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g r a p h i c a l a b s t r a c t
� A rotating ring/disc electrode using
as ring IrOx to sense pH was built.

� The electrode showed fast response
during pH transients.

� The system is versatile and as disc
any material can be used.

� The system can be polsihed without
the destruction of the disc and ring
sensor materials.
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There are some electrocatalytic reactions in which the key parameter explaining their behavior is a local
change in pH. Therefore, it is of utter importance to develop an electrode that could quantify this
parameter in situ, but also be customizable to be used in different systems. The purpose of this work is to
build a versatile rotating ring/disc electrode (RRDE) with IrOx deposited on a glass tube as a ring and any
kind of material as disc. As the IrOx is sensitive to pH variation, the reactions promoted on the disc can
trigger proportional pH shifts on the ring. In such assembly, the IrOx ring presents a fast response time
even during the pH transients due to the small thickness of the ring (approximately 10 mm), which
enables the detection of interfacial pH changes. The ring electrode was tested toward the interfacial pH
shift observed during the electrolytic reduction of water on the disc and also characterized by acidebase
titration to determine the response time. As the main conclusions, fast response and durable RRDE were
obtained, and this assembly could be used to revisit many electrocatalytic reactions in order to test the
importance of local pH on the process.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Interfacial pH measurements are important to explain anoma-
lous behavior observed in different electrochemical systems.
.

Indeed, pH changes can be the key issue in many interfacial pro-
cesses, which can be only explained by a local pH transient varia-
tion at the electrode/solution interface [1e6]. For example, the
electrodeposition of Co could lead to the formation of Co(OH)2 even
when the bulk solution is acidic [1,2]. To explain this phenomenon,
the authors considered the water reduction which leads to
hydrogen evolution, and, as a consequence, to the formation of
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hydroxide ions causing the precipitation of Co(OH)2. Nobial et al. [4]
has also described the production of OH� ions at the electrode
surface, thus increasing the local pH to promote the precipitation of
metallic oxide/hydroxide on the surface. In the anomalous elec-
trodeposition of NieFe alloys [5], the electrochemically less noble
metal deposits preferentially on the surface of more noble metal
[5], and this phenomenon could be explained by an interfacial pH
transient. Nakano et al. [6] proposed that this phenomenon de-
pends on the pH buffer capacity of the solution and, via amulti-step
reduction process, FeOH adsorbs preferentially over the nucleation
sites of nobler metal due to the extremely lower dissociation con-
stant of iron and nickel hydroxides [6]. This process occurs only
because the chemical equilibrium and reaction kinetics are rather
different from the bulk solution due to the different pH values near
the surface.

The measurement of the transient pH shift caused by an elec-
trochemical reaction is a difficult task. Desloius et al. [7], using a
sensoregrid assembly, detected interfacial pH changes during the
reduction of dissolved oxygen using an impinging jet cell that
needs high controlled flow to measure the pH change near the
surface. In situ pHmeasurements from different systems are widely
described in the literature using microelectrode devices [8,9] or
AFM tips [10,11]. Microelectrodes can also be used for in vivo de-
terminations of pH [12], but in some cases, the application of
interfacial pH measurements is difficult to perform using these
microdevices because of the dynamic chemical state of this reac-
tion. On the other hand, rotating ring/disc electrodes (RRDEs) are
devices developed to investigate dynamic processes on surfaces
allowing the control of the flow of species to the ring by setting a
suitable rotating rate [13,14]. In this method, the steady state is
attained quickly, which increases the precision of the measurement
[15]. A conventional RRDE, with the disc and the ring made of Pt,
has been largely used to perform current and potential analysis
[15,16]. In the latter, the disc is polarized at a constant potential to
promote a specific reaction while the currentepotential curves are
collected on the ring [15,16]. The convectiveediffusion equations to
RRDE were presented by Albery and Bruckenstein [17] using a
proper choice of adequate boundary conditions. The authors also
described the collection efficiency (N) of this kind of electrode (Eq.
(1) and Eq. (2)), which is defined as a percentage of the product
generated at the disc that is collected at the ring [15].

