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The oxidation of I to IO3 in acidic media occurs at numerous electrode materials at potential values
corresponding to the anodic discharge of H,O with simultaneous evolution of oxygen. In the study
reported here the anodic current density for IO5 production was measured by difference voltammetry
at rotated disc electrodes (r.d.e.’s) constucted from pure glassy carbon (GC) and Kelgraf (graphite
plus Kel-F) composite materials. These signal values (S) were normalized relative to the background
current (B) for oxygen evolution measured at 1.75V vs SCE, a potential corresponding to the trans-
port-limited production of 105 at GC. Despite a small positive shift in £y, with decreasing fractional
active area, the signal-to-background ratio (S/B) at the Kelgraf electrodes was enhanced relative to
that for the GC electrode. For example, S/B at a 2% Kelgraf r.d.e. was nine times larger than at a
GC r.d.e. This corresponds to an increase in current efficiency (S/(S + B)) for 105 production
from about 50% at the GC r.d.e. to about 90% at 2% Kelgraf r.d.e. This is explained on the basis
of (i) a significant decrease in total background current as a result of the decreased fraction of the
Kelgraf surface that corresponds to carbon, and (i1) a larger flux density of I at the carbon micro-
electrodes in the Kelgraf r.d.e., as compared to the GC r.d.e., as a result of radial diffusion, i.e. the

so-called ‘edge effect’.

1. Introduction

Anodic discharge of H,O with production of
adsorbed hydroxyl radicals, as shown in Equation 1,
is the initial step in the mechanism for anodic evolu-
tion of oxygen, as shown in Equation 2 [1-4]. This
production of :OH,y is also believed to be a
requisite step in anodic O-transfer reactions, as illus-
trated by Equation 3 where R and RO represent the
reactant and product, respectively [5—11].

H,0 — -OH, +H" +e” (1)
H,0 + -OH,4, — O, + 3H" 4 3¢~ (2)
R+ -OH,g — RO+ H' +¢ (3)

Evidence supporting this conclusion was obtained in
our laboratory for oxidation of I” to 103 at Pt, Au,
Pd, Ir, and GC [5]. In that study, a linear correlation
was determined to exist between the E;/, values for
oxidation of I to 103 and the oxygen-evolution over-
potential at the various anode materials. Conversely,
Ey values for oxidation of I” to I, were determined
to be independent of the oxygen-evolution overpoten-
tial, as is expected for reactions that do not involve an
O-transfer mechanism.

As a result of the mechanistic link between
O-transfer and oxygen-evolution reactions, the anodic
signal of interest (S) for O-transfer reactions can be
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obscured by a large background current (B) resulting
from the simultaneous evolution of oxygen. The con-
sequence of a large background current can include
low values of the signal-to-background ratio (S/B)
in electroanalytical applications and low current effi-
ciencies (S/(S+ B)) in industrial electrolytic pro-
cesses. For electroanalytical applications of anodic
O-transfer reactions at hydrodynamic electrodes, the
transport-dependent current of interest (S) can be
extracted from the total observed current (S + B)
using hydrodynamically modulated voltammetry
[6, 7] or difference voltammetry [5]. However, this
approach is not useful for improving S/(S+ B) in
industrial applications of O-transfer reactions.

It is the premise of research reported here that the
goal of high current efficiency in anodic O-transfer
reactions can be achieved for composite electrode
materials when catalyst particles are uniformly dis-
tributed as microelectrode arrays within the inert sur-
faces.. It is well established that S/B can be
significantly larger at microelectrodes and micro-
clectrode arrays, as compared to conventional
macro-sized electrodes [12, 13]. This has been demon-
strated for microelectrode arrays fabricated from
graphite and Kel-F (poly(chlorotrifluoroethylene)),
commonly called ‘Kelgraf electrodes’, and applied

for  voltammetric and  chronoamperometric
measurements in stationary solutions [14-17],
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and amperometric detection in flow-through cells
[14, 18—-23]. Recently, large increases (>10 times) in
current density were reported for Kelgraf and Au/
Kelgraf rotated disc electrodes (r.d.e.’s) in compari-
son to solid GC and Au r.d.e.’s [24].

