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M
etal molybdates, as an important
family of inorganic materials, have
been an intense focus because of

their strong potential application in various
fields such as photoluminescence,1,2 micro-
wave applications,3 optical fibers,4 scintilla-
tor materials,5 humidity sensors,6 magnetic
properties,7 and catalysts.8 Especially, low-
dimensional (1D) metal molybdates/tung-
states9�11 have attracted much interest in
recent years.
Silver molybdates, as one kind of metal

molybdates, such as Ag6Mo10O33, Ag2Mo2O7,
and Ag2Mo4O13 nanowires (NWs),9 wire-like
Ag2MoO4,

12 and Ag2Mo3O10 3 1.8H2O,
13 have

attracted much attention, due to their im-
portant application in conducting glass14�18

and ammonia sensing material.18,19 During
thepast decades,methods of preparing silver
molybdates have been proposed, but most
of them are traditionally synthesized by
straight and harsh reaction in the MoO3/
Ag2O system.20,21 Recently, solution syn-
thesis of low-dimensional silver molybdate
nanostructures has been reported.9,12,22 For
example, Cui et al. have prepared ultralong
Ag6Mo10O33 NWs.9 Nagaraju et al. reported
the synthesis of silver molybdate nanorods/
nanowires/multipods.22 Cheng et al. have
synthesized uniform one-dimensional Ag2-
MO4 (M = Cr, Mo, and W).12 All of these
advances in synthesis make it possible to
further investigate the novel properties of
silver molybdates. Up to now, several works
have been done to explore their potential
properties and practical applications.12,22 For
example, Cheng et al. studied photoswitches
of one-dimensional Ag2MO4 (M =Cr, Mo, and
W).12 Nagaraju et al. reported the photolumi-
nescence property of silver molybdate
multipods.22 However, to the best of our

knowledge, solution synthesis and the ther-
mal stability of silver trimolybdate NWs, elec-
trical conductivity property of a single-
crystalline nanowire, especially the potential
applications in optical and electrics, have not
been investigated yet.
On the other hand, visible-light-driven

plasmonic photocatalysts have gained
much attention currently, and they have
been considered as one of themost promis-
ing alternatives.23 Besides, silver nanoparti-
cles (NPs) have an efficient plasmon reso-
nance in the visible region and would
enhance the activity of plasmonic photo-
catalysts.23�27 A great number of composite
semiconductor photocatalysts, including
Ag/TiO2,

24,26,28�30 SnO2/TiO2,
31,32 H2WO4 3

H2O/AgCl,
33 ZnO/In2O3,

34 Bi2O3/BiOCl,
35

AgI/BiOI,36 Ag/AgX (X = Br, Cl),23,25,27 and
so on, have proven effective photocatalytic
properties. Interestingly, in our work, we
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ABSTRACT Ultralong orthorhombic silver trimolybdate nanowires (NWs) can be synthesized by a

simple hydrothermal process without using any structure directing agent. Their phase transforma-

tion and stability to thermal and modeling sunlight from a Xe lamp have been systematically

studied. Well-dispersed Ag nanoparticles can in situ form on the backbone of the nanowires by

photoirradiation, and their photocatalytic and optical properties have been investigated. The

investigations on photocatalytic, photoluminescent, and surface-enhanced Raman scattering (SERS)

of the as-synthesized nanowires indicate that these nanowires loaded with Ag nanoparticles by

photoirradiation can be a new kind of photocatalytic and luminescent material and potentially can

be used as an efficient SERS substrate. The electrical conductivity of an individual nanowire exhibits

almost nonlinear and symmetric current/voltage (I/V) characteristics for bias voltages in the range of

�5 to 5 V. Ohmic mechanism, Schottky, and the Poole-Frenkel emission play an important part,

respectively, in low, medium, and high electrical fields.

KEYWORDS: silver trimolybdates . photoirradiation . photocatalytic .
photoluminescence . electrical conductivity . surface-enhanced Raman scattering
(SERS)
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figured out that the silver trimolybdate NWs can dis-
play excellent plasmonic photocatalytic performance
under visible-light irradiation; in particular, the photo-
irradiated NWs will exhibit better.
Herein, we report hydrothermal synthesis of ultralong

orthorhombic silver trimolybdate NWs, phase transfor-
mation and stability to temperature and modeling sun-
light from a Xe lamp, and the electrical property of an
individual nanowire. In addition, the well-dispersed Ag
nanoparticles can in situ form on the backbone of the
nanowires, and their optical properties and photoca-
talytic property have been investigated.

