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A B S T R A C T   

Here, a novel series of 2D BiO(HCOO)xI1-x composites were first fabricated with a ultrathin thickness (~2.47 
nm). Among them, the optimal BiO(HCOO)0.75I0.25 nanosheets exhibited a superior photocatalytic performance 
with the kinetic constant reaching up to 0.2148 min− 1, which was 5.9, 97.6 and 27.2 folds higher than that of 
pristine BiOI, BiOCOOH and BiO(HCOO)0.75I0.25-P nanoplates, respectively. Benefiting from the synergistic effect 
of ultrathin two-dimensional structure and hybrid composite, the photocatalytic performance was signally 
improved. Based on the optical and photoelectrochemical characterizations, the fabrication of hybrid composite 
delivered the optimal balance of visible-light absorption and redox capacity, endowing the photoinduced holes a 
higher oxidation potential. Meanwhile, the construction of 2D ultrathin structure reduced the migration distance 
of charge carriers, consequently accelerated those separated rate. This study provides a new insight for designing 
high active Bi-based photocatalysts, which is hopeful to make a great contribution to aquatic environmental 
restoration.   

1. Introduction 

The presence of endocrine disrupter chemicals (EDCs) has been 
regarded as an emerging problem in water and wastewater treatment, as 
well as sediment recovery [1]. Various laboratory studies manifested 
that EDCs would exhibit a endocrine disrupting effect and the toxicity to 
cells, genes and nerves of the aquatic organisms and human beings, 
which desperately needed to be controlled [2,3]. For addressing this 
urgent issue, semiconductor photocatalytic technology has received 
continued attention since it was always deemed as a green, economic 
and efficient method to eliminate refractory contaminants [4–6]. 

Among various semiconductors photocatalysts, Bi-based materials, 
such as Bi2MoO6 [7,8], BiVO4 [9,10], Bi2WO6 [11], BiOX [12]and 
BiOCOOH [13] have been intensively studied due to their excellent 
photocatalytic activity. As a member of the Sillén family, bismuth oxide 
formate (BiOCOOH) owns layered structure with [Bi2O2]2+ slab and 
serrated COOH– [14], which can modulate the electronic structure and 

accordingly accelerate the separation of photogenerated charge carries 
[15]. Moreover, it owns more ‘‘green” elements of O, C and H, which can 
avoid secondary pollution to the environment. 

Nevertheless, due to the large band gap (～3.30 eV), BiOCOOH only 
responds to ultraviolet light [16]. Meanwhile, the single-component of 
BiOCOOH still faces the shortage of the fast photoinduced electrons- 
holes pairs and low photo quantum efficiency [17], just like most 
intrinsic semiconductor materials. Recently, constructing hybrid com
posite structures have gain great interest since it can constantly regulate 
band structures, leading to the optimal equilibrium of light absorption 
and redox ability, and consequently benefit the photocatalytic perfor
mance [18,19]. Due to its merits, hybrid composite strategy has been 
widely adopted in establishing various excellent photocatalysts, such as 
Bi2W1-xMoxO6 [20], Zn3In2S6 [21] and (GaN)(1-x)(ZnO)x [22], etc. As a 
narrow bandgap semiconductor (Eg = ~1.8 eV), bismuth oxyiodide 
(BiOI) possesses outstanding light absorption ability and high carriers 
separation rate. Many studies have reported that the combination of 
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Fig. 1. (a) XRD patterns of BHI-x composites (x = 1, 0.75, 0.50, 0.25, 0) and (b) the corresponding amplifying spectra.  

Fig. 2. SEM images of (a) BH nanorods, (b) BI nanosheets, (c) ultrathin BHI-0.75 nanosheets; (d) SEM-EDS mapping images of BHI-0.75, (e-f) TEM images and (g) 
HRTEM image of BHI-0.75, (h-i) AFM image and corresponding height curve of BHI-0.75. 
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semiconductor and BiOI can remarkably improve the photocatalytic 
performance, for example, BiOBrxI1-x [23], BiOI/MIL-125(Ti) [24] and 
BiOxCly/BiOmIn composites [25]. The boosted photocatalytic activity in 
previous studies motivates us to attempt this strategy in modifying 
BiOCOOH and further applying to restoring water environment. How
ever, limited research concerns BiOCOOH-BiOI hybrid composite 
preparation, photocatalytic activity and oxidation mechanism, which 
desiderates to be strengthened and perfected. 

