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Abstract The electrochemistry of microcrystals of
[(C4Ho)4N][Cr(CO)sI] attached to a gold electrode
which is placed in aqueous (lithium or tetrabutyl-
ammonium perchlorate) electrolyte media has been
studied in detail by chronoamperometric, voltammetric
and electrochemical quartz crystal microbalance
(ECQCM) techniques. Whilst chronoamperometric and
voltammetric measurements show that the expected
one-electron oxidation of microcrystalline [Cr(CO)sI]™
solid to Cr(CO)sl occurs at the solid-electrode-solvent
(electrolyte) interface, the ECQCM measurements
reveal that charge neutralization does not occur exclu-
sively via the expected ejection of the tetrabutyl-
ammonium cation. Rather, uptake of CIO; occurs
under conditions where the solubility of sparingly
soluble [(C4Hg)4N]ClO, is exceeded. This is the first
time that uptake of an anion rather than loss of a cation
has been detected in association with an oxidation
during electrochemical studies of microcrystals attached
to electrode surfaces. It is therefore now emerging that
analogous charge neutralization processes to those
encounted in voltammetric studies on conducting
polymers are available in voltammetric studies of mic-
rocrystals attached to electrodes which are placed in
contact with solvent (electrolyte) media. In the presence
of LiClO, as the electrolyte, an ion exchange process
occurs leading to formation of Li[Cr(CO)sI] . X H,O
which then slowly dissolves in water at a rate that is
strongly influenced by the electrolyte concentration, the
relatively hydrophobic nature of the [(C4Hy),N] " cat-
ion and the poor solubility of [(C4Hg)4N]ClOy.
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Introduction

In earlier studies undertaken in these laboratories it was
demonstrated that the voltammetry of microcrystalline
particles mechanically attached to electrodes and im-
mersed in aqueous electrolyte media is different from
conventional solution studies due to the associated ion
transfer processes that accompany the electron transfer
process [1-13]. More recently, the use of the electro-
chemical quartz crystal microbalance (ECQCM) has
proved to be a powerful technique for determining mass
changes in the vicinity of the electrode that correspond
to these ion transfer processes, and considerable
mechanistic information has been obtained [8, 11, 12].

In all the cases examined so far, a simple counter ion
of the redox-active species is either expelled or incor-
porated into the redox-active microcrystalline solid as a
result of the need to maintain electroneutrality
throughout the crystal [2, 4-13]. Generally, it has been
observed that the mechanism of the process can be
determined from knowledge of the counter ion in-
volved. When the counter ion is an anion, the general
equation for a reduction/expulsion or an oxidation/in-
clusion reaction is

M?X L olia) + € = M7 X (solia) + X (aq) (1

and when the counter ion is a cation, we have for a
reduction/inclusion or an oxidation/expulsion reaction
- — el
MY solid) T Y 3q) + € = M7 Y i)(501i0) (2)
where z is the charge of the redox-active species, M. The

nature and concentration of the counter ion can strongly
influence both the thermodynamic and kinetic aspects of



54

these reactions [4, 6, 7, 9, 11, 12]. Other important
considerations are solvent transfer [4, 11], counter ion
exchange [5, 8, 11] and the solubility of the redox-active
species in different oxidation states [6, 9, 10].

The importance of ion transfer reactions in con-
junction with the use of chemically modified electrodes
[14, 15] has enabled the development of an ion gate [16,
17], applications involving the electronically controlled
release of ionic species from polymer films on electrode
surfaces [18] and the development of preconcentration
methods for analytical purposes [15]. The ion transfer
mechanisms involved in these processes are analogous
to those described in Eqgs. 1 and 2 where the charge of
the redox-active film is potentiostatically controlled and
the ions of appropriate charge are transferred in order
to maintain electroneutrality. Chemical reactions in the
vicinity of the film can be induced from changes in the
charge of the film and the subsequent inclusion or ex-
pulsion of ions; an example of this is the massive de-
crease in pH near a polypyrrole-coated electrode due to
inclusion of OH™ upon oxidation of the film even
though 0.1 M Br~ was present in solution [19]. A dif-
ferent mechanism has been encounted where a redox-
active species is contained in a fixed charged polymer
matrix. In one particular case, ferricyanide was reduced
to ferrocyanide within a positively charged, cross-linked
poly(vinylpyridinium) film and one molecule of ferri-
cyanide was expelled from the film for every three
molecules of ferrocyanide produced (See [20] and ref-
erences therein).

