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he ease with which V,0, can be re-

duced and its ions intercalated into

layered structures makes it a promis-
ing material for applications such as lithium
batteries,' catalysts,*® electrochromic de-
vices (ECDs),” and supercapacitors.'®'2
Recently, silver-doped V,Os (silver vana-
dium oxide, SVO) was shown to significantly
improve the intercalation rate, specific ca-
pacity, and cycling performance in lithium
ion batteries.’® It has also been used in im-
plantable cardioverter defibrillators due to
its long-term stability."*'” In earlier reports,
SVO films were made by pulse laser deposi-
tion (PLD),"®™"® sputtering,'® evaporation,
and vapor deposition.?®?' Bulk SVO was
also synthesized by heat, melting a silver
salt with vanadium oxide.?*3 Recently,
Ag,V,0,, nanowires and nanobelts were
prepared by a hydrothermal approach.?*?*

V,05 nanorods and nanowires have at-

tracted attention due to their novel applica-
tions as sensors,?® field-effect
transistors,?”~2° electric actuators,®® and
nanolithography templates.?’ V,05 nano-
wire sheets as actuators display a high
Young's modulus, high actuator-generated
stress, and high actuator stroke at low ap-
plied voltage.>? Vanadium oxide nanowires
have been prepared by several methods.
Nesper et al.>® synthesized tubular vana-
dium oxide by a sol-gel reaction of vana-
dium alkoxides with a primary amine. Nied-
erberger et al.>* synthesized mixed-valence
vanadium oxide nanorods via a nonaque-
ous low-temperature procedure. V,05 nan-
orods and nanowires have also been syn-
thesized in reverse micelles.3* Cao et al.>®
reported the growth of V,05 nanorod ar-
rays using electrophoretic deposition com-
bined with templating. For these syntheses,
the length of the nanowires was usually
less than 10 wm. Longer nanowires are ex-
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ABSTRACT Silver vanadium oxide (SV0) and V,0, nanowires have been hydrothermally synthesized. The as-
made nanowires are over 30 pum long and 10-20 nm in diameter. The nanowires have a layered structure with a
d-spacing of 1.07 nm. The nanowires can be fabricated into free-standing and flexible sheets by suction filtration.
The electrical conductivity of the SV0 nanowires is 0.5 S/cm, compared to 0.08 S/cm for the V,0, nanowires. The
Li ion diffusion coefficient in the SV0 nanowires was 7 times higher than that in the V,0, nanowires. An
electrochromic device was fabricated from the SV0 nanowires that displayed a color-switching time of 0.2 s from
the bleached state (green) to the colored state (red-brown) and 60% transmittance contrast.

KEYWORDS: silver vanadium oxide - V,05 - nanowires - electrochromic device

pected to facilitate formation of free-
standing sheets or films. Hydrated V,O4
nanowires, 10 um long, were synthesized
by the polycondensation of vanadic acid in
water at room temperature.>>3” This pro-
cess requires several weeks due to the slow
ion exchange between Na™ and H™ ions in
a resin from sodium metavanadate solu-
tions at room temperature. In this paper,
we introduce a facile method to make high-
aspect-ratio SVO and V,04 nanowires with
layered structure in one day, where the as-
made nanowires are over 30 wm long and
~10—20 nm wide.

V,0; films display a color change when
lithium ions are injected into or extracted
from the layer spaces by applying a small
voltage. V,O; films have been used as a
working electrode in ECDs. Traditionally,
V,0; films have been made by sputtering,
38 chemical vapor deposition (CVD), °
vacuum evaporation,*® and sol-gel pro-
cesses.*! To improve the intercalation and
extraction kinetics of lithium ions in V,0;, a
short diffusion distance, bigger interlayer
space, and good electrical conductivity are
desired.*? Recently, TiO,/V,05,** Nb,O./
V,05,** and polyaniline/V,05* composite
films have been proposed to shorten the
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1a. As can be seen in the image, the sheet was brown,
and it was flexible and could be folded without break-
ing. The SVO nanowire paper has potential applications
in supercapacitors and actuators. A V,05 nanowire
sheet was also fabricated by the same strategy. The
free-standing sheet composed of V,05 nanowires was
green-brown, as shown in Figure 1b. The green-brown
color suggests partial reduction of the V> in the
nanowires. Both sheets were ~50 pum thick. The top-
view scanning electron microscopy (SEM) images of the
SVO film dip-coated onto ITO glass show that the SVO
film comprises entangled nanowires with an aspect ra-
tio of over 1500, 30 um long and 10-20 nm wide, as can
be seen in Figure 2a,b. The SVO film on the ITO glass
was ~500 nm thick, as shown in the SEM image of the
film cross section in Figure 2c. A V,05 nanowire film
with the same thickness was also made by the same
method and is shown in Figure 2d. It can be seen from
the top-view SEM images in Figure 2e,f that the V,05
nanowires have the same aspect ratio as the SVO
nanowires.

