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Abstract Ruthenium dioxide electrodes, prepared on a
Pt substrate using coatings of PVC-RuO, mixed in THF
(designated as RuO,-PVC film electrode) have been
studied for their redox behaviour in 1 M NaOH using
variable scan cyclic voltammetry. The various redox
transitions in the oxidation state of the central metal ion
are characterized using electrochemical parameters such
as peak potential, peak current, and surface charge. The
effect of oxide preparation temperature, in the range 300—
700 °C, on the redox characteristics has also been studied
and correlated with the electrochemically active surface
area (as measured using small amplitude cyclic voltam-
metry) and the true surface area (by the BET method).

Key words Ruthenium dioxide powder - PVC film
electrodes - Surface charge - Electrochemically active
surface area - BET surface area

Introduction

Ruthenium dioxide (RuQO,) is a well-known important
electrochemical material that has long been in use as an
electrode for catalyzing multi-electron transfer reactions
like Cl,, O, evolution, and organic oxidation reactions
[1-3]. Recent renewed interest in RuQO» is related to its
high power density capacity, which has extended its use
in electrochemical capacitors [4]. Conventionally, RuO,
electrodes have been prepared by thermal decomposition
of RuCls - xH,O on suitable substrates like Ti or Pt at
temperatures in the range 300-700 °C [1]. Several
parameters such as the method of pretreatment, the
solvents used as vehicles for coating the RuCl; salt, the
way in which the coatings have been applied (whether
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successive or one-time coating), the mode of heating, etc.,
have been found to exert considerable effect on the sta-
bility and nature of the RuO, coating formed on the
substrate materials [1, 5]. Fox example, use of HCI as
solvent has been reported to lead to cracked films [1],
while with organic solvents like isopropanol, compact
films have been obtained with no cracks [5]. Various
methods have therefore been attempted in the past in
order to prepare RuO, electrodes by alternate routes.
Thus, Teflon-bonded RuO, clectrodes [6, 7], RuO,-
modified carbon paste electrodes [8], and RuO,-modified
graphite-epoxy composite electrodes [9] have all been
prepared and used in various electrochemical studies.
Recently, we have fabricated PVC-bonded RuO, com-
posite electrodes on Pt substrates by a much simpler
method using tetrahydrofuran (THF) and used it for
glucose oxidation [10]. In this paper, we describe the
electrochemical behavior of these RuO,-PVC film
electrodes in 1 M NaOH. The main object of the present
work was to examine the effect of oxide preparation
temperature on the electrochemical behavior of these
electrodes. Our results suggest that the variation in in-
terfacial charge transfer behavior of the oxide electrodes
can be directly correlated to the changes in electro-
chemically active surface area or BET surface area arising
from the use of to different preparation temperatures.

Experimental

Materials

RuCl; - xH,O (Arora Matthey) and PVC (Fluka) were used
without further purification. The solvent THF of Analar grade was
distilled three times in the presence of sodium wire.
Electrochemical instrumentation

Cyclic voltammetry (CV) was performed with a Wenking poten-

tiostat (model ST 72), Wenking scan generator (model VSG 83),
and Graphtec XY recorder (model WX 2300). Rotating disc



electrode (RDE) experiments were performed using Pine instru-
ment (USA). A large area platinum plate was used as a counter
electrode and an SCE with a luggin capillary as a reference elec-
trode. N> gas was used for deaerating the experimental solution.

Preparation of RuO, powders

RuO, powders were prepared by the usual procedure [11]. Briefly,
RuCl; - xH,O dried at 100 °C for 1 h was heated in the presence of
O, for 6 h in a muffle furnace at the pre-set preparation tempera-
ture (300-700 °C). The samples were taken out, crushed, and finally
heated at the same temperature for 6 h. The powders were then
repeatedly washed with charcoal-treated double-distilled water
until the solution gave a negative test for CI~ with Ag™. Washed
samples were dried at 110 °C for 12 h and stored in desiccator until
use.

