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oxide nanoribbons, a variety of inor-

ganic materials of nanoribbons/rib-
bons have been synthesized and character-
ized because of their distinctive geometries,
novel physical and chemical properties,
and potential applications in electronics,
optoelectronics, sensors, and the biological
sciences.!® Recently, vanadium oxides and
vanadium oxide related compounds have
received special attention because of their
unique physical and chemical properties,
such as electrochromic devices, cathodic
electrodes for lithium batteries, catalysts,
gas sensors, and so on.®? Silver vanadium
oxide (SVO) is the cathode active material in
lithium primary batteries for implantable
cardioverter defibrillators owing to its high
gravimetric/volumetric energy densities.”
Over the past years, there have been some
reports on the synthesis of SVO nanoma-
terials. AgVOs is a typical SVO compound.
Kittaka et al. studied the formation of SVO
through the reaction of V,0s - nH,0 and Ag-
NO; solution in a wet system at room tem-
perature and found that the reaction be-
tween V,0s - nH,0 and AgNO; is so slow
that several months for reaction are often
required.”” Sharma et al. reported the ion
exchange synthesis of B-AgVOj; by using or-
ganically intercalated vanadates as precur-
sors.'? Zhu et al. synthesized 3-AgVO;
nanowires using vanadium pentoxide pow-
ders and silver nitrate as reactants in the
presence of 1,6-hexanediamine via a novel
sonochemical route.’® In addition, several
kinds of B-AgVOs; nanostructures have been
synthesized through the hydrothermal
process.'4 18

S ince the discovery of semiconducting
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ABSTRACT Monoclinic 3-silver vanadate ([3-AgV0s) nanoribbons with widths of 300—600 nm, thicknesses
of ca. 40 nm, and lengths of 200—300 yum can be easily synthesized in high yield directly from a hydrothermal

reaction between V,05 and AgNO; in a solution containing a small amount of pyridine. The results demonstrated

that the formation of single-crystal AgV0; nanoribbons is strongly dependent on the reaction temperature,
especially, the presence of pyridine and its dosage. A possible growth mechanism of single-crystal AgV0;

nanoribbons has been proposed. Exposure of the nanoribbons to electron beam will easily result in the formation

of Ag nanoparticles embedded in situ on the backbone of the nanoribbons, making the nanoribbons potentially

useful as efficient catalyst support. The electrical conductivity of an individual single-crystal 3-AgV0; nanoribbon

exhibits nonlinear and symmetric current/voltage (/— V) characteristics for bias voltages in the range of —6to 6 V.

KEYWORDS: B-silver vanadate - nanoribbons - hydrothermal
synthesis - stability - conductivity - electrochemical performance

However, to the best of our knowledge,
it has not been reported hitherto that
B-AgVO; nanoribbons can be yielded di-
rectly from reaction between V,05 and Ag-
NOs in aqueous solution. It is of great impor-
tance to develop simple, fast, and low-cost
synthesis methods for control over the mor-
phology of B-AgVO; from the viewpoint of
its application.

Herein, we report a simple approach for
high-yield synthesis of B-AgVOs; nanorib-
bons by a hydrothermal reaction of bulky
V,0s and AgVOs powder in aqueous solu-
tion with the aid of pyridine. The direct
transformation from the layered V,0s to
B-AgVO3 nanoribbons can be achieved
without undergoing valence change for V
element. Controllable experiments have
been carried out to investigate the growth
mechanism of the 3-AgVO; nanoribbons.
The stability, electrical, and electrochemical
performance of the B-AgVOs nanoribbons
has been examined.
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Figure 1. XRD pattern of the 3-AgVO; nanoribbons pre-
pared at 180 °C for 3 h.

RESULTS AND DISCUSSION

Morphology and Structure. The elegant 3-AgVOs nano-
ribbons were synthesized through a hydrothermal
route directly from a reaction of V,0s and AgNO; in
aqueous solution with the aid of the organic solvent py-
ridine at 180 °C for 3 h. Figure 1 shows the typical X-ray
diffraction (XRD) pattern for the as-prepared 3-AgVOs
nanoribbons. All diffraction peaks can be indexed to the
phase of B-AgVOs; monoclinic structure [space group
12/m (No. 12)] (JCPDS card 29-1154). No peaks from
other phases can be detected. In contrast, the (501) dif-
fraction peak is the strongest one, while the strongest
peak of B-AgVO; in the literature is the (411), indicating
the possible preferential orientation of the B-AgVO;
nanoribbons.

