Iraqi Journal of Physics, 2018

Vol.16, No.37, PP. 46-51

DOI: 10.20723/ijp.16.37.46-51

The antibacterial activity of indium oxide thin film prepared by
thermal deposition
Odai N. Salman
Applied Physics Branch, Applied Sciences Department, University of Technology
E-mail: micro_ud@yahoo.com

Abstract
Indium oxide In2O3 thin films fabricated using thermal
evaporation of indium metal in vacuum on a glass substrate at 25oC
using array mask, after deposition the indium films have been
subjected to thermal oxidation at temperature 400 °C for 1h. The
results of prepared Indium oxide reveal the oxidation method as a
strong effect on the morphology and optical properties of the samples
as fabricated. The band gap (Eg) of In2O3 films at 400 °C is 2.7 eV.
Then, SEM and XRD measurements are also used to investigate the
morphology and structure of the indium oxide In2O3 thin films. The
antimicrobial activity of indium oxide In2O3 thin films was assessed
against gram-negative bacterium using inhibition zone of bacteria
which improved higher inactivation rate observed for gram-negative
bacteria and reduced resistance of membrane due to reactive oxygen
species generated by thermal oxidation.
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النشاط المضاد للبكتريا ألغشية اوكسيذ االنذيوم المحضر بطريقة التبخير الحراري بالفراغ
عذي نعين سلمان
 انجايعت انخكُهىجٍت, قسى انعهىو انخطبٍقٍت,فشع انفٍضٌاء انخطبٍقٍت
الخالصة
حى ححضٍش غشاء سقٍق يٍ اوكسٍذ االَذٌىو ورنك بىاسطت حبخٍش غشاء سقٍق يٍ االَذٌىو عهى قىاعذ
 ثى حى اكسذة,صجاجٍت وبذسجت حشاسة انغشفت باسخخذاو طشٌقت انخبخٍش انحشاسي بانفشاغ وقُاع عهى شكم يصفىفت
ٍٍ كشفج َخائج ححضٍش أوكسٍذ اإلَذٌىو أٌ سشعت انخسخ. نًذة ساعت واحذة400 oC انغشاء عُذ دسجت حشاسة
 انُفارٌت.خالل طشٌقت األكسذة نها حأثٍش قىي عهى خصائص انخشكم وانخصائص انبصشٌت نالغشٍت انًحضشة
 اٌ فجىة انطاقت انبصشٌت نهغشاء انًحضش عُذ,انضىئٍت حى قٍاسها كذانت نهطىل انًىجً الغشٍت اوكسٍذ االَذٌىو
ٍ حى اسخخذاو انًجهش انًاسح االنكخشوًَ وجهاص االشعت انسٍٍُت نهخحقق ي.2.7 eV  كاَج400 oC دسجت حشاسة
 حى حقٍٍى انُشاط انًضاد نهًٍكشوباث نألغشٍت انشقٍقت يٍ أوكسٍذ.يىسفىنىجٍا وحشكٍب غشاء اوكسٍذ االَذٌىو
اإلَذٌىو ضذ انبكخٍشٌا سانبت انغشاو باسخخذاو يُطقت حثبٍظ انبكخٍشٌا حٍث اٌ يعذل حعطٍم عانً نىحظ عهى
ٍٍانكائُاث انحٍت انذقٍقت سهبٍت انغشاو واَخفاض يقاويت األغشٍت انخاسجٍت نهزِ انكائُاث نخفاعم يجايٍع األوكسج
.انُاحجت عٍ األكسذة انحشاسٌت
are different from those of either bulk
material or single atom [1]. Indium
oxide (In2O3), a n-type semiconductor
material, has a direct band gap of 3.8
eV and an indirect band gap of 2.8 eV
[2]. Its absorption spectrum can extend
from ultraviolet region to the visible