Preparation of RuO,-PVC film electrodes

RuO; and PVC (4:1 wt%) were mixed well in a minimum quantity
of THF. The RuO,-PVC paste was then coated onto the surface of
a platinum wire electrode, and air dried at room temperature for
48 h. In order to obtain well-bonded, mechanically stable coatings,
it was essential to use freshly distilled THF and to polish and clean
the surface of the substrate Pt electrode prior to coating the films.
Therefore, in this study the Pt electrode surface was polished gently
with emery paper (no. 800, Carborundum Universal, India),
cleaned with 20% HCI for 20 min, washed, and dried. Poor ad-
hesion of the coating to the Pt substrate was easily detected by
observing the increased asymmetry in the voltammetric peaks or
tilting of the voltammogram with respect to the potential axis. The
effective loading of oxide on each electrode was around
40 mg cm™2 of geometric area.

Electrode surface pretreatment

All freshly prepared RuO,-PVC film electrodes were initially
preconditioned. Preconditioning consisted of cycling the electrode
potential in the region —1100 to +450 mV (SCE) in 1 M NaOH at
a potential scan rate (v) of 20 mV s™! several times until the vol-
tammograms, which initially showed a systematic current increase,
remained constant. It normally took 1-2 h to achieve this result.

In order to commence the voltammetric experiments starting
with a similar, reproducible electrode surface, the RuO, composite
electrode was pretreated once at the start of every day. Pretreat-
ment consisted of cycling the electrode potential five times between
the potentials —1100 to +450 mV in 1 M NaOH at v =20 mV s™'.
The most reproducible peak potentials were obtained by the above
pretreatment method.

Results and discussion

Electrochemistry of RuO,(700 °C)-PVC
film electrode in 1 M NaOH

Initially, cyclic voltammetric studies were carried out
with a RuO,-PVC composite electrode made out of
powders prepared at 700 °C. Typical CVsin 1 M NaOH
solution are shown in Fig. 1 for various scanning rates.
The voltammograms have been recorded by scanning
the potential in anodic direction starting from
—1100 mV (SCE) and reversing the scan at +450 mV to
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record the negative going cycle. There appears a large
background current with three anodic peaks (Al, A2,
and A3) at potentials —400, 0, 320 mV (SCE), respec-
tively. Three cathodic peaks (C1, C2, and C3) appear in
the negative going cycle at —360, 35, and 300 mV (SCE).
The number for each peak is given in such a way that the
same number for the anodic and cathodic peak makes a
redox couple. The cathodic counter parts of the anodic
peaks were identified by varying the switching potential
in the CV. The redox pair A1/C1 shows a smaller cur-
rent and broader peak compared to the redox pairs A2/
C2 and A3/C3. This made the measurement of peak
current (ip) and peak potential (£,,) difficult, especially i,
values, for A1/Cl1.

Figure 2A indicates that, for the A3 and A2 peaks,
log(current density) varies linearly with log(scan rate)
with a slope 1 in the lower scan rate region, and ~0.5 at
higher potential scan rates. The scan rate dependence
clearly suggests that the redox processes occur as sur-
face-confined electron transfer processes at low scan
rates, and as mass transport by diffusion coupled to
electron transfer processes at higher scan rates [12]. Note
that the peak potentials (Ep, and Ep.) remain scan rate
independent in the lower scan rate regions, but shift to
higher polarizations as the scan rate increases (beyond
20 mV s~ for A3/C3, and beyond 40 mV s™' for A2/
C2), as shown in Fig. 2B. It is observed that the peak
current ratios of cathodic and anodic peaks are ap-
proximately one for the A3/C3 and A2/C2 redox pairs.
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Fig. 1 Cyclic voltammograms of RuO,(700 °C)-PVC film electrode
in 1 M NaOH in the potential region —1.10 to +0.45V (SCE) at
various scan rates
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Fig. 2 A Variation of log(anodic peak current density) with log(scan
rate); B variation of peak potential with log(scan rate) for
RuO,(700 °C)-PVC film electrode in 1 M NaOH

More importantly, the peak current and their potentials
are not dependent upon electrode rotation. The E,),
values, obtained as (Ep, + FEp.)/2, are —380, 18, and 310
(SCE) for the redox couples A1/C1, A2/C2, and A3/C3
in 1 M NaOH. These values agree well with those
reported for RuO, electrodes prepared by a high-
temperature decomposition method [13, 14]. Thus the
peaks A1/C1, A2/C2, and A3/C3 can be identified with
the surface redox transitions Ru(IV)/Ru(IIl), Ru(VI)/
Ru(IV), and Ru(VII)/Ru(VI), respectively.

