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Abstract: The development of excellent full-spectrum photocatalysts is of vital significance to its
practical application in environmental remediation. Herein, flower-like Ag2 CO3 /BiOCOOH type I
heterostructures were prepared via a facile method and exhibited powerful photocatalytic activity
by removing various toxic pollutants (rhodamine B, methyl blue, and tetracycline hydrochloride)
under simulated sunlight irradiation. The boosted photocatalytic performance is attributed to the
expanded range of the absorption spectrum and alleviated separation rate of the photo-induced
electrons and holes. The photoluminescence spectra and trapping experiment were applied to clarify
the photocatalytic reaction mechanism of Ag2 CO3 /BiOCOOH. The holes and •O2 − were detected
as the dominant reactive species involved in pollutant degradation. This work provides a novel
full-spectrum-driven photocatalyst of Ag2 CO3 /BiOCOOH, which could effectively degrade toxic
pollutants under simulated sunlight.
Keywords: Ag2 CO3 /BiOCOOH; heterojunction; photocatalysis; pollutant removal; full-spectrum

1. Introduction
Over the past few decades, toxic contaminants (e.g., industrial dyes and antibiotics) in water
discharged by chemical industries have caused serious environmental pollution. However, conventional
water treatment cannot efficiently degrade the contaminants. The application of photocatalytic technology
in treating environmental pollution is regarded as an eco-friendly and sustainable technology to afford
organic contaminant degradation [1–3]. The exploration of a novel full-spectrum-driven photocatalyst
that can make the best use of sunlight has an important value in its practical application. Recently, great
attention has been paid to Bi-based photocatalysts [4–11]. Among them, BiOCOOH is a kind of layered
Bi-based oxide, built from [Bi2 O2 ]2+ fluorite-like layers intercalating by formic acid [12,13]. As an active
ultraviolet-light-driven (ULD) photocatalyst, BiOCOOH possesses some advantages such as high
chemical stability, a strong photo-redox driving force, and decent activity. However, the wide band
gap (Eg = 3.4 eV) of BiOCOOH severely restrains its practical application. Actually, the combination
of wide band gap semiconductors with narrow band gap compounds can remarkably enhance the
photocatalytic performance, due to expanded sunlight absorption and the accelerated separation of
charge carriers [14–18]. For instance, Aguirre et al. have recently employed Cu2 O coated by TiO2
for improving photocatalytic stability and performance [16]. As a result, BiOCOOH was coupled
with Ag2 O [19], CNT [20], RGO [21], C3 N4 [22], BiOI [23], CQDs [24] and so on. Of note, the further
exploration of fascinating full-spectrum-driven BiOCOOH-based heterojunction photocatalysts is
still challenging.
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Ag2 CO3 , as a highly active visible-light-driven photocatalyst, has been recognized as a good
photosensitizer, since its narrow band gap (~2.17 V) is advantageous for sunlight absorption [25–27].
Hence, the design of Ag2 CO3 -based heterojunction photocatalysts (e.g., Ag2 CO3 /Ag2 O [28],
Ag2 CO3 /Ag2 S [29], Ag2 CO3 /Bi2 MoO6 [8,30], Ag2 CO3 /BiOCl [31], Ag2 CO3 /Ag/WO3 [32] and
Ag2 CO3 /AgBr/ZnO [33]) to improve the visible-light photocatalytic performance has been achieved
by scholars. However, to the best of our knowledge, no Ag2 CO3 /BiOCOOH heterojunctions
have been studied. Hence, it inspires us to combine BiOCOOH with Ag2 CO3 for obtaining novel
Ag2 CO3 /BiOCOOH heterojunctions with outstanding sunlight-driven photocatalytic performance.