Introduction
In recent years, preparation and
characterization
of
collection
semiconductor materials in nanometer
size has been a quickly increasing area
of research, because of their excellent
chemical and physical properties that
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region. It has been widely used in solar
cells, flat panel display, and other
environmental
pollutants
[3].
Moreover, there is also In2O3
nanostructures
with
various
morphologies have been increase and
reveal novel shape dependent features,
such as improving optical properties
and
exceptional
gas
sensing
characteristics. However, it is still a
new filed to produce new In2O3
nanostructures
with
various
morphologies in order to develop its
features [4]. However, due to the high
electron–hole recombination rate, the
efficiency of In2O3 is still limited. In
order to improve the photocatalytic
effect of In2O3, researchers have used a
variety of techniques, such as
morphology
control,
metal
deposition, and combining with
semiconductors [3].
Besides, n-type semiconductor
material not only has unique optical
and optoelectrical characterization but
it also has catalytic properties that
make the compound suitable for using
in the photo-degradation of toxic
organic compounds, dyes, pigments
and other environmental pollutants due
to the enhanced photocatalytic activity
that was attributed to the high
separation and migration efficiency of
photo-induced electrons and holes [4,
5]. Different procedures of formation
have been propose, include Chemical
Vapor Deposition sputter, evaporation
method, thermal oxidation, spray
process, etc. [6]. In this work, we
determined the morphological and
optical properties of array Indium thin
film
using
traditional
thermal
evaporation method followed with
oxidation at temperature 400°C for 1 h.
Besides, Investigation of antibacterial
effect of In2O3 array thin film in killing
of gram-negative bacteria by inhibition
zone test and improve the bacteria
growth rate is declined by the In2O3
thin film.

Experimental details
Indium thin films are deposited
using thermal evaporation method. In
this method, the indium metallic layers
(99.98%) are deposited by vacuum
thermal evaporation with mask array.
The evaporation method was carried
out in a conventional vacuum coating
under a vacuum of order of 6 ×10-5 torr
with controlled deposition rate by
using pure indium, the distance of
about 20 cm was kept constant
between Molybeduim boat and
substrate. The indium thin films of
thicknesses 350 nm were grown on
glass substrate. The deposition
conditions are shown in Table 1. Then
Indium thin layer was achieved in
1hour at 400°C in dry air atmosphere
by using electric furnace.
The crystalline structure and the
Grain size present in the films are
determined by XRD analysis. The
surface
morphology
of
grown
structures was also investigated by
Scanning Electron Microscopy (SEM).
The absorbance, transmittance and
optical energy band gap of the
deposited thin film was measured
using UV-Vis Spectrophotometer in
the wavelength region of 200 to 1100
nm. Besides, the antimicrobial activity
of Indium oxide In2O3 thin films was
assessed
against
gram-negative
bacterium to improve their resistance
to growth of bacteria in environmental
pollutants.
Table 1: Parameters for fabrication of
In2O3 thin films.
Materials
Pure Indium
Substrates
Vacuum
Substrate to film gap

Glass slides
6x 10-5 torr
20 cm

Antibacterial activity of In2O3 thin
films
Antibacterial activity of In2O3 thin
films against a Gram negative
bacterium Escherichia coli (E.coli)
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was investigated by inhibition zone of
bacteria. Gram negative bacterium
were cultured in an LB medium at 37
o
C for 24 h. Bacteria culture was
dilution approximately corresponding
to MacFarland standard 107 CFU/ml.
(107 CFU/ml). 100 μl of growing target
culture was pour onto the agar plate,
allowed to solidify. Then, In2O3
samples thin films are allowed to
diffuse into the agar followed by
incubating the plates at 37ºC for
overnight. Upon incubation the zone of
clearance around the samples are
measured and evaluated.

measuring
transmittance
(T),
absorbance (A) and the energy band
gap as shown in Fig. (1a, b) and Fig. 2.
The transmittance of indium oxide thin
films
is
measured
in
the
wavelength region 300-1100 nm by
using UV-Vis spectrophotometer.
Absorption coefficient (α) can be used
to estimate the band gap energy of
In2O3 thin films. The relation between
absorption coefficient (α) and incident
photon energy (hυ) can by represented
by the tauc equation [7]:
α = A (hν-Eg)n/ hν
(1)
Fig (1 a, b) shows high transmission at
long wavelengths and decreasing
transmission at short wavelengths for
In2O3 thin films after heat treatment for
1h at temperature 400 °C.