The low-magnification field emission scanning elec-
tron microscopy (FE-SEM) and transmission electron
microscope (TEM) images in Figure 2a,b reveal that the
as-prepared sample consists of highly flexible nano-
ribbons with lengths of at least several hundred
micrometers. High-magnification FE-SEM images in Fig-
ure 2¢,d show that the thickness and width of the ap-
pointed nanoribbons can be determined to be ca. 30
and 300 nm, respectively. In general, the nanoribbons
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Figure 2. FESEM (a,c,d) and TEM (b) images of the 3-AgVOs nanoribbons
synthesized at 180 °C for 3 h. (a,b) Low-magnification SEM and TEM im-
ages; (c) high-magnification image; (d) typical image showing lateral sur-
face of a single nanoribbon.
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Figure 3. (a) TEM image of an individual 3-AgVOs; nanorib-
bon. (b,c) HRTEM images of different areas of the individual
nanoribbon. Inset in c shows the corresponding SAED pat-
tern taken along the [113] direction. (d) Schematic illustra-
tion of the B-AgVO; structure. Perspective view of AgVOs (1
X 5 x 3 cells): red balls, O; green balls, Ag; gray balls, V. (e)
Schematic illustration of the surface structure of the as-
synthesized 3-AgVO; nanoribbons viewed from the [113] di-
rection. The blue balls are dot matrix from (211) and (411)
planes in order to mark the (301) plane.

have typical widths of 300—600 nm, thickness in the
range of 30—60 nm, and lengths of 200—300 pwm.

The morphology and structure of the nanoribbons
were further characterized by TEM, selected area elec-
tron diffraction (SAED) patterns, and high-resolution
transmission electron microscope (HRTEM) analysis.
There are some little particles with a diameter of ca. 20
nm on the surface of 3-AgVOs nanoribbons (Figure 3a).
The formation of these nanoparticles on the ribbons is
due to the bombardment of high-energy electrons dur-
ing the TEM observation. The number of the nanoparti-
cles will rapidly increase with increasing exposure time
of electron beam to the sample, which has been clearly
observed as shown in Figure 4. Figure 3b displays the
HRTEM image taken on a typical nanoparticle. The lat-
tice spacings of 2.40 and 2.06 A are in agreement with
the values of the lattice spacings of the (111) and (200)
planes of cubic Ag phase. Herein, in situ formation of Ag
nanoparticles on the backbone of nanoribbons will pro-
vide an efficient route for the synthesis of composite
catalysts directly without using a chemical reducing re-
action between B-AgVO; and Cu coil."®'® The B-AgVO;
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nanoribbons with Ag nanoparticles reduced in
situ have potential applications for Raman SERS
detection and catalytic applications.?

HRTEM image in Figure 3c shows lattice spac-
ings of ca. 2.72, 2.65, and 3.13 A, corresponding
to the lattice spacings of the (411), (301), and (211)
planes for monoclinic structure 3-AgVO;, respec-
tively. The HRTEM pattern demonstrates that the
ribbon structure of B-AgVOs is oriented along the
(301) plane. Meanwhile, the angle between the
(211) plane and (411) plane is 114°, which is con-
sistent with that calculated result according to its
crystal structure. The corresponding SAED pattern
taken along the [113] direction on the nanoribbon indi-
cated the nanoribbon is single crystalline (inset in Fig-
ure 3c¢). The structure information of B-AgVO; nanorib-
bons from the HRTEM and SAED patterns can be well
described via the schematic illustration of the surface
structure viewed from the [113] direction (Figure 3e).
Figure 3d illustrates the schematic structure of
B-AgVOs, in which Ag™ cations are located between
the vanadate layers in different types and directly influ-
ence the bond lengths of V and 0. The surface atom
arrangement of the (113) face (along thickness direc-
tion) and (301) face (lateral surface) of the silver vana-
date nanoribbons may explain why the two faces can
exist after reaction. It is believed that the relative
growth rate of different crystal facets and the differ-
ence in the growth rates of various crystal facets result
in different outlook of the crystallites. According to the
structural characteristics of B-AgVO;, the views along
the (113) and (301) planes indicate that there are more
Ag atoms appearing on the planes

po
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Figure 4. (a—c) TEM images of the as-prepared 3-AgVO; nanoribbons under ex-

posure to electron beam. Many tiny silver nanoparticles with a diameter less than
30 nm formed in situ on the surface of backbone of the nanoribbons after an ex-

