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The synthesis of  P t -Ti407  microelectrode arrays is achieved from mixtures of  TiO2 and Ti203 
powders  plus Pt particles by a thermal procedure commonly used in solid-state chemistry. Data  
obtained for the P t -Ti407  materials by X-ray diffractometry and scanning electron microscopy are 
consistent with the existence of  heterogeneous mixtures of  Pt particles imbedded within the conductive 
Ti40 7 matrices. Rota ted  disc electrodes (RDEs) constructed from pure Pt and from the P t -T i407  
materials are compared on the basis of  their voltammetric and amperometric response for I -  and 
H202 in 0.10M H2804. The observed enhancement of  current densities for the P t -Ti407  RDEs  is 
rationalized on the basis of  the behaviour expected for microelectrode arrays. 

1. Introduction 

The search for inexpensive yet efficient electrode 
materials represents a major challenge to the advance- 
ment of electrolytic processes on the industrial scale. 
Platinum is a desirable electrode material for 
numerous potentially important industrial processes; 
however, the cost of this metal can be prohibitive in 
many applications. Because a suitable replacement 
for platinum has not been found, an attractive alter- 
native to the use of solid platinum electrodes is the 
use of platinum microelectrode arrays at which 
current densities for desired processes, calculated rela- 
tive to the active area, can be significantly higher than 
for the pure metal electrodes. 

Conventionally, microelectrode arrays have con- 
sisted of ordered or random arrangements of con- 
ducting regions, typically microscale in dimension, 
separated from one another by a nonconductive 
binder (e.g., Kel-F) to hold the microelectrode par- 
ticles into physically stable arrangements [1-3]. 
However, to achieve the optimal fractional active 
area of about, or less than 1.7%, as suggested by 
Weber for microelectrode arrays [4], it has been 
necessary to incorporate graphite particles within 
the plastic matrices to achieve electrical connec- 
tivity between the microelectrodes. In a recent 
study of these so-called 'Kelgraf electrodes' 
containing small Au particles [3], current densities 
were more than 10 times larger in comparison to 
those for the same reaction at pure Au electrodes 
of large geometry. However, two major disadvan- 
tages were recognized when using graphitic 
powder in the fabrication of these composite 
electrodes [3]. First, loss of graphite occurred at 
the surface when the composite materials were 
subjected to mechanical polishing. Hence, it 
is apparent that some metal particles can be lost 
and there can be a sacrifice in electrical connectivity 
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between the remaining metal particles. Second, 
graphite is a reactive electrode material for many 
faradaic reactions and, therefore, its use can be 
undesirable in the fabrication of metal micro- 
electrode arrays, especially when the products 
differ for reactions at the graphitic and metallic 
surfaces. 

Significant advantages can result from fabrication 
of microelectrode arrays using matrices (binders) 
that are both electrically conductive and electro- 
chemically inert. An excellent example of such a 
material is Ti407 which has previously been used for 
making Ru microelectrode arrays [5]. The Ti407 is 
one of the Magneli phases (TinOzn_~) which is a 
good conductor (~103 fU 1 cm -1) and is very stable 
in a variety of corrosive media [6, 7]. Furthermore, 
the desired electrochemical inertness of Ti407 is 
indicated by large values of overpotential for anodic 
and cathodic evolution of oxygen and hydrogen, 
respectively, in aqueous media [6, 7]. Possible appli- 
cations of Ti407 in electrolytic processes have been 
described in reviews [6, 7] and patents [8, 9]. 

In previous work, a significant enhancement in 
current density was observed for Ru-Ti407 RDEs 
in comparison to solid Ru RDE [5]. More specifically, 
relative current densities of 23 and 20 were obtained 
for the oxidation of I-  to I2 and to IOn, respectively, 
corresponding to a rotational velocity of 10.5 rad s -a 
and a fractional active surface area of 1%. Here we 
report on efforts to generate arrays of platinum micro- 
electrodes within conductive Ti407 matrices. X-ray 
diffraction and scanning electron micrographic data 
are presented along with voltammetric and ampero- 
metric results for the oxidations of I- to 12 and 
H2O 2 to 0 2 in 0.10M H2SO 4. 