Here, we report that values of S/ B for oxidation of
I” to IO3 simultaneously with oxygen evolution at
Kelgraf electrodes are increased as the fractional
active arca is decreased. These results support the
premise that current efficiencies for electrolytic pro-
cesses can be larger at microelectrode arrays as com-
pared to pure electrodes under conditions of large
applied potentials that result in anodic or cathodic
discharge of solvent.

2. Experimental details
2.1. Equipment

The electrochemical instrumentation has already been
described [24]. Scanning electron micrographs were
obtained by measuring the backscattered electron
signal with a JSM 840A scanning microscope
(JEOL) after evaporation of carbon films (Edwards)
on the Kelgraf electrodes. Kelgraf disc electrodes
with a geometric area of 1.33cm? were fabricated
according to a published procedure [16, 24], with the
exception that the composite mixtures were com-
pressed at about 20 0001bin~? (~140 MPa). All elec-
trodes had a negligible resistance (<10§2) except for
the 2% Kelgraf electrode (150€2). The GC r.d.e.
(0.196 cm®) was from Pine Instrument Co. All poten-
tial values are reported with reference to the saturated
calomel electrode (SCE).

2.2. Reagents

Potassium iodide was reagent grade (Fisher Scien-
tific). Deionized water was prepared by passage
through two D-45 deionizing tanks (Culligan),
followed by purification in a Milli-Q system
(Millipore).

2.3. Procedures

Electrodes were polished successively with 1 pum,
0.3pum, and 0.05pum alumina in H,O on Nylon
(Buehler Ltd). Current—potential (i—E) curves were
recorded after cycling the electrode potential between
—0.3 and 1.75V for about 10 min in 0.1 M H,SO,.

Residual i—E curves were recorded immediately
prior to the addition of KI. Tafel data, i.e. plots of
In{i} against (E — E¥), were analysed according to
Equation 4 for anodic evolution of oxygen during
the negative potential scan over the range 1.75 to
1.65V.

anF(E — EY)

— (4)
RT

In Equation 4, « is the transfer coefficient, E¥ is the

thermodynamic potential for the oxidation of H,O

lni:lnio—

to O, at pH 1.0 (0.93V vs SCE), and the remaining
terms have their usual electrochemical significance.
Values of electrode current at the r.d.e.’s were com-
pared to the transport-limited value (i) predicted by
the Levich equation (Equation 5) at uniformly active
r.d.e.’s [25].
0.554

- nFA. D3, ~16,12 b
0.8934 + 0.316(D/V)0.36 geo w

(5)
In Equation 5, A4, is the geometric area of the disc
electrode (cm?), D is the diffusion coefficient
(2.045 x 10~ cm?s™! for I7) [26], v is the kinematic
viscosity (~ 0.01cm?s™!), w is the rotation velocity
(rads™'), and C® is the bulk concentration of electro-
active species (molcm™).

Difference voltammetric curves were calculated by
subtraction of voltammetric data (i—E) obtained for
changes in C®ata single value of w!/ 2, designated as
Ai{ACP}-E curves; and for changes in w'/? at a
single value of CP, designated as Ai{Aw/?}-E
curves. Combinations of values for C® and w'/?
were: C° =0.50 and 1.00mm (AC® = 0.50mm) for
w'? =64757Y% and w/?=6.47 and 1295572
(Awl/2 = 6.47 s_l/z) for C° =0.50mm. These pairs
were chosen so that values of A{AC"} and
Ai{Aw'/?} measured for transport-limited processes
at uniformly-active electrodes (solid GC) will equal
im values calculated by Equation 5 for C® =0.5mm
at w'/?=647s"12. For electrodes with non-
uniformly accessible surfaces (Kelgraf), Ai{Aw'/?}
and A{AC"} are expected not to be equal and,
furthermore, these experimental values cannot be
predicted on the basis of Equation 5. In the case
where Kelgraf electrodes might approximate ideal
microarray electrodes, the electrode current is
predicted to be independent of rotational velocity,
ie. Ai{AW'?} = 0.

