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Hydrogen oxidation reaction on microelectrodes: Analysis of the
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Abstract

Recent experimental studies of the hydrogen oxidation reaction (hor) on platinum microelectrodes have shown the existence of a shoulder
in the steady state polarization curves. An explanation for this behavior is presented on the basis of a rigorous kinetic treatment involving the
Tafel–Heyrovsky–Volmer (T–H–V) mechanism. It has been found that such behavior is due to the significant variation of the reaction rates of the
Tafel–Volmer (T–V) and Heyrovsky–Volmer (H–V) routes with overpotential (η). At low η values, the T–V route dominates the kinetics of the hor,
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eaching values close to the maximum rate corresponding to this route. At higher η values, the contribution of the H–V route increases while that of
he T–V route diminishes. On this basis, the experimental results were accurately correlated and the corresponding elementary kinetic parameters
ere evaluated. The contribution of the different types of microelectrodes to the improvement of the determination of the kinetic parameters for

he hor is also discussed.
2006 Elsevier B.V. All rights reserved.
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. Introduction

The reaction rate of the hydrogen oxidation reaction (hor) is
trongly influenced by the molecular hydrogen diffusion [1–5].

rigorous theoretical kinetic treatment of this reaction operat-
ng under the Tafel–Heyrovsky–Volmer (T–H–V) mechanism on
teady state conditions has been recently derived [6]. The kinetic
echanism was solved including the hydrogen mass transport

rocess in terms of the limiting diffusion current density (jL).
t was demonstrated that this mechanism can predict the exis-
ence of a plateau or a shoulder in the dependence of the current
ensity (j) on overpotential (η), when the equilibrium reaction
ate of the Heyrovsky step (ve

H) is less than that of the Tafel step
ve

T). In this conditions, at low overpotentials the reaction pro-
eeds preferentially through the Tafel–Volmer (T–V) route and
he current density can reach a maximum value jmax. It has been
lready demonstrated that jmax = jkin

maxjL/(jkin
max + jL), where

kin
max = 2Fve

T/(1 − θe)2 is the limiting kinetic current density

∗ Corresponding author. Tel.: +54 342 4571164x2519; fax: +54 342 4571162.

and θe is the equilibrium surface coverage of the adsorbed hydro-
gen [6]. This behavior takes place when the surface coverage
θ(η) tends to zero before the surface concentration of molecular
hydrogen is exhausted. Then, at higher η values, the contribu-
tion of the Heyrovsky–Volmer route (H–V) increases, that of
the Tafel–Volmer (T–V) route becomes negligible and finally
the current density reaches the jL value.

For the hydrogen oxidation on platinum in acid solutions,
it has been demonstrated that ve

H < ve
T [7], but the behavior

described above can only be appreciated when jL > jkin
max. This

condition can be obtained increasing jL, as jkin
max cannot be mod-

ified. Unfortunately, the experimental jL values obtained with a
rotating disc electrode (RDE) are quite low (jL ≤ jkin

max) yet at
the highest rotation rates (10,000 rpm), and therefore the pre-
dicted plateau cannot be observed [1–5,7]. This problem can be
overcome by the use of microelectrodes, which can support very
large jL values (inversely proportional to their main dimension)
[8,9]. Thus, microelectrodes are more adequate for the analy-
sis of the Faradaic contributions in the hor. On this sense, Chen
and Kucernak recently published accurate experimental steady
state j(η, r) dependences measured for the hor on hemispherical
E-mail address: achialvo@fiqus.unl.edu.ar (A.C. Chialvo). Pt microelectrodes with different radii (r) [10]. These polariza-
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Nomenclature

Co concentration in the bulk solution (mol cm−3)
D diffusion coefficient (cm2 s−1)
F Faraday constant (96484.6 C eq−1)
f F/RT: 38.659 V−1 (296.15 K)
j current density (A cm−2)
jL limiting diffusion current density (A cm−2)
jmax maximum current density (A cm−2)
jkin

max limiting kinetic current density (A cm−2)
P pressure (atm)
r microelectrode radius
R gas constant (8.314 J mol−1 K−1)
Ro

p equilibrium polarization resistance (� cm2)

R
exp
p experimental polarization resistance (Eq. (12))

(� cm2)
T temperature (K)
vi reaction rate of the step i (i = V, H, T)

(mol cm−2 s−1)
ve
i equilibrium reaction rate of the step i (i = V, H, T)

