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Biological synthesized nanoparticles are simple, cost effective and eco-friendly and have many
applications in various sectors. Hence, in the present study, biosynthesis of nanoparticles from
plants which are emerging as nano-factories has been investigated. Yellowish In,O; nanoparticles
have been biologically synthesized using Indium(Ill) Acetylacetonate as precursor via Acacia nilotica
gum and was characterized by TG-DTA to determine the thermal decomposition and crystallization
temperature was found to be at above 450 °C. Nanoparticles are formed after calcination of the
precursor of In,O5 in air at 470 °C-650 °C for 2 hours. The obtained In,O; nanoparticles were
characterized by UV-Vis Spectroscopy, XRD, SEM, EDAX, TEM, and PL. The crystalline size of
In,O3 nanoparticles was increased from 12 to 17 nm up on increasing the sintering temperature from
500 °C to 650 °C. The prepared In,O5 nanoparticles showed a strong PL emission in the UV region.
The strong emissions of In,O, are attributed to the radiative recombination of an electron occupying
the oxygen vacancies with a photo excited hole. The present work proves that the Acacia nilotica
gum extracted synthesis is a novel and useful method using cheap precursors for preparation of

In,O5 nanoparticles.
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1. INTRODUCTION

Indium Oxide (In,O;) is a Transparent Conductor
Oxide (TCO), which has a cubic bixbyite struc-
ture with a wide band-gap of 3.55-3.75 eV. It has
high electron affinity, high transparency to visi-
ble light and high electrical conductance."? Indium
Oxide (In,O;) structures are obtained in various
forms such as nanobelts,>> nanofibres,>’ nanowires® !
and nanoparticles.'®'® They have been widely used
in Sensors,'”?®  Solar cells,?* Ultra violet photo
detectors,”*? Photo electro chemical cells®® and Photo
catalysis.”” There are different methods to synthesize
In,O; nanoparticles such as Sol-gel technique,?**° Pulse
laser deposition,'® Thermal decomposition,'®23! Spray
Pyrolysis,* Mechanical/Chemical processing,* Hybrid
Induction and Laser Heating (HILH) method,** Non-
aqueous synthesis,® Hydro thermal synthesis*® and Green
synthesis method.?”

*Author to whom correspondence should be addressed.
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Nanoparticles obtained from plant extracts are more sta-
ble than other Green synthesis method (Bacteria, Actino-
mycetes, Yeasts, Fungi and Algae). Among these plant
extracts Gum mediated synthesis is a novel synthesis
which gives high yield compared to other plant extracts.
Because in Gum mediated synthesis there are no phys-
ical and chemical methods and it eliminates the use
and generation of hazardous substances.* The choice
of solvents, reducing agent employed and the dispersing
agents increase interest in identifying eco-friendly materi-
als which are multi functional and the procedure involved
is simple and less time consuming. Acacia nilotica gum
exudes from the trunk and is used as a soothing agent in
inflammatory conditions and has been used for the stabi-
lization of In,O; nanoparticles.

2. EXPERIMENTAL DETAILS

2.1. Synthesis of In,0; Nanoparticles

For the preparation of Indium Oxide nanoparticles, the
chemical materials used were Indium(III) Acetylacetonate
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(99.99 + % purity, Sigma Aldrich) and Acacia nilotica
(Acacia Gum) bought from Unani (davaa saas) Shop at
Hyderabad. As shown in Figure 1, the Indium(III) Acety-
lacetonate (3 gm) and Acacia nilotica (0.3 gm) were mixed
and crushed into fine powder using mortar and pistle. The
precursor was characterized by TG-DTA (Fig. 2) to deter-
mine the calcination temperature and is found to be above
450 °C. Then the precursor was calcined in box furnace
at 500 °C, 550 °C and 650 °C for 2 hours in air. The
yellowish nanopowders of In,O; were obtained.

2.2. Physical Characterization

The dried precursors and calcined samples of yellowish
In,O; were characterized for crystal phase identification
by powder X-ray Diffraction (XRD) using a Philips X-ray
Diffractometer with CuK, radiation (A = 0.15406 nm).
The particle size and morphology of the calcined
powders were characterized by TEM (Transmission Elec-
tron Microscopy), HRTEM (High Resolution Transmis-
sion Electron Microscopy) and SEM (Scanning Electron
Microscopy) and chemical composition by EDAX (Energy
Dispersive Analysis of X-rays). The optical absorption
spectra were measured in the range of 200-800 nm using
a UV-Vis scanning spectrometer. Photoluminescence (PL)
measurement was carried out on a Luminescence Spec-
trometer using a Xenon lamp as the excitation source at
room temperature. The samples were dispersed in ethylene
glycol and dichloromethane respectively. The excitation
wave length in PL measurement was 383 nm.