N ¼
�
1� F½a=b� þ b2=3ð1� F½a�Þ � ð1þ aþ bÞ2=3

� ð1� F½ða=bÞð1þ aþ bÞ�Þ
� (1)

where a ¼ (R2/R1)3�1, b ¼ (R3/R1)3 � (R2/R1)3, R1 is the radius of
disc electrode, R2 and R3 are the inner and outer radius of ring
electrode, respectively, and the F values are calculated according to
Eq. (2).
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Besides collecting and shielding experiments [15,16], the ring
could be used as a potentiometric sensor for pH measurements
[13], as proposed by Albery and Calvo. In this system, the ring
electrode was prepared by room-temperature electroplating, and it
was used as a potentiometric detector for pH. In that paper, an
equivalent term to N was introduced, the detection efficiency (ND),
which compares the changes in pH at the ring electrode with those
on the disc surface [13]. ND is defined by (Eq. (3)) below [13].
ND ¼ 1� 1=6F
h
ðR2=R1Þ3 � 1

i
� 2=3F

h
ððR2 þ R3Þ=2R1Þ3 � 1

i

� 1=6F
h
ðR3=R1Þ3 � 1

i

(3)

Some promising materials to prepare pH devices are the metal
oxides [18], and among them, the iridium oxide electrodes are in
the spotlight because of their stability and high sensitivity [9]. IrOx

is a metallic conductor sensitive to pH variations [8,19] because it
can exist on a variety of oxidation states [20]. In that sense, this
material allows us tomake a pH sensor in different shapes and sizes
using an adequate synthesis method: polymeric precursor method
(Pechini) [8] or anodic electrodeposition [21]. In the latter, the
oxide film is produced only on conductive materials, while in the
Pechini method, different types of substrates, or even non-
conductive materials, can be employed [8].

In this work, we describe the fabrication and characterization of
a RRDE for interfacial pH measurements. The ring consists of a thin
film of IrOx synthesized by the Pechini method [8] on a glass tube.
The tube thickness is the gap between the ring and the disc. Then,
the ring is used as a potentiometric detector of the ring/solution
interface. As the iridium oxide is a pH sensor, the ring potential is
influenced by the species formed on the disc that are continuously
swept from it to the ring by convection due to the electrode rota-
tion. Therefore, by means of a calibration curve, it is possible to
calculate the values of interfacial changes of pH on the disc.

2. Experimental section

2.1. Construction of the RRDE to pH measurements

To build the RRDE (IrOx/Metal), the pH sensitive layer of IrOx was
deposited using the polymeric precursor method (Pechini),
following the procedure previous described in literature [8], on a
boron silicate glass tube with outer and inner diameters of 7 mm
and 5mm, respectively. The flowchart of this procedure is shown in
Fig. 1. First, the glass substrate was sandblasted and then treated in
boiling concentrated HCl. Finally, the glass tube was washed with
purified water (Gehaka model OS20 LX FARMA) and dried under N2
flow. The polymeric precursor was generated by dissociation of
citric acid (CA) in ethylene glycol (EG) at 65 �C under stirring. Then,
the IrCl3 was added to the mixture using a molar ratio of 0.5:3:12
(IrCl3:CA:EG) [8]. Aliquots of 25 mL of this solution were dripped on
the outside of a glass tube and then distributed uniformly using a
small brush within a length of 2 cm (see inset (a) of Fig. 1). During
this step, the glass tube was kept under rotation (see inset (a) of
Fig. 1)) and on hot air flow to uniformly distribute the resin. Then, a
sequential calcination was performed at temperatures of 130, 250,
and 400 �C during 30, 20, and 10 min, respectively, to generate IrOx
film [19]. The inset (b) of Fig. 1 shows some glass tubes after the
calcination steps. This procedure was repeated four times to in-
crease the thickness of the oxide. After these steps, a copper rod
was inserted into the glass tube and sealed using Araldite® (see
inset (c) of Fig. 1). The metal disc in the center of the electrode has
an area (Adisc) of 0.181 cm2. It is important to stress that any kind of
noble or non-noble metal can be used as disc. This possibility
makes the sensor a versatile setup which can be applied to the
study of different systems. The electrical contacts were made with
conductive silver ink between the external part of the glass tube
and a copper wire (see inset (c) of Fig. 1). Finally, the system was
sealedwith Araldite® and polyester resin to form the outside part of
the RRDE pH sensor (see inset (d) of Fig. 1). The disc and ring
contacts were positioned according to the commercial rotation
system employed in this work, Fig. 1.



