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Abstract: Indium tin oxide (ITO) nanoparticles were synthesized by green combustion method using indium (In) and 
tin (Sn) as precursors, and Carica papaya seed extract as novel fuel. This paper highlights the effect of tin 
concentration (5%, 10%, and 50%) on the microstructural, optical, and electrical properties of ITO nanoparticles 
(NPs). The indium nitrate and tin nitrate solution along with the fuel were heated at 600°C for 1 h in a muffle furnace 
and obtained powder was calcinated at 650°C for 3 h to produce ITO NPs. The above properties were investigated 
using XRD, FTIR, UV-Vis spectroscopy, SEM, TEM, and computer-controlled impedance analyzer. The XRD, SEM, 
and TEM investigations reveal the synthesized NPs were spherical in shape with an increase in average grain size 
(17.66 to 35 nm) as Sn concentration increases. FTIR investigations confirm the In-O bonding. The optical 
properties results revealed that the ITO NPs band gap decreased from 3.21 to 2.98 eV with an increase in Sn 
concentration. The ac conductivity of ITO NPs was found to increase with an increase in Sn concentration. These 
synthesized ITO NPs showed excellent properties for emerging sensor and optical device applications. 

Keywords: Indium tin oxide, green synthesis, crystallite size, band gap, grain boundary, ac conductivity. 

 

1. INTRODUCTION 

Sensors are used to measure the physical 
parameters (pressure, load, force, vibration) under 
the harsh environment such as high temperatures, 
high radiation, chemical corrosion in industrial 
applications. The sensitivity and accuracy of 
sensors depend on the sensing material and its 
composition. Silicon-based sensors are widely 
used in industrial applications. But these sensors 
cannot be used at high temperature applications 
because their electrical properties deteriorate 
above 150°C and mechanical properties above 
500°C due to their narrow bandgap. 
Consequently, the material with good 
conductivity and wide bandgap is of interest for 
sensor applications at elevated temperatures [1-
4]. Over the past few decades, researchers have 
focused on metal oxide-based sensors. Widely 
used metal oxides for sensor applications are 
indium tin oxide (ITO), zinc oxide (ZnO), 
cadmium oxide (CdO), titanium dioxide (TiO2), 
and antimony tin oxide (ATO). Among these, 
Indium tin oxide (ITO) is a highly degenerative n-
type semiconductor with low resistivity (7x10-5 
Ωcm), wide bandgap (3.2 - 4.3 eV), and exhibits 

good piezoresistive properties [5-7]. It has high 
optical transmittance in the visible region and 
excellent adhesion to substrates [8, 9]. In the 
optoelectronic industry it is widely used in liquid 
crystal screens, organic light-emitting diodes 
(OLEDs), and touch screens [10, 11]. Therefore, 
it is necessary to synthesize conductive and wide 
bandgap ITO material for sensor and optical 
device application. 
ITO NPs can be synthesized using various 
synthesis methods such as physical method and 
chemical method. The physical method is time 
and energy-consuming, and deposition takes 
place at high temperature and pressure. The 
chemical method is simple, inexpensive, and low 
temperature synthesis. Various chemical methods 
such as sol-gel [12], hydrothermal [13, 14], 
coprecipitation [15, 16], method [17], and 
combustion are used for the synthesis of ITO NPs. 
Among these, the combustion method is more 
advantageous than other methods. By combustion 
method, it is possible to produce monophasic 
nano powders with homogeneous microstructure, 
at lower temperature or shorter reaction time [18-
21]. Precursors and fuel are used in the 
combustion method for the synthesis of NPs. But 
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the use of toxic reducing (fuel) and stabilizing 
agents makes it harmful. Recently, green 
combustion synthesis has attracted researchers 
because it eliminates the use of toxic chemicals, 
consumes less energy, and produces safer 
products and by-products. It is easy, efficient, and 
eco-friendly method. Green combustion synthesis 
uses plant (flower, seeds, fruits, leaves, barks, 
roots) extract as fuel [22, 23].  
For combustion reaction to occur effectively, the 
carbohydrate content of the fuel plays a major 
role. From the literature survey, it is evident that 
Carica Papaya seeds have good carbohydrate 
content, oil content, and fuel properties. 
Therefore, these seeds extract is used as fuel for 
the synthesis of NPs in the combustion method. 
Carica papaya belongs to the family of Caricaceae 
[24, 25]. This Carica papaya plant is majorly 
grown in India, Mexico, Florida, Australia, 
Srilanka, and South Africa. This paper presents a 
study that validates the strategy of green synthesis 
of ITO NPs using the green combustion method, 
with papaya seed extract as fuel and, In and Sn as 
precursors. The effect of Sn concentration on the 
microstructural, optical and electrical properties 
of ITO NPs are studied. 