Him

3. Results and discussion
3.1. Voltammetric response at the GC electrode

The voltammetric response of I~ at the solid GC r.d.e.
was considered to be representative of that for a solid
graphite electrode. This conclusion is supported by
the observations of identical E; /, values for oxidation
of I to I, and nearly identical E,, values for oxi-
dation of I” to 105 at the GC and 25% Kelgraf clec-
trodes. Furthermore, values of the oxygen-evolution
overpotential were virtually identical when measured
at the same current density for the various electrodes.

The residual i—F response for the GC r.d.e.in 0.1 M
H,S0, is shown in Fig. 1 (curve a). Rigorous evolu-
tion of oxygen occurs at E >~ 1.5V, corresponding
to the sharp increase in background current. The
value of 1.75V was chosen for the positive scan limit
in voltammetric experiments and for measurements of
the oxygen-evolution background current. The
voltammetric response in the presence of 0.50mm I
is also shown in Fig. 1 (curve b). Three anodic waves
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Fig. 1. Voltammetric response (i—E) for I” at a solid GC r.d.e. in
0.1M H,80, at a scan rate of 100mV s~!. Rotational velocity: (a)
167.6 and (b) 41.95™ 1. Conc. I": (a) 0 and (b) 0.50 mm.

are evident. The first wave (Ej;, = 0.46V) corre-
sponds to oxidation of I" to I, which occurs at a
transport-limited rate in the region about 0.55-
0.85V. The second wave, observed during the
positive scan in the region 0.95-1.25V, is tentatively
concluded to correspond to the oxidation of I” to
10~ by a two-electron process [5]. Of primary interest
in this study is the third wave (£}, = 1.36 V) which is
concluded to correspond to the oxidation of I” to 105
(EY = 0.785V) [27]. In this same potential region, the
evolution of oxygen contributes significantly to the
total current, leading to poor voltammetric resol-
ution of the two faradaic processes and the absence
of a significant current plateau representing the
transport-limited oxidation of I” to I0j3. Further-
more, the presence of I causes a small positive shift
of the oxygen-evolution overpotential. Therefore, it
is not possible to calculate the net i—E response for
I0; production by subtraction of the residual
response measured in the absence of 1™ from the total
response in the presence of 17, In this study, the net
response for 103 production was calculated by sub-
traction of voltammetric data obtained for differing
values of rotational velocity and I concentration.

A plot of Ai{ Aw'/?} against E is shown in Fig. 2 for
Aw'? =6.47571% and C° =0.50mm. As discussed
previously for Fig. 1 (curve b), three anodic waves
are observed for the positive scan. The plateau value
of Ai{Aw'/?} for I, production (0.053mA at about
0.75V) is 90% of the value 0.059 mA calculated by
Equation 5 (n= leqmol™"). The small difference
between the observed and theoretical values is attrib-
uted to the cumulative effect of errors in the values for
Cb, A, D and v used in Equation 5. Whereas
Ai{Aw'?} is expected to represent only the trans-
port-dependent components of the total electrode
current, a limiting current plateau is not observed in
Fig. 2 for 103 production (E;; = 1.45V). The maxi-
mum value of Ai{Aw 21 for 10; production
(0.31mA at 1.65V) is 86% of the theoretical value
(0.35mA for n=6eqmol™"). This agreement
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Fig. 2. Difference voltammetric response (Ai{ Aw'/?}—E) calculated
from i—E curves obtained for 0.5mm I at a solid GCr.d.e. in 0.1 M
H,S0Q, for rotational velocities of 167.6 and 41.9s7!, ie.
Aw'? = 6.47 s_l/z, and a scan rate of 100mVs™'.

H

between observation and prediction is virtually identi-
cal to that for I, production and we conclude that
Ai{Aw'?} for 105 production at 1.65V is virtually
the transport-limited value. The maximum value of
Ai{Aw"/?} in Fig. 2 for the presumed production of
I0™ (0.081 mA at 1.1V) is only 69% of the predicted
value (0.118 mA for n = 2eqmol ). We interpret this
result to indicate that oxidation of I™ to I0™ is
characterized by slow heterogeneous kinetics and,
therefore, Ai{Awl/ 2} cannot be predicted accurately
on the basis of Equation 5 for transport-limited
processes.