Meanwhile, in the past decade, designing ultrathin 2D materials have 
been considered as a brilliant star in various applications such as energy 
storage and conversion, optoelectronic devices, field effect transistors, 
and catalysis [26–30]. Ultrathin 2D materials, typically with the thick
ness of less than 5 nm, always possess large surface area and short charge 
transfer distance, which largely favour the photocatalytic reaction. 
Generally, the light absorption of the nanosized particles or bulk ma
terials are limited by reflection at the grain boundaries and light 
transmittance [31], whereas 2D materials offer a planar region for 
adsorbing light to the greatest extent. Compared to bulk materials, the 
charge carriers migration distance of 2D materials is greatly reduced due 
to the atomic thickness, which make the photoinduced charges quickly 
transferred to the surface of the catalysts, thus remarkably inhibit the 
recombination of photoinduced charge carriers [32]. Inspired by above 
consideration, a satisfactory photocatalytic performance should be 
predictable if the 2D ultrathin composite of BiOCOOH and BiOI are 
fabricated. 

Hence, in this work, the ultrathin BiO(HCOO)xI1-x hybrid composite 
nanosheets (~2.47 nm thickness) were rational designed as a model 
catalyst via a facile solvothermal method, and employed to degrade BPA 
for evaluating the photocatalytic activity. Benefitting the synergistic 
effect of ultrathin structure and hybrid composite, the as-prepared 
sample is expected to achieve notably enhanced photocatalytic perfor
mance in BPA elimination. In addition, the photocatalytic mechanism 
and a possible BPA degradation pathway during this oxidation process 
will be elucidated in detail. 

2. Materials and methods 

2.1. Catalysts fabrication 

2.1.1. Synthesis of ultrathin BiO(HCOO)xI1-x composite nanosheets 
The ultrathin BiO(HCOO)xI1-x nanosheets were prepared via a simple 

solvothermal method. Typically, 0.972 g Bi(NO3)3⋅5H2O and 0.8 g PVP 
were added to 60 mL glycerol solution (glycerol: water = 1:1) with 
stirring for 30 min at room temperature. 5 mL solution with different 
proportions of HCOONa and KI (total mole of 2.0 mmol) were dropped 
into the above mixture with further 30 min stirring. Subsequently, the 
mixture was transferred to a 100 mL Teflon-lined stainless steel auto
clave and heated at 160 ◦C for 6 h. Finally, the finished product was 
collected after centrifugation, washed three times with water and dried 
at 50 ◦C. The obtained sample is recorded as BHI-x, where x is the molar 
ratio of HCOONa to the sum of HCOONa and KI (x = 0, 0.25, 0.50, 0.65, 
0.75, 0.85 and 1), abbreviated as BI, BHI-0.25, BHI-0.50, BHI-0.65, BHI- 
0.75, BHI-0.85, BH. 

2.1.2. Synthesis of BiO(HCOO)xI1-x nanoplate composites 
For comparison, the BHI-0.75 nanoplates were prepared via a similar 

method without adding PVP, which was named as BHI-P (Text S1). 

2.2. Photocatalytic activity measurement 

A 300 W xenon lamp source (Beijing Perfectlight, PLS-SXE300D) 
with a 420 nm cut-off filter was employed as the light source, and the 
emission spectrum was displayed in Fig. S1. In a typical photocatalytic 
degradation experiment, 50 mg of sample was added into 100 mL of 
targeted contaminant solution (5 mg/L). Before the irradiation experi
ment, the dark experiments were conducted to get the adsorption 
equilibrium. The temperature of the reaction system was kept at 25 ◦C 
by continuous circulating water. The illumination intensity of the 
reactor was stabilized at 1.288 W. At certain time intervals, 2 mL of the 
reaction solution was taken out and filtrated via a filter (0.45 μm) to 

