O), and Rhodamine B (RhB) were all samples that have not been treated. All
the Chemicals above were obtained from Aladdin (Shanghai, China). These reagents were
used without any treatment.

3.2. Synthesis of CAU-17

CAU-17 was obtained by the hydrothermal method as mentioned in the literature [44].
At ambient temperature, Bi(NO3)3·5H2O (1 mmol) and H3BTC (3 mmol) are dissolved in
5 mL of DMF and 55 mL of anhydrous methanol. After stirring at ambient temperature for
half an hour, the mixture is moved to a 100 mL autoclave lined with PTFE and subjected to
heating at 120 ◦C for a duration of 24 h. The product is subjected to repeated washing with
DMF and methanol, followed by drying at 70 ◦C.

3.3. Synthesis of CAU-17/MIL-100(Fe)

CAU-17/MIL-100(Fe) catalysts were obtained by the hydrothermal method. The
H3BTC compound was dissolved in 30 mL of DMF and subjected to magnetic stirring at
room temperature for a duration of 15 min, resulting in the formation of a mixed solution
referred to as solution A. To prepare solution B, 200 mg of CAU-17 was dissolved in 30 mL
of DMF and subjected to ultrasonic treatment for a period of 5 min, followed by magnetic
stirring for another 15 min. Subsequently, FeCl3·6H2O was added to the mixture and
further stirred magnetically at room temperature for an additional 15 min. Solution A was
gradually introduced into solution B by dripping and gently stirred at room temperature
for a duration of 3 h to obtain the combined solution. The resulting mixture was then
transferred into a 100 mL autoclave lined with polytetrafluoroethylene for a hydrothermal
reaction, which took place at a temperature of 95 ◦C over a period of 18 h. Following
the completion of the reaction, the product underwent multiple washes using DMF and
anhydrous ethanol before being dried at 70 ◦C for 12 h. Finally, CAU-17/MIL-100(Fe)
was obtained by vacuum activation at 150 ◦C for 12 h. Materials with different Bi/Fe
ratios (Bi:Fe = 6:1; 4:1; 2:1; 1:1) were obtained by changing the amount of FeCl3·6H2O and
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H3BTC. The catalysts obtained were labeled as CM-6, CM-4, CM-2, and CM-1 for the above
solutions with different ion ratios.

For comparison, MIL-100(Fe) is synthesized by the following method as mentioned in
the literature [45]. An amount of 5.4 g of FeCl3·6H2O was dissolved in 12 mL water and
magnetically stirred at room temperature for 15 min and ultrasonicated for 5 min. Then,
3.78 g H3BTC was added, and the mixed solution was obtained by stirring vigorously with
magnetic force at room temperature for 30 min. The mixed solution was sealed in a 50 mL
polytetrafluoroethylene-lined autoclave, and the hydrothermal reaction was carried out
at 95 ◦C for 18 h. After the reaction, the mixed solution was washed 3 times. The mixed
solution was composed of anhydrous ethanol and deionized water in a volume ratio of
1:1. After washing, the samples were dried at 70 ◦C for 8 h and then vacuum activated at
150 ◦C for 8 h. MIL-100(Fe) was obtained from the activated samples after grinding.

3.4. The Method for Preparing a Working Electrode

The working electrode based on the CAU-17/MIL-100(Fe) heterostructure was pre-
pared by the following method:

Clean the FTO conductive glass successively with acetone, alcohol and water. Then,
take 5 mg of the sample, add 250 µL ethanol, 250 µL glycol, and 40 µL nafion reagent, and
disperse the mixture with ultrasonic waves. Then take 80 µL of this solution, apply it onto
conductive glass, and allow it to air dry. A solution of 0.05 mol Na2SO4 and 100 mL water
was prepared as the electrolyte. Then, an electrochemical test was performed.

3.5. Characterization

To study the crystal structure, infrared spectra, surface morphology, contained el-
ements, photocurrent, and EIS spectra of the samples, testing of the samples was per-
formed using X-ray diffraction (XRD)(D2 Phaser, Bruker, Billerica, MA, USA), infrared
spectra(PerkinElmer 2000 FTIR spectrometer, PerkinElmer, Waltham, MA, USA), field-
emission scanning electron microscopy (FESEM)(JSM-7001F, JEOL, Akishima, Japan), X-ray
photoelectron spectrometry(Thermo Scientific K-Alpha instrument, Thermofisher, Waltham,
MA, USA), and the UV-vis DRS spectra(UV2550, Shimadzu, Kyoto, Japan).

In addition, the CHI-760E electrochemical workstation (Travis County, TX, USA) was
utilized to measure the photocurrent and EIS spectra of the material. The auxiliary electrode
utilized was a platinum electrode, while the reference electrode employed was a saturated
calomel electrode, and 0.1 M sodium sulfate solution acted as the electrolyte. Bruker EMX
Plus (Middlesex County, MA, USA) was used to detect electron spin resonance by electron
spin resonance spectroscopy (ESR), using DMPO as a spin trap.

3.6. Photocatalytic Activity Measurement

The photocatalytic efficiency of the synthesized samples as photocatalysts was evalu-
ated by measuring the degradation of RhB through photodegradation. In this experimental
setup, a 300 W xenon lamp served as the light source, and a 420 nm cutoff filter was utilized.
A quantity of 10 mg of photocatalyst was dispersed in a solution containing 50 mL of
RhB (at a concentration of 10 mg/L) and stirred for 30 min in darkness to establish an
adsorption–desorption equilibrium. Subsequently, visible-light irradiation was applied to
the beaker. During the photodegradation process, we obtained 3 mL samples at 10 min
intervals using a needle tube and disposable filter. The concentration of the RhB solution
was determined through UV-vis spectroscopy by measuring its absorption peak at 554 nm.

4. Conclusions

In summary, a new bimetallic Bi/Fe-MOF heterojunction has been synthesized by the
hydrothermal method. The obtained CAU-17/MIL-100(Fe) Z-scheme heterojunction has
good photocatalytic performance in RhB degradation. The highest RhB removal efficiency
can reach up to 95% within 60 min over CM-2. Due to the good absorption ability of CAU-17
to ultraviolet light and the absorption ability of MIL-100(Fe) to ultraviolet and visible light,
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the visible-light absorption ability of the composite sample is greatly enhanced, resulting in
an increase in electron–hole generation. Meanwhile, the lower charge-transfer resistance of
MIL-100(Fe) improves the electron charge-separation ability of the composite sample. The
XPS results proved the existence of electron transfer between MIL-100(Fe) and CAU-17. The
photoluminescence spectra, photocurrent, and EIS proved that the heterojunction structure
formed by CAU-17 and MIL-100(Fe) inhibits the recombination of electrons and holes. The
degradation process of RhB mainly involves the participation of ·O2

− and ·OH as the main
active substances, so the catalytic efficiency of the composite sample has been effectively
improved. In samples at different proportions, CM-2 is the best sample with the highest
photocatalytic efficiency. This study proposes a new method to remove organic pollutants,
namely by utilizing novel bimetallic-based MOFs to explore this.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/catal14060356/s1, Figure S1. (a) DMPO-·O2- signals of MIL-
100(Fe); (b) DMPO-·OH signals of MIL-100(Fe); (c) DMPO-·O2- signals of CAU-17; (d) DMPO-·OH
signals of CAU-17.
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