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Abstract
Synthesizing of indium oxide (In2O3) nano particles using sol-gel process as an active sensing material of gas
sensor has been carried out. As starting material, indium acetate/In(CH3COO)3 was dissolved in diethylene glycol
and heated up at 1300C until homogeneity is achieved. Nitric acid (HNO3) was added under vigorous stirring where
the resulting mixture was heated at 1800C for 5 hours. After drying at 4000C for 2 hours and annealing at 5000C for
1 hour, a yellow fine powder was obtained, which was identified by using XRD and SEM. From the observation it
has been found that the materials are in nano size range.
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1. Introduction

2. Metal Oxide

The air can be said to have been contaminated, when the
composition of the gases in it has exceeded the
threshold concentration is acceptable.
To determine the air pollution that occurs, the
necessary tools that can detect the gas concentration of a
gas in the air which in this case is a gas sensor. So the
gas sensor is a useful tool for detecting a quantity, in
this case is the concentration of the gas and turn it into
an electrical quantities that can be measured. 1-3. Sensors
should basically have the advantage, among others, the
cost is not expensive, the workmanship is simple and
mobility characteristics to detect 4-6. For the purpose of
detecting this, several metal oxides have been studied
and can be used as a gas sensor material is indium oxide
(In2O3). Indium oxide as the active ingredient which is
very sensitive to pollutant gases, one of which is NO27-8.
To increase the sensitive nature of the metal oxide,
the metal oxide is made with nanometer size, thus
increasing its surface area. One reliable method to
synthesize nanometer-sized metal oxides is the sol-gel
process.
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The Metal oxide is an oxide compound with covalent
character of the structure. A wide variety of metal
oxides, such as tin dioxide, SnO2 9, tungsten trioxide
(WO3) 10, zinc oxide, ZnO 11, Indium Tin Oxide, ITO 12,
indium oxide (In2O3) 13, Ferric Oxide 14, Titan Oxide 15
and others. As a result of covalent structure, called a
ceramic oxide material. In the form of thin layers (thin
film) is a metal oxide transparent to light. Especially for
zinc oxide and tin oxide, have semiconductive
properties, so it can be applied to transparent conducting
oxide (TCO) layer LCD, LED, electrichromic windows.
Usually the metal oxide structure is needed is
shaped crystals (crystalline). The structure is repeated in
a certain period and in three dimensions. To determine
the quality of the material, can be used X-ray
diffraktometer (XRD) and SEM.
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3. Methods
3.1. Sol-Gel Process
The development of sol-gel process began in the 1880s.
Various types of microfiltration membranes have been
known so far, which is based on metal or carbon, but its
application is limited to the size of the pores. The solgel process consists of several steps, among others:
hydrolysis, condensation, gelation, ripening, drying,
densification 8.
Sol-gel process is a wet chemical technique
(chemical solution deposition) for the manufacture of a
material (especially metal oxide) starting from a
chemical solution that is part of the sol, or colloidal
particles (sol to nano-sized particles) to the creation of a
piece of gel. Precursor or starting material in the
manufacture of metal are metal alkoxides and metal
chlorides, which then undergoes hydrolysis reaction and
poly condensation reactions to form a colloid, which is a
system that consists of solid particles (particle size
between 1 nm to 1 µm) dispersed in a solvent.
The starting material or precursor can also be stored
on a substrate to form the film (such as through the dipcoating or spin-coating), which is then inserted into a
suitable container with the desired shape for example to
produce a monolithic ceramics, glass, fiber or fibers,
membrane, air gel, or also for both granular powder
synthesis micro and nano 3.
Of the several stages of the sol-gel process, there are
two general stages in the manufacture of metal oxide via
sol-gel process, the hydrolysis and poly condensation.
At this stage an attack hydrolysis of water molecules
(nucleophilic attack), the oxygen atoms in the water, on
the atom at the center of positive charge, which is
generally in the form of metal 5.
The sol-gel reaction mechanism can be seen in
Figure 1 with an acid catalyst and Figure 2 with the base
catalyst. The hydrolysis process can be catalyzed by an
acid or base in order reaction rate becomes faster. Part
sol or colloidal particles are formed subsequent to the
hydrolysis reaction. Part of this sol is a colloidal
substance in the solid phase dispersed in the water
phase. Hydroxy groups will be formed in the precursors
that undergo hydrolysis, both the catalyst and the acidbase catalyst. As an example of precursors used are
silicone compounds.