(mol cm−2 s−1)
V reaction rate (mol cm−2 s−1)
VL limiting diffusion reaction rate (mol cm−2 s−1)
VXV reaction rate of the VX route (X = H, T)

(mol cm−2 s−1)

Greek letters
α symmetry factor
χ shape parameter (Eq. (10))
η overpotential (V)
θ hydrogen surface coverage
θe hydrogen equilibrium surface coverage

tion curves clearly show the predicted behavior, which could not
be correlated by the approximate model used by these authors.
On this context the present work reinterprets these experimen-
tal results, on the basis of rigorous kinetic expressions derived
previously for the T–H–V mechanism, with the aim of verifying
the descriptive capability of this theoretical treatment [6,7].

2. Theoretical Basis

The hydrogen oxidation reaction in acid solution is:

H2(g) � 2H+ + 2e− (1)

It can be described through the Tafel–Heyrovsky–Volmer mech-
anism, being the adsorbed hydrogen atom Had the reaction
intermediate,

H2(g) + 2S
ve

T�2Had Tafel (2a)

H2(g) + S
ve

H�Had + H+ + e− Heyrovsky (2b)

Had

ve
V�H+ + e− + S Volmer (2c)

where S is an adsorption site and ve
i is the equilibrium reaction

rate of the elementary step i (i = V, H, T).

2.1. Current density-overpotential dependence

The theoretical expression corresponding to the dependence
j(η, jL) has been already derived for the case of hydrogen dif-
fusion towards a rotating disk electrode (RDE) [6], but it can
be generalized to any system in which the diffusion layer can
be considered at steady state. It should be emphasized that jL is
the limiting diffusion current density, achieved when the surface
concentration of molecular hydrogen is exhausted.

As there are three elementary steps and only one intermediate
species, the whole reaction can be verified through two inde-
pendent routes, Tafel–Volmer (T–V) and Heyrovsky–Volmer

j(η, jL) = (θ/θe)[ve
V eαfη − ve

H e−(1−α)fη] +[
1/F + ((1 −

= 2ve
H[((1 − θ)/(1 − θe)) eαfη − (θ

[1/F + 2((1 − θ)/(1 − θe

= 2ve
V[(θ/θe) eαfη − ((1 − θ)/(1 −

[(1/F ) −
(H–V), respectively. Taking into account that in steady state
the mass balance of each participant of the elementary reactions
(2a)–(2c) must satisfy the corresponding mass balance of the
whole reaction (1), the following relationships can be derived
for the simultaneous occurrence of the two routes:

j = 2FV = F (vV + vH) = 2F (vH + vT) = 2F (vV − vT) (3)

where vi = v+i − v−i; i = V, H, T. V is the rate of reaction (1), vi

the rate of the step i, beingv+i andv−i the rates of the forward and
backward reaction of the step i, respectively. The corresponding
expressions of vi are (for more details see Ref. [6]):

vT = ve
T

[(
1 − θ

1 − θe

)2 (
1 − j

jL

)
−

(
θ

θe

)2
]

(4)

vH = ve
H

[(
1 − θ

1 − θe

) (
1 − j

jL

)
eαfη−

(
θ

θe

)
e−(1−α)fη

]
(5)

vV = ve
V

[(
θ

θe

)
eαfη −

(
1 − θ

1 − θe

)
e−(1−α)fη

]
(6)

Substituting Eqs. (4)–(6) into Eq. (3) and reordering, the fol-
lowing equation for j(η, jL) is obtained,

((1 − θ)/(1 − θe))[ve
H eαfη − ve

V e−(1−α)fη]

θ)/(1 − θe))(ve
H/jL) eαfη

]
/θe) e−(1−α)fη] + 2ve

T[((1 − θ)/(1 − θe))2 − (θ/θe)2]

))(ve
H/jL) eαfη + 2((1 − θ)/(1 − θe))2(ve

T/jL)]

θe)) e−(1−α)fη] − 2ve
T[((1 − θ)/(1 − θe))2 − (θ/θe)2]

2((1 − θ)/(1 − θe))2(ve
T/jL)]

(7)
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A Langmuirian behavior has been adopted for the adsorbed
reaction intermediate Had, which is justified by the very low
values of θ found for this reaction [7]. It is necessary to know also
the corresponding dependence θ(η, jL), which can be obtained
for instance rearranging the equality between the second and
third members of Eq. (7) [6]:

[(
1 − θ

1 − θe

)
e−(1−α)fη −

(
θ

θe

)
eαfη

] {
ve

V +
(

1 − θ

1 − θe

)
2F

jL

[(
1 − θ

1 − θe

)
ve

Tve
V +

(
θ

θe

)
ve

Tve
H + ve

Vve
H eαfη

]}

+ 2ve
T

[(
1 − θ

1 − θe

)2

−
(

θ

θe

)2
]

+ ve
H

[(
1 − θ

1 − θe

)
eαfη −

(
θ

θe

)
e−(1−α)fη

]
= 0 (8)

In Eqs. (7) and (8), α is the symmetry factor (considered the
same for the Volmer and Heyrovsky steps), f = F/RT and θe is
the equilibrium surface coverage. It should be noticed that these
expressions are independent of the way in which the steady state
of the diffusion process is achieved (rotating disc, hemispherical
diffusion, etc.). In the present case, the limiting current density
on steady state corresponds to the diffusion of molecular hydro-
gen towards a microelectrode surface and can be described by
the following Eq. [8–10],

jL(r) = nFDH2C
o
H2

χk

r
= B

r
χk (9)

w
c
p
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c
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2.2. Equilibrium polarization resistance

Taking into account that the reversible potential of the hydro-
gen electrode reaction (HER) is perfectly defined (absence
of corrosion processes) on the materials usually employed as

electrocatalysts for the hor, the evaluation of the polarization
resistance at equilibrium (Ro

p) can be useful for the purpose of
the present work [13]. The following experimental dependence
must be determined in order to obtain Ro

p,(
∂η(jL)

∂j

)exp

η=0
= Rexp

p (jL) (11)

R
exp
p (jL) can be related to the equilibrium polarization resis-

tance by the following expression [7],

Rexp
p (jL) = Ro

p + RT

2F

1

jL
(12)

b
p
t
[

R

a
r
t
o
a

3

t
e
r

T
S

M

H
D

R
r)/(1

C .3661
here DH2 and Co
H2

are the diffusion coefficient and the bulk
oncentration of molecular hydrogen, respectively. χk is a shape
arameter of the microelectrode k, which depends only on the
eometry of the electrode (see Table 1). This parameter is defined
s the relationship between the limiting current density of a
icroelectrode with geometry k (jk

L) and that of an hemispheri-
al microelectrode (jhs

L ) with the same external radius (r),

k = jk
L

jhs
L

(10)

The limiting current density increases as the value of r
ecreases. Therefore, if microelectrodes with different radii are
vailable, the dependence j(η, jL) will be evaluated through j(η,
). The correlation of these results at constant r through Eqs.
7) and (8) will give a set of elementary kinetic parameters
ve

V, ve
H, ve

T, θe) for each microelectrode. The coincidence of
hese values, calculated independently, will verify the validity
f the applied kinetic treatment.

able 1
hape parameters for microelectrodes with different geometries

icroelectrode geometry Shape parameter (χ)

emisphere [8] 1
isc [8] 4/π

ing [11]
π

(1 − (b/r)) ln[16((1 + b/

one [12]
4[1 + q(b/r)p]

π[1 + (b/r)2]
1/2

; q = 0
The relationship between jL and r given by Eq. (9) can also
e used in this case to define the R

exp
p (r) dependence for any

articular microelectrode geometry. Meanwhile, Ro
p is related to

he equilibrium reaction rates ve
i by the following relationship

14],

o
p = RT

4F2

[
4ve

T + ve
H + ve

V

ve
Vve

H + ve
Vve

T + ve
Tve

H

]
(13)

The values of the kinetic parameters obtained as described
bove can be used to calculate Ro

p from Eq. (13). Then, the
esulting value can be compared to the equilibrium polariza-
ion resistance obtained from the experimental determination in
rder to confirm the validity and self-consistency of the proposed
pproach.