RESULTS AND DISCUSSION

Structure and Morphology. The phase of the as-pre-
pared silver trimolybdate NWs was examined by X-ray
diffraction at room temperature (25 �C) in Figure 1a,
and all of the diffraction peaks can be indexed as
Ag2Mo3O10 3 1.8H2O phase with orthorhombic crystal
structure (JCPDS File No. 39-0045) with lattice para-
meters a = 13.20 and c = 9.76 Å. The as-prepared NWs
show good stability in ambient environment. The
scanning electron microscope (SEM) and transmission
electron microscope (TEM) images in Figure 1b,c show
uniform and ultralong silver trimolybdate NWs with
lengths of at least several hundred micrometers and
diameters of 80�200 nm. HRTEM image and selected
area electron diffraction (SAED) patterns taken from
themarked area of an individual nanowire in Figure 1b
indicated that the lattice spacing of 7.89 Å was in good
agreement with that of the lattice spacing of the (101)
planes. The corresponding SAED pattern was taken
along the [010] direction on the nanowires. The com-
bination of HRTEM and SAED patterns indicated that
high-quality single-crystalline silver trimolybdate NWs
can be synthesized by the hydrothermal method.

When the NWs were exposed to electron beam,
small nanoparticles (NPs) rapidly came into being
on the surface of NWs due to the bombardment of
high-energy electrons during the TEM observation, as
shown in Figure 1c. A typical particle with a diameter of
about 10�20 nm was characterized by the HRTEM
image in Figure 1e. The lattice spacing of 2.35 Å is in
agreement with the value of the lattice spacing of (111)
plane of cubic Ag phase. Elemental dispersive spectra
(EDS) were also taken from the marked circular area
(Supporting Information Figure S1), showing the cor-
responding elements of the nanowires and the nano-
particles. TheNWswith AgNPs reduced in situwill have
potential applications for catalytic applications and
SERS detection, which we will discuss later.

Phase Transformation. Phase transformation of the as-
prepared silver trimolybdate NWs was investigated by
the XRD patterns, TG-DTA, and DSC analysis. Figure 2a
shows the related XRD patterns at selected tempera-
tures, and the detailed XRD analysis of phase composi-
tions was investigated (Supporting Information Figure
S2). TG-DTA analysis in Figure 2b shows that the NWs
will undergo a distinct weight loss of 9.91 wt %. Here,
the mass losses should be due to the loss of water,
decomposition of the NWs and the escape of O2, and a
little sublimation of MoO3. Figure 2c displayed the
related DSC analysis at selected temperatures.

The mass loss before 250 �C in Figure 2b and the
first endothermic effect in Figure 2c should correspond
to the loss of water. However, considering the appara-
tus error, the decrease in mass was a little smaller than
expected. The following mass loss and endothermic
peaks before 500 �C should be due to the decomposi-
tions in the course of heating the samples. At about
300 �C, the large decrease in mass and the distinct
endothermic peak could be due to decomposition and

Figure 1. (a) XRD pattern of the silver trimolybdate NWs prepared at pH 2, 140 �C, 12 h with [(NH4)6Mo7O24 3 4H2O] = 0.028 M
and [AgNO3] = 0.1 M. (b,c) FESEM and TEM images of the as-prepared silver trimolybdate NWs. Small nanoparticles appeared
on the backbone of NWs during TEM observation. (d,e) Lattice-resolved HRTEM images and SAED patterns of a single
nanowire and a typical nanoparticle were taken from the marked circular area in panel c.

