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Abstract

This study investigated the structural characteristics, surface morphology, and photocatalytic activity of bismuth-based
metal-organic frameworks (BiBTC-ISOx) synthesized with varying ratios of N, N-dimethylformamide (DMF) and
isopropanol (ISO). X-ray diffraction confirmed the crystalline structure of the BiBTC-ISOx (x = 1, 3, 6) compounds,
while FTIR spectroscopy verified the successful bonding between the ligand and the Bi3* complex. UV-Vis spectroscopy
revealed strong UV light absorption with tunable bandgaps ranging from 3.28 to 3.68 eV. Nitrogen
adsorption/desorption analysis revealed a hierarchical micro/mesoporous structure, with BiBTC-ISO6 exhibiting the
highest surface area (24.968 m2/g). SEM imaging revealed a rectangular rod-like morphology, which became more
elongated with increasing ISO content. The photocatalytic activity of BiBTC-ISOx was evaluated based on the
degradation of Rhodamine B (RhB) under visible light, with BiBTC-ISO6 demonstrating the highest efficiency. Optimal
conditions for RhB degradation were determined to be 0.03 g catalyst mass, 10 ppm RhB concentration, and pH of 3.
Mechanistic studies revealed that superoxide radicals are the primary active species in the photocatalytic process. The
BiBTC-ISO6 catalyst exhibited excellent stability and reusability over three consecutive degradation cycles,
highlighting its potential for practical applications in organic dye removal.
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1. Introduction

Water pollution caused by persistent organic
contaminants, such as dyes, has become a
pressing environmental issue that requires
innovative solutions for effective treatment [1,2].
Among these contaminants, Rhodamine B (RhB)
stands out because of its widespread use in
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various industries, including textiles, food, and
cosmetics [3—-5]. The complex molecular structure
and chemical stability of RhB render it resistant
to conventional water treatment methods,
necessitating the development of advanced
degradation strategies. Photocatalysis has
emerged as a promising and sustainable approach
that leverages light energy to drive the
degradation of pollutants into environmentally
benign substances [6-9]. The elimination of
rhodamine B dye was studied using various
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techniques, including photocatalytic degradation,
adsorption, sedimentation, chemical flocculation,
and coagulation. Among these methods,
photocatalytic oxidation i1s recognized as a
promising technology for the degradation of
organic  pollutants.  Photocatalysts,  which
facilitate this process, include solid materials such
as titanium dioxide, zinc oxide, metal-doped zinc
oxide, graphite carbon nitride, nano metallic
materials, and metal-organic frameworks [10-13].

Metal-organic frameworks (MOFs), a class of
crystalline porous materials composed of metal
nodes and organic linkers, have garnered
significant interest in photocatalysis owing to
their unique features [14—17]. These include high
surface area, tunable porosity, structural
diversity, and the ability to incorporate
photoactive metal centers. Among various MOFs,
bismuth-based MOFs (Bi-MOFs) have shown
remarkable potential for photocatalytic
applications [18-20]. The favorable electronic
properties of bismuth, such as its narrow bandgap
and strong visible-light absorption, make it a
suitable candidate for photocatalytic degradation
of organic pollutants.

Numerous studies have explored the
photocatalytic activity of Bi-MOFs in the
degradation of organic pollutants [21-23]. For
instance, Shanghai Dong et al. synthesized a
bismuth-based MOF (Bi-BDC) and demonstrated
its effectiveness in degrading RhB under visible-
light irradiation, attributing its performance to
enhanced charge separation and extended light
absorption [24]. Similarly, Ya Gao et al. developed
a Bi-MOF with a hierarchical structure,
exhibiting superior photocatalytic efficiency due
to its high surface area and robust stability [25].
Another notable study by Zhang et al. investigated
the photocatalytic degradation of tetracycline
using BiBDC with functionalized linkers,
highlighting the critical role of linker design in
optimizing photocatalytic performance [26]. These
studies underline the versatility of Bi-MOFs as
photocatalysts and emphasize the importance of
material synthesis conditions in determining
their properties and performance. Despite these
advancements, the influence of synthesis
parameters, particularly the solvent system, on
the structural, optical, and photocatalytic
properties of Bi-MOFs remains underexplored.
Solvents play a crucial role in the self-assembly of
MOFs by influencing crystal growth, phase purity,
and morphology [27]. The influence of solvents on
the morphology and photocatalytic properties was
previously investigated in Cus(BTC),, zinc-based
metal-organic frameworks, and zeolitic
imidazolate framework-8 (ZIF-8) [28-30]. In
particular, the ratio of the solvents used during
synthesis can significantly affect the final
properties of MOFs. For example, the mixed-
solvent approach involving N,N-

dimethylformamide (DMF), and isopropanol (ISO)
has been widely used in MOF synthesis to
modulate crystallinity and porosity.
Understanding how the DMF/ISO ratio affects the
structural, optical, and photocatalytic properties
of Bi-MOFs can provide valuable insights for
tailoring their performances for specific
applications.

