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Research Highlight

RIVING SOFT MOLECULAR VEHICLES
N A METALLIC SURFAGE

oft molecules deposited
on metallic surfaces were
driven using a scanning
tunneling microscope
(STM) without mechanically pulling or
pushing them, but by inducing inelastic
excitations with the tunneling current.

In nanoscience, compared to rigid
molecules, it is challenging to control
the movement of soft molecules due
to their flexibility. Notably, only one
part of soft molecules is suitable for
absorbing tunneling current energy
that should be used for inducing
motion, and not conformational
changes of the molecules.

A collaboration led by Waka
Nakanishi and Katsuhiko Ariga at
WPI-MANA and We-hyo Soe and
Christian Joachim at GNS and WPI-
MANA Satellite, CEMES-CNRS in
Toulouse designed, synthesized and
characterized a conformationally
flexible molecule consisting of two
binaphtyl paddles mounted on a
simple phenyl chassis. The vibration
modes of the lateral paddles can be
exploited to induce the motion of the
molecule on an Au(111) surface using
STM inelastic tunneling effects. The
molecule has two different nonplanar
configurations in solution that it
retains when absorbed on the surface.
However, on the metallic surface
it is possible to switch molecules,
one at a time, to a flat configuration

syn-conformation

flat-conformation

moving

SCHEMATIC DIAGRAM SHOWING THE INTERACTION OF TUNNELING CURRENT WITH MOLECULES.

using a specific STM mechanical
manipulation protocol. The flat
configuration is the most interesting
one for this work, because only
flat molecules can be controllably
moved on the surface by local STM
excitations. Once they assume this
configuration, the molecules are
reasonably stable on the surface.
Molecules in the flat configuration
were characterized to determine the
spots where tunneling electrons should
be injected to make them move on the
surface without mechanically pushing
them. Indeed, depending on the
location at which the tunneling current
enters the molecule, this can assume
a nonplanar configuration (different
from the original one) instead of
moving. If the current is applied on the
correct spot, the molecule can move
in a controlled way. The experimental
characterization of the molecules
was complemented by molecular
dynamics simulations and density
functional theory calculations, which
helped to uncover the energetics of the

molecules. In April 2017, a ‘nanocar
race’ took place, in which several
molecular machines synthesized
by groups from around the world
competed with the goal of covering a
set distance on a gold surface in the
minimum possible amount of time,
driven by STM tips. The molecule
presented in this paper is one of the
vehicles that took part to the race. B
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NNOVATIVE TRANSISTORS BASED ON
AGNETICALLY INDUCED MOVEMENT OF IONS

ust as magnets attract
iron particles in sandpits,
permanent magnetics only
attract one type of ion in an
electrochemical solution, constituting
the basis of magnetically controlled
electrochemical transistors.
Electrochemical devices find
application in many technologies,
including batteries, capacitors,
sensors, and transistors. For such
electrochemical devices to operate,
they need an electric field that causes
ionic transport and electrochemical
processes. This simple but strict
rule has long hindered innovation
in electrochemistry and related
technologies, however, WPI-MANA
researchers recently challenged the rule
with their development of ‘magnetic
control of electrochemical devices’.
WPI-MANA researchers Takashi
Tsuchiya and Kazuya Terabe and
their co-workers used a small magnet,
instead of electrical equipment,
to drive ions. The transport of
paramagnetic FeCl, ions in a liquid
electrolyte (including [Bmim]FeCl,)
was magnetically controlled to operate
a typical electrochemical device; an
Electric Double Layer Transistor
(EDLT), a type of transistor that uses
an EDL at a semiconductor/electrolyte
interface to tune the electronic carrier
density of the semiconductor. An
electrical conductance of a two-

dimensional hole gas (several
nanometers thick) at a diamond (100)
single crystal/electrolyte interface was
successfully switched by a magnetic
field, although the switching ratio was
smaller than in conventional EDLTs
that are controlled by an electric field.

The magnetic control of ions adds a
new dimension to the ‘nanoelectronics
achieved by ions’ paradigm, invented
at WPI-MANA as the atomic switch*,
and such control has a huge impact,
even on other electrochemical devices.
It has the potential to realize innovative
applications that have not been possible
using conventional approaches.
Furthermore, this discovery stimulates
the development of high performance
magnetic electrolytes to support such
innovation.

In electrochemistry, a branch of
chemistry that has already been studied
intensively, the interdisciplinary field

with magnetism is one of the few great
frontiers remaining. Researchers will
be undeniably attracted to it, like iron
sand is to a magnet. l
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PI-MANA has

developed the

world's highest

performance
dielectric nanofilms using atomically
thin perovskites. This technology may
revolutionize the next-generation of
electronics.

This research was conducted by a
WPI-MANA research group led by
Principal Investigator Minoru Osada
and Director Takayoshi Sasaki of
WPI-MANA at NIMS.

Electronic devices are getting
smaller all the time, but there is a
limit to how small they can get using
current materials and technology.
High-« dielectric materials may be the
key for developing electronic devices
of the future.

Minoru Osada and colleagues
created high-performance dielectric
nanofilms using 2D perovskite
nanosheets (Ca,Na,,_;Nb,,0;,.,; m =
3-6) as building blocks. Perovskite
oxides offer tremendous potential
for controlling their rich variety of
electronic properties including high-x
dielectric and ferroelectric.

The researchers demonstrated
the targeted synthesis of nanofilms
composed of 2D perovskite
nanosheets in a unit-cell-upon-unit-
cell manner. In this unique system,
perovskite nanosheets enable precise
control over the thickness of the
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perovskite layers in increments

of ~0.4 nm (one perovskite unit)
by changing m, and such atomic
layer engineering enhances the
high-x dielectric response and local
ferroelectric instability. The m = 6
member (Ca,Na;Nb,O,,) attained the
highest dielectric constant, &, = ~470,
ever realized in all known dielectrics
in the ultrathin region of less than 10
nm.

Perovskite nanosheets are of
technological importance for
exploring high-x dielectrics in
2D materials, which have great
potential in electronic applications
such as memories, capacitors, and
gate devices. Notably, perovskite
nanosheets afforded high capacitances
by relying on high-x values at a
molecular thickness. Ca,Na;Nb,O,,

exhibited an unprecedented
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capacitance density of approximately
203 uF cm?, which is about three
orders of magnitude greater than
that of currently available ceramic
condensers, opening a route to ultra-
scaled high-density capacitors.

These results provide a strategy
for achieving 2D high-x dielectrics/
ferroelectrics for use in ultra-scaled
electronics and post-graphene

technology. B
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