The X-ray diffraction (XRD) pattern in Figure 3a re-
i - ) ) veals that the as-made SVO nanowires matched the
T e, A3o20s hase PDF No.00.028-1027) wih charac

teristic peaks at 26 = 12.24, 18.78, 23.25, 25.52, 29.25,

nanowires.

34.48, 46.08, and 50.65°. These peaks can be assigned to
SWItChlng time. Meanwhile, V205 nanorod and nano- (002), (200), (_104), (01 1)’ (104), “ 13)[ (_504)’ and
wire films have been investigated.*>*® In this report, an

ECD was constructed by dip-coating SVO nanowires
onto ITO-coated glass. The resulting device displayed a
much shorter color-switching time and a bigger trans-
mittance contrast compared to the V,05 nanowires.

(020) lattice planes, respectively. Two weak peaks at 26
= 38.1 and 44.3°, characteristic of Ag metal, can also be
found in the XRD pattern of the SVO nanowires. The
size of the Ag particles was 3.6 nm, as calculated from
the Scherrer equation. The peak at 26 = 8.2° can be as-
signed to the (001) reflection, corresponding to a
RESULTS AND DISCUSSION d-spacing of 1.07 nm. The XRD pattern of the V,O4

A digital photograph of a free-standing SVO nano- nanowires in Figure 2b shows the 00/ reflections consis-
wire sheet peeled off a filter paper is shown in Figure tent with the layered structure of hydrated V,0..""*”

S =y . ' v e
Figure 2. (a,b) Top-view SEM images of a SVO nanowire thin film on ITO glass. (c) SEM image of a cross section of the SVO nanowire
thin film on glass. (d,e) Top-view SEM images of a V,05 nanowire thin film on ITO glass. (f) SEM image of a cross section of the
V,0; nanowire thin film on glass.
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Figure 3. XRD patterns of (a) SVO nanowires and (b) V,05
nanowires.

The peaks at 26 = 9.1, 18.3, 27.7, 37.2, and 46.0° are as-
signed to (001), (002), (003), (004), and (005) lattice
planes, respectively. The d-spacing of the V,0;
nanowires was 1.01 nm, which is smaller than that for
the SVO nanowires in which Ag metal is positioned be-
tween or among the V,0s chains spanning the layer
space.®” In the XRD pattern of the V,O5 nanowires, four
weak peaks at 26 = 31.0, 32.5, 39.8, and 47.2° are also
observed. They can be assigned to (200), (131), (022),
and (241) lattice planes of NH,VO; (PDF No. 01-076-
0191), respectively, which indicates that there were
trace amounts of unreacted NH,VO; in the V,0, sample
but not in the SVO sample.

To determine the content of coordinated water in
the SVO and V,0; nanowires, thermogravimetric analy-
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ses (TGA) were carried out. The derivative thermogravi-
metric curve of SVO nanowires shown in Figure 4a re-
veals three peaks due to removal of physisorbed and
chemisorbed water molecules, as previously reported.
*8 The low-temperature weight loss peak at 130 °C may
be attributed to the loss of free water. The second
weight loss, located at ~235 °C, is due to the loss of
physically adsorbed water. For these two low-
temperature peaks, the weight losses were 3.8% and
2.7%, respectively, as can be seen in Figure 4b. The
maximum peak temperature for weight loss was cen-
tered at 350 °C, and the weight loss was 11.2%, which
was ascribed to the loss of coordinated water. Thus, the
molar ratio of the coordinated water to Agg55V,05 in
the hydrated nanowires may be ~1.14. The derivative
thermogravimetric curve shown in Figure 4c also dis-
plays three weight loss peaks for the V,05 nanowires at
130, 257, and 400 °C, which correspond to 2.0%, 4.5%,
and 12.3% weight loss, respectively. The maximum
weight loss peak occurred at 400 °C, 50 degrees higher
than that of the SVO nanowires. This is probably be-
cause the coordinated water hydrogen-bonds with the
oxygens located in the V,0, framework, and embed-
ding of silver in the V,0, framework hinders this inter-
action. For the V,05 nanowires, the molar ratio of the
coordinated water to V,05 was determined to be
~1.25, according to the weight loss curve in Figure 4d.
The transmission electron microscopy (TEM) image
of the SVO nanowires displays many silver nanoparti-
cles on the nanowire surface, as can be seen in Figure
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Figure 4. (a) TGA curve and (b) weight loss curve with respect to temperature (°C) for the as-made SVO nanowires. (c) TGA
curve and (d) weight loss curve with respect to temperature (°C) for the as-made V,05 nanowires. Test conditions: N, flow