R

sure time of about 5 min.

flected by the 732 and 517 cm™" bands, corresponding
to the asymmetric and symmetric stretches, respec-
tively. These peaks along with those located at 390, 340,
249, and 172 cm™ are the clear signature of the Ag-
VO3, which is similar to that of the channel-structured
silver vanadate reported by Bao et al.'*

The XPS analysis provided further information for
the evaluation of the surface composition and purity
of the product. The XPS survey spectrum in Figure 5b
shows that the peak values at 284.5 eV can be readily
assigned to the binding energies of C 1s. No peaks of
other elements except C, O, Ag, and V were observed in
the spectrum, indicating the high purity of this prod-
uct. The two strong peaks at the Ag region of 367.5 and
373.5 eV are, respectively, assigned to Ag 3d(5/2) and
Ag 3d(3/2), whereas the three peaks located at 516.6,
524.1, and 529.8 eV corresponded to V 2p(3/2), V 2p(1/
2), and O 1s, respectively (Figure 5¢,d). The atomic ratio
of the Ag/V/O in AgVO;s calculated from the peak area

(see Supporting Information Figure 10000 a 500000 b Ag3d
S2). Thus, the pyridine molecules 8000 §4ooooo
have more chances to interact with - Q O‘SAg3p
the Ag atoms on these planes and @ 6000 o | 2300000 vz l’
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metavanadate, (VOs),"~, corre-
sponding to single or double chains
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the Ag—O—Ag bridges.?? The
bridging V—0—V bond in the poly-
meric metavandate chains is re-
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Figure 5. Raman scattering spectrum and XPS spectra of the 3-AgVO; nanoribbons obtained at
180 °C for 3 h; (a) Raman spectrum; (b) XPS survey spectrum of the sample; (c) XPS spectra of the
O 1s and V 2p regions; (d) XPS spectrum of the Ag 3d region.
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Figure 6. (a) FT-IR spectrum of the as-synthesized 3-AgVOs; nanoribbons by reaction of V,05 with
AgVOs in the presence of a small amount pyridine at 180 °C for 3 h; (b) TG and DTA analyses of the
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ature range of 200 and 380 °C, is
due to the loss of physically ad-
sorbed water and coordinated
water.?® For the two low-
temperature peaks, the weight
losses were 0.55 and 0.37 wt %,
respectively, as shown by the
black curve in Figure 6b. Differen-
tial thermal analysis (DTA) in the
dash-dot curve shown in Figure

Wavenumber (cm’)

as-prepared nanoribbons.

a

Figure 7. Schematic illustration of the synthesis procedure, including the photos and pH
values at every stage. (a) Two kinds of reactants are added in turn. (b) Two kinds of reac-

. 40 ml H,0
.

V505

is approximately 1:1:3, which is consistent with the
given formula for AgVO; within the experimental errors.
Fourier transform infrared (FT-IR) spectrum in Fig-
ure 6a shows that there are characteristic absorption
peaks at 798 and 520 cm ™' in the samples, which can
be assigned as the symmetric and asymmetric stretch-
ing vibration peaks of the V—0 band in the silver vana-
date structure, respectively. The absorption bands at
860 cm ™ are assigned as V=0 stretching mode. The
band at 1382 cm ™! might be due to nitrate radical resi-
due from the reactant. The bands at 3445 and 1630
cm™! are the stretching of O—H and flexural vibrations
of the O—H in free water, respectively.
Thermogravimetric (TG) analysis indicates that
the as-prepared nanoribbons have very little weight
loss from room temperature to 1000 °C in flowing ni-
trogen (below 1.5 wt %) in Figure 6b. The result is
quite different from that reported by Mao et al.,'® in
which there is 27 wt % weight loss of B-AgVO3;
nanowires in the temperature range from 37 to 700
°C in flowing N, atmosphere. The TG curve of
B-AgVO; nanoribbons reveals weight loss distribut-
ing in three sectors due to removal of physisorbed
and chemisorbed water. The low-temperature sector
(<120 °C) weight loss may be attributed to the loss
of free water. The second weight loss, in the temper-

