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Introduction
Nanometer sized particles have unusual mechanical, optical, 

magnetic and electrical properties that make them of interest for 
novel applications. There is no universally agreed definition of a 
nanoparticle, However most research groups consider that particles 
with at least one dimension smaller than 100nm are nanoparticles 
and those with dimension in the range 100nm <d <~10μm are called 
microparticles. The physical properties of the nanoparticles can vary 
significantly as the particle size changes.1 The specific properties 
of nanoparticles include2 dispersability in an immiscible phase, 
uniformity and fine grain size, extremely high specific surface area, 
control of the scattering of light, enhanced chemical activity of atoms 
and molecules at the interface, absorptive capabilities, microstructure 
control, transport properties of small domains and in pores, controlled 
electronic states of atoms etc. Due to these properties, nanoparticles 
have numerous commercial and technological applications.3 For 
instance, because of their very small size (20 times smaller than the 
wavelength of the visible light), they do not scatter light providing 
new perspectives for optical coatings.4 Their large specific area make 
them attractive to realize chemical or physical sensors for detecting 
the state of chemical reactions.5 Also these nanoparticles demonstrate 
quantum effect resulting in material innovations in communication, 
data storage, non-linear optic or with special magnetic properties.6 

Many of these applications deal with dispersions or coatings with 
enhanced specific features. Much of the demand comes from the 
cosmetic and pharmaceutical industries7 where they show incredible 
commercial potential as for example to shield the skin from particularly 
damaging ultraviolet irradiation.8 In the field of medicine, magnetic 
nanoparticles found application particularly for the precise delivery 
of drugs to the exact target tissue by application of external magnetic 
fields. Various methods were used for synthesizing nanoparticles. The 
first development was made by Gleiter and Siegel8 by evaporation 
and condensation (nucleation and growth). This method, called gas 
phase synthesis, is similar to the physical vapour deposition (PVD), 

but instead of using a substrate, liquid nitrogen is used to condense 
the vaporized material. The disadvantages of this method are the high 
temperature processing, the difficulty to control the particle size and 
distribution and the low production rate. Various aerosol processing 
techniques have been then reported to improve the production yield of 
nanoparticles. These include synthesis by combustion flame, plasma, 
laser ablation, chemical vapor condensation, and plasma spray. The 
chemical synthesis of nanoparticles is a promising technique to 
produce nanomaterials via low temperature processes. The sol-gel 
process (discussed in the next section) can form nanoparticles starting 
with precursors of different composition and structure. The institute 
of new materials (INM) in Saarbrucken is one of the few research 
centers which succeeded to produce a broad range of nanoparticles 
like TiO2, Al2O3, BaTiO3, ITO, ATO, etc through this process. The 
new materials built with these nanoparticles have already found many 
industrial applications.

Transparent conducting oxides (TCO) are the most common used 
materials to produce transparent conducting films. They are essentially 
based on In2O3, SnO2, ZnO, CdO, etc. These materials are usually 
insulators and have a wide band gap (Eg >3eV), so that they show an 
excellent transparency in the visible region. To get them conducting 
nonstoichiometry and/or appropriate dopants, like Sn for In2O3, Sb, F 
for SnO2, Al, Ga for ZnO, etc., should be introduced in order to create 
electron degeneracy in the wide band gap.6 The number of products 
and technologies that used these materials on a variety of substrates 
(glass, plastic, ceramic, metal, etc.) is growing tremendously. TCO 
thin films can now widely utilized for optoelectronic devices, such as 
flat panel displays, thin film transistors, electroluminescent devices, 
heat reflectors, gas sensors, organic light emitting diodes, solar cells 
and variety of other significant applications in demisting and deicing 
glass for automotive, train and aircraft (52-59).

A colloidal suspension, as defined it is a system consisting of two 
phases, i.e. a continuous phase in which the other phase, containing 
entities having at least on the 1 to 1000 nm length scale, is dispersed. 
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Abstract

