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A novel gas-sensing material and photocatalyst was successfully obtained by decorating Ag/AgCl
nanoparticles on the W;g049 nanorods through a clean photochemical route. The as-prepared samples
were characterized using combined techniques of X-ray diffractometry, electron microscopy, energy
dispersive X-ray spectrometry, and X-ray photoelectron spectroscopy. Gas-sensing measurements
indicate that the Ag/AgCl/W;5049 NRs sensors exhibit superior reducing gas-sensing properties to those
of bare W;g049 NRs, and they are highly selective and sensitive to NH3, acetone, and H,S with short
response and recovery times. The Ag/AgCl/W;g049 NRs photocatlysts also possess higher photocatalytic
performance than bare W;3049 NRs for degradation of methyl orange under simulated sunlight
irradiation. Possible mechanisms concerning the enhancement of gas-sensing and photocatalytic
activities of the Ag/AgCl/W;3049 NRs composite were proposed.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Semiconductor oxides are important for many environmental
and energy issues because, they cannot only utilize solar energy to
eliminate harmful pollutants present in air and water but also
effectively detect toxic and hazardous gases as well as biological
species [1-4]. The demands for new types of photocatalysts, and gas
and biosensors with enhanced functionalities are the driving forces
for both fundamental and applied researches in the area of semi-
conductor-oxide-related nanotechnology. To date, various semicon-
ductor oxides including ZnO [5], TiO, [6], WOs [7], In,05 8], CuO [9],
Cr,05 [10], and SnO, [11] have been prepared, and their photo-
catalytic and gas and biosensing properties have also been widely
investigated by many research groups around the world.

Among a diverse of semiconductor oxides, tungsten oxides
have attracted much recent interest due to their unique physical,
chemical, and optical properties. Tungsten oxide nanocrystals,
varies in shape, size and structure, are potential gas-sensing
materials for both oxidizing gases such as NO, [12] and reducing
gases such as H,S [13], NH; [14], acetone [15], and ethanol [7,16].
They have also been found to be potential photocatalysts for
decomposing organic compounds [17]. However, the sensitivities
of the reported tungsten oxide-based sensors are not high enough
for practical application and need to be improved. In addition,
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it has been reported that pure tungsten oxides, e.g. WOs3, have a
lower light energy conversion efficiency than TiO, as the reduc-
tion potential of the electrons in WO; is low due to its low
conduction band level [18]. Recent researches reveal that,
coupling of tungsten oxide nanostructures and their related
compounds with other semiconductors or metals could improve
their photocatalytic and sensing properties. For example,
Pt-loaded nanowires [18], Pt-loaded nanoporous-walled WO3
nanotubes [19], Pt-loaded WOs nanoparticles [20], Au-activated
WO3 nanorods [21], Au-doped WO5; powders [22], Ag-loaded
mesoporous WOs [23], and Cr-doped WOz nanoparticles [24]
were proven to exhibit superior gas-sensing or photocatalytic
performances than those of bare WO3 nanomaterials.

Plasmonic photocatalysts, which consist of Ag metal with strong
surface plasmon resonance and semiconductors AgX (X=Cl, Br, I), are
attracting more recent attentions because of their excellent photo-
catalytic activities under visible light irradiation [25-28]. Additionally,
oxide semiconductors or their related compounds decorated with
plasmonic photocatalysts, such as Ag/AgBr/WOs - H,O nanostructures
[29], Ag/AgCl/TiO, nanotube arrays [30], and AgBr/Ag/Bi,WOg nano-
junction [31], were also found to exhibit improved photocatalytic
activities for the destruction of bacteria and for the degradation of
organic dye than bare semiconductors. To date, however, there has
been no report on the decoration of non-stoichiometric tungsten
oxides (usually expressed as WO,, 2 < x < 3) with other semiconduc-
tors, noble metals or the novel plasmonic photocatalysts. Compared
with WOs3, the intrinsic oxygen vacancies in the WO, (2 < x < 3) could
offer more active sites for holding other metals or semiconductors.
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In this paper, further extending from the successful synthesis
of W1g049 nanorods through solvothermal method with WClg as a
precursor and cyclohexonal as a solvent, Ag/AgCl nanoparticle-
loaded W;3049 nanorods (Ag/AgCl/W;3049 NRs) were obtained
using a clean photochemical technique. By introducing the Ag or
Ag™ into the system, we aim to design new material with
functionalized properties using the 1-D nanostructured W;gO49
as a template. The resulting Ag/AgCl/W,3049 NRs were found to
exhibit better gas-sensing and photocatalytic properties than
those of bare W;g049 NRs.