rate, 20 mL min~'; heating rate, 4 K min~".
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Figure 5. HRTEM images of (a) SVO nanowires and (b) V,05 nanowires. Insets: images with high magnification.

5a. The inset image in Figure 5a shows a layered struc-
ture with a lattice spacing of 1.04 nm, a little smaller
than that determined from the XRD pattern, probably
because of dehydration upon exposure to the high-
voltage electron beam under the high-vacuum environ-
ment. The nanowires grow along the [010] direction.
The crystalline layered structure can also be observed
in the V,05 nanowires, as shown in Figure 5b, and the
interlayer spacing is 0.97 nm, as determined from the
high-resolution (HR) TEM image shown in the inset. The
lattice fringes of (001) planes on the nanofibers grow
along the fiber growth direction, as previously
reported.’>

The FT-IR spectra of the SVO and V,05 nanowires
are shown in Figure 6. In both cases, the spectra exhib-
ited characteristic IR bands attributed to V,0;. The
band centered at 976 cm ' is assigned to the V=0
stretching vibration, and the bands at 850 and 542
cm ™! correspond to the V—O—V bending vibration
and edge-sharing V—O stretching vibration, respec-
tively.*® In the IR spectrum of the SVO nanowires, the
relative intensity of the band at 850 cm ™' with respect
to the band at 542 cm ™" or the band at 976 cm ™' de-
creased compared to that of V,0, nanowires. Such a de-
crease of the band relative intensity could be due to in-
troduction of Ag™ into the nanowire framework, which
interrupts the V—O—V linkages and produces more

2400 1900 1400 900 400
Wavenumber (cm"l)

3400 2900

Figure 6. FT-IR spectra of (a) SVO nanowires and (b) V,05
nanowires.
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edge-sharing V—O bonds and terminal V=0 bonds.*°
The band at 741 cm ™' could be assigned to a V—OH,
stretching mode due to coordinated water.>' Two IR
bands at 3470 and 1640 cm ™' are attributed to stretch-
ing and bending vibrations of water molecules.>® The
bands at 1100 cm ™" in the spectra are related to —OR
groups of the organic P123, which indicated that trace
organics could be present inside the interlayer space of
the nanowires, although the nanowires were suffi-
ciently washed with water and acetone. Additionally,
the bending vibration of —CH, is also observed at 1410
cm ™', and the bands at 2930 and 2860 cm ™' corre-
spond to the asymmetrical and symmetrical stretching
bands of —CH,, respectively. Although there was trace
organic existing in the nanowires, it was not observed
as an obvious weight loss peak in thermogravimetric
analyses, because most weight loss was caused by com-
plexed water, which could hide the contribution of or-
ganics. Intercalation of P123 could play a structure-
directing role in the preparation of high-aspect-ratio
nanowires, as reported by others.>®*** Moreover, P123
also may act as a reductant to reduce Ag™ to Ag, along
with partial reduction of V>* to V** during the hydro-
thermal condensation. X-ray photoelectron spectros-
copy (XPS) showed the main binding energy of the
V2p3/2 electrons located at 517.5 eV, as can be seen in
Figure 7a, suggesting a 5+ oxidation state for most of
the vanadium ions. In addition, a small peak at 516.2
eV indicates partial reduction of the V** ions to V**
during the hydrothermal condensation. The molar ra-
tio of V*" to V>* was 0.11 for the SVO nanowires and
0.14 for the V,04 nanowires. In the XPS spectra of both
SVO and V,04 nanowires (as shown in the Supporting
Information), the peak at 289 eV suggests formation of
some carbonate groups due to oxidation, which is fur-
ther supported by the band at 1760 cm ™, assigned to
=0 groups, shown in Figure 6. The XPS spectrum in
Figure 7b shows that the silver species in the SVO
sample include Ag™ and metallic Ag, and the atomic ra-
tio of Ag™ to Ag is 0.13. It was reported that the Ag-
doped Ag, 35V,0s phase contains both Ag® and
Ag™,'®'83% but the atomic ratio of Ag™ to Ag® in the
SVO was not reported. The XRD pattern reveals that me-
tallic Ag nanoparticles and Ag ,55V,05 coexist in the

www.acsnano.org
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Figure 7. XPS spectra of (a) V2p for (I) the SVO and (ll) V,05
nanowires and (b) Ag3d for the SVO nanowires.