In this study, we investigated the influence of
the DMF/ISO solvent ratio on the structural,
optical, and photocatalytic properties of bismuth-
based MOF synthesized for RhB degradation.
This study systematically examined the effects of
varying the solvent ratio on the crystal structure,
surface morphology, optical bandgap, and
photocatalytic  activity under  visible-light
irradiation. By correlating these properties with
the DMF/ISO ratio, this study aims to elucidate
the underlying mechanisms that govern the
performance of Bi-MOFs in photocatalytic
applications.

2. Materials and Methods
2.1 Materials

Bismuth nitrate pentahydrate
(Bi(NOs3)2.5H20, >98%), rhodamin B
(C2sH31CIN203) (Mw = 626,55 g/mol, Amax = 592
nm) and trimesic acid (CoHeOs, benzene-1,3,5-
tricarboxylic acid, >95%) were purchased from
Sigma-Aldrich. The methanol (CHsOH, >98%), N,
N-dimethylformamide (CsH7NO, >99%),
isopropanol (CsHsO, >99.5%), p-benzoquinone
(CsH402, >98%), sodium oxalate (Na2C204, >
99%), potassium dichromate (K2Cr207, > 98%),

nitric acid (HNOs, 36.5%), hydrochloric acid (HCI,

37%) and sodium hydroxide (NaOH, 98%) were
obtained from Xilong Scientific Co., Ltd. All
chemicals were used as received. Double-distilled
water was used to prepare all solutions.

2.2 Preparation of BiBTC-ISO

0.15 g of Bi(NO)s.5H20 (0.303 mmol), and
0.75 g CoHsOs (H3BTC, 3.4 mmol) (the molar ratio
of Bi(NO)s.5H20 and H3BTC is 1:10) were
dissolved in 60 mL of N, N-dimethylformamide
(DMF) and isopropanol (ISO) at ratios of 5:1, 3:3,
and 0:6 (v/v) and stirred for 30 min. The resulting
mixture was then transferred to a Teflon
container and heated at 120 °C for 24 h.
Subsequently, the product was filtered and
centrifuged at 6000 rpm for 10 min, washed three
times with DMF (20-25 mlL, three times), and
centrifuged for 10 min. The solid was washed
twice with methanol (20-25 mL per wash). The
final opaque white BiBTC product was obtained
by drying the solid under vacuum at 80 °C for 24
h. The samples are designated as BiBTC-ISOx (x
=1, 3, 6 relate to DMF/ISO ratio (5:1, 3:3, 0:6)).
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2.5 Characterizations

X-ray diffraction (XRD) analysis was
performed using a LabX XRD-6100 (Shimadzu,
Japan) with Cu-Ka radiation, scanning over a 26
range of 5° to 75° in incremental steps. Fourier
transform infrared (FTIR) spectra were obtained
using a Bruker Tensor 27 spectrophotometer
(4000—400 cm™1) using pressed KBr pellets. The
surface morphologies and elemental distributions
of the BiBTC-ISO samples were examined using a
HR-TEM (TESCAN MIRA). UV-Vis diffuse
reflectance spectroscopy (UV-Vis DRS) was
conducted using an Agilent Cary 4000
spectrophotometer. UV-Vis spectra of the RhB
solutions were obtained using an Agilent Cary
3500 spectrophotometer. Bernauer-Emmett-
sleller (BET) measurements using Microtrac’s
BELSORP MR1. Photocurrent and
electrochemical impedance spectroscopy (EIS)
measurements were performed using a CHI 660D
instrument.

