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Introduction of Hydrophilicity onto Silicon Oxide and Titanium Oxide
by Non-equilibrium Atmospheric Pressure Plasma

(R&REI AT T X~ 22 IO TZIRAE 7 A 78 K OWRIE T & R ~DBUKIEDEN)

K 4 # Kk H

In this thesis, silicon oxide and titanium oxide surface are irradiated by non-equilibrium
atmospheric pressure plasma in order to introduce hydrophilicity to their surface. The purpose of
this thesis is to find out the optimum plasma irradiation conditions to introduce hydrophilicity, and
also to clarify the surface structure of the irradiated oxides. And more, it is aimed to explore the
possibility of its application.

First, the introduction of hydrophilicity to silicon oxide was examined in detail. A thermally
oxidized silicon wafer was used as the sample because the structure of the material surface was clear
and the smoothness was also excellent. The silicon wafer was heated in a muffle furnace at 900 °C
for 5 minutes to thermally oxidize the surface. For plasma irradiation, a capacitively coupled non-
equilibrium atmospheric pressure plasma generator (Cresur Co., Ltd., APC) was used. Plasma was
generated by applying a voltage between porous disc electrodes with an RF high-frequency power
supply of 27.12 MHz while feeding a plasma working gas, and only the electrically neutral active
species were irradiated onto the surface of the sample by the flow of plasma working gas. Argon (Ar),
argon / hydrogen (Ar/Hz) and argon / water vapor (Ar/H,O) were used as the plasma working gas.
In order to evaluate the surface hydrophilicity, the concentration of hydroxy groups was estimated
based on X-ray photoelectron spectroscopy (XPS) and the contact angle of water was measured.

The results of XPS analysis and contact angle measurement showed that hydrophilicity can
be introduced to the oxidized silicon wafer surface by irradiation with non-equilibrium atmospheric
pressure plasma. In the irradiation with Ar plasma, the Si-O bond seems to be cleaved by energy
transfer from the metastable argon atom (Ar™) with high excited energy, and hydroxy group is
formed by contact with the atmosphere after plasma irradiation. In irradiation with Ar/H» plasma,
H atoms were considered to act in addition to Ar™. However, slight introduction of hydrophilicity
into the silicon oxide surface by Ar plasma and Ar/H> plasma was observed. It was considered that
the Si—O bond cleaved by the interaction with Arm was promptly recombined. Therefore, in order to

efficiently generate hydroxy groups, it was considered effective to coexist with H2O. When Ar/H,O



plasma was irradiated, the amount of surface silanol increased from 2.5% to 5.9%. Also, the water
contact angle showed a drastic drop, decreasing from 59 ° to less than 10°.

Next, in order to investigate the influence of the structure of silicon oxide on the
introduction of hydrophilicity by non-equilibrium atmospheric pressure plasma, quartz glass was
treated with Ar/H>O plasma. Furthermore, the stability of the hydrophilicity introduced on the
silicon oxide surface was examined. The amount of surface silanol and the water contact angle on
the quartz glass treated with Ar/H,O plasma changed like the oxidized silicon wafer. The amount of
surface silanol increased from 1.8% to 5.7%, and the contact angle decreased from 63 ° to 10 ° or less.
In order to confirm the stability of the hydrophilicity of the silicon oxide surface introduced by
Ar/H;0O plasma, the change in contact angle with time was observed. Oxidized silicon wafer and
quartz glass were stored in air and in vacuum after Ar/H>O plasma treatment. It was revealed that
the contact angle gradually increased with storage time. It is believed that the adjacent silanols are
dehydrated and condensed to form siloxane bonds. The rate of increase in contact angle on quartz
glass was slower than that on the oxidized silicon wafer, probably owing to the difference in distance
of Si atoms.

In this paper, based on the above results, the influence of non-equilibrium atmospheric
pressure plasma on titanium oxide is also studied. As a sample, a titanium oxide film prepared by
coating titanium oxide nanoparticles on a glass plate was used. Ar/H>O plasma was generated with
using APC. In order to confirm the surface hydrophilicity, the Ti** / Ti* " ratio and the hydroxy
group concentration were estimated based on the XPS measurement and the water contact angle
was evaluated. The results of XPS analysis and water contact angle measurements showed that
hydroxy groups were introduced to titanium oxide surface by non-equilibrium atmospheric pressure
plasma. The energy transfer from Arm seems to have resulted in the generation of excited electrons
and holes as well as the cleavage of the Ti—O bonds leading to the formation of hydroxy groups. It
is also considered that Ti3* is generated from the excited electrons and Ti4*. By plasma irradiation,
the ratio of Ti**/ Ti** decreased from 16.5% to 9.1% and the amount of hydroxy groups increased
from 4.0% to 8.7%. Also, the contact angle decreased to 10 ° or less. We also confirmed the stability
of the hydrophilicity introduced on the titanium oxide film surface by Ar/H>O plasma. After the
Ar/H>0O plasma treatment, the titanium oxide film was stored in air and in vacuum, and the water
contact angle gradually increased with the storage time. In addition, it was revealed that the
titanium oxide film treated with Ar/H>O plasma increased the adsorption amount of the dye. It is
expected that introduction of hydrophilicity onto titanium oxide by non-equilibrium atmospheric

pressure plasma contributes to the performance improvement of dye sensitized solar cell.
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