sample. To evaluate the atomic ratio of Ag™* to metal-
lic Ag in the Ag ,35V,05 phase, it is necessary to deter-
mine the molar ratio of Ag in the metallic Ag nanopar-
ticles covering the SVO nanowires versus intercalated or
framework Ag in the SVO (Ag 55V5,05) nanowires. The
atomic ratio of total silver to vanadium in the sample
was determined by energy-dispersive spectrometry
(EDS) to be 0.244, so the molar ratio of Ag in the metal-
lic Ag nanoparticle phase to that in the SVO
(Ago35Y505) nanowires was 0.39 by calculation. This as-
sumes the SVO phase has a ratio of Ag, ;5V,0s, which
is reasonable because if the Ag ratio changes by a small
amount, such as Ag, 35,05, then the XRD pattern
changes.'® The atomic ratio of Ag™ to metallic Ag in
the SVO nanowires can be calculated to be 0.23, and
the chemical composition of SVO (Ag, 55V,05) could be
Ag ¥ 008A9%.27V" 178V 0220

Nanowires having a layered structure are very inter-
esting due to their short diffusion distance, which al-
lows reversible intercalation of a variety of ions. Electro-
chromic devices were made from the as-made
nanowires. The bleaching (oxidized) and coloration (re-
duced) states of the SVO-based ECD are red-brown and
green, respectively, as shown in Figure 8a,b. Although
the V,0, nanowire sheet looks green-brown in Figure
1b, the nanowire-based ECD also displayed a red-brown
color after one cycle of color-switching, because the va-
nadium was completely oxided to V>* under the ap-
plied voltage. The “SVO” and “V,05" labels behind the
ECDs can be clearly seen through the nanowire films.
Figure 9 shows the optical transmittance spectra of
both states for SVO and V,0, nanowire-based ECDs.
Each state was scanned five times with an interval of
25 min. For the SVO nanowire-based ECD, the bleached
state is very stable, and all spectra almost overlap, as
can be seen in Figure 9a. However, in the colored state,
the transmittance of the ECD increased with time, indi-
cating that the reduced state was not very stable be-
cause Ag nanoparticles could promote catalytic

www.acsnano.org

Figure 8. Digital photographs of (a) bleached and (b) col-
ored states for a SVO nanowire-based ECD and (c) bleached
and (d) colored states for a V,05 nanowire-based ECD.

oxidation.’>® The maximum transmittance change,
AT, was 60% at 1020 nm. The UV-vis transmittance
spectra of the V,05 nanowire-based ECD displayed
good stability in both states, as can be seen in Figure
9b. The maximum AT was 33.7% at 1005 nm.

The color-switching time of the ECD was measured
by a Si photosensor. The EDC with SVO nanowires de-
posited on ITO glass as an anode and ITO glass as
counter electrode was very stable in the applied volt-
age window from —2.5 to +3.8 V. The applied voltage
vs time plot shown in Figure 10 displays the coloration-
bleaching processes: U = —1.5 V for bleaching (green
color) and U = 2.5V for coloration (red-brown color).
The color-switching time, defined as half the total trans-
mittance change, was about 0.2 s from green to red-
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Figure 9. Optical transmittance spectra of (a) a SVO nano-
wire ECD and (b) a V,05 nanowire ECD.
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Figure 10. Transmittance vs time during coloration and bleaching cycles of (a) a SVO nanowire-based ECD and (b) a V,04

nanowire-based ECD.