A
RTIC

LE



FENG ET AL. VOL. 5 ’ NO. 8 ’ 6726–6735 ’ 2011

www.acsnano.org

6728

escape of O2. From the related XRD pattern (Supporting
Information Figure S2b), molybdenumoxides and cubic
Ag2MoO4 came into being according to the equation:

Ag2Mo3O10 f Ag2MoO4 þ 2MoO2 þO2v (1)

According to the XRD pattern (Supporting Informa-
tion Figure S2c), the subsequent decrease in mass and
the faint endothermic peak at about 350 �C also corre-
sponded to eq 1; however, the deceleration of decrease
in mass should be connected with the little absorption
of oxygen as shown in the following reaction:

2MoO2 þO2 f 2MoO3 (2)

However, the amount of MoO3 might be not en-
ough to be detected. When the temperature was

increased to about 400 �C, MoO3 and Ag2O were
obtained according to the result of XRD analysis
(Supporting Information Figure S2d):

Ag2Mo3O10 f 3MoO3 þAg2O (3)

Ag2MoO4 f MoO3 þAg2O (4)

The deceleration of decrease inmass should also be
related to the absorption of oxygen (eq 2). As the
temperature increases to 450 �C, it is interesting to
observe that small amounts of disilver 13-oxotramo-
lybdate (Ag2Mo4O13) were detected (Supporting Infor-
mation Figure S2e). The faint endothermic peak in
Figure 3c should be due to the formation of

Figure 2. (a) XRD patterns of the as-prepared NWs after treatment at selected temperatures. At 25 �C, the XRD pattern was
defined as orthorhombic Ag2Mo3O10 3 1.8H2O. Different phases were detected after treatment of the sample at selected
temperatures. At about 530 �C, the final productsweremelted down. Note: the diffraction peakmarkedwith / can be indexed
as cubic Ag phase. (b) TG-DTA and (c) DSC analysis of the as-prepared NWs exhibited a distinct weight loss of 9.91 wt % and
several endothermic peaks from about 25 to 530 �C.

Figure 3. Time-dependent absorption spectra of the RhB solution (0.15 mM, 200 mL) which were obtained per 15 min. A
certain amount of nanowireswas added in the solution: (a) 20mgof original NWs; (b) 20mgofNWs after irradiation for 60min
under modeling sunlight from a 300 W Xe lamp.
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Ag2Mo4O13:

4MoO3 þAg2O f Ag2Mo4O13 (5)

In Figure 2a, small amounts of cubic Ag are detected
at 500 �C, which meant that Ag2O partly reacted with
MoO3 before the decomposition of silver oxide:20

Ag2O f 2Agþ 1=2O2v (6)

Plenty of Ag2O and Ag2Mo4O13 were decomposed
with the temperature increase; as a result, large
amounts of MoO3 and Ag were detected at 510 �C
(Supporting Information Figure S2g). Interestingly,
during the process from 400 to 530 �C, MoO3 was
always present, which was not consumed completely
(Supporting Information Figure S2e�2g).20

The endothermic effect at 530 �C in Figure 2c
should correspond to the melting of MoO3 and Ag.20

It has been reported that the melting point of Ag NPs
would be much lower than that of the bulk silver
(960 �C) with the size decrease of NPs and the low-
temperature metallization of the nanoparticles due to
the decomposition of silver molybdates into silver
metal and gas rather than the actual melting of silver
metal.37�40 From the XRD patterns at 530 �C (Figure 2a
and Figure S2h), only small amounts ofMoO3 and cubic
Ag phases are detected.

Photocatalysis. To demonstrate the potential appli-
cation of these novel silver trimolybdate NWs in the
degradation of organic contaminants, we have first
investigated their photocatalytic activities by choosing
the photocatalytic bleaching of RhB as a model reac-
tion. As RhB could be degraded under irradiation of a
Xe lampwithout any photocatalysts, we have obtained
time-dependent absorption spectra of RhB degra-
dation with and without photocatalysts. Figure 3a
showed the temporal evolution of the spectra during
the photocatalytic bleaching of RhB solutions in the
presence of the as-prepared NWs under visible illumi-
nation. Compared to the spectra of RhB degradation
without any photocatalyst (Supporting Information
Figure S3), it exhibited obvious diminishment of RhB,
which indicated the photocatalytic activity of the as-
prepared NWs. Nanomaterials deposited with silver
NPs are expected to be catalytically active;41�43 there-
fore, we used the photoirradiated NWs after light
irradiation for 60 min as a photocatalysts for the same
procedure (Figure 3b). The absorption intensities at
about 430 nm were getting stronger and stronger.
They should correspond to the absorption bands of Ag
NPs due to photochemical decomposition or photo-
catalytic reduction of the photoirradiated NWs.27,28