A plot of Ai{ACb} against E is shown in Fig. 3 for
AC® =0.50mm and w'/? = 6475712, As stipulated
in the experimental section, pairs of values of '/
and C° were chosen so that A/{AC’}-E and
Ai{Aw'?}-E curves will be equivalent for voltam-
metric processes under mass-transport control. The
limiting values of Ai{ACb} in Fig. 3 for production
of iodine (0.055mA at ~0.75V) and 105 (0.306 mA
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Fig. 3. Difference voltammetric response (Ai{ACP}-E) calcu-
lated from i—E curves obtained for 1.0 and 0.5mm I, ie.
AC® = 0.50mm, at a solid GC r.d.e. in 0.1M H,S0, using a rota-
tional velocity of 41.9rads™", and a scan rate of 100mVs™'.
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at ~1.6'V) are virtually identical to the corresponding
values in Fig. 2. However, the wave for 105 produc-
tion in Fig. 3 appears better resolved from the back-
ground current than in Fig. 2 and a clear plateau
response is observed in the region about 1.5-1.75V.
Values of Ai{AC?} for IO~ production in Fig. 3 are
significantly larger than in Fig. 2. Furthermore, for
the positive scan in the region about 1.1-1.3V, the
response for IO~ production is consistent with a
transport-limited oxidation of 1™ (n=2eq mol’l).
The smaller response to change of w'/? (Fig. 2), as
compared to change of cP (Fig. 3), is consistent with
the designation of slow heterogeneous kinetics for this
anodic mechanism. It is significant that a peak is
observed during the positive scan at about 1.0V in
Fig. 3 but not in Fig. 2. We speculate this peak corre-
sponds to oxidation of adsorbed iodine because the

signal responds to changes in C* but not w'/?.

3.2. Scanning electron microscopy

Micrographs of 3% and 25% Kelgraf electrodes are
shown in Figs 4 and 5, respectively. The black regions
are graphite and the grey regions are Kel-F, as verified
by energy dispersive X-ray analysis [24]. It is apparent
that these Kelgraf electrodes are composed of graphi-
tic microelectrodes of widely varying size and geo-
metry surrounded by large insulating regions of
Kel-F. Evidently, during fabrication, the graphite
particles fill the interstices between the larger Kel-F
particles. Hence, the dimensions of the active graphi-
tic regions are dependent on both the amount of
graphite used and the size and shape of the Kel-F par-
ticles. For example, the 3% Kelgraf electrode (Fig. 4)
consists of thin (<10 ym wide) graphitic regions that
are interconnected to give an appearance similar to
a spider’s web. Conversely, the 25% Kelgraf elec-
trode (Fig. 5) has graphitic regions that are nearly as
wide as they are long and that are interconnected by
narrow graphitic regions similar to those seen in the
3% Kelgraf electrode.

Because of the extreme irregularity in size, shape,
and separation of the active graphitic regions in
Kelgraf electrodes, an exact analytical solution has
not been obtained for the expected current density
under various voltammetric conditions. However, it
is well established that larger current densities can
be achieved by increasing the perimeter-to-area ratio

Fig. 4. Micrograph of 3% Kelgraf electrode.

Fig. 5. Micrograph of 25% Kelgraf electrode.

of the active regions. This is a beneficial consequence
of higher rates of mass transport to the edges of the
inlaid microelectrodes, i.e. the so-called ‘edge effect’
[12, 13]. Thus, for a constant fractional active area,
the current density increases as the active sites are
made smaller and more numerous [17, 23]. There-
fore, on the basis of Figs 4 and 5, S/B for the 3%
Kelgraf electrode is expected to be larger than that
for the 25% Kelgraf electrode.

The fractions of geometric areas corresponding to
graphite were estimated from SEM data for the
Kelgraf electrodes. The values are listed here together
with the nominal fractional area (in parenthesis) esti-
mated from the composition: 1.5% (2%), 2.5% (3%),
9.0% (10%), and 18.3% (25%). These values repre-
sent averages of SEM measurements for six different
regions of one electrode for each composition, with
the exception that the value for 10% Kelgraf is based
on four measurements. The fractional graphitic areas
estimated from SEM data consistently are lower than
the nominal values estimated from the composition.
This probably results from mechanical loss of some
graphite particles during polishing. Micrographs for
25% Kelgraf electrodes taken at high magnification
revealed extensive pitting within the interior of the
graphitic regions where the absence of Kel-F binder
results in mechanical instability. Pitting was not as
apparent at lower fractional graphite content.