Indium tin oxide was prepared by using Microwave synthesis technique and it was 
characterised by using X-ray diffractometers, UV-Vis spectrometer and photoluminescence 
spectrometer, the as prepared samples were directly annealed for 200ºC and then 
characterised. Morphological studies were analysed by using Transmission Electron 
Microscopy and Selective area diffraction pattern. The crystal sizes were calculated and 
it ranges from 9 to 12nm. The band gap values were calculated and it ranges from 2.49 to 
3.015eV. The photoluminescence emission started from 340nm and its excitation values 
were nearly its near band edge emission at 360nm.
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The particles in the suspension undergo a Brownian motion and 
collide with each other. When they come close enough to each other, 
they stuck due to the Van der Waals attraction and aggregates are 
formed leading to phase separation. The aggregation of particles 
can be prevented or reduced by different mechanisms. The steric 
force is a repulsive force used to prevent the particle to come close 
to each other by attaching physically or chemically a surfactant or 
polymers to the surface of the particle. When two particles with their 
envelopes of organic chains approach each other, the chains in the 
gap between the particles lose its conformational entropy and resist 
a further approach. 9 This dispersion (or stabilization) repulsive force 
is a function of the surfactant coverage, the type of bond formed at 
the surface and the type of the solvent. The electric charging of the 
particle can arise from different mechanisms and can be manipulated 
and controlled by adjusting the suspension pH and by using suitable 
dispersants. This is done by measuring the so-called zeta potential. 
The electrical potential drops off exponentially with the distance 
from the particle and reaches a uniform value in the solvent outside 
the diffuse double layer. The zeta potential is the voltage difference 
between a plane at short distance from the particle surface and the 
solvent beyond the double layer when two particles come close 
together so that their double layers overlap, they repel each other. The 
strength of the electrostatic force depends on the zeta potential. If it 
is too small (typically less than about 25mV, the repulsive force is not 
strong enough to overcome the Van der Waals attraction between the 
particles and they start to agglomerate. A high zeta potential prevents 
the particle-particle agglomeration and keeps the dispersion uniform 

and free flowing. Therefore, the goal in most formulations is to 
maximize the zeta potential. This is particularly important to produce 
high strength ceramic materials.10

Experimental
ITO powder samples were prepared by simple combustion method. 

(90wt %) 10.033g of Indium metal and was dissolved with HNO3 and 
equal amount of water is used to dilute the solution. Once in 3 hours 
it was warmed for about 48 hours, Indium metal dissolved in the 
solution. (10wt %) 1.2g of Sn metal was dissolved in the mixture of 
5ml of HNO3 and 45ml of H2O. 	 Now the reaction solution was 
taken by mixing 0.9ml of In(NO3)3 and 0.1ml Sn(NO3)2 with 10ml 
of water. 0.1 molar solution 0.5g of Urea (CONH2)2 was mixed with 
this mixture. This urea acting as a redox condensing agent used to 
precipitate ITO nano-particles. The mixture was heated at 300ºC in 
open air for ½ hour. Like that the same procedure was repeated for 
the different compositions 0.85ml of In(NO3)3 and 0.15ml Sn(NO3)2 
with 10ml of water, 0.80ml of In(NO3)3 and 0.20ml Sn(NO3)2 with 
10 ml of water. Microwave synthesis was adopted because of very 
fast nucleation process, conventional process requires multiple steps 
and takes long time also this process was used to produce uniformed 
heating, fast thermal induction, homogeneous nucleating sites. The 
resultant mixtures of ITO particles for different compositions were 
characterized by XRD. In that ITO compound was confirmed.11 The 
powder is then characterized to determine the phase structure and the 
crystallite size using XRD technique. The density and the specific 
(BET) surface area were also determined Figure 1.12 

Figure 1 Experimental set up of ITO NPs at different proportions.

Oxygen valency urea calculation In2O3 90% SnO2 10%

Formula CO (NH2)2 oxidation valency from periodic table

H = (+1)x4 = +4

N = (0)x2 = 0

C = (+4)x1=+4	 = +6

O = (-2)x1 -2

Sn(NO3)2 

Sn = (+4) x 1 = +4

N = (0) x 2 = 0 = -8

O = (-2) x 6 = -12

				     

In(NO3)3

In = (+3) x 1 = +3

N = (0) x 3 = 0 = -15

O = (-2) x 9 = -18

				  

1 Sn(No3)2 + 9 In(NO3)3 + n (+6) = 0

1 (-8) + 9 (-15) + 6n = 0

-143 + 6n = 0

6n = 143

n = 23.833/100

n = 0.24gm

Two times = 0.48gm

0.48x1.5 = 0.72gm

0.48x2 = 0.96gm

The powder particles were pasted on the glass plates to find the 
diffusion and uniform distribution of the powder. In many reported 
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work for very small particles, surface area is a more appropriate 
characteristics to assess than some size based on an equivalent 
diameter. Particle surface area is important, for example, in paints and 
pigments or when chemical reactivity is an important property, as in 
the setting of cement. Precipitated materials are often characterized in 
this manner. Amongst the several techniques available, those based 
on permeability and gas adsorption are probably the most popular. In 
the permeability methods a known quantity of air is forced through 
a small bed of the fine solids under a constant pressure drop, and the 
flow time is recorded. The theory is based on the laminar flow of fluids 
through porous beds, and the specific surface area of the material is 
calculated from Kozeny equation (Figure 2).13
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Figure 2 XRD diffraction pattern of ITO powder for three different 
proportions.