2. Experimental details
2.1. Preparation of Ag/AgCl/W15049 nanorods

The preparation of Ag/AgCl nanoparticles decorated W;gO49
nanorods involves two steps: the first step is the synthesis of
Wi5049 nanorods (W;g049 NRs) using a simple solvothermal
method with tungsten hexachloride (WClg, 99.9%, Aladdin-Reagent)
as a precursor and cyclohexanol as a solvent, and the second is the
loading of Ag/AgCl nanoparticles on the resulting nanorods.

The preparation of W;3049 NRs has been reported in our
previous work in detail [32]. Typically, WClg were firstly dissolved
in 2 ml of ethanol in a beaker to obtain a solution, which was then
transferred into a Teflon-lined high-pressure reaction vessel of
100 mL capacity. Cyclohexanol were then added to the vessel. The
reaction vessel was finally sealed and heated at 200 °C in a Muffle
furnace for 8 h. After natural cooling to room temperature, the as-
synthesized products were washed thoroughly with distilled
water several times, and finally centrifuged with distilled water,
ethanol and acetone, respectively.

Ag/AgCl nanoparticle decorated W;3049 nanorods (Ag/AgCl/
W ;13049 NRs) were prepared by the photochemical route in a
photochemical reactor (XPA-7, Xujiang Electromechanical Plant).
An ethanol solution of silver nitrate (AgNOs, 99.8%, China National
Medicine Corparation Ltd.) was firstly prepared by dissolving
0.02 g of AgNO3 into 60 mL ethanol. 0.10 g of W;3049 nanorods
was then added to the ethanol solution. The ethanol suspension
containing the W13049 nanorods and AgNOs; was subsequently
exposed to mimic daylight provided by a 300 W Xe lamp under
magnetic stirring. During the irradiation processing, small
amount of dilute hydrochloric acid was added dropwise. After
2 h of irradiation, the solution color changed from blue to silver
gray, and the Ag/AgCl/W,3049 NRs were obtained. The Ag/AgCl/
Wi13049 NRs were finally separated from the suspension after
centrifuging at 8000 rpm for 5 min for further examination.

2.2. Characterization

The crystalline structure, morphology, chemical composition
and surface features of the as-synthesized samples were char-
acterized by X-ray diffraction (XRD, D/MAX-2500, Cu radiation),
energy dispersive X-ray spectroscopy (EDS), transmission electron
microscopy (TEM, JEOL 2000FX, operated at 120 kV), high magni-
fication transmission electron microscopy (HRTEM, JEOL JEM
2100, operated at 200 kV), and X-ray photoelectron spectrometry
(XPS, PHI 5300, Mg kR X-ray source, 1253.6 eV).

2.3. Gas-sensing tests

The gas-sensing activities of the Ag/AgCl/W;3049 NRs sensor
towards various flammable vapors including acetone, 93# gasoline
and ethanol, and harmful gases such as ammonia and hydrogen
sulfide were evaluated through a WS-30A system (Weisheng
Electronics Co. Ltd., China). The preparation process of the gas

sensors was as follows. Firstly, powders of Ag/AgCl/W;3049 NRs
were mixed with glycerol to form a paste. The paste was then
coated on a ceramic tube with a pair of Au electrodes covered by Pt
wires, and then dried at 100 °C for 10 min. The Ag/AgCl/W;g049
NRs sensor schematic and the equivalent circuit of the testing
system are shown in Fig. S1. The response time is defined as a
duration in which the voltage rises to 90% of the equilibrium value
since the gas is injected, and conversely, the recovery time is
defined as a duration in which the voltage decreases to 10% of the
equilibrium value since the gas is released. The sensitivities of the
Ag/AgCl/W;5049 NRs sensor to different objects were calculated
from the equation of S=Rgi/Rgs, wWhere Ry and Rges are the
resistances of the Ag/AgCl/W,3049 NRs sensor in air and in
detected gases, respectively. As shown in Fig. S1b, the Ag/AgCl/
Wi5049 NRs sensor encases a load resistor (Ry) with known
resistance, and a source voltage of 5 V (Up) is applied on the circuit.
The output voltage (Uoy:) on Ry can be measured by the system, and
the resistances (Rq- and Rge) of the sensors can be therefore
calculated based on the equation of R = Uy—Uouc /UoutRy-

