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In this contribution we describe a detailed electrochemical study on the nickel hydroxide modified electrodes
synthesized in the presence of different amounts of cobalt, producing tunable composite electrodes towards
the electrocatalytic oxidation of glucose. Themodified electrodes were studied bymeans of the sensitivity of de-
tection where the results were further investigated by analyzing the heterogeneous charge transfer rate, obtain-
ed by using rotating disk electrode. It was found that despite of the higher sensitivity found, the composite
electrodes have almost the same value of k indicating that the material morphology plays an important role in
the electrocatalytic reaction. The modified electrode surfaces were studied by SEM images and found different
sizes and morphologies of each composite deposited.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Classically, nickel hydroxide electrodes have been the subject of
study of many studies along the past years due to its extensive applica-
tion in secondary batteries and energy storage devices [1,2]. Nowadays
it is possible to find out the utilization of this versatile material in
electrochromism, where due to the intense coloration achieved in the
oxidized form (NiIIIOOH) in comparison with the reduced Ni(OH)2,
electrodes of good contrast are assembled [3–5]. Another important
application is centered on its electrocatalytic properties where many
different organic molecules can be immediately oxidized onto the
electrode surface, it is possible to find many different electrochemical
sensors in literature focused on the detection of carbohydrates,
aminoacids, biological molecules, among others [6–10].

In a few lines, Ni(OH)2 can be found in two different phases named
as α and β. The difference between them can be summarized as the
number of structural defects and the interlamellar space between the
hydroxide sheets. In the α phase, the structure has many structural de-
fects and a spacing of about 9 Å, being highly disordered, on the other
hand, the β phase is closely packed in a 4 Å interlamellar distance. By
this way the α phase is more electroactive than the β phase but uncon-
ditionally will be converted to the later one, which is thermodynamical-
ly stable [11–14]. Many efforts have been made in order to stabilize the
α-Ni(OH)2 by adding additives into the inorganic matrix, Al, Co, Mn, Fe,
Ce, Cd and Zn can be easily found in literature [15–17]. Among the

different additives, cobalt plays an important role as it has some inter-
esting similarities with nickel, such as the ionic radii and the M–O
bond energy. Probably the most interesting effect of the use of cobalt
in nickel hydroxide electrodes is the shifting of redox potentials towards
less positive potentials [18–21]. This effect can be explained by the in-
crease of the composite conductivity, the redox pair Co(OH)2/CoOOH
is highly irreversible, so, once formed the most of the CoIIIOOH sites is
maintained into the inorganic structure [22], increasing by this way
the overall conductivity, leading by thisway the shifting of the oxidation
peak towards less positive potentials. It is important to point out that
the reduced form Ni(OH)2 is much less conductive than the NiIIIOOH
one [23]. The mentioned effects occur due to the chemical similarities
between cobalt and nickel atoms, so that the Co2+ replaces some Ni2+

sites in its hydrate oxide structure, forming a composite material, and
besides the peak shifting mentioned before, the inclusion of Co2+ also
is responsible for the increase of the number of structural defects within
thematerial, leading to more disordered structure [24], affecting by this
way the overall morphology of the composite.

Cobalt hydroxide electrodes can also be found in literature on the
construction of electrochemical sensors [25–28], but some recent stud-
ies performed by our group using chemometrics and hydroxide forma-
tion from metallic nanostructures [29] demonstrated that the material
itself has a poor electrocatalytic behavior and for electrochemical sen-
sors its use together with nickel for electrochemical sensors seems to
be a very interesting choice. Nevertheless, to the best of our knowledge,
there are no reports in literature that explores the real effect of cobalt
into the nickel hydroxide for electrochemical modified electrodes
towards electrocatalysis, by this way this work discusses the electrocat-
alytic properties of NiCo(OH)2 composite electrodes studied by the
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oxidation of glucose, by using rotating disk electrode and scanning
electron microscopy. The studies presented herein could boost the
development of electrochemical sensors and other nickel based devices.

2. Materials and methods

Ni(NO3)2 (Aldrich), Co(NO3)2 (Aldrich), KOH (Synth), HNO3 (Synth)
and glucose (Synth) were used as received without any purification
step. All solutions were prepared using Milli-Q water, resistivity of
18.2 MΩ cm by using a Millipore system.