In the IT sectors, nano-particles are used for increasing the 
efficiency of electronic equipments by increasing the information 
storage capacity and decreasing the size and weight of the devices. 
While several synthesis and processing methods have been employed 
for making thin-films of ITO research on nano-particles, chemical 
methods is the best technique to synthesize ITO powdered nano-
particles. Nano-particles are produced by various techniques, 
crystallization, precipitation, sol-gel methods, combustion and 
chemical vapour deposition methods.14 ITO nano-particles are 
synthesized here, by combustion method and its structures are 
characterized with XRD (X-ray Diffraction) (Figure 3–8).

Figure 3 TGA analysis for different proportion of ITO nano powdered 
particle.

Figure 4 Photoluminescence values of ITO nanopowder.

Figure 5 Photoluminescence values of ITO nanopowder.

Figure 6 Percentage of transmission of ITO powder for different proportions.

Figure 7 Bandgap values of ITO powder for different proportions.

10 20 30 40 50 60 70 80

In
te

ns
ity

 (a
.u

)

2 Theta

95:05

 

90:10

 

85:15222
400 134

440 622

10 20 30 40 50 60 70 80 90 100
2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

 95:05
 90:10
 85:15W

ei
gh

t l
os

s 
(m

g)

Crystal size A0

350 355 360 365 370

30000

40000

50000

60000

70000

80000

PL
 In

te
ns

ity
 (A

.U
)

Wavelength (nm)

 85:15
 90:10
 95:05

Exc -340 nm

200 400 600 800 1000 1200

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 95:05
 90:10
 85:15

Ab
so

rb
an

ce
 (A

.U
)

Wavelength (nm)

0 200 400 600 800 1000 1200
0

20

40

60

80

100

Pe
rc

en
ta

ge
 o

f T
ra

ns
m

is
si

on

Wavelength (nm)

 95:05
90:10
 85:15

0 2 4 6

0.000
0.002
0.004
0.006
0.008
0.010

3.025 eV (95:05)

hv (eV)

0.00
0.01
0.02
0.03
0.04
0.05

(α
νh

)2  1
0-4

 C
m

-2
 (e

V)
2

0.00
0.02
0.04
0.06
0.08
0.10 2.49 eV (85:15)

2.65 eV (90:10)

https://doi.org/10.15406/eetoaj.2018.02.00037


Microwave combustion synthesis method to prepare indium tin oxide NPS for sensor 330
Copyright:

©2018 Perumalsamy et al.

Citation: Perumalsamy R, Nivetha S, Ponsurya P, et al. Microwave combustion synthesis method to prepare indium tin oxide NPS for sensor. Electric Electron 
Tech Open Acc J. 2018;2(5):327‒333. DOI: 10.15406/eetoaj.2018.02.00037

Figure 8 Raman analysis of ITO nanopowder.

Results  and discussion
The X-Ray powder diffraction patterns were recorded using 

Panalytical X’pert Pro X-ray Diffracto meter having wavelength 
λ=1.5406Å. X-Ray Diffraction (XRD) is a high-tech, non-destructive 
technique for analyzing a wide range of materials, including fluids, 
metals, minerals, polymers, catalysts, plastics, pharmaceuticals, 
thin-film coatings, nano-particles, ceramics and semiconductors. 
The X-Ray Diffraction peaks could be indexed to ITO with cubic 
structure having lattice constant of A=10.0259Å. The growth of small 

dimension ITO peaks has been reported15 for different compositions. 
Studies of such structures are of interest because sharp tips are having 
same lattice planes [2,2,2.] This is useful for efficient field emission16 

having potential applications in displays. The growth of peak 
morphology is ascribed to preferential adsorption of ITO species on 
some special crystallographic planes of Indium Tin Oxide. The grain 
size of the nano-crystalline powder is estimated by using Scherer 
formula 

0.94

cos
D

λ

β θ
=                                                                                     (2)

 

Where β full width half maximum of XRD pattern. The value of 
grain size varies from 9nm to 12nm for the different compositions. 
No. of unit cells for the ITO nano-particles was calculated by 
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where V is the volume of the cubic structure of ITO 

V=a3 Aº and 				                                   (4)

Lattice parameter a= 2 2 2d h k l+ + Å, 	                               (5)

No. of unit cells decrease when Indium composition decreases 
Figure 9a & Figure 9b.

