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The microwave-assisted hydrothermal method was used to obtain a-Ag,WO,. Rietveld refinement
confirmed that a-Ag,WO, is stable in the orthorhombic phase, without secondary phase. However, field-
effect scanning electron microscope analysis showed that a-Ag,WO, nanorods surfaces contain silver
nanoparticles, confirmed by the X-ray photoelectron spectroscopy by the peak observed at 374.39 eV.
In addition to metallic Ag, other Ag oxidation states were also observed on the surface. Hence, Ag (I) as
Ag,0 and Ag (I) as Ag,WO, also were identified. DC measurements exhibited a high capacity of charge
storage, nevertheless, with a large loss tangent (0.12 pnC.cm™. V') and no residual polarization for the voltage
range between -100 V and +100 V. AC measurements at frequencies less than 275 Hz, revealed that ionic
polarization is dominant, whereas at frequencies higher than 275 Hz, the electronic behavior predominates.
The potential of electromagnetic energy conversion in thermal was observed from loss tangent analysis.
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1. Introduction

Tungsten-silver materials are known to exhibit very good
erosion resistance properties in low voltage. However, their
use as arcing contacts in circuit breakers is limited when
exposed to harsh working environments because of the
ease with which they form oxides on the surface, thereby
leading to increased contact resistance 5. In addition, the
thermodynamic instability of tungsten-silver materials
reduces their usefulness at high temperatures near electric
arcing regions'®, because this might result in the formation
of different phases with distinct physical and chemical
properties, such as silver tungstates (Ag, WO, and AgWO,)5,
silver oxide (AgO,)” and tungsten oxides (WO )***, which
would degrade the circuit breaker performance'. Thereby,
the oxidation of tungsten-silver compounds become a
laborious process, as well as its resistive behavior, since
silver is normally free from oxides at elevated temperatures,
leading to breaking of structural arrangement of primitive
structure*’. However, interesting physical and chemical
properties of the less stable structures may arise, since
these exhibit unique properties that are distinct from those
of the thermodynamically stable phase *!°. In this regard,
in recent years, several researchers have reported many
interesting potential applications of transition-metal tungstates,
because they exhibit a special symmetry property caused by
spontaneous polarization, which in turn implies ferroelectric
behavior, ionic conductivity and photoluminescence 4.

*e-mail: natalia.jacomaci@unesp.br

Among transition metal tungstates, silver tungstate (Ag,WO,)
has attracted the attention of the scientific and technological
community because of its chemical stability, easy synthesis'®,
and multifunctional applications, which include catalysis'®!”,
photocatalysis'®?, electrocatalysis®', photoluminescence®?,
photoswitches®, chemical sensing 2, and antibacterial agents®”%.

From the structural point of view, Ag,WO, can be
found in three main crystallographic forms: a-Ag,WO,
(orthorhombic; Pn2n), B-Ag,WO,(hexagonal; P6, or P6 /m),
andy-Ag,WO, (cubic, Fd3m)*2. Orthorhombic is the most
stable, and its chemical stability is retained up to ~347
°C, while B- and y-Ag,WO, are metastable, being easily
transformed to a-Ag,WO, under heating at 187°C and
257 °C, respectively®’. Regardless of the crystallographic
phase, the lattice crystal of Ag,WO,comprises a system of
building-block units formed by a series of allotropic forms
of [WO,] and [AgO,] clusters!>??2#? Since the physical and
chemical properties are heavily dependent on structural
features, those properties of each Ag,WO, structure will
depend on the order-disorder relationship between these
clusters, since a symmetry break induced by strain, stress,
and distortions within the Ag, WO, crystal lattice may create
new and distinct structures, and thereby give rise to new
and different properties'>***. According to the published
literature, these structural variations are a consequence of the
synthesis method and experimental conditions (temperature,
processing time, solvent, heating source, pH, template,
electron beam exposure, etc.)!®!1:16:2933,
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The preparation of a-Ag,WO, has been successfully
carried out by several methods which include solid state
reaction®*, co-precipitation®>*"*, laser ablation in liquid
(LAL)", hydrothermal!®21-27:2%40-42 " sonochemical #*?* and
microemulsion*? methods. Despite the large number of
synthesis methods available, it has been a challenge to obtain
a fully stable a-Ag, WO, structure. Nevertheless, in recent
years, promising studies'$427:23942-4 exploring the chemical
and structural stability of a-Ag,WO, nanostructures under
electron beam and UV light exposure, revealed that interfaces
created between Ag and a-Ag, WO lead to improvements
in the properties of the nanocomposites that are formed.