2. EXPERIMENTAL PROCEDURES 

2.1. Materials 
For the green synthesis of ITO NPs, In and Sn 
were used as precursors, Carica papaya seed 
extract as fuel, and distilled water as synthesis 
medium. The quality of raw materials used for 
synthesizing ITO NPs is tabulated in Table 1. 

2.2. Preparation of Seed extract 

The collected Carica papaya seeds were washed 
with de-ionized water and were sun-dried for 5 
days.  
The dried seeds were ground using a mixer 
grinder to obtain a powder of 15 g. Dried and 
powdered Carica papaya seeds were mixed with 
 

50 mL of distilled water to prepare an aqueous 
solution. The obtained solution was heated by 
constant stirring for 1 h at 80°C, cooled, and 
filtered through Whatman No.1 filter paper (pore 
size 42 μm) to obtain seed extract. The obtained 
seed extract was used as a fuel for the synthesis of 
ITO NPs. 

2.3. Mode of Synthesis 
In ingots of 10 g were dissolved in 50 mL of nitric 
acid (HNO3). Later 50 mL of distilled water was 
added slowly by constant stirring and was 
refluxed for 3 h. The obtained indium nitrate 
solution was placed in a magnetic stirrer for 18 h. 
1.2 g of Sn was dissolved in 5 mL of HNO3,  
45 mL of distilled water, and stirred in a magnetic 
stirrer for 21 h to obtain tin nitrate solution. 
Indium nitrate solution of 5 mL, tin nitrate 
solution of 5 mL, and 15 mL of papaya seed 
extract were transferred to silica crucible and kept 
in a muffle furnace at 600°C for 1 h. The ITO 
layer formed on the sides of the silica crucible was 
scratched using a spatula and the nanopowder was 
calcinated at 650°C for 3 h to produce ITO of 5:5 
composition. The same procedure was repeated 
for 9:1 and 9.5:0.5 composition of ITO NPs by 
keeping fuel extract constant (15 mL). 
Process chart of green synthesis of ITO nano 
particles by combustion method is shown in 
Fig.1. 

2.4. Characterization of ITO NPs 

The green synthesized ITO NPs were 
characterized using various characterization 
techniques.  
The crystal orientation of the ITO NPs was 
examined by X-ray diffraction (XRD) (Model: 
Rigako, smart lab, Japan, Monochromatized 
CuKα radiation with Ni filter) operated at 40 kV, 
20 mA with CuKα (λ=1.542 Å) radiation as an X-
ray source configured in symmetrical θ-2θ mode. 
 

 
Table 1. Raw materials used for synthesizing ITO NPs. 

