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a b s t r a c t
Visible-light-driven Z-scheme Ag/AgI/Bi2MoO6 photocatalysts were successfully prepared via 
precipitation–sonochemical deposition method. Structure, morphology, composition and optical 
properties of as-prepared Z-scheme Ag/AgI/Bi2MoO6 nanocomposites were characterized by X-ray 
diffraction, X-ray photoelectron spectroscopy, transmission electron microscopy, UV-Visible diffuse 
reflectance spectroscopy and photoluminescence analysis. Comparing among the Bi2MoO6, AgI/
Bi2MoO6 and Ag/AgI/Bi2MoO6 samples, the Z-scheme Ag/AgI/Bi2MoO6 photocatalyst exhibited 
the enhanced photocatalytic performance for the degradation of Rhodamine B (RhB) under visi-
ble radiation due to the formation of heterostructure of Ag/AgI and Bi2MoO6. The trapping experi-
ment certified that h+ and •O2

– are the major active species in the photodegradation of RhB. The Ag/
AgI/Bi2MoO6 nanocomposites have very high photostability and can be used for the photocatalytic  
application.
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1. Introduction

In recent years, wastewater containing dyes of textile 
and printing industries are one of the important pollut-
ants which have carcinogenic effect to human health even 
at low concentration [1–4]. Wastewater treatment using 
photocatalysts to remove dye contaminants in wastewa-
ter with the assistance of solar energy has attracted a great 
interest as an environmentally friendly technology because 

it is eco-friendly, low cost, easy operation, good stability 
and high efficiency [1,5–8]. The visible radiation containing 
about 43% of solar energy is able to induce photocatalysis 
which is the focus of this research [8–10].

Bi2MoO6 as an n-type semiconductor with narrow 
band gap (2.5–2.8 eV) is a typical Aurivillius-phase per-
ovskite with unique layered structure of [Bi2O2]2+ inserted 
in [MoO4]2− slabs. It is a promising candidate for photocata-
lytic process and is enable to capture visible light due to its 
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intrinsic chemical inertness, non-toxic and excellent spectral 
characteristics [2,6,11,12]. Nevertheless, the rapid combina-
tion of exciton and poor quantum yield can lead to limit 
the photocatalytic performance of Bi2MoO6 [1,2,11,13,14]. 
Different approaches such as non-metal and metal doping 
[15–20] and coupling with other semiconductors (hetero-
junction) [1,2,6–8,11,13,14] were used to obtain the above 
issue. The most effective method in improving the pho-
tocatalytic performance of Bi2MoO6 is to form composites 
with Ag/AgX (X = Cl, Br and I) [5,21–24]. The noble metallic 
Ag can play the role in strong absorption in visible light 
region owing to the surface plasmon resonance (SPR) effect 
and improving electron transport [5,21,25,26]. When Ag 
nanoparticles incorporated with Bi2MoO6 semiconductor, 
they can perform functional ability of promoting interfa-
cial charge–transfer due to their high Schottky barrier at 
the nanoparticle-semiconductor interface [11,21,26,27]. 
Meanwhile, AgX (X = Br Cl and I) photosensitive materi-
als were demonstrated to be a class of efficient visible light 
responsive photocatalyst which can improve the separation 
efficiency of photo-generated charge carriers and enhance 
photocatalytic activity of the supporting photocatalyst 
[5,21,28]. Among them, AgI with the smallest band gap 
shows the most excellent application prospect in photoca-
talysis [21,29]. The Ag/AgI/Bi2MoO6 nanocomposites can 
play the role in enhancing the photocatalytic performance 
under visible light irradiation due to the incorporated 
SPR effect of metallic silver on the photosensitive AgI host 
and highly effective interfacial charge transfer between 
Ag/AgI and Bi2MoO6 [22,25,26,30].