. Results

The theoretical expressions described above were used for
he correlation of experimental results of the hor on micro-
lectrodes with different radii. These evaluations were car-
ied out on accurate experimental dependences jexp(η, r) and

Dimension

r: radius
r: radius

− b/r))]
;

b

r
> 0.8 r: outer radius; b: inner radius

, p = 1.14466 r: basal radius; b: height
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Table 2
Kinetic parameters of the hor, calculated from the regression of j(η) of microelectrodes with different radii [10] (ve

i in mol s−1 cm−2)

r (nm) ve
V ve

H ve
T θe

12500 5.75 × 10−6 1.16 × 10−8 4.06 × 10−7 1.98 × 10−7

1100 1.74 × 10−6 4.83 × 10−8 2.05 × 10−6 2.97 × 10−7

450 8.29 × 10−6 4.16 × 10−8 1.70 × 10−6 4.43 × 10−8

310 2.47 × 10−6 4.30 × 10−8 1.16 × 10−6 1.21 × 10−7

36 6.03 × 10−6 1.33 × 10−7 6.99 × 10−6 1.16 × 10−7

Mean value (present work) 4.86 × 10−6 5.56 × 10−8 2.95 × 10−6 1.55 × 10−7

Standard deviation 2.7 × 10−6 4.4 × 10−8 2.6 × 10−6 1.0 × 10−7

Mean value (RDE) [7] 5.21 × 10−7 ∼10−14 1.37 × 10−6 1.46 × 10−7

R
exp
p (r) obtained by Chen and Kucernak [10]. They stud-

ied the hydrogen oxidation reaction employing platinum disc
and hemispherical microelectrodes with radii in the range
36 nm ≤ r ≤ 12,500 nm. These measurements were carried out in
0.1 M H2SO4 solutions, at 23 ◦C and 1 atm of hydrogen pressure
(Pe

H2
) [10]. The corresponding correlations of the experimental

data with the theoretical equations were done with the soft-
ware Scientist Version 2.1, using a least squares minimization
algorithm.

3.1. Analysis of the dependence jexp(η, r)

Table 2 shows the values of the elementary kinetic param-
eters (ve

V, ve
H, ve

T, θe) obtained for each microelectrode through
the regression of the experimental data [10] by the use of Eqs.
(7) and (8) and considering α = 0.5. Such correlations, which
are completely independent between each other, indicate that
the kinetic parameters are maintained reasonably constant for
different microelectrode radii (and jL values). The fitting capa-
bility can be observed in Fig. 1, where dots indicate experimental
values of the relationship (jj−1

L ) and lines the corresponding
simulations obtained from the kinetic parameters calculated by
regression (Table 2).

F
o
[
1

Fig. 2. j(η) dependences near the equilibrium potential on Pt microelectrodes.
Experimental curves (symbols) were obtained from ref. [10]. Radius (nm):
12,500 (�), 1100 (�), 450 (©), 310 (�) and 36 (�). Solid lines are correlations
with a second order polynomial function, used to calculate R

exp
p according to

Eq. (11).

3.2. Analysis of the dependence R
exp
p (r)

Starting from the experimental dependence jexp(η, r) near the
equilibrium potential obtained by Chen and Kucernak [10], the
values of R

exp
p (r) were calculated. A second order polynomial

was used in order to correlate jexp(η, r) near equilibrium at each
r value, being the coefficient of the linear term equal to R

exp
p (r).

Fig. 2 shows the experimental results (symbols) as well as the
corresponding regression (lines). The values of R

exp
p (r) are given

in Table 3.
The correlation of R

exp
p (r) through the use of Eq. (12) allowed

the evaluation of the equilibrium polarization resistance. Fig. 3
illustrates the experimental dependence R

exp
p (r) versus (2f jL)−1.

Table 3
Experimental jL and Rp values determined from j(η) curves near the equilibrium
potential on electrodes with different radii [10]

r (nm) jL (A cm−2) R
exp
p (jL) (� cm2)

12500 0.00433 3.102
1100 0.0387 0.493

450 0.0934 0.161
310 0.137 0.139

36 1.173 0.0314
ig. 1. Experimental (symbols) and theoretical (solid lines) j(η) dependences
f the hor on Pt microelectrodes. Experimental curves were obtained from ref.
10] and normalized with respect to the diffusion limiting currents. Radius (nm):
2,500 (�), 1100 (�), 450 (�), 310 (�) and 36 (�).



160 P.M. Quaino et al. / Journal of Molecular Catalysis A: Chemical 252 (2006) 156–162

Fig. 3. (�) Experimental polarization resistance (Rexp
p ) vs. (2f jL)−1 plot. (Solid

line) Linear regression using Eq. (12).

The limiting diffusion current density was calculated from Eq.
(9) and the product Bχk was obtained for each microelectrode
from the original work [10]. The slope of the straight line in
Fig. 3 is equal to 1, which verifies Eq. (12). The value obtained
for the equilibrium polarization resistance (origin ordinate) was
Ro

p = 0.077 � cm2.