Raw materials Formulation Purification (%) Physical state Manufacturer 

Indium In 99.99 Solid Spectrochem 
Tin Sn 99.995 Solid Qualigens fine chemicals 

Nitric acid HNO3 71 Liquid Fisher scientific 
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Fig. 1. Process chart of green synthesis of ITO NPs 

FTIR analysis was carried out using Brucker 
Alpha-T spectrometer over the wavenumber of 
400 to 4000 cm-1 with a spectral resolution of 4 
cm-1. UV-Vis spectroscopy (Model UV-3092) 
with wavelength numbers from 200 to 900 nm 
was used for optical studies. Pure barium sulfate 
powder (BaSO4) was used as a standard for 
background measurement. 
The finely ground ITO NPs were packed into the 
sample holder and then measured using a UV-Vis 
spectroscopy equipped with an integrated sphere 
accessory. 
The morphology of ITO NPs was studied by 
scanning electron microscope (SEM with EDS) 
Carl Zeiss AG - ULTRA 55 and high-resolution 
transmission electron microscope 
(JEOL/JEM2100).  
The conductivity and dielectric properties of 
synthesized ITO NPs were measured using a 
computer-controlled impedance analyzer (Model- 
IM 3536) at room temperature (RT) in the 
frequency range from 10 Hz to 8 MHz. To 
measure conductivity and dielectric parameters, 
ITO NPs were made into circular pellets of 
thickness 1.2 mm and diameter 1 cm using a 
hydraulic press (Model M-15) by applying 
pressure of 5 Tons. These pellets were placed 
between the electrodes of the impedance analyzer 
and measurements were carried out by applying 
1V bias voltage. 

3. RESULTS AND DISCUSSIONS 

3.1. Microstructural Analysis 

The XRD patterns of ITO NPs are shown in Fig. 
2. The diffracted peaks indexed at 21.31°(211), 
30.4°(222), 35.3°(400), 37.6°(411), 41.7°(322), 
45.57°(431), 50.8°(440), and 60.5°(622) 
correspond to cubic bixbyite (JCPDS 06-0416) 
structure of ITO NPs. A strong peak was observed 
in all the samples at 2θ = 30.4° and corresponds 

to ITO (222) phase. The intensity of the peak 
(222) increases as the Sn concentration increases 
[26, 27] and the average lattice parameter was 
calculated and found to be 10.16 Å which is in 
good agreement with the literature [27-29].  
 

 
Fig. 2. XRD patterns of ITO NPs with (a) ITO 5:5 (b) 

ITO 9:1 (c) ITO 9.5:0.5 

For the determination of the crystallite size and 
lattice strain contribution to the peak broadening, 
a graph was plotted between βcosθ and 4sinθ is 
shown in Fig. 3. A straight line was obtained with 
a slope equal to the strain and intercept equal to 
crystallite size [30]. The crystallite size (D) and 
lattice strain (Ɛ) of 4 high-intensity XRD peaks 
(222, 400, 440, and 622) were estimated from the 
W-H plot (Fig. 3).  
 

 
Fig. 3. W-H plots of ITO NPs with (a) ITO 5:5 (b) 

ITO 9:1 (c) ITO 9.5:0.5 

It was observed that the Full width at half 
maximum (FWHM, β) decreases with an increase 
in Sn concentration (Table 2), which indicates an 
increase in crystallite size.  
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Table 2. Average crystallite size and lattice strain of ITO NPs 

Sample 
Peak 

Position 
2θ(degrees) 

(hkl) 
FWHM 

(10-3 rad) 

Average 
crystallite 
size D(nm) 

Average lattice 
strain Є (10-4) 

Lattice 
parameter (Å) 

ITO 5:5 

30.42 (222) 5.6 35.39 1.24 10.18 

35.31 (400) 5.8   10.16 

50.89 (440) 6.9   10.13 

60.54 (622) 7.6   10.13 

ITO 9:1 

30.43 (222) 7.1 27.62 1.91 10.17 

35.39 (400) 7.2   10.12 

50.98 (440) 8.8   10.12 

60.62 (622) 9.4   10.12 

ITO 
9.5:0.5 

30.52 (222) 7.82 21.22 5.33 10.14 

35.40 (400) 7.8   10.16 

50.88 (440) 8.3   10.13 

60.52 (622) 9.3   10.13 

 

