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S1. Chemicals

FeCl3-6H20, Bi(NO3)3.5H20, 1,4-benzenedicarboxylic acid (1,4-BDC), potassium iodide, N, N-
dimethylformamide (DMF), polyvinylpyrrolidone (PVPK-30), absolute ethanol, p-benzoquinone,
triethanolamine, and isopropyl alcohol were purchased from Siyaku Chemical Reagent Co. ,Ltd., Japan. All
reagentsused were analytical reagents.

S2. Synthesis of Fe-MOF catalysts

MIL-53(Fe) was fabricated using a solvothermal method. Briefly, 5 mmol FeCl3-6H20 and 5 mmol
terephthalic acid were dissolved in 10 mL N, N’-dimethylformamide. After stirring for 60 min, the resultant
mixture wastransferred to a Teflon-lined stainless-steel containerand heatedat 150°C for 3 h underautogenous
pressure. Afterbeing cooled down to room temperature, the suspension was centrifuged and washed with ethanol
and deionized waterseveral times. Then 100 mL deionized water wasadded and the mixture was stirred for 12
h to ensure removalof DMF from pores. Finally, the materialwasdried at 60 °C overnight.

MIL-101(Fe) was fabricated by a solvothermal process. Briefly, 4.9 mmol of FeClz-6H20 and 2.48 mmol
of H.BDC were mixed in 30 mL of DMF and then sonicatedfor 15min to ensure theirdissolution. The obtained
dark orange solution was transferred into a Teflon-lined stainless-steel autoclave (50 mL) and heated at 110 °C
in an oven for 20 h. Finally, the resultant products were dried at 60 °C overnight.

For the synthesis of MIL-88A(Fe), 1.352 gFeClz-6H20 (5mmol)and 0.580 g fumaric acid were dissolved
in ratio of 1:1 water/DMF (N, N-dimethylformamide). The synthesized MIL-88A (Fe) was transferred into a
Teflon-lined autoclave and heated at 65 °C for4 h.

S3. Synthesis of BiOI/MIL-88A(Fe) and BiOI/MIL-101(Fe)

The BIOI/MIL-53(Fe) was fabricated employing a one-step coprecipitation method. 1.02 g of Bi
(NO3)3-5H20 was dissolved in 60 mL ethanol to obtain solution. Then, 0.2 g PVP was added into mixture.
Afterward, an appropriate amount of MIL-53(Fe) was dissolved in the mixture and ultrasonicated for 30 min.
Next, 0.3486 g Kl was added and stirred for 12 h. The finalprecipitate was washed by water and ethanol, and
dried at60°C. The BiOl was prepared by usingsame procedure except loading MIL-53(Fe). Samples synthesized

with different MIL-53 (Fe)/BiOl ratio of 20, 40,60 and 80 wt% were designated asBMFe-2, BMFe-4 BMFe-6



and BMFe-8. Detailed synthesis procedures for BiOlI/MIL-88, BiOI/MIL-101, BiOCI/MIL-53 and BiOBr/MIL-
53 are given in the supportinginformation (S2-S4).

The BiOI/MIL-88A(Fe) and BiOI/MIL-101(Fe)were prepared via a facile one-step precipitation method.
Firstly, 1.02 g of Bi (NO3)3-5H20 was stirred magnetically in 60 mL of ethanol for 60 min to obtain a
homogenouswhite suspension. Then, 0.2 g PVP was putinto the mixture and stirring was resumed for 60 min.
Afterward, an appropriate amount of MIL-88A (Fe) or MIL-101(Fe) was put into the mixture and ultrasonicated
for 30 min. Next, 0.3486 g KI was added and the mixture was stirred for 12 h. The resulting precipitate was
centrifuged and washed with deionized waterand absolute ethanol,and dried at 60°C for 12 h.