In this paper, we have investigated the redox prop-
erties of the substituted chromium carbonyl salt,
[(C4Hg)4N][Cr(CO)sl], mechanically attached to gold
electrodes in aqueous (electrolyte) solution using the
ECQCM under both chronoamperometric and cyclic
voltammetric conditions. A significantly different ion
transfer mechanism for a solid crystalline compound
attached to an electrode surface has been discovered,
although analogous processes have been observed in
systems containing immobilized charges within a poly-
mer film. The concentration of the supporting electrolyte
and its influence on fundamental solution behavior has
proved to be a critical factor in the overall mechanism.

Experimental

Chemicals

[(C4Ho)4N][Cr(CO)sI] was synthesized based on the previously
described method of Abel et al. [21]. Distilled water was used for
the preparation of all of the aqueous electrolyte solutions, and all
of the perchlorate salts were of analytical reagent or electro-
chemical grade. The acetone was HPLC grade (Mallinckrodt,
Paris, Ky., USA).

Electrochemical apparatus and conditions

Simultaneous cyclic (staircase) voltammetric or chronoampero-
metric and mass balance experiments were obtained using an

electrochemical quartz crystal microbalance (ECQCM) consisting
of an Elchema (Elchema, Potsdam, NY, USA) Model EQCN-701
nanobalance and Model PS-205 potentiostat. The system was
controlled using a 486 PC running VOLTSCAN software (Intel-
lect Software, Potsdam, N.Y., USA). The reference electrode for
the aqueous experiments was Ag/AgCl (3 M KCl) and the auxil-
iary electrode was platinum wire. The reference electrode was
calibrated using the [Fe(CN)¢]*™*~ couple in aqueous 1 M KCI,
and the E;, was found to be 0.270 + 0.002 V vs Ag/AgCl 3 M
KCl); all potentials reported are given relative to this chemical
system. The working electrode was one side of a 1.2-cm diameter
AT-cut quartz crystal (Bright Star Crystals, Rowville, Victoria,
Australia) which had gold disks (0.5-cm diameter) vapor deposited
on each side and oscillated at a frequency of 10 = 0.05 MHz. The
calibration of the ECQCM was as previously described [12].

The ECQCM cell arrangement has been modified from pre-
vious reports [12] by grafting a flange with an 8-mm diameter
silicone O ring onto the original Elchema cell and sandwiching the
crystals onto the cell with another flange containing a silicone O
ring. A loosened ball and socket clamp maintains a water-tight
seal. This design has reduced the number of crystals damaged
during assembly of the working electrode and also decreased the
time for assembly and disassembly of the working electrode.

All experiments were undertaken at ambient temperatures
(20 £ 1°C), and solutions were deoxygenated using high-purity
nitrogen (BOC Gases, Chatswood, NSW, Australia).

Electrode preparation

The [(C4Hg)4N][Cr(CO)sI] compound was ground into a powder.
The microcrystals were then adhered to the gold electrode by
smearing the surface of the electrode with a cotton swab con-
taining the material. The [(C4Ho)4N][Cr(CO)sl] powder is quite
soft, and the gold-coated crystal takes on a shiny film-like ap-
pearance. Electron micrographs revealed the presence of well-
spaced, discrete crystals on the electrode surface. Data obtained
from ECQCM experiments indicated that sample masses of 36 pg
were transferred to the electrode surface (see later).

Results and discussion
Stability of Cr(CO)sl in aqueous media

Previously, the solution voltammetry of [(C4Hg)4N]
[Cr(CO)slI] has been examined in acetone [22, 23], di-
chloromethane [24], acetonitrile [25] and DMF [25]. It is
generally agreed that, under voltammetric conditions,
the dissolved [Cr(CO)sl]™ anion is reversibly oxidized by
one electron to form the neutral Cr(CO)sl.