This shows that Sn concentration is an important 
parameter that influences the crystallinity of ITO 
NPs [28, 29]. 
Lattice strain decreases as the Sn concentration 
increases because of an increase in grain size. The 
absence of SnO2 peaks (Fig. 2) indicates the 
complete doping of Sn4+ ions into the In2O3 
lattice. 
Oxygen vacancies usually occupy the (400) plane 
and are not well occupied in the (222) plane. It 
was also observed from XRD spectra the intensity 
of the (400) plane increases as Sn concentration 
increases resulting in higher oxygen vacancies. 
 The intensity ratio of I(400) /I(222) plane for 
different Sn concentration is 30.86%, 30.48% and 
29.85% for ITO 5:5, ITO 9:1 and ITO 9.5:0.5, 
respectively [27, 31, 32]. As Sn4+ concentration 
increases the ITO nanoparticles will be oriented 
towards the (222) plane and the I222 peak shifts 
towards lesser 2θ values [27, 32] as shown in Fig. 
4. 
The interchain separation length (R) for 
synthesized ITO NPs was calculated using the 
equation (1) for (222) peak. The R values for ITO 
NPs are 0.202 nm, 0.2045 nm, and 0.2238 nm for 
ITO 5:5, ITO 9:1, and ITO 9.5:0.5, respectively. 

 
Fig. 4. Shift in I222 peak for different ITO NPs with 

(a) ITO 5:5 (b) ITO 9:1 (c) ITO 9.5:0.5 

The NPs which have the shortest R-value will 
have the highest conductivity because when 
interchain separation length decreases, hopping of 
charge carriers increases. 

ܴ ൌ ହఒ

଼௦௜௡ఏ
                             (1) 

Where λ is the wavelength of the X-ray (Cu Kα) 
with value1.542 Å, 2θ is the location of 
diffraction peaks. 
Fourier transform infrared spectra of papaya seed 
extract (Fig. 5) showed the presence of an 
aromatic C=C group at wavenumber 1448 and 
1518 cm-1.  
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Fig. 5. FTIR spectra of papaya seed extract 

The absorption peaks at 1100, 1157, and  
1233 cm-1 were due to the C-O stretching 
vibration [33]. The peaks at 2846 and 2923 cm-1 
show C-H stretching vibration, and the absorption 
peak at wavenumber 3341 cm-1 is due to the 
presence of -OH in Carica papaya seed extract. 
The transmittance peaks in the Fourier transform 
infrared spectra of ITO NPs are shown in Fig. 6. 
FTIR spectra exhibit the stretching vibrational 
peaks around 500 cm-1 to 600 cm-1 for synthesized 
ITO NPs with different Sn concentrations. Since 
the In-O bond is highly IR active, a vibrational 
peak appears at around 540, 560, and 600 cm-1 in 
ITO NPs [13, 17, 34]. 

 
Fig. 6. FTIR spectra of synthesized ITO NPs with (a) 

ITO 5:5 (b) ITO 9:1 (c) ITO 9.5:0.5 

The FWHM of the In-O bond peak was found to 
decrease with an increase in Sn concentration 
indicative of the increase in crystallinity and this 
result is in good agreement with the XRD result. 
The presence of OH in the precursor is found in the 
spectrum at two vibration modes 1000 to 1250 cm-1 
and 1640 cm-1, respectively. The vibrational peak 
intensity at around 1150 cm-1 was found to be 
decreased for ITO 9:1 and ITO 9.5:0.5 indicative of 
the transformation of hydroxyl precursor to oxide 
precursor. There are no vibrational peaks observed 
for Sn-O or Sn-O-Sn bonds. 
Fig. 7 exhibits the SEM and TEM micrographs of 
green synthesized ITO NPs.  
 