Lastly, a large number of studies about a-Ag,WO, has
been published reporting only the structural description,
optical properties and the growth mechanisms, which risen
from different synthesis methods. However, in this work we
concentrate on the structural and microstructural analysis of
a-Ag, WO, , that were crucial for a better understanding of its
structural stability and AC/DC electrical properties witch show
up an interesting potential as electrothermal energy conversion.

2. Experimental Details

2.1 Synthesis

The a-Ag,WO, nanostructures were prepared by a
microwave-assisted hydrothermal (MAH) method. The first
synthesis step consists of the preparation of two solutions, A and
B, both of which contain 0.25 g of polyvinylpolypyrrolidone-40
(PVP40 - Sigma Aldrich) dissolved in 50 mL of deionized water
by mechanical stirring. After complete surfactant solubilization,
I mmol of Na,WO,.2H,0 (99% Alfa Aesar) and 2 mmol of
AgNO, (99% Synth) were added to solution A and B, respectively,
under continuous stirring. Once precursor solubilization was
observed, both solutions were mixed together and transferred
to a Teflon vessel sealed with a manometer to monitoring the
hydrothermal pressure. The system was heated in a microwave
oven furnace (PANASONIC, 2.45 GHz and 800 W) at 160 °C
with a heating rate of 10 °C-min™' for 1 h under constant pressure
(~7 bar). Afterwards, the particle precipitate was separated via
centrifugation (10.000 rpm) and washed several times with water
and acetone to eliminate Na* and organic residues. Lastly, the
precipitate was dried at 70 °C in a desiccator for 24 h.

2.2 Characterization techniques

The X-ray powder diffraction technique (XRD) was
employed to investigate the structural ordering at long-range
of a-Ag,WO,, using a diffractometer (Rigaku-DMax/2500PC)
with Cu-Ka radiation (A= 1.5406 A) in the 26 range from 10°
to 100° with a scanning speed of 1°'min™ and a step of 0.02°.
To obtain more information about the a-Ag, WO, crystal
structure, Rietveld refinement* was employed using TOPAS-
Academic V6 software from the inorganic crystal structure
database crystallographic information file ICSD no. 4165%.
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The parameters refined were scale factor, background,
sample shift, crystal lattice, and peak broadening anisotropic,
preferential orientation, atomic position, and isotropic thermal
parameters. The peak profile was modelled by fundamentals
parameters approach.* The anisotropic broadening of the
sample was modelled using the Stephens’s model.” The
structure established by statistics parameters pr> chp, RBmgg,
Goodfitness ()?) and good visual adjust both experimentally
fitting and theoretical patterns.*

The shapes and sizes of the a-Ag, WO, nanostructures
were investigated using a field-emission scanning electron
microscope (FE-SEM) (Carl Zeiss - Supra 35-VP) operating at 2k V.

The chemical environment of the a-Ag,WO, was
investigated with the X-ray photoelectron spectroscopy (XPS)
technique. XPS spectra were collected using a commercial
spectrometer (UNI-SPECS-UHV) using the Al K line (hv
= 1486.7 eV) with its analyzer pass energy set up to 50eV.
The inelastic noise of the C 1s, O 1s, W 4f, and Ag 3d
spectra and the Auger Ag MNN peak were subtracted using
Shirley’s method*. The binding energies were corrected
using the hydrocarbon component of adventitious carbon
fixed at 285.0 eV. In order to perform the direct current (DC)
and alternating current (AC) measurements, two cylindrical
pellets with an area of 182 pm? and a thickness of 1.98 mm
were obtained by isostatic pressing at 200 MPa. The electrical
contacts were fabricated by depositing gold on both faces of
the pellets that had been covered with Kapton® tape to avoid
electrical conduction between them. The DC measurements
were acquired with a Radiant Precision Multiferroic Tester
(Radiant Technologies Ltd., Albuquerque, NM), while the AC
measurements were carried out by a potentiostat/galvanostat
(PGSTAT128N-Metrohm Autolab). The pellets were stored
in a chamber under mechanical vacuum pumping and at
room temperature. Impedance analysis as well as spectrum
simulations were performed by electrochemical impedance
spectroscopy spectrum analyzer software (EIS-SA)*.