2.6 Photodegradation activity

A 250 mL dual-layer alternating glass beaker
was used for the photocatalytic degradation of
RhB. A mixture of 0.05 g catalyst and 50 mL. RhB
(50 mg/L) was stirred in the dark for 60 min to
reach equilibrium, with tests conducted at pH 7.
Visible light from Xlamp LEDs (4 X 10 W)
initiated the photocatalytic process at room
temperature. After decomposition, 4 mL of the
mixture was sampled at intervals, centrifuged at
30 rpm to remove the catalyst particles, and
analyzed using UV-Vis spectrophotometry. The
RhB degradation rate was calculated using the
Equation (1):

H% = (1— E—f,) X 100 (1)

Co and C; are the initial concentration of RhB and
after irradiation ¢ min, respectively.

3. Results and Discussion

3.1 Preparation, Structural Characterization and
Surface Morphology

Previous studies predominantly utilized
dimethylformamide (DMF) as the primary solvent
in MOF synthesis. However, since DMF is a toxic
solvent and our goal is to develop environmentally
friendly materials, we introduced isopropyl
alcohol to mitigate its toxicity. DMF is a highly
potent solvent capable of effectively dissolving
polar compounds, including metals and organic
acids such as H;BTC (benzene-1,3,5-tricarboxylic
acid). It provides a favorable environment for
MOF formation by facilitating the coordination
between metal ions and organic linkers. In
contrast, isopropyl alcohol, a less polar solvent,

Intensity (a.u.)

reduces the overall polarity of the solvent system,
thereby influencing the crystallization kinetics of
MOFs. ISO plays a crucial role in regulating
crystal growth, leading to the formation of BiBTC
with a porous structure or smaller crystal sizes.
By adjusting the DMF/ISO ratio (5:1, 3:3, 0:6),
BiBTC samples with varying crystal sizes,
porosity, and surface areas can be obtained,
enhancing their photocatalytic performance. This
tailored synthesis approach not only improves
adsorption, storage, and gas-sensing applications
but also contributes to the development of more
sustainable and eco-friendly materials.

The structure of BIBTC-ISO, (x =1, 3, 6) was
determined using X-ray diffraction (XRD). The
XRD patterns for BiBTC-ISO, (x = 1, 3, 6)
exhibited peaks at 26 angles of 8.08°, 10.16°,
38.38°, 44.62°, 65.02°, and 75.1° (Figure 1). These
results are consistent with those of previous
studies. Notably, the peaks at approximately
8.08° and 10.16° correspond to the (240) and (111)
crystal planes of CAU-17 (CCDC number:
1426169), respectively [24,31]. With increasing
the ISO solvent portion lead to increasing the
peak at 10.16°. The presence of these peaks
indicated that the BiBTC-ISO, compounds

BiBTC-ISO6
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Figure 1. XRD results for BiBTC-ISOx (x =1, 3, 6)
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possessed a crystalline structure similar to that of
CAU-17. The intensity and sharpness of the peaks
indicated a high degree of crystallinity in the
samples. Furthermore, the consistency of the XRD
patterns across different x values (1, 3, and 6)
implies that the fundamental crystal structure is
maintained despite the variations in the ISO
content.

FT-IR analysis of the synthesized BiBTC-
ISOx (x = 1, 3, 6) catalysts (Figure 2) confirmed
successful bonding between the ligand and the
Bi3* complex. The absence of the 1721 cm-! (C=0
bond) peak and 950 — 890 cm-! (60—H) peak from
the HsBTC raw material indicates that the
(COOH) group bonded with Bi3* [32]. The Bi-BTC
material produced with DMF/ISO solvent mixture
shows the peak owing to the O—H deformation is
located at 3550 cm!, while ether groups with
C-0-C stretch appear at 2790-2813 cm-!. The FT-
IR also indicated the peaks at 1437 cm-
(asymmetric stretching of COO) and 1363 cm!
(symmetric stretching of COO). The observed
shifts and intensity reductions in the MOF bands
indicate the coordination of BTC ligands with Bi®*
ions. Additionally, the MOF spectra revealed the
appearance of new peaks at a lower wavenumber
(~5634 cm™), corresponding to the stretching
vibrations of Bi—O bonds [33]. These results
suggest the effective functionalization of Bi-BTC
with the ligand, as revealed by FTIR analysis.