Fig. 3. XPS spectra of ultrathin BHI-0.75 nanosheets and BHI-P nanoplates: (a) survey, (b) Bi 4f, (c) I 3d, (d) C 4f and (e) O 1 s spectrum.  
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determine the residual concentration of contaminants. The concentra
tion of targeted contaminants were analyzed by the UPLC system (Wa
ters, ACQUITY UPLC H-CLASS) with a BEH-C18 column. More detailed 
information about the chemicals, characterization, analytical methods 
and experimental processes were shown in Supporting Information. 

3. Results and discussion 

3.1. Characteristics 

The crystalline structures of the BiO(HCOO)xI1-x composites with 
different x values were characterized by XRD analysis. As shown in 
Fig. 1a, peaks of prepared pure BiOCOOH (x = 1) and BiOI (x = 0) match 
well with the standard diffraction peaks of tetragonal BiOCOOH 
(PDF#35–0939) and BiOI (PDF#10–0445), respectively. Specially, in 
Fig. 1b, with the additive amount of I increases, the intensity of 
diffraction peak at 2θ = 29.6◦ and 31.6◦ are enhanced, which index to 
the (102) and (110) facets of BiOI. Therefore, it can be demonstrated 
that as-prepared BiO(HCOO)xI1-x composites were hybrid intermediary 
combining BiOCOOH and BiOI, rather than solid solution. 

The morphologies of photocatalysts were depicted in Fig. 2. SEM 

images (Fig. 2a-b) clearly present the rod-like and sheet-like structures 
of BH and BI, respectively. Noteworthily, the BHI-0.75 also exhibits a 
stacked sheet-like structure (Fig. 2c), indicating that the introduction of 
I element to BiOCOOH crystals change the sample morphology from 
nanorods to nanosheets. Fig. 2d are the corresponding SEM-EDS map
ping images of BHI-0.75, demonstrating that Bi, O, C and I elements are 
evenly distributed over the composite. In Fig. 2e-f, the TEM images 
further indicate the cumulate nanosheet structure of BHI-0.75 with the 
side-face thickness of average 2.85 nm, verifying the as-prepared BHI- 
0.75 sample belongs to the ultrathin nanosheet structure. Meanwhile, 
the well crystallized and clear lattice fringes with the d-spacing of 0.266 
nm, 0.282 nm and 0.301 nm are observed in the corresponding high- 
magnification of TEM image (Fig. 2g), which can be indexed to the 
(111), (110) and (102) planes of tetragonal BHI-0.75, respectively 
[18,33]. Furthermore, the thickness of BHI-0.75 nanosheet is accurately 
measured to be ~2.47 nm via AFM test (Fig. 2h-i), which is in accor
dance with the TEM results. In contrast, the thickness of BHI-P nanoplate 
(control sample) is determined to be 6.26 nm (Fig. S2), which is about 
three folds than that of BHI-0.75. The above results sufficiently man
ifested that the 2D ultrathin BiO(HCOO)xI1-x composite nanosheets were 
successfully synthesized. 

Fig. 4. (a) BPA removal curves under VL irradiation with different photocatalysts, (b) the corresponding kinetic fitting curves, (c) the apparent rate constants of BHI- 
x samples in BPA degradation, and (d) the reusability test of BPA degradation in the BHI-0.75/VL system. 
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The surface elemental chemical states of photocatalysts were inves
tigated by XPS measurement. Fig. 3a displays the survey spectra of ul
trathin BHI-0.75 and BHI-P, which clearly depicts that the Bi, I, C and O 
elements are involved in these two samples. In Fig. 3b, the peak values of 
Bi 4f5/2 and Bi 4f7/2 are 164.12 eV and 158.78 eV, respectively, which 
can be classified to the characteristic of Bi3+ of bismuth oxide materials 
[34,35]. The BHI-0.75 peaks in I 3d spectra locate at 618.6 eV and 630.1 
eV, attributed to I 3d5/2 and I 3d3/2, respectively, and BHI-P exhibits two 
similar peaks at 618.8 eV and 630.4 eV (Fig. 3c). It is further elucidate 
the successfully introduction of I element to these samples [36,37]. In 
Fig. 3d, the C1s spectrum is divided into two peaks of 285.0 eV and 
287.6 eV, deemed as C-C binding and carboxyl group, respectively [38]. 
And three peaks at 529.5 eV, 530.9 eV and 532.4 eV in the O 1 s spectra 
(Fig. 3e) can be ascribed to Bi-O, O-H and –COOH, respectively [34,39]. 
These above analysis indicated that the as-prepared ultrathin BHI-0.75 
nanosheets and BHI-P nanoplates were both hybrid composite struc
ture and there was no obvious difference between their surface chemical 
composition. 