In this work, Z-scheme Ag/AgI/Bi2MoO6 photocatalyst 
as visible-light-driven photocatalyst was successfully pre-
pared by precipitation–sonochemical deposition method. The 
structure, morphology, composition and optical properties 
of as-prepared Z-scheme Ag/AgI/Bi2MoO6 nanocomposites 
were characterized by X-ray diffraction (XRD), transmission 
electron microscopy (TEM), X-ray photoelectron spectroscopy 
(XPS), diffuse reflectance UV-Visible spectroscopy (DRS), pho-
toluminescence (PL) spectroscopy and Brunauer–Emmett–
Teller (BET) surface area analysis. The photocatalytic activity 
of Z-scheme Ag/AgI/Bi2MoO6 photocatalyst was investi-
gated through Rhodamine B (RhB) degradation under vis-
ible light irradiation. In addition, the photocatalytic stability 
and main active radical were further investigated for possible 
link between the photocatalytic material and RhB model dye.

2. Experiment

In this research, each of Bi(NO3)3·5H2O and Na2MoO4 
was weighed and dissolved in 50 mL reverse osmosis (RO) 
water under continued stirring. Then, the two solutions 
were mixed together under continued stirring and the mixed 
solution was adjusted to pH 6 by 3 M NaOH. The mixed 
solution was transferred into a Teflon-lined autoclave and 
heated at the constant temperature of 180°C for 20 h in an 
electric oven. In the end, the precipitates were filtered, 
washed and dried for further preparing of AgI/Bi2MoO6 and 
Ag/AgI/Bi2MoO6 nanocomposites.

Heterostructure 5% AgI/Bi2MoO6 nanocomposites were 
prepared by precipitation deposition method. 5% AgNO3 
and NaI by weight were dissolved in 25 mL RO water with 

continued stirring. Then, 2.5 g Bi2MoO6 nanoplates were 
put in 50 mL RO water with continued stirring. The AgNO3 
and NaI solution was dropped to the Bi2MoO6 suspension 
with continued stirring. Then, the heterostructure 5% AgI/
Bi2MoO6 precipitates were filtered, washed and dried for 
further preparing the Ag/AgI/Bi2MoO6 nanocomposites.

Heterostructure 5% Ag/AgI/Bi2MoO6 nanocompos-
ites were prepared by sonochemical-assisted deposition 
method. 5% AgNO3 by weight was dissolved in 50 mL 
ethylene glycol with continued stirring. Then, 2.5 g of the 
as-prepared heterostructure 5% AgI/Bi2MoO6 nanocompos-
ites was put in 50 mL ethylene glycol with continued stir-
ring for 30 min. The AgI/Bi2MoO6 solution was dispersed 
in ultrasonic bath into which the AgNO3 solution was 
dropped. The system was irradiated by ultrasonic wave for 
20 min. In the end, the 5% Ag/AgI/Bi2MoO6 precipitates were 
filtered, washed and dried for further characterization.

Phase and purity of the samples were analyzed by 
Philips X’Pert MPD X-ray diffractometer (XRD) (U.S.A) with 
Cu Kα radiation as an X-ray source in the 10°–60° range at 
a scanning rate of 0.02°/s. Fourier-transform infrared (FTIR) 
spectra of samples were analyzed on a Bruker Tensor 27 
Fourier-transform infrared spectrometer (Canada) using 
KBr as a diluting agent. The morphology of the as-pre-
pared samples was observed through transmission electron 
microscopy (JEOL JEM-2010 TEM, U.S.A.) at an operating 
voltage of 200 kV. The elemental composition and oxida-
tion state of samples were investigated by an X-ray photo-
electron spectrophotometer (XPS, Axis Ultra DLD, Kratos 
Analytical Ltd., U.S.A.) using monochromated Al Kα radia-
tion at 1,486.6 eV and C 1s at 285.1 eV as the standard. The 
optical and photoluminescence properties of samples were 
analyzed by a UV-Visible diffuse reflectance spectroscopy 
(Shimadzu UV-2600 Spectrophotometer, U.S.A.) over 200–
800 nm wavelength at room temperature and a PerkinElmer 
LS-50B photoluminescence spectrometer (Canada) at 
200–700 nm using an excitation wavelength of 328 nm. BET 
analysis for specific surface area of samples was operated 
on a Micromeritics TriStar II 3020 analyzer (U.S.A.).