The optical absorption properties of BiBTC-
ISOx (x = 1, 3, and 6) were measured using UV-
Vis diffuse reflectance spectroscopy (UV-VIS
DRS). The absorption edge of the BiBTC-ISOx
catalyst appeared between 343 and 380 nm
(Figure 3a). A high absorption intensity was
observed in the UV region (below 343 nm), which
significantly decreased in the visible region (above
343 nm), indicating a predominant UV absorption.
The band gaps of the samples were estimated from

BiBTC-ISO6

BiBTC-ISO3
[N

BiBTC-ISO1

Transmittance (%)
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3550 cm 1437 em's
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Figure 2. FT-IR spectra of BiBTC-ISOx (x =1, 3,
and 6)

the UV-vis absorption data using Equation (2):
ahv = A(hv - Egn 2

where a represents the optical absorption
coefficient relative to the optical absorption
properties of the semiconductor materials, A is a
constant, and A, v, Eg are Planck's constant, light
frequency, and bandgap of the semiconductors,
respectively.

The bandgaps (E¢) of BiBTC-ISOx (x = 1, 3,
and 6) were calculated to be approximately 3.28,
3,6, and 3.68 eV, respectively. This absorption
behavior suggests that the BiBTC-ISO catalyst
can absorb UV light, which is advantageous for
photocatalytic applications (Figure 3b). The
variation in the bandgaps across different BiBTC-
ISO compositions indicates that the electronic
structure of the material can be tuned by
adjusting the ratio of its components. This
tunability could enable the optimization of the
catalyst properties for specific applications or
reaction conditions.

Figure 4 presents the results of N2
adsorption/desorption analyses conducted for
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Figure 3. a) UV-Vis spectra and b) the Tauc plots
of the as-synthesized sample
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BiBTC-ISO1, BiBTC-ISO3, and BiBTC-ISO6. The
maximum total surface area and pore size of
BiBTC-ISO6 are 24.968 m2?/g and 2.030 nm,
respectively. The BiBTC-ISO adsorption-
desorption isotherms demonstrate the presence of
a micro/mesoporous structure, as evidenced by the
1sothermal curves exhibiting a characteristic type
IV adsorption isotherm with an H4-type
hysteresis loop. This hysteresis loop configuration
indicates a mesoporous structure [34], which may
facilitate the rapid diffusion of RhB into the pores,
potentially resulting in enhanced photocatalytic
activity. The pore size distribution analysis
further supports the presence of micropores and
mesopores in the BiBTC-ISO samples. The
hierarchical porous structure of these materials
can be attributed to the incorporation of ISO
during the synthesis. This unique structural
feature may contribute to improved mass transfer
and increased accessibility of active sites,
potentially enhancing the overall photocatalytic
performance of the BiBTC-ISO materials.
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The morphology of the BiBTC-ISO, (x = 1, 3,
6) samples was analyzed using scanning electron
microscopy (SEM). Figure 5 shows that BiBTC-
IS0, exhibits a rectangular rod-like structure that
is evenly distributed and stacked. The length of
these  rod-like  structures ranged from
approximately 2 to 5 pm, with a width of 0.5 to 1
pm. As the ISO content was increased, the rods
became more elongated and less aggregated. This
morphological evolution suggests that the solvent
composition plays a crucial role in controlling the
crystal growth and assembly of the BiBTC-ISO
structures. The EDS showed that the weight
percentage of Bi was 63.78% (Figure 5d).

3.2 Photodegradation Activity

The photocatalytic activity of BiIBTC-ISOx (x
=1, 3, 6) was evaluated by the decomposition of
RhB under visible light irradiation. Figure 6a
shows the effect of the DMF/ISO ratio on the
ability of BiBTC-ISOx (x = 1, 3, and 6) to
decompose RhB. After 45 min of stirring in the
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Figure 4. a) Nitrogen adsorption—desorption isotherms, and b) pore size distribution of BiBTC-ISOx (x =

1, 3, and 6).
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Figure 6. Effect of a) DMF/ISO ratio, b) -In(C/Co) graph versus reaction time. Conditions: [Catalyst]=10
mg, [RhB] =15 mg.L-1, V= 50 mL, pH=7, light source: white LED (4 X 10 W).
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dark, adsorption equilibrium was achieved
between the catalyst surface and the RhB
molecules. In the presence of the catalyst, the
organic content rapidly decreased under visible
LED irradiation, indicating that RhB was
photocatalytically degraded. This assessment was
conducted based on the uptake capacity of RhB
and the UV—vis absorption spectral analysis. The
RhB uptake capacity of the BiBTC-ISO catalysts
followed the order: BiIBTC-ISO6 > BiBTC-ISO1 >
BiBTC-IS0O3. BiBTC-ISO6 exhibited the highest
RhB uptake capacity (24.968 mg/g), which was
significantly higher than those of the other
BiBTC-ISO catalysts. These findings suggest
that, among all the BiBTC-ISO catalysts
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investigated, BIBTC-ISO1 was the most active for
RhB degradation. The RhB photodegradation
reaction rates were obtained using a pseudo-first-
order kinetic model, and the results are shown in
Figure 6b. Accordingly, the photodegradation
rates decreased in the following order: BiBTC-
ISO6 (0.02220 min-!) > BiBTC-ISO1 (0.01747
min-1) > BiBTC-ISO3 (0.00856 min~!), which is
consistent with the aforementioned analytical
results.