brown and 0.1 s for the reverse process at 633 nm, as
shown in Figure 10a. For V,0- nanowires, the color-
switching time was 6 s from green to brown and 1 s
for the reverse process, as shown in Figure 10b, appar-
ently much slower than that for SVO nanowires. Cheng
et al.*® reported the color-switching time of a V,04
nanowire ECD to be 6 s from the colored state to the
bleached state and 5 s from the bleached state to the
colored state. Takahashi et al.® reported that a 30%
transmittance change at 700 nm took 50 s for a V,04
nanorod ECD when 3.0 V was applied, and 300 s was re-
quired for a sol-gel V,05 ECD. For electrochromic appli-
cations, immediate color-switching is important. The
rates of coloring and bleaching depend on the lithium

ion diffusion rate and the diffusion distance in the inter-
layer space of the nanowires. In our case, both the
SVO and V,0s nanowires are 10-20 nm wide, which
provides a short diffusion distance. In the reported V,O4
nanowire or nanorod ECDs, the diameter sizes were
~100 nm.>*® Moreover, the SVO nanowire sheets are
more electroconductive (0.5 S/cm) than the V,05 nano-
wire sheets (0.08 S/cm), and the SVO nanowires have a
bigger interlayer spacing (1.04 nm) than the V,0O4
nanowires (0.97 nm), which may contribute to a higher
Li diffusion coefficient in the SVO nanowires than in the
V,05 nanowires.

To evaluate the Li ion diffusion coefficient in the
SVO and V,04 nanowires, cyclic voltammetry (CV) was
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Figure 11. Cyclic voltammograms of (a) SVO nanowires and (b) V,05 nanowires. The scan rates of traces |, I, I, IV, and V

are 50, 75, 150, 200, and 300 mV s~ ’, respectively. Plots of peak current (i,) as a function of the square root of the scan rates

(v'"2) for (c) the SVO nanowires and (d) the V,05 nanowires.
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carried out with different potential scanning rates on
the ~500 nm thick SVO and V,05 nanowire thin films
coated on ITO glass. Two oxidation peaks can be seen
at —0.15 and —0.45 V in Figure 8a. As reported in the
literature,>”*8 V** jons were partially oxidized first,
leaving a mixture of V*" and V>*. The remaining V**
ions were further oxidized to V°" at —0.15 V. This was
associated with a different crystalline phase of
Li,V,0..>” The reverse reactions take place, as indi-
cated by the two corresponding reduction peaks at
—0.2 and —0.45 V. The Li ion diffusion coefficient can
be calculated from a linear relationship between i, and
v'”? according to the following equation,®

i,=(2.69x10°)n*2aD}/? G;v'"?

where i is the peak current (A), a is the electrode area
(cm?), D, is the apparent diffusion coefficient of the Li™
ion in the electrode (cm? s~ "), C; is the bulk concentra-
tion of the Li* ion in the electrode (mol cm™3), and v
is the potential scan rate (Vs ).

By using CV, the kinetic response was examined to
determine the dependence of peak currents on scan
rates. Cyclic voltammograms of the SVO nanowire film
were obtained at various sweep rates, as shown in Fig-
ure 11a. Figure 11c shows a good linear relationship be-
tween i, and v'/? at scan rates lower than 300 mV s~
The diffusion coefficient of the Li* ion in the SVO thin
film was estimated to be 5.3 X 10~ ' cm? s~ . For the
V,05 nanowire thin film, the diffusion coefficient of the
Liions was 7.5 X 10~ "' cm? s~ ! according to the lin-
ear relationship shown in Figure 11d. The SVO nano-

METHODS

Preparation of SV0 and V,0, Nanowires. SVO nanowires were pre-
pared by the hydrothermal polycondensation of ammonium
metavanadate (Aldrich) and reduction of AgNO; in an autoclave.
In a typical synthesis, 0.3 g of ammonium metavanadate and
0.50 g of P123 (EO,4PO,,EO,,) were dissolved in 30 mL of deion-
ized (DI) water containing 2 mL of 1 M HNO;. This mixture was
stirred at room temperature for 7 h, and then 1.1 g of AgNO; was
added. After stirring for 1 h, the mixture was transferred to a 50
mL Teflon-lined autoclave and heated to 120 °C for 24 h. The re-
sulting precipitate was dispersed in 50 mL of DI water with vig-
orous stirring. The product was suction-filtered and rinsed with
DI water and acetone. The nanowires were dried at 80 °C for 12 h.
The SVO can be peeled off the filter paper as a sheet. For com-
parison purposes, V,05 nanowires were prepared with the same
procedure: 0.3 g of ammonium metavanadate and 0.50 g of
P123 were dissolved in 30 mL of DI water containing 1.5 mL of
2 M HCl instead of HNOs. This mixture was stirred at room tem-
perature for 7 h and then transferred to an autoclave and heated
to 120 °C for 24 h. The resulting precipitate was treated by the
same process as that used to make the SVO nanowire sheet.