3450 3500 3550 3600 3650 3700 3750 3800 3850 3900

1500

2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

In
te

ns
ity

 (A
.U

)

Wavenumber Cm-1

 90:10
 85:15
 95:05

Figure 9a & Figure 9b TEM and SAED micrograph for 95:05 ITO nanopowder.

Studies of such structures are of interest because sharp tips are 
useful for efficient field emission10 having potential applications in 
displays. The presence of SnO2 in In2O3 compound is indexed on the 
basis of JCPDS Card No-89 – 4596. For all proportion it is clear from 
the XRD spectra that the entire powder specimen are cubic structure 
and highly oriented along (222) plane. Presence of other orientations 
(400), (440), (622) and (134) have also been detected. The lattice 
parameters calculated from the most prominent peaks are found 
to be in agreement with JCPDS values listed in Table 1 & Table 2. 

Explained the results of Percentage of Phase formation = IITO/ IITO + 
IIO + ITO

IITO = Maximum intensity of ITO peak

IIO = Maximum Intensity of Io peak

ITO = Maximum Intensity of To peak

X ray Peak heights of ITO powder with random grain orientations.17

Table 1 Structural properties of ITO nanopowder

Samples Grain Size 
(nm)

Lattice 
parameter (a)Å

Volume 
(m3)

No.of.Unit 
cells (m)

Surface area 
from eqn1 Sq/m2 Urea Bandgap

 (85:15) 12.673 9.9646 989.42 1075.7 123 0.48 2.49

(90:10) 10.478 10.064 1019.36 525.6 156 0.72 2.65

(95:05) 9.0435 10.0491 1014.8 381.422 164 0.84 3.025
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Table 2 Peak intensity and prominent peak positions of ITO nanopowder

95:05:00 222 400 134 440 622

Ip 100 10.4 28.14 22.38 7.48

2q 31.0652 35.5328 45.8127 50.5498 60.7718

90:10:00 222 400 134 440 622

Ip 100 28.62 11.89 44.62 27.63

2q 30.7498 35.6015 45.8472 51.175 60.7923

85:15:00 222 400 134 440 622

Ip 100 26.73 55.33 41.23 7.5

2q 30.7975 35.7166 51.1948 60.8723 60.7923

Figure shows the variation of the relative change in resistance 

of sensors 
( )vac gas

gas

R R
S

R

−
=
 
  
 

 with operating temperature in the 

range 100˚C-250˚C. The sensitivities increase with the operating 
temperature (heater temperature) Top, up to 200˚C, but decreases after 
200˚C and it is found to be maximum at 200˚C irrespective of the 
methanol concentration used. This temperature sensitive phenomenon 
is attributed to overcome the dynamic energy of activation and reaches 
the maximum value of sensitivity which satisfies the sensitizing and 
detection equation18 given below. For sensing reaction, gas to be 
detected is adsorbed with contact on the surface of the ITO film to 
form the Schottky contact and the electrical resistance of the sensor is 
changed as per the following reaction,

( )
2 1

O gas 2e  2O H− −+ → +→∆

Then during the detection reaction, participation of oxygen which 
can be in molecular (O2

-) or in atomic (O-) form takes place to reduce 
the resistance of the film and the corresponding reaction is 

3 2 2 3( ) ( )CH OH gas O H e HCHO gas H O H− −+ + ∆ → + + + ∆

On combining these two reactions,

2 3 2 4( ) 2 ( ) 2 ( ) 2O gas CH OH gas HCHO gas H O H+ → + + ∆

The liberated water condenses on the sensing element, which 
saturates the surface and affects the sensitivity. Hence, for lower 
temperature operation, the surface of the sensor does not get 
completely desorbed, which causes only smaller change in resistance. 