Figure 7a illustrates the influence of catalytic
mass on the photocatalytic efficiency of the
material. The photocatalytic efficiency increases
proportionally with the mass of the material.
Under illumination, a catalytic mass of 0.03 g
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Figure 7. Effect of a) Material mass and b) the RhB concentration on RhB color decomposition.
Conditions: [Catalyst]=10 mg, V=50 mL, pH=7, light source: white LED (40 W).
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yielded in the highest RhB removal efficiency,
achieving a catalytic efficiency of 98.9% after 180
min of exposure to light. Figure 7b shows that the
photocatalytic performance of the material was
further investigated at RhB concentrations
ranging from 10 to 30 ppm. The photocatalytic
performance decreased with increasing RhB
concentration. This phenomenon can Dbe
attributed to the saturation of the limited active
sites on the catalyst surface at higher RhB
concentrations, which subsequently affected the
efficiency. The optimal RhB concentration was
determined to be 10 ppm, which resulted in 99.2%
removal (£=0.02238 min-1) after 180 min.

Figure 8a demonstrates that an increase in
pH leads to a decrease in photocatalytic efficiency.
At pH of 3, RhB removal reached 98.6 % after 180
min of illumination, which can be attributed to the
higher number of active sites on the catalyst
surface, thereby enhancing RhB adsorption and
degradation. The observed decrease in
performance at higher RhB concentrations may be
a consequence of active site saturation, thus
limiting the degradation efficiency. The pH
dependence suggests optimal efficiency under
neutral or slightly acidic conditions, which can be
explained by the catalyst surface charge and RhB
stability. Figure 8b indicates that the isoelectric
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' —e—pHS5
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081 Light —vopHY
g 06
Ny
0.4
Dark
0.2
0.0 T T T T
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point (IEP) of BiBTC-ISO6 is 3.08, signifying that
the catalyst surface exhibits a positive charge
below pH of 3.08 and a negative charge above this
value. This information is crucial for elucidating
the effects of BIBTC-ISO6 on the RhB degradation
efficiency. Under acidic conditions, the positively
charged catalyst surface enhances electrostatic

interactions with negatively charged dye
molecules, thereby improving dye removal
efficiency.

Transient photocurrent response tests were
performed to evaluate the electron-hole
separation abilities of BiBTC-ISOx (x = 1, 3, and
6). As shown in Figure 9, BiBTC-ISO6 exhibits a
less pronounced photocurrent response than
BiBTC-ISO1 and BiBTC-ISO3. The enhanced
light absorption and BET surface area increased
the photocurrent intensity, indicating better
electron-hole separation. Among the samples,
BiBTC-ISO6 showed the highest photocurrent
intensity, suggesting that it BiBTC-ISO6
generated the most electrons under light
irradiation, leading to superior photogenerated
carrier separation. The electrochemical
impedance spectroscopy (EIS) Nyquist plots in
Figure 9 confirms the improved charge-transfer
properties. The smallest arc radius in the Nyquist
plot was observed for BiBTC-ISOx, followed by
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Figure 8. Effect of: a) pH on RhB color decomposition, and b) the isoelectric point (IEP) of BIBTC-ISO6.
Conditions: [Catalyst]=10 mg, [RhB] = 15 mg.L-1, V=50 mL, light source: white LED (4 X 10 W).
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Figure 9. a) Photocurrent and b) EIS plot of BIBTC-ISOx (x = 1, 3, and 6).
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BiBTC-ISO1 and BiBTC-ISO3, indicating that
BiBTC-ISO6 had the lowest charge transfer
resistance. Reduced charge transfer resistance is
vital for enhancing photocatalytic activity by
promoting efficient charge separation and
reducing electron-hole recombination.