Effect of solution pH

To establish the stoichiometry of the redox reactions,
CV measurements were extended to phosphate buffer of
pH 7, acetate buffer of pH 4.6, and 1 M H,SO, solu-
tions. The important observations made with these re-
sults are the following: (1) unlike in 1 M NaOH, only
two redox transitions, A1/C1 and A2/C2, are present in
these solutions in the potential region between the H,
and O, evolution reactions, as observed previously for
thermally prepared RuO, electrodes [13, 15], (2) similar
to that in 1 M NaOH, the anodic peak currents in these
solutions vary with the scan rate as in Fig. 2A; and also
(3) the voltammograms are independent of electrode
rotation.

The E,), is plotted against pH in Fig. 3. A slope of
—75 mV per unit increase in pH is obtained for both A1/
C1 and A2/C2 redox pairs of the RuO,-PVC composite

electrodes in the wide pH range 1-14, as noticed by
others for thermally prepared RuO, electrodes [13, 14].
The non-Nernstian values indicate that the redox reac-
tions could occur by involving non-integral values for
charge and hydroxide ion. Hence the peaks can be
identified with the following redox surface processes:

Al/Cl:
(—0—),Ru™O~(OH); + 1.250H"
= (—0—),Ru"YO™(OH); 3 (H20), 55

4 1.25H,0 4 ¢ (1)
A2/C2:
(—0—),RuV O (OH),3;°(H,0), ;5 + 2.50H"

= (—0—),Ru"'07}{*(OH), ,5

+2.5H,0 4 2e” (2)

The fractional charge values and non-stiochiometric
surface compounds indicate the participation by poly-
meric or inter-linked surface species [14]. In the above
scheme RuO, is represented as 1 by taking into account

H,O
—O\1.,0°

Ru
_O/ |

H,O

1

“OH

the hydration of the surface oxyhydroxide groups of
RuO; particles in NaOH [14, 16]. As the redox pair A3/
C3 is present only in solutions of pH exceeding 13 [14,
15, 17], with dE,/dpH around —-80 mV [14, 17], A3/C3
corresponds to the following redox reaction, as sug-
gested by Lyons and Burke [14]:

A3/C3:

(—0—),Ru¥'0; }/*(OH), 55 + 1.250H"
= (—0—),Ru"053°(OH), ,s + 1.25H,0 + ¢~ (3)

Nature of the redox processes
At higher scan rates

The v'? dependence of jp, (Fig. 2A) indicates that the
diffusion is coupled to the self-exchange electron transfer
processes of Eq. 1-3 between the ruthenium oxidation
states in RuO, material. The dependence on pH of the
solution (Fig. 3) suggests that the ionic species OH™ in
base (or H™ in acid) is the diffusing ion. If the transport
of the diffusing ion in bulk solution occurs on the
voltammetric time scale, then the voltammetry should be
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Fig. 3 Variation of anodic peak potential with solution pH for
RuO»(700 °C)-PVC film electrode

modified by stirring the solution. However, the results
obtained in the present study of the electrode rotation
effect demonstrate that both the peak position and peak
current for all the three pairs of peaks do not depend on
solution stirring speed over the wide pH range 0-14. By
inference, the data are then explicable in terms of dif-
fusion of electrolyte ion, i.e. OH™ (or H™), occurring
within the solid [18].

