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研究成果の概要（和文）：本研究では、制御されたアトリットル空間（一辺がサブ波長以下の立体空間）を高分子膜上
に構築し、プラズモン共鳴場を局在化させることよって超高感度なバイオセンシングを実現することを目指し、微粒子
を鋳型とする構造形成や構造複製などの要素技術の確立や夾雑物含有系における高感度センシング性能の実証などの成
果を得た。また、手のひらサイズの超小型ポータブル光計測器と無線操作端末からなるプロトタイプ検査システムの作
製など当初計画には無かった発展課題にも取り組み、製品化イメージを明確化できた。本研究の成果は、非標識・簡便
・高感度なバイオスクリーニング検査やポイントオブケア検査の実現に繋がるものと期待される。

研究成果の概要（英文）：In this research, it have aimed to fabricate a controlled atto-liter space whose d
imension below a sub-wavelength and to confine a plasmon resonance field into the space in order to achiev
e ultrahigh-sensitive biosensing. Then, we obtained a unique structure fabrication method templating polys
tylene spherical particles and an appropriate condition for structure replication via nanoimprinting proce
ss, and also proved that the local surface plasmon chip exhibits ultra-high sensitivity even for the sampl
e containing a certain contaminant. Moreover, we have developed a prototype testing system consists of pal
mtop optical measurement apparatus and remote operation terminal that was not included in the original pla
n of this project, and succeeded to clarify a practical image of the real application. The outcome of the 
research will lead to the realization of bio-screening testing and point-of-care testing with a feature of
 label-free, simple, and ultra-high sensitivity. 

研究分野：
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has a collection effect of the target in solution, which originated
from the meniscus distortion induced by the outer shell. It is
also expected that the surrounding shell structure have a
protection effect. These results are useful for the production of
functional sensing chips. The structure can be used for fluidic
cells as the target collectors or as biomaterial-absorbable
substrates. These are unique and effective tools for use in the
materials and bioscience research fields.

■ EXPERIMENTAL SECTION
Materials. A typical representation of the chemical structure of

PVA is shown in Figure 1a. For the fundamental experiment, a

commercial modified PVA (CM-318, Kuraray Co., Ltd.) with the
quaternary ammonium cation, shown in Figure 1b, was used. The
degree of polymerization (DP) was 1800, and the saponification rate
(SR) ranged from 86 to 91 mol %. This cationic PVA was developed
for industrial applications as a coating agent for cellulose because of its
strong adhesion to hydrophobic substances. We also employed the
cationic PVA to obtain an affinity between the PVA and PS spheres.
For the advanced experiment, a commercial acetalic modified PVA
(BIOSURFINE AWP-MRH, Toyo Gousei Co., Ltd.) with the photo-
cross-linking groups was employed and is shown in Figure 1c. The DP,
SR, and modification rate were not provided. This photo-cross-linkable
PVA was developed for bionanotechnology uses. The photo-cross-
linking of PVA involving other contact molecules is used for enzyme

immobilization in various biosensors.12−15 Under ultraviolet (UV)
light irradiation, the azide group in the side chain decomposed and
active nitrene is formed. The cross-linking structure is formed by the
addition reaction of the nitrene to any cross-link points such as the C−
H bond or double bond structure in the polymer chain. As a result,
PVA is cured and becomes insoluble. For the UV light irradiation, the
wavelength from 300 to 400 nm and the exposure dose of more than
60 mJ/cm2 are required to complete the cross-linking reaction.

Commercial colloidal suspensions of PS spheres with diameters of 1
μm and 500 nm (Thermo Fisher Scientific Inc.) were used as
prepared. The spherical particles were dispersed at a concentration of
1% in each suspension. In addition, sodium dodecyl sulfate (SDS) was
used as the surfactant and was added to these suspensions at a
concentration of ∼0.2%. Sefecik et al. investigated the stabilization of
PS particles by SDS.16 The surface of the bare PS particles without the
SDS surfactant was slightly negatively charged. It was also found that
the surface of the PS particles surrounded by SDS was negatively
charged, similar to the case for SDS micelle formation. Therefore,
cationic PVA is considered as being suitable for obtaining stable
mixtures of PVA and PS.

Methods. The fabrication of POS is schematically illustrated in
Figure 2. The 7 wt % cationic PVA solution and the colloidal
suspension of PS spheres with diameters of 1 μm were mixed with
proportions of 50:50 by weight. The mixture was sustained at 30 °C
on a hot-stirrer. The mixture was then spin-coated onto glass
substrates precleaned by acetone in an ultrasonic bath. Spin-coating
speeds in the range of 2000−3000 rpm were used to obtain a PVA
layer of adequate thickness. After drying in the laboratory condition of
around 23 °C for 30 min at least, the spin-coated film was immersed in
toluene and placed in an ultrasonic bath. The film was immersed in the
toluene and removed after 1 s and then immersed again. The 1 s
immersion was repeated several times. This repetitive immersion was
performed to apply the effect of ultrasonic vibration intermittently,
inhibiting the rapid progression of the POS formation. During
immersion, the PS particles were dissolved in the toluene.17 POS were
then formed by PVA on the glass substrate. The formation of the POS
was evaluated using a scanning electron microscope (SEM, JEOL Ltd.,
JSM-6700F). To obtain the surface electron conductivity, an Au layer
of about 30 nm was deposited by sputtering.

To evaluate the collection effects of the molecules and particles, an
ethanol solution of Rhodamine B (RhB, Wako Pure Chemical
Industries, Ltd.) at 0.01 wt % and a water solution with PS particles
(<0.1 wt %) of 200 nm diameter (Thermo Fisher Scientific Inc.) were
prepared. Each solution was cast on the different POS over the entire
substrate. After evaporation of the solvents, the surfaces were observed
by fluorescence microscopy and SEM to reveal the distributions of
RhB molecules and PS particles, respectively. Fluorescence microscopy
was performed by irradiating the sample with a blue laser with a

Figure 1. (a) Chemical structures of fundamental PVA and (b)
cationic group and (c) photo-cross-linkable group in the functionalized
PVAs.

Figure 2. Schematic illustration of the POS fabrication process: (a) mixing of the PVA solution and colloidal suspension; (b) spin-coating of the
mixture; (c) drying; (d) immersing in toluene; and (e) POS formation.
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