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S1. Chemicals

Bismuth nitrate hydrate, thiourea, ammonium molybdate, potassium bromide,
Rhodamine B (RhB), Methylene Blue (MB), Methylene Orange (MO), Congo Red
(CR), potassium dichromate, phenol, Polyvinylpyrrolidone (K-30), p-benzoquinone,
methanol were purchased from Siyaku Chemical Reagent Co., Ltd., Japan. All reagents
and chemicals were analytical-grade reagents without further purification.
S2. Synthesis of MoS: catalyst

The MoS; was prepared using a hydrothermal method. First, 0.58 g of
ammonium molybdate and 0.532 g of thiourea were dissolved in 35 mL deionized water,
and magnetically stirred for 120 min. Then, the mixture was transferred into a Teflon
lined stainless steel autoclave (50 mL) and maintained at 180°C for 24h. Finally, the
product was washed with deionized water several times, and then vacuum dried at 80°C

for 6h.

S3. Characterization

The X-ray diffraction (XRD) patterns detected by X-ray diffractometer with Cu
K, radiation were applied to evaluate the crystal structure of the samples. The Fourier
transform-infrared (FT-IR) spectra were tested using FT-IR optical spectrometer
(Nexus 670) with KBr pellet in the range of 500-3500 cm™. The morphology and
composition of BiOl were analyzed by scanning electron microscopy (SEM),
transmission electron microscopy (TEM, JEM-3200FS) and TEM-energy-dispersive
X-ray spectroscopy (EDX). Surface electronic states were recorded by X-ray
photoelectron spectroscopy (XPS, VG MultiLab 2000) with a monochromatic Cu K,
source. The UV-vis diffusive reflectance spectra (DRS) of samples were analyzed on a

UV-vis spectrophotometer. Photoluminescence (PL) spectra were obtained by
2
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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).

S4. Details of the analysis of pollutants

e Phenol: Measured by UV-vis and HPLC (C18 column 5 um, 150 mm*4.6 mm).
The mobile phase consisted of Methanol and water (80:20, v/v) at a flow rate of 0.8
mL/min with the detection wavelength at 280 nm. The column temperature was held at
25+ 0.5 °C.

e Bisphenol A: Measured by UV-vis with the detection wavelength at 278 nm.

e Carbamazepine: Measured by UV-vis with the detection wavelength at 285 nm.

e Organic dyes: Measured by UV-vis with the detection wavelength at 554 nm for
Rhodamine B (RhB); 665 nm for Methylene Blue (MB); 464 nm for Methylene Orange
(MO); 498 nm for Congo Red (CR).

e Heavy metal Hexavalent chromium Cr(VI): Measured via the method of

Diphenylcarbazide spectrophotometry with the detection wavelength at 540 nm.
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Supplementary Figures and Tables

Fig. S1 TEM images of BiOBr (a), MoS; (b) and BMS-2 composite (c);

TEM images of BiOBr, MoS; and BiOBr/MoS; composites exhibited the stacked
structure by layered aggregation of nanosheets. From the high-magnification TEM
images, the continuous interplanar spacing of 0.277 nm was matched with the (001)
facet in the BiOBr lattice. The lattice distance of 0.65 nm corresponded to the (002)
facet of MoS.. By using similar strategies, Xing et al. [1] in-situ synthesized an ultrathin
Bi2WOe/Bi20,S 2D-2D closely bonded heterojunction, which achieved extended light
absorption and highly enhanced water splitting efficiency. Zhang et al. [2] successfully
fabricated a 2D-2D bilayer junction between MoS; and Bi12017Ci2 via atomic level
charge flow (Bi-S bonds), which showed ultralong carrier lifetimes and superior
photocatalytic hydrogen evolution rates. Seongil et al. [3] reported a 2D p-n
dichalcogenide heterojunction of a-MoTeo/MoS2 with excellent high-frequency
rectification and photovoltaic capacity. Generally, the stable and strong integration
between 2D BiOBr and MoS: could efficiently promote photogenerated charge carrier
separation and transportation in the interfacial surface and improve participation in the

photocatalytic process.
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Fig. S2 FTIR analysis of BiOBr, MoS; and BiOBr/MoS; composites

The chemical structures of as-synthesized catalysts were characterized by FT-
IR spectrometry. As exhibited in Fig.2b, the broader peak located at 3400-3500 cm™ is
attributed to the O-H stretching mode due to the water or ethanol absorbed on the
catalyst surface. The absorption peak ranging from 1300-1500 cm™ mainly corresponds
to symmetric (vas(C—0)) and asymmetric (vs(C—O)) vibrations [4]. The characteristic
peak at 1673 cm’ is derived from stretching vibrations of C=0 bonds. The

characteristic peak about 520 cm™' is attributed to the stretching vibration of Bi-O bonds

[5].
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Table.S1 Catalyst compositions and the bonding information detected by XPS

Catalyst Bi content (%) Mo content (%) Bi/Mo atomic ratio

BiOBr/MoS; 18.2 1.08 16.8

The surface chemical composition and state of BiOBr, MoS; and BiOBr/MoS;
were further characterized by X-Ray Photoelectron (XPS). The high-resolution spectral
peaks of Bi 4f at 159.57 eV and 164.87 eV were identified to Bi 4f7» and Bi 4fsp
electrons, indicating the state of Bi** in BiOBr/MoS; composite. Compared with
pristine BiOBr, these peaks in BiOBr/MoS; exhibited a blue shift. Moreover, two
characteristic peaks appearing at 68.80 eV and 69.82 eV in BiOBr were ascribed to Br
3ds/2 and Br 3ds; electrons, respectively. However, after combining with MoS;, the
binding energy of Br 3ds and Br 3da2 shifted to lower value by 0.2 eV, illustrating the
presence of chemical interaction between BiOBr and MoS,. Besides, two characteristic
peaks at 161.01 and 162.25 eV were identified to S 2ps2 and S 2pip, respectively.
Meanwhile, the coexistence of four typical peaks of S suggested the presence of 1T and
2H phase in MoS; catalyst. In comparation with pure MoS», the high resolution of S
2psz and S 2p1s2 shifted to higher value by 0.2-0.3 eV in BiOBr/MoS; composites. All
of these elements with shifted binding energy clearly indicated the strong electronic
coupling between BiOBr and MoS: in the heterojunction structure. For the O 1s
spectrum, the peak can be deconvoluted into four O species, which corresponded to Bi-
O bonds, oxygen vacancy, C=0 groups and adsorbed H20 on the surface of catalyst,
respectively [6]. Furthermore, the Bi and Mo content (Table 1) measured by XPS was
similar to the experimentally theoretical ratio. The coexistence of these elements and
substances in XPS spectra further evidenced the formation of BiOBr/MoS; (2D/2D)

heterojunctions.
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