The photocatalytic activities of as-synthesized photo-
catalysts were monitored through RhB degradation under 
visible light irradiation. The 200 mg photocatalyst was sus-
pended in 200 mL 10–5 M RhB solution and stirred in the dark 
for 30 min. Under visible light irradiation, 5 mL RhB solution 
was sampled from the photocatalytic reactor every 20 min 
and separated the photocatalyst by centrifugation. The solu-
tion was analyzed by a PerkinElmer Lambda 25 UV-Visible 
spectroscopic analyzer (Canada) at 554 nm wavelength. 
The decolorization efficiency was calculated by the equation.

Photocatalytic efficiency %� � � �
�

A A
A
o t

o

100  (1)

where Ao is the concentration of RhB in the dark and At is 
the concentration of RhB after light irradiation. The reus-
ability of the Ag/AgI/Bi2MoO6 nanocomposites was inves-
tigated by the degradation of RhB at the same condition 
for five cycles. TiO2 P25 from PlasmaChem GmbH (Berlin, 
Germany) with the particle size of 21 ± 5 nm was used as a 
reference. The mineralization of RhB over Ag/AgI/Bi2MoO6 
analyzed by total organic carbon (TOC) was investigated by 
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a total organic carbon Analytik Jena Multi N/C 3100 analyzer 
(U.S.A.). In the end, the degraded RhB solution over Ag/
AgI/Bi2MoO6 was studied by direct mass spectrometry (MS) 
Trace GC Ultra/ISQ Thermo Scientific Spectrometer (U.S.A.) 
using a positive electrospray ionization (ESI+) mode.

3. Results and discussion

Fig. 1 presents the XRD patterns of the as-prepared 
Bi2MoO6, AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 samples. XRD 
pattern of pure Bi2MoO6 sample shows the sharp diffraction 
peaks located at 10.92°, 23.57°, 28.32°, 32.63°, 33.18°, 36.12°, 
47.14°, 55.52°, 56.32° and 58.49° which can be assigned to 
the (020), (111), (131), (002), (060), (151), (202), (133), (191) 
and (262) crystal planes of orthorhombic Bi2MoO6 struc-
ture (JCPDS no. 21-0102 [31]), respectively. They should 
be noted that the diffraction intensity of the (0b0) facet of 
pure Bi2MoO6 sample is higher than that of the standard. 
The (0b0) facet of Bi2MoO6 is highly exposed. There was the 
report that an internal static electric field distributed along 
the b axis of the [Bi2O2]2+ and [MoO4]2− layers of Bi2MoO6. 
More efficient separation of photogenerated electron–hole 
pairs was obtained and photocatalytic performance was 
enhanced [32–35]. Impurity diffraction peaks were not 
detected, indicating that the single phase of orthorhombic 
Bi2MoO6 structure was obtained by hydrothermal method. 
The XRD pattern of AgI/Bi2MoO6 sample shows the diffrac-
tion peaks similar to those of the pure Bi2MoO6 sample. The 
results suggest that the major phase of AgI/Bi2MoO6 sample 
is orthorhombic Bi2MoO6 structure. Additional diffraction 
peaks at 23.72° and 39.21° can be indexed to the (111) and 
(220) crystal planes of face center cubic (FCC) AgI structure 
(JCPDS no. 09-0399 [31]). The AgI/Bi2MoO6 nanocomposites 
were successfully prepared by the precipitation–deposition 
method. An additional characteristic weak diffraction peak 
located at 38.21° was detected in Ag/AgI/Bi2MoO6 nano-
composites which can be indexed to the (111) plane of FCC 
metallic Ag structure (JCPDS no. 04-0783 [31]). No other 

diffraction peaks were detected in the XRD pattern of Ag/
AgI/Bi2MoO6 nanocomposites. They were suggested that no 
impurities formed during the synthesis of Ag/AgI/Bi2MoO6 
nanocomposites by the precipitation–sonochemical depo-
sition method. The introduction of Ag/AgI did not play 
the role in changing the phase of Bi2MoO6. Ag/AgI phases 
were probably adsorbed on the Bi2MoO6 sample instead 
of covalent incorporating in the crystal lattice of Bi2MoO6. 
The approximate crystallite sizes of Ag and AgI on Ag/
AgI/Bi2MoO6 nanocomposites calculated by the Scherrer 
equation were 9.32 and 10.65 nm, respectively.