In this study, aiming at the construction of highly active sunlight-driven photocatalysts, flower-like
Ag2 CO3 /BiOCOOH heterojunctions were prepared via a simple precipitation approach. Under
simulated sunlight irradiation, the photocatalytic property of Ag2 CO3 /BiOCOOH in the removal of
various toxic pollutants (rhodamine B (RhB), methyl blue (MB), and tetracycline hydrochloride (TC))
was evaluated. In addition, the photocatalytic mechanism of Ag2 CO3 /BiOCOOH was also illustrated
based on the experimental results.
2. Materials and Methods
2.1. Chemicals
Bi(NO3 )3 •5H2 O, rhodamine B (RhB), NaHCO3 , NH3 •H2 O, glycerol, methyl blue (MB), ammonium
oxalate (AO), tetracycline hydrochloride (TC), N,N-dimethylformamide (DMF), iso-propanol (IPA), and
p-benzoquinone (BQ) were purchased from the Chinese Chemical Reagent factory and used as was
received without further treatment.
2.2. Synthesis of Catalysts
BiOCOOH microspheres were prepared solvothermally. Typically, Bi(NO3 )3 •5H2 O (4 mmol) is
dissolved in 50 mL of glycerol under vigorous stirring. After dissolution, 20 mL of DMF and 10 mL of
H2 O were added into the above solution and stirred for 0.5 h. The obtained solution was poured into
an autoclave with a volume of 100 mL and solvothermally treated at 160 ◦ C for 24 h. After the reaction
ended, the products collected from the suspension were washed with deionized water and ethanol
four times, and finally transferred into an oven to get dried at 60 ◦ C for 15 h.
Flower-like Ag2 CO3 /BiOCOOH heterojunctions were fabricated by chemical deposition. Firstly, a
certain amount of BiOCOOH was evenly dispersed in 50 mL of deionized water during magnetic
stirring. Subsequently, 1 mmol AgNO3 was dissolved in the above system during magnetic stirring.
Then, 10 mL of NaHCO3 solution (0.05 M) was dropped into the above system slowly and stirred for
another 2 h in darkness. Following this, the precipitant was washed thoroughly, and dried at 60 ◦ C for
6 h. By changing the addition amount of BiOCOOH, the Ag2 CO3 /BiOCOOH heterojunctions with
different mass ratios (0.3/1, 0.5/1, 1/1 and 1.5/1) were prepared and labelled as ACO/BOCH-30,
ACO/BOCH-50, ACO/BOCH-100, and ACO/BOCH-150, respectively.
2.3. Characterization
X-ray powder diffraction (XRD) was conducted on a Bruker D8 Advance diffractometer
(Cu Kα = 1.5406 Å) with a scanned range of 2θ from 10◦ to 80◦ (Karlsruhe, Germany). Scanning electron
microscope (SEM, Hitachi S–4800, accelerating voltage = 10 kV, Tokyo, Japan), energy dispersive
X-ray spectroscopy (EDX) (Berlin, Germany), and transmission electron microscope (TEM, JEM–2010F,
Tokyo, Japan) were employed to study the morphologies and compositions of the catalysts. The UV-vis
diffused reflectance spectra (DRS) were collected on a spectrophotometer (Shimadzu UV-2600, Tokyo,
Japan). Room-temperature photoluminescence (PL) spectra were detected by using a Hitachi F-7000
fluorescence spectrophotometer (Tokyo, Japan).
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2.4. Photocatalytic Performance Tests
The photo-degradation of rhodamine B (RhB), methyl blue (MB) or tetracycline hydrochloride (TC)
under simulated sunlight was performed to assess the activity of catalysts. Briefly, 30 mg of catalyst
was dispersed evenly in 100 mL of RhB (10 mg/L), MB (10 mg/L), or TC (20 mg/L) solution while
magnetically stirring for 30 min in the dark to establish an adsorption-desorption equilibrium [34,35].
The reaction system was maintained at room temperature by using circulating water. Subsequently, the
above system was illuminated by a 300 W xenon lamp with an average light intensity of 4.56 KW/m2 .