Electrochromic Device. First, 0.25 g of nanowires was dispersed
into 20 mL of DI water with vigorous stirring at room tempera-
ture, and the solution was concentrated to 5 mL by solvent
evaporation at room temperature. The suspension was dip-
coated onto ITO glass and dried at 80 °C for 10 min. The ECDs
were fabricated by mounting a 1 mm thick adhesive tape on the
four sides of the nanowire thin film on ITO glass, and then an-
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wires have a Li diffusion coefficient 7 times higher than
that of the V,05 nanowires. Lantelme et al.°® reported
that the lithium diffusion coefficient was 10~ '?2—10" '3
cm? s~ ' in a V,0, thin film deposited by atomic layer
CVD. McGraw et al.®’ reported that the maximum diffu-
sion coefficient was 1.7 X 10~ > cm? s~ " in an amor-
phous V,0; film prepared by PLD. Julien et al.®* gave a
value of ~10~ "2 cm? s~ for flash-evaporated V,0,
films. Seman et al.%® reported a diffusion coefficient of
~1X107""=2x 10" "?ecm?s ' fora V,0; thin film de-
posited by plasma-enhanced CVD. Therefore, the Li

ion diffusion coefficient for the SVO nanowires may be
the fastest reported for a V,05 system.

CONCLUSIONS

Layered silver vanadium oxide nanowires with a
high aspect ratio have been hydrothermally synthe-
sized. The 10-20 nm wide nanowires have a short Li
ion diffusion distance. The SVO nanowires have a bet-
ter electrical conductivity (0.5 S/cm) than V,0. nano-
wires (0.08 S/cm) prepared using the same method. In-
troduction of Ag atoms in the V,0, framework further
enlarged the interlayer spacing as well as coordinated
water. These contributed to a Li ion diffusion coefficient
for SVO nanowires that was 7 times higher than that
of V,05 nanowires. A faster Li ion diffusion coefficient
could make the SVO nanowires a promising material in
applications that include Li ion batteries, supercapaci-
tors, and electrochromic devices. The SVO nanowire-
based ECD displayed color-switching over 20 times
faster than that of the V,05 nanowire-based ECD in
our experiments and the literature reports.

1M LiClIO4/PC

Glass €—
— Adhesive tape

SVO nanofibers

ITO layer

Figure 12. Setup of the electrochromic device (ECD).

other ITO glass was placed on top of the tape, leaving a T mm
thick space, as shown in Figure 12. Finally, 1 M lithium perchlor-
ate in propylene carbonate (PC) electrolyte was injected into
the mounted cell until all air was replaced.

Characterization. XRD patterns were collected using a Scintag
XDS 2000 X-ray diffractometer with Cu Ka radiation. FT-IR spec-
tra were recorded from KBr pellets between 400 and 4000 cm ™"
using an Nicolet Avatar 360 FT-IR spectrometer. Scanning elec-
tron micrographs were recorded using a LEO 1530 VP field emis-
sion scanning electron microscope. The atomic ratio of Ag to V
was determined using EDS analysis with Genesis microanalysis
software combining energy-dispersive analysis of X-rays (EDAX)
algorithms for standardless quantification. The microstructure of
the nanowires was observed by TEM using an FEI CM200 FEG
transmission electron microscope at 200 kV. XPS analyses were
conducted on a PHI5701 LSci instrument with monochromated
Al Ko 1486.6 eV as the X-ray source. The takeoff angle was 65°,
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and the analysis area was 2.0 X 0.8 mm. The calculation of the
atomic ratio of Ag™* to Ag was based on the area ratio of the
binding energy peaks. Cyclic voltammograms were measured
using an EG&G Princeton Applied Research potentiostat/gal-
vanostat (model 273A). The nanowire-coated ITO glass served
as working electrode, Pt was used as the counter electrode, and
Ag/AgCl was used as the reference electrode. The electrolyte was
1 M LiClO,/PC. The optical transmittance spectra of nanowire
ECDs were recorded from 350 to 1500 nm using a Perkin-Elmer
Lambda 900 UV-vis—NIR spectrophotometer with the ITO-
coated glass/electrolyte/ITO-coated glass as a reference. The
color-switching of the ECDs as a function of time was measured
by using a Si photosensor with a sun imitator lamp as a light
source. The EDC with SVO nanowire deposited on ITO-coated
glass was used as an anode, and ITO-coated glass was the
counter electrode. The electrical conductivity of the nanofiber
sheets was measured using a four-point technique, in which four
equally spaced probes were placed in contact with the sheet,
and then a known current was passed through the outside
probes and the voltage was sensed at the two inside probes us-
ing a Keithly 2000 multimeter.
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