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An experimental study of the optical properties of PVA coated In2O3 nanoparticles was performed with
characterization methods including photoluminescence, absorption and point source, photogenerated
current–voltage measurements. The photoluminescence results show that PVA can suppress the parasitic
green emission by modifying defect energy states introduced by oxygen vacancies. Thin films fabricated
from PVA coated In2O3 nanoparticles show higher photocurrent and suppressed dark current, which may
be promising for UV photodetector applications.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Low-dimensional, metal oxide semiconductor nanomaterials
have stimulated great interest and extensive research due to their
novel electronic and optical properties. Among them, In2O3 is a
wide band-gap semiconductor material that has a variety of appli-
cations including: field effect transistors (FETs) [1–3], gas sensing
[4–6] and optoelectronic devices [7–9]. However, one prominent
issue for In2O3 nanomaterials is the parasitic blue–green emission,
due to oxygen vacancies [10–14]. This parasitic emission was also
observed in ZnO nanostructures [15–20]. Research has begun to
investigate the effective use of surface modification [21–23] to
solve this problem for ZnO nanoparticles. To our knowledge, meth-
ods to suppress parasitic green emission for In2O3 nanoparticles
have not been studied yet.

In this paper, the material characteristics of a thin film fabri-
cated from polyvinyl-alcohol (PVA) coated In2O3 nanoparticles
are investigated. Compared to uncoated In2O3 nanoparticles, sig-
nificant suppression of the parasitic green emission and enhanced
UV–blue emission is demonstrated, proving that PVA can modify
defect levels in this material.
2. Experiment

The thin films were fabricated from commercial In2O3 nanopar-
ticles (US Research Nanomaterials Inc.) with a purity of 99.995%
and sizes ranging from 20 to 70 nm. They were divided into two
batches. The first batch was dispersed in ethanol to form 40 mg/
ll rights reserved.
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ml suspension. The second batch was treated with PVA solutions
(1% in weight in water), providing surface passivation. Then the
PVA coated In2O3 nanoparticles were centrifuged and dispersed
in ethanol. The concentration of the suspension was also 40 mg/
ml. These solutions were then spin-coated onto quartz plates and
annealed in air at 120 �C for 5 min, respectively.

The following characterization methods were used to deter-
mine the material quality and optical characteristics of the In2O3

nanoparticles. A Carl Zeiss Ultra 1540 dual beam scanning electron
microscope (SEM) was used to determine size and morphology.
Photoluminescence (PL) spectra were measured using a Spex Fluo-
rolog Tau-3 spectrofluorimeter with a Xenon lamp and the excita-
tion wavelength was fixed at 330 nm. UV–Vis absorption spectra
were recorded using a Shimadzu UV–Vis 2550 spectrophotometer
with a deuterium lamp (190–390 nm) and a halogen lamp (280–
1100 nm). Auto switching between the lamps is synchronized to
a wavelength and the switching range is selectable between 282
and 393 nm. The scanning wavelength range used in the experi-
ment is 240–800 nm with a switching wavelength of 330 nm. Dark
current and photogenerated current were measured using a
HP4155B semiconductor parameter analyzer and a UV LED with
peak wavelength at 335 nm. All measurements were performed
at room temperature in air.
3. Results and discussion

Fig. 1 is a high resolution SEM image of PVA coated In2O3 nano-
particles spin-coated onto a quartz substrate. The sizes of the
nanoparticles are in the range of 20–70 nm with an average value
of approximately 40 nm. The uncoated In2O3 nanoparticles in eth-
anol spin-coated onto quartz substrate exhibit a similar size.
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Fig. 1. High resolution SEM image of PVA coated In2O3 nanoparticles.

Fig. 2. PL spectra of In2O3 excited at 335 nm show enhanced UV–blue emission and
suppressed green emission by PVA coating. (The inset is the normalized spectra.)

Fig. 3. Absorption spectra demonstrate higher UV and blue absorption for PVA
coated In2O3 nanoparticles comparing with uncoated In2O3 nanoparticles.
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The PL spectra of PVA coated and uncoated In2O3 nanoparticles
are presented in Fig. 2 Two broad bands are observed from the un-
coated sample. The first band with peak at 402 nm (3.08 eV) is
close to the newly revised fundamental band-gap of In2O3

(2.93 ± 0.15 eV) by recent studies [24–26]. Theoretical calculations
from these studies have shown that transitions from the first six
valence bands into the conduction band are either symmetry for-
bidden or have very low dipole intensity. A review of available lit-
erature on the emission spectra of nanostructured In2O3 show that
the emission spectra of nanostructured In2O3 strongly depend on
morphology and growth conditions of the nanostructures .The
emission peak at 3.08 eV is very close to the UV emission peak
(3.18 eV) observed for ZnO nanowires by Gali et al. [27]. Guha
et al. and Liang et al. reported PL emission at 2.64 eV from In2O3

nanopyramids and nanocolumns and a broad emission peak at
the same energy for nano-fiblers respectively [13,28]. Whereas,
Jean et al. reported PL emission peak at 2.13 eV from In2O3 nano-
towers [29]. Therefore, a range of PL emissions are found in litera-
ture due to the many possible transitions around the band-gap.