3.2. Photocatalytic activity 

For evaluating the visible-light (VL) photocatalytic performance of 
different samples, BPA was adopted as a probe contaminant and the 
results were displayed in Fig. 4. As displayed in Fig. S3a, the reaction 
system can reach the absorption-desorption equilibrium within 15 min 
under dark condition, and there is less than 10% BPA adsorption to all 
the samples, revealing that the adsorption effect is very weak. In Fig. 4a, 
the BPA itself shows scarcely any decomposition without photocatalyst. 
After adding photocatalysts, the BPA removal efficiencies over BH and 
BI are 7.5% and 67.4%, respectively, while the ultrathin BHI-0.75 rea
ches up to 100% removal within 30 min VL irradiation, suggesting that 
the hybrid structure makes a remarkable contribution to enhance the 
photocatalytic activity of samples. Meanwhile, it is worth noting that the 

degradation rate of BHI-0.75 is significantly greater than that of BHI-P 
(only 21.3%), even though the ratio of I to COOH are the same in 
these two hybrid composites. Considering the similar chemical compo
sition and different thickness between BHI-0.75 and BHI-P, it can be 
concluded that the 2D ultrathin structure is another beneficial factor for 
the boosted oxidation activity of BHI-0.75. In addition, the change of 
total organic carbon (TOC) in several reaction systems was explored. As 
presented in Fig. S4, the TOC removal efficiency within 30 min of BHI- 
0.75/VL system (17.9%) is much higher than that of BH/VL (0.9%), BI/ 
VL (7.6%) and BHI-P/VL (2.1%) systems, further manifesting the 
excellent photocatalytic performance of BHI-0.75. Moreover, compared 
to other Bi-based materials (Table S2) and several common semi
conductor materials (Table S3) previously reported, the 2D ultrathin 
BHI-x composite nanosheets exhibited a relatively rapid BPA degrada
tion or high degradation efficiency under visible light irradiation. 

Moreover, the BPA degradation in all systems follows well the 
pseudo first-order model. The kinetic rate (k) of BHI-0.75 is 0.2148 
min− 1, which increases by 5.9, 27.2 and 97.6 folds with respect to that of 
BI (k = 0.0366 min− 1), BHI-P (k = 0.0079 min− 1) and BH (k = 0.0022 
min− 1), respectively (Fig. 4b). Fig. 4c and Fig. S3b display the photo
catalytic activity over BHI-x composite nanosheets (x = 1, 0.85, 0.75, 
0.65, 0.50, 0.25 and 0). Clearly, it can be seen that as the COOH content 
in BHI-x increases, the k value raises initially and then reduces, among 
which the maximum k is achieved at x = 0.75. Besides, the recyclability 
of ultrathin BHI-0.75 nanosheets during BPA degradation was also 
investigated. In Fig. 4d, recycle experiments on BHI-0.75 show that 
99.0% BPA degradation efficiency can be still achieved after repeated 
use of four cycles and the k value decreases slightly from 0.2148 min− 1 

(1st cycle) to 0.1489 min− 1 (4th cycle). The Bi3+ leakage is measured to 
be 35.3 μg/L after degradation, which satisfies the water quality safety 
standard (GB5749-2006). And there is no obvious change between the 
XRD patterns of fresh and 4th repeated BHI-0.75 (Fig. S5), manifesting 
that the reusability and stability of BHI-0.75 are fairly superior. In 