Fig. 2 shows FTIR spectra of as-prepared Bi2MoO6, AgI/
Bi2MoO6 and Ag/AgI/Bi2MoO6 samples. The as-prepared 
Bi2MoO6 sample shows the FTIR bands at 950–400 cm–1 
which are related to the Bi–O stretching, Mo–O stretching 
and Mo–O–Mo bridging stretching modes [2,8,11,13,17]. 
The shoulder bands at 843 and 798 cm–1 are assigned to the 
asymmetric and symmetric Mo–O stretching modes of MoO6 
involving vibration of oxygen atoms [2,8,11,13,17]. The dom-
inant band at 736 cm–1 can be attributed to the asymmetric 
stretching mode involving vibration of the equatorial oxy-
gen atoms [2,8,11,13,17]. The small FTIR bands at 602 and 
575 cm–1 were detected in the as-prepared Bi2MoO6 sample 
and were assigned to the bending vibration of MoO6 octa-
hedrons [2,8,11,13,17]. Furthermore, the small FTIR band at 
447 cm–1 corresponds to the Bi–O stretching vibration of BiO6 
octahedron [1,2,11,13,17]. The FTIR spectra of AgI/Bi2MoO6 
and Ag/AgI/Bi2MoO6 nanocomposites are similar to that of 
the pure Bi2MoO6 sample, indicating that the loaded AgI 
and Ag/AgI were supported on the Bi2MoO6 sample. The 
broad band at 3,200–3,400 cm–1 was detected in all samples 
and corresponds to O–H stretching vibration of absorbed 
water on the top [2,13,17].

Fig. 3 shows the TEM and high-resolution transmission 
electron microscopy images, and Selected Area Electron 
Diffraction (SAED) pattern of Bi2MoO6, AgI/Bi2MoO6 and 
Ag/AgI/Bi2MoO6 nanocomposites. TEM image of Bi2MoO6 
was composed of a large number of uniform Bi2MoO6 nano-
plates with smooth surface. The average diameter of Bi2MoO6 
nanoplates was 200–400 nm. SAED pattern of individual 

Fig. 1. X-ray diffraction patterns of the as-synthesized Bi2MoO6, 
AgI/B2MoO6 and Ag/AgI/Bi2MoO6 samples.

Fig. 2. Fourier-transform infrared spectra of the as-synthesized 
Bi2MoO6, AgI/B2MoO6 and Ag/AgI/Bi2MoO6 samples.
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Bi2MoO6 nanoplate shows well-defined bright spots of elec-
tron diffraction of good single crystalline Bi2MoO6 phase. 
The SAED pattern of individual Bi2MoO6 nanoplate was 
indexed to the (060), (062) and (002) planes of orthorhombic 
Bi2MoO6 phase with zone axis of (100). The (100) surface is 
preferential orientation of orthorhombic Bi2MoO6 structure 
[17,19,36,37]. Meanwhile, the obtained AgI/Bi2MoO6 and 
Ag/AgI/Bi2MoO6 nanocomposites presented the numerous 
nanoparticles with the size of 15–20 nm decorated on the sur-
face of Bi2MoO6 nanoplates, proving the formation of AgI/
Bi2MoO6 and Ag/AgI/Bi2MoO6 heterojunctions, including the 
AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 interfaces. The formation 
of ternary Ag/AgI/Bi2MoO6 heterojunction played the role in 
enhancing the separation of photo-induced charge carriers 

and the photocatalytic performance. The (220) lattice plane 
with 0.232 nm apart of FCC AgI structure and (111) lattice 
plane with 0.236 nm apart of FCC Ag structure of Ag/AgI/
Bi2MoO6 nanocomposites show that Ag/AgI nanoparticles 
were successfully loaded on top of Bi2MoO6 nanoplates.