[Cr(CO)sI]” = Cr(CO)I + e~ (3)

On the longer synthetic time scale it has been shown
that a solution of the neutral complex decomposes via a
disproportionation reaction in acetone solution [23]. A
recent study, in which the reactivity of Cr(CO)sI with
molecular oxygen was considered, showed that the
Cr(CO)sI was unaffected in acetonitrile and reacted
only slightly in DMF [25]. However, there has been no
indication of the stability of the Cr(CO)sI in water.
Consequently, before commencing the solid-state vol-
tammetric experiments we examined the stability of
Cr(CO)sl on the voltammetric timescale in acetone with
varying quantities of water. This preliminary study in-



volved dissolving the [(C4Ho)4N][Cr(CO)sl] in acetone
(0.1 M [(C4Hg)4N]CIO,4) and following the cyclic vol-
tammetric response at a gold electrode as a function of
the percentage of water added. Both [(C4Hg)4N]
[Cr(CO)sl] and the electrolyte remained soluble on ad-
dition of 25% water to the acetone solution, and no
change to the reversible voltammetric response was
observed using water concentrations up to 25% when
using scan rates over the range 20-500 mV s™'. The
conclusion was therefore reached that dissolved
Cr(CO)sI does not react with water on the voltammetric
timescale. Reaction of water with solid Cr(CO)sI will
almost certainly be even slower, and solid state volta-
mmetric studies of the [Cr(CO)sI]™/° redox couple, when
a gold electrode coated with mechanically attached
[(C4Hg)4N][Cr(CO)slI] is placed in aqueous (electrolyte)
media, therefore should be possible.

Solubility of [(C4Hg)4N][Cr(CO)sl] in aqueous
(electrolyte) solution

It has been previously reported that the tetra-
ethylammonium salt of the [Cr(CO)slI]™ anion is soluble
in water, alcohols, chloroform and polyethers [21]. The
solubility of [(C4Hg)4N][Cr(CO)sI] mechanically at-
tached to an Au coated quartz crystal was examined at
various concentrations of aqueous LiClO4 electrolyte
solutions using the ECQCM. A potential of —0.17 V vs
[Fe(CN)¢**>~ (1 M KCl) was applied to the electrode
in order to establish an electrochemically relevant ionic
environment (double layer) at the electrode surface. The
interfacial electrode-microcrystal-solvent (electrolyte)
region can have substantially different concentrations of
ions compared with the bulk solution depending upon
the applied potential [26]. No faradaic current was ob-
served at the potential of —0.17 V, so the ECQCM
presumably, at this potential, measures only mass
changes associated with solid [(C4H)4N][Cr(CO)sI].

The LiClO4 concentrations ranged from 0.05to 1 M,
and the results are shown in Fig. 1a—d. At the lowest two
concentrations of 0.05 and 0.1 M (Fig. 1a, b) the rate of
dissolution is essentially constant and has a value of
approximately 0.3 ng s'. In Fig. lc, where a higher
concentration of 0.5 M LiClO4 was used, it appears
that an initially faster rate of dissolution occurs, but
after 300 s the rate of dissolution slows to the rate ob-
served at the lower concentrations. At the highest
electrolyte concentration examined (1 M LiCIOy), the
initial rate of mass decrease is relatively fast, although
once again, after 300 s, the rate of dissolution appears
to return to the rate observed at lower concentrations.
The ECQCM data suggest that an ion exchange process
involving replacement of [(C4Hy)4N]* by Li™ occurs in
the solid, which leads to the formation of the more
soluble Li[Cr(CO)sI] salt.

However, importantly, the rate of dissolution of
[Cr(CO)sI]” from the Au electrode is very slow on the
time scale of the voltammetric experiments described in
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the remainder of this paper. For example, a typical
cyclic voltammogram measured with a scan rate of 100
mV s~ ! is completed in 14 s, which would result in ap-
proximately 5 ng of mass being lost by dissolution out
of a total initial mass of 3-6 ug. In percentage terms this
corresponds to a ~0.1% loss per cycle.