2.4. Photocatalytic evaluation

Photocatalytic activities of the Ag/AgCl/W15049 NRs were eval-
uated by degradation of methyl orange (MO) in an aqueous
solution under simulated daylight irradiation provided by a
350 W Xe lamp. Photodegradation of MO was carried out in a
photochemical reactor containing a suspension of the Ag/AgCl/
W,3049 NRs photocatalysts (50 mg) in a MO aqueous solution
(50 mL, 10 mg/L) with continuing agitation using a magnetic
stirrer. Prior to the light irradiation, the MO solutions with the
photocatalysts were kept in dark for 2 h to reach an adsorption-
desorption equilibrium. The absorbance of MO solutions before
and after degradation by the photocatalysts was analyzed by
UV-vis diffuse reflectance spectroscopy (U-3010, HITACHI). The
concentration of MO in aqueous solution was simply determined
by the maximum absorption measurement (around 465 nm of
wavelength). The photocatalytic efficiency of MO over different
photocatalysts is defined by the equation of Cy—C/Cy100%, where
C is the concentration of MO aqueous solution after light irradia-
tion, and G, is the equilibrium concentration of MO at the
equilibrium adsorption state Simultaneously, Ag/ZnO nanoparticles
(NPs) with diameters of about 20 nm prepared by a coprecipitation
method and bare W;3049 NRs were chosen as reference samples.

3. Results and discussions
3.1. Characterization of Ag/AgCl/W;5049 NRs

Fig. 1 shows the XRD patterns of the pure W;3049 NRs and the
Ag/AgCl/W;5049 NRs. The main diffraction peaks of XRD pattern of
pure W;3049 NRs can be well indexed with monoclinic W;g049
(JCPDS file 71-2450). The strongest peak intensity of (0 1 0) plane
indicates that the <01 0) is the dominant growth direction of the
Wi3049 NRs. After photochemical process, apparent diffraction
peaks corresponding to AgCl and Ag can be observed, suggesting
the successful decoration of AgCl and Ag onto the W;g049 NRs, as
shown in Fig. 1b. EDS analysis (Fig. S2) also reveals that the
resulting products are composed of elements of W, O, Ag, and Cl.
The diffraction peaks at 27.8°, 32.2° and 46.2° can be assigned to
(111), (200) and (220) planes of the cubic phase of AgCl,
respectively (JCPDS file 31-1238); while peaks at 38.1°, 44.3° and
64.4° can be assigned to (11 1), (200) and (2 2 0) crystal orienta-
tions of the cubic phase of Ag, respectively (JCPDS file 65-2871).

Bundled W;3049 nanowires/nanorods were synthesized
through a simple solovothermal method using WClg as the raw
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material [32]. Fig. 2a shows a low magnification TEM image of the
Ag/AgCl/W15049 NRs prepared by the photochemical method. It is
clear that the bundled feature of the original W;3049 NRs, which
acted as support template remained unchanged after Ag/AgCl
decoration. Obviously, a number of quasi-spherical nanoparticles
(AgCl or Ag or their mixture) with an average diameter of about
40 nm homogeneously decorated on the surfaces of the W;3049
NRs. By further observation, a few larger nanoparticles with
diameter of up to 100 nm were found, but they also seem
anchored strongly on the W;5049 NRs surface.

Fig. 2b shows a HRTEM image of the Ag/AgCl/W;3049 NRs. The
quasi-spherical nanoparticles adhered well to the W;3049 NR
with clear and clean interface. Interestingly, the nanoparticles
seemingly consist of two different components with a distinct
interface. The detailed structure and interfacial region of the
Ag/AgCl/W;5049 NRs was further investigated by enlarged HRTEM
images, as shown in Fig. 2c and d. The lattice fringe separations of
the W;3049 nanorod and the outer component of the nanoparticle
are ca. 0.38 and 0.24 nm, corresponding to the (0 1 0) plane of the
monoclinic W;g049 and (1 1 1) plane of the cubic Ag, respectively.
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Fig. 1. XRD patterns of (a) W;3049 NRs and (b) Ag/AgCl/W;3049 NRs.