The surface area of the catalyst is the key role for pho-
tocatalytic performance in enhancing the photocatalytic 
activity because of the abundant active sites for adsorbed 
pollutant molecules on top. The surface area of the as-pre-
pared photocatalyst was studied through the BET analysis 
[1,6,12,16]. Fig. 4 shows the nitrogen adsorption–desorp-
tion isotherms of Bi2MoO6 and Ag/AgI/Bi2MoO6 nanocom-
posites. The BET analysis of Bi2MoO6 and Ag/AgI/Bi2MoO6 
nanocomposites corresponds to the type-IV isotherm with 

Fig. 3. Transmission electron microscopy images, SAED pattern and high-resolution transmission electron microscopy images 
of the as-synthesized (a,b) Bi2MoO6, (c,d) AgI/Bi2MoO6 and (e,f) Ag/AgI/Bi2MoO6 samples.
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H3 adsorption hysteresis according to the International 
Union of Pure and Applied Chemistry classification which 
indicates the presence of mesoporous material [12,38,39]. 
Moreover, the specific surface area of Ag/AgI/Bi2MoO6 is 
8.82 m2/g which is 1.25 times of the pure Bi2MoO6 sample 
(7.05 m2/g). These Ag/AgI/Bi2MoO6 nanocomposites have 
the benefit for photocatalytic application better than the 
Bi2MoO6 sample [6,12,16,38,39].

XPS was used to study composition and oxidation state of 
elements of the as-prepared Ag/AgI/Bi2MoO6 sample. Fig. 5a 
shows the XPS survey spectrum of the as-prepared Ag/AgI/
Bi2MoO6 sample which is mainly composed of Ag, I, Bi, Mo, 

O and C. The C element could be attributed to the adven-
titious hydrocarbon from the XPS instrument itself. Fig. 5b 
shows the high-resolution asymmetric binding energy peaks 
of Ag 3d. The spectrum was further de-convoluted into four 
symmetric binding energy peaks at 368.19, 369.21, 374.17 
and 374.95 eV. The binding energy peaks at 368.19 eV for Ag 
3d5/2 and 374.17 eV for Ag 3d3/2 were assigned to Ag+ species 
of AgI. Those located at 369.21 eV for Ag 3d5/2 and 374.95 eV 
for Ag 3d3/2 were assigned to metallic Ag0. These show the 
existence of metallic Ag0 and AgI containing in the nano-
composites [2,3,5,8,21,24,26,40]. The high-resolution binding 
energy peaks centered at 619.36 and 630.93 eV (Fig. 5c) cor-
respond to I 3d5/2 and I 3d3/2 core level, indicating that I– spe-
cies belong to AgI [5,20,21,26,40]. The two symmetric bind-
ing energy peaks centered at 159.22 and 164.54 eV (Fig. 5d) 
were belonging to Bi 4f7/2 and Bi 4f5/2 core levels, suggesting 
that the oxidation state of Bi in Bi2MoO6 was 3+ [1,2,7,8,17]. 
The Mo 3d5/2 and Mo 3d3/2 core levels of Mo6+ (Fig. 5e) 
were detected at binding energies of 232.51 and 235.65 eV 
[1,2,7,8,17]. In addition, the asymmetric binding energies 
of O 1s core level as shown in Fig. 5f can be further de-con-
voluted into 529.44, 530.81, 531.87 and 532.95 eV which are 
related to the Bi–O and Mo–O bonds in Bi2MoO6 lattice and 
chemisorbed oxygen such as OH– and H2O on the surface 
of nanocomposites [1,2,7,8,17]. The XPS analysis demon-
strates that Ag/AgI/Bi2MoO6 nanocomposites were success-
fully prepared by precipitation–sonochemical deposition  
method.

