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Abstract
A novel binary BiSI/Ag2CO3 photocatalyst with excellent visible light-driven photocatalytic performance
was prepared. The products were characterized by X-ray powder diffraction (XRD), scanning electron
microscopy (SEM), ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis DRS) and electrochemical
impedance spectroscopy (EIS). The photocatalytic activity of the samples were evaluated by
photocatalytic degradation of rhodamine B(RhB) under the irradiation of visible light. The results showed
that the BiSI improves the photocatalytic activity of BiSI/Ag2CO3. Moreover, when the mass ratio of BiSI
in BiSI/Ag2CO3 composites was 40%, the as-prepared BiSI/Ag2CO3 composite exhibited the best
photocatalytic activity for degrading RhB. Finally, the possible mechanism for photodegradation over the
BiSI/Ag2CO3 composites is also proposed.

Introduction
In recent years, semiconductor photocatalysis technology has attracted great attention in the field of
environmental protection due to its obvious advantages of low economic cost, no secondary pollution to
degrade the organic pollutants. Although traditional photocatalysts such as TiO2 has some advantages
of good stability, nontoxicity, high activity and low cost, it still has some drawbacks, which limit its
practical application ability[1-8]. Therefore, in order to degrade pollutants more effectively, it is more
important to apply a new type of visible light-driven photocatalyst with high activity and stability.
At present, Ag-based photocatalytic materials, including AgCl[9], Ag2O[10], AgVO3[11], Ag3PO4[12], Ag2CO3[1314],

Ag2CrO4[15] etc., exhibit excellent photocatalytic performance for organic pollutant degradation.

Among them, the band gap energy of Ag2CO3 is only 2.1～2.4 eV, which is a typical narrow band gap
semiconductor with high photocatalytic degradation ability. However, all Ag-based photocatalysts,
including Ag2CO3, have strong photocorrosion and are prone to severe inactivation during the catalysis
process[16-18]. What’s more, the exhibition of electron-hole pairs recombination in high rate can directly
lower the photocatalytic activity[19-23]. Therefore, the photocatalytic performance of a single Ag2CO3
semiconductor photocatalyst is limited in practical applications. Previous reports indicate that Ag2CO3
can effectively recombine with other semiconductors, forming a heterojunction structure through
appropriate conduction band(CB) and valence band(VB) positions, promoting the separation of photogenerated electron-hole pairs, and improving the catalytic performance of semiconductor materials[24-25].
Hence, it is possible that the composite photocatalyst synthesized by BiSI and Ag2CO3 might have better
photocatalytic activity than pure BiSI or Ag2CO3. However, there are no work focusing on the preparation
and photocatalytic performance of BiSI /Ag2CO3 composite materials.
Herein, a simple method was used to synthesize BiSI /Ag2CO3 composites. The photocatalytic properties
of the as-prepared products were studied via the degradation of Rhodamine B(RhB) under visible light
illumination. The BiSI /Ag2CO3 composites showed superior photocatalytic performance to BiSI or
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Ag2CO3. The BiSI amounts in the BiSI/Ag2CO3 composites have a significant influence on the
corresponding photocatalytic properties, the photocatalytic mechanism was investigated.

Materials And Methods
2.1Materials
All the chemicals used for the synthesis are of analytical grade and are used without further processing.
Bi(NO)3·5H2O, CH3CSNH2, NaI, CH3COOH, AgNO3, and Na2CO3 was purchased from Kelon (Chengdu).

2.2 Preparation of catalyst
2.2.1 Preparation of BiSI
At room temperature, add 0.728 g Bi(NO)3·5H2O to 30 mL CH3COOH, and stir until completely dissolved.
Then, 0.113 g CH3CSNH2 was added and stirred until the mixed solution became milky white for 15
minutes. 0.374 g NaI was added after 15 minutes, and after stirring for 3 hours, the mixed solution was
heated at 180°C for 10 hours, and finally centrifuged and dried at 60°C for several hours.
2.2.2 Preparation of BiSI/Ag2CO3
Add 0.1987 g BiSI to 30 mL of deionized water at room temperature, ultrasonic for half an hour to make it
uniformly dispersed, then add 0.616 g AgNO3 and stir for 1.5 h. After stirring for 1.5 h, 0.191 g of Na2CO3
dissolved in 30 mL of deionized water was added dropwise. And stirred for 4 h. After centrifuging the
obtained precipitate, it was washed several times with deionized water and ethanol, and dried at 60°C for
a period of time. The whole reaction was carried out under dark conditions.
2.3 Characterization
The crystal plane of the catalyst sample was detected by X-ray powder diffraction (XRD), the surface
morphology of the catalyst was observed by scanning electron microscope (SEM), and the chemical
composition of the catalyst was passed X-ray photoelectron microscopy (XPS). The catalyst ultraviolet
visible diffuse reflectance spectroscopy (UV-vis DRS) was used to obtain the absorption spectra of
different samples and subsequent band gap calculation by using Kubelka−Munk function. The
separation and transfer efficiency of photo-generated carriers of each catalyst was tested
by electrochemical impedance spectroscopy (EIS).
2.4 Photocatalytic experiment
Using an incandescent lamp as a light source, the degradation effect of the photocatalyst was tested by
degrading 20 mg/L of rhodamine. 50 mg of the catalyst was dispersed into 50mL of aqueous solution
containing RhB and stirred in the dark for 30 minutes to make the catalyst and the mixed solution reach
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an adsorption-desorption equilibrium. After the light is irradiated, the concentration of RhB in the solution
is measured by a spectrophotometer. The degradation efficiency of RhB can be calculated by the
following formula:

where C0 is the initial concentration. and Ct is the concentration at time t.

2.5. Photo-electrochemical measurements
Photo-electrochemistry uses a standard three-electrode model to measure on an electrochemical
workstation, using calomel electrode as the reference electrode, platinum wire as the counter electrode,
and conductive glass coated with photocatalyst as the working electrode. The three-electrode system
works in 0.5 mol/L Na2SO4 solution. The preparation of the working electrode is as follows: Take 10 mg
of photocatalyst and place it in a beaker, add 2 mL of ethanol and then add 100 uL of naphthol, place the
beaker under ultrasound for 30 minutes, take the ultrasound mixture and coat it on a conductive glass
with an area of 1 cm x 4 cm. Dry in an oven at 100°C for 6 hours.

Results And Discussion
3.1 Characterization
3.1.1 XRD
The crystal structures of BiSI, Ag2CO3, and BiSI/Ag2CO3 composites were analyzed based on the XRD
patterns. Seen from Figure 1, the three primary diffraction summits of BiSI are situated at 20.8°, 29.6°,
and 32.7° in agreement with JCPDS No.43-0652, which matches with (120), (121), and (310) lattice
planes of orthorhombic BiSI. The pure Ag2CO3 have many diffraction peaks, and obvious characteristic
diffraction peaks appear at 18.5°, 20.5°, 32.6°, 33.6° ,37.1° and 39.6°, corresponding to (020), (110),
(−101), (−130), (200) and, (031) planes of Ag2CO3, respectively, indexed to the Ag2CO3 (JCPDS No.260339). The diffraction peak was sharp and has no impurity peak, indicating that the prepared Ag2CO3 has
good crystallinity and high purity. As seen from the BiSI/Ag2CO3, the diffraction peak of the synthesized
BiSI/Ag2CO3 composite photocatalyst can correspond to the diffraction peak of pure BiSI and the
diffraction peak of pure Ag2CO3, which indicates that BiSI and Ag2CO3 have been successfully
coupled.
3.1.2 SEM
The microstructure of the prepared material was examined by SEM, and the result is shown in Figure 2.
As shown in Fig. 3a, BiSI presents an irregular sheet structure. Figure 2b shows Ag2CO3 monomer, its
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structure presents an irregular short rod structure and relatively smooth surface. Moreover, it can be
observed from Fig. 2c that BiSI and Ag2CO3 are tightly combined and this structure facilitates the
migration and separation of photo-generated electron-hole pairs.
3.1.3 Electronic structure analysis of samples
UV− vis DRS was used to determine the optical absorption of BiSI, Ag2CO3 and BiSI/Ag2CO3 samples at
different wavelengths (200−800 nm). It can be seen from Fig. 4a that BiSI, Ag2CO3 and BiSI/Ag2CO3
samples all have absorption bands in the visible light region. Compared with pure Ag2CO3 samples, the
light absorption of BiSI/Ag2CO3 in the visible light region is significantly enhanced, and the absorption
edge exhibits an obvious red-shift to longer wavelength. It means that the addition of BiSI expands the
visible light response of Ag2CO3.
Furthermore, Fig. 4a and 4b demonstrates the band gapvalues of BiSI and Ag2CO3, which is calculated
according to the formula[29]:
αhv=A(hv-Eg)n/2
where α, h, v, A and Eg represent the absorption coefficient, Planck constant, light frequency,
proportionality and band gap energy, respectively. The value of n is determined by the optical transition
form of the photocatalytic semiconductor (n = 1 for the direct transition semiconductor; n = 4 for the
indirect transition semiconductor). Because BiSI is a direct transition semiconductor and Ag2CO3 is an
indirect transition semiconductor, their n values are 1 and 4, respectively. In Fig. 4a and 4b, the Eg values
of pure BiSI and Ag2CO3 are 1.38eV and 2.56eV, respectively.
The ability of the photocatalyst to shuttle and transport the charge carrier to the target reaction site has a
direct impact on its photocatalytic activity, and this electrochemical behavior can be measured by EIS [30].
Generally, the smaller the arc radius in the spectrum, the smaller the resistance during charge transfer,
which means that the efficiency of photo-generated carrier separation is higher. In Fig.5 shows the EIS
Nyquist plots of Ag2CO3 and BiSI/Ag2CO3. Among all the samples, BiSI/Ag2CO3 shows the smallest
diameter, suggesting the lowest resistance for interfacial charge transfer from electrode to electrolyte
molecules. This shows that the addition of BiSI can reduce the interfacial resistance of Ag2CO3 and
promote the rapid separation and migration of photo-generated charges.
3.1.4 XPS
We carried out the XPS experiment to verify the elements contented in the photocatalyst and the chemical
states of them. Figure 3a−g shows the outcomes of BiSI/Ag2CO3. The full survey spectrum (Fig. 3a)
shows that the composite is composed of Ag, C, O, Bi, S and I elements without other impurity elements.
Fig. 3b shows the high-resolution XPS spectrum for the Ag 3d region. The peaks located at 367.85 and
373.86 eV are assigned to Ag 3d5/2 and Ag 3d3/2, respectively, which indicating the existence of Ag+ in the
sample[26]. Fig. 3c shows that the high-resolution XPS spectrum of the C 1s region shows binding energy
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peak at 284.44 eV corresponded to the C elements of Ag2CO3 [27]. In Fig. 3d, the low binding energy
component located at 530.39 eV was attributed to the lattice oxygen ions of Ag2CO3. Fig. 3e shows that