treatment

AgNO;
180 °C, 3h

treatment

tants are added at one time.
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6b shows that there are other
main peaks: one endothermic
peak centered at 470 °C, the
other exothermic peak at 877 °C
with no associated obvious
weight loss; these may correspond to the phase
transformation of silver vanadium oxide.?* The TG-
DTA analysis shows that the as-synthesized 3-AgVO;
nanoribbons have good thermal stability in nitro-
gen atmosphere.

Formation Mechanism of (3-AgV0; Nanoribbons. The forma-
tion mechanism of the elegant B-AgVO; ribbon-like
nanostructures has been investigated. In the present
synthesis, neither templates nor surfactants are used in
the reaction system. Figure 7 shows the schematic dia-
gram of synthetic procedures. Procedure b is a typical
synthesis process in which two reactants, AgNO; and
V,0s, are directly added at one time into the autoclave.
As a contrast experiment, the two reactants are also
added in turn in the procedure a. As shown in the sche-
matic diagram, the product is entirely the same from
the two procedures, though the synthesis steps have
some differences.

V,0s, an amphoteric oxide, is the most important
compound of vanadium in the manufacture of sulfuric
acid, and it can slightly dissolve in water due to hydrol-
ysis. The orthorhombic crystal structure of V,0s can be
described as layers of VOs square pyramids that share
edges and corners.?* The sixth V—0 bond in the
c-direction consists of weak electrostatic interactions,
which facilitate the insertion of various ions and mol-
ecules between the layers?>?° (see Sup-
porting Information Figure S1). From Fig-
ure 7, we can see that the V,0s powder
(0.45 mmol) can partly dissolve in 40 mL
of distilled water and form aurantium
suspended solution with pH 2.83. The
pH value quickly reaches 6.71, and the
mixture solution will be more transpar-
ent and becomes a colloid solution when
2 mL of pyridine (Py) is added into the
suspension. This colloid solution is en-
tirely transparent and will form a clear so-
lution when it undergoes a hydrother-
mal treatment at 160 °C for 3 h. The pH
value of the mixture solution is stabilized
at 6.5—7.0 during the reaction process af-
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ter pyridine is added. Thus, the overall chemical reac-
tion involved in the hydrothermal synthesis can be
briefly described by eqs 1—3.

A

N |

wo [ ) —— Ny
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Ag
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x x
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Pyridine is a simple and fundamentally important
heterocyclic aromatic organic compound. It is structur-
ally related to benzene, wherein one CH group in the
six-membered ring is replaced by a nitrogen atom. The
nitrogen atom on pyridine features a basic lone pair of
electrons. Because this lone pair is not delocalized into
the aromatic m-system, pyridine is basic with chemical
properties similar to tertiary amines. Pyridine is proto-
nated by reaction with acids from the reaction of eq 1
and forms a positively charged aromatic polyatomic ion
called pyridinium cation, which is isoelectronic with
benzene. The reaction as described eq 1 is similar to
an acid—base buffer pair, so the pH value of the mix-
ture solution can be stabilized in a small range. In reac-
tion eq 2, the pyridinium cation of coordination be-
tween Ag* and Py can slow the reaction activity of silver
ions. V,05 powder will totally dissolve in solution with
increasing temperature, and then good contact be-
tween silver ions in the pyridinium complex and VO;~
can be gradually achieved. There is a competition be-
tween the Py and VO; group for the silver ion, and sil-
ver vanadate can be formed if the combining force of
silver ion with VOs™ is greater than that of silver ion and
pyridine. As illustrated in eq 3, the pH value does not
change largely, although new H* ions have been gen-
erated in the reaction process because the pyridinium
cations have been produced immediately between the
H* ions freshly formed and pyridine to stabilize the pH.
This presumption has been validated by the experi-
ment, similar to the procedure b, in which pH has been
adjusted to 6.83 with 0.1 M NaOH aqueous solution be-
fore heating the autoclave, but without using pyridine.
After the reaction, the pH value of the solution de-
creased to 5.80. At last, jelly-like product formed will
fill up the whole inner Teflon liner of the autoclave (see
the right lower picture in Figure 7).