Herein, it can be confirmed that the outer shell of the nanopar-
itlces adjoining the W;g049 nanorods is Ag, and the interior core is
AgCl. The growth direction of the nanorod, i.e. [0 1 0] orientation,
is perpendicular to the (0 1 0) plane of W;5049, in agreement with
the XRD result, as shown in Fig. 2d. The Fast Fourier Transform
(FFT) pattern of the interface between the W,3g049 nanorod and
the Ag shell shows two sets of diffraction spots: the main one
consisting of a series of diffraction spots corresponds to the
single-crystalline monoclinic Wg049, and the other one consist-
ing of two spots corresponds to the single-crystalline cubic Ag, as
shown in Fig. 2e.

The surface characteristics of the Ag/AgCl/W;3049 NR have
been assessed by XPS, as shown in Fig. 3. The survey XPS
spectrum indicates that the elements of W, O, Cl and Ag were
detected in the Ag/AgCl/W;3049 NRs. No other impurity peaks
were detected, evidencing high purity of the resulting products.
The carbon peak (C 1s) in the XPS spectra at 285 eV is due to the
carbon paste used to stick the samples on the mount. The core-
level XPS spectrum of Ag 3d could be deconvoluted into two
doublets, as shown in Fig. 3b. The main one (dashed lines)
consists of two peaks with binding energies of 373.54 and
367.54 eV, which should belong to Ag 3ds, and Ag 3ds, of
Ag'* formal oxidation state (AgCl), respectively. The second
doublet (dotted lines) has binding energies of 374.43 and
368.44 eV with a spin energy separation of 6.0 eV, corresponding
to the metallic Ag [33-35].

3.2. Gas-sensing activities of Ag/AgCl/W 5049 NRs sensor

Fig. 4a shows the response curves of the Ag/AgCl/W;5049 NRs
sensors towards 100 ppm vapors or gases including ethanol,
acetone, 93# gasoline, formaldehyde, and NH;3 at an operating
temperature of 300 °C. Upon exposure to the detected gases, the
output voltage (U,,) increased apparently, indicating decreased
resistance of the Ag/AgCl/W15049 NRs sensors. This is character-
istic of n-type semiconductor [36,37]. In addition, the resistance
of the Ag/AgCl/W.3049 NRs sensors exposing to H,S decreases
with increasing H,S concentration, as shown in Fig. 4b. It is
apparent that the Ag/AgCl/W;5049 NRs sensors are highly selec-
tive and sensitive to NHs, acetone and H,S. As listed in Table 1,
the sensitivities of the Ag/AgCl/W;3049 NRs sensors to NHs,
acetone and H,S at 100 ppm are much higher than those to

Fig. 2. (a) TEM images of the Ag/AgCl/W;3049 NRs; (b) a HRTEM image of the Ag/AgCl/W;5049 NR; (c) and (d) enlarged HRTEM of the corresponding area in Fig. 2b;
(e) FFT pattern of the interface between the Ag nanoparticle and the W;3049 nanorod in (c).
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Fig. 3. (a) XPS survey spectra for the Ag/AgCl/W;3049 NRs and (b) Ag 3d core-level spectrum.
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Fig. 4. (a) Typical response curves of the Ag/AgCl/W15049 NRs sensor to various
detected vapors or gases of 100 ppm at the operating temperature of 300 °C; and
(b) H,S response curves of the Ag/AgCl/W;3049 NRs sensor under different H,S
concentrations at the operating temperature of 300 °C.

ethanol, NO, and gasoline. In the case of H,S, the sensitivity
increases from 41.2 at 25 ppm to 60.5 at 50 ppm and 115.5 at
100 ppm. By comparison, the sensitivities of the sensors to
formaldehyde and gasoline are lower by two orders of magnitude.
When the H,S concentration is 200 ppm, the output voltage is
close to the source voltage (5 V), resulting in an extremely high
sensitivity of 594.84.

Table 1

Response time, recovery time and gas sensitivity (Rgir/Rgqs) of the Ag/Cl/Ag/W;5049
NRs sensors to various gases operated at 300 °C. The sensitivity of bare W;g049
NRs was tested for comparison.