 
Fig. 7. SEM and TEM micrographs and EDS spectra of ITO nano particles (a) ITO 5:5 (b) ITO 9:1 (c) ITO 

9.5:0.5 (d) TEM of ITO 9:1
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The average grain size of synthesized ITO NPs 
was found to be 35 nm, 28.27 nm, and 17.66 nm 
for ITO 5:5, ITO 9:1, and ITO 9.5:0.5, 
respectively. This reveals that the grain size 
increases as the Sn concentration increases and 
the result is in good agreement with the XRD. 
The ITO NPs with less Sn content exhibits spongy 
and more porous structures. As the Sn 
concentration increases fluffiness decreases. The 
less doped ITO NPs appear less dense, with more 
pores and cavities [17, 26, 27]. Therefore, more 
charge carriers are trapped in pores and cavities, 
which affects the conductivity of ITO NPs. TEM 
morphological analysis of ITO (9:1) NPs shows 
the spherical structure and is shown in Fig. 7d. 
The elemental composition of synthesized ITO 
NPs is shown in Fig. 8. EDAX reports the 
presence of only In, Sn, and O, and no other 
impurities were observed. For high temperature 
sensor applications, it is necessary to know the 
bandgap of the ITO NPs. Hence the diffused 
reflectance spectrum of synthesized ITO NPs for 
different Sn concentrations were recorded at RT 
and is shown in Fig. 9. 

 
Fig. 8. Reflectance spectrum of ITO NPs. 

The band gap of ITO NPs was determined by 
diffuse reflectance spectroscopy [17, 28, 29] 
using Kubelka-Munk function (F(R)) (2) 

ሺܴሻܨ ൌ 	 ሺଵିோሻ
మ

ଶோ
                         (2)  

Where R is reflectance. The energy of photon E is 
calculated from (3) 

E = 
௛௖

ఒ
ൌ  (3)                          		ߥ݄

 

 

 
Fig. 9. EDAX spectra of ITO NPs (a) ITO 5:5 (b) ITO 9:1 (c) ITO 9.5:0.5 
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Where h is Planck constant (6.63x10-34 Js), C is 
the speed of light in vacuum (3x108 m/s), λ is the 
wavelength of photon and ν is the frequency (Hz), 
respectively. Bandgap plots were obtained using 
Kubelka-Munk function and photon energy and 
are shown in Fig. 10. 
 

 
Fig. 10. Bandgap of ITO NPs with (a) ITO 5:5 (b) 

ITO 9:1 (c) ITO 9.5:0.5 

The measured band gap was in the range of 2.98 
to 3.21 eV for synthesized ITO NPs. A larger 
bandgap was obtained for small values of I400/I222 
ratio [32]. As Sn concentration increases, the 
bandgap decreases due to an increase in grain size 
and a decrease in the grain boundary. This 
requires less excitation energy for electrons to 
jump from one grain to another. As Sn 
concentration decreases, fewer oxygen vacancies 
are created in the ITO NPs that leads to a decrease 
in carrier concentration. Due to this bandgap is 
shifted to a higher value because of partially 
filling of conduction band by carriers. 

3.2. Electrical parameter Analysis 

It is essential to have knowledge of the 
conductivity of ITO NPs for sensor application. 
Hence conductivity and impedance plots were 
analyzed at RT for the synthesized ITO NPs. 
Generally, the effect of grain and grain boundaries 
for a wide range of frequencies can be explained 
with respect to the electrical properties of the 
material samples. The electrical properties of the 
material are normally explained in terms of 
dielectric constant (Ɛ*), complex impedance (Z*), 
and loss tangent (tan ∂). These are related to each 
other as Ɛ*= Ɛ1-j Ɛ11, Z*=Z1 – jZ11 and tan ∂= 
(Ɛ11/ Ɛ1) where (Ɛ1, Z1) and (Ɛ11, Z11) are real and 
imaginary components [35-39]. 