The amperometric response of microelectrode 
arrays can be characterized by the relative current 
density, J, defined as the true current density at the 
collective microelectrodes of the array normalized 
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with respect to the current density at a solid electrode 
of large geometry [3]: 

J - -  (i/Aact)array (1) 

(i/~dgeom) solid 

The amperometric response at microelectrode arrays 
also has been characterized by a so-called 'attenuation 
factor', p, defined as the apparent current density at 
the array normalized with respect to the current 
density for a solid electrode of large geometry: 

(i/Ageom)array 
p -  (i/Ageom)soli d (2) 

Hence, from Equations 1 and 2, values of J and p are 
related according to 

P Aact 
= Ag eom = 1 - 0 (3) 

where 0 is a so-called 'blocking factor' [10-12] by 
analogy with partially fouled electrodes. 

The effect of changes in rotational velocity, co, for 
disc electrodes consisting of microelectrode arrays 
can be predicted easily for two limiting conditions. 
For low density arrays (0 --+ 1) with active sites that 
behave as isolated and ideal microelectrodes, current 
is expected to be independent of co. However, 
because the transport-limited current at a solid RDE 
is proportional to co 1/2 [13], J and p are expected to 
be proportional to co -1/2 for ideal microelectrode 
arrays. For high density arrays (0 -4 0), the diffusion 
zones of adjacant active sites overlap extensively 
and, in the limit of total overlap of diffusion zones, 
the corresponding array electrodes have a virtually 
uniform diffusion-layer thickness across the face of 
the electrode and the current is proportional to a; 1/2. 
Hence, for these high density array electrodes, J and 
p are expected to be independent of co. These conclu- 
sions are consistent with predictions based on 
models which neglect the effect of radial mass trans- 
port [11, 12, 14]. For arrays of intermediate density 
(0 << 0 << 1), J and p are expected to be complex func- 
tions of aY 2. 

2. Experimental details 

2.1. Reagents 

All chemicals were reagent grade (Fisher) and water 
was purified in a Milli-Q system (Millipore) after 
passage through two D-45 deionizing tanks 
(Culligan). The solutions of 0.10M H2SO 4 were 
prepared by dilution of the concentrated reagent 
grade chemical (Mallinckrodt) in deionized water. 

2.2. Electrode fabrication 

The Pt-Ti407 composite materials were prepared by 
mixing the appropriate quantities of TiO2 (Fisher), 
Ti203 (Johnson-Matthey) and Pt (Aldrich, 0.8- 
2.2 #m diam.). Each mixture was ground in an agate 
mortar until a uniform colour was obtained. Several 

drops of polyvinyl acetate (1% by volume) in 
ethanol were added to the mixture to produce a 
paste which was pressed into a cylindrical pellet 
(gmm diam., 12mm length) in a laboratory press 
(Carve) at a pressure of 3toncm -2. Pelletization 
improved contact between particles and, thereby, 
increased diffusion rates during thermal processing. 

The pellets were dried at 150 °C for 1 day and then 
placed in a tungsten Knudsen cell in an induction 
furnace. The temperature of the tungsten crucible 
was monitored using an optical pyrometer. The resi- 
dual pressure in the furnace was lowered to below 
10 .5 torr using an oil diffusion pump backed by a 
mechanical pump. The temperature was then slowly 
increased to 800 °C and held constant for about 1 h 
to evaporate all traces of organic material. The 
temperature was then slowly increased to 1300°C, 
under a vacuum of about 10 .6 torr, and held constant 
for 5h. Heating was terminated and the sample 
quenched by radiative heat loss in vacuum, allowing 
the sample to reach room temperature in about 2.5 h. 

Disc electrodes were assembled by mounting ther- 
mally processed pellets into a metal socket at the 
end of a stainless steel shaft which could be inserted 
into the rotator assembly. Cylindrical surfaces of 
these pellets were coated with wax to prevent their 
contact with the aqueous test solutions and, further- 
more, only the end (disc) surfaces were allowed to 
contact the test solutions. 