In order to verify further that the mass transfer of the
proton in the RuO», solid, rather than its mass transfer in
solution, controls the redox processes of Eq. 1-3, we
have calculated the mass transfer parameter
z= (DSS/Daq)]/ZP/[CJr]* (4)
proposed by Lovric et al. [19] for a solid state redox
reaction accompanied by the insertion or expulsion of
electrolyte ions in the solid. According to these authors,
the voltammetric response is independent of the mass
transfer in the solution provided that the parameter z is
smaller than 0.1. In Eq. 4, D is the diffusion coefficient
of the cation C " in the crystal, D, is its diffusion co-
efficient in the solution, p the density of the solid com-
pound (mol cm™), and [C*]* the concentration of C™*
ions in the bulk of the solution (mol cm™>). Taking the
density of the RuO, solid compound as 6.27 g cm ™ [20],
and a molar mass of 133.08, this gives p =4.712 x
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1072 mol cm™. With Dy, = 5.0 x 10-18 m? s™!, from the
published data of Weston and Steele [21], for the diffu-
sion coefficient of H™ in RuO, powders prepared at
700 °C, D,q = 3.4 X 107 m? s™! for the diffusion coef-
ficient of H' at 25°C [20], and [H']*=2x
107> mol ecm™, z is calculated to be 9.0 X 10~4 in 1 M
H>SO4. The small value for z shows that the mass
transfer of H™ in solution is negligible in the redox
reactions (Eq. 1-3) of the RuO,-PVC film electrode.

It must be mentioned here that the voltammograms
recorded between 0 and 1450 mV (RHE) continuously
run for over 3 h showed only marginal increase (~5%)
in voltammetric current. Similar behavior has been ob-
served, for instance, by Doblhofer et al. [22] and Jang
et al. [23] for thermally prepared RuQO, electrodes. They
explain their findings in terms of the high structural
stability of RuO, powders [22], a gradual “opening-up”
of the oxide pore structure as a result of voltammetric
cycling (time effect) [23], etc. It has been argued [22] that
if the diffusion process into the solid were to be volume
diffusion, the oxidation state of the bulk ruthenium had
to change by several steps more or less reversibly; this
process would then be associated with lattice dilation
and contraction, contrary to the experimental observa-
tion [22]. Thus proton diffusion into the solid RuQO, is
suggested to take place presumably along grain bound-
aries, micropores, and microcracks. Note that from the
electrochemical studies alone it is hard to distinguish
between volume diffusion and grain boundary diffusion
mechanisms. Direct monitoring, by in situ techniques
like XRD [24], atomic force microscopy (AFM) [25],
etc., of the dimensional changes of RuO, material
occurring during electrochemical processes may give
some insight to help the basic understanding of proton
diffusional pathways. A detailed investigation of these
aspects is in progress.

At lower scan rates

The results at low scan rates, namely that the CVs of
RuO, have symmetric peak shapes and nearly equal
heights of oxidation and reduction peaks, the oxidation
peak heights increase linearly with v (Fig. 2A), the peak
potentials are independent of v (Fig. 2B), and the CVs
are not affected by electrode rotation, are all charac-
teristics of reversible surface reactions [12]. It may be
noticed that even in the experimental studies of some
solid state redox reactions accompanied by the insertion
or expulsion of electrolyte ions in the solid, it has been
seen that some reactions are initially surface confined
[26, 27] whereas others advance throughout the crystal
from the very beginning [28]. The peak separation (Ep,—
E,.), however, is not equal to zero, for either of the three
redox pairs of RuO,-PVC film electrode (Fig. 2B),
indicating deviation from ideal behavior for surface-
confined species. This could be caused by the site-site
interactions (thermodynamic effect), slow charge trans-
fer (kinetic effect), or large uncompensated electrolyte
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resistance effects [29-31]. In a similar way, the potential
of full width at the half maximum (Epypnm) 18 much dif-
ferent from the theoretical value of 90/n (where
n = number of electrons transferred per electroactive
site) predicted for ideal reversible redox centers [29, 30].
Efonm 1s around 50 mV for A3/C3 and it is 150 mV for
A2/C2 at slow potential scan rates, typically 5 mV s~
The presence of interaction effects alters the peak half-
width and equality of peak currents [12, 29, 30]. The
interaction term r of the redox pairs associated with the
RuO,-PVC film electrode is estimated from the surface
activity relationship for interacting sites [29-31].
The i, is related to r as:

iy = "’ F?ATW/RT[4 — 2rT{] (5)
Since ¢, = nFATI',, then:
ip = nFqv/RT[4 — 2rT] (6)

where A4 is the geometric area of the electrode in cm ™2, ¢,
is the total surface charge, and I'; is the total surface
concentration of redox sites. The other symbols R, T,
and F have their usual significance. The ratio of the iy-v
slope (in the scan rate region 0-20 mV s™' for A3, and
0-40 mV s~ for A2) to the charge under the peak gives
a value of nF/RT(4-2rT")) according to Eq. 6. For the
anodic peak A3 with n =1, since the redox transition
corresponds to Ru(VI)/Ru(VII) (see reaction 3), and
I, =237% 107 mol cm™ (estimated from the area
under the peak recorded at low v, typically 5 mV s™'), r
is calculated to be 7.24 x 10° cm? mol™'. For peak A2, r
is —1.2576 x 10" cm? mol™', corresponding to I'y=
2.376 x 107" mol cm™2 and n = 2 [Ru(IV)/Ru(VI) tran-
sition, see reaction 2]. The positive r for A3 indicates
that attractive interaction exists amongst the redox sites
of A3/C3 in the surface layer, whereas repulsion is pre-
dominant within the redox centers of the A2/C2 redox
couple, since r is negative for the A2 peak. The obser-
vation that peak A2 is quite broad and the charge pos-
sessed by this peak (6.21 mC) is less than double the
charge of peak A3 (2 x 5.0 mC), in spite of the fact that
A2 involves two electrons while A3 involves one elec-
tron, is probably due to the negative interaction asso-
ciated with A2. However, there are other possible
explanations. These include a following chemical reac-
tion accompanying the Ru(IV)/Ru(VI) electron transfer
step, as discussed by Lam et al. [32].

Effect of oxide preparation temperature
on the electrochemical behavior
of the RuO,-PVC film electrode

Electrodes were fabricated with RuO, powders prepared
at various temperatures (300-700 °C). Figure 4 shows
the CV recorded at 20 mV s~ for RuO, electrodes for
five different temperatures (300, 400, 500, 600, and
700 °C). It shows that the electrochemistry of RuO,
electrodes is remarkably dependent on the oxide prep-
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Fig. 4 CV of RuO,-PVC film electrode fabricated using RuO,
powders prepared at various temperatures. Electrolyte: 1 M NaOH,;
potential region: —1.10 to +0.45 V (SCE); scan rate = 20 mV s~

aration temperature. Increased preparation temperature
decreased the current density. Uniform trends are
observed for background current, peak shape, and peak
intensity as the oxide preparation temperature is varied.
At 300 °C the background current is quite high, but at
the same time there is a reduction in surface peak shape
and peak intensities. Furthermore, the surface redox
peaks become broader. These result in greater difficul-
ties in measuring the surface peak intensities for samples
of lower temperatures. In order to quantitatively com-
pare the electrochemical behavior of the electrodes with
oxide preparation temperature, the electrochemical
charge that is sustained during the polarization, both
cathodic and anodic, has been calculated for various
samples.

The total charge density calculated based on the
apparent electrode area, anodic (Q,) and cathodic (Q.),
were obtained from the area under the cyclic voltam-
mograms recorded in the potential region —1100 to
450 mV (SCE) at various scan rates. A Planimeter
(Planix, Japan) was used for calculating the integral area
under the voltammograms. Figure 5 shows these plotted
against the scan rate for samples at various tempera-
tures. It is obvious that both Q, and Q. increase with the
decrease in the oxide preparation temperature. This
behavior could be the result of enhanced electron
transfer rates ( kinetic effect) or, alternatively, the result
of an increase in the electrochemically active surface
area (geometric effect).
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Figure 5 also shows that both Q, and Q. decrease as
the scan rate is increased for all the samples; however,
the rate of decrease is a function of the oxide prepara-
tion temperature. For example, the 300 °C sample shows
higher variation in Q, and Q. initially, but at scan rates
>20 mV s™! there is relatively a small change in Q
values for all conditions. For the 700 °C sample the
surface charge values are almost constant in the entire
scan rate region investigated. According to Trasatti’s
formalism [33], for a given specific sample the surface
charge variation with scan rate arises due to the exis-
tence of both inner and outer active surface sites coupled
with the associated difficulties for proton access to the
inner region of the surface (pores, cracks, and grain