S4. Synthesis of BiOBr/MIL-53(Fe) and BiOCI/MIL-53(Fe)

For the fabrication of BiOBr/MIL-53(Fe) and BiOCI/MIL-53(Fe) composites, 1.02 g of Bi (NO3)3-5H20
was stirred magnetically in 60 mL of ethanolfor60 min to obtain a homogenouswhite suspension. Then, 0.2 g
PVP was put into the mixture and stirring was resumed for 60 min. Afterward, an appropriate amount of MIL-
53(Fe) was put into the mixture and ultrasonicated for 30 min. Next, 0.2499 g KBr or 0.1570 g KCI was added
and the mixture wasstirred for 12 h. The resulting precipitate was centrifuged and washed with deionized water
and absolute ethanol,and dried at 60°C for 12 h.
S5. Characterization

X-ray diffraction (XRD) patterns were obtained from an X-ray diffractometer with Cu Ka radiation, then
were applied to evaluate the crystal structure of the samples. The Fourier transform-infrared (FT-IR) spectra
were obtained using an FT-IR optical spectrometer (Nexus 670) in the range 500-3500 cm!. The morphology
and composition of BiOl were analyzed by transmission electron microscopy (TEM,JEM-3200FS) and energy-
dispersive X-ray spectroscopy (EDX). Surface electronic states were recorded by X-ray photoelectron
spectroscopy (XPS, VG MultiLab 2000). The N2 adsorption-desorption measurements were analyzed by the
nitrogen adsorption apparatus (ASAP 2020, USA). The UV-vis diffusive reflectance spectra (DRS) of samples
were analyzed on a UV-vis spectrophotometer. Photoluminescence (PL) spectra were obtained by fluorescence
spectrometry (FP-6300). Electrochemical impedance spectroscopy (EIS) and Mott-Schottky were analyzed in a
three-electrode system of the CHI-600E electrochemical workstation (Shanghai Chenhua, China). The total

organic carbon (TOC) was analyzed using a Jena-2100 TOC analyzer. 57Fe Mdssbauer spectra of MIL-53(Fe)
3



and BMFe catalysts were obtained using ®’Co (Rh) y—ray radioactive source maintained at room temperature.

EPR spectra were recorded using a Brucker ESR A300-10/12 spectrometerat room temperature.



Table S1. BET surface areasand pore diameters of BiOl, MIL-53(Fe), BMFe-4 and used BMFe-4 catalysts

BET Surface Area Average pore diameter Pore volume
Sample
(m?/g) (nm) (cm?/g)
BiOl 105 1.54 0.073
MIL-53(Fe) 27.7 1.21 0.26
MBFe-4 25.8 1.75 0.17
Used MBFe-4 21.4 1.83 0.16

All samples are of type I11 isotherm with a hysteresis loop between the adsorption-desorption isotherms.
The BET surface areasof BiOl, MIL-53 and MBFe-4 were 10.5, 27.7 and 25.8 m2/g, respectively, and the pore
size were about 1.21 nm, indicating a microporous structure. While MIL-53 combing with BiOl to fom
heterojunction,the BET surface area was lower than before recombiningwith BiOl, which can be attributed to
the pores of MIL-53 being blocked by the BiOl nanosheet.! Despite this, after the formation of BMFe

heterojunction catalyst, the BET surface area and pore volume canstill reach 25.8 m2/gand 0.17cm?3/g.



Table S2. Details of the analysis of pollutants

Chemical
Pollutants Method Structure
Formula
Measured by UV-vis and HPLC (C18 column
5um, 150 mm#*4.6 mm). The mobile phase g?
consisted of Methanoland water (80:20, v/v) at S M
Phenol CeHeO 3 ;
a flow rate of 0.8 mL/min with the detection e,kt/-xw‘
wavelength at 280 nm. The column temperature
was held at25+ 0.5 °C.
Measured by HPLC (C18 column 5 pum, 150
mm*4.6 mm). The mobile phase consisted of ?ﬁ‘
Bisphenol A Methanoland water (70:30, v/v) at a flowrate of ‘} y »
CisH1602 ® L
(BPA) 1.0 mL/min with the detection wavelength at *).‘_
230 nm. The column temperature was held at 25 e
+0.5 °C.
ey
Measured by UV-vis with the detection ;\Jf\ j
Carbamazepine 0\\, 3 "f' ko
wavelength at 285 nm. The degradation C15H12N20 S ..
(CBZ) ‘L‘g B
intermediates were obtained by HPLC-MS. -Y‘”O
Measured by UV-vis with the detection ,,;..@x_‘ff /H(L <
Methylene Blue Ci6H1sCINsS | ; 1 q,L_,f <
wavelength at 665 nm. v