3.3. Voltammetric response at Kelgraf electrodes

Voltammetric response obtained for the Kelgraf
r.d.e’s is adequately represented by the i—E curves
shown in Fig. 6 for the 3% Kelgraf r.d.e. in the
absence (curve a) and presence (curve b) of I". The
general features of these data are similar to those for
the GC r.d.e. (Fig. 3). One exception is that the
wave for oxidation of I” to IO™ is significantly
smaller at the 3% Kelgraf r.d.e. Of primary interest
to this study is the definite absence of a plateau for
103 production at £ > 1.5V. This appears to be a
consequence of the positive shift of the E);, for this
anodic wave from the value 1.36 V for the pure GC
r.d.e. (Fig. 1) to about 1.47V for the 3% Kelgraf
r.d.e. (Fig. 6). A shift of E)/, is expected for quasi-
reversible reactions as the flux density of reactant is
increased. Nevertheless, as expected, values of S/B
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Fig. 6. Voltammetric response (i—EP ata 3% Kelgrafr.d.e. in0.1m
H,S0, at a scan rate of 100mV s~ . Rotational velocity: (a) 167.6
and (b) 41.9 s™!. Cone. I': (a) 0.0 and 0.50 mm.

are significantly larger at the 3% Kelgraf r.d.e. as
compared with the GC r.d.e. This is evident both for
iodine production (0.75V), where the background
signal results only from double-layer charging, as
well as for 105 production (1.75V), where oxygen
evolution dominates the background signal.

The Levich equation (Equation 5) is not valid for
Kelgraf r.d.e.’s since they do not fulfill the require-
ment of uniform accessibility, i.e. the current density
is not equal for all regions of the disc surface. Never-
theless, difference voltammetry has qualitative utility
for determination of the dependence of the current
response on changes in w'/? and C°, and for extrac-
tion of the net transport-dependent i—E response
from the total electrode current in regions of the
applied potential corresponding to solvent break-
down. Shown in Fig. 7 are values of Ai{Aw!/?}
(curve a) and Ai{ACb} (curve b) plotted against E
for the 3% Kelgraf r.d.e. The limiting value of
Ai{AC®} shown for oxidation of I” to I, is equal to
the plateau current measured for 0.5 mwm I, This indi-
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Fig. 7. Difference voltammetric response for I~ at a 3% Kelgraf
rde. Curves: () Ai{Aw/?}~E, conditions as in Fig. 2; (b)
Ai{ACb}—E, conditions as in Fig. 3.

cates that i is a linear function of C®. In contrast,
Ai{ Aw'/?} is significantly smaller than Ai{AC} for
all three anodic processes. This observation is con-
sistent with previous results [24] demonstrating that
the w!/ 2-dependent response at Kelgraf electrodes
decreases as the fractional active area is decreased.
Furthermore, it is expected that Ai{Aw'/?}
approaches zero as the surfaces of composite elec-
trodes approach that of ideal microarray electrodes,
i.e. as the fractional active area is decreased.

As observed above, a detrimental characteristic of
the voltammetric response at Kelgraf r.d.e.’s is the
positive shift observed for Ej; as the fractional
active area is decreased. For oxidation of I to 103,
Ey, measured from A{ACPY-E data for
w’? = 647572 increased from 1.34V at 40%
Kelgraf to 1.44V at 3% Kelgraf in a nearly linear
correspondence with decreasing fractional active
area. The shift in £/, was less severe when measured
from Ai{ Aw"/?}~E data for 0.50mm I™, i.e. 1.49V at
40% Kelgraf and 1.54V at 3% Kelgraf. In general,
the shift in E;;, for microarray clectrodes is caused
by an exaggeration of the effect of slow hetero-
geneous kinetics as a consequence of the enhanced
flux density at the active areas.