Active surface areas (Aact) for Pt-Ti407 electrodes 
were calculated from the geometric areas (Ageom) 
and the volume fractions of Pt according to 

/ac t  = [VP/(VT + Vp)]Ageom 

= (dT/de)(Me/MT)(Np/UT)Ageo m (4) 

where V, d, M and N represent the volume, density, 
molecule weight and number of moles, respectively; 
and the subscripts P and T designate Pt and Ti407, 
respectively. 

2.3. Surface characterization 

X-ray diffraction (XRD) data were obtained with an 
XDS-2000 (Scintag) diffractometer using CuK~, 
radiation. The sample was rotated during data collec- 
tion to reduce effects of preferred orientation. 

Micrographs and elemental analyses were obtained 
using a S-2460N scanning electron microscope (SEM, 
Hitachi) equipped with a LINK ISIS energy disper- 
sive X-ray spectrometer (EDS, Oxford). 

2.4. Voltammetry 

Voltammetric data were obtained using a RDE4 
potentiostat and AFMSRX rotator (Pine Instrument) 
interfaced with a 486 computer by a DT2800-A inter- 
face (Data Translation) using ASYST-3.1 software 
(Keithley, ASYST). The electrochemical cell was 
constructed from Pyrex with porous glass discs separ- 
ating the working, reference and counter electrode 
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compartments. All potentials are reported in volts 
against a saturated calomel electrode (SCE, Fisher 
Scientific). The counter electrode was a coiled 
platinum wire (,-~7.6 cm2). 

The mass transport-limited current at a uniformly- 
accessible RDE (i.e., Aact/Ageo m =- 1) is a linear func- 
tion of w V2, as indicated by the Levich equation [13]: 

i = 0.62nFAgeomD2/3u-1/6wU~cb (5) 

where Ageom is the geometric area (cme), u is the 
solution kinematic viscosity (cm 2 s-~); and n, F and 
C ~ have their usual electrochemical significance. For 
microelectrode arrays of low density (Aact/Ageo m --~ 
0), that is, no overlap of adjacent diffusion zones, i 
is expected to be independent of a; V~. 

3. Resu l t s  and d iscuss ion  

3.1. X R D  and  S E M  data 

Figure l(a) contains the XRD pattern for pure Pt 
metal [15]. Figure l(b) contains the XRD pattern of 
Ti407 prepared by the method described but in the 
absence of ft.  This diffraction pattern is in good 
agreement with that reported for a single Ti407 
crystal by Le Page and Marezie [16]. Figure l(c)-(f) 
contains XRD patterns for Ti407 samples containing 
various amounts of Pt increasing from 0.1 to 5 %. These 
patterns correspond exactly to combinations of the 
patterns in Figure l(a) and (b) which indicates that 
these Pt-Ti407 samples correspond to heterogeneous 
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Fig. 1. X-ray powder  diffraction patterns.  Materials: (a) Pt, (b) Ti407, (c) 0.1% Pt Ti407, (d) 0.5% Pt-Ti4OT, (e) 1% Pt-Ti4OT, (f)  5% P t -  
Ti4 07. 
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Fig. 2. Scanning electron micrographs ofPt-Ti407 electrode surfaces. (a) 0.1% Pt Ti407, (b) 0.5% Pt-Ti407, (c) 1% Pt-Ti407, (d) 5% Pt- 
Ti407. 

mixtures of pure Pt and Ti407. There is no evidence 
for the existence of a new intermetallic oxide. Hence, 
on this basis, it is expected that the Pt is distributed 
throughout the Ti407 matrices in the form of small 
metallic particles (i.e., microelectrodes). The average 
grain size in the samples was estimated on the basis 
of the Fresnel construction [17] to be on the order of 
0.9 #m. Because the Fresnel calculation is weighted 
in favour of smaller particles, this result is considered 
to be consistent with the estimated size of the Pt parti- 
cles (0.8 to 2.2 #m) used in the fabrication of these Pt-  
Ti407 materials. 