The spectra in Figure 3b showedphotocatalytic activity
higher than that of the as-prepared NWs, which should
be due to the appearance of Ag NPs with high photo-
catalytic activity,42 as silver NPs showed efficient plas-
mon resonance in the visible region, and the enhanced
photocatalytic activities should be due to an effcient

charge separation/transfer which are favored by the
existence of Ag NPs.23,27

Compared to the absorption spectra of RhB degrada-
tion with and without photocatalysts, the efficiency was
enhanced when the photocatalysts were added. We
observed not only decreasing absorption bands but also
the blue-shifted absorption peaks. It was reported that
two processes have occurred: the photocatalytic pro-
cess and the photosensitized process.44�46 In the photo-
catalytic process, conjugate structures were degraded
as confirmed by the decrease of the absorption band
without shifting the maximum absorbance wavelength,
while in the photosensitized process, ethyl groups of
RhB were removed one-by-one as confirmed by the
gradual blue-shifted absorption peaks.44�46 It could
be concluded that the blue-shifted shoulders should
correspond to the degradation of tetraethylated RhB
into monoethylated (510 nm) and diethylated (522 nm)
RhB.47 We believed that, if the irradiation time increased,
the N-de-ethylation of RhB would be fully degraded.

Figure 4. Photocatalytic bleaching of RhB (0.15 mM,
100 mL) using different samples: (a) 20 mg of original NWs;
(b) 20 mg of NWs after irradiation for 60 min under
modeling sunlight from a 300 W Xe lamp.

Figure 5. FE-SEM images of ultralong NWs after irradiation
for 0, 10, 30, and 60min under modeling sunlight from a Xe
lamp in atmosphere. (a) Smooth surfaces were observed for
the sample without irradiation. (b) A few NPs appeared on
the backbones of NWs after being irradiated for 10 min.
(c) More NPs were embedded on the NWs after irradiation
for 30 min. (d) Many NPs were thickly and homogeneously
dotted on the surfaces of NWs after irradiation for 60 min.
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The photocatalytic bleaching curves of RhB using
these two samples as photocatalysts are shown in
Figure 4. It can be easily figured out that the photo-
catalytic bleaching of RhB using the NWs after photo-
irradiation for 60 min as catalysts is 25% higher than
that using the as-prepared NWs. It is suggested that
these silver trimolybdate NWs would have photocata-
lytic activity and could be used as photocatalyst.

UV�Vis and Photoluminescence. FESEM images in
Figure 5 show the photoirradiated NWs under model-
ing sunlight for 0, 10, 30, and 60 min at ambient
temperature. Obviously, Ag NPs formed on the sur-
face of NWs after photoirradiation. Figure 5a shows
smooth surfaces of NWs without irradiation. After
irradiation for 10 min, a few nanoparticles appeared
on the backbones of NWs (Figure 5b). Whe the
irradiation timewas prolonged to 30min, the particles
became denser and denser (Figure 5c). After they
were irradiated for 60 min, many nanoparticles

formed densely andwere distributed homogeneously
on the surfaces of NWs (Figure 6d).

UV�visible absorption spectroscopy is a useful
technique tomonitor the size-dependent optical prop-
erties of nanomaterials, due to the quantum confine-
ments of the photogenerated electron�hole carriers in
the particles.22 Figure 6a shows the UV�visible absorp-
tion spectra of silver trimolybdate NWs with different
irradiation time. It can be figured out that the NWs
absorbed in the spectral region between 200 and
600 nm and had a maximum absorbance around
302 nm. From the plots of (Rhν)2 versus energy (hν)
in the inset, the band gap energy of the as-prepared
NWs was determined to be about 2.8 eV. The plasmonic
absorption bands of Ag NPs at about 410 nm become
intense; however, they were not distinct enough, as the
optical absorption of silver trimolybdate overlapped the
plasmonic absorption bands of Ag NPs. Interestingly,
we noticed that weak peaks appeared in the spectral
region between 700 and 800 nm, and the intensities of
the peaks get stronger and stronger with increasing
irradiation time. Details are shown in Figure 6b, which

Figure 6. (a) UV�visible absorption spectra of silver trimolybdate NWs with irradiation times of (A) 0, (B) 10, (C) 30, and
(D) 60 min. Weak peaks appeared in the spectral region between 700 and 800 nm. Inset in the top right corner showed the
plots of (Rhν)2 versus energy (hν) for the bandgap energy of the as-preparedNWs. (b)Magnified spectra in the spectral region
between 700 and 800 nm corresponding to panel a. As the irradiation time increased, the intensities of absorbance around
730 nm became stronger and stronger.

