Preparation of Sustainable Metal Thin Wire Showing
Quantized Conductancein Solution

Ke Murakoshi™, Jingze Li" and Y oshihiro Nakato'

"Department of Chemistry,
Graduate School of Engineering Science,
Osaka University, Toyonaka, Osaka 560-8531, JAPAN,;
*PRESTO, Japan Science and Technology Corporation

Construction of metal nano-wire axd nano-junction is
in the central issue of the recent nano-technology. If one
can control metal nano-structure predsely, the resulting
structure muld be used for various novel devices based on
their charaderigtics, such as quantized conductance
properties, single-eledron charging, eledronic transport
properties of singe moleaules. Thus, the way to prepare
the metal nano-structure should be developed. We have
shown the posshbiliti es of chemicd techniques to apply to
the fabricaion o nano-structures on solid surfaces as
novel, effedive, and low-energy proceses’ Among
them, an eledrochemicd method shoud be one of the
most promising techniques to fabricate nano-structures.
The oontrolled absolute potentia of the dedrode in
solution results in predse control of atomic processes on
solid surfaces. Recantly interesting examples have been
reported on the fabricaion d nano-junctions via
eledrochemicd processes and onthe observation d the
condictance quantization. The nano-junctions are
prepared either at a gap between the tip and the substrate
of a scanning tunreling microscope (STM) or a gap
between  two micro-eledrodes  prepared by
phatolit hography. Ancther interesting methodisto use the
eledrochemicd dislution and deposition of a thin metal
wire in solution. This methodis one the simplest and very
useful if sustainable nano-contads can be prepared
reproducibly.

In this paper, we report the preparation of nano-
contads of several metals sich as Ag by we of the
eledrochemicd deposition and disslution d the metals
at a stable gap such as an Au gap. This gives an
interesting way to prepare nano-contads of a variety of
metals, for the fabrication d nano-contadsin solution are
now mainly limited to Cu.?

The metal nano-contads were prepared as follows. A
Au wire (30 um in diameter) was attached to a glassplate
with adhesive insulating tapes, with a region of a few
hundred um'’s in width being left as a gap, at which the
metal wire ould be in contad with an eledrolyte
solution. The dedrochemical disolution of the metal
wire & the gap resulted in the formation of a thin metal
wire with the diameter less than afew pm (Figure 1). The
further dissolution led to the disconnedion of the wire,
which was easily detected by simultaneous measurement
of its conductance. The nano-contad was formed just
before the wire was disconnected. The formation of Ag
nano-contads was performed by the ntrolled deposition
and dsolution of Ag at agap of an Au wire.

We succeealed in preparing sustainable metal nano-
contads at a gap between two thin Au wires. The
dislution d an Au wire (d = 30 um) proceeaded in KCl
solution, leading to the formation d a thin Au wire and
final disconredion. After the formation of agap in athin
Au wire, metals 2uch as Cu, Ag, and Ni was depasited on
it. Several repeaed metal deposition and dsslution led
to the formation o metal nano-contads owing a unit of
the quantized conductance (G, = 2¢€'/h) lasting for 100s or

more. Theresult indicatesthat agap between two thin Au
wires can be used effedively for the fabricaion of
sustainable nano-contads of other metals.

Ag was deposited on Au when the potential of Au was
kept at 0.3V in 0.05 M H,SO, + 1 mM AgNO,, which is
abou 0.7 V more negative than the equili brium potential
for the Ag dswlution (0.4 V). The deposition Ag was
disolved at 044 V. The stepwise danges of the
conductance were observed both for the deposition d Ag
and the disolution o it. In the latter case, the unit
conductance, G,, was observed for a long time of more
than a thousand seaonds. The results again clealy show
the formation of sustainable metal nano-contads siowing
the quantized conductance, indicating the eff edivenessof
the present method.

It may be noted that the conductance d several current
plateaus whose @nduwctance are different from integral
multiples of the unit conductance (G,). Such deviations
are often observed in electrochemicd systems® The
formation of certain charaderistic configurations of metal
atoms in eledrolyte solutions may be resporsible for the
deviations, since it is plausible that the structure of the
metal nano-contads depends on the kinds of solvent and
eledrolyteions used.

In conclusion, sustainable metal nano-contads
showing the conductance quantization were succesgully
prepared by eledrodepaosition and dsslution o metals at
agap of Au wires." The technique may be applied easily
to various other materials, whose structures can be
controlled by eledrochemicd process to investigate
detail ed properties of nano-contads in solution.
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Figure. 1 Opticd microscopic image of athin metal wire (d
= 1-2 um) prepared by eledrochemicd dislution. The
circle shows the broken part of the wire.