Chronoamperometric and mass balance measurements
associated with the oxidation of solid
[(C4Ho)4N]J[Cr(CO)s]]

The experiments described above were repeated, except
that the potential was now stepped after 10 s from
—-0.17 V to 0.53 V vs [Fe(CN)¢]*/*> (1 M KCl). At
0.53 V, faradaic current resulting from oxidation of the
solid occurs. The interesting feature of all these poten-
tial step experiments was that the mass increased rather
than decreased upon application of an oxidizing po-
tential. The expected reaction

[(C4Ho)4N][Cr(CO)s1] o1iq) = Cr(CO)sIisoria)

+ [(CaHo) N [ e~

(4)

would result in a decrease rather than an increase in
mass. The magnitude and duration of the mass increase
can be directly correlated with the concentration of
LiClOy4. Inspection of the data contained in Fig. 2a,b
reveals that at the lower (0.05 and 0.1 M) concentra-
tions of LiClOy4 the current approaches zero and the
mass reaches an extended plateau region after approx-
imately 250 s. Initially, current spikes greater than 100 pA
are observed which then decay to a steady state current
followed by a decay to zero. The extended plateau re-
gion in the mass observed after 250 s corresponds to
almost, but not quite, total loss (see later) of the
[(C4Ho)4N][Cr(CO)sI], so that these data enable esti-
mates (3—6 pg) of the mass of mechanically attached
compound to be obtained. Obviously, the rate of dis-
solution of the mechanically attached compound is
greatly increased when an oxidizing potential is applied.

When higher LiClO4 concentrations are present
(Fig. 2c, d) the oxidative current spike also occurs but
no steady-state current region can be detected. While
the current decays to zero in approximately 300 s, the
mass now takes substantially longer to reach the ex-
tended plateau region, and indeed for a concentration
of 1 M LiClO, there are still small mass changes ob-
servable after 30 min. Clearly, at high concentrations of
LiClOy the rate of the dissolution is strongly inhibited.

Cyclic voltammetric and mass balance measurements
associated with the oxidation of [(C4Hg)4N][Cr(CO)sI]

Historical effects can exert a considerable influence on
the voltammetry of solids, and often many cycles of the
potential are required to achieve a constant (steady
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Fig. 1a-d Mass diagrams for the dissolution of [(C4Hg)sN][Cr(CO)sI] mechanically attached to an Au-coated quartz crystal electrode in aqueous
solution containing a 0.05 M, b 0.1 M, ¢ 0.5 M and d I M LiClO, as electrolyte. Applied potential was —0.17 V vs [Fe(CN)¢]**~ (1 M KClI)

state) response [12]. Because of an instrumental limita-
tion, cyclic (staircase) voltammograms were measured
in groups of five cycles to establish whether either a
steady-state voltammetric or mass condition could be
achieved via cycling of the potential.

The lower panels of Fig. 3a—d contain the first set of
five scans corresponding to each of the LiClO,4 con-
centrations considered in the last section. In all cases,
the first cycle in the cyclic voltammetric experiment is
substantially different from the next four cycles. A
common feature in the mass measurements (the upper
panels of Fig. 3a—d) is that on the first oxidative cycle
(these are denoted by a small arrow) the mass initially
decreases when a potential of approximately 0.33 V is
reached. However, the mass then increases before the
switching potential of 0.53 V. This observation is con-
sistent with a process where the [(C4Hy),N] " is released
into solution when [Cr(CO)sI]™ is initially oxidized to
form the neutral complex as in Eq. 4. However, with

further oxidation, additional [(C4Ho)4N] " is generated
until the presence of ClOjy in the vicinity of the elec-
trode creates conditions where the solubility product for
[(C4Hy)4N]CIO,4 is exceeded and precipitation of
[(C4H)4N]ClO4 or incorporation of ClOj into the me-
chanically attached compound occurs in order to
maintain electroneutrality. Under these latter condi-
tions the major component of the electrode process can
be written as

[(C4Hy),N][Cr(CO)s1] opigq) + ClOyoq) =

_ (5)
Cr(CO);l(sotia) + [(CaHo) 4N]ClOy(s01iq) + €

As for the data in the last section, the results can be
segregated on the basis of the LiClO4 electrolyte con-
centration. For the lower LiClO, electrolyte concen-
trations (Fig. 3a, b), the mass for the last four cycles
shows an overall decrease. However, close examination
of the voltammograms reveals that while a large mass
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KCl)

decrease occurs when the solid is oxidized, on the re-
verse or reductive part of the cycle a smaller mass in-
crease occurs. This behavior is consistent with oxidation
leading to the [(C4Ho)4N]" being released into solution
at a concentration below the [(C4Hg)4N]ClO4 solubility
product. This is followed by incorporation of the less
massive lithium ion during the reductive component of
the experiment. Fig. 4a, b, which represents cycles
numbered 21-25, show this ion-exchange process more
clearly, since a voltammetric steady state has been
reached during cycles 21-25 but the net mass change is
still negative. If a simple ion-exchange process occurs,
then calculations, assuming the Sauerbrey equation is
valid [27], show that the Li" ion would need to be
hydrated by approximately six water molecules.