Planar surfaces of Pt-Ti407 electrodes were 
examined using SEM and typical micrographs are 
shown in Fig. 2(a)-(d) as a function of increasing 
Pt content. During these experiments, the back 
scattering emission was detected to aid in the discrimi- 
nation of the Pt particles from the Ti407 matrices and 
it is evident that the number of bright spots increases 
with increasing Pt content. The EDS spectra are 
shown in Fig. 3 for 0.1% Pt-Ti407 corresponding 
to (a) a dark region and (b) one of the bright spots 
in Fig. 2(a). It is apparent from these results that 
the bright spots in Fig. 2(a)-(d) correspond to Pt 
particles and there is no Pt in the Ti407 corresponding 
to the dark regions of these SEMs. The values of 
Aact/Ageo m for the 1% Pt-Ti407 electrode was esti- 
mated from the SEM map to be within about 10% 
of the value calculated by Equation 4. 

Platinum particles were determined to be quite 
stable in the Yi407 matrix and were not lost in signifi- 

cant amounts even when surfaces were subjected to 
mechanical polishing. Surfaces of the 0.1% Pt-  
Ti407 and 1% Pt-Ti407 electrodes were polished 
for several minutes using silicon carbide discs 
(LECO) with grit size increasing in the sequence 
600-c, 800-c and 1200-c, using gentle pressure and 
water as lubricant. The micrographs for these elec- 
trodes were very similar to those shown in Fig. 2(a) 
and (c) for the unpolished surfaces. Furthermore, 
the percentage active areas of the polished 0.1% and 
1% Pt-Ti407 surfaces were estimated from their 
respective SEM maps to be 0.12% and 0.99%, respec- 
tively. These values are very close to the expected 
values and are an indication of the stability of the Pt 
particles in the Pt-Ti407 surfaces even under the 
torturous treatment corresponding to mechanical 
polishing. 

The average diameter for the Pt particles was esti- 
mated to be about 0.1 to 1 #m from SEM-EDS data, 
which is on the same order as the estimates from 
SEM data. It is apparent that the Pt particles are 
randomly rather than uniformly distributed within the 
Ti407 matrix. Hence, it also is evident that significant 
overlap can exist between the diffusion zones of some 
closely adjacent platinum microelectrodes, especially 
when the percentage of Pt is greater than 0.5%. The 
average distance between neighbouring Pt particles in 
the 0.1% Pt-Ti407 is about 8#m and this material is 
expected to approach the behaviour of an ideal micro- 
electrode array. The existence of porosity is evident in 
the SEM data for all Pt-Ti407 samples. 
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Fig. 3. EDS spectra for (a) a dark region and (b) one of the bright spots in the micrograph shown in Fig. 2(a). 

3.2. Background response 

Figure 4 shows the background current-potential  
(i/E) curves in deaerated 0.1 M H2SO 4 for a Ti407 
RDE (Ageom = 0.74cm 2) obtained in the potential 
region -0.35 to 2.8V (curve (a)) and for the 1% P t -  
Ti407 RDE (Ageo m = 0 . 7 4 c m  2) obtained in the 
region -0.35 to 1.6V (curve (b)). The residual 
response for the Pt-Ti407 RDE is significantly 
different from that for the Ti407 RDE. Most 
obvious is the large difference in potentials for onset 
of rapid anodic breakdown of solvent with production 
of oxygen, i.e., ~ l . 2 V  for the 1% Pt-Ti407 RDE 
compared with ~2 .5V for the Ti407 RDE. Double- 
layer charging is concluded to be responsible for the 
current observed at the Ti407 RDE throughout the 
region about -0 .35 to 2.4V and for the anodic 
current at the Pt-Ti407 RDE observed during the 
positive scan in the region about -0 .3  to 0.4V. 
Furthermore, for the Pt-Ti407 RDE, formation of 
surface oxide occurs at the Pt microelectrodes 
during the positive scan for E > ~0.4V and this 
oxide is reduced during the negative scan to produce 
the cathodic peak in the region about 0.4 to -0 .3  V 
with a peak potential at ~0.2V. Any oxygen gener- 
ated anodically at Pt microelectrodes within surface 
pores at E >  ~ l . 2 V  also can contribute to the 
cathodic current observed for E < ~0.4V. These 
conclusions are consistent with the following observa- 
tions: (i) the cathodic signal at 0.2 V did not vary with 
changes of rotational velocity in this deaerated solu- 
tion; (ii) the cathodic signal at 0.2 V decreased when 

the scan limit of the preceding positive scan was 
decreased; and (iii) the cathodic signal at 0.2V was 
proportional to the potential scan rate. Cathodic 
evolution of hydrogen occurs at the Pt micro- 
electrodes in the Pt-Ti407 RDE for E < -0 .3  V. 