the peaks of Bi 3d are observed at 163.81 and 158.50 eV, ascribed to Bi3+ of BiSI[28]. The XPS spectrum in
Fig. 3f shows peaks located at 630.74 and 619.25 eV, which correspond to I− 3d3/2 and I− 3d5/2. As shown
in Fig. 3g, the binding energies of S 2p3/2 and S 2p1/2 peaks in BiSI are located at 158.53 and 163.80 eV,
suggesting that S element exists as S 2−. XPS verified that the BiSI/Ag2CO3 composite has been
successfully prepared.
3.2 Photocatalytic performance
The photocatalytic activity of BiSI/Ag2CO3 was evaluated by degradation of RhB under visible light. For
comparison, the photocatalytic properties of BiSI and Ag2CO3 photocatalysts were also presented under
identical experimental conditions. As shown in Fig. 6a, where Ct is the concentration of RhB at times t,
and C0 is the initial concentration of RhB. During the adsorption/desorption equilibrium period of 30 min
in dark, the degradation of RhB was slower for Ag2CO3 and BiSI/Ag2CO3, and BiSI shows the best
adsorption capacity for RhB. During the light period, BiSI has almost no degradation effect on RhB, and
Ag2CO3 has poor degradation effect on RhB.. After the introduction of BiSI, the photocatalytic
performance has been significantly improved. The content of BiSI will affect the photocatalytic activity of
the composite photocatalyst, so we compared BiSI/ Ag2CO3 composite photocatalysts with different
mass percentages to degrade RhB. Clearly, the best content of BiSI is 40%. After 45 min of irradiation, the
degradation rate of RhB reaches 99.6%. However, with further increase in BiSI content, a small decrease in
photocatalytic activity appears.
The photocatalytic degradation process can be expressed as the pseudo-first order model by the equation
-ln(Ct/C0) = kt. Where k is the pseudo-first order rate constant. The photocatalytic performance of the
sample can also be evaluated by the reaction rate constant k value. The greater the k value, the better the
photocatalytic performance of the product. The kinetic plots of different samples are shown in Fig. 6b.
The results show that the rate constant of BiSI and Ag2CO3 are 0.01484 and 0.00242 min-1, respectively.
Significantly, the reaction rate constant of 40% BiSI/ Ag2CO3 is 0.09797 min-1, which is nine times that of
20% BiSI/Ag2CO3 and seven times that of 40% BiSI/Ag2CO3. Therefore, proper loading is beneficial to
improve the photocatalytic effectiveness of BiSI/Ag2CO3 composites.
Fig .5. (a) Photocatalytic degradation efficiencies of RhB under visible light irradiation; (b) the pseudo-first
order rate constants of RhB photodegradation over different photocatalysts.
3.3 Mechanism of photocatalytic enhancement
In order to better propose the catalytic mechanism of the BiSI/Ag2CO3 composite photocatalyst, the
semiconductor type and flat band potentials of BiSI and Ag2CO were studied by using an electrochemical
workstation, as shown in the Mott-Schottky (M-S) curve in Figure 6. It can be seen from Fig. 6a and 6b
that the slope of the M-S curve of BiSI and Ag2CO3 is a positive value, so BiSI and Ag2CO3 are n-type
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semiconductors. And from the intercept results, it can be obtained that the flat band potential of BiSI is
-0.27eV (vs. saturated calomel electrode (SCE)) and the flat band potential of Ag2CO3 is 0.28eV (vs. SCE).
From the standard hydrogen electrode (NHE) = SCE + 0.24 eV, the flat band potentials of BiSI and Ag2CO3
are equal to -0.03 eV (vs. NHE) and 0.52eV (vs. NHE), respectively. Generally, the conduction band
potential of an n-type semiconductors is 0.1 eV lower than the flat band potential[31]. Therefore, the CB
value of BiSI and Ag2CO3 can be estimated to be -0.13 eV and 0.42 eV (vs. NHE), respectively. According
to the formula EVB = ECB + Eg, The VB and CB of BiSI and Ag2CO3 were calculated to be 1.25 eV and 2.98
eV, respectively.
Based on the above experimental results and theoretical analysis, we propose a mechanism diagram of
the BiSI/Ag2CO3 composite photocatalyst system promoting the degradation of RhB, as shown in Figure
8. The valence band and conduction band of BiSI are higher than those of Ag2CO3. The conduction band
of BiSI is between the conduction band and valence band of Ag2CO3 and is closer to the valence band of
Ag2CO3. Therefore, the BiSI/Ag2CO3 composite photocatalyst can constitute a Z-type photocatalyst
system. Under the irradiation of visible light, both BiSI and Ag2CO3 were excited to generate electrons (e-)
and holes (h+). Due to the interaction between the interfaces, an internal electric field is formed. Under the
action of the electric field, the e- in the conduction band of Ag2CO3 will interact with the h+ in the valence
band of BiSI, thereby being reorganized and consumed. Therefore, the main participants in the
photocatalytic reaction are e- in the conduction band of BiSI and h+ in the valence band of Ag2CO3. Since
the conduction band potential of BiSI (-0.13 eV) is more negative than the potential of O2/ (-0.33 eV), it
could not reduce O2 to [31]; and the valence band potential of Ag2CO3 (2.98 eV) is more negative than the
potential of OH-/·OH (2.3 eV), it could reduce OH- to ·OH. Therefore, for the BiSI/Ag2CO3 composite
system, the main active species that degrade RhB are h+ (accounting for the majority) and ·OH
(accounting for a small part).

