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Abstract. Tunsten oxide nanorods are grown on mica substrate in air from WOs3 vapor at 590 °C. They
are epitaxially oriented on the substrate in three directions according to the hexagonal symmetry of
the mica. Their morphology was investigated by Atomic Force Microscopy (AFM), their structure by
Electron Diffraction (ED) and High Resolution Electron Microscopy (HRTEM). The energy dispersive
X-ray analysis (EDX) associated with the TEM revealed the presence of potassium in the first step of
the nanostructures growth suggesting the formation of a tungsten bronze. According to their thickness
the nanorods have a structure either hexagonal or monoclinic. The structural investigations showed that
numerous kinds of planar defects parallel to the growth direction are formed. The electrical conduction was
analyzed with a Conductive Atomic Force Microscopy (CAFM) method which allows to obtain either an
image of the resistance variations along the nanorods or a current-voltage response. The result demonstrates
that the WO3 nanorods form electrically networks suitable for gas sensing experiments.

PACS. 81.10.-h Methods of crystal growth; physics of crystal growth — 61.46.-w Nanoscale materials —

73.63.-b Electronic transport in nanoscale materials and structures

1 Introduction

Semi conducting metal oxides such as WO3 have attracted
attention as candidates for chemical sensors. This interest
is due to the fact that their electrical conductivity de-
pends on the nature and concentration of adsorbed species
on their surface. In the recent past years polycrystalline
WOg3 thin films have been extensively tested for the sens-
ing properties towards various gases [1-3] and the results
evidenced the role of the grain size. The sensing response
increases steeply with a decrease of the grain size [4]. How-
ever in such polycrystalline thin films the average grain
size is difficult to be controlled and may be modified dur-
ing the sensing process due to the fact that sensors with
conventional thin films operate at temperatures ranging
between 200 and 500 °C. Recently monocrystalline nanos-
tructures including nanorods and nanobelts of semi con-
ducting oxides have been synthesized [5-14]. Some of the
nanostructures have been tested as sensing material for
chemical sensors. Due to their large surface to volume ratio
and their small dimensions compared to the Debye length,
they appear as promising candidates for chemical sensors
working at low temperature and even at room tempera-
ture. In this paper, we report on the synthesis of tungsten
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oxide nanorods obtained by a very simple method, on their
structure and on their electrical characterization.

2 Nanorods synthesis

The experimental set up used to synthesize the nanorods
was described elsewhere [15]. The nanorods are grown on
a mica substrate, from WOs3, vapor provided by a tung-
sten oxide film predeposited on a SiO5 wafer. The vapour
source is heated at a temperature T's = 600 °C the mica
substrate is located above the source at a distance d and
heated by irradiation from the WOj3 source. The tem-
perature mica substrate is determined by the distance d
and varies in a range of 450-550 °C. After cooling at a
room temperature, the mica substrate exhibits nanorods
as presented in Figure 1 which is a typical image obtained
with Ts = 590 °C and a deposition time of Ty = 40 mn.
The morphology of the nanorods has been investigated by
Atomic Force Microscopy (AFM), their composition by
energy dispersive X-Ray spectroscopy (EDX) and their
structure was analyzed by High Resolution Electron Mi-
croscopy (HRTEM) and Transmission Electron Diffrac-
tion (TED). The electrical conduction was characterized
by Conductive Atomic Force Microscopy (CAFM).
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Fig. 1. AFM image of WO3 nanorods grown on mica. Depo-
sition time: 45 min.
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Fig. 2. EDX spectrum of a WO3 nanorod.

3 Morphology of WO3; nanorods

The nanorods are grown on a mica substrate. AFM ob-
servations show that they are highly aligned, parallel to
three directions according to the hexagonal symmetry of
the (0001) mica surface proving that they are epitaxi-
ally grown. In fact two directions are predominant as it
is shown in Figure 1. For given vapour source tempera-
ture T's and the distance d, the WO3 nanorod size depends
on the deposition time Ty;. For 30 mn < T; < 90 mn the
nanorod dimensions vary in range 1-20 pym, 10-200 nm
and 1-50 nm for the length, width and thickness respec-
tively. The AFM images reveal a variety of features and
shapes. Some of them are perfect with constant thickness,
however often they are multiple or with incomplete surface
layers [15].