4. Discussion

The present work has verified the validity of the kinetic
description of the hydrogen oxidation reaction previously car-
ried out, which predicted the existence of a plateau or a shoulder
in the steady state current-potential dependence when ve

H < ve
T

[6]. This situation can be observed only if jL > jkin
max, condition

that can be fulfilled with the use of microelectrodes.
The complete set of kinetic parameters corresponding to the

T–H–V mechanism was evaluated starting from experimental
data obtained by Chen and Kucernak [10] on platinum disc and
hemispherical microelectrodes.

The quality of the correlations between theoretical and exper-
imental data in the complete range of η (Fig. 1) is very good,
fitting appropriately the shoulder region. The kinetic parameters
obtained from these regressions are reported in Table 2. It should
be taken into account that an independent correlation was done
for each set of experimental data corresponding to the different
m
e
t
o
e
o
b
R

t
k
t
o
t

All these evidences demonstrate that the kinetic expressions
derived for the T–H–V mechanism are adequate to describe
the hor [6]. It is interesting to compare these values with those
previously reported [7], evaluated from the correlation of data
obtained on a platinum RDE and also shown in Table 2. Although
the experimental conditions are not exactly the same (0.5 M
H2SO4, 30 ◦C [7] and 0.1 M H2SO4, 23 ◦C [10]), it should be
noticed that the values of ve

V, ve
T and θe are quite similar, while

ve
H is rather different. It has been observed in the correlation of

the experimental dependences j(η) an increase in the sensibility
of the parameter ve

H as jL increases. This sensibility is directly
proportional to the difference between jmax and jL. Thus, the
error in the correlation of the results obtained on RDE [7] is
poorly sensitive to ve

H in the range ve
H < 10−8. A great num-

ber of iterations are needed in the process of convergence to
the absolute minimum and the resulting value of ve

H is rather
uncertain. On the other hand, for higher jL values such as those
obtained with the microelectrodes analyzed in the present work,
the sensibility of the parameter ve

H is significantly increased. In
this case, if the ve

H value corresponding to the minimum error is
modified during the fitting process, the convergence to the orig-
inal value is almost immediate. Therefore, it is likely that the
value ve

H
∼= 10−8 obtained from the experimental data of Chen

and Kucernak [10] is more accurate than the value ve
H

∼= 10−14

previously reported [7].
The very low values of the equilibrium surface coverage
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icroelectrode radii, and the resulting sets of kinetic param-
ters are quite similar. Furthermore, it should be noticed that
he results are independently confirmed by the analysis of the
ther experimental results obtained in the potential region near
quilibrium [10]. It can be observed in Fig. 3 that the values
f R

exp
p (r) versus (2f jL)−1 follows the straight line predicted

y Eq. (12) with a slope equal to one and the origin ordinate
o
p = 0.077 � cm2. On the other hand, the equilibrium polariza-

ion resistance was also calculated from the mean values of the
inetic parameters illustrated in Table 2 using Eq. (13), being
his value Ro

p = 0.079 � cm2. The agreement of these values,
btained from completely different procedures and data, proves
he total self-consistency of the present treatment.
Table 2) are due to that the reaction intermediate of the hydro-
en electrode reaction Had on platinum is the over-potential
eposited hydrogen (HOPD), which appears only after the sur-
ace is almost covered by the under-potential deposited hydrogen
HUPD) [15]. On the other hand, the small differences between
he values of the kinetic parameters calculated from each data
et are probably originated in the experimental measurements. It
hould be taken into account that as the limiting diffusion current
s increased, the experimental requirements related to absence of
mpurities, hydrogen saturation of the solution, absence of con-
ection transfer, etc., are higher. Consequently, a little dispersion
f the experimental results can be expected.

.1. The competitive effect of T–V and H–V routes

In order to clarify the origin of the plateau or shoulder
bserved in the dependences j(η), it is convenient to evaluate the
ontribution of the Tafel–Volmer (VTV) and Heyrovsky–Volmer
VHV) routes on the reaction rate V. Taking into account Eq. (3),
t can be easily demonstrated that V TV = vT, V HV = vH and
herefore,

= j

2F
= vT + vH = V TV + V HV (14)

Figs. 4 and 5 show the variation of the reaction rate on
verpotential V(η), as well as the contribution of each step vi,
alculated by Eqs. (4)–(6), for microelectrodes with r = 12,500
nd 36 nm, respectively. The dependences of θ and the rela-
ionship between the hydrogen pressure at the surface and at the
ulk (P s

H2
/Pe

H2
= 1 − j(η)/jL) on η [6] are also shown. It can be

learly appreciated in Fig. 4a that V ∼= V TV = vT for η < 0.05 V
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Fig. 4. Dependences of (a) Tafel (dotted line), Heyrovsky (dashed line) and
Volmer (dot dashed line) step rates vi and reaction rate V (solid line) on η, (b) θ

on η, and (c) P s
H2

/Pe
H2

on η, simulated using the kinetic parameters calculated
from the regression of j(η) for r = 12,500 nm (Table 2).