The dielectric behavior of all synthesized ITO 
NPs was studied at RT by varying frequencies 
from 10 Hz to 8 MHz. The dielectric constant for 
different Sn concentration ITO NPs is shown in 
Fig. 11. The capacitance values obtained during 
the impedance analysis of ITO NPs were used to 
calculate the dielectric constant of ITO NPs using 
(4). 

Ɛଵ ൌ 	
஼೛ௗ

Ɛబ	஺
                             (4) 

Where Ɛ0 is the permittivity of free space, d is the 
thickness of the ITO pellet, A is the cross-
sectional area of a flat surface of the ITO pellet 
and Cp is the capacitance of specimen in Farad 
(F). 

 
Fig. 11. Variation of dielectric constant (Ɛ1) with 

respect to frequency of ITO NPs. 

Result reveals that at lower frequencies the 
dielectric constant has got maximum value and 
was found decreasing as frequency increases (less 
than 1000 Hz) for all the synthesized ITO NPs 
and, becomes constant at high frequency (above 
1000 Hz). This behavior can be explained using 
the Maxwell-Wagner interfacial model [35]. 
According to this model, the dielectric medium is 
considered to be composed of double layers, 
conductive grains, and resistive grain boundaries. 
Upon the application of electric field, charge 
carriers can easily migrate from grains but are 
accumulated at grain boundaries. This process 
can produce large polarization and dielectric 
constant. As frequency increases, the dielectric 
constant decreases because of the tendency of 
dipoles to orient themselves to the applied electric 
field. In the high-frequency region (above 1000 
Hz), the dipoles will be hardly oriented to an 
applied field. Hence dielectric constant for ITO 
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NPs remains constant at the high-frequency 
region [35, 37].  
Loss tangent (tan δ) represents the energy 
dissipation in the dielectric system. The variation 
of tan δ with frequency for ITO NPs at RT is 
shown in Fig. 12. The results reveal that, for 
samples, ITO 9:1 and ITO 9.5:0.5 tan δ will reach 
to its highest value because grain boundaries 
actively contribute at low frequency. Hence more 
energy for electron hopping is needed at low 
frequency. The peaking behavior occurs when the 
hopping frequency of electrons is equal to the 
frequency of the applied electric field. At the 
high-frequency region (above 10,000 Hz) tan δ 
decreases for all the compositions, which may be 
due to space charge polarization and hence 
conductivity increases for all the ITO NPs. 

 
Fig. 12. Variation of loss tangent (tan δ) of ITO NPs 

with respect to frequency 

The variation of ac conductivity with respect to 
change in frequency for different Sn 
concentrations of ITO nanoparticles measured at 
RT is shown in Fig. 13. The result reveals that ac 
conductivity increases with an increase in the 
frequency of applied ac field due to an increase in 
the electron hopping frequency. ITO 5:5 has high 
conductivity than the other two samples because, 
as the Sn concentration increases grain size 
increases, grain boundary decreases, and 
dielectric constant decreases, hence conductivity 
increases. This result is in good agreement with 
XRD (interchain separation length). Conductivity 
increases due to the release of the electron by 
substituting donor Sn4+ ion for In3+ ion in In2O3 as 

Sn concentration increases, which results in the 
generation of an extra electron into the 
conduction band and carrier density increases.  
Hence ITO 5:5 has more conductivity compared 
to sample ITO 9:1 and ITO 9.5:0.5 (Fig. 13). 

 
Fig. 13. Variation of ac conductivity of ITO NPs with 

respect to frequency. 