Figure 1: Mechanism of sol-gel reaction with acid catalysts

Figure 2: Mechanism of sol-gel reaction with base catalyst

Hydroxy group formed to carry out attacks on other
precursors or reactants are known as a condensation
reaction (Figure 3).

Figure 3: Mechanism of condensation reactions in the sol-gel

Increasing the viscosity of the solution indicates that
the process of polymerization or condensation has
occurred. By changing the charge on the surface of the
particles (zeta potential) or an increase in the
concentration of particles which are then followed by
the agglomeration process, the gel will form part [8].
The sol-gel process is very lucrative and attractive
for low cost and uses a low temperature so it is quite
safe in the process, and can be easier to control in the
determination of the chemical composition of the
desired product.
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4. Experimental Procedure

5. Results and Discussion

The tools used in the experiments are the means glasses,
crucibles, electric heating (hot plate), oven and furnace.
While the characteristics of the test equipment crystals
or powder is scanning electron microscope (SEM) and
X-ray Diffractometer (XRD).
The materials used consisted of Indium Acetate
(Aldrich 99.99%), Diethylene Glycol (DEG), Nitric
Acid (HNO3), and demineralized water (de-ionized
H2O). The process of making Indium Oxide (In 2O3) can
be seen in Figure 4 (experimental flowchart). At first by
weighing as much as 0.6695 grams Indium Acetate / In
(CH3COO)3 dissolved in diethylene glycol (DEG). Then
the mixture is heated at a temperature of 1300C to obtain
a homogeneous solution. After it was added 2 ml of 3N
Nitric Acid (HNO3) into the solution and stirred rapidly.
Results of stirring and then heated at 1800C diving 5
hours. Fine grains Indium Oxide (In2O3) yellow
obtained after drying at a temperature of 4000C for 2
hours and calcined at 5000C for 1 hour.

5.1. Synthesis of Indium Oxide (In2O3)
Sol-gel process is one method that had been developed
in the field to produce a nanometer-sized metal oxides
with high purity level. The sol-gel process is often used
to produce nanometer-sized metal oxides, coupled with
sol-gel processing is fairly simple, fast, and does not
require an expensive cost.
Nanometer-sized In2O3 powders were synthesized
by using a sol-gel process, as a precursor in the
synthesis of In2O3 powder used Indium Acetate / In
(CH3COO)3, and Diethylene Glycol (DEG) as solvent.
These two ingredients are then mixed and the result
thereof is heated at 1300C. During heating, stirring until
dissolved acetate obtained indium perfect. It aims to
increase the solubility of indium acetate Diethylene
Glycol in the solvent because the solubility of indium
acetate Diethylene Glycol in the small, so that the
necessary heating and stirring to increase its solubility.
After that, add Nitric Acid (HNO3) 3N, into the
resulting mixture and heated at a temperature of 1800C
and then stirred rapidly for 5 hours. This stage is the
beginning of hydrolysis and polymerization with nitric
acid and the acid acts as a catalyst to produce a colloidal
system called Sol.
After heating and stirring for 5 hours, the results
obtained colloid dried using an oven at 4000C for 2
hours. This stage is the stage of drying to remove most
of the solvent and the acid catalyst and polymerization
process occurs simultaneously advanced from Colloidal
Sol system and then generating system called Xerogel
Colloidal Gels. After drying for 2 hours, then made the
final stage, the stage calcination at 5000C for 1 hour.
Phase Calcination is a thermal treatment process using.
In the calcination process occurs several reactions,
namely the Thermal Decomposition of the resulting
compound In2O3, the phase transition from a liquid to a
solid and removal of volatile fractions or remaining
solvent and other compounds produced by side
reactions, such as gas Carbon Dioxide and Acetic Acid,
CH3COOH.
During the synthesis of In2O3, the results obtained
mixture changes color from white to light brown result
of hydrolysis and polymerization, and subsequent color
changes to yellow from the calcination process and the
yield of crystalline In2O3 obtained as 0.5145 g with a
yield of 76.8 %.