3. RESULTS AND DISCUSSION

3.1. TG-DTA Analysis

The Thermo Gravimetric Differential Thermal Analysis
(TG-DTA) curves of as-prepared In,O, precursor are
shown in Figure 2. The TG curve in Figure 2 shows a

3 gms of
Indium (IIT) 0.3 gms of
| Acetylacetonate Acacia nilotica
(99.99+% purity, (Acacia gum)

Sigma Aldrich)

crushed into fine powder
using mortar & pistle

characterized by TG-DTA

Calcination of 2 hours
at above 450°C

Yellowish nanopowder of
Indium Oxide

Figure 1. Flow chart of preparation of In,O; nanoparticles.
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Figure 2. TG-DTA curves of thermal decomposition of In,O; precursor
at a heating rate of 10 °C/min in static air.

major weight loss step from 200 °C upto about 450 °C and
no further weight loss was observed above 700 °C. The
weight loss is related to the combustion of organic matrix.
On the DTA curve (Fig. 2), a main exothermic effect was
observed between 450 °C and 500 °C with a maximum
at about 470 °C indicating that the thermal events can be
associated with the burnout of organic species involved
in the precursor powders (organic mass remained from
Acacia gum) of the residual carbon or due to direct crys-
tallization of nanocrystalline In,O; from the amorphous
component.

The formation of nanocrystalline In,O; as decompo-
sition product was confirmed by XRD and TEM results
shown in Figures 3 and 4.

3.2. XRD Analysis

The XRD patterns of In,O; samples are shown in
Figure 3. All of the detectable peaks (Fig. 3) can be
indexed as the In,O; cubic structure in the standard data
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Figure 3. XRD patterns of nanocrystalline In,O, samples calcined in
air for 2 hours at (a) 500 °C (b) 550 °C and (c) 650 °C.
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Figure 4. Continued.
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Figure 4. TEM images with particle size distribution and corresponding SAED patterns and HRTEM of the nanocrystalline In,O; samples calcined

in air for 2 hours at (a) 500 °C, (b) 550 °C, (c) 600 °C.

(JCPDS: 06-0416). The cubic lattice parameter ‘a’ calcu-
lated from the XRD spectra for (222) plane are (10.126 A,
10.1107 A and 10.1095 A), and their d,,, (2.92333,
2.91880 and 2.91846) and FWHM values (0.6359, 0.5380
and 0.4586) are for In,0; samples calcined at 500 °C,
550 °C and 650 °C respectively. Evidence of the bixbyite
symmetry was confirmed by the non-symmetric line shape
around (26 = 30.558° and 60.6°) regions in the XRD pat-
tern are close to those of lattice constants @ = 10.117 A in

Table I.  Average particle sizes from XRD line broadening cubic lattice
parameter ‘a’ calculated from HRTEM and the band gap (E,) of the
nanocrystalline In,O, samples calcined in air at different temperatures
for 2 hours.

the standard data (JCPDS: 06-0416). The crystalline sizes
of the powders are estimated from X-ray line broaden-
ing using Scherrer Equation* (i.e., D = 0.89A/(B cos6),
where A (=0.15406 nm) is the wave length of the X-ray
radiation, k is a constant taken as 0.89, 6 is the diffrac-
tion angle B is the Full Width at Half Maximum (FWHM)
and were obtained to be (12 nm, 15 nm and 17.8 nm)

Table II. Interplanar spacing (dy,,) of In,O; samples calculated from
TEM selected area electron diffraction patterns in Figure 4 compared
with the reference values in the standard data (JCPDS :06-0416).