Conclusion
In this work, a series of BiSI/Ag2CO3 composite photocatalysts with different mass fractions were
successfully prepared. The series of characterization results show that the addition of BiSI expands the
responsive wavelength and enhancing the absorption intensity, reduces the migration resistance of
photo-generated carriers, promotes the separation and utilization of photo-generated carriers, and thus
improves the photocatalytic activity of Ag2CO3. The photocatalytic activity of the samples was evaluated
by photocatalytic degradation of RhB under the irradiation of visible light. The results showed that when
the mass fraction of BiSI is 40%, the BiSI/Ag2CO3 composites have the highest photocatalytic
degradation rate, and the degradation rate of RhB can reach 99.6% in 45 minutes. Additionally, the VB
and CB values of BiSI and Ag2CO3 are inferred from the M-S curve, and a reasonable photocatalytic
mechanism was proposed. Photocatalytic mechanism investigations demonstrated that the photogenerated h+ and ·OH played a key role in the photocatalytic process of the BiSI/Ag2CO3 composite
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photocatalysts under the irradiation of visible light. This work is expected to be applied to the treatment
of organic pollutants in wastewater in the future and provide new ideas.
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Figure 1
XRD pattern of BiSI, Ag2CO3 and BiSI/Ag2CO3.

Figure 2
SEM image of (a) BiSI, (b) Ag2CO3, (c) BiSI/Ag2CO3.
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Figure 3
(a) UV–vis diffuse reflflectance spectra of BiSI, Ag2CO3 and BiSI/Ag2CO3; The band gap energies of BiSI
(b) and Ag2CO3(c)
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Figure 4
XPS spectrum of the BiSI/Ag2CO3: (a) survey spectrum; (b) Ag 3d; (c) C 1s; (d) O 1s; (e) Bi 4f; (f) I 3d and
(g) S 2p.
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Figure 5
EIS Nyquist plot of the sample

Figure 6
(a) Photocatalytic degradation efficiencies of RhB under visible light irradiation; (b) the pseudo-first order
rate constants of RhB photodegradation over different photocatalysts.
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Figure 7
Mott−Schottky curves of (a) BiSI and (b) Ag2CO3

Figure 8
Proposed degradation mechanism of RhB over the BiSI/Ag2CO3 composite.
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