The complex impedance spectrum of ITO 
samples shows the grain and grain boundary 
effect. Impedance data were present in the form 
of Z11(capacitive) and Z1(resistive). The 
impedance data were fitted into Zview software 
to obtain the Nyquist plots and electrical circuits 
with fitting parameters. Figs. 14 (a-c) show the 
complex impedance plot (as Nyquist plot) i.e., Z1 
and Z11 over a wide range of frequencies from 10 
Hz to 8 M Hz, and its equivalent circuit 
parameters are tabulated in Table 3. It was 
observed that the radii of semicircle vary as the 
Sn concentration varies. Generally, semicircle at 
higher and lower frequencies represents grain and 
grain boundary properties. For these ITO samples 
two semicircles were observed in the Nyquist 
plot, the first semicircle at high frequency 
represents the grain resistance (Rg) and the second 
semicircle at low frequency represents the 
resistance of grain boundary (Rgb). 
The grain resistance and grain boundary 
resistance were measured for different ITO 
compositions and are tabulated in Table 4. The 
result shows that grain boundary resistance 
decreases as Sn concentration increases, which 
helps in the improvement of electrical 
conductivity. 
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Fig. 14. Nyquist plots of ITO NPs and its electrical equivalent circuits inset. (a) ITO 5:5 (b) ITO 9:1 (c) ITO 

9.5:0.5 

 

Table 3. Equivalent circuit parameters obtained through impedance analysis. 

ITO Composition 
Equivalent circuit Parameter values 

R1(Ω) C1(F) R2(Ω) C2(F) R3(Ω) 

ITO 5:5 106.3 1.286E-8 34.51 1.36E-6 25.88 

ITO 9:1 249.9 7.94E-9 115.9 6.93E-6 230 

ITO 9.5:0.5 385.1 3.56E-9 141.9 7.21E-6 275.7 

 

Table 4. Grain resistance and grain boundary resistance of ITO NPs. 

Composition Grain Resistance Rg(ohms) Grain boundary Resistance Rgb(ohms) 

ITO 5:5 34.51 25.88 

ITO 9:1 115.9 230 

ITO 9.5:0.5 141.9 275.7 
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The dc conductivity of ITO NPs (pellets) was 
studied by the 2 probe method by using Keithley 
6221 current source and Keithley 2182A nano 
voltmeter. 
The I-V characteristics obtained for different 
compositions of ITO NPs are shown in Fig. 15. 
The resistance values were obtained from the 
slope of I-V characteristics and dc conductivity 
was calculated from resistance, thickness, and 
area of pellets of ITO NPs for a different 
composition.  
The dc conductivity values were found to be 
1.04x10-3 S/m, 1.94x10-5 S/m, and 1.03x10-5 S/m 
for ITO 5:5, ITO 9:1, and ITO 9.5:0.5, 
respectively. The dc conductivity of ITO 5:5 is 
higher than the other two ITO compositions due 
to higher crystallite size, lower bandgap, and 
lower value of interchain separation length(R). 

 
Fig. 15. I-V characteristics of ITO NPs of different 

compositions. 

4. CONCLUSIONS 

ITO NPs were successfully synthesized by the 
green combustion method using In and Sn as the 
precursor and Carica papaya seed extract as a 
novel fuel. The effect of Sn concentration on 
microstructural, optical and electrical properties 
of ITO NPs was analyzed. The XRD results reveal 
that the synthesized ITO NPs exhibits a cubic 
bixbyite structure with high crystallinity. 
Microstructural analysis reveals spherical 
structure with increasing grain size  
(17.66 to 35 nm) as Sn concentration increases. 
FTIR results confirm the presence of the In-O 
bond in synthesized ITO NPs. By increase in Sn 
concentration, the bandgap of ITO NPs is 
decreased (3.21 to 2.98 eV) which in turn affects 
the ac conductivity and dc conductivity of ITO 
NPs. AC conductivity and dc conductivity of ITO 
NPs increase as Sn concentration increases. 

Complex impedance plot exhibits both grain and 
grain boundary effect. Both grain resistance and 
grain boundary resistance decrease with an 
increase in Sn concentration. With an improved 
bandgap and conductivity, the ITO NPs with 
composition 9.5:0.5 are suitable material for the 
development of sensors and optical device 
applications. 
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