Ag/AgCl/ Concentration Response Recovery Sensitivity Sensitivity of
Wi5049 (ppm) time (s) time (s) bare W1g049
Ethanol 100 94 45 32.35 13.06
Acetone 100 42 34 66.63 23.32
Gasoline 100 126 51 2.07 -

NH; 100 45 25 63.82 26.8

NO, 100 74 48 9.92 8.3

H,S 25 35 46 41.2 -

HaS 50 24 41 60.5 -

H,S 100 21 26 115.5 42.6

H,S 200 15 28 594.84 -

Response and recovery times are also important parameters
for the gas sensors, since rapid reply to target gas are basic
demand for practical applications. Both the response and recovery
times of the Ag/AgCl/W;3049 NRs sensors to 100 ppm ethanol,
gasoline and formaldehyde are much longer than those to
100 ppm NHjs, acetone and H,S. The response and recovery times
to H,S are the shortest among all the tested gases under
concentration of 100 ppm at the operating temperature of
300 °C, which are 21 and 26 s, respectively. Increasing the H,S
concentration to 200 ppm, the response time decreases to 15 s.

In order to investigate the effect of Ag/AgCl loading on the gas-
sensing properties of W;gO49 NRs, the sensitivity of bare W;g0O49
NRs were also tested. For the detected vapors or gases of
100 ppm, including ethanol, acetone, NHs, and H,S, the sensitiv-
ities of the Ag/AgCl/W;3049 NRs are much better than those of
bare W,g049 NRs under the same testing condition, as shown in
Table 1. Only for the case of as formaldehyde, the sensitivity of
the pure W;3049 NRs is comparable to that of the Ag/AgCl/
W ;5049 NRs.

As n-type metal-oxide-semiconductor (MOS) sensor, the gas-
sensing performance of tungsten oxide sensors is governed by
surface-controlled mechanism [38]. Under air atmosphere, adsor-
bates on the surface of tungsten oxide including 0>~, O3, and O~
formed by ambient oxygen capture the electron carriers. Upon
exposure to reducing chemicals such as ethanol, acetone,
NH3, etc., the arrested electrons are released by the reactions
between the reducing gas and absorbates, leading to the
decreased resistance. Conversely, the resistance increases when
exposing to oxidizing gases such as NO,. Since the change of
resistance of MOS sensors depend on the species and amount of
adsorbates on the surface as well as the electron transfer, both
the chemical and electronic sensitization mechanisms could be
considered for explaining the enhanced gas-sensing property of
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the Ag/AgCl/W.3049 NRs sensors. The enhanced gas-sensing
activity on the addition of Ag in SnO;g nanoparticle films has
been well explained on the basis of the chemical sensitization due
to the spillover effect [37,39]. The similar mechanism also can be
employed in the present study. Here, the conductive Ag shell of
the Ag/AgCl nanoparticles act as centers for surface-gas adsorp-
tion and spill the gas over the W;3049 NRs surface via the
spillover effect to react with the negative charged chemisorbed
oxygen. In the electronic mechanism, the negative charged
adsorbates at the Ag/gas interface induces a variation of the
surface barrier height, resulting in an electron deficit in the oxide.
When the reducing gases is oxidized on the metal surface, an
electron is given back to the metal and then to the oxide.
Accordingly, the resistance of the semiconductor oxide changes
[40,41]. Besides, the influence of Ag/AgCl loading on the gas-
sensing performance of Ag/AgCl/W;3049 NRs may be related to
the oxygen migration between the Ag/AgCl NPs and the W;5049
NRs [42].

