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A new electrochemical detedion principle is described for the
trace aaysis of dislved spedes which can be deposited at
paycrystalline thin-film metal eledrodes and which change
the surface resistance of the eledrode. Becaise the latter
parameter is measured in dependence on the gplied eledrode
potential we cadl this method voltohmmetry in analogy to the
well-established term voltammetry for registering current-
potential curves.

It is known for many yeas that the lateral dc resistance of a
very thin metal film can depend on the alsorption a
depaosition o atoms and moleaules on its surface[1]. But this
phenomenon tes not been exploited until now systematicaly
for anayticd determinations of spedes in solution. First
attempts for the measurement of deposited heary metals by
following the change of surface resistance in dependence on
the gplied paential at single crystal silver electrodes have
been reported by Hanewinkel et a. [2] but the gplicaion of
such single aystal eledrodes samns to be not favorable for
pradicd applicaions. Moreover, an efficient mass production
of the required eledrode structures would be necessary for the
introduction and widespread use of a new eledrochemicd
principle into analyticd laboratories.

A magor prerequisite for significant contributions of the
surface resistance to the measuring signal in a spedaly
designed measuring system represents the preparation of very
smooth metal layers of a few nanometer thickness This
working electrode a the most criticd part of the experimental
set-up hes been prepared by using silicon gdanar technology.
At present the atua working electrode material exposed to the
measuring solution consists of a palycrystaline gold layer.
Sili con wafers are used as starting material. The patterning of
the metal structures was achieved by opticd lit hography. After
the first lithographic step the thin-film eledrodes were
deposited by eledron beam evaporation under high vaaium
condtions. For stabili zing the 15-20 nm gold layer on silicona
5 nm thick palycrystalline ciromium layer served as adhesion
promoter between the sili con substrate and the gold layer. In a
seoond lithographic step following metallization the
conducting tradks were thickened upto 200 nm. Finaly the
whole wafer with exception d the thin-film eledrodes and the
bond pads was covered with an eledricdly insulating
polyimide layer.

The principles of voltohmmetry will be explained and
ill ustrated by measurements of the deposition and disslution
of various gedes at the ultrathin working eledrodes.
Corresponding experimental developments including the
measuring system and spedally designed batch as well as
flow-through cdlswill be presented.

For explaiting the capabilities of voltohmmetry for analytical
purposes we have performed a number of initial experiments.
After seaurring the reversibility - and consequently the
reproducibility of the resistance-potential measurements at
home-made working eledrodes - the patential use of stripping
procedures with this detedion principle has been tested. It has
been shown that the determination d heary metals at the trace
level can be redized with linea sweg voltohmmetry and
limits of detedion in the range of a few pg/L have been
obtained for Cd®* and Pb*" with cyclic voltohmmetry at 1-10
mV/s [3]. TI" could also be determined down to 20 pg/L by
this approach. In analogy to anodic stripping voltammetry one
can achieve a cetain seledivity by appropriate seledion o the
acaimulation potential and various metal ions can be anayzed
simultaneously if their stripping potentials differ by at least
150 mV.

The present opportuniti es and limitations of voltohmmetry will
be discused. This includes the dchemicd stability of the
microstructured working eledrode arangements and the drift
of the badkground resistance of this nanometer-thin eledrodes
during eledrochemical measurements in solution. It will be
shown that the first analyticd investigations are promissng
from the point of the further exploitation d this alternative
detedion pinciple. The resistance tanges can be measured
with high sendtivity and acaracy which dlows the

applicaion of voltohmmetry for trace aaysis. It is expeded
that the limits of detedion can be significantly lowered by
developing appropriate procedures for stripping voltohmmetry
in solutions with convedive mass transfer. Finally, further
developments of voltohmmetry are envisaged.
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