The optical properties of the as-prepared samples were 
investigated by UV-Visible diffuse reflectance spectra (DRS) 
as the results shown in Fig. 6. The DRS spectrum of pure 
Bi2MoO6 nanoplates shows the lowest absorption in the 
UV-Visible region with absorption edge of 480 nm due to 

Fig. 5. (a) Survey X-ray photoelectron spectrum and high-resolution X-ray photoelectron spectra of (b) Ag 3d, (c) I 3d, (d) Bi 4f, 
(e) Mo 3d and (f) O 1s core levels of Ag/AgI/Bi2MoO6 sample.

Fig. 4. Nitrogen adsorption–desorption isotherms of Bi2MoO6 
and Ag/AgI/Bi2MoO6 samples.
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the intrinsic band gap transition [6,8,12]. For the nanocom-
posites, they show the absorption in visible region due to 
the smaller band gap of AgI and SPR effect of Ag nanopar-
ticles. The results can play the role in benefiting the gen-
eration of electron–hole pairs for photocatalytic activity 
[5,8,21,22,26,40]. The absorption edges of AgI/Bi2MoO6 and 
Ag/AgI/Bi2MoO6 nanocomposites were red-shifted to 483 
and 495 nm, indicating the improvement of their visible 
light absorption capacity [5,8,21,22,26,40]. The relationship 
between the band gap (Eg) and the band edge absorption 
of a semiconductor material is Eg = 1,240/λg, where λg is the 
absorption edge [41–43]. The calculated Eg values of Bi2MoO6, 
AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 nanocomposites were 
2.58, 2.57 and 2.51 eV, respectively. The Eg of Bi2MoO6 was 
decreased when AgI nanoparticles and Ag/AgI nanoparti-
cles were loaded on top. Thus, the visible light absorption 
capacity of AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 nanocom-
posites were improved, and the photogenerated electrons 
and holes during photocatalytic reaction were increased  
[5,8,21,22,26].

Photocatalytic activities of as-prepared samples were 
monitored by the degradation the RhB under visible light 
irradiation. Fig. 7 shows the temporal evolution of the 
UV-Visible absorption spectra during the degradation of 
RhB photocatalyzed by Bi2MoO6, AgI/Bi2MoO6 and Ag/
AgI/Bi2MoO6 nanocomposites under visible radiation. The 
UV-Visible absorption of RhB over Ag/AgI/Bi2MoO6 nano-
composites shows the highest decreasing rate with increas-
ing in the irradiation time. Thus, the Ag/AgI/Bi2MoO6 
nanocomposites have the best photocatalytic performance. 
Clearly, the absorption wavelength at 554 nm was gradual 
hypochromic shift to 498 nm due to the N-deethylation of 
RhB to rhodamine during photocatalytic process [7,11,17,44].

To investigate the influence of Ag/AgI on photocata-
lytic activity, Ag/AgI/Bi2MoO6 nanocomposites were used 
to degrade RhB solution under visible light irradiation. 
Fig. 8a shows the photocatalytic efficiencies of Bi2MoO6, AgI/
Bi2MoO6 and Ag/AgI/Bi2MoO6 samples under visible light 
irradiation w.r.t. TiO2 P25 and the blank test. The photocat-
alytic activity of TiO2 P25 is the lowest because of its wide 
band gap energy of ~3.2 eV [2,3,6]. The photodegradation of 

RhB over Ag/AgI/Bi2MoO6 nanocomposites was the highest. 
The introduction of Ag/AgI has the great influence on the 
photocatalytic activity. The photodegradation efficiencies 
were 8.94%, 92.81% and 98.67% for Bi2MoO6, AgI/Bi2MoO6 
and Ag/AgI/Bi2MoO6 nanocomposites illuminated by visible 
radiation within 60 min, respectively. Moreover, the miner-
alization of RhB degradation was studied by TOC measure-
ment. The mineralization percentages of RhB degradation 
by Bi2MoO6, AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 nanocom-
posites were 13.36%, 58.32% and 69.78%, respectively. The 
Ag/AgI/Bi2MoO6 nanocomposites have the highest photo-
catalytic performance caused by the synergistic effect of the 

 

 

 

Fig. 7. UV-Visible absorption of Rhodamine B solutions pho-
tocatalyzed by (a) Bi2MoO6, (b) AgI/Bi2MoO6 and (c) Ag/AgI/
Bi2MoO6 samples illuminated by visible radiation.