4 Composition and structure

Figure 2 represents an EDX spectrum obtained on a
nanorod extracted from its mica substrate by means of a
transfer replica. The EDX spectrum exhibits peaks which
are assigned to Cu coming from the electron microscope
grid and peaks assigned to elements W, O and K coming
from the nanorods. The relative proportion of K atoms
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Fig. 4. HRTEM image of a thin nanorod (thickness: 3 nm).

in the nanorods appears to be dependent of the nanorod
thickness as indicated by the ratio I /Iy of the intensity
peaks of K and W which decreases as the thickness in-
creases; for example I /Iy = 0.25 and 0.11 for nanorods
with a thickness of e = 3.5 nm and 6 nm respectively.
The ED and HRTEM investigations of nanorods show a
variety of structures with numerous and complex atomic
and planar defects.

Figure 3 represents an HRTEM image typical of the
most nanorods with a thickness larger than 5 nm. It im-
ages the atomic structure of the top of the nanorod as
a (001) plane with atomic distances D; = 0.37 nm and
D3y = 0.38 nm which are in good agreement with the value
of interatomic distances deduced from the electron diffrac-
tion pattern. These results are interpreted on the base of
a monoclinic tungsten oxide structure. The HRTEM im-
age reveals a quasi perfect crystalline structure with some
atomic defects, as it can be seen in A on the enlarged part
of the image.

Figure 4 displays an HRTEM image of another
nanorod with a thickness of about 3 nm. It exhibits a
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Fig. 5. (Color online) (a) AFM im-
age of a WO3 nanorod. (b) CAFM
image corresponding to (a). The

rectangular basic mesh with dimensions of 0.625 nm and
0.388 nm corresponding to the atomic position of tung-
sten atoms in the (100) plane of either the hexagonal
tungsten oxide (HWO3) or to the hexagonal tungsten
bronze (HTB). The hexagonal tungsten oxide (HWOg3)
and the hexagonal tungsten bronze (HTB) crystallize in
the same hexagonal structure and with lattices parame-
ters very closed each others [16]. So it is not possible to
distinguish between the HWO3 and the HTB phases on
the basis of the electron diffraction patterns and TEM
images. However the EDX spectrum indicates the pres-
ence of potassium atoms in such nanorods. So we consider
that the nanorod consists in an HTB phase on which the
HWOj3 grows. The electron diffraction patterns and the
HRTEM observations revealed a large variety of planar
defects and structural distortions. In the electron diffrac-
tion patterns the presence of weak spots between the main
spots indicates the existence of ordered planar defects as
shown in Figure 4 where superlattice figures running par-
allel to the [001] direction are shown. In addition, on the
electon diffraction pattern of Figure 4 diffuse streaks along
the [010] direction indicates that there is numerous disor-
dered plane defects running parallel to the length axis of
the nanorod.

From the ED and the HRTEM results we deduce that
WO3 nanorods exhibit either a monoclinic or an hexago-
nal structure. The monoclinic structure of WO3 nanorods
have a (001) plane parallel to the top surface. The hexag-
onal WOj3 nanorods have a surface plane parallel to (100)
and their length direction parallel to [100] direction. In
the two structures the defects planes are parallel to the
length direction.

5 Electrical characterization of the WO3;
nanorods

The set up for electrical conduction measurement has been
described elsewhere [17]: a gold electrode is deposited on
an extremity of the nanorod. The CAFM method allows

gold electrode is visible on the left
upper side of the image.

to measure the electrical current which flows through the
nanorod between the gold electrode and the conductive
AFM tip. It is possible to obtain simultaneously a topo-
graphic image and an image of the resistance (Figs. 5a
and 5b). Systematical measurements on many nanorods,
evidence that nanorods form networks electrically well
connected with relatively small variation of the resis-
tance along the nanorods. From resistance values, we have
deduced WO3 nanorod resistivity which ranges between
1072 and 1073 Qm. At our knowledge, no resistivity val-
ues for monocrystalline WOj3 are available in the litera-
ture. The WOj5 resistivity studies concern polycristalline
sample and give values of one or more order of magnitude
higher [18].

6 Conclusion

It is possible to synthesize tungsten nanorods in a very
simple way. The nanorods contain potassium atoms com-
ing from the mica substrate. The Electron Diffraction
and High Resolution Transmission Electron Microscopy
studies show that WOgs nanorods have two crystallines
structures according to their size: thin nanorods exhibit
a hexagonal structure while thicker ones have a mono-
clinic structure. These results suggest that the first step
of growth involves the formation of a very thin potassium
compound with an hexagonal structure, epitaxially ori-
ented on the mica substrate. We suppose that this com-
pound is an hexagonal tunsten bronze. Further growth
proceeds by the deposition of the monoclinic tunsten oxide
which matches the hexagonal tungsten bronze. The CAFM
investigations demonstrate that the nanorods form a net-
work of electrically connected 1-D nanostructure which
can be tested as sensing device.

This work is supported by the E.C. Contract STRP- 505895 —
NanoChemSens.
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