Fig. 5. (a) The ESR spectra of DMPO-⋅OH, (b) TEMP-1O2 and (c) DMPO-O2
•- in the BHI-0.75/VL system at different time, (d) radical screening experiments in BHI- 

0.75/VL system and (e) the corresponding kinetic constant (k) values. 
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addition, as shown in Fig. S6, sulfamethazine (SMT), bisphenol F (BPF) 
and 4-hydroxybenzoic acid (4-HBA) are able to be eliminated in the BHI- 
0.75/VL system with the removal efficiency of 99%, 99% and 74%, 
respectively, suggesting the universal oxidizing ability of this system. 

3.3. Photocatalytic oxidation mechanism 

3.3.1. Identification of reactive species 
In situ ESR measurements were conducted to shed light on the 

reactive species involved in the reaction system. Based on Fig. 5a-c, 
there were no definable ESR signals found without light. In contrast, the 
signals of DMPO-⋅OH, DMPO-O2

•- and TEMP-1O2 adducts were discov
ered under VL irradiation, and the signal intensity of all reactive oxygen 
species (ROS) strengthened with time prolonged, revealing that ⋅OH, 
O2

•- and 1O2 are all generated in the BHI-0.75/VL system. Furthermore, 
to elucidate the contribution of different ROS to BPA degradation, the 
quenching experiments were performed, where the tert-butyl alcohol 
(TBA), ascorbic acid (AA), Furfuryl alcohol (FFA) and sodium oxalate 
(SO) were selected as the scavengers of ⋅OH [40], O2

•- [41], 1O2 [42] and 
h+ [41]. Fig. 5d-e disclose that when TBA and FFA are added into the 
oxidation system, the kinetic constants (k) decline from 0.2148 to 
0.1670 and 0.0306 min− 1, respectively. Nonetheless, when the AA and 
SO are introduced to the system, the BPA elimination are significantly 

inhibited, in which the k values decrease to 0.0011 and 0.0101 min− 1, 
respectively. All above results indicate that the O2

•- and h+ play a crucial 
role in the BHI-0.75/VL system for BPA degradation, and the contribu
tion of 1O2 and ⋅OH is secondary, which follow the order of O2

•-＞ 
h+＞1O2＞⋅OH. 

3.3.2. Relationship between photoelectric property and photocatalytic 
activity 

Given the superior photocatalytic activity of ultrathin BHI-0.75 
nanosheet, a series of characterizations were conducted to reveal its 
origin. Firstly, the optical properties and band parameters of as-prepared 
samples were investigated by UV–vis DRS and VB-XPS measurements. 
According to Fig. 6a, the absorption edges of BHI-0.75 and BHI-P both 
have a significant red-shifting in comparison with BH, but lower than 
that of BI, indicating that the hybridization structure could tune the VL 
absorption ability, which is in accordance with the previous studies 
[43,44]. Noteworthily, the VL absorption of BHI-0.75 enhances 
distinctly when compared with BHI-P, demonstrating that the 2D ul
trathin structure will be conducive to improve the optical absorption 
[45,46]. According to the Tauc plots, the band gap energy of BH, BI, 
BHI-0.75 and BHI-P are ascertained at 3.11, 1.57, 1.78 and 2.33 eV, 
respectively (Fig. 6b). Meanwhile, from the VB-XPS, the valence band 
maximum (EVBM) positions are confirmed at 1.42, 0.32, 0.70 and 1.11 