Figure 7. Photoluminescence (PL) spectra of the as-pre-
pared original silver trimolybdate NWs and photoirradiated
NWs at room temperature. (A) Two weak violet emissions
were observed at 415 and 437 nm, and a very weak blue
emission was at 463 nm. (B�D) After being irradiated for
10, 30, and 60 min, intensities of these peaks became
obviously weakened.

Figure 8. Surface-enhanced Raman scattering spectra of
the prepared samples after irradiation for different time
intervals: (A) 0 min, (B) 10 min, (C) 30 min, and (D) 60 min.
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are the magnified spectra in the spectral region be-
tween 700 and 800 nm shown in Figure 6a. The results
indicated that the intensity increased as more Ag NPs
aggregate together on the NWs with prolonged irradia-
tion time. It is clear evidence of the aggregation of
isolated Agþ ions into Ag0 clusters.48�50

Room temperature photoluminescence (PL) spectra
of the as-synthesized NWs are shown in Figure 7,
obtained with an excitation wavelength of 360 nm.
Figure 7A exhibited two violet emissions at 437 and
415 nm and a very weak blue emission at 463 nm. The
blue band emission could be due to the charge transfer
transition within the [MoO4]

2� complex.51,52 The violet
emissions were attributed to the exciton transition.53

Lines B�D of Figure 7 show PL spectra of the NWs after
being irradiated for 10, 30, and 60 min, respectively.
Luminescence intensity is weakened distinctly in these
spectra compared with that in Figure 7A, and the blue
band emission disappeared with prolonged irradiation
time. It could be explained that longer light irradiation
would result in the formation ofmore silver NPswith tens
of nanometers on the backbone of NWs, and the silver
NPs are responsible for the fluorescence decay.54 It is
suggested that the dotted silver on the backbone of NWs
may add the surface nonradiative recombination sites,

which would depress the photoluminescence quantum
yields.55,56

SERS. To demonstrate the potential application of
the as-synthesized ultralong silver trimolybdate NWs in
SERS for molecular sensing with high sensitivity and
specificity, we have used them as SERS substrates to
investigate the surface-enhanced Raman excitation
spectroscopy of Rhodamine 6G (R6G) molecules.

Room temperature Raman spectrum of the as-
prepared NWs has been obtained before the SERS
experiments, and all of the peaks have been defined
to illuminate the composition of the as-prepared NWs
(Supporting Information Figure S4). In sequence, a
series of irradiation time-dependent SERS of R6G mol-
ecules absorbed on the NWs films have been set up in
Figure 8. The spectra were collected with irradiation
times of 0, 10, 30, and 60 min. It is clearly shown that
Raman signal intensities of R6G on the NWs with Ag
decoration were increasing intensively. Figure 8 im-
plies that the more the silver NPs embedded on the
films, the stronger the intensities for most bands.
Therefore, it can be determined that the samples after
light inducement had better performance on SERS
effect, and light inducement is an effective way to
modify the performances of the nanowires.

Figure 9. (a) Current�voltage (I�V) curve of the gold electrodewith an individual nanowire. Inset in the top left corner shows
a schematic view, and the bottom right one shows the SEM image of connection. (b) Positive part of the I�V curve on the scale
of log(I). Three fields have been exhibited.

Figure 10. Plot of ln(J) vs E1/2 fromFigure 9b. (a) Electricfield between 240 and 360V/cm; (b) electric fieldmore than 360V/cm.
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The defined spectrum of the silver trimolybdate
NWs after irradiation for 60 min is shown in Figure 8D.
The peaks located at 1646, 1567, 1504, 1359, 1279, and
1198 cm�1 are in agreement with those for R6G.57 The
characteristic vibration modes of R6G molecules were
observed, and they were assigned as ν154, ν150, ν146,
ν118, ν111, and ν105.57 The observed Raman bands
can be assigned as ν(C�C) stretching mode at 1646,
1567, 1504, and 1359 cm�1 and ν(C�O�C) stretching
mode at 1279 cm�1.58 However, as the number of R6G
molecules absorbed on the NWs after photoirradiation
could not be determinedwith themethod described in
the Materials and Methods, the surface enhancement
factor (EF) was not evaluated. It should be noted that
the detailed work on calculating EF of the photoin-
duced NWs needs more attention in the future. The
results demonstrated that this kind of NW would
potentially be a SERS substrate candidate.

