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■研究シーズ概要
マイクロ流体デバイスとは、その名の通りマイクロメータサイズ
の微小な流路を有するデバイスです。マイクロスケール流体の特徴
を利用することで、温度・熱勾配の制御、物質の拡散速度の制御、
フィルターレス粒子分離などを実現することができます。

■研究シーズの特徴
マイクロ流体デバイスを応⽤することで、
①層流状態の維持 ②任意の温度勾配・濃度勾配を維持
③物質の拡散速度を制御 ④フィルターレス成分分離
⑤筋オルガノイド収縮⼒の測定 ⑥⾼品質な細胞培養
⑦神経疾患モデルデバイス ⑧接触⾓の制御
バイオ分野に限らず、上記の機能を有する各種デバイスを研究・
開発しています。
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additional layers of polar water molecules. When ZnO surface
interacts with an electrolyte, surface charge will develop
through various mechanisms like adsorption of ions, accumu-
lation/depletion of charge species at the surface, or physical
adsorption of charged species on the surface. At first,
H+-specific binding sites present on ZnO can hydrogenate
after contact with electrolyte solution. These binding sites can
protonate or deprotonate resulting in a change in surface
charge according to electrolyte pH.25,26 Since ZnO is an
amphoteric oxide, it is not surprising that it can react with both
acidic and basic solutions. The probable acid and base reactions
(eqs 2 and 3) on ZnO surface are given as26

For acid:

+ + →− −ZnO 2OH H O Zn(OH)2 4
2

(2)

For base:

+ + →+ +ZnO 2H O 3H O Zn(H O)3 2 2 6
2

(3)

The potentiometric device constructed here using Ag|AgCl|
Cl− as a reference electrode supplied at constant potential
against ZnO thin film electrode. The overall structure of the
potential cell (eq 4) in this research work was as follows:

| | | |−Au ZnO Test Electrolyte Cl AgCl Au (4)

According to the Nernst equation,34 the standard electrode
potential can be denoted as

= −E E RT
F

2.303 pH0 (5)

where E0 is the standard ZnO electrode potential, R is the univer-
sal gas constant (8.314 J/mol K), T is the absolute temperature

(298 K), and F is the Faraday constant (96 487.3415 C mol−1).
At room temperature, the Nernst equation gave a slope value of
59.1 mV/pH. As shown in Figure 7a,b, the potential difference
of the ZnO thin film is linearly dependent on the pH value of
buffer solutions ranging from 1.68 to 9.18. Even though the
obtained sensitivity was lower than the theory value,
minimum electrolyte solution, quick response time, and
minimal drift with respect to flow rate mark this developed
device distinctive. The sensitivity of the ZnO thin film largely
depends on its surface to volume ratio and oxygen vacancies.
EDS mapping also evidence of more oxygen vacancy (Zn/O =
45.99:34.29 atom %) in ZnO thin film which resulted in
increasing number of binding sites for electrochemical pro-
cesses. The unsaturated dangling bonds at the surface are
usually compensated by reactive molecules such as H2O
and favors for more adsorption/desorption process.51 Since
ZnO has a high density of binding sites for H+ and OH−,
at lower pH levels (<7), the potential difference is high due to
greater diffusion of (H+) on ZnO surface, but at higher
pH levels (>7), the potential difference is low due to ZnO
losing a proton from OH− and forming a negatively charged
surface.32 Also, it is worth noting that this kind of electrode
could work well in the highly corrosive systems due to its
wide sensing range. Compared to the response times of a few
minutes in other reports, the response of our sensor was
shorter and reliable compared with different pH solutions.
This may be due to not only solid−liquid interaction in
the much closed channel but also the absence of environ-
mental turbulences. The high sensitivity of the ZnO thin
film may be attributed due to smaller grains which can pro-
vide more active area and polycrystalline nature of the
films resulted in high oxygen vacancies could assist to sense

Figure 6. (a) Experimental scheme of the pH measurement setup and (b) photograph of the fabricated microfluidic device.
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血中循環腫瘍細胞の検出1 微細構造間隔の変化による接触角制御

神経細胞軸索観察2 微小粒子の保定 筋オルガノイド
収縮力の測定

フィルターレス成分分離