During illumination, approximately 2 mL of the suspensions were sampled at certain intervals, and
then centrifuged to get the supernatant solutions. The concentrations of solutions were quantified by
using a UV-2600 spectrophotometer. Total organic carbon (TOC) experiments were carried out by the
decomposition of RhB (50 mg/L, 200 mL) solution over 200 mg of ACO/BOCH-100 under simulated
sunlight. The reaction solution collected at given intervals was detected by a Shimadzu TOC-VCPH
TOC analyzer. To test the stability and reusability of ACO/BOCH-100, six successive runs for RhB
degradation were performed, and each run lasted 30 min. After one cycle of photocatalytic reaction,
the catalysts recycled by centrifugation and were washed thoroughly with deionized water and dried
at 70 ◦ C overnight. Subsequently, the dried catalysts were used to degrade the RhB solution again.
During the recycling process, about 4.7 mg of the catalyst was lost.
3. Results and Discussion
3.1. Characterization
A series of Ag2 CO3 /BiOCOOH heterojunctions with various mass ratios (0.3/1, 0.5/1, 1/1, and
1.5/1) were fabricated and symbolized as ACO/BOCH-30, ACO/BOCH-50, ACO/BOCH-100, and
ACO/BOCH-150, respectively. The crystallographic structures of as-prepared BiOCOOH, Ag2 CO3 ,
and Ag2 CO3 /BiOCOOH heterojunctions (ACO/BOCH-30, ACO/BOCH-50, ACO/BOCH-100, and
ACO/BOCH-150) were studied by XRD (Figure 1). The diffraction peaks of BiOCOOH and Ag2 CO3
coincided well with those of tetragonal BiOCOOH (JCPDS 35-0939) [13] and monoclinic Ag2 CO3
(JCPDS 26-0399) [25,26], respectively. The XRD patterns of Ag2 CO3 /BiOCOOH heterojunctions
display that both Ag2 CO3 and BiOCOOH phases were detected in these heterojunctions, confirming
the co-existence of Ag2 CO3 and BiOCOOH in these as-prepared heterojunctions. Additionally, no
trace of any impurity phase was detected.
The morphologies of BiOCOOH and the Ag2 CO3 /BiOCOOH heterojunction (ACO/BOCH-100)
were visualized by SEM and TEM (Figure 2 and Figure S1). Pure BiOCOOH presented a flower-like
structure (diameter: 1.5-2.5 µm), which was composed of numerous nanoplates (Figure S1). After its
combination with Ag2 CO3 , the obtained Ag2 CO3 /BiOCOOH (ACO/BOCH-100) displayed a similar
morphology to the BiOCOOH (Figure 2a). Further magnification of the image as presented in Figure 2b
revealed that Ag2 CO3 nanoparticles (size: 30-150 nm) were anchored onto the BiOCOOH microsphere.
Further observation through TEM imaging (Figure 2c,d) confirmed that ACO/BOCH-100 was a
flower-like architecture decorated by Ag2 CO3 nanoparticles, verifying the successful fabrication of
Ag2 CO3 /BiOCOOH with an intimately contacted interface. Furthermore, as shown in the energy
dispersive spectroscopy (EDS) spectra, Ag, C, O, and Bi in ACO/BOCH-100 could be detected,
testifying that the sample was Ag2 CO3 /BiOCOOH (Figure 3).
The surface texturing of BiOCOOH and ACO/BOCH-100 were analyzed by the N2 adsorption–
desorption isotherms (Figure S2). The BET specific surface areas of BiOCOOH and ACO/BOCH-100
were 26.2 and 22.7 m−2 g−1 , respectively. The BJH pore-size distributions revealed the presence of
nanopores with the main pore size of 31 nm in BiOCOOH and ACO/BOCH-100 (the inset of Figure S2).
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Figure 1. XRD patterns of pure BiOCOOH, Ag2CO3, and Ag2CO3/BiOCOOH heterojunctions
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