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Abstract Nickel and nickel-copper alloy modified glassy
carbon electrodes (GC/Ni and GC/NiCu) prepared by gal-
vanostatic deposition were examined for their redox processes
and electro-catalytic activities towards the oxidation of
glucose in alkaline solutions. The methods of cyclic voltam-
metry (CV) and chronoamperometry (CA) were employed.
The cyclic voltammogram of NiCu alloy demonstrates the
formation of (3/p crystallographic forms of the nickel oxy-
hydroxide under prolonged repetitive potential cycling in
alkaline solution. It is also observed that the overpotential for
O, evolution increases for NiCu alloy modified electrode. In
CV studies, NiCu alloy modified electrode yields signifi-
cantly higher activity for glucose oxidation compared to Ni.
The oxidation of glucose was concluded to be catalyzed
through mediated electron transfer across the nickel hydrox-