3. Results and Discussion

3.1 XRD structural analysis

Figure 1 shows the indexation planes of X-ray diffraction
pattern of the MAH-produced a-Ag,WO,. As can be observed in
the diffraction pattern, all diffraction peaks are in good agreement
with the orthorhombic Ag, WO, structure (space group: Pn2n)
according to ICSD no. 4165* and the literature '9-21-27:240-42,
without any secondary phase. The profile of the diffraction
pattern reveals that o-Ag, WO, materials exhibit a high degree
of crystallinity, since the peak reflections are intense and
sharp. Also, to observe the occurrence of anisotropic growth
of the crystal, evidence by intensity of the (231) reflection is
relatively higher than that of the intensity that if the others
planes, this results in anisotropic microstrain and orientation
preferential effects that are corrected by Rietveld refinement.



Dielectric Behavior of a-Ag,WO, and its Huge Dielectric Loss Tangent 3

Intensity (arb. unit)

2theta (degree)

Figure 1. X-ray diffraction patterns of the a-Ag, WO, microcrystals
prepared at 160°C for 1 h the MAH method. Red lines are the
positions of the data from ICSD no. 4165 for this phase.

Figure 2 shows curve-fitting carried out with TOPAS-
Academic software and the Rietveld method. The good
overlap between experimental (observed pattern) and standard
(theoretical pattern) profiles (see Fig. 2) and the values of the
statistical parameters R R and Goodfitness (y*) shown
in Table 1 confirm the good quality of the refinement from
the Rietveld method, since they are in agreement with values
reported in literature '***** for the a-Ag, WO, structure.
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Figure 2. Diffraction pattern from Rietveld refinement analysis of the
a-Ag, WO, structure processed by the MAH method at 160 °C for 1h.

Pristine a-Ag,WO, structures are formed by a complex
network of clusters of [WO,] and [AgO,] (y=2, 4, 6 or 7),
where the polyhedral [WO,] exhibit octahedral geometry
with symmetry group O, , while the [AgO,] clusters
are formed according to Ag atoms coordination 2224232,

Cavalcante et al.> and Longo et al.** published a detailed
investigation of the electronic structure of a-Ag WO, from
experimental and theoretical approaches; they reported that
in the [WO,] polyhedral clusters, the occupancy sites of the
W atoms can be found in three distinct arrangements (W1,
W2, and W3), each of which is coordinated to six O atoms.
On the other hand, the [AgO,] clusters consist of six different
Ag atoms (Agl, Ag2, Ag3, Ag4, Ag5, and Ag6) that occupy
different sites in the lattice. Therefore, Agl and Ag2 atoms
are coordinated to seven O atoms as deltahedral polyhedral
[AgO,] with symmetry group D,,,
hexacordinated to six O atoms, resulting in [AgO,] distorted
octahedral polyhedral of symmetry group O, . Moreover,
Ag4 and Ag5 are coordinated to four O atoms in the form of
[AgO,] tetrahedral polyhedra with symmetry group 7 ,. Lastly,
the Ag6 atoms are coordinated by two O atoms, which results
in [AgO,] angular polyhedra of symmetry group C, As can
be observed in Table 1, the structural data from Rietveld
refinement analyses revealed that some displacements in the

while Ag3 atoms are

atomic coordinates of the W and Ag atoms promoted changes in
the lattice parameters b and ¢, and thereby unit cell shrinkage,
leading to the unit cell shrinkage, once the volume of unit cell
of the a-Ag,WO, obtained by MAH was of 771.2000 (A%),
while for the a-Ag, WO, (ICSD no. 4165) is of 775.5596 (A3).

Confirming this behavior, recent studies reported that
cluster units formed by [WO,] and AgO, (y =2, 4, 6, and 7)
display a degree of distortion at short-, medium-, and long-
range generated by changes in bond angles and lengths,
which vary for different synthesis methods, leading to
changes in the physical and chemical properties such as
photoluminescence >4, bacterial activity***#, and gas
sensing’**. Based on this observation, the a-Ag,WO,
obtained here by the MAH method may exhibit interesting
and unique physical and chemical properties that can be
useful for technological applications.