The B-AgVO; nanoribbons prepared via the above
procedure are flexible and can be easily curled at elevat-
ing temperature. Figure 8 shows FESEM images of silver

www.acsnano.org
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vanadate loops formed after calcination of the 3-AgVOs
nanoribbons at 350 °C for 12 h in air. The long nanorib-
bons have mainly broken into many short slices, and a
few nanoribbons curled into loops
(Figure 8a). The typical curling loops
can be clearly seen in magnified SEM
images shown in Figure 8b—d. These
microloops are very similar to self-
coiling of Ag,V401; nanobelts re-
ported previously.”
The presence of pyridine is es-
(2)  sential for the formation of 3-AgVOs;
nanoribbons in present reaction
system. We propose that pyridine
plays an important role not only in
stabilizing pH value but also in
) slowing the reaction because pyri-
dine molecules can easily coordi-
nate with silver ions to form pyridine salt. No nanorib-
bons can be obtained, and instead aggregated particles
are obtained in the absence of pyridine, which could
be due to a too fast reaction speed. The amount of py-
ridine has been varied from 1 to 20 mL. It has been
found that the appropriate dosage of pyridine is ca. 2
mL in the present synthesis. FESEM images of as-
synthesized silver vanadate in the presence of differ-
ent dosage pyridine under other identical experimen-
tal conditions show that the ribbons and agglomerated
particles were obtained when the amount of pyridine
was 0.5 mL (see Supporting Information Figure S5a,b).
While the amounts of pyridine added are 1 and 3 mL, re-
spectively, long and short nanoribbons with inhomoge-
neity are synthesized (see Supporting Information Fig-
ure S5¢—f). When 4 mL of pyridine is added, the yield of
product is very low and a large amount of particles
and a small amount of ribbons with a light gray color
are obtained (see Supporting Information Figure S5g,h).

M

Figure 8. FESEM images of silver vanadate loops after annealing the
sample at 350 °C for 12 h, which was prepared after hydrothermal treat-
ment at 180 °C for 3 h. (a) General view at a low magnification; (b—d) typi-
cal highly curled loops found in the sample.
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Figure 9. FESEM images of silver vanadate nanoribbons prepared at dif-
ferent temperature for 12 h: (a,b) 160 °C; (c,d) 180 °C; (e,f) 200 °C.

The monoclinic B-AgVO; phase is obtained when the
amount of pyridine is 0.5 and 1 mL. While the amounts
of pyridine added are 3 and 4 mL, the crystalline phase
of the product is quite different from monoclinic
B-AgVOs. Thus, the dosage of pyridine used in the
present reaction system plays an important role in con-
trolling both the shape and phase formation (see Sup-
porting Information Figure S6).

In addition, the formation of B-AgVOs; nanoribbons
is also dependent on reaction temperature and time.
The reaction cannot take place when the temperature

100
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Figure 10. Three successive cyclic voltammograms of the 3-AgVO;
nanoribbons in 0.10 mol - L~ KNOs, which were prepared at 180 °C
for 3 h. The scan rate is 20 mV/s.
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is below 140 °C. The products obtained at different tem-
perature from 160 to 220 °C are all one-dimensional
ribbon-like nanostructures (Figure 9). The products pre-
pared at 180 and 200 °C can be indexed to pure mono-
clinic B-AgVOs phase, while the mixture phases of
a-AgVO; and B-AgVO; are obtained at 160 °C (see Sup-
porting Information Figure S3), which are agreement
with the results reported in the literature.® In a typical
synthesis procedure (temperature is kept at 180 °C),
when the reaction time is more than 2 h, elegant
nanoribbons can be obtained; while reaction time is as
short as 1 h, long nanowires are produced (see Support-
ing Information Figure S4).

