Simultaneousin situ Scanning Probe Microscopy and
Transient M easurements at the Solid / Liquid
Interface

Werner Schindlér”, Ethel Bucharsiq),
and Claudia Behrerit

Ynstitut fir Hochfrequenztechnik und Quantenelehito
2 Center for Functional Nanostructures (CFN)
Universitat Karlsruhe (TH)
Kaiserstrasse 12, DE-76131 Karlsruhe (Germany)

% EC-Tec, Electrochemical Technology,
Karl-John-Strasse 10, DE-06179 Teutschenthal
(Germany)

Scanning Probe Microscopy (SPM) has been proven in

the last decade to be a very useful techniqueviesiigate
the solid / liquid interface in real space [1-4fince a
simple imaging of surfaces at the solid / liquitkifiace is
usually done near thermodynamical equilibrium, mafst

the commercial EC-SPM instruments are designed to

operate in the dc limit, i.e. they have a very fadi
bandwidth [5]. This limitation of commercial EC-8R%

has become a serious problem in the recent years in

further development of research at the solid /ifiqu
interface.
preparative tools to nanostructure surfaces [6-12].
major problem with most nanostructuring techniqiges
the tip substrate interaction, which requires a imipetter
control and stability of the tip and working elexte
potentials, as well as a high bandwidth of botlcteteles.

Recent results show, that these requirements can be

achieved [10-12]. Transient techniques, like ingec
spectroscopy or differential capacity measuremecds,
hardly be performed on surfaces which are well
characterized by SPM. Distance Tunneling Speabmgsc
(DTS) or Voltage Tunneling Spectroscopy (VTS) at th
solid / liquid interface require very fast measueais of
current transients in order to satisfy the stapilit
conditions of the real tip position above a paftcu
surface position, i.e. require a high bandwidth] [1Such

measurements cannot be performed at present wéth th

required accuracy to determine detailed informafrom
the measurements using commercial instruments.

Thus, we have developed a novel bipotentiostat,[14]
which provides all required features to combine Skith
transient techniqueis situ at the solid / liquid interface.
The bipotentiostat has been designed to operate amiy
commercial or homebuilt SPM electronic. Also SPM
electronics which are usually used for application
ultrahigh vacuum, like the Omicron SPM electrordan

be used. This flexibility is unique at presentd allows

to combine the best SPM electronic with advanced
electrochemical features.

We present the novel features of the instrument] an
demonstrate its capabilities by various measuresnent

SPM systems are more and more used as

Au (111) and n — Si (111) : H surfaces. The biptitstat
provides the possibility to operate the SPM tipaasal
electrochemical nanoelectrode, which allows a waroé
novel experiments, for example localized
electrodeposition of nanostructures with lateradtihg of
only a few nanometers.

We have used the instrument to nucleate and grotalme
clusters with diameters of about 10 nm on singisstet
surfaces and image them with SPM, correlate impeglan
spectroscopy up to 100 kHz on single crystal silico
surfaces with complementary SPM images, and
performed high resolution and fastsitu spectroscopy at
various single crystal surfaces.
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