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Indium Tin Oxide (ITO) is well known as one of Transparent Conductive Oxides (TCOs)
materials, applied for electric devices, such as flat-panel display, smartphone, tablet PC, etc. In
2007, indium crisis has evoked in Japan, because of the close on Toyoha mine near Sapporo,
which has equipped indium metal with the highest production in the world. Hence, the
reduction in In use and the alternative technology have been investigated in Japan. In this
regard, this article will be focused on the preparation of ITO and the other TCO nanoparticles
(NPs) as a substitute material to In and then the synthesis of nanoink for their printing to form
thin film. The reduction of the conductivity of particle itself can be attained by the precise
control in size and shape synthesized in nonaqueous solutions. As a result of this study,
monodispersed ITO NPs with a cubic shape were formed with quaternary ammonium
hydroxide-assisted metal hydroxide organogels as a precursor. These NPs have perfect
uniformity in size with beautiful shape, and perfect single crystalline structure including Sn. As
we were attempted to make thin film with ITO nanoink, it was successfully fabricated below 200
nm in thickness and the resistivity was drastically decreased below 1.0 x 10-3 » cm after heat
treatments. GZO nanoink as substitute of ITO has also been developed.
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Figure 1. Concept and design to synthesize ITO nanoparticles

to be applied to the transparent conductive oxide electrodes.
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0.50 M InCl; &
0.050 M SnCl, in EG solution

<— Stirredat 0 °C

<—— 1.5 M NaOH in EG solution
(INaOH]= 1.0, 1.5, 2.0)

<—— Stirred for 15 min

into autoclave

<—— Aged at 250 °C, 0 ~ 96 h

v
Products

(Analysis: XRD, TEM)

Figure 3. Schematic drawing of the direct preparation
of ITO nanoparticles by the solvothermal method with

using ethylene glycol (EG) as a solvent.
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Figure 4. TEM images of particles obtained
in (a): BUOH; (b): DEG; (c): EG; (d):80 wt%

EG aqueous solution.
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Figure 5. XRD patterns of particles obtained in (a):
BuOH; (b): DEG; (c): EG; (d):80 wt% EG aqueous

solution.
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Figure 6. Schematic drawing of the direct preparation of ITO nanoparticles by the
combination of the solvothermal and Gel-Sol method with use of ethylene glycol (EG) as a

solvent and TMAH as an alkaline reagent.
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(a) Initial solution (b) Viscous gel
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Figure 7. A schematic illustration of time change of
reaction solution at 250 °C in 1.0 M TMAH. (a) A
transparent precursor solution of the ITO NP synthesis.
(b) A pale yellow viscous gel formed by aging for 1 h at
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Figure 8. (a) A HRTEM image of an ITO NP;
magnified and a FT images (inset) of the ITO NP
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