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Abstract Vanadium dioxide, VO,, is a thermochromic material that exhibits a reversible metal-insulator phase
transition at 68 °C, which accompanies rapid changes in the optical and electronic properties. To decrease the
transition temperature around room temperature, a number of studies have been performed. The phase transition
temperature of 1D nanowire VO, with a 100 nm diameter was reported to be approximately 29 °C. In this study,
ID or 2D nanostructured VO, was grown using the vapor transport method. Vanadium dioxide has a different
morphology with the same growth conditions for different substrates. The 1D nanowires VO, were grown on a Si
substrate (Si\SiO,(300 nm), whereas the 2D & 3D nanostructured VO, were grown on an exfoliated graphene
nanosheet. The crystallographic properties of the 1D or 2D & 3D nanostructured VO,, which were grown by thermal
CVD, and exfoliated-transferred graphene nanosheets on a Si wafer which was used as substrate for the vanadium
oxide nanostructures, were analyzed by Raman spectroscopy. The as-grown vanadium oxide nanostructures have a
VO, phase, which are confirmed by Raman spectroscopy.
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Fig. 1. Schematic diagram of the thermal CVD system.
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Fig. 2. SEM images of the as grown VO, by thermal
CVD system. (a) As grown VO, shows
different morphology 1D nanobeams on Si
substrate, and 2D & 3D nanostructures on
exfoliated graphene nanosheets (inside of red
dashed lines). The growth temperature was 680
°C. (b) 1D VO, nanobeam with rectangular
cross section on Si wafer substrate at 710 °C.
(c) Most well grown 2D & 3D nanostructured
VO, on exfoliated graphene nanosheet at 655
°C. (d) As grown VO, nanostructures on
mono-layer graphene nanosheet (area of
between red and white dashed line) which have
low growth rate, and on bi-layer graphene
nanosheet (area of inside of red dashed line)
which have relatively high growth rate.
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Fig. 3. Raman spectra of (a) bare Si wafer(Si\SiO»(300

nm)/Si) and (b) exfoliated graphene nanosheet
on Si wafer. Si peaks show at wavenumber 520
em™ and around 939~989 cm™. Graphene peaks
show at wavenumber 1575 cm” (G peak) and
2707 cm’ (2D peak). The ratio of 2D/G is
around 0.5. The exfoliated graphene nanosheet
are multi-layered graphene(more than 4 layers).
Raman spectra of as grown (c) 1D nanobeam
VO, and (d) 2D & 3D VO, nanostructures. The
insets of (c) and (d) are full range Raman
spectra. The red triangle symbol denotes VO,
phase peaks, and yellow circle symbol denotes
graphene peaks. According to the
analysis, the as grown 1D nanobeam vanadium
oxide, and 2D & 3D nanostructrured vanadium
oxide have VO, phase.
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Fig. 4. Raman spectra of few layered exfoliated graphene
nanosheet before VO, growth (a, c¢), and after
VO, growth (b, d). The insets of (b) and (d) are
full range Raman spectra. The SEM image (e)
of as grown 2D & 3D VO, nanostructures on
few layered graphene nanosheet substrate. (a)
The ratio of 2D/G of Raman spectra is 3.5
which imply high quality mono-layer graphene.
(b) Very weak and few signals of VO, were
detected due to the rare VO, nanostructures
distribution. (c) The Raman spectra of bare
bi-layer graphene which exhibits almost the
same intensities between G peak and 2D peak.
(d) Relatively stronger VO, peaks' intensities
than the case of monolayer graphene were
found due to relatively high growth rate of VO,
nanostructures.
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