Fig. 1. Flowchart describing the experimental procedure for assembly of versatile RRDE pH sensor (IrOx/Metal). Adisc ¼ 0.181 cm2. Insets: painting with the Pechini resin (a);
calcination (b); ring contact (c); and final electrode (d).
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2.2. Equipments

A rotation system EG&G PARC, model 636, coupled to a Bipo-
tentiostat Autolab PGSTAT 30 controlled by NOVA 1.6 software was
used to measure the EIrOx, ring at the ring while the copper disc has
been polarized cathodically in the water reduction potential range.
All potentials described in this work used Ag/AgCl/KCl (Sat.) as
reference electrode (RE). A circular Pt sheet was used as counter
electrode (CE) and the RRDE as working electrode 1 and 2 (WE1 and
WE2).

The ring thickness was measured by observing the RRDE surface
using an inverted optical microscope (Opton, mod. TNM-PL-07T).

A pH meter (Denver, Ultrabasic, mod. UB-10) and a Fluka 8085A
digital multimeter were used in the initial characterization of the
IrOx ring. These pH experiments were followed simultaneously
with a combined glass electrode module CW711X/Qualxtrom to
compare to the IrOx ring electrode performance.
2.3. Procedure

Prior to use, the RRDE was abraded with sandpaper from 320 up
to 1200 grit and then polished with alumina (0.3 mm). Next, the
electrode was washed in deionized water for 60 s in an ultrasonic
bath. It is important to note that the RRDE pH sensor used in this
work allowed the abrading of the disc surface without interfering
with the response of the ring pH sensor. However, the use of
sandpaper below 320 grit is discouraged to avoid breaking the glass
ring.

The N and ND were determined geometrically according to the
literature [13,17] from the dimensions of the electrode (Eqs.
(1)e(3)).

The calibration of ring pH sensor was performed with by titra-
tion curves of NaOH 0.1 mol L�1 (Quimis) with H3PO4 1.0 mol L�1

(Mallinckodt) with the electrode in the stationary mode and in
rotating mode where just the EIrOx, ring was collected every 0.5 s or
0.1 s, respectively, during the titrations. The rotation rates used
were 300, 600, 900, 1200, 1500, and 1800 rpm [15]. These results
are shown in the two first subsections of the Results and Discussion
section.
After the ring performance test, a new experiment was carried
out. In such an experiment, the pH shift was due to a specific re-
action performed on the disc that produced an interfacial pH
change. The reaction chosen to test the RRDE pH sensor (IrOx/
Metal) was the water reduction. Then, the disc was cathodically
polarized in a deaerated solution of 0.1 mol L�1 Na2SO4 (JTBaker) at
approximately pH 6.5, prepared with boiled distilled water. Disc
chronoamperometric measurements (CAs) were performed at po-
tentials of �0.5, �0.75, and �1.0 V while the EIrOx, ring was used to
monitor the interfacial pH by changes in the open circuit potential
value. In this step, a newcalibration curvewasmade using the same
solution by titration of 0.1 mol L�1 Na2SO4 (JTBaker) with NaOH
0.1 mol L�1 (Quimis). These results are shown in the last subsection
of Section 3.
3. Results and discussion

3.1. Characterization of the RRDE

Fig. 2 shows a schematic representation of RRDE with their
respective radii: R1, R2, and, R3 as described before. The gap between
the disc and the ring (R2 e R1) was 1210 mm. Due to this large gap,
the influence of the disc current over the ring process is negligible,
as proposed by Miksis and Newman [22]. The thickness of the pH
sensor ring (R3 e R2) was about 9.9 ± 3.7 mm, according the optical
microscopy of its surface (Fig. 2 inset). Considering its dimension,
the disc of the RRDE described here is an ultramicroelectrode
(UME) [23] for interfacial pH measurements [23].

Using the image presented in Fig. 2, the geometrical parameters
weremeasured: R1¼0.240 cm, R2¼ 0.361 cm, and R3¼ 0.362 cm. N
and ND were determined geometrically according to the literature
[13,17] as 1.9%, and 20%, respectively (Eqs. (1)e(3)). For pH mea-
surements, ND is the most important parameter because it is the
percentage of species that are generated on the disc which are
collected on the ring, causing interfacial pH shifts [13]. This value is
very close to that found in the literature by Albery and Calvo [13] for
the geometry used in that work (ND 26.2%).