Under conditions where the LiClO4 concentration is
high (Fig, 3c,d), the voltammetry for cycles 2-5 is more
complicated than for low concentration (Fig. 3a,b), and
a large mass increase occurs during oxidation while a
significant mass decrease occurs during reduction. This
mass-potential behavior seen in scans 2-5 is the oppo-

site to that found for the lower concentrations of Li-
ClOy4 but is consistent with the profile observed on the
first cycle. These results can be explained by assuming
that the amount of [(C4Hy)4N] " released during each
oxidation cycle remains sufficiently large, so that the
solubility product of [(C4H9)4N]CIO, is exceeded and
uptake of ClOj rather than loss of [(C4H)sN]™ occurs
to maintain electroneutrality. The peak potential asso-
ciated with the oxidation process involving uptake of
ClOy is around 0.43 V, but is concentration dependent
(compare Fig. 3c,d). In contrast, the peak potential
associated with the loss of [(C4Hg)4N] ™ at lower LiClO,
concentrations occurs at around 0.31 V. Thus, while
thermodynamically the loss of [(C4Ho),N]" is more
favored than the uptake of ClOy, solubility constraints
override this feature. Kinetically, it is possible that the
solubility limit can be exceeded and a supersaturated
solution of [(C4H9)4N]ClO4 can occur. However, the
absence of any detectable nucleation process implies
that transient supersaturated solutions, if formed, are
stable, and the precipition of a separate [(C4Hg)4N]CIO4
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Fig. 3a—d Mass diagrams and cyclic voltammograms of [(C4Hg)4N] [Cr(CO)sl] mechanically attached to an Au-coated quartz crystal electrode
in aqueous solution containinga 0.05 M, b 0.1 M, ¢ 0.5 M and d I M LiClOy as electrolyte. Cycles 1 to 5 obtained using a scan rate of 0.1 Vs~

crystalline phase on the electrode surface is therefore
considered to be unlikely.

Fig. 4c,d contains cycles 21 through to 25 for the
two highest concentrations of LiClO4 electrolyte ex-
amined. Interestingly, in Fig. 4c, the two different pro-
cesses of Eqgs. 4 and 5 that are associated with the
oxidation of [Cr(CO)sI]” can be seen. Thus, the mass
initially decreases at approximately 0.21 V but then
again increases at 0.43 V. This result further demon-
strates the critical nature of the concentrations of
[(C4Ho)sN]" and ClO; relative to the solubility
product.

With the exception of the highest concentration of
LiClO4 examined, the Cr(CO)SI_/"(Sohd) redox system
eventually reached a voltammetric steady state
(Fig. 5a). Clearly not all the solid compound is lost
from the electrode surface on repetitive cycling, since a
well-defined steady-state voltammetric response is
found. This steady-state response also was observed in
the chronoamperometric experiments described in the
last section. The corresponding mass change associated
with each potential cycle when the voltammetric steady

state is achieved is shown in Fig. 5b, where each box
represents one complete cycle. In the first half of each
box, which represents the oxidation process, the mass
increases, while in the second half of each box, where
reduction occurs, the mass decreases. It is possible that
under these voltammetric steady-state conditions the
[Cr(CO)sI]” anion may be specifically or non-specifi-
cally adsorbed. In this case, oxidation to the neutral
Cr(CO)sI would require an anion to enter the double
layer to maintain electroneutrality. Conversely, reduc-
tion would in turn lead to loss of the anion.

Cyclic voltammetric and mass balance measurements
associated with the oxidation of [(C4Hg)4N][Cr(CO)sl]
in saturated aqueous [(C4Hg)4N]CI1O4

