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A B S T R A C T

A photocatalyst of Ag2S/AgI-Bi2S3/BiOI was synthesized with Z-scheme heterojunctions simply by the S2−-I−

anion exchange route showing broad visible light response and enhanced photogenerated carriers properties.
The yielded Ag2S/AgI-Bi2S3/BiOI could feature the reactive active sites of Bi2S3/BiOI and Ag2S/AgI hetero-
junctions, serving as the photogenerated electron donors and photogenerated electron acceptors, respectively.
Ag bridges were generated to ensure the construction of Z-scheme strategy, which further improved the mi-
gration direction of charge carriers in nanocomposites. Moreover, the analysis of photoluminescence spectra and
electrochemical impedance spectroscopy could testified the functions of heterojunctions, which dramatically
achieved the enhanced separation and transferring capacity of photogenerated electron-hole pairs in photo-
catalyst, respectively. In addition, Ag2S/AgI-Bi2S3/BiOI with large specific surface area facilitated the efficient
photocatalytic removal of salicylic acid (SA) (up to 89.2%) under visible light. Favorable photocatalytic pro-
duction of hydrogen peroxide (H2O2) were obtained in pure water driven by the visible light. Besides, by the
results of capture experiments, DMPO spin trapping ESR spectra and band structures analysis, the Z-scheme
manner of the nanocomposites could promote the reduction ability of photo-generated electrons so as to produce
numerous ·O2

− during the photocatalytic reactions toward the photocatalytic SA removal and H2O2 production.

1. Introduction

Salicylic acid (SA) has been widely applied as the momentous raw
material in the dyestuff industries and especially the pharmaceutical
industries for the preparation of creams, skin-care ointments, and an-
algesics. As a result, SA can be an environmental pollutant in waste-
water that seriously impairs human health [1,2]. Up to date, many
methods have been proposed for controlling the water pollution, such
as the membrane filtration, activated carbon adsorption, and microbial
decomposition [3,4]. In recent years, the development of photocatalysis
strategies for wastewater treatments has concentrated many efforts
acting as a potentially prospective route to counter the multifarious
environmental predicaments [5,6]. Particularly, the semiconductor
photocatalysts most known as TiO2 and ZnO have dominated the
commercial status for the long-term basis. Yet, their practical applica-
tions have still confronted plenty of limitations like the UV-excited

imperfections [7,8]. Therefore, exploring alternative photocatalytic
materials especially those with more efficient utilization of solar is a
critical task and practically urgent need.

In recent years, there has emerged a novel bismuth oxyiodide (BiOI)
photocatalyst with the anisotropic layered crystal structure of
[Bi2O2]2+ interleaved by slabs comprising iodine atoms, displaying
some fascinating electric and optical characteristics [9,10]. More in-
terestingly, BiOI enjoys a narrow energy band gap of ~1.8 eV, which
exhibits a strong absorption in visible light range, but usually displays a
faster recombination rate of photogenerated electron-hole pairs [11].
Not only that, BiOI with 2D nanosheets structure has an advantage for
carriers transport along the growth orientation of crystals. Whereas,
mean free path of charge carriers would be prolonged from the inside to
the surface of the photocatalysts at the same time. To avoid these de-
fects, the construction of effective heterojunction is preferable by cou-
pling with wider band gap semiconductor to improve the separation
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efficiency and transport path of photogenerated charge carriers
[12,13]. Moreover, silver iodide (AgI) has been commonly utilized as a
preeminent photosensitive material in the photographic film industries
and environmental pollution treatments. In addition, AgI can exert a
strong visible light harvest attributing to its relatively suitable band gap
(~2.8 eV) [14–16]. Hence, it has been further employed widely to
commendably decorate on other photocatalytic materials, in order to
improve both the photocatalytic activity and stability of single material.
Ag2S and Bi2S3, as the semiconductors with narrow band gap (Ag2S
~1.1 eV and Bi2S3 ~1.5 eV), are normally employed as the active sites
and photosensitizers during photocatalytic reactions for solar-aided
wastewater treatments [17,18]. Particularly, abundant types of photo-
catalysts containing halides have been noticed currently, such as AgI/
Bi2Sn2O7, MoS2/BiOI/AgI, Bi@Bi5O7I/rGO, AgBr/Ag/PbBiO2Br
[19–22], which can present excellent photocatalytic activities. How-
ever, the preparations of composite materials usually accompany
complex synthesis methods in most cases. To accommodate the re-
quirements of large-scale production, pursuing more simple synthetic
procedure and higher photocatalyst yield seem to be unique, especially
for room-temperature synthesis.