Indium Asetat
In(CH3COO)3
Soluted in Dietylen Glikol (DEG)
Heated in 130 0C
Stirring

Homogen Solution

Adding Nitric Acid (HNO3)
Stirring quickly
Heated in 180 0C during 2 hours

Homogen Solution

Heated at 400 0C during 2 hours
Calcinated at 500 0C durng 1 hour

Nano Crystalline In2O3
(Yellow)
Characterization
With XRD
Crystal Size
Crystal Purity Grade
Crystal Type

With SEM
Crystal Size

Figure 4: Flowchart of the experimental manufacture of In 2O3

Material synthesis results in the form of powder or
crystal form crystal structure characteristics tested, the
degree of purity of crystal and crystal types have been
characterized using X-ray diffraction (XRD), while the
size of the crystal is characterized by using a scanning
electron microscope (SEM).
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To characterize the resulting powder In2O3, used Xray difractometer tool (XRD) to determine the crystal
structure, crystal purity levels and types of crystals are
generated and then compared against the standard. In
addition to using XRD, also the tool used electron
microscopy (SEM) to determine the crystal morphology
of the particles, such as crystal size and uniformity of
the crystal In2O3.

Value peak from the XRD patterns for powder Indium
Oxide synthesis results can be seen in Table-1 below.
Table-1: The peak value of the results of the XRD patterns for
the synthesis of In2O3 powder
Pos. Height FWHM Value– d Rel.
Tip
Matched
[02Th.] [cts] [02Th.]
[Å]
Int. width
by
[%] [02Th.]
21,5033 49,69 0,4896 4,12912 7,63 0,5875 01-0894595
30,6696 651,33 0,6528 2,91274 100,00 0,7834 01-0894595
35,3800 208,27 0,2448 2,53499 31,98 0,2938 01-0894595
37,6213 40,46 0,3264 2,38896 6,21 0,3917 01-0894595
41,9711 39,19 0,6528 2,15088 6,02 0,7834 01-0894595
45,5741 67,52 0,3264 1,98886 10,37 0,3917 01-0894595
49,2708 20,30 0,4896 1,84794 3,12 0,5875 01-0894595
50,9129 270,35 0,5304 1,79212 41,51 0,6365 01-0894595
56,0311 33,54 0,6528 1,63994 5,15 0,7834 01-0894595
59,0274 27,26 0,6528 1,56364 4,19 0,7834 01-0894595
60,4962 186,05 0,2448 1,52914 28,56 0,2938 01-0894595
60,7576 194,73 0,2448 1,52319 29,90 0,2938 01-0894595
62,1431 35,87 0,4896 1,49251 5,51 0,5875 01-0894595
63,6597 30,37 0,4080 1,46056 4,66 0,4896 01-0894595
66,8443 7,60 0,2448 1,39850 1,17 0,2938 01-0894595

Figure 5: Results of powder XRD In2O3

Figure 5 shows the results of XRD characterization
of In2O3 powder. Through comparison of the pattern of
In2O3 peak synthesis results with standard peak pattern
that indicates a considerable similarity, as shown in
Figure 6, it can be believed that the resulting powder is
powder In2O3 which have a cubic crystal structure with
a peak value of 2θ similarity of 71.

5.2. Characterization using SEM
Figure 7 is the result characterization using SEM
showing the morphology of the structure of In2O3
powder. The results of SEM mapping, with 20.000x
magnification, indicating that the In2O3 powder obtained
has a particle size reaches the nanometer scale, which is
about 100 nm, and are homogeneous or uniform.

Figure 6: Plot comparison between standard In2O3 (above)
with the synthesis of In2O3 (below)
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Figure 7: SEM Results for In2O3 powder with magnification
(b) 20.000x.

6. Conclusions
Powder Indium Oxide (In2O3) can be synthesized by
Sol-Gel process using Indium Acetate materials / In
(CH3COO)3, Diethylene Glycol (DEG) and Nitric Acid
(HNO3) and de-ionized water. Indium oxide powder
obtained by Sol-Gel has reached the scale of size
approaching 100 nanometers with peak 2θ similarity
value of 71. Results of the synthesis of indium oxide
powder is ready for use as an ingredient / active layers
of gas sensors. With the results of the nano scale grains
become larger surface area that would be more sensitive
gas sensors.
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