[(C4Hy)4N]CIO4 is not generally used as a supporting
electrolyte in water due to its low solubility. However,
even though there are problems with ohmic (IR) drop,
voltammograms and the corresponding mass changes
can be measured in a saturated [(C4Hy)4N]ClO,4 solu-
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tion without the complication of needing to introduce a
foreign cation into the charge neutralization process.
Since the saturated solution contains a low concentra-
tion of ClOy, results are best compared to those ob-
tained in 0.05 M LiCIO4. Figure 6a shows cyclic
voltammetric data for the first five cycles. Noteworthy
are the much lower currents at a potential of 0.53 V
than those observed when 0.05 M LiClOy, is used as the
electrolyte, the almost ohmic oxidation response and
the increase in the magnitude of reductive peak current
as the number of cycles increases. The first feature is
attributed to the positive shift in peak potential ex-
pected at the very low ClO; concentration. That is,
only the foot of the oxidation wave is reached at 0.8 V,
so that much smaller currents are observed. The mass
changes associated with the voltammetry also are
shown in Fig. 6a. As is the case when LiClO, electrolyte
is employed, the mass initially decreases slightly, but
then increases due to the addition of ClO,. Interest-
ingly, the mass continues to increase on subsequent
cycles as does the magnitude of the reduction peak
current, which is consistent with some neutral Cr(CO)sl

being released from the solid during the oxidation
process and adsorbed on to the electrode as previously
postulated. When reduction of Cr(CO)sl occurs, addi-
tional [(C4Ho)4sN]* from solution precipitates to form
solid [(C4Ho)4N][Cr(CO)sI]. The additional [(C4Ho)4N] *
must come from solution because release of
[(C4Ho)4N]™ from the solid during the oxidation pro-
cess is unlikely, as this would require the solubility
product for [(C4Hg)4N]ClOy4 to be exceeded. Perchlorate
ions from solution must also be incorporated into the
solid in this circumstance to replace expelled Cr(CO)sl
and maintain electroneutrality. It is the combination of
all these factors that is believed to result in the net in-
crease in mass.

Figure 6b contains cycles 91 to 95, and, after this
lengthy period of cycling the potential, it is now no-
ticeable that a small overall negative mass has been
attained. Additionally, an oxidation peak is now ap-
parent at 0.33 V which is associated with a mass de-
crease. These results are remarkably similar to the
results in Fig. 4a,b indicating that the [(C4Ho)sN]"*
cation is being cycled out of and into the mechanically
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Fig. 5 a Cyclic voltammogram of [(C4Hg)4N][Cr(CO)sI] mechani-
cally attached to an Au-coated quartz crystal electrode in aqueous
solution containing 0.05 M LiClOy, as electrolyte. Cycles 66 to 70
obtained using a scan rate of 0.1 Vs''. b Corresponding mass
diagram

attached solid during the respective oxidation and re-
duction processes. Presumably, the localized concen-
tration of [(C4Ho)sN]" must be below the solubility
limit of [(C4Hg)4N]ClOy for this to occur.

Conclusions

All of the processes detected at the gold electrode-mi-
crocrystalline solid-aqueous (electrolyte) interface in the
redox chemistry of the [Cr(CO)sI]™/ °(solid) System can be
described by Reaction Scheme 1. When commencing
with the water-insoluble [(C4Hg)4sN][Cr(CO)sI] com-
pound and in the presence of LiClOy as the electrolyte,
the process proceeds towards the formation of Li[Cr
(CO)sI] . X H,0, which can then dissolve in water. The
rate at which this overall process occurs is strongly in-
fluenced by the concentration of ClO,, the relatively
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Fig. 6a,b Mass diagrams and cyclic voltammograms of [(C4Hg)4N]
[Cr(CO)sI] mechanically attached to an Au-coated quartz crystal
electrode in aqueous saturated [(C4Hg)4N]CIOy. a Cycles 1 to 5 and
b cycles 91 to 95 obtained using a scan rate of 0.1 Vs™!

hydrophobic nature of the [(C4Ho)sN] " cation and the
solubility of [(C4H9)4N]ClO4. The insolubility of
[(C4H9)4N]CIO4 in water leads to the possibility that
addition of ClOj; rather than loss of [(C4Ho)sN]" is
associated with the charge neutralization process that
must accompany oxidation of [Cr(CO)sI]™ to Cr(CO)sl.

This is the first time that uptake of an anion rather
than loss of a cation has been detected in association
with an oxidation during electrochemical studies of
microcrystals attached to electrode surfaces. It is
therefore now emerging that charge neutralization
processes analogous to those encounted in volta-
mmetric studies on conducting polymers are available
in voltammetric studies of microcrystals attached to
electrodes which are placed in contact with solvent
(electrolyte) media.
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