Due to the large gap between the ring and disc, the influence of
the disc current over the ring process is negligible using this



Fig. 2. Schematic representation of the versatile RRDE pH sensor. Radius of the copper
disc (R1), inner (R2) radius, and outer (R3) radius of IrOx ring electrode. Optical mi-
croscopy of IrOx ring (pH sensor) around of the copper disc (Inset).
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geometry, as proposed by Miksis and Newman [22].
3.2. Test of the RRDE performance for pH measurements in
stationary mode

Initially, acidebase titrationswere performedwith the electrode
in the stationary mode to characterize the RRDE pH sensor for
significant pH shifts on the bulk of the solution. Fig. 3a shows the
titration of 0.1 mol L�1 NaOH with 1.0 mol L�1 H3PO4 together with
the pH measurement obtained through a combined glass electrode
(see arrows in Fig. 3a). The variation of EIrOx, ring of the RRDE pH
sensor was very close to the pH determined by the conventional
glass sensor displaying the same profile for the first and second
dissociation constants. Another important point to stress is that the
IrOx deposited over the glass tube remained sensitive to pH mea-
surements even when supported on a non-conductive material,
such as the glass tube, considering the small thickness of the oxide
film.

The graph of EIrOx, ring as a function of the pH is shown in Fig. 3b
Fig. 3. Titration curve of NaOH (0.1 mol L�1) titrated with H3PO4 (1 mol L�1) with the RRDE in
both as function of the volume of titrant added. Calibration curve to EIrOx, ring as a function
collected every 0.5 s during titration.
for a freshly prepared electrode and for an aged electrode (eight
weeks later). The EIrOx, ring observed over the range of pH from 12.5
to 2.5 showed linear behavior in both cases. It is important to note
that EIrOx, ring ranged approximately 250 mV between the two ex-
tremes of the titration, pH 12.5epH 2.5, which highlights its
sensitivity to pH shifts in the solution. The linear band has an
average pH gradient of 23 ± 4 mV pH�1 calculated from triplicate
electrodes. The sub-Nernstian behavior for the UME pH sensor
could be explained by the absence of conductive substrate under
the active oxide, once it was observed in previous studies a slope of
56.9 ± 0.2 mV pH�1 for iridium oxide microelectrodes obtained by
the Pechini method onto Pt wires [8]. Another possible explanation
could be associated with other oxidation states of the material that
can produce this variation on slope [24]. Although we do not have a
definitive explanation, the present result, as described above, is
reproducible and was calculated using triplicate electrodes.

After eight weeks of aging, the sensitivity of the electrode de-
creases approximately 17% for dry storage, see Fig. 3b. When the
material used as disc allow it storage in water. In this sense, storing
the sensor in deionized water before a new sequence of experi-
ments is strongly recommended to increase the electrode lifetime
as shown by Bezbaruah and Zhang [25].

Finally, a slope change was observed for aged electrodes in the
range of 2.5< pH< 4.0 and the second one between 4.0< pH< 12.5.
This behavior was observed before by Wipt et al. [26]. The author
built a microscopic pH electrodes produced by deposition of hy-
drous iridium oxide onto carbon fibers. In that work [26], this
behavior was attributed to two different mechanisms below and
above the pH 6 [27,28]. In the present paper, we believe that this
could be related to the aging of the electrode or evenwith different
mechanisms with the transition point around pH 4.
3.3. Test of the RRDE performance for pH measurements under
rotation

To determine the average response time, the same titration of
Fig. 3a was performed with the RRDE electrode but with some
modifications in the data acquisition. The electrode was coupled to
a rotation system, and the EIrOx, ring was monitored every 0.1 s. The
bulk pH was registered using a combined glass electrode. An
acidebase titration was then performed at a rotation rate of
600 rpm and the result is shown in Fig. 4a. With the result dis-
played in this Figure it is possible to propose that the response time
of the electrode is 5.7 ± 1.0 s, this being the time needed for the
potential to stabilize after the addition of an aliquot of titrant. This
last value changes during the end points to 7.3 ± 1.0 s where the
stationary mode (a), where (-) is the EIrOx, ring and (▫) is the pH observed at pH meter
of the pH for a freshly prepared electrode and after eigth weeks of aging (b). EIrOx, ring



Fig. 4. Titration curve of NaOH (0.1 mol L�1) titrated with H3PO4 (1 mol L�1) with the RRDE on rotation of 600 rpm (a). Analysis of transient regions during a titration curve with the
RRDE on rotation of 1800 rpm (b) and during the end point at the same rotation rate (c). Average response time until equilibrium when the rotation rate changes: 300, 600, 900,
1200, 1500, and 1800 (d). The EIrOx, ring was collected every 0.1 s during titration. All potential obtained vs. Ag/AgCl/KCl (Sat.).
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electrode response was slower. This kind of delay in the stabiliza-
tion time was also observed in the commercial glass electrode
measurements.