Electrochemical and Electrical Properties of 3-AgV0;
Nanoribbons. Electrochemical and electrical properties
of B-AgVOs nanoribbons have been investigated.
Figure 10a shows the three successive cyclic voltam-
mograms of 3-AgVO; nanoribbons in 0.10 mol - L™’
KNOs aqueous solution by linear scan voltammetry.
From the patterns, it can be seen that the peaks of
the three cycles are all similar. Noticeably, peaks 1
and 2 in the first cyclic voltammogram are stronger
and then fall off in the second and third cyclic
voltammograms, but the positions do not change.
This phenomenon can be explained by the fact that
the sample adsorbed in the electrode surface re-
duces with an increasing number of the cycle. The
anode peak (at 0.71 V) and the cathodic peak (at 0.36
V) on the curve can be designated to two reversible
redox couples: Ag*/Ag® and VO,"/V?*.

The electrical conductivity property has seldom
been reported for an individual single-crystal 3-AgVOs
nanoribbon. Recently, Li et al. have reported the electri-
cal conductivity of the sub-micrometer-sized 3-AgVOs
ribbons with channel structure.’ Here, we preliminar-
ily discussed the electrical conductivity property of an
individual single-crystal B-AgVOs nanoribbon by scan-
ning the bias voltage at room temperature and ambi-
ent air condition. Owing to the existence of Ag™ cations
between the vanadate layers in the 3-AgVOs structure,
the prepared 3-AgVOs; nanoribbons are expected to
have a good electrical conductivity for potential appli-
cations in microelectrodes or nanodevices. The
current—voltage (/I—V) curve of a single 3-AgVO; nano-
ribbon at room temperature is shown in Figure 11a. A
schematic view and the SEM image of an individual
B-AgVO; nanoribbon electrode are shown in the insets
of Figure 11a. From Figure 11a, it is clear that the
bottom-contacted device exhibits nonlinear and sym-
metric current/voltage (I—V) characteristics for bias
voltages in the range of —6 to 6 V. The curve is repro-
ducible, and no large fluctuations are observed even in
the high bias region, indicating that the device is stable.

Figure 11b displays the /I—V plot of the bulk 3-AgVOs
pellet (made via a pressed disk method; i.e., the pow-
der of B-AgVO; nanoribbons was pressed under a pres-
sure of 15 atm - cm™2). It mainly shows ohmic electrical
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6 transport. The bulk electrical behavior is differ-
- ent from the individual B-AgVO; nanoribbon,
4- - which may be explained by the poor orienta-
= Bl fiatent tion of individual B-AgVO; nanoribbons in the
2] ﬁ bulk state.
< 0 o CONCLUSION
g In conclusion, we have developed a facile
d9d route for the synthesis of elegant and super-
long B-AgVOs nanoribbons with widths of
4] 300—600 nm, thicknesses of ca. 40 nm, and
o lengths of 200—300 wm via mild hydrother-
6 ' . ' : : . mal reaction without using any surfactant in
J -4 ) 0 2 4 6 a pyridine-mediated solution. Pyridine not
VIV only plays a coordination agent role for Ag*
and H* at initial reaction stage but also pro-
6 vides a stable pH value in subsequent reac-
b tion because of the formation of the pyridin-
4- ium cation. The B-AgVO; nanoribbons
prepared via the above procedure are flex-
2. ible and can be curled at elevated tempera-
ture. The TG and DTA analysis shows that the
<0 B-AgVO; nanoribbons as-synthesized have
é‘- good thermal stability. The electrical conduc-
2. tivity property of an individual single-crystal
B-AgVO; nanoribbon exhibits nonlinear and
B symmetric current/voltage (/—V) characteris-
F tics for bias voltages in the range of —6 to 6
V for the bottom-contacted device. In addi-
® 10 5 0o 5 10 tion, exposure of the nanoribbons to electron
\V/AV) beam will easily result in the formation of

Figure 11. (a) I—V curve of the gold electrode with an individual
B-AgVOs nanoribbon. Insets: schematic view (top left) and the SEM
image of the individual nanoribbon electrode (bottom right). (b) I-V
plot of bulk B-AgVO; pellet (made via a pressed disk method; i.e.,
the powder of 3-AgVO; nanoribbons was pressed under a pressure

of 15 atm-cm™2).