Fig. 6. UV-Visible diffuse reflectance spectra of Bi2MoO6, AgI/
Bi2MoO6 and Ag/AgI/Bi2MoO6 samples.
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formation Z-scheme of Ag/AgI and Bi2MoO6 heterojunctions 
due to the increase of active surface area and the strong 
visible light harvesting of the loaded Ag/AgI nanoparti-
cles [5,7,8,21,22,26,30,40]. Photocatalytic reaction for the 
degradation of RhB follows the below pseudo-first-order 
kinetic model.

ln
C
C

kto

t

�

�
��

�

�
�� �  (2)

where Co and Ct are the initial concentration and concen-
tration at each specific reaction time (t) and k is the kinetic 
reaction rate constant [7,8,17,18]. Fig. 8b shows the linear 
kinetic plots for Bi2MoO6, AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 
nanocomposites illuminated by visible radiation w.r.t. TiO2 
P25 as a reference. The RhB degradation over photocata-
lysts follows pseudo-first-order kinetic model [7,8,12,17,18]. 
The kinetic rate constants were 5.64 × 10–4, 2.10 × 10–3, 0.0414 
and 0.0737 for TiO2 P25, Bi2MoO6, AgI/Bi2MoO6 and Ag/
AgI/Bi2MoO6 samples, respectively. The Ag/AgI/Bi2MoO6 
nanocomposites have the highest rate constant for the 
degradation of RhB under visible light irradiation owing 
to the formation of the ternary heterostructure between 
Ag/AgI and Bi2MoO6 [5,7,8,21,22,26,30,40]. To further 

investigate the enhanced photocatalytic property of the Ag/
AgI/Bi2MoO6 heterojunction, PL spectroscopy was used to 
study the migration and separation of photo-induced car-
riers. The intensity of PL is related to the recombination 
of photo-induced carriers [1,2,6,12,21,26]. As displayed in 
Fig. 9, the PL spectrum of Ag/AgI/Bi2MoO6 heterojunction 
has the lowest intensity. The recombination of photo-in-
duced carriers of Bi2MoO6 was suppressed by the loaded 
Ag/AgI. Thus, the photocatalytic performance of Ag/AgI/
Bi2MoO6 heterojunction was the highest [1,3,6,12,21,26,40]. 
To study the degraded product photocatalyzed by Ag/AgI/
Bi2MoO6, the RhB solution before and after photocatalytic 
reaction for a period of 60 min was analyzed by MS spec-
troscopy as the results shown in Fig. 10. Clearly, pure RhB 
molecules over Ag/AgI/Bi2MoO6 at t = 0 show the signal of 
m/z = 443.3, corresponding to the molecular weight of RhB. 
At the end of 60 min reaction, the m/z at 443.3 was no lon-
ger detected because the RhB molecules were degraded by 
N-de-ethylation, chromophore cleavage, ring-opening and 
mineralization pathways. In the end, the generated inter-
mediates were mineralized into CO2 and H2O [45–47].