Fig. 5. Dependences of (a) Tafel (dotted line), Heyrovsky (dashed line) and
Volmer (dot dashed line) step rates vi and reaction rate V (solid line) on η, (b)
θ on η and (c) P s

H2
/Pe

H2
on η, simulated using the kinetic parameters calculated

from the regression of j(η) for r = 36 nm (Table 2).

and also that θ and P s
H2

tend to zero simultaneously. The
corresponding value of the maximum rate (V TV

max = jmax/2F )
is V TV

max = 2.13 × 10−8 mol s−1 cm−2, similar to that of the
limiting diffusion rate VL = jL/2F = 2.24 × 10−8 mol s−1 cm−2.
As this difference is quite small, the shoulder in V(η) can-
not be observed in Fig. 4a. Conversely for the microelectrode
with r = 36 nm (Fig. 5), V TV

max = 3.25 × 10−8 mol s−1 cm−2 and
VL = 6.08 × 10−8 mol s−1 cm−2. In this case, the difference is
significant and consequently, when the overpotential reaches
the region where θ → 0 (Fig. 5b), the surface concentration of
molecular hydrogen is still high (Fig. 5c), being P s

H2
∼= 0.25Pe

H2
.

On the other hand, although in both cases (Figs. 4 and 5), it can
be observed a slow increase of VHV at low η, the main difference
between them is the value of V TV

max, which explains the existence
of the shoulder in the dependence V(η).

4.2. Criteria for the microelectrode selection

It should be of interest to analyze the effect of the geometry
and dimension of the microelectrode on the kinetic study of
the hydrogen oxidation reaction. In this sense, it is important
to obtain an appropriate difference between jmax and jL because
it has direct influence on the accuracy of the calculation of the
kinetic parameters, particularly ve

H .
Fig. 6 shows the dependences of jL and jmax on the electrode

r
w
t
w
b
T
r
i
T
r
i
w
s

F
(
m

adius for a disc and a ring platinum microelectrode, the last one
ith two different ratios b/r (0.98 and 0.95). It can be observed

hat jmax deviates from jL for the disc electrode when r < 1 �m,
hile for the ring the deviation takes place when r < 30 �m for
/r = 0.98 and r < 10 �m for b/r = 0.95 (ring thickness < 50 nm).
he difference between jmax and jL becomes significant when
< 0.5 �m for the disc, meanwhile for the ring the correspond-

ng values are r < 10 �m (b/r = 0.98) and r < 5 �m (b/r = 0.95).
hus, it should be possible to reach the same level of accu-

acy in the calculation of the kinetic parameters as that obtained
n the present work through the use of a ring microelectrode
ith a radius more than one order of magnitude greater. Con-

idering that several straightforward methods for preparation of

ig. 6. Dependence of jmax (solid line) and jL (dashed line) on the outer radius
r) for a ring microelectrode with b/r = 0.98 (c) and 0.95 (b) and for a disc
icroelectrode (a).
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ring microelectrodes with these dimensions have been reported
[16,17], the use of this type of electrode to perform kinetic stud-
ies turns to be an attractive alternative.

5. Conclusion

The experimental behavior of the hydrogen oxidation
reaction on platinum microelectrodes has been explained
on the basis of a rigorous kinetic treatment involving the
Tafel–Heyrovsky–Volmer mechanism. It has been found that
such behavior is due to the significant variation of the reaction
rates of the Tafel–Vomer and Heyrovsky–Volmer routes with
overpotential. On this basis, the experimental results could be
accurately correlated and the corresponding elementary kinetic
parameters were evaluated with a high degree of confidence. The
convenience of the use of microelectrodes was demonstrated,
due to the significant effect of the limiting diffusion current den-
sity on the accuracy of the calculation of the kinetic parameters.
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