3.2 FE-SEM analyses

The shape and size of the a-Ag, WO, structure produced
by the MAH method is exhibited in Fig. 3. As can observed
by FE-SEM analysis, a-Ag, WO, material is formed by an
agglomerate of microcrystals with a rod-like elongated
shape and an average length of 1.4 um. Figs. 3 (c, d) are
high magnification FE-SEM images of the sample with a
magnification of 10°. It is possible to clearly observe in
Figs. 3 (c, d) the presence of some silver metal dots on
the surfaces of the nanorods; we believe that these were
created by the MAH method and not grown by electron
beam irradiation, since the acceleration voltage employed
in FE-SEM analysis was low (2 kV), as was the exposure
time of the nanostructures to the electron beam.
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Table 1. Lattice parameters (a, b, ¢), coordinates of the atoms’ positions (x, y, z), and sites of a-Ag, WO, nanostructures and statistical
parameters obtained from the Rietveld refinement method using TOPAS-Academic software.

a-Ag, WO, - Pn2n—crystalline structure

This work(experimental)

sites and coordinates atomics

Atoms sites x y z
W1 4c 0.25636 0 0.51147
w2 2b 0 0.84764 0.5
W3 2b 0 0.14040 0.5
Agl 4c 0.75974 0.18827 0.96455
Ag2 4c 0.24301 0.83408 0.01478
Ag3 2a 0 0.99411 0
Agd 2a 0 0.67684 0
Ag5 2a 0 0.33292 0
Agb 2b 0 0.51671 0.5
0Ol 4c 0.368 0.612 0.195
02 4c 0.368 0.378 0.188
03 4c 0.419 0.735 0.815
04 4c 0.425 0.263 0.792
05 4c 0.162 0.494 0.282
06 4c 0.414 0.496 0.847
lattice parfameters
a(A% b(A3) (A% volume (A% density (A%)
10.89 12.01 5.89 771.2000 7.98
statistical parameters
R, R, R, gof
8,78 6,74 1,45 1,30

ICSD no. 4165*(theoretical)

sites and coordinates atomics

Atoms sites x y z
Wi 4c 0.25400 0 0.52550
w2 2b 0 0.84764 0.50000
W3 2b 0 0.13800 0.50000
Agl 4c 0.75090 0.17110 0.98770
Ag2 4c 0.23490 0.81760 0.00920
Ag3 2a 0 0.98720 0
Agd 2a 0 0.65310 0
Ag5 2a 0 0.31480 0
Agb 2b 0 0.50920 0.50000
o1 4c 0.36800 0.61200 0.19500
02 4c 0.36800 0.37800 0.18800
03 4c 0.41900 0.73500 0.81500
04 4c 0.42500 0.26300 0.79200
05 4c 0.16200 0.49400 0.28200
06 4c 0.41400 0.49600 0.84700

lattice parameters

a (A% b (A% c (&% volume (A% density (A%)

10.8900 12.0300 5.9200 775.5596 7.94
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Figure 3. FE-SEM image of the a-Ag,WO, nanorods processed by the MAH method at 160 °C for 1h.

3.3 XPS surface analysis

XPS was carried out on the a-Ag, WO, material in order to
provide additional information about the surface composition
as well as to unravel the chemical environment, since the XRD
results pointed to unit cell shrinkage. The survey spectrum
(Fig. 4a) and Table 2 exhibit the microanalysis of a-Ag, WO,
nanorods, where is possible to identify only the presence of
C, Ag, W, and O atoms, indicating the high purity of sample.
It is worth mentioning that the carbon presence at 285 eV
in the survey spectrum at 285 is due to the hydrocarbon
component of adventitious carbon employed to correct the
binding energies (BEs). Microanalysis of the composition of
Ag, W, and O atoms on the a-Ag,WO, surface material was
carried out using the atomic fractions (At.%, see fifth column
in Table 2) measured by depth-profiling XPS from the ratio
of peak areas corrected by the sensitivity factors (Scofield)

for each element. High-resolution XPS spectra of O 1s, Ag
3d, and W 4f are presented in Fig. 4 (b-d). The core-level
binding energies of O 1s in the spectrum (Fig. 4b) display
an asymmetric peak revealing the presence of different O
species in the sample. Next, from a fitting analysis, the O 1s
core-level spectrum was deconvoluted into components at
529.76 eV and 531.40 eV, which are assigned to the oxygen
in Ag-O and W-O, respectively'>*7!,

Moreover, the additional deconvoluted component at
533.46 eV can be ascribed to oxygen from O-C=0 species
chemisorbed onto the surface'. The W 4f core-level spectrum
shown in Fig. 4c exhibits well-resolved spin-orbit split doublets
peaks related to the W 4f, ) and W 4f  states. However, the
deconvoluted W 4f peak gives clear evidence of other W
oxidation states because of the peak profile, so that doublet W
4f states at high BEs can be related to the W*oxidation state,
while those at low energy are related to the W** oxidation state™*.