Results and discussions
Optical properties
The optical properties are studied
for the indium oxide films by

Fig. 1: a) Absorbance and b) Transmittance spectra of In2O3 thin films at heat treatment
of Indium thin film at 400 °C for 1h.

Besides, the energy gap (Eg) for
In2O3 is about 2.7 eV as shown in
Fig. 2. These observations clearly
indicate that direct energy gap (Eg) at
about 2.7 eV is of intrinsic nature. This

is in accordance with investigations by
photoelectron spectroscopy locating
the fundamental band gap between 2.7
and 2.9 eV and improving effective
high electron–hole recombination rate.
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Fig. 2: Plot of (αhν)2 versus (hν) curve of In2O3 thin films get from oxidation of In metallic
at 400 °C.

grain size about 17.39 nm that
determined by Scherrer formula [9]:

Structural characterization
Fig. 3 shows the diffraction pattern
of In2O3 array thin films at heat
treatment of Indium, The heat
treatment of Indium at T=400°C shows
three diffraction peaks of In2O3 thin
film at at 2θ= 30.7o, 35.1o and 37.8o
which are assigned to the (222), (400)
and (411) respectively according to
(ASTM)
[8]
which
improved
crystalline phases of the In2O3 with

K
(2)
 2 cos 
where K is a dimensionless shape
factor
λ is the X-ray wavelength.
β is the line broadening at half the
maximum intensity (FWHM).
θ is the Bragg angle (in degrees).
D

Fig. 3: X-Ray diffraction of In2O3 thin films after heat treatment of the thin films at
T=400 °C.

Since, the intensities of array thin
films the peaks increase at high
temperature of the heat treatment of
the thin films at T=400°C for 1h.
In Fig. 4 (a, b, c, d), SEM analysis
of In2O3 thin films show array of

square shaped morphology of the
sample
with
homogeneous
distributions over signification surface
area of continuous phase.
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Fig. 4: SEM analysis of In2O3 thin films array after heat treatment at T=400°C at different
magnification a)200 µm, b)100 µm , c)50 µm and d) 5 µm.

of inhibition is found for gram
negative bacteria as shown in Table 2.
Since, it is reported that In2O3 have
strong antimicrobial effect against
gram negative bacteria. The results
demonstrate that In2O3 make a
damages the structure of bacterial cell
membranes and controls the activity of
some membranous enzymes which
kills the Escherichia coli and can be
useful in the treatment of infectious
diseases.

Antibacterial activity of In2O3 thin
films
Antibacterial activity of In2O3 thin
films against a Gram negative
bacterium Escherichia coli (E.coli)
was investigated by inhibition zone of
bacteria as shown in Fig. (5a,b). In2O3
samples thin films after incubating at
37 ºC for overnight demonstrate that
films could inhibit the bacterial growth
and there is no presence of bacteria on
top and bottom of films. Besides,
under the bottom of films there is zone
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Fig. 5: Photography of inhibition zone of bacteria under In2O3 thin films against a
Escherichia coli (E.coli) a) when the bottom of In2O3 thin films is still on the gel and b)
under the bottom of In2O3 thin films when is rose from gel.
Table 2: Inhibition Zones diameters in (cm) of In2O3 thin films against E.coli bacteria.
In2O3 Sample
Zones diameters in (cm)
Sample 1
3.1
Sample 2
3.5
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Conclusions
In conclusion, we have prepared array
In2O3 thin films using thermal
evaporation method at 400°C for 1h.
The energy gap calculated from UVVis analysis improve that prepared
array In2O3 thin films reveal band gap
at about 2.7 eV. XRD analysis
confirms crystalline phases of the
In2O3 with grain size about 17.39 nm
and SEM images improved the smaller
size nanosize particles forming in
square array structure of In2O3 films
and features of thin films depend
strongly on deposition method and
parameter
of
oxidation.
The
antibacterial activities of In2O3 thin
films confirm that films could inhibit
the bacterial growth and there is no
presence of bacteria on top and bottom
of films and reveal the reactive oxygen
species
generated
by
thermal
oxidation.
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