The recyclability and photostability of the photocata-
lyst are the important parameters for practical application. 
Thus, the recycled Ag/AgI/Bi2MoO6 nanocomposites were 
investigated for five cycled runs at the same condition. 
Fig. 11 shows the photocatalytic reaction of Ag/AgI/Bi2MoO6 
nanocomposites for five recycles. The photodegradation of 
RhB over the Ag/AgI/Bi2MoO6 nanocomposites was only 
slightly reduced at the end of five recycled runs because 
the nanocomposites have very good stability against pho-
to-corrosion under visible light. Thus, the Ag/AgI/Bi2MoO6 
nanocomposites have very high photostability and photo-
catalytic activity for practical application. Moreover, the 
XRD analysis was used to investigate the crystal structure 
and phase of recycled Ag/AgI/Bi2MoO6 nanocomposites 
after five recycled runs as the results shown in Fig. 12. The 
XRD pattern of the used Ag/AgI/Bi2MoO6 nanocomposites 
was not changed during the photocatalytic reaction. There 
were no detection of additional peaks, therefore, the Ag/
AgI/Bi2MoO6 nanocomposites are very stable crystal. In 

 

 

Fig. 8. (a) Decolorization efficiencies and (b) pseudo-first-order 
plots for the degradation of Rhodamine B solutions photocata-
lyzed by Bi2MoO6, AgI/Bi2MoO6 and Ag/AgI/Bi2MoO6 w.r.t. TiO2 
P25 and the blank test.

Fig. 9. Photoluminescence spectra of Bi2MoO6, AgI/Bi2MoO6 and 
Ag/AgI/Bi2MoO6 samples.
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other words, the ternary Ag/AgI/Bi2MoO6 heterojunction is 
a stable photocatalyst which can be utilized for photocata-
lytic activity in practical application.

In order to investigate the photocatalytic mechanism 
of RhB degradation over Ag/AgI/Bi2MoO6 nanocomposites 
under visible radiation, different active scavenger species 
such as triethanolamine (TEOA), benzoquinone (BQ) and 
isopropyl alcohol (IPA) for trapping of hole (h+), superoxide 
(•O2

–) and hydroxyl (•OH) radicals were added in the pho-
tocatalytic reaction, respectively [8,12,17,22,48,49]. Fig. 13 
shows the influence of different active scavenger species on 
the photodegradation of RhB over Ag/AgI/Bi2MoO6 nano-
composites. Clearly, the photocatalytic efficiencies of Ag/
AgI/Bi2MoO6 nanocomposites were drastically decreased 
from 98.67% to 11.35%, 28.95%, and 68.32% when TEOA, 
BQ and IPA were also added, respectively. Thus, h+ and •O2

– 
played the more important role in degrading of RhB photo-
catalyzed by Ag/AgI/Bi2MoO6 nanocomposites illuminated 
by visible radiation [8,22,50,51].

 

 

Fig. 10. Mass spectra of Rhodamine B (a) before and (b) after 
photocatalytic reaction of Ag/AgI/Bi2MoO6 nanocomposites for 
60 min.

Fig. 11. Photocatalytic activities of reused Ag/AgI/Bi2MoO6 
nanocomposites illuminated by visible radiation within five 
cycles.

Fig. 12. X-ray diffraction patterns of Ag/AgI/Bi2MoO6 nano-
composites before and after photocatalytic test for five cycles.

Fig. 13. Degradation of Rhodamine B solutions with and without 
scavengers over Ag/AgI/Bi2MoO6 nanocomposites.
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4. Conclusions

The visible-light-driven Z-scheme Ag/AgI/Bi2MoO6 
photocatalysts were successfully prepared via precipita-
tion–sonochemical deposition method. The analytical results 
certified that metallic Ag and AgI nanoparticles were deco-
rated on the surface of orthorhombic Bi2MoO6 nanoplates. 
The Z-scheme Ag/AgI/Bi2MoO6 nanocomposites exhibited 
the highest degradation of Rhodamine B under visible light 
irradiation owing to the formation of the ternary hetero-
structure of Ag/AgI nanoparticles and Bi2MoO6 nanoplates. 
The trapping experiment showed that h+ and •O2

– played 
the important role in the degradation process of RhB over 
Ag/AgI/Bi2MoO6 nanocomposites under visible radiation. 
The Ag/AgI/Bi2MoO6 nanocomposites exhibited very high 
photostability within five recycled runs and can be used 
for practical application.
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