Fig. 6A,B Electron micrographs of RuO, powder samples (Leica
stereoscan 440, cambridge instrument): A RuO, (700 °C); B RuO,
(300 °C)

boundaries). The lack of appreciable dependence of Q
on v for the 700 °C sample suggests the existence of
negligible inner active surface sites with this electrode.
Indeed, the BET surface area and the scanning electron
microscope measurements support this conclusion.

The pore specific volumes obtained from the BET
surface area measurements are listed in Table 1 for the
various RuO, powder samples. The fact that the pore
specific volume is smaller for the 700 °C RuO, sample,
compared to those for other samples, clearly suggests
that the former material possess much fewer micropores
than the other samples; therefore, it contains fewer inner
active surface sites. Figure 6 shows some representative

Table 1 BET Surface area re-

sults of RuO, powder samples, ~ OXide preparation

BET surface area results

Electrochemical results

double layer capacity (Coq)) and ~ temperature (°C)

electrochemically active surface True surface Pore specific Cean Ae
area (A,) of Rug)z-P\;/C ﬁL;m area (10° cm?) volume (10° em® g™')  (mF cm™) (10% cm?)
electrodes as a function of oxide 300 2 824 21290 1139.9 2155
aration t t : : : :
preparation temperature 400 1376 10.790 791.7 1.408
500 1.094 8.543 450.0 0.841
600 1.276 9.547 319.3 0.582
700 0.798 6.151 214.6 0.415
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Fig. 7 Capacitative charging current density versus scan rate in 1 M
NaOH for RuO,-PVC film electrodes of various oxide preparation
temperatures

micrographs of RuO, powders (Leica Stereoscan,
Cambridge Instruments). As shown in Fig. 6A, the
700 °C RuO, sample contains large crystallites along
with numerous agglomerates possessing less pores and
grain boundaries, compared to the SEM of the 300 °C
RuO, sample (Fig. 6B), which is characterized by mi-
croscopically homogeneous spongy-like porous material.

Electrochemically active surface area measurements

Using the small amplitude CV technique, a crude esti-
mate of the electrochemically active surface area (A.) of
each film electrode was obtained from double-layer
charging curves in 1 M NaOH solution. This method
has been frequently used for the estimation of the dou-
ble-layer capacity of large surface area and porous
electrodes [34, 35], including ruthenium-based mixed
oxides [36, 37]. Voltammograms were recorded in 1 M
NaOH at various scan rates in a narrow potential region
of 0-150 mV (SCE), so that the i-E curves showed
almost a flat current plateau with no maxima. It must,
however, be remembered that there is some residual
faradaic current present in this potential range as well,
which tends to contaminate the 4. results to some ex-
tent, since with RuO, electrodes there is a large faradaic
current at all potentials from —1100 to +450 mV (SCE)
(arising by the electrochemical reactions 1-3) over and
above a huge non-faradaic charging current [4].
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Fig. 8 Surface charge density as a function of surface area for RuO,-
PVC film electrodes: (-O-O-) electrochemically active surface area;
(-@-@-) BET surface area

A plot of the charging current density (j,,) measured
at the middle of the potential region (where the anodic
and cathodic currents are equal in magnitude) versus
scan rate is linear for all the five samples, as shown in
Fig. 7. Deviations from linearity are observed at high
scan rates; these deviations become more pronounced
for samples which are prepared at lower temperature.
The slope of the j,.-v plots, under the limiting condition
v — 0, is used to calculate the double layer capacitance
(Ceqr) of the electrode, and the values are given in
Table 1:

ch _
Coal = Je 2F em™2
v

(7)