Inspired by these pioneering works above, a novel photocatalyst of
Ag2S/AgI-Bi2S3/BiOI (denoted as AgIS-BiOIS) with Z-scheme strategy,
thereafter, was synthesized simply by the anion exchange route at room
temperature. Through coating AgI on BiOI nanosheets, the transfer
mode of photogenerated electrons of BiOI could be transformed from
2D to 1D via the construction of Z-scheme heterojunctions.
Furthermore, Ag2S and Bi2S3, both as reactive active sites and photo-
sensitizers, were formed on AgI-BiOI nanosheets via the S2−-I− ex-
change so as to dramatically aggrandize the light absorption edge of
composites. Meantime, AgI could be decomposed to produce Ag0 to
serve as the bridges between Bi2S3/BiOI and Ag2S/AgI for transferring
the photogenerated electrons so as to accelerate the separation and
transfer of charge carriers. Moreover, the photocatalysis performances
of AgIS-BiOIS were demonstrated by the photocatalytic SA removal and
H2O2 production under visible light irradiation. Subsequently, the
proposed Z-scheme mechanism of AgIS-BiOIS for the enhanced photo-
catalytic activity was discussed.

2. Experiment section

2.1. Materials and instruments

Bi(NO3)3·5H2O (99.0%), AgNO3 (99.8%), and L-cysteine (L-cys,
98.5%) were obtained from Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China). C2H5NS (TAA, 98.0%) and Na2S·9H2O (98.0%) were
obtained from Aladdin Bio-Chem Technology Co. Ltd. (Shanghai,
China). KI (99.0%) was purchased from Damao Chemical Reagent Co.
Ltd. (Tianjin, China). Potassium hydrogen phthalate, p-hydro-
xyphenylacetic acid, peroxidase horseradish, salicylic acid and ethanol
of analytical grade were used as received. Deionized water (> 18.2
Megohm/cm), which was obtained from an ultra-pure water system
(Pall, USA), was used for the preparation of all solutions. XL-300 Xenon
Light Source was purchased from Yirida Technology Co. Ltd.
(Shenyang, China). Multiscan Spectrum (Infinite M200 PRO) was pur-
chased from Tecan Trading Co. Ltd. (Shanghai, China). Fluorescence
spectrophotometer (Fluoromax-4) was purchased from Horiba Jobin
Yvon Co. Ltd. (Tianjin, China).

2.2. Synthesis of photocatalytic materials

2.2.1. Synthesis of 2D BiOI
BiOI nanosheets were prepared simply at room temperature.

Typically, 0.9701 g of Bi(NO3)3·5H2O was hydrolyzed in 15mL deio-
nized water to acquire the white precursor suspension by ultrasonic
dispersed for 20min. Then, an aliquot of 15mL aqueous solution con-
tained 0.332 g of KI was slowly dropped to above suspension and stirred
for 1 h. Subsequently, the obtained red precipitation was washed with
ethanol to eliminate the impurities, and dried at 60 °C overnight.

2.2.2. Synthesis of AgI-BiOI
AgI-BiOI was fabricated through growing AgI nanoparticles in situ

onto BiOI nanosheets. Typically, an aliquot of 0.10 g BiOI was dispersed
into 10mL deionized water through ultrasonic treatment. 0.236 g of KI
and 0.241 g of AgNO3 were separately dissolved each in 5mL deionized
water. Afterwards, KI solution was added drop by drop into BiOI sus-
pension to be vigorously stirred for 1 h. Then, AgNO3 solution was in-
troduced into the above mixture to be stirred for another 1 h in dark at
room temperature. Eventually, the resulting earthy yellow AgI-BiOI
products were centrifuged and washed separately with deionized water
and ethanol. After being dried at 80 °C for 12 h, they were stored in

Scheme 1. Schematic illustration of the fabrication procedure of AgIS-BiOIS nanocomposite including the nucleation of BiOI nanosheets, growth of AgI nanoparticles
on BiOI toward AgI-BiOI, and I−-S2− anion exchanging to transform AgI-BiOI toward AgIS-BiOIS. These experiments were carried out at room temperature.
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dark.