Calcined interplanar spacing (d,,,) In,O, sample (A)

Standard data
(JCPDS: 06-0416)

In, 05 sample
calcined at

Cubic lattice Estimated . R . . N
In,0, Average particle parameter band Bru’s Ring S00°C 330 °C 600 °C dua (A) hkl
calcined at size (nm) from H}f{”([)‘rélM gaF (eV) forrr}ulla R, 3.236 3.067 3.389 3.1234 111
t?mf’éramre D 1EM HE v particle 2.525 2.59 2.638 2.7056 200
(in *C) @ (nm) datasize (nm) 1.984 1.96 1.805 1.9134 220
500 12 12-19 0.6928 3.824 10.373 R, 1.245 1.257 1.2722 1.2414 331
550 15 27 0.6928 3.83 9.686 R 1.36 - 1.3850 1.353 400
650 17 27 0.6928 3.89 9.623 Rg - 1.639 1.605 1.6318 311
4 Adv. Sci. Eng. Med. 8, 1-8, 2016
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for In,O; samples calcined at 500 °C, 550 °C and 650 °C
respectively. The particle sizes and lattice parameters are
of In,O; samples are also summarized in Table I. This
fact did convey that higher the temperature of calcination
applied to In,O; nanoparticles, better is its crystallinity.*

3.3. TEM Analysis

The morphology and structure of the In,O; samples were
investigated by TEM. It is clear from the TEM bright field
images (Fig. 4) that the morphology and size of In,O,
materials is affected by the calcination temperature. The
TEM nanoparticle size of In,O; (Fig. 4) show that the
In,O5 sample calcined at 500 °C, 550 °C and 650 °C hav-
ing sizes of ~12—-19 nm, ~27 nm and ~27 nm respectively
and the HRTEM interplanar spacing bright-field images
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are 0.4 nm (a = 0.6928 nm in Table I) at 500 °C, 550 °C
and 650 °C. These lattices can be attributed to the plane of
(111) of In,O5. The corresponding Selected Area Electron
Diffraction (SAED) patterns (Fig. 4) of all the In,O; sam-
ples showed with a pattern of round marks called Spotty
Ring Patterns without any additional diffraction spots and
rings of second phases, revealing their crystalline cubic
structure. Increase in calcination temperature results in
stronger spotty pattern and the In,O; samples calcined at
550 °C and 650 °C shows strong spotty patterns than at
500 °C, indicating large particle size of highly crystalline
cubic structure. Measured interplanar spacings (dy,,) from
selected area electron diffraction patterns in Figure 4 are
in good agreement with the values in the standard data
(JCPDS: 06-0416) as summarized in Table II.
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Figure 5. EDAX and SEM images of the nanocrystalline In,0, at (a) 500 °C (b) 550 °C and (c) 650 °C.
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3.4. EDAX and SEM Analysis
The SEM images in Figure 5 showed that the In,O;
nanoparticles are formed as cubic crystals. However, the
particle size as well as agglomeration increased and the
smaller grains coalesced to form larger sized particles*
with increase in the calcination temperature. These images
reflect that the In,O; nanoparticles are nearly spherical in
morphology along with the poly dispersed distribution of
particle size. But the degree of poly dispersity is observed
to be small. In addition, the agglomeration of In,O4
nanoparticles in all the samples increases but appears to be
less. This is due to the capping of In,O; nanoparticles by
Acacia gum. The usage of Acacia gum is effectively pre-
venting the In,O; nanoparticles from agglomeration and
therefore controlling the size of In,O; nanoparticles, how-
ever, with the increase in the calcination temperature.
The EDAX data at 500 °C sintering temperature sug-
gested the stoichiometry of In,O; nanoparticles with the
elemental composition of Oxygen and Indium and their
atomic percentages are given in Table III. The atomic ratio
of O/In calculated as 1.90 at 500 °C indicated the stoi-
chiometric composition of In,O; which is in good agree-
ment with the theoretical value of 1.50.* But at 550 °C,
the nanopowder exhibits some impurities such as Carbon
which are recorded along with the strong signals of In and
O atoms. The weight and atomic percentages of each ele-
ment extracted from the Quantitative (EDAX) Analysis are
listed in Table III.

3.5. UV-Vis Absorbance

Now let us consider the optical properties of the In,0O;
samples. The UV-Visible absorption spectra of all the
In, 0, samples (Fig. 6) exhibit a strong absorption below
(470 nm) (2.76 eV) with a well defined absorbance peak
at around 272 nm (4.59 eV).