3.3. Photocatalytic activities of Ag/AgCl/Ws049 NRs photocatalyst

Photocatalytic activities of the Ag/AgCl/W;3049 NRs photocata-
lysts were evaluated based on their ability to degrade the methyl
orange (MO) solutions under simulated sunlight irradiation. Fig. 5
shows the time course of photocatalytic degradation of MO over the
Ag/AgCl/W15049 NRs photocatalysts. For comparison, MO degrada-
tion over bare W;3049 NRs and Ag/ZnO nanoparticles with
diameters of about 20 nm prepared by a coprecipitation method
were also measured at the same time. It is obvious that the
Ag/AgCl/W.3049 NRs exhibits superior photocatalytic activity to
those of bare W;3049 NRs and Ag/ZnO nanoparticles. After 30 min
irradiation by simulated sunlight, the MO degradation efficiency
over the Ag/AgCl/W1g049 NRs is about 1.5 times and 2.5 times
higher than those over the bare W;3049 NRs and the Ag/ZnO
nanoparticles, respectively. Photocatalytic degradation of MO over
the Ag/AgCl/W;3049 NRs is almost complete in 90 min. For the case
of the bare Wig049 NRs and the Ag/ZnO NPs, however, their
degradation efficiencies are only 70% and 90% under simulated
sunlight irradiation for 150 min. It is noteworthy that the photo-
catalytic processes of MO over the bare W;3049 NRs and the
Ag/AgCl/W13049 NRs are similar, during which fast degradation of
MO occurred in the first 30 min and then the degradation rate
decreased rapidly; while the degradation rate of the Ag/ZnO NPs
was almost constant with increasing irradiation time. This may be
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Fig. 5. Photocatalytic degradation of MO using Ag/AgCl/W;3049 NRs. Bare W;5049
NRs and Ag/ZnO nanoparticles were used as reference samples.
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Fig. 6. Schematic illustration of MO degradation over the Ag/AgCl/W;g049 NRs
photocatalyst.

due to the different structure of the Ag/AgCl/W,g049 NRs and the
Ag/ZnO NPs.

The photocatalytic mechanism of the Ag/AgCl/W,g049 NRs is
schematically illustrated in Fig. 6. With energy higher than the
band-gap in W;3049 and AgCl, band-gap excitation occurred, which
leads to the formation of photoexcited holes in the valence band
(VB) and photoexcited electrons in the conduction band (CB).
The photoelectrons in the CB of W;3049 could easily flow into
metal Ag through Schottky barrier because of the lower Fermi
energy of Ag than the VB level of W;g049. Thus, recombination of
the electron-hole pairs could be restrained [21,25]. Since the
transfer process of photoelectrons from W;g049 to Ag is faster than
the recombination of electron-hole pairs between the VB and CB of
W,5049, more holes with strong oxidation power in the VB could be
trapped by OH~ to form hydroxyl radicals (*OH~ ). Meanwhile, the
holes in the VB of AgCl can also flow into Ag due to the higher Fermi
energy of Ag than the VB level of AgCl. Therefore, more photoelec-
trons with strong reduction power in the CB of AgCl could reduce
absorbed oxygen to form "O3. In the photocatalytic process, the
metal Ag shell between AgCl core and W;3049 nanorods acts as
recombination center of the electrons from the CB of W;3049 and
holes from the VB of AgCl, prohibiting the pair recombinations
in both W;3049 and AgCl and enhancing the interfacial charge
transfer, which is similar to photocatalytic mechanism of the
AgBr-Ag-Bi,WOg nanojunction system proposed by Zhang et al.
[31]. As a result, electrons form the VB of W;3049 and holes from
the CB of AgCl can be efficiently generated, leading to the contin-
uous formation of “O; and *OH~ on the surface of Ag/AgCl/Wg049
NRs, which would oxide MO at a high photodegradation rate.
Furthermore, Ag/AgCl nanoparticles loaded on the W;g049 NRs
could lonely act as superior visible-light-driven photocatalysts for
degrading organic contaminants, further enhancing the photocata-
lytic activity of the Ag/AgCl/W,5049 NRs composite [25,27].

4. Conclusions

In summary, Ag/AgCl nanoparticle decorated W,g049 nanorods
were prepared by solvothermal method and subsequent photo-
chemical process. After decoration of the nanoparticles consisting
of AgCl core and Ag shell, the gas-sensing and photocatalytic
properties of the W;3049 NRs were apparently enhanced.
The Ag/AgCl/W;5049 NRs sensors were found to exhibit high
sensitivities toward several reducing gases, such as NH;3 (63.82 to
100 ppm), acetone (66.63 to 100 ppm) and H,S (115.5 to 100 ppm).
Chemical and electronic sensitization mechanisms may account
for the enhanced gas-sensing property. The Ag/AgCl/W;5049 NRs
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photocatlysts could decompose methyl orange in aqueous solu-
tion at a higher rate than that of bare W;3049 NRs under
simulated sunlight irradiation. The metal Ag may act as recombi-
nation center of the electrons from the CB of W;g049 and holes
from the VB of AgCl, prohibiting the pair recombinations in both
Wi5049 and AgCl, and finally improving the photocatalytic
performance.
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