Electrical Properties. The electrical property for the
silver trimolybdate NWs has not been reported pre-
viously. To the best of our knowledge, a lot of research
work has been focused on the electrical properties of
silver ion conducting glasses,15�17 AgI-doped silver
molybdates glasses,59�61 and β-AgVO3.

62,63 Herein,
we discuss the electrical conductivity property of an
individual single-crystal silver trimolybdate NW by
scanning the bias voltage at room temperature and
under ambient conditions. Due to the existence of
Agþ cations between the molybdate layers in the
structure,18 the as-synthesized NWs were expected to
have a good electrical conductivity for potential appli-
cations in microelectrodes or nanodevices.62,63

To investigate the electrical conductivity properties,
we measured the current�voltage (I�V) curve of an
individual nanowire. Insets in Figure 9a show the con-
tact and measurement with the effective length and
cross section of the sample, which are approximately
10�2 cm and 100� 50 nm2, respectively. The I�V curve
of an individual nanowire at room temperature is shown
in Figure 9a. It is obvious that the bottom-contacted
device exhibited nonlinear and almost symmetric cur-
rent�voltage (I�V) characteristics for bias voltages in
the range of �5 to 5 V, and the obtained characteristic
was almost symmetrical and behaved almost linearly for
an electrical field lower than 240 V/cm. This behavior
may be explained by the ohmic mechanism of conduc-
tivity in the low electrical field (less than 240 V/cm). The

measurement was reproducible, and no large fluctua-
tions were observed even in the high bias region,
indicating that the device was stable.

Because the thickness of the nanowire is more than
50 nm, the tunnel current can be ignored. A further
increase in the applied voltages resulted in an expo-
nential behavior. To study the electrical conduction
mechanism of the NWs in a higher field, we have
established the positive part of the I�V curve in
Figure 9b. The logarithm of the current density [ln(J)]
was also plotted against the square root of the electric
field [E1/2] in Figure 10. It can be determined that the
straight-line nature observed at amedium electric field
between 240 and 360 V/cm implied the Schottky
mechanism,64,65 as shown in Figure 10a, while at high
electrical fields, the observed straight line in Figure 10b
was related to the Poole-Frenkel mechanism.64,66 It is
anticipated that the novel silver trimolybdate single-
crystalline NWs may have unique applications in mi-
croelectrodes or microsensors, which is similar to the
novel vanadate materials.64�66

CONCLUSION

In summary, ultralong and uniform silver trimolyb-
date NWs have been synthesized by a facile hydro-
thermal process without any structure directing
agents. Phase transition of the as-prepared silver tri-
molybdate NWs at selected temperatures revealed
their stability to thermal and photoirradiation experi-
ments, showing their light stability, which also pro-
vided clear evidence for the aggregation of isolated
Agþ ions into Ag0 clusters. What is more, photocataly-
tic, optical, and SERS results demonstrated that photo-
irradiation would provide an effective way to modify
the chemical/physical performances of the NWs and
indicated the potential applications in photocatalysts,
photoluminescence, and SERS substrates for the
photoirradiated silver trimolybdate NWs. The curren-
t�voltage (I/V) curves of an individual nanowire ex-
hibited the electrical conduction mechanisms of the
nanowire. Ohmic mechanism played an important role
at low electrical fields; Schottky emission worked at
medium electrical fields; while the Poole-Frenkel emis-
sion in this case should be the preferablemechanismat
high electrical fields. This kind of silver trimolybdate
NW is expected to have practical applications in photo-
catalysis, microelectrodes, or sensors.

MATERIALS AND METHODS
All reagents are of analytical grade and used without further

purification.
Materials and Preparation. Analytical grade AgNO3 and (NH4)6-

Mo7O24 were purchased from Shanghai Chemical Industrial
Company. The reaction was carried out in a 30 mL capacity
Teflon-lined stainless steel autoclave, which was done in a
digital-type temperature-controlled oven.