Electrochemical experiments were performed in an Autolab PGSTAT
30 potentiostat in a three electrode conventional electrochemical cell,
using platinum (A = 0.031 cm2 for static and 0.126 cm2 for RDE
experiments) and ITO (Delta technologies, R b 5 Ω) as working elec-
trodes, Pt foil and Ag/AgCl/Cl−(sat) as counter and reference electrode
respectively. SEM images were obtained using a Tescan Vega3LMU
equipment under voltage of 15 kV, at least 5 different regions of three
different modified electrodes were analyzed in order to assure both ho-
mogeneity and reproducibility. Rotating disk electrode experiments
were performed in a RRDE-3A equipment by BAS. All electrochemical
experiments were also performed in triplicate.

The nickel hydroxide electrodes were electrochemicallymodified by
following the Corrigan'smethod [30]which is commonly referred as the
electrochemical reduction of nitrate producing an interfacial increment
of pH followed by the chemical precipitation of Ni(OH)2, accordingly to
Eqs. (1) and (2).

NO−
3ðaqÞ þ 7H2OðlÞ þ 8e−→ NHþ

4ðaqÞ þ 10 OH−
ðaqÞ: ð1Þ

2OH−
ðaqÞ þ Ni2þðaqÞ→ NiðOHÞ2ðsÞ: ð2Þ

The amount of material deposited was controlled by the cut off
charge value passed through and for all experiments was limited to
−2.0 mC by applying −1.1 V in electrolytes containing different
proportions of Ni2+ and Co2+ in order to obtain different types of
deposited NiXCoY(OH)2 modified electrodes. From now on, the elec-
trodes are labeled accordingly to the proportion of Ni2+ and Co2+ in
the synthetic solution, X and Y, respectively.

3. Results and discussion

The effect of cobalt on the electrochemical properties of nickel hy-
droxide electrodes is described as an increment on the intrinsic electric
conductivity of thematerial, especially in the reduced form, leading to a
shifting in the redox pair towards lower potentials [31,32], this is a very
interesting feature, taking into account the use of this material for elec-
trochemical sensors as the catalytic formNiIIIOOH can be obtained in an
energetic region far from many interferent species. Herein the sensitiv-
ity valueswere determined by cyclic voltammetry in thediffusional lim-
ited region, in electrolytes containing different concentrations of
glucose. In Fig. 1 are shown the representative voltammograms of a
Ni95Co05(OH)2, Ni50Co50(OH)2 and Co(OH)2 modified electrodes in the
presence of different glucose concentrations, ranging from 0.2 up to
1.2 mmol L−1 in a KOH 0.1 mol L−1 electrolyte, depicted in the figures
the respective calibration curves of the modified electrodes.

The voltammograms showed the well known electrocatalytic
behavior for the oxidation of organic molecules performed by the
NiII(OH)2/NiIIIOOH redox pair, it is important to note the low electro-
catalytic effect by the Co(OH)2 modified electrode. To obtain the
calibration curves, the electrocatalytic response was obtained at
0.55 V for NiXCoY(OH)2 and at 0.3 V for the pure Co(OH)2 electrodes,
in a diffusion controlled regime. It is very hard to compare the values
of sensitivity presented herein with other ones published elsewhere
as it is important to mention that different parameters can be changed

such as: amount of electrocatalytic material, geometric electrode area,
electrolyte concentration, technique employed in the detection, ther-
modynamic form of Ni(OH)2 present, among others, a review of these
works can be found in [33–35]. Nevertheless these values obtained
herein can be readily compared among them in the scope of this work.

All calibration curves showed a linear behavior in the range studied
and at first view the sensibilities look similar apart from the Co(OH)2
modified electrode. The low sensitivity presented by the Co(OH)2 are
in concordance with our previous report [29] indicating that the NiIII

sites are the main responsible for the electrocatalytic oxidation of glu-
cose. By this way it is necessary a proper relationship between the sen-
sitivity and the amount of nickel present in each modified electrode. To
do so, it was found that the number of moles of electroactive NiIIIOOH
[36] by means of integrating the voltammetric electric charge (Qvolt)
passed through the electrode in the cathodic process at slow scan rate
(2 mV s−1), the cathodic reaction was chosen in order to avoid any in-
terference from the oxygen reaction that occurs at the proximity of
the NiIIIOOH peak. The amounts of nickel and cobalt were estimated
by its proportion in the synthetic solution, although the real proportion

Fig. 1. Representative cyclic voltammograms performed in KOH 0.1 mol L−1 containing
different amounts of glucose, scan rate of 10 mV s−1 at different modified electrodes:
(A) Ni95Co05(OH)2, (B) Ni50Co50(OH)2 and (C) Co(OH)2. Inserted the respective
calibration curves obtained (S/N = 3).
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