2.2.3. Synthesis of Ag2S/AgI-Bi2S3/BiOI
Ag2S/AgI-Bi2S3/BiOI, defined as AgIS-BiOIS, was synthesized via

anion exchange route using TAA and L-cys at room temperature. The
overall fabrication procedure of AgIS-BiOIS nanocomposite is schema-
tically illustrated in Scheme 1. In a typical synthesis route, 0.10 g of
AgI-BiOI above was dispersed in 20mL water under constantly vigorous
stirring, and further ultrasonically dispersed for 30min to yield the
uniform suspension. After that, a mixture of 2.0 mg TAA and 4.0mg L-
cys in 10mL water was added into the above suspension to be stirred
overnight. Subsequently, the resultant AgIS-BiOIS nanocomposites were
centrifuged and washed with ethanol, and dried at 60 °C in the end. In
addition, the preparations of AgI, Ag2S, and Bi2S3 can be seen in sup-
porting information.

2.3. Characterization of photocatalytic materials

X-ray diffraction patterns of photocatalytic materials were obtained
using a diffractometer (XRD, PANalytical/X'pert3) in the range of
2θ=20°− 60° using Cu Kα radiation. The morphologies involved were
examined by using field-emission scanning electron microscopies (SEM,
JEOL/JSM-6700F and Carl Zeiss AG/Sigma 500 VP) with energy-dis-
perse X-ray spectroscopy (EDS). TEM and HRTEM images were ac-
quired with transmission electron microscopy (TEM, JEOL/JEM-
2100PLUS) with electron energy of 15 kV. Moreover, UV–vis diffuse
reflectance spectra of samples were measured using a spectro-
photometer (DRS, Shimadzu/UV-3600) with BaSO4 as a reference ma-
terial. The photoluminescence spectra of samples were characterized
using a fluorescence spectrophotometer (PL, Horiba/Fluoromax-4) with
an excitation wavelength. Electrochemical impedance spectra (EIS)
were obtained using an electrochemical workstation (EIS, CHI760D)
with a standard three-electrode system. The reference and counter
electrodes were saturated calome and platinum plate, respectively. In
addition, 0.10M KCl aqueous solution was used as the electrolyte.

2.4. Photocatalysis tests

2.4.1. Photocatalytic salicylic acid removal experiments
The photocatalytic testing apparatus was applied composing of glass

reactor and light source similar to the previous report [23]. The visible
light source was a 300W Xe-lamp (used 420 nm cut-off filter), with a
distance of 20 cm apart from the reaction solution. The average in-
tensity of irradiation was determined to be 4.3 mW·cm−2. Typically, an
aliquot of 15mg photocatalyst was added into 10mL SA (10mg/L).
Before the illumination, the reaction solutions were stirred for 30min in
darkness at 15 ± 2 °C, so as to reach the adsorption-desorption equi-
librium. Then, at the given time intervals, 400 μL reactant suspension
was centrifuged to remove the photocatalyst particles, followed by the
measurements of absorbance values of SA at λmax= 296 nm by using

the Multiscan Spectrum (Tecan/Infinite M200 PRO). Besides, in the
capture experiments for probing the active reactive species, the radical
scavengers (1.0 mM), including hydroxyl radicals scavenger (iso-
propanol, IPA), holes scavenger (ethylenediaminetetraacetic acid,
EDTA-2Na), and superoxide radicals scavenger (benzoquinone, BQ),
were separately injected into the reaction system to be tested according
to the same procedure.