METHODS

Materials. All chemicals are analytical grade. Vanadium pen-
taoxide (V,05) and silver nitrate (AgNOs) were purchased from
Shan Tou Xi Long Chemical Factory and Shanghai Chemical Re-
agent Co. Ltd,, respectively. Pyridine and ethanol were pur-
chased from Sinopharm Chemical Reagent Co., Ltd. All reagents
were used as received, without further purification.

Synthesis of 3-AgV0; Nanoribbons. The 3-AgVO; nanoribbons
were synthesized through a hydrothermal route by reaction of
V,0s with AgNOs in a Teflon-lined autoclave. In a typical proce-
dure, 0.0765 g of AgNOs, 0.0818 g of V,0s, and 40 mL of distilled
were mixed together in a Teflon-lined stainless-steel autoclave
with a volume capacity of 50 mL. Then 2 mL of pyridine was also
dropwise added into the autoclave under vigorous stirring. The
mixed solution displayed a color change from brick red to light
yellow when pyridine is injected. After 30 min, the reaction mix-
ture formed a homogeneous yellow suspension. The autoclave
was sealed and maintained at 180 °C for 3 h, then cooled to room
temperature naturally. The obtained gel state pale yellow sol-
ids, which overflowed the all inner lining, were collected by cen-
trifuging the reaction mixture; the particles were then washed
with distilled water and absolute ethanol several times each and
dried in a vacuum at 60 °C for 6 h for further characterization.
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Ag nanoparticles embedded in situ on the
backbone of the nanoribbons, making the
nanoribbons act as efficient catalyst support,
which will find applications either in SERS de-
tections of organic molecules or as catalysts.

Characterization. The phase purity of the as-prepared samples
was examined by X-ray diffraction (XRD) using a Philips X'Pert
PRO SUPER X-ray diffractometer equipped with graphite mono-
chromatized Cu Ka radiation (A = 1.54178 A). To obtain further
evidence for the purities and compositions of the as-prepared
products, the X-ray photoelectron spectra (XPS) were applied,
which were recorded on an ESCALab MKIl X-ray photoelectron
spectrometer, using Al Ka radiation as the exciting source. Ra-
man spectra were performed with 488 nm laser excitation with
a micro-Raman system, which was modified by coupling an
Olympus microscope to a Spex 1740 spectrometer with a CCD
detector. Scanning electron microscopy (SEM) and field emission
scanning electron microscopy (FE-SEM) were applied to investi-
gate the size and morphology and were carried out with a Hita-
chi X-650 scanning electron microanalyzer and a field emission
scanning electron microanalyzer (JEOL-6700F), respectively.
Transmission electron microscope (TEM) images were taken
with a Hitachi H-800 transmission electron microscope at an ac-
celeration voltage of 200 kV. High-resolution transmission elec-
tron microscope (HRTEM) analysis and selected area electron dif-
fraction (SAED) patterns were performed on a JEOL-2010
transmission electron microscope. Thermogravimetric analysis
(TGA) and differential thermal analysis (DTA) were carried out on
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a TGA-60 thermal analyzer (Shimadzu Corporation) with a heat-
ing rate of 10 °C/min in flowing nitrogen. FT-IR (MAGNA-IR 750,
Nicolet Instrument Co. USA) was dealt with dried powder. Elec-
trochemical experiments were performed on an EG&G PAR
Model 283 potentiostat/galvanostat.

Electrical conductivity of an individual nanoribbon was car-
ried out on the Agilent E5270 |-V parametric measurement sys-
tem. To make electrical contact with a single B-AgVO; nanorib-
bon, a diluted aqueous suspension of nanoribbons was
stochastically dropped and dried on an oxidized silicon sub-
strate, on which contacts of gold had been evaporated through
a shadow mask in an early operation (photoetching method).
The spacing intervals among gold contacts are 10 pm (see inset
in Figure 11a). Two platinum wire electrodes were derived from
the two gold contact dots with silver paste.
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