Table S3. Some degradation intermediates of CBZ during photo-Fenton reaction

Products

Carbamazepine

TP1

TP2

TP3

TP4

TP5

TP6

TP7

TP8

TP9

TP10

TP11

TP12

TP13

TP14

TP15

TP16

TP17

TP18

m/z

237

208

267

253

285

273

271

267

251

285

271

207

207

179

195

197

137

110

138

Formula

Ci15H12N20

CisHuaN

C16H15N202

C16H18N202

C16H17N203

C15H14NO4

C16H19N202

C16H15N202

C15H11N202

C16H17N203

C15H15N203

C14H9NO

C14H9NO

Ci3HoN

Ci13H9NO

C13H11NO

C7H7NO>

CeHeO2

C7He0O3
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Table S4. Comparison of catalytic performance with series of previously reported catalysts fordegradation of

Catalyst

Fe-g-C3Na

CS/PAN@FeO0O
H/g-CaNa

o-Fe203/Bi2WOs

ZnFe204/0-Fe203

g-CsNa/ MIL-
88B(Fe)

BiOI/MIL-53(Fe)

MIL-88B-
Fe/TisC>

MIL-
100(Fe)@ZnO

MIL-
100(Fe)@ZnO
GS-Fe-NPs
MIL-88A(Fe)

FeOCI

MIL-53(Fe)

BiOI/MIL-53(Fe)

Target
Pollutants

10mg/L MB
50mg/L MB
5mg/L MB
100 mg/L MB
30mg/L MB
20 uM MB
10 mg/L Phenol
5 mg/L Phenol

5mg/L
Bisphenol A

25 mg/L
Bisphenol A

10 mg/L
Bisphenol A

100uM
Carbamazepine
(CBZ2)

40 mg/L
Carbamazepine
(CB2)

20 mg/L
Phenol,
Bisphenol A,
Carbamazepine

Hydroge
n
peroxide
concentr
ation

80mM
50mM
10mM
200mM
20mM
5mM
10mM
10 mM
10 mM
500 mM
20mM

8mM

20mM

5mM

refractory organic pollutants

Light source
(wavelength/n
m)

400 W xenon
lamp

300 Wxenon
lamp

300 W xenon
lamp

300 W xenon
lamp

500 W Xe
lamp

100 W Hg
lamp

500 W xenon
lamp

500 W xenon
lamp

500 Wxenon
lamp

300 W xenon
lamp

300 WLED
lamp

UV light

500 W xenon
lamp

100WHg lamp

Catalytic capacity

Pseudo-first- Removal
order rate efficiency
constant
0.060s1 99%in 60
min
0.052 mim-1 99.3%n
100 min
0.189min! | 98.9%in 25
min
0.059 min-t 99.96% in
100 min
0.0191 min-! 99.9%in
120 min
0.292 min-! 99%in 10
min

90%in 120 min
95%in 120 min

96%in 120 min
92%in 150 min

95% in 80 min

90% in 30 min

90%in 270 min

59% in 60 min; 90.4% in
120 min; 67% in 80 min

Reference

Lietal.
20182

Zheng et
al. 20213

Wang et
al. 20214

Wang et
al. 2020°

Liaoet al.
202068

This work

Ahmad et
al. 20207

Ahmad et
al. 20198

Ahmad et
al. 20198

Guo et al.
2020°

Fu et al.
202010

Sun etal.
202011

Gaoetal.
201712

This work



Supplementary Figures
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Figure S1. SEM images of BiOI (a), MIL-53(Fe) (b) and BMFe (c); Element mappingof BMFe (d); FT-IR
spectra of as-prepared catalysts (e) and enlarged FT-IR spectra of as-prepared catalysts for clarity (f); The
scale barwere 1 um (a), 50 nm (b) and 20 nm (c).