3.4. Anodic evolution of oxygen

Plots of In {i} against E—E” (Equation 4) correspond-
ing to the oxygen-evolution region were used to
obtain the product an for this reaction at each elec-
trode. From the plots for eleven Kelgraf electrodes,
the average on is 0.43eqmol™" (std. dev. = 0.05)
which is in good agreement with the value an =
0.39 eqmol™' measured for the pure GC electrode.
This agreement is interpreted to indicate that the
oxygen-evolution mechanisms at GC and the graph-
itic regions of Kelgraf electrodes are virtually the
same.

The current densities (i/4,,) measured for oxygen
evolution at 1.75V were slightly larger at Kelgraf
than at GC. An average value of 1.83mA cm 2 was
measured for the Kelgraf electrodes containing
<10% graphite, whereas a value of 1.43mA cm
was measured at the GC electrode. The larger values
at Kelgraf were probably due to the greater surface
roughness and porosity that are characteristic of the
composite electrodes. The current density for oxygen
evolution increased dramatically for Kelgraf elec-
trodes with >10% graphite content, which is consis-
tent with the dramatic increase in surface roughness
caused by the pitting evident in the SEM data for
these electrodes.

3.5. Enhancement of signal-to-background current
density

The relative current density (J), as defined by
Equation 6 where A, is the net active electrode
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area, has been used to evaluate Kel-F composite
electrodes [24].

(i/Aact)array P
(i/ Aact)solia  1—0 ©

In Equation 6, p= (i/Ageo)array/(i/Ageo)solid where
Ageo is the geometric electrode area and @ is the
inactive fraction of the electrode area. Thus,
Aaet = (1 — 0)Ageo. Values of p and 1—-6 vary
between 0 and 1, but p is always > 1 — 4, which
results in a significant enhancement in the current
density at Kelgraf composite electrodes. However,
the value of J is equal to the enhancement in S/B
only when the background current is directly pro-
portional to the active electrode area. Here, S/B
values were measured as a function of fractional
active area and are compared to the J values for the
same electrodes.

Values of difference signal (S = Ai{AC"} and
Ai{Aw'?}), measured at 1.75V, were normalized
with respect to the background current (B = iyq),
also measured at 1.75V, to give the observed S/B
values for each electrode. These values are listed in
Table 1 along with the respective values of J. Also
given are S/ B values normalized by S/B for the solid
GC r.d.e. It is to be expected in Table 1 that a large
disparity will exist between values of J and S/B calcu-
lated from A{ACP} and from Ai{Aw'/?} data. This
disparity results because Ai{Aw/?} — 0 for elec-
trode surfaces approaching the ideal for microarray
electrodes. Nevertheless, results based on both sets
of data are included for the purpose of comparison.

Values of J and normalized values of S/B are
expected to be equal only for the experimental situ-
ation where the background current is directly pro-
portional to the projected materials as compared to
the solid electrode. As is apparent in Table 1 for the
Kelgraf electrodes, the normalized values of S/B are
generally much smaller than values of J. This is espe-
cially severe for Kelgraf electrodes with greater than
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Fig. 8. Difference current (@, Ai{AC}; O, Ai{ Aw'/?}) for the oxi-
dation of I” to 107 normalized with respect to the background
(%pia) from oxygen evolution at 1.75V as a function of fractional
active area. Values of A{AC} and Ai{Aw'/?} for the solid GC
r.d.e. (A) are included for comparison.

roughness and porosity results in normalized S/B
values less than one. This indicates that current
efficiencies for oxidation of I”™ to IO; at these compo-
site electrodes are smaller than for the GC electrode.

Values of S/B are plotted in Fig. § as a function of
the fractional active area of the Kelgraf composites.
The values for the GC r.d.e. (4,¢/Ageo = 1) are also
shown for comparison. At high fractional active areas
(> ~ 15%), the values calculated from Ai{Aw'/?} are
equal to those calculated from Ai{AC"}, indicating
the current is limited by convective-diffusional mass
transport. However, as expected for low fractional
active areas (<~ 20% Kelgraf), the values of S/B cal-
culated from Ai{Aw'/?} are substantially smaller
than those calculated from Ai{AC"}. In fact, when
the fractional active area is <~ 5%, S/B calculated
from Ai{ Aw'/?} no longer increases as the fractional

active area was decreased. This effect is caused by the
1/2

20% graphite, for which the high degree of surface

decreased dependence of current on w

as the

Table 1. Values of S|B corresponding to difference voltammetric signals for 103 production divided by the background current for oxygen evolu-

tion and comparison to the relative current density (J) at various Kelgraf electrodes and glassy carbon*