As the temperature of the sensing element increases, hydroxyl group 
is desorbed and decrease in resistance is observed which in turn 
increases the sensitivity.19 At high temperatures, the depletion region 
created by the chemisorption of oxygen on the surface extends more 
deeply providing larger scope to more number of gaseous elements to 
be adsorbed thereby giving a better response. One more possibility of 
the partial incorporation of Sn+ ions in In3+ sites changes the carrier 
concentration and the work function on the surface. This allows 
more gaseous elements of methanol on the surface, leading to an 
improvement in the output response and the selectivity.20

Response of the sensor versus methanol concentration

Figure shows the variation in the sensitivity of the indium tin 
oxide sensor (90:10) proportion in the presence of methanol vapor of 
various concentrations. The concentration is varied from 200ppm to 
1000ppm. As seen, with an increase in the methanol concentration, the 
sensitivity of the sensor varies in a linear manner and attains maximum 
at 1000ppm. The response seems to be quite linear for the methanol 
concentration variation in the range from 200ppm to 600ppm. The 
sensitivity saturates in higher concentrations (>600ppm), because 
the number of active surface states at the film surface is limited. The 
measured sensitivity at 200°C is estimated to be around 8 for 200ppm 
of methanol gas where as it increases to 23 for 1000ppm. At lower 
concentrations, the gas sensitivity increases steeply with increase of 
the gas concentration from 200 to 600 ppm, obeying the standard law 
of metal oxide semiconductor devices.21

Rgas = Rair (1+K[CH3OH])-m	

where, [CH3OH] is the concentration of methanol in ppm, ‘K’ is 
the sensitivity co-efficient of CH3OH vapor and ‘m’ is the power law 
exponent. At higher concentration of methanol, the increase in the 
gas sensitivity values becomes more gradual.22–24 The mechanism of 
sensitivity increase may be explained as follows. With a fixed surface 
area for each sample, a lower gas concentration implies a lower 
coverage of gas molecule on the surface and hence lower surface 
reaction occurred. An increase in the gas concentration tries to raise 
the surface reaction due to large surface coverage. Further increase in 
the quantity of surface reactions will be gradual and slow when the 
saturation point on the coverage of molecules at the fixed surface area 
is reached. This leads to saturation levels at which the upper limit of 
detection can be determined.

This observed linearity of sensitivity in the lower concentration 
range of methanol is suited for the use of these ITO films prepared 
in this work in checking the concentration of methanol. These ITO 
films may be used in the fabrication of sensitive methanol gas sensors 
(Figure 10a & Figure 10b).

Figure 10a & Figure 10b Experimental set up of gas sensor at 95:05 ITO NPs the pellet thickness may be in o.5 micro meter 5 mm diameter and contacted 
with aluminium dots or gold foils.
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Sensor response and recovery times

The response and recovery times are important parameters based 
on which sensors for desired applications can be fabricated. The 
response time is defined as the time required for the sensitivity to 
reach 90% of the equilibrium value after the test gas in injected. The 
recovery time is the time necessary for the sensor to attain a sensitivity 
of 10% above the original value in air. The transient response curve 
of the ITO sensors are shown in Figure 11. The variation of the 
sensitivity was measured at an operating temperature of 200˚C and 
methanol concentration of 1000ppm. Upon injection of methanol 
vapor, the sensitivity of ITO sensor reaches saturation in about 10 
minutes.24 When dry air was introduced, the sensitivity reached to the 
initial value. This fact proves the reversibility of the sensing process. 

Figure 11 Transient response curve of the ITO methanol sensors for 95:05 
proportions of ITO NPs.

Conclusion
The ITO (90:10) NPs were mounted by using two electrodes of Pt 

and rGO from ceramic target have been found to be sensitive to methanol 
vapor of varying concentrations. The characteristics of the ITO gas 
sensors were studied in an airtight chamber and are summarized as 
below. The relationship between sensitivity and concentration is found 
to be linear in the methanol concentration range from 200 to 600ppm. 
It reaches saturation in higher concentrations (>600ppm) and attains 
maximum at 1000ppm. The sensitivity increases with the operating 
temperature Top, up to 200˚C, but decreases after 200˚C and found 
to be maximum at 200˚C irrespective of the methanol concentration 
used. The sensor shows moderate response and recovery time (in 
minutes) (Figure 12 & Figure 13).

Figure 12 Variation of methanol concentration and sensitivity for the different 
substrate temperature of 95:05 ITO NPs.

Figure 13 Variation of operating temperature and sensitivity of ITO 95:05 
NPS at different ppm.
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