3.3. Current responses for iodide 

Iodide was chosen as a model reactant for the voltam- 
metric characterization of these electrode materials 
because oxidation of I -  to I2 (1 equiv, mo1-1) occurs 
by a quasireversible process with El~ 2 = ~0.5V at 
Ru, Pt, Au, Ir and glassy carbon (GC) electrodes in 
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acidic media [18, 19]. Voltammetric data are shown in 
Fig. 5 obtained using the 3% Pt-Ti407 RDE as a 
function of I- concentration in 0.1M H2SO 4. A 
previous study demonstrated the total absence of 
reactivity of I- at Ti407 electrodes [5]. Therefore, 
the anodic wave obtained during the positive scan 
with EL/2 = ~0.45V is concluded to correspond to 
oxidation of I- to I2 at the Pt microelectrodes. The 
choice of 0.85¥ for the positive scan limit in this 
experiment precluded the possibility for oxidation of 
I- to IO 3. Cathodic peaks at ~0.35V obtained 
during the negative scan are similar to peaks obtained 
at solid platinum electrodes (data not shown) and 
attributed to the cathodic stripping of I2 adsorbed at 
the platinum surface. However, contribution to this 
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Fig. 7. Voltammetric response for H202 at Pt (lower curves) and 1% 
Pt-Ti407 (upper curves) rotated disc electrodes. Scan rate: 
30mVs  -1. Rotational velocity: 41.9rads  q .  Concentration of 
H;O2: (a,c) 0, (b, d) 3.0raM. 

cathodic peak for the Pt-Ti407 electrodes also is 
expected from cathodic reduction of I2 trapped 
within surface pores. 

3.4. Current responses for hydrogen peroxide 

Hydrogen peroxide also was chosen as a reactant 
because both anodic and cathodic reactions having 
well-defined current plateaus are available for this 
compound at Pt electrode [20]. The anodic reaction 
corresponds to production of oxygen (2 equiv, tool -1) 
and the cathodic reaction to production of water 
(2equiv. mol-1). Figure 6 contains voltammetric 
data obtained at the Ti407 RDE in 0.10M H2NO 4 
without (curve (a)) and with (curve (b)) the presence 
of 5.0raM H202 over the potential range -0.35 to 
1.5 V. It is readily apparent that H202 is not electroac- 
tive at the Ti407 electrode and, therefore, this material 
is an ideally inert matrix for microelectrode arrays to 
be applied to oxidation and/or reduction of H202. It 
was reported by Baez et al. [21] that H202 can be 
reduced at Ti407 electrodes in acidic media only in 
the region E < -0.8 V. 

Figure 7 (lower) contains voltammetric curves 
obtained at the Pt RDE and (upper) the 1% Pt-  
Ti407 RDE in the presence of 3 mM H202 ( ). 



Pt-Ti407 MICROELECTRODE ARRAYS 791 

1.5 

1.0 

0.5 

I I I I 

O4 
I 

0 0 . 0  

E 
4 

I I I 2,0 I I 

• (e) 

• V (d) 
V 

• V 
V 

V 
V 

v • • • (c). 
T v A. O • 
g e  
O O OO O O O O O (b) 

I I I I I 

5 10 15 20 25 

0 I I I I I 
0 5 10 15 20 25 

i 

(a) 

Rotation rate I/2 / rad 1/2 S-I/2 

Fig. 8. Plots of apparent current density against square root of 
rotational velocity for various rotated disc electrodes for oxidation 
of I- to I2 at 0.70 V. Concentration of I-: 0.5 mM. Electrodes: (a) Pt, 
(b) 0.1% Pt-Ti407, (c) 0.5% Pt Ti407, (d) 1% Pt-Ti4OT, (e) 5% 
Pt Ti407. 