Electrode S/B = A{ACYipa J{AC?} S/B = Ai{ AW} igea J{ A}
Observed NormalizedJr Observed Observed NormalizeaﬂL Observed

Glassy carbon 1.09 1.00 1.00 1.10 1.00 1.00

40% Kelgraf 0.51 0.47 1.76 0.44 0.40 1.51

30% Kelgraf 0.54 0.50 2.71 0.47 043 2.38

25% Kelgraf 0.81 0.74 2.81 0.74 0.67 2.56

20% Kelgraf 1.26 1.16 3.68 1.17 1.06 3.37

15% Kelgraf 2.36 2,17 4.46 2.09 1.90 3.92

10% Kelgraf 3.03 2.78 5.25 2.44 2.22 4.20

7.5% Kelgraf 4.14 3.80 5.24 3.20 2.91 4.02

5% Kelgraf 5.61 5.15 7.56 4.24 3.85 5.67

4% Kelgraf 6.74 6.18 8.52 4.71 4.28 5.92

3% Kelgraf 8.02 7.36 8.49 5.26 4.78 5.53

2% Kelgraf 9.79 8.98 8.96 5.18 4,71 4.71

* Af{ ACP} obtained for w'/? = 6.47571/2 with AC® = 0.50 mm.

A Aw'/?} obtained for 0.5 mm with Aw'/? = 6.4757'/2,
These values are normalized with respect to Ai/iy4 for the solid GC r.d.e. to allow comparison to J values.
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microelectrodes become smaller and more widely
spaced.

4. Conclusions

Values of signal-to-background ratio (S/B) for
electrochemical processes at hydrodynamic elec-
trodes with nonuniformly active surfaces are more
accurately calculated from voltammetric data
obtained as a function of change in bulk concen-
tration of the electroactive species rather than
changes in rotational velocity. Accordingly, values
of S/B for oxidation of I” to I03 at 1.75V in 0.1Mm
H,SO, were determined to be as much as nine times
larger for a 2% Kelgraf r.d.e. as compared to a solid
GC r.d.e. This can be explained on the basis of (i)
the significant decrease in total background current
as a result of the decreased fraction of the Kelgraf
surface that corresponds to carbon, and (ii) the larger
flux density of 1™ at the existing carbon microelec-
trodes in the Kelgraf r.d.e., as compared to the GC
r.d.e., as a result of radial diffusion, i.e. the so-called
‘edge effect’. A consequence of this enhancement in
S/B is an increased current efficiency (S/(S+ B))
for 105 production from 52% at the solid GC r.d.e.
to 91% at the 2% Kelgraf r.d.e. in spite of the simul-
taneous anodic discharge of H,O with some evolution
of oxygen.

This enhancement in current efficiency was
obtained in spite of two detrimental voltammetric
characteristics observed for Kelgraf: (i) the E; /, value
for 103 production was observed to be shifted to
more positive potentials as a result of a greater effect
of slow heterogeneous kinctics as a consequence of
the higher flux density of I™; and (ii) the background
current for anodic evolution of oxygen was larger
than expected because the roughness of the Kelgraf
surfaces was greater than that of the solid GC sur-
face. Fabrication of microelectrode arrays with
surface roughness equal to that of their solid counter-
parts could lead to an even greater enhancement in
current efficiency for anodic reactions which occur
concurrently with oxygen evolution. However, for
reactions having especially slow heterogeneous
kinetics, the positive shift in E;, values might
decrease or even eliminate the observed improve-
ments in .S/B and S/(S+ B).

Iodate is a strong oxidizing agent in acidic media
(E® = 1.085V vs SHE) and the electrochemical pro-
duction of I03 at high current efficiency might be
useful for indirect oxidation of some organic com-
pounds. However, the greater significance of this
work is the indication that microelectrode arrays can

have more general utility than solid electrodes for
electrosynthesis when large potentials are applied
that can result in solvent breakdown.
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