3.3 Photocatalytic Mechanism

The photocatalytic mechanism of BiBTC-
ISO6 was elucidated by the addition of radical
trapping agents to the photocatalytic reaction
(Figure 10). Free radical traps for hydroxyl
radicals (‘OH), electrons (e’), holes (h*), and
superoxide radicals (O,"") were employed using
tert-Butyl alcohol (TBA), K2CrzO7, Na2C204, and
p-benzoquinone (BQ), respectively. The addition
of BQ significantly reduced the photocatalytic
efficiency, indicating that superoxide radicals
(0,") played a crucial role in RhB degradation.
The slight inhibition was observed with TBA and
Na,C,04 suggests that hydroxyl radicals (‘OH)
are the secondary contributors that interact with
O, to facilitate dye degradation.

BiBTC-ISO6 exhibits a CB potential of —0.4
eV vs NHE and a VB potential of +3.27 eV. Upon
visible-light irradiation, the hole-electron pairs of
BiBTC-ISO6 were excited. The photogenerated
electrons of BiBTC-ISO6 are more negative than
those of O2/°Oz2 (-0.33 V vs NHE), making electrons
susceptible to capture by Oz to produce O,"~. The
photogenerated hole of BiBTC-ISO6 possess a
greater positive EVB (3.18 V vs NHE) than
H:20/'OH (2.14 V vs NHE), enabling the oxidation
of H20 to ‘OH. Consequently, RhB (or RhB**) is
effectively degraded by Oz -, *OH, and A*.

BiBTC-ISO6 + hv — BiBTC-ISO6 (h* + ) 3)
BiBTC-ISO6 (e)) + O2— O, ~ 4)
RhB + hv —» RhB* 5)
BiBTC-1S06 (A*) + H20 —"OH + H* (6)
0O, (or/and A* and ¢) + RhB* — Oxidation
products @)
+«&+ No scavenger b)
e BQ/O,"
oo K, Cry 0,/ € RhB
e NG, 0,/ h*
4 TBA / OH e

CIC,

0.0 1

T T T T T
-60 -30 0 120 150 180

Times (min)

H%

3.4 Reusability and Stability of the Photocatalyst

The durability and reusability of the BiBTC-
ISO6 catalyst in photochemical reactions were
evaluated. The catalyst exhibited the capacity to
consistently degrade RhB dye under visible-light
conditions, successfully completing three cycles of
catalytic decomposition. Figure 11 shows the
ability of BiBTC-ISO6 to degrade RhB pigments.
After three consecutive applications, the efficiency
of the catalyst for the decomposition of RhB
remained largely unaltered. These results suggest
that BiBTC-ISO6 possesses exceptional stability
and can be effectively reused in catalytic reactions
for organic dye degradation.

1004 8. 96.7% 94.5%

80 -

60

40

20 -

0

I Cycle II Cycle III Cycle

Figure 11. RhB color decomposition ability of
BiBTC-ISO6 after three cycles. Conditions:

[catalyst]=10 mg, [RhB]=15 mg.L-}, V= 50 mL, and
pH=7. Light source: White light LED (4 x 10 W)

Visible light

BiBTC-1506

+3.27ceV
—

Figure 10. a) Effects of different scavengers on the degradation of RhB and b) Photodegradation
mechanism of RhB over BiBTC-ISO6. Conditions: [catalyst] = 10 mg, [RhB] = 15 mg.Li1, and V=50 mL.
Light source: White LED (4 x 10 W), [Scavenger] = 2 X 1074 mg.Li 1.
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4. Conclusions

This study successfully synthesized and
characterized BiBTC-ISO, (x = 1, 3, 6) catalysts
under different DMF/ISO solvent ratios. The
findings revealed that the solvent composition
significantly influenced the morphology and
photocatalytic properties of the catalysts for
Rhodamine B (RhB) degradation under visible
light irradiation. Photocatalytic performance
evaluations under various conditions
demonstrated that BiBTC-ISOg exhibited the
highest activity, achieving 98% RhB removal at
pH of 3 after 180 min of illumination. The
photocatalytic mechanism was further
investigated through radical trapping
experiments, which confirmed that superoxide
radicals (O,'7) played a dominant role in the
degradation process. Additionally, BiBTC-ISO6
exhibited remarkable stability and reusability,
maintaining its photocatalytic efficiency over
multiple RhB degradation cycles. These results
suggest that BiBTC-ISO, particularly BiBTC-
ISOs, holds significant potential as an efficient
and sustainable photocatalyst for environmental
remediation, particularly in treating organic dye
pollutants in wastewater.
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