Fig. 6. (a) UV–Vis DRS, (b) (αhυ)1/2-hυ relation curve, and (c) VB-XPS spectra of different samples. (d) The energy band diagram.  
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eV for BH, BI, BHI-0.75 and BHI-P samples, respectively (Fig. 6c). Based 
on the formular of ECBM = EVBM - Eg, the conduction band minimum 
(ECBM) potentials of BH, BI, BHI-0.75 and BHI-P are − 1.69, − 1.25, 
− 1.08 and − 1.12 eV, respectively. Taken together, the energy band of 
four photocatalysts are diagrammed in Fig. 6d. Obviously, for the ul
trathin BHI-0.75 hybrid composite, the band gap is narrower than that of 
BH and BHI-P, and the VBM position is higher than that of BI, demon
strating that BHI-0.75 possesses an enhanced VL absorption ability and 
elevated oxidation driving force simultaneously. Therefore, the 

fabrication of ultrathin hybrid composite devotes to achieve the balance 
of the VL absorption capability and oxidizing ability of h+ to a certain 
degree, which is very likely to induce the remarkable photocatalytic 
performance of BHI-0.75. 

Secondly, the N2 adsorption-desorption isotherm of BH, BI, BHI-0.75 
and BHI-P samples were measured to verify the contribution of surface 
area (Fig. 7a). The surface area of BH, BI, BHI-0.75 and BHI-P are 
calculated to be 9.731, 75.490, 23.291 and 9.684 m2⋅g− 1, respectively. 
Based on these, normalize the kinetic constant (k) through surface area 
(As) and catalyst concentration (C) and herein define it as: 

Kn =
K

C × As
(1) 

As depicted in Table 1, after excluding the influence of surface area, 
BHI-0.75 exhibits the highest kn (1.8445 × 10− 3 min− 1⋅L⋅m− 2), which is 
40.6, 11.4 and 19.0 folds than that of BH, BHI-P, and BI, respectively. As 
a result, the surface area would seldom attribute to the preeminent 
photocatalytic activity of BHI-0.75. 

Subsequently, the photoelectric performance curves were recorded 
to unveil the separation and migration peculiarity of photogenerated 
carriers. As shown in Fig. 7b, the photoluminescence (PL) intensity of 
BHI-0.75 quenches obviously compared with BH and keeps close to BI, 
demonstrating that the hybrid structure would favor to carrier separa
tion [47,48]. Moreover, the PL intensity of BHI-0.75 takes on a further 
weaken with respect to BHI-P, manifesting that ultrathin structure could 
further accelerate the separation of photoinduced carriers. Likewise, the 
transient photocurrent response (Fig. 7c) and electrochemical imped
ance spectroscopy (EIS, Fig. 7d) of the samples display the similar ten
dency with PL spectra. Combining the equivalent circuit model, the 
charge transfer resistance (Rct) of the photocatalysts are fitted and listed 
in Table S4. The BHI-0.75 sample possesses the smaller resistance by 
more than an order of magnitude than other control samples, suggesting 
its high carrier mobility. In addition, the time-resolved photo
luminescence (TRPL) were detected to explore the charge carrier life
time. It can be clearly seen from Fig. 7e that the BHI-0.75 nanosheets 

Fig. 7. (a) N2 adsorption–desorption isotherms, (b) PL spectra, (c) transient photocurrent responses, (d) EIS spectra and (e) time-resolved PL spectra of the 
photocatalysts. 

Table 1 
Normalization of the kinetic rates of the catalysts.  

Samples k (×10− 3 min− 1) As (m2⋅g− 1) kn (×10− 3 min− 1⋅L⋅m− 2) 

BH  0.0022  9.684  0.0454 
BI  0.0366  75.490  0.0970 
BHI-0.75  0.2148  23.291  1.8445 
BHI-P  0.0079  9.731  0.1624  

Fig. 8. Photo-oxidation mechanism schematic in BHI-0.75/VL system.  
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exhibit the longest lifetime with 2.9654 ns, which is much longer than 
that of BH (1.9509 ns), BI (2.8471 ns) and BHI-P (1.5466 ns), respec
tively. The above outcomes indicate that the synergistic effect of hybrid 
composite and ultrathin structure is able to promote the separation rate 
of photoinduced charge carrier, which should greatly prolong the car
riers lifetime and benefit the photocatalytic reaction [49]. 