The chemicalstructure of BiOl and MIL-53(Fe) were investigated by FTIR spectroscopy. As shown in
Figure Sle,thedistinct bands of BiOl and MIL-53(Fe) could be clearly observed in spectra for BMFe composites,
indicatingthat the structural characteristics of BiOl and MIL-53(Fe) were completely reversed after combination.
This result was also consistent with the XRD pattern analysis. Moreover, the absorption peak at 737 cm is
related to C-H bendingvibrations of the benzene ring.12 The absorption bandsat1282and 1388 cm-1 correspond
to symmetrical (vas(C—0)) and asymmetric (vs(C—O)) vibrations of carboxylgroups.1* The characteristic peak at
1673 cm-1 is attributable to the stretching vibration of C=0 bond.!®> These peaks are mainly derived from the
terephthalic acid ligand which possesses a benzene ring and two carboxylfunctional groups. The broad peak at
3440 cm-1 correspondsto O-H stretching mode due to the water and ethanoladsorbed on the surface. The FTIR
spectra with a narrower wavenumberrange are depicted in Figure S1f. Evidently, the characteristic peaks at505
cm-land553cm-1are due to stretching vibrations of Bi-Obonds and Fe-O bonds in FeOs octahedra, respectively,

further revealing the successful fabrication of BMFe composites.16 17
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Figure S2. (a) TGA curves and XPS spectra of (b) Bi 4f, (c) 1 3d, (d) O 1s in BiOI, MIL-53(Fe) and BMFe
composites

The thermogravimetric analysis (TGA) curves depicted in Figure S2a were measured to analyze the themal
stability and further confirm the successful coupling between BiOI and MIL-53(Fe). The weight loss below
300°C can be ascribed to the evaporation of guest molecules, such as free water, ethanol and bound water. At
pyrolysis temperatures of 335, 504, 662 °C, various organic functional groups in MIL-53(Fe) experienced
decomposition of organic structures, formation of new spatial configurations and separation of ligands.!'® The
TGA results for all composites exhibit the decomposition characteristics of MIL-53(Fe) and BiOI, and come
closer to MIL-53(Fe) as the content of MOFs increase, revealing the successful synthesis of MOFs on BiOI

nanosheets. The elemental construction and surface chemical states of BiOl, MIL-53(Fe) and BMFe-4 were

11



revealed by X-ray photoelectron spectroscopy (XPS). As depicted in Figure S2b, the high-resolution Bi 4f
spectrum could be deconvoluted into two peaks, including a component centered at 158.75 eV for Bi 4f7,2, and
acomponentat 164.05 eV for Bi 4fs/2, respectively. For the | 3d spectrum of BiOl, the peakscould be fitted by
two | componentsat618.36 and 629.89 eV, which are ascribed to | 3ds/2 and | 3ds/2. For the high-resolution O
1s spectrum, the peak could be deconvoluted into several O species. The characteristic peaks at529.31,530.73
and 531.58 eV of BiOI correspond to lattice O species, oxygen vacancy and C=0 groups, respectively. The
spectra peaks located at 529.82,531.73 and 533.28 eV for MIL-53(Fe) are assigned to lattice O species, C=0
groups and C-O bond in carboxylic group. After combining with BiOl and MIL-53(Fe), all of these O species
were kept in the composites. This XPS result clearly revealed the surface chemical state and composition in

BMPFe, which is consistent with the EDS analysis.

12
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Figure S3. (a-c) Different influencing factors ofthe BMFe-4 catalyst for the degradation of MB; (d-g)
Pseudo-first-order kinetics of degradation of MB in different influencing factors ofthe BMFe-4 catalyst; (h-1)

degradation of phenolunderdifferent photo-Fenton system (Fe-MOFs/BiOX)
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Figure S4. HPLC chromatograms of phenoldegradation at different times (a),and proposed degradation
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Figure S15. Band-structure and density of states of BiOl (a)and MIL-53(Fe) (b)

For in-depth understanding of the atomic and electronic structures, DFT modeling was conducted by
comparingtwo different interface models: Interface of pristine BiOl, pristine MIL-53(Fe) and after optimization.
The atomic structures of BiOl (110) surface and MIL-53(Fe)are displayed as the top and side-views in Figure
8a. Electronic DOS and Charge of difference show the mechanism of Z-scheme occurring at the interface®
Interfaces of stoichiometric structuresand BMFe do not induce any in-gap state atthe interface (Figure S15and

Figure 4); thus, photoexcited charge carriers are transferred alongthe band edges.2°
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