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The idea to study the electrochemistry of immobilized microparticles has been published
by this author for the first time in 1989. In the last 32 years, this approach has been shown
to be very successful not only for analytical characterization of solid materials, but also ap-
plicable to extract thermodynamic and kinetic data, and even to determine the age of metal
specimen. In 2000, it has been shown that the electrochemistry of immobilized microdroplets
gives an elegant access to determine the Gibbs free energies of ion transfer between immis-
cible solvents. These measurements are performed with a standard 3-electrode potentiostate
and can be used also for solvents, which cannot be used in experiments with the classical
4-electrode technique.

The electrochemistry of microparticles and microdroplets share several common features
with respect to the electrode mechanisms: in both cases three-phase electrodes are realized
and ion and electron transfer proceed simultaneously.

This talk reviews the activities of the speaker and his cooperation partners during the last
3 decades paying special attention to those results, which are of general interest.

Key words: Electrochemistry of solids, three-phase electrodes, ion transfer between im-
miscible solvents.
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Electrochemistry of immobilized
micropartiles

The electrochemical analysis and charac-
terization of solid materials has always been a
great challenge; however, it remained confined
to electron conductors, mainly metals; it was
and still is the domain of corrosion science.
The last decades have also seen tremendous
advances in the insertion electrochemistry of
solid materials for batteries, almost exclusively
studied with compact macroscopic solid elect-
rodes.

Among the many attempts to expand the
applicability of electrochemical measurements
to solids, the early work of the Russian scien-
tist A. I. Glazunov [1] is noteworthy. He called
his technique electrography. A more detailed
review of the history of solid state electroana-
lysis is available elsewhere [2]. Then, in 1989,
Scholz, Nitschke and Henrion [3] have shown
that metal particles can be transferred from a
piece of metal to the surface of a graphite elec-
trode by abrasion, i.e., by rubbing the graphite
electrode on the surface of the metal, and soon
after, the same authors have shown together
with Damaschun that also mineral particles
can be mechanically immobilized on an elec-
trode for electrochemical studies [4].

The purely analytical applications, i.e., the
quantitative analysis of alloys, minerals and
synthetic solid materials will not be discussed
here, as it is presented in detail in [2]. Instead,
attention is drawn on the possibility to deter-
mine the free energies of phase transition in
case of some minerals, when the two phases
can undergo reversible electrochemical reac-
tions to the same dissolved species [5, 6]. Stud-
ies of immobilized microparticles also allowed
to understand the dependencies of formal po-
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tentials on structure parameters as ionic radii
and ion potentials, in case of polycyanomet-
alates [7, 8]. Another noteworthy topic is the
electrochemical study of solid solutions [9-12].
Whereas X-ray diffraction of solid solutions
requires a certain degree of crystallinity, the
electrochemical approach also works in case of
X-ray amorphous substances (see [10]).

A number of theoretical papers have been
published in which the mechanism of elec-
trode reactions of immobilized microparticles
is treated [13-17].

The electrochemical behavior of micropar-
ticles has also been studied by in-situ combi-
nation with X-ray diffraction [18], calorimetry
[19, 20], diffuse reflection spectroscopy [21],
and AFM [22-27]. These combinations al-
lowed distinguishing the different electrode
mechanisms. The studies of the electrochem-
istry of microparticles led to the development
of an approach for separating the Gibbs free
energies of ion and electron transfer in case of
reversible insertion electrochemical systems
[28, 29].

Finally, it is noteworthy to mention that the
electrochemistry of microparticles gives access
to the age of metal objects, be they of gold, cop-
per, bronze, or silver [30]. These electrochem-
ical age determinations are of very special va-
lue because so far almost no direct methods of
age determinations of metals and alloys were
known.