Therefore, combining the above analyses of ROS and photoelectric 
property, the photocatalytic oxidation mechanism of BHI-0.75/VL sys
tem can be summarized as follows. On one hand, the hybrid composite 
can regulate the electronic structure, which efficiently narrows the band 
gap to adsorb more VL radiation, endows a strong oxidizing h+ via 
relative high VB position, and restrains the photoinduced charge 
recombination. On the other hand, the ultrathin structure can expand 
the VL adsorption capacity, together with enhancing the separation of 
charges by the rapid migration to the catalytic interface. Thus, the 
photocatalytic activity of BHI-0.75 is improved with the synergistic ef
fect of the two aspects. As displayed in Fig. 8, when the light hits the 
surface of BHI-0.75, the photoinduced electrons (e-) are motivated and 

transferred to the CB, while the photoinduced holes (h+) are retained in 
VB. Since the VBM position of BHI-0.75 is below E(⋅OH/OH–) (1.99 V vs. 
SHE), the h+ is incapable of oxidizing the adsorbent H2O molecules to 
produce ⋅OH. Instead, the h+ of VB possesses a relevant strong oxidizing 
ability to eliminate organic matters directly. Owing to the CBM position 
of BHI-0.75 locates much negative than E(O2/O2

•-) (-0.33 V vs. SHE), the 
dissolved oxygen can react with e- to generate vast O2

•-, and then 1O2 
and ⋅OH are also produced via the conversion of part of O2

•-. Thereby, 
the multiple ROS, including O2

•-, h+, 1O2 and ⋅OH, are generated 
continuously in the BHI-0.75/VL system, which can decompose BPA into 
CO2 and H2O effectively. 

To further reveal the BPA transformation process in BHI-0.75/VL 
system, eleven oxidation intermediates were identified from LC-MS/ 
MS spectra (Fig. S7-S17 and Table S5), and the relevant degradation 
pathways of BPA have been proposed in Fig. 9. There are four degra
dation pathways existing in the BHI-0.75/VL system, including (i) hy
droxylation and demethylation, (ii) C-C cleavage, (iii) β–scission 
reaction, and (iv) polymerization. Detailedly, the ROSs usually attack 

Fig. 9. The degradation pathways of BPA in the BHI-0.75/VL system.  
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the ortho position in the aromatic ring of BPA, which should be trans
formed to P1 via hydroxylation and further dehydrogenation reaction 
[50]. Along with the hydroxylation reaction continues, P1 is further 
oxidized to P2 and P3 by C-C cleavage. Meanwhile, in another deme
thylation pathway, the BPA may be dehydrogenized directly to generate 
P4, which is subsequently transferred to P5 [51]. BPA also can be 
eliminated via C-C cleavage and β–scission reaction to produce P6 and 
P7, respectively [52]. Thereafter, these BPA intermediates can be further 
oxidized to P8, P9, P10 and P11 via opening the aromatic rings, and at 
last all of products are mineralized into carbon dioxide and water by 
massive ROS. 

4. Conclusion 

Here, a 2D ultrathin BiO(HCOO)xI1-x composite photocatalytic sys
tem was put forward as a novel and valid strategy to eliminate BPA. As 
an optimal ratio of BiO(HCOO)0.75I0.25, BPA could be entirely removed 
within 30 min irradiation, and the rate constant increased by 5.9, 97.6 
and 27.2 folds when compared with BiOI, BiOCOOH and BiO 
(HCOO)0.75I0.25-P nanoplates, respectively. Based on multiplied optical 
and photoelectric experiments, the synergistic effect between ultrathin 
morphology and hybrid structure was verified, which endowed BiO 
(HCOO)xI1-x nanosheet a high VBM position, a broad VL adsorption 
range, and an efficient photogenerated charges separation rate, leading 
to its remarkable photocatalytic performance. Radical screening exper
iment uncovered that the O2

•- and h+ played a crucial role, while 1O2 
and ⋅OH made the secondary contribution in BiO(HCOO)xI1-x/VL sys
tem. Additionally, the possibly BPA transformation routes were pro
posed. We believe that such ultrathin hybrid strategy will provide a 
broad prospect for promoting photocatalysis, and it is hopeful to show 
its capabilities in other fields, such as supercapacitor and 
electrocatalysis. 
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