The background curves also are shown for compar-  
ison ( -  - - ) .  The large background current  obtained 
at the P t -T i407  RDE,  corresponding primarily to 
double-layer charging, is concluded to be indicative 
of  a high porosi ty  for this electrode surface in com- 
parison to the pure Pt RDE.  The anodic waves 
corresponding to the positive scans in Fig. 7 
(upper and lower) are concluded to correspond to 
the oxidation of  H202 to 02 at El~2 = N0.60V for 
the Pt electrode (lower) and El~ 2 = ~0 .80V for the 
1% Pt -Ti407  electrode (upper). During the negative 
scan, the cathodic waves concluded to correspond to 
the reduction of H202 to H 2 0  are observed at 
Ed2 = ~0 .40V for Pt (lower) and El~2 = ~0 .35V 
for 1% Pt -Ti407  (upper). These waves have well- 
defined current  plateaus at the Pt RDE.  The 
distorted appearance  of the waves at the 1% P t -  
Ti407 R D E  results, at least in part ,  f rom the contri- 
bution of the large background current  to the total  
vol tammetr ic  response and the contr ibution 
(peaked-shaped) f rom reaction of H202 contained 
within the surface pores. 
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3.5. Comparison of current densities 

Figure 8 contains plots of  current density (i/Ageom) 
against a//2 corresponding to the oxidation of I -  to 
I 2 at 0.70V for the Pt (a), 0.1% Pt- 'Ti407 (b), 0.5% 
Pt-Ti407 (c), 1% Pt-Ti407 (d) and 5% Pt-Ti407 
(e) RDEs.  Curve (a) for the solid Pt electrode 
is linear (r > 0.999) with a near zero intercept which 
is indicative of a transport-limited reaction at 
a uniformly-accessible R D E  (i.e. Aact/Ageo m = 1). 
Values of i/Ageom observed for the 0.1% Pt-Ti407 
R D E  (b) are smaller than for the other Pt -Ti407 elec- 
trodes and also exhibit less dependence on rotational 
velocity. Zero dependence on rotational velocity is 
expected for ideal microelectrode arrays because of 
the absence of overlap between the diffusional zones 
for adjacent microelectrodes within the array. 
Hence, the 0.1% Pt-Ti407 electrode does not func- 
tion as an ideal microelectrode array, undoubtedly 
because the Pt particles are not distributed uniformly 
within the electrode surface. The current responses for 
the other Pt -Ti407 electrodes represented in Fig. 8 are 
more complex, indicating significant overlap of the 
diffusional zones for adjacent microelectrodes, espe- 
cially at low rotational velocities. 

Figure 9 contains plots of  relative current density (J) 
against log(Aact/Ageom) as a function of rotational velo- 
city for oxidation of I -  to 12 at the Pt-Ti407 RDEs 
represented in Fig. 8. As a guide to the interpretation 
of these data, it is noted that J = 1 at all values of rota- 
tional velocity for a transport-limited reaction occur- 
ring at a solid RDE (Aact/Ageo m = 1). It is apparent 
from Fig. 9 that the value of J increases for microelec- 
trode arrays as the density of  active sites is decreased 
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Fig. 10. Plots of apparent current density against square root of 
rotational velocity for various RDEs for oxidation of H202 to 02 
at 1.10V. Concentration of H202: 0.5mM. Electrodes: (a) Pt, (b) 
0.1% Pt-Ti407, (c) 0.5% Pt-Ti407, (d) 1% Pt-Ti407 and (e) 5% 
Pt-Ti407. 