Electrochemistry of immobilized
micro-droplets
When a droplet of an immiscible solvent

is immobilized on a suitable electrode, and
when that droplet contains a redox active com-
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pounds, but no salt, an electron transfer be-
tween the redox probe and the electrode ini-
tiates an ion transfer between the bulk electro-
lyte solution and the droplet solvent. Similar
to the insertion electrochemistry of micropar-
ticles, the entire electrode is a three-phase
electrode. When the formal potential of the
redox probe in the droplet solvent is known,
simple voltammetric measurements with the
immobilized microdroplets allow determin-
ing the Gibbs free energies of transfer of the
ions, which are transferred between the sol-
vents [2, 31-43]. This approach allowed to de-
termine the Gibbs energies of ion transfer, i.e.,
the partition constants, of ions between water
and n-octanol [32, 39], which is not possible
when using the classical 4-electrode systems. It
was possible to quantify the chiral recognition
energies for ions using the solvent system wa-
ter / chiral organic solvent [33, 42]. Amino acid
anions, cations and also peptide ions have been
studied in order to quantify the lipophilicity of
these ions and their constituents [36, 38]. The
new technique of using immobilized droplet
electrodes considerably expanded the range of
ions and of solvents for which Gibbs free ener-
gies of ion transfer are accessible.
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Inero BMBYEHHs eneKTpoxiMii iMMo6ini3o-
BaHMX MIKpOYacTMHOK Oy/I0 BIiepiue OIpu-
JIOJHEHO aBTOpoM pob6otu B 1989 pomi. OTxe,
3a ocTaHHi 32 poku Ieil mifxig mokasas cebe
Iy>Ke YCIIIIHUM He Ti/IbKYU J/I aHaTITUIHUX
XapaKTepUCTUK TBEPAUX MarepiaiB, a 1 g
3aCTOCYBaHHA IIpM OTPMMaHHI TepMOJMHA-
MIYHMX 1 KiHeTMYHUX JaHMX i HaBiTh BM3Ha-
YeHHA BiKy MeTaneBux 3paskis. Y 2000 poui
Oy/I0 IIOKa3aHO, IO eNeKTPOXiMiA iMMOOi-
Ni30BaHMX MIKpOKpallelb [a€ HaAiiHMii [0-
CTYII /11 BUSHAYEHHs BiIbHUX eHeprili ['i66ca
— IIEPEHOCY 10HIB MDK HE3MILIyBAHUMU PO3-
yyHHUKamu. Li BUMipu mpoBOAATH i3 BUKO-
PUCTAaHHAM CTAH[JAPTHOTO TPUEIEKTPOJHOIO
IIOTEHIIi0CTaTa i iX MOXKHa 3aCTOCYBaTU Ta-
KOX /I PO3YMHHUKIB, AKi HE MOXX/IMBO BM-
KOPMCTOBYBaT! B €KCIIEPMMEHTAX i3 KIacud-
HOI0 YOTUPUEIEKTPOJHOI TexHiKoi. Ejek-
TPpOXiMiA MIKPOYaCTMHOK 1 MiKpOKpaIenb Ma€e
KiJIbKa CIIIZIBHUX PUC BiJHOCHO €/IEKTPOISHUX
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MeXaHi3MiB: B 000X BUIIQ[JKaX peasi3ylThCs
TpudasHi enekTpony i HepeHeceHHs iOHIB Ta
€lIeKTPOHIB BifOyBaeTbcss BogHOUAC. Y IOBi-
OOMJIEHHI NIPEICTaB/I€HO pe3y/NbTaTu MisAJb-
HOCTI cIlikepa i /10ro nmapTHepiB 3i ciiBmpari
32 OCTaHHI 3 HeCATWITTs, OCOOIMBY yBary
NpPUZIIEHO pesyabTaTaM, AKi CTaHOB/IATH
CIII/IBHUII IHTEpecC.

KirouoBi coBa: e1eKTpoxiMis TBepayXx Tis,
TpudasHi enekTpony, I0HHMIT HepeHoC MiX
He3MillyBaHVMM PO3YMHHVKaMIU.
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