The direct band gap energy (E,) of the samples is deter-
mined by fitting the absorption data to the direct tran-
sition equation: ahv = E,(hv — E,)'/* where « is the
optical absorption coefficient, hv is the photon energy,
E, is the direct band gap, and E, is a constant.”® Plot-
ting (ahv)? as a function of photon energy, and extrap-
olating the linear portion of the curve to the absorption
equal to zero as shown in the insets of Figure 4 gives
the values of the direct band gap (E,) to be 3.824 eV,
3.83 eV and 3.89 eV for the In,O; samples calcined at
500 °C, 550 °C and 600 °C respectively. This value is

Table III. EDAX data of In,O; samples calcined in air for 2 hours at
500 °C, 550 °C and 650 °C.

Indium Oxygen
Temperature Weight % Atomic % Weight % Atomic %
500 °C 78.08 33.39 21.42 65.74
550 °C 64.49 21.83 29.95 72.77
650 °C 82.76 40.22 14.61 50.96
6
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Figure 6. Room temperature optical absorbance spectre of nanocrys-
talline In,O; samples calcined in air for 2 hours at (a) 500 °C (b) 550 °C
(¢) 600 °C. The insets showplots of (ahv)?* as a function of photon energy.

higher than that of ~3.75 eV for the In,O; reported in
the literature.*® It can be noted that the band gap values
increases with increasing the calcination temperature. This
may be due to increase in particle size, which results in
band gap between the valence band and conduction band
of In,O; nanoparticles. When red shift is observed the par-
ticle size increased with increasing sintering temperature
as observed in Table I (Bru’s formula) using the band gap
from UV-Vis spectrum.?

Brus formula £, = [E;, + {

2 279172
20°E, (m/R) ” M

m*

where R—Radius of the nanoparticle; E, and Eg, are
the band gaps of the nanoand bulk systems respectively,
and m* = 0.9 m, is the effective mass of electron

3.6. PL Spectrum

Figure 7 shows the room temperature PL spectra of the
nanocrystalline In,O; samples measured using a Xenon
laser of 250 nm as an excitation source. The spectra of
all the samples mainly consists of a strong UV emis-
sion broadband having emission maximum at ~{383 nm
(4.6 eV)}. The spectra of all the samples also show a weak
UV band at ~383 nm (4.6 eV). It is well known that the
bulk In,O; cannot emit light at room temperature.*’ How-
ever PL emissions of our nanocrystalline In,O; samples
are possibly due to the effect of the oxygen vacancies as
reported in literature.> 7817184852 In the present work,
oxygen vacancies would be generated due to partial or
incomplete oxidation of precursor during the calcinations.
Moreover small In,O5 particles would favor the existence
of oxygen vacancies as found in In,O; nanowires with
high aspect ratios and high surface to volume ratio.>”*

Adv. Sci. Eng. Med. 8, 1-8, 2016
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Figure 7. Room temperature Photoluminescence spectra of the syn-
thesized nanocrystalline In,O; samples calcined in air for (a) 600 °C,
(b) 550 °C and (c) 500 °C.

The oxygen vacancies would generally act as deep defect
donors and cause the formation of new energy levels in the
band gap of In,0; samples. Thus, the PL emission from
In,O; nanoparticles results from the radiative recombina-
tion of electron occupying oxygen vacancies with a photo
excited hole, which is analogous to the photo lumines-
cence mechanism of ZnO and SnO, semiconductors.”*-5!
It is clearly seen from TEM results (Fig. 4) that as the cal-
cinations temperature increases, the crystal size of In,0,
samples become larger. As a result, the number of sen-
sitizing centers decreases owing to reduction in both the
ratio surface area and concentration of oxygen vacancies
which results in a decrease in PL intensity as observed in
ZnO nanoparticles reported by Du et al.¥

4. CONCLUSION

Phase pure, cubic In,O; nanoparticles were prepared by
biosynthesis method by sintering Indium Acetyl Ace-
tonate and Acacia gum. Structural, morphological and
optical properties of the synthesized nanoparticles were
characterized. XRD and TEM analysis showed that there is
an increase in crystallite size and percentage of crystallinity
with increasing sintering temperature and it is observed
from UV-Vis data that the band gap value, particle size
of In,O; nanoparticles increases with increasing tempera-
ture. The Photoluminescence spectra of In,O; nanoparti-
cles obtained with higher sintering temperatures showed no
reduction in the emission intensity due to oxygen vacan-
cies. The present work proves that the Acacia gum extract is
a new useful method using cheap precursors for preparation
of In,O; nanoparticles. The current simple, cost effective
and environmental friendly synthesis method using Acacia
gum powder gives a potential avenue for further practical
scale-up of the production process and application.
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