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Ø Vanadium dioxide (VO2) demonstrates great potential for
use in smart windows and other optical applications such as
switching modulation and optical limiting because of its
thermochromic and photochromic behavior resulting from
a solid-solid phase transition.1

Ø This phase transition is due to a semiconducting,
monoclinic crystal structure at low-temperature
transforming to a rutile, metallic state at temperatures above
a critical value of 68 ℃.2

Ø Chemical sol-gel methods are a common low-cost technique
to fabricate VO2 thin-films, but do not always yield high
quality films due to a sensitive dependence on experimental
conditions, such as substrate deposition technique or
annealing atmosphere and temperature.3

Ø In this work, sol-gel produced VOx thin-films were annealed
under various conditions and tested for their presence of
VO2.

Ø Two different precursor solutions, starting from either
vanadyl acetylacetonate (VO(acac)2) or vanadium pentoxide
(V2O5) were tested.

Ø This research aims to develop low-cost, unconventional
annealing atmosphere conditions, as well as investigate the
effects of anneal temperature and time on the resulting
VO2 thin-films.
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Introduction

Ø V2O5 precursor solution was prepared and aged for 24 
hours, while the VO(acac)2 precursor solution was aged for 
seven days.

Ø The solutions were
spin coated or drop
casted, onto ½in by
½in microscope glass
substrates.

Ø There were six different
annealing procedures:

Ø A copper sheet was placed
over the crucible to reduce the
oxygen content in the
atmosphere.

Ø A CO2 atmosphere was
created by using a candle
under the crucible.

Ø Annealing on a hotplate was
attempted to determine if the
total time of the annealing
process could be reduced.

Ø After annealing, the samples
were characterized by a
spectrometer which measured
the transmittance of the film.

Temperature (℃) Time (h) Conditions

450 2 ambient atmosphere, in furnace

550 2 ambient atmosphere, in furnace

560 4 ambient atmosphere, in furnace

500, 560 1, 1 ambient atmosphere, copper sheet, in furnace

500, 560 1, 1 CO2 under crucible, copper sheet, in furnace

540 1 CO2 under crucible, on hotplate

Figure 2. Copper sheet
annealing in ambient
atmosphere

Figure 3. Copper sheet 
annealing in carbon 
dioxide atmosphere

Figure 4. Hotplate 

annealing in carbon 
dioxide atmosphere

Figure 1. Spin coating procedure. 
Image from Keyence.6
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Ø An alternative to annealing in an oxygen-deficient
atmosphere, either nitrogen, argon, dry CO2, or other
inert gas was not found.

Ø Samples annealed in ambient atmosphere, on copper
sheets, and in candle-produced CO2 did not convincingly
demonstrate optical switching after annealing.

Ø The next step is to upgrade our furnace to allow for inert
atmosphere annealing.

Ø The results were largely inconclusive, and annealing in
unconventional conditions did not yield VO2 thin-films.

Ø The transmittance of the substrates was expected to
decrease, and this was the case for the darker films,
especially ones which were drop casted.

Ø However, the transmittance of some films increased, as
annealing some of the samples resulted in a transparent
VOx film.

Ø Our results confirm results from literature, where
annealing in nitrogen and argon have excelled at yielding
VO2 as opposed to annealing in ambient conditions.4,5

Figure 5. Transmittance of VO(acac)2
samples before and after annealing for two 
hours at 450℃ in ambient atmosphere.

Figure 6. Transmittance
of V2O5 samples
annealed at 500℃ for

one hour then 560℃
for one hour in
compared to samples
annealed at 560℃ for
four hours in ambient
atmosphere.

Figure 7. Transmittance of 
V2O5 samples annealed at 
500℃ and 560℃ for two 
hours on a copper sheet 

compared to annealing on a 
copper sheet in a carbon 
dioxide atmosphere.

Ø Figures 5-7 are representative spectra 
from our samples 