The second band is parasitic green emission with a peak at
565 nm. When excited at 335 nm, the PL spectra clearly indicate
that the PVA coating enhanced UV–blue emission and diminished
parasitic green emission. In addition, the PL peak shifted from
402 nm to 420 nm and the full width at half maximum (FWHM)
expands from 74 nm to 110 nm. The shift of the PL spectra is likely
due to the defect-related transitions rather than the quantum
confinement effect. The diameter of the In2O3 nanoparticles in this
study is much larger than the critical Bohr radius of In2O3

(2.38 nm) [30]; therefore, the quantum confinement effect can be
excluded. The origin of photoluminescence in In2O3 was attributed
to amorphous indium oxide or oxygen vacancies [31]. However, re-
cent studies show other defects like oxygen antisites, indium inter-
stitials, oxygen interstitials, and indium vacancies were also found
to be responsible for PL emission in In2O3 [32,33]. In general, the
various effects listed above provide additional transition paths
for carriers through energy states created by the defects [34,35].
Several recent studies show that polymers such as polymethyl
methacrylate (PMMA) and PVA can effectively modify surface de-
fect states of metal oxide by covering the surface of metal oxide
through a large amount of hydroxyl groups [36–38]. Thus, the shift
and expansion of the PL spectra in this work may be explained as a
modification of surface defect states due to the PVA coating, lead-
ing to additional carrier transition paths. This conclusion is further
supported by the absorption spectra presented in Fig. 3, which
show enhanced UV–blue absorption due to surface defect level
modification.

The parasitic green emission observed in uncoated In2O3

nanoparticles is attributed to the oxygen vacancies that induce
deep donor defect levels within the band-gap of In2O3 nanostruc-
tures [10–14]. A similar defect level emission (DLE) mechanism
is found in other metal oxides including ZnO [15–20]. Based on
explanation given by van Dijken et al. [39] and a model proposed
by Jan-Peter Richters et al. [36] that illustrate the influence of poly-
mer coating on ZnO nanowires, here we developed a model that
explain the decreased intensity of the DLE for PVA coated In2O3

nanoparticles and this model is shown in Fig. 4. According to van
Dijken et al., the DLE cannot be generated from recombination of
electrons with single charged oxygen vacancies centers (Vþo ), but
generated by recombination between electrons and double
charged oxygen vacancies centers (V2þ

o ). These V2þ
o centers are

formed through two mainly steps. First, the photogenerated holes
are trapped by surface adsorbed oxygen ions (O� and O�2 ) through a
very fast process. Second, the holes may tunnel into the deep-level
defects to create the optically active V2þ

o centers. Due to the large
surface to volume ratio of In2O3 nanoparticles, the two step process
can be very strong, which introduce considerable amount of V2þ

o

centers and therefore DLE. Due to the changed dielectric constant
of the surrounding material introduced by PVA coating, the local
electric structures of In2O3 nanoparticles are changed. This can
effectively reduce the density of the surface adsorbed O� and O�2
due to screening effect [36]. Therefore, fewer holes will be trapped



Fig. 4. Schematic diagram illustrating the mechanism of DLE in In2O3 nanoparticles.

Fig. 5. (a) Dark current and (b) photocurrent measured from PVA coated and
uncoated photodetectors.
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at the surface of In2O3, leading to reduced density of V2þ
o centers

and hence reduced DLE.
The current–voltage (I–V) characteristics for thin films fabri-

cated from PVA coated and uncoated In2O3 nanoparticles, shown
in Fig. 5, were measured by two tungsten needles touching the film
surface directly. The measurements were done under dark and illu-
mination using a 335 nm UV LED with intensity of 31.65 mW/cm2.
The photocurrent measured from the PVA coated sample is slightly
higher than the uncoated sample, while the dark current of PVA
coated sample is only one fifth of uncoated sample. Due to the re-
duced density of surface defects by PVA passivation, the sup-
pressed dark current is expected. For the photocurrent of the
In2O3 nanoparticles, the oxygen vacancy defects and surface ad-
sorbed oxygen molecules are two important factors need to be dis-
cussed. First, the oxygen vacancy defects usually act as carrier
trapping centers and can reduce the photocurrent by trapping
the photo-generated carriers before they reach the contacts. Thus
a decrease in the density of surface oxygen vacancy sites also leads
to a reduced number of carrier trapping centers, which enhances
the photocurrent collection efficiency. Second, PVA passivation
reduces the surface adsorbed oxygen molecules and increases the
free carrier concentration inside the In2O3 nanoparticles film. This
mechanism is similar as the interaction between In2O3 and Ozone
[40–42]. Several recent studies demonstrated that In2O3 films as
well as nanoparticles have a high accumulation of surface electrons
[24,43,44]. Oxygen molecules are adsorbed onto In2O3 surface to
form negative charged oxygen ions (O�, O�2 and O�3 ) and capture
free electrons from the In2O3, leading a decrease of free carrier con-
centration inside of the In2O3 nanoparticles [40,42]. This oxygen
adsorption usually occurs on the surface oxygen vacancy sites,
which often dominate the electronic/chemical properties and
adsorption behaviors of metal oxide surfaces [45,46]. Upon the
UV illumination, the surface adsorbed oxygen from a bound to
the gaseous state. In the resulting vacancies, the two electrons of
the oxygen ion are left in the vacant site and can contribute to
the density of free carriers [41]. Due to the surface passivation of
In2O3 by PVA, the density of surface oxygen vacancies are reduced
and so are the surface adsorbed oxygen molecules. This can in-
crease the free carrier concentration inside the In2O3 and enhance
the photocurrent. Moreover, the thin film fabricated from PVA
coated In2O3 nanoparticles can be modeled as a disordered hop-
ping system, in which the effective mobility of carriers is strongly
dependent on free carrier concentrations [31,47]. The effects above
will further enhance the photocurrent of the device.
4. Conclusion

In conclusion, enhanced UV–blue emission and suppressed par-
asitic green emission has been observed in PVA coated In2O3 nano-
particles. Thin film based on this material shows higher
photocurrent sensitivity. These results indicate that PVA can be
used to passivate In2O3 nanoparticles and enhance the perfor-
mance of photodetector in the UV–blue region created from this
material.
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