and as rotational velocity is decreased. More specifi- 
cally, the relative current density for the 0.1% Pt-  
Y i 4 0  7 RDE is about 180 times larger than for the Pt 
RDE at a rotational velocity of 10.5 rad s -1 . 
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Figure 10 contains plots of i/Ageo m against ~11/2 for 
the oxidation of H202 at 1.10V for the solid Pt (a), 
0.1% Pt-Ti407 (b), 0.5% Pt-Ti407 (c), 1% Pt-  
Ti407 (d) and 5% Pt-Ti407 (e) RDEs. This plot 
for a mass-transport limited current at a uniformly 
accessible RDE (Aact/Ageorn = 1) is expected to be 
linear. Hence, the negative deviation in curve (a) is 
indicative of an electrode reaction under mixed 
control by the mass transport and electron-transfer 
processes. Figure 11 contains plots of J against 
log(Aact/Ageom) as a function of rotational velocity 
for the oxidation of H202 to 02 (1.10V) at the 
various Pt-Ti407 RDEs represented in Fig. 10. As 
expected, J values increase as rotational velocity 
decreases. However, contrary to the trend demon- 
strated in Fig. 10, J values are at a maximum for 
the 1% Pt-Ti407 RDE and show a significant 
decline for electrodes with lower Pt content. 

4. Conclusions 

Platinum microarray electrodes can be fabricated 
using Ti407 as a conductive and electrochemically 
inert binder. The procedure is based on a conventional 
thermal process applied to a 2:1 mixture of TiO2 and 
Ti203 powder with added Pt particles. Whereas this 
Pt-Ti407 product is porous, we suggest that these 
materials might be attractive for use in some large- 
scale electrolytic applications for which the cost of 
the precious metal must be minimized. 

Of great significance is the observation that all of 
the Pt-Ti407 electrodes tested exhibit significantly 
enhanced levels of current density. (i/Ageom) , in 
comparison to a solid Pt electrode, which is expected 
for microarray electrodes. Furthermore, the depen- 
dence of amperometric response at these electrodes 
on increasing rotational velocity is diminished as the 
percentage of Pt is decreased. These observations are 
consistent with expectations for microarray electrodes 
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Fig. 11. Relative current density (J) as a function of fractional active area (Aaet/Ageora) at Pt Ti407 RDEs for oxidation of H202 to 02 at 
1.10 V. Concentration of HzO2:0.5 raM. Rotational velocity: (a) 5.2, (b) 10.5, (c) 31.4, (d) 62.8, (e) 157 and (f) 418.9 rad s I. 
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[10, 12, 14, 22-25]. For the 1% Pt-Ti407 rotated 
disc electrode (RDE), the current enhancement 
factor (J), as defined by Equation 1, is 50 for oxida- 
tion of I to I2 and 47 for oxidation of 1-[202 to 02 
at a rotational velocity of 10.Srads -1. For the 0.1% 
Pt-Ti407 RDE, J increases to 180 for oxidation of 
I- but decreases to 30 for oxidation of H 2 0  2 at 
10.5 tad s -1 . An increase in J is expected for a decrease 
in Pt loading and we speculate that the decrease of 
J for H202 oxidation at the 0.1% Pt-Ti407 electrode 
is a consequence of slow heterogeneous kinetics 
which become significant in controlling the rate of 
the anodic process under conditions of high eonvec- 
tive-diffusional flux (mol cm -2 s 1). 

The estimated steady-state diffusion layer thickness 
(5) at an ideal microdisc electrode is 7rr/4, where r is 
the radius of the microdisc [26, 27]. Based on the 
average radius of ~0.5#m for Pt sites in the Pt-  
Ti407 RDEs prepared in this study, we estimate 
~5 = 0.2#m. This value of ~ is significantly smaller 
than the value of 8 #m estimated for the average inter- 
site distance in the 0.1% P t - T i 4 0  7 surfaces using 
SEM. Hence, from this comparison, it is logical to 
expect that adjacent diffusion zones will have 
minimal overlap for a microelectrode array of this 
composition if the Pt particles are uniformly distrib- 
uted throughout. 

Future research will seek to provide better control 
over porosity and distribution of Pt particles in the 
Pt-Ti407 materials prepared by this thermal tech- 
nique. It is expected that porosity can be minimized 
by the use of smaller particle sizes for the starting 
materials and the increase of the packing density of 
the compacted mixture. 
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