The preparation of ultralong silver trimolybdate NWs was
based on the procedure reported previously with slight
modification. In this synthesis, the reaction was carried out
at pH 2, in a 30 mL capacity Teflon-lined stainless steel
autoclave. Then, 877.5 mg (0.71 mmol) of analytical grade
(NH4)6Mo7O24 3 4H2O and 424.7 mg (2.5 mmol) AgNO3 were
dissolved in 15 and 10 mL of distilled water, respectively.
The precursor solution was transferred into a Teflon-lined
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stainless autoclave and maintained at 140 �C for 12 h. Then,
final products were washed and dried in a vacuum at 50 �C
for 8�12 h.

Phase Transformation. Differential thermal analysis/thermo-
gravimetry (DTA/TG) and differential scanning calorimetry
(DSC) thermal analyses were performed on a TGA-50 thermal
analyzer (Shimadzu Corporation) with a heating rate of 10 �C
min�1 in flowing nitrogen. X-ray diffraction (XRD) patterns
for all of the samples were recorded on a MAC Science Co.
Ltd. MXP 8 AHF X-ray diffractometer with monochromatized
Cu KR radiation (λ = 1.54056 Å) at selected temperatures.

Light Inducement, PL, and Photocatalysis. To investigate the
light-induced property, the solution of NWs was deposited on
sheet copper (1� 1 cm2) to engender films and then irradiated
for 0, 10, 30, and 60 min under modeling sunlight to induce the
formation of AgNPs from the as-prepared nanowires. PL spectra
were performed on a Fluorolog3-TAU-P at room temperature
with an excitation wavelength of 360 nm.

The photocatalytic activities of the as-prepared and photo-
irradiated NWs were first evaluated by degradation of Rhoda-
mine B (RhB) solution under modeling sunlight from a 300W Xe
lamp. Twenty milligrams of as-prepared and photoirradiated
NWs were poured into 200 mL RhB aqueous solution (0.15 mM)
in a Pyrex reactor at room temperature. Before light was turned
on, both solutions were stirred for 30 min in the dark to ensure
the establishment of an adsorption�desorption equilibrium.
The concentrations of RhB during the degradation were mon-
itored by colorimetry using a UV�vis spectrometer.

Surface-Enhanced Raman Scattering (SERS). R6G was used as
probe molecules to evaluate the SERS activities of Ag NPs
dotted on the backbones of the NWs. Fifteen microliters of
R6G ethanol aqueous solution with 0.15 mM was dropped
slowly onto the films deposited on sheet copper mentioned
above to catch hold of surface molecules. The specimens were
laid in the air at ambient temperature to vaporize the residual
droplets of the surface naturally. Surface-enhanced Raman
spectra were acquired by a Ranishaw Raman microscope
operated with a 514.5 nm argon laser (beam size ∼2 μm).

Electrical Conductivity Measurement. Electrical conductivity of an
individual nanowire was carried out on the Agilent E5270 I�V
parametric measurement system. To make electrical contact
with an individual nanowire, a diluted aqueous suspension of
NWs was stochastically dropped and dried on an oxidized
silicon substrate, on which contacts of gold had been evapo-
rated through a shadow mask in an early operation (photo-
etching method). The spacing intervals among gold contacts
are 10 μm. Two platinumwire electrodes were derived from the
two gold contact dots with silver paste.

Characterization. The products were characterized by X-ray
diffraction pattern (XRD) and recorded on a MAC Science Co.
Ltd. MXP 8 AHF X-ray diffractometer with monochromatized Cu
KR radiation (λ= 1.54056 Å). Themorphology and structurewere
examined with a JEOL JSM-6700F scanning electron microscope
(SEM), a transmission electron microscope (TEM) performed on a
Hitachi (Tokyo, Japan) H-800 transmission electron microscope
(TEM) at an accelerating voltage of 200 kV, selected area electron
diffraction (SAED), and a high-resolution transmission electron
microscope (HRTEM) (JEOL-2010) operated at an acceleration
voltage of 200 kV. Energy-dispersive X-ray (EDX) analysis was
obtained with an EDAX detector installed on the same HRTEM.
UV�vis spectra were recorded on UV-2501PC/2550 at room
temperature (Shimadzu Corporation, Japan).
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