For higher rotation rates a different behavior was observed after
the addition of an aliquot of titrant. Fig. 4b and c highlight two
transient regions for a rotation rate of 1800 rpm between a step
potential on the ring during the titration. This kind of transient
state was observed for rotation rates over 1500 rpm. The average
time for the stabilization of the pH of the solution was 3.7 ± 0.1 s,
Fig. 4b, even during the end points, Fig. 4c.

It is also important to stress that the addition of an aliquot of
100 mL from the acid solution into the alkaline is followed by a fast
oscillation of the EIrOx, ring (transient regions) and thereafter by a
steady region. Wipf et al. [26] used two time constants to charac-
terize a micro pH electrode. The first is the response time where
most of the potential changes occur and the second is the time
needed to reach an equilibrium value [26]. The second constant is
here defined as an average response time corresponding to the 95%
change (t95) of the EIrOx, ring versus time during a pH shift [9]. Such
response times were obtained between the two arrows indicated
before and after the transient region, as shown in Fig. 4b and c, for a
rotation rate of 1800 rpm. In Fig. 4d, the average response time is
plotted as a function of the rotating rate, and, as expected, there is a
considerable decrease in the response time for rotation rates up to
1200 rpm. Besides, the experimental error also decreases for higher
rotation rates. On the other hand, the first constant was also
observed here, but with an oscillatory behavior; see the transient
region of Fig. 4b and c. This indicates that the RRDE pH sensor built
here has a fast first response time, which is an important charac-
teristic for detecting transient pH fluctuations occurring near the
surface solution. The initial region of transients occurs within
300e700 ms. After this, a high increment on the EIrOx, ring occurs,
followed by three or four new transients, until the equilibrium is
reached. This indicates the high sensitivity of the UME pH sensor
even when small pH shifts are taking place on the ring/solution
interface, as shown in Fig. 4b and c, where pH shifts of 0.1 and
0.5 pH units were respectively observed (see slopes discussed in the
text of Fig. 3b).

3.4. Application of RRDE for interfacial pH measurements under
electrochemical polarization on the disc electrode

The water reduction reaction in a solution containing Na2SO4
0.1 mol L�1 (pH 6.5) was used to test the RRDE response when a pH
shift is caused by an electrochemical process that produces hy-
droxyl ions. This solution was degassed for 10 min under N2, and
the EIrOx, ring was monitored under the same conditions. After this
step, the solution pH was reduced to approximately 6.0.

Next, the influence of the rotation rate on the steady state was
investigated [15] when the ring was used as a potentiometric pH
sensor. To achieve these results, the rotation rate was changed from
300 rpm to 1800 rpm during a CA measurement where the po-
tential of�0.5 V was applied for 2100 s. The changes in the rotation
rate were performed every 300 s in this experiment and the
interfacial pH measured at the ring is shown in Fig. 5.

For this experiment, the slope from the calibration curve of
Fig. 3b was used to convert the �EIrOx ring to the pH values found in
Fig. 5. It was found that the interfacial pH changes from 8.3 to 7.5
with an increment of the electrode rotation. However, when the
rotation rate increases from 1200 to 1800 rpm, the �EIrOx ring only
changes from 129.4 ± 5.2 mV to 128.3 ± 0.4 mV. According to this
observation, it is possible to affirm that the steady state [15] is
achieved at rotation rates over 1200 rpm. This may occur as there is
a maximum of efficiency at which species may be thrown from the



Fig. 5. Interfacial pH measured directly on the ring during a CA experiment at �0.5 V
changing the rotation rate: 300, 600, 900, 1200, 1500, and 1800 rpm. Na2SO4

0.1 mol L�1 solution, pH 6.0.

Fig. 6. CA measurements on the copper disc (a) and EIrOx, ring (b) to different polari-
zation values at e0.5 V (———), e0.75 V ( - - - ) and e1.0 V ($$$$$$) in Na2SO4 0.1 mol
L�1 solution, pH 6.0. Rotation rate of 1800 rpm. E vs. Ag/AgCl/KCl (Sat.).
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disc to the ring, as observed before in Fig. 4.
The water reduction reaction was investigated at different po-

tentials using the same experimental condition of Fig. 5, but with
the RRDE kept on a rotation rate of 1800 rpm. These results are
Table 1
EIrOx, ring before, during, and after CA measurements of the disc (Ecopper, disc) performed at
interfacial pH obtained from calibration curve of Fig. 3b. E vs. Ag/AgCl/KCl (Sat.).

