Supramolecular Materials & Hand-Operating Nanotechnology for Novel Functions

Katsuhiko Ariga
World Premier International (WPI) Research Center for Materials Nanoarchitectonics (MANA),
National Institute for Materials Science (NIMS), 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan
ARIGA.Katsuhiko@nims.go.jp

Supramolecular materials have been wisely constructed via bottom-up approaches as
seen in preparation of molecular complexes and organized nanostructures. Functional materials
have been wisely constructed via bottom-up approaches as seen in preparation of molecular
patterns and complexes [1-3], organized nanostructures [4-7], and function materials [8]. These
materials are used for various functions such as one-pot materials separation, selective sensing,
auto-modulated drug release, and photo-energy conversions as reported in our recent researches.
For example, a novel hierarchic nanostructure based on layer-by-layer (LbL) assembly and
mesoporous technology, so-called mesoporous silica nanocompartment film, was reported [9]. The
resulting mesoporous nanocompartment films possess special molecular encapsulation and release
capabilities so that stimuli-free auto-modulated stepwise release of water or drug molecules was
achieved. We also demonstrated the LbL assembly of mesoporous carbon capsules on a QCM
plate and the use of the resulting structure for selective adsorption of gaseous substances [10]. The
related LbL structures of mesoporous carbons were demonstrated for in situ sensor use based on
highly cooperative nanopore-filling adsorption in the liquid phase [11]. Recently, we have developed
preparation of zebra-type nanowires through supramolecular assembly of block copolymers (Figure
1) [6]. The obtained nanowires displayed reversible photo-current responses as photo-energy

conversion capability.
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Figure 1. Zebra Nanowire for Photo-Current Switching



Not limited to material developments, novel concepts to bridge nano (molecular) structures
and bulk systems now becomes crucial in order to control real nano and molecular functions from
our visible worlds. Recently, we propose a novel methodology “hand-operating nanotechnology”
where molecular orientation, organization and even functions in nanometer-scale can be operated
by our bulk (hand) operation. As shown in the following Figure 2, this concept can be realized at
dynamic two-dimensional medium, the air-water interface because this medium possess both
features of bulk and molecular dimension. For example, we successfully manipulated molecules at
the air-water interface upon bulk (10-100 cm size) motion of the entire monolayer and realized
“capture and release” of aqueous guest molecules using molecular machine, steroid cyclophane
[12]. In addition, mechanically controlled chiral recognition by the armed cyclen monolayer was

successfully demonstrated [13].
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Figure 2. Hand-operating nanotechnology
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