Once Cgq is known, A, is calculated as in the previous
studies [34, 35, 37], by considering the literature value of
70 uF cm™ for the microscopic area of RuO, colloidal
particles [38]. Similar to that noticed earlier for ther-
mally prepared RuO, electrodes [39], the calculated
electrochemically active surface area of the RuO,-PVC
film electrodes is found to increase with a decrease in the
oxide preparation temperature (see Table 1), as does the
surface charge density (see Fig. 5). A direct comparison
of O, against the corresponding 4. is illustrated in
Fig. 8. Also shown on this diagram is the variation of
surface charge with BET surface area of the RuO,
powder. The charge density values at the lowest v have
been used in the comparisons, since according to Tras-
atti’s formalism the charge density at low v is a measure
of the total active surface sites [33]. Figure 8 shows that
the electrochemically active surface area is smaller than



the BET surface area for most of the samples. This may
be because while the BET method gives the total surface
area, the small amplitude CV technique probably gives a
better estimate of the electrochemically accessible area,
since liquid phase adsorption is involved. It is also
possible that the value of 70 uF cm™ assumed for the
microscopic area of RuO, particles [38] in the A4, cal-
culation is approximate [34]. It is evident from Fig. 8
that the surface charge density varies almost linearly
both with the electrochemically active surface area and
the BET surface area. The near linear variation between
Q. and the surface area (electrochemically active or
BET) forms direct evidence to show that the electro-
chemical charge of a RuO,-PVC composite electrode
primarily depends on the surface area of the oxides, and
other factors, notably the kinetic effect, appear to be
secondary in influencing the interfacial electron transfer
process associated with these electrodes in alkaline so-
lutions. Probably this property makes RuO, more suit-
able as electrochemical capacitors [4].

The present electrodes were also examined for their
stability. A periodic check of these electrodes was made
by repeating the potential cycling between —1100 to
450 mV (SCE). The voltammogram did not show any
variation in shape of the curve and no difference was
observed in voltammograms recorded on different days.
Thus, our studies indicate that the electrode preparation
method using PVC as a binder forms an alternative to
fabricate RuO, electrodes, with behavior similar to that
of thermally prepared electrodes. Moreover, PVC-based
RuO, electrodes offer several advantages over their
thermally prepared counterparts. Firstly, following the
PVC method, higher amounts of RuO, can be used for
electrode fabrication, which are more desirable for
electrocatalytic applications [3]. Secondly, CI~ free-
RuO, electrodes can be fabricated by repeatedly
washing the RuO, powder samples prior to electrode
preparation. Finally, the common problem, that Ti or Pt
support does not permit preparation at a higher
temperature than 500 °C owing to interphase swelling
and the formation of a fragile overlayer [1, 40], is
avoided in the present PVC-based method. Besides, the
use of higher loading amounts of RuO, (80%) reduces
the resistance effects arising from the PVC binder. It
must, however, be mentioned that while the present
PVC-based method allows preparation of electrodes
with utmost ease, its use in preparation of large surface
area electrodes is not established. In this respect the
PVC-based preparation method appears to possess no
better advantage than the other preparation methods
like Teflon-bonded [6, 7], CPE [8], or graphite epoxy
electrodes [9]. In general, the distinct advantage associ-
ated with making electrodes from RuO, powders, com-
pared to the thermally prepared RuO, electrodes, is that
the RuO, powders can be studied for their interfacial
properties by the well-founded potentiometric acid-base
titration technique [16] and the results can be straight-
forwardly correlated with electrode kinetic studies.
Work is currently in progress in this direction.
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Conclusions

The RuO,-PVC film electrodes, prepared using RuO,
powder with PVC as a binder, show CV behavior similar
to those reported earlier for thermally prepared RuO,
electrodes. A direct correlation has been noticed with
RuO,-PVC film electrodes between their surface charge
and the electrochemically active or BET surface area, as
observed previously for thermally prepared RuO,
electrodes.
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