Ecopper disc/V Rotation rate/rpm EIrOx ring ± (SE)/mV before the CA EIrOx ring ± (SE)

e 1800 157.4 ± 0.6 e

�0.5 1800 e 126.5 ± 1.5
�0.75 1800 e 104.2 ± 0.7
�1.0 1800 e 52.25 ± 1.2

a pH measured on bulk solution after being bubbled with N2.
b Interfacial pH based on the slope from calibration curve of Fig. 3b.
shown in Fig. 6. Fig. 6a presents three CAs performed at different
potentials on the copper disc at �0.5 V, �0.75 V, and �1.0 V during
a period of 300 s, with an interval time of 300 s between each
polarization. Fig. 6b shows the EIrOx, ring during each CA measure-
ment of Fig. 6a. Themeasurement of the ring potential started 300 s
before each cathodic polarization and finished 300 s after it.

The results for the initial condition and for the three experi-
ments are shown in Table 1, where the average ring potential (�EIrOx
ring) was calculated with its standard error (SE) before and after
each step during the last 150 s (Fig. 6b). From this mean value, the
interfacial pH was estimated directly on the ring and presented in
the penult column of this Table. At the beginning of the measure-
ments the �EIrOx ring was 157.4 ± 0.6 mV. This value was taken as pH
6.0 of the bulk after being bubbled with N2. During the CA mea-
surements, a reduction in the �EIrOx ring potential occurs from
126.5 ± 1.5 to 52.25 ± 1.2. Using the slope from the calibration curve
(Fig. 3b), these potential values at the IrOx ring indicate an increase
in the interfacial pH from 7.3 (first CA) to 10.6 (third CA), Table 1.
The hydrogen ionic activity increment was more than 3 orders of
magnitude compared to the first CA and more than 4 orders of
magnitude compared to the bulk solution. In other words, during
the CA measurements the difference between bulk pH and inter-
facial were 1.3, 2.3, and 4.6 pH units, respectively. The alkalinization
of the near surface solution is due to the water reduction over the
copper disc where the hydroxyl species were thrown at the IrOx

ring by convection caused by the rotation of the RRDE.
The hydroxyl ions produced during the CA measurements lead

to a high pH shift near the surface solution but a very small vari-
ation in the bulk pH. This statement was confirmed by the obser-
vation of the �EIrOx ring after each cathodic polarization in Fig. 6b,
where it was observed that the ring potential after each CA mea-
surement (last column) almost returns to its initial value (third
column), Table 1.

Finally; it was possible to show that an electrochemical reaction
on the disc surface can generate species that change the interfacial
pH on electrode/solution interface. Using the RRDE pH sensor with
its versatile assembly, it was possible to perform these measure-
ments successfully, indicating an exciting perspective for using this
device in future applications.
4. Conclusions

It was shown in this paper how to build a RRDE pH sensor (IrOx/
Metal) using the polymeric precursor method (Pechini). In this
assembly, many types of substrates as well as those of various ge-
ometries and sizes can be employed, giving to this system a great
versatility as well as a very low cost of production. The ring thick-
ness of 9.9 ± 3.7 mm was achieved after four applications of the
precursor resin onto a glass tube. The number of layers could be
increased or reduced to obtain different thicknesses of the IrOx ring
for different purposes. The disc could be substituted for any other
metallic material or thin film over a metallic substrate when the
experimentalist wants to investigate the behavior of the interfacial
pH in an electrochemical reaction. Such ability allows the use of the
potentials of �0.5, �0.75, and �1.0 V at a rotation rate of 1800 rpm together with the

/mV during the CA Interfacial pH on the ring EIrOx ring ± (SE)/mV after the CA

6.0a e

7.3b 162.3 ± 0.5
8.3b 162.8 ± 0.1

10.6b 166.8 ± 0.6
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RRDE pH sensor in corrosion studies, a system that needs a high
level of surface preparation, where, for example, the copper of the
disc could be substituted by carbon steel.

Evenwith a low N, 1.9%, due to the low thickness of the ring and
the high gap between the disc and the ring, the ND was 20%, very
close to that observed in the literature for commercial systems. The
average response timewas 3.7 ± 0.1 s even during the end points of
the titration measurements, with the RRDE on a rotation rate of
1800 rpm. This result indicates that the RRDE is suitable for
measuring transients of pH in the near surface region. However,
optimization of the ring gap distance could improve sensor
response in future applications.

Finally, the aging of the electrode showed that it is desirable to
prepare a new calibration curve before each experiment to verify
the ring response from pH changes after a long storage time.
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