Table 2. Position, area, FWHM, and atomic fraction (At.%) values of the C, Ag, W, and O peaks for a typical XPS survey spectrum of

o -Ag,WO, obtained by the MAH method.

Peaks Position (eV) Area (%) FWHM At %
Cls 285 2189.70 2.31 57.71
W 4f 247.98 1118.65 4.68 1.81
O1s 530.88 3285.50 5.06 29.57
Ag 3d 368.35 7420.11 2.24 10.85
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Figure 4. XPS survey spectrum of a-Ag, WO, processed by the MAH method. (a) High-resolution XPS spectra of the a. - Ag, WO, sample:

(b) O 1s, (c) W 4f and (d) Ag 3d regions.

Therefore, the deconvoluted components at 38.27 eV (W 4f, )
and 36.10 eV (W 4f ) are attributed to the W as Ag,WO,
compound, while the low BEs at 36.90 eV (W 4f, )) and 34.6
eV (W 4f ) are assigned to the W** as Ag WO, because of
the oxygen vacancies on the surface. The Ag 3d doublet (Ag
3d,, and Ag 3d,,), observed in the Ag 3d core-level spectrum
(Fig. 4d), exhibited a remarkable peak asymmetry due to
the plasmon loss effect™>*, suggesting the presence of Ag
metal on the a-Ag,WO, surface. This observation is in good
agreement with the FE-SEM (Fig. 3c,d) results, confirming
thus the presence of Ag metal (Ag’) on the surfaces of the
a-Ag, WO, nanorods. The asymmetry of the Ag 3d core-level
binding energies definitely suggests the existence of more than
one silver oxidation state®’, which can be supported by the Ag
3d deconvoluted peaks from the fitting analysis. Therefore,
the deconvoluted components at 367.6 eV (Ag 3d,,) and
373.75 eV (Ag 3d,,) are assigned to the existence of Ag" as
surface Ag,O*®. The plasmon loss effect manifests itself as
satellites peaks at larger BEs because the energy transfer of the
photoelectron reduces its kinetic energy; i.e., the binding energy
should be larger®™. Therefore, the peaks observed at 372.20
eV and 377.45 eV correspond to the surface-plasmon loss.

Ag® inmetallic form on the a-Ag WO, surface was assumed
to be the cause of the peak observed at 374.39 eV (Ag 3d, )%,
while the peak observed at 368.70 eV (Ag 3d, ) indicates the
existence of Ag* in the form of the Ag, WO, compound'>*.

Thus, from the Ag 3d core-level XPS spectrum results
we conclude that the unit cell shrinkage observed by the
Rietveld refinement method, might be associated to silver
vacancies on the bulk a-Ag, WO, generated by MAH method,
which have migrated toward nanorods surface.

3.4 DC/AC analyses

Electrical analyses based on DC bias are shown in
Fig. 5, in the form of I-V curves, Fig. 5a, verifies the Ohmic
behavior of the a-Ag, WO, material; in this specific geometry,
it presents a resistance of 5.82 x 107 Q and a resistivity of
5.34 x10® Q-m. The electrical polarization measurement in
Fig. 5b (electric displacement), yielded very large values,
even higher than BaTiO, composites®; however, as will be
seen below, the loss tangent is also very large, indicating
poor storage properties. Although a-Ag WO, is a ferroelectric
material in this range of voltage (-100 V to 100V), no residual
polarization is seen.
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Figure 6 shows the Nyquist and Bode plots measured
from 30 mHz to 1 MHz with a wave amplitude of 350
mV, as well as the proposed equivalent circuit (EC) and its
respective profile, which can be compared with experimental
curves. The EC chosen was the same one proposed by Cole®';
however, as a-Ag,WO, is a semiconductor, a resistive
element was added in parallel. Thus, from the EC, the
C1 parameter corresponds to electronic polarization, C2
corresponds to ionic polarization, and the constant phase-
angle element (CPE) is related to the non-ideal capacitance
of ionic dipoles, R1 is the contact resistance, and R2 is the
resistance belonging to a-Ag,WO,. All parameters were
calculated by EIS SA software and are summarized in Table 3.

Table 3. Equivalent circuit parameters for a-Ag,WO,.

Parameters Values
R, 24KQ
R, 6.1 MQ
C, 7.9 pF
C, 19.7 nF
Y," 1.2:10°8™Q!
n 0,52

1

In order to calculate the resultant circuit capacitance, it is
necessary to know the effective capacitance of the CPE
[(Z(CPE) = Y '(jw)™], which can be obtained by: C
=Y, @2nf" )" where ' corresponds to the frequency
whose Z" has the highest value®. By placing the "
value, indicated in Fig. 6a, into the C, equation, we
obtain a capacitance of 3.42pF. The sum of capacitance
phenomena, resulting from ionic dipoles, C, plus C, is
equal approximately to 3.42 pF, which is the same magnitude
as the capacitance derived from electronic polarization.
Although C from non-ideal capacitance had decrease
equivalent ionic capacitance, it is not predominant at overall
capacitance this assumption can be confirmed in Fig. 6b.

The phase difference of 90° represents an ideal capacitance,
and therefore, the predominance of electronic polarization.
Otherwise, as shown by the Nyquist plot, up to 275 Hz,
|Z"| is quite similar to |Z'|, denoting an ideal capacitance.
At frequencies below 275 Hz, deviations from ideal
capacitance can be seen; hence, non-ideal phenomena are
occurring at those frequencies. By performing simulations
of the EC at frequencies from 1 pHz to 100 MHz, it is
possible to obtain information at frequencies that cannot be
provided by the equipment used in this study; obviously,
this is only true if material electrical behavior it is modeling by
the same EC for all frequencies within the range being studied.

Figure 7a shows the simulated capacitance and loss
tangent of a-Ag,WO,. To 1 pHz the simulating capacitance
corresponds to 1.3 x 10 pF, which is the same magnitude as
C, (1.97 x 107 pF). By multiplying the angular coefficient
of the polarization curve in Fig.5b, times 1.82 cm?x 0.35V,
a capacitance value of 7.64 x 102 uF will be obtained again,
the same magnitude as C,. It can be concluded that the EC
at low frequencies matches very well with the DC results;
moreover, at low frequencies, capacitive phenomena come
from ionic polarization. Despite this, a-Ag,WO, is not a
good capacitor since it has a very large loss tangent that
in turn is due to the non-ideal polarization behavior. The
equivalent capacitance from the EC is 11 pF (3.42pF + C)),
this capacitance value occurs at the frequency at which
electronic and ionic polarization work together. Graphically,
the equivalent capacitance C'(f ) in Fig. 6b corresponds to
10.4 pF; confirming that EC proposed is reasonably good.
At frequencies below f" , ionic polarization predominates,
while at higher frequencies, the electronic polarization stands
out. The constant region of capacitance in Fig. 6b is relative
to electronic polarization; the experimental value is 8.2 pF,
and the calculated value is 7.9 pF. The large loss tangent
of a-Ag,WO, at low frequencies is comparable to the loss
tangent of shown at 0 °C and 9.38 GHz. Thus, at 1 pHz there
is a strong conversion of electromagnetic energy to heat.
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Figure 5. (a) I-V characteristic curve and (b) polarization as a function of voltage in a-Ag,WO, obtained by DC bias measurements.
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Figure 7. Simulation of capacitance and loss tangent (a) and capacitance and complex impedance versus frequency in the range from

1 uHz to 100 MHz (b).

4. Conclusions

The refinement of a-Ag,WO, structures obtained by
MAH showed displacement of the atomic coordinates of
the W and Ag atoms. This, in turn, changes the b and ¢
lattice parameters, resulting in unit cell shrinkage. FE-SEM
analysis of this material showed a morphology consisting
of rod-like microcrystals with an average length of 1.4
um. At high magnification, the presence of some silver
metal dots was observed on the surface of the nanorods,
this assumption can be supported by the contrast difference
between silver nanoparticles (Ag’) and nanorods surface.
XPS measurements reinforced the FE-SEM observation since
the Ag 3d doublet (Ag 3d,, and Ag 3d, ) observed in the Ag
3d core-level spectrum exhibited a remarkably asymmetric
peak due to the plasmon loss effect, suggesting the presence
of Ag metal on the a-Ag, WO, surface. I-V measurements it
was register the ohmic behavior of the a-Ag, WO, nanorods
with characteristic resistance (~58 MQ) of a semiconductor.
Polarization measurements found no residual polarization
in the voltage range employed. However, a-Ag, WO, shows
a very large polarization coefficient of 0.12 uC/(cm*V).

Finally, from AC electrical measurements, it was seen that
at frequencies less than 275 Hz, there is a predominance of
ionic behavior; at frequencies higher than that, electronic
behavior prevails. Overall capacitance, obtained by EC
fitting, is approximately 10 pF.
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