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Thin films or monolayers of tetraalkyl-
ferrocenes, or functionalized tetraalkyl-
ferrocenes, were prepared on ITO and gold
electrodes.  Two examples of the ferrocenes
were 1,1',3,3'-tetra(2-methyl-2-nonyl)ferro-
cene and 1,1',3,3'-tetra(2-methyl-2-nonyl)
-4-(11-thiolundecanoyl)ferrocene. The
Fe(III)/(II) reduction potentials for these
sterically demanding ferrocenes in aqueous
0.1 M potassium chloride depended strongly
on the presence of 0.001 M potassium salts
of nitrate, perrhenate,
and closo-1-carbadodecaborate(1–).  The
Fe(III)/(II) potential shifted by an
unprecedented 700 mV from chloride to the
carborane anion.  The potential shift is due
to the differences in hydration energy across
the series of anions.  The extremely large
value of the potential shift is due to the large
size of the ferrocenium cation that is formed
by one-electron oxidation of the ferrocenes.

The large potential shift suggests that an
electrochemical sensor based on the relative
hydration energies of anions can be
developed.  The electrochemical behavior of
a series of ferrocenes with alkyl groups with
four to ten carbon atoms in the presence of a
constant electrolyte salt was compared with
liquid-liquid extractions of the same salt
using the nitrate salt of the ferrocenium
cations as the extractant.1–4  There was a
linear correlation between the

electrochemical selectivity and the ion-
exchange selectivity over the series of
ferrocenes.  Other anions of environmental
concern that were investigated include
perchlorate, perfluorooctanoate, perfluoro-
dodecanoate, and perfluorooctanesulfonate.  
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