2.4.2. Photocatalytic hydrogen peroxide production experiments
Typically, an aliquot of 20mg photocatalyst was added into 10mL

water. The reaction solutions were stirred for 1 h in darkness at
15 ± 2 °C before the illumination, so as to achieve the adsorption-
desorption equilibrium among dissolved oxygen, water, and photo-
catalysts. An aliquot of 500 μL reactant suspension was centrifuged to
remove the photocatalyst particles at the given time intervals, and then
300 μL of obtained clear solution was preserved rapidly. Afterwards, a
certain volume of different fluorescent reagents of potassium hydrogen
phthalate (8.2 g/L), p-hydroxyphenylacetic acid (270mg/L), and per-
oxidase horseradish (30mg/L) were successively introduced into the
reaction system. After standing for 2 h, 1.0mL NaOH (1.0M) was added
into 1.0mL of solution above to be further mixed for 10min. The
concentrations of hydrogen peroxide were measured by using the
POHPAA analysis method [24,25], in which the fluorescent measure-
ments were conducted with the excitation wavelength of 315 nm using
the fluorescence spectrophotometer (Horiba/Fluoromax-4).

3. Results and discussion

3.1. Lattice strains analysis and phase structure of photocatalytic materials

The photocatalyst of Ag2S/AgI-Bi2S3/BiOI, defined as AgIS-BiOIS,
was prepared by substituting S2− for I− species to form Ag2S and Bi2S3
nanoparticles on AgI-BiOI. Herein, the lattice strains analysis was in-
itially performed for AgIS-BiOIS according to Williamson and Hall
equation [26,27]:

= +B cosθ λ η sinθ λ D/ /

where B is the full width at half-maximum of the X-ray diffraction peak,
θ represents the Bragg diffraction angle, λ represents the X-ray wave-
length, η represents lattice strain, D is the Intercept. A curve that plots B
cosθ/λ on the y axis and sinθ/λ on the x axis is drawn, and the slope of
the curve represents the strain of the sample. As is well-known, the
discrepancy of the lattice constant accounts for the stress emerging
from the interface of composites, distorting the crystal lattice structure
eventually. The results of lattice stress analysis were shown in Fig. 1.
Accordingly, BiOI nanosheets could primarily extend along two di-
mensional orientations, showing a positive stress for tensile force
(+0.46%). On the contrary, the expression of negative strain for
compressive force implies that the growth of AgI could compress the
lattice facets of BiOI (−0.90%), hence, the force orientations could not
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Fig. 1. Williamson-Hall plots of different as-prepared samples.
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be driven along that of BiOI growth principally. Notably, the lattice
strain of the developed AgIS-BiOIS (−0.79%) is basically similar to that
of AgI-BiOI, indicating that Ag2S and Bi2S3 was deposited on the surface
of AgI-BiOI with high dispersion instead of agglomeration. In addition,
phase structure analysis was carried out for AgIS-BiOIS, with the X-ray
diffraction patterns shown and discussed in Fig. S1, confirming the
successful formation of the photocatalyst.

3.2. Surface element compositions of photocatalytic materials

The chemical states of contributed elements on the surface of AgIS-
BiOIS were determined by X-ray photoelectron spectroscopy (XPS) with

the results shown in Fig. 2. The signal of lattice oxygen is covered by
adsorbed oxygen. Two individual peaks situated at 159.4 and 164.1 eV
are associated to Bi4f7/2 and Bi4f5/2, revealing that the chemical state of
Bi is trivalent. The signals at 160.7 and 161.9 eV are the characteristic
peaks of S2− (Fig. 2a) [18]. The binding energies of 368.1 and 374.1 eV
assigned to Ag4f7/2 and Ag4f5/2 can be proved that Ag is in the state of
Ag+ (Fig. 2b). The binding energies of 619.5 and 631.1 eV observed
from Fig. 2c belong to the I2− in nanocomposite [19]. Therefore, the
aforementioned data further verify the successful preparation of AgIS-
BiOIS photocatalyst.
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3.3. Optical properties of photocatalytic materials

It is widely recognized that light harvesting ability is one of the key
factors for the evaluation of the performances of photocatalysts. For this
purpose, the investigation with diffuse reflectance spectra was per-
formed for the as-prepared AgIS-BiOIS in comparison with AgI, BiOI,
and AgI-BiOI (Fig. 3a). The band gaps of the samples were estimated
according to the following formula, with the relevant values shown in
Table S1 [28,29]:

=λg Eg1239/

where λg is the observed optical absorption edge, Eg represents the
band gap. As seen, all of the as-prepared materials can show favorable
visible light responses, as is typical of light absorption caused by band
transitions from the valence bands to the conduction bands. To be
specific, these absorption edges of BiOI (648 nm) and AgI (441 nm) can
correspond to the band gaps of 1.9 and 2.8 eV, respectively, suggesting
that BiOI can exhibit a broader optical harvest than that of AgI. Not
only that, the developed AgIS-BiOIS can obtain a dramatically broa-
dened range of visible light absorption over 800 nm. The main reason is
thought to involve the generation of Ag2S and Bi2S3 materials in the
nanocomposite, which possess smaller band gaps than those of AgI or
BiOI as revealed in Fig. S2, so as to widen the optical absorption edge of

AgIS-BiOIS.

3.4. Surface morphologies and microstructures of photocatalytic materials

The morphologies of different photocatalystic samples above were
characterized using scanning electron microscopy (SEM), with the re-
sults shown in Fig. 3b–d. One can note that BiOI can be composed of
massive nanosheets with smooth surface and thin thickness (Fig. 3b).
Importantly, this type of 2D structure can not only be in favor of the
light penetration and absorption, but also provide a larger specific
surface area for exposing more active sites, thus enhancing the contact
of photocatalysts with organic pollutants. Moreover, compared to the
common bulk AgI materials (Fig. S3), AgI nanoparticles could grow
with smaller sizes on the surface of BiOI nanosheets due to the steric
hindrance effect between nanosheets (Fig. 3c). Fig. 3d reveals that there
is no obvious structure variation after the formation of AgIS-BiOIS by
the anion exchanging route, but showing the rougher surfaces. Ad-
ditionally, the elements analysis was conducted for AgIS-BiOIS using
energy dispersive spectroscopy (EDS), with the results shown in Fig. 3e.
One can see that Bi, O, S, I, and Ag elements could be uniformly dis-
tributed throughout the nanocomposite, in good agreement with the
results of X-ray diffraction patterns (Fig. S1) and lattice strains analysis
above (Fig. 1).
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Transmission electron microscopy (TEM) was further utilized to
evaluate the morphological transformation of AgIS-BiOIS during the
anion exchanges process (Fig. 4). As expected, BiOI could present the
2D nanosheet structure with smooth surface (Fig. 4a–b). After adding
TAA and L-cys, however, AgI-BiOI nanosheets could be turned into
heterogeneous Ag2S/AgI and Bi2S3/BiOI nanoparticles with less sizes
(Fig. 4c–d), which would improve the specific surface area of AgIS-
BiOIS. Moreover, Fig. 4e–f testify the presences of Bi2S3/BiOI and Ag2S/
AgI heterojunctions in the AgIS-BiOIS. Herein, the lattices, which were
measured from the selected areas, illustrate the spacings of 0.28 nm,
0.35 nm, 0.23 nm and 0.21 nm, corresponding to the (110) lattice facet
of tetragonal BiOI, the (130) lattice plane of orthorhombic Bi2S3, the

(110) lattice facet of hexagonal AgI, and the (200) lattice facet of
monoclinic Ag2S, respectively [30–33]. Besides, Ag nanoparticles could
additionally grow on the heterogeneous Ag2S/AgI through the electron
beam bombardment or light irradiation, showing an average size of
about 5.0 nm in diameter.

3.5. Photocatalytic salicylic acid removal of photocatalytic materials

To assess the photocatalytic performances of the nanosheet photo-
catalyst of AgIS-BiOIS, the photocatalytic SA removal tests were carried
out under visible light, taking AgI, BiOI, and AgI-BiOI for the compar-
ison, with the results shown in Fig. 5a–c. As can be seen from Fig. 5a,
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different photocatalytic products can have various abilities in the
photocatalytic SA removals. As expected, the developed AgIS-BiOIS can
present the highest photocatalytic activity, allowing for 89.2% removal
of SA within six-hour irradiation of visible light. Further, the photo-
catalytic reaction kinetics of SA removal was comparably investigated
with the data illustrated in Fig. 5b, where the photo-removal rates were

calculated according to the kinetic equation [34,35]:

− = +C C kt bln ( / )t 0

where Ct and C0 are the concentrations of SA in solution at time t and 0,
respectively, k is the rate constant, and b is the intercept. The parameter
-ln (Ct/C0) is proportional to reaction time t basically, indicating that
the SA removal should follow the pseudo-first-order reaction kinetics.
Accordingly, the photo-removal rates obtained for BiOI, AgI, AgI-BiOI,
and are 0.029, 0.078, 0.178, and 0.353 h−1, respectively. Moreover, the
optical stability of AgIS-BiOIS was evaluated by repeatedly performing
the photocatalytic SA removal experiments (Fig. 5c). One can find that
the developed photocatalyst could maintain a pretty high efficiency of
SA removal, i.e., 74.0% after being reused for four cycles. Also, the XRD
patterns of AgIS-BiOIS before and after photocatalytic SA removal were
displayed in Fig. 5d. It was found that the nanocomposites could exhibit
no significant change in the phase structures, showing a favorable
photostability.

In addition, the capture experiments were carried out to ascertain
the primary active substances of AgIS-BiOIS in photocatalytic SA re-
moval reactions (Fig. 6a) [36,37]. Accordingly, the SA removal reac-
tions could be dramatically restrained by BQ therein, manifesting that
the ·O2

− act as the dominant active substances of AgIS-BiOIS for the
photocatalytic SA removal. Furthermore, electron spin resonance (ESR)
characterization was conducted to testify the existence of ·O2

− in the
photocatalysis reactions. As illustrated in Fig. 6b, no signals could be
detected in the darkness until the AgIS-BiOIS was exposed to visible

Fig. 7. Possible photocatalytic reaction mechanism of AgIS-BiOIS nanocomposite.
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light. It was found that the characteristic peaks of DMPO-·O2
− could be

perceived in methanol, and their intensities increased significantly with
the irradiation time went on, indicating that ·O2

− was continually
generated during the photocatalytic degradation.

3.6. Possible photocatalytic mechanism of photocatalytic materials

To explored the possible photocatalytic mechanism, the energy
band location of AgIS-BiOIS was calculated according to the following
formulas (Table S1) [38,39]:

= − −E X E Eg0.5CB 0 (1)

= +E E EgVB CB (2)

where X is the absolute electronegativity of the semiconductor, E0 re-
presents to the energy of the free electron on the hydrogen scale
(4.5 eV). ECB refers the conduction band (CB), EVB is the valence band
(VB), and Eg signifies the band gap of the semiconductor. On the basis
of the data of capture experiments and energy band structure analysis
above, the possible photocatalysis mechanism of AgIS-BiOIS was
thereby proposed, as schematically illustrated Fig. 7. Herein, since the
CB of BiOI presents a more negative potential than the Fermi energy
level of Ag, the photogenerated electrons of BiOI transfers to Ag bridges
through the schottky barrier [40,41]. Then, so photogenerated elec-
trons of Ag bridges further transfers to the VB of AgI due to the VB of
AgI was more positive than that of the Fermi energy level of Ag, leading
to a Z-scheme transfer pathway. Importantly, the Bi2S3 obtained from
BiOI through S2−-I− exchange route can serve as photogenerated
electron donors. Also, the Ag2S gained from AgI can act as photo-
generated electron acceptors. Subsequently, SA was degraded by the
powerful free radicals produced by the redox reaction of photo-
generated carriers on Bi2S3 and Ag2S of AgIS-BiOIS.

Retrospectively, such a type of transfer pathway of AgIS-BiOIS could
also be testified from the trapping experiments of reactive species and
DMPO spin trapping ESR spectra above (Fig. 6a–b). It was discovered
that the conduction band potential of BiOI was more positive than that
of E0(O2/O2

−) [16], thus the photogenerated electrons on BiOI cannot
restore O2 to ·O2

−. On the contrary, the photogenerated electrons on
Ag2S with the strong reduction power can transform O2 into ·O2

−,
owing to the their more negative potential. Therefore, ·O2

− serve as
main active substances suggesting the successful formation of Z-scheme
strategy in AgIS-BiOIS. Notably, compared to the traditional hetero-
junctions, the so constructed Z-scheme heterojunctions of photocatalyst
can feature the elevating the reduction potential of photogenerated
electrons rather than the declining ones.

3.7. Hydrogen peroxide production of photocatalytic materials

Besides, it is well known that H2O2 is a potent oxidant, which can
directly oxidize various refractory organic pollutants. Generally, H2O2

can be generated through the two-step single-electron transfer routes
(O2→ ·O2

−→H2O2) [42]. In the current work, AgIS-BiOIS could feature
a Z-scheme system for generating a great deal of ·O2

−. Accordingly,
AgIS-BiOIS was further applied for the H2O2 production under visible
light (Fig. 8). As seen, single BiOI can hardly exhibit H2O2 generation
owing to its more positive potential of CB (+0.76 eV), so that the ex-
cited photogenerated electrons from CB could not restore O2 to ·O2

−. In
contrast, AgIS-BiOIS with Z-scheme heterojunctions could display the
highest H2O2 production rate than that of other photocatalysts in pure
water. These results imply that the improved reducing capacity of
photogenerated electrons could play a key role in the effective photo-
catalytic H2O2 generation.

3.8. Modified photogenerated carriers of photocatalytic materials

In order to get further insights into the influence of the

heterostructures on the photogenerated charge carriers in AgIS-BiOIS,
photoluminescence (PL) spectra analysis [43] and electrochemical im-
pedance spectroscopy (EIS) measurements [44] were carried out by
comparing with BiOI and AgI-BiOI photocatalysts (Fig. 9). As seen,
AgIS-BiOIS can display the highly separation efficiency and interfacial
charge transfer of photo-induced carriers, respectively. Specifically, a
more rapid transfer capacity of the photogenerated electrons can ben-
efit for shortening the diffusion path for the electrons transferring onto
the surface of semiconductor. Accordingly, AgIS-BiOIS could sig-
nificantly improve the transfer speed and the separation efficiency of
photogenerated electron-hole pairs, showing the dramatically enhanced
photo-reduction capacity of photogenerated electrons to facilitate the
highly efficient photocatalytic SA removal and H2O2 production under
the visible light.

4. Conclusion

To summarize, a nanosheet photocatalyst of Ag2S/AgI-Bi2S3/BiOI
(AgIS-BiOIS) was synthesized initially with Z-scheme heterojunctions
simply through the S2−-I− anion exchange route at room temperature.
It was discovered that the introduction of Ag2S and Bi2S3 could dra-
matically aggrandize the light absorption edge of AgIS-BiOIS nanopho-
tocatalyst over the visible light area. The so constructed Ag2S/AgI and
Bi2S3/BiOI heterojunctions in the photocatalyst could serve as the
photogenerated electron acceptors and photogenerated electron donors
during the photocatalysis procedure, respectively. Moreover, Ag
bridges could be built in AgIS-BiOIS to achieve the Z-scheme strategy, so
that the transfer pathway of photogenerated electrons could be sig-
nificantly converted from the traditional “downstairs” into the novel
“upstairs”, thus enhancing the photo-reduction ability of the photo-
generated electrons. In addition, the·O2

− photocatalytically yielded
could act as the primary active substances in the photocatalytic reaction
system. The developed AgIS-BiOIS nanocatalyst could not only allow for
the photocatalytic SA removal of 89.2% within six-hour visible light
irradiation, but also display a favorable photocatalytic H2O2 production
rate in pure water. Therefore, the proposed photocatalysis system with
Z-Scheme strategy should promise a favorable propulsion toward the
practical applications for the efficient photocatalystic removal of var-
ious kinds of refractory organic pollutants such as organic phosphorus
pesticides, surfactant agents, and toxic macromolecular organics. It is
forecasted that the developed photocatalysis system should be func-
tionalized as the two-channel photocatalytic system for the SA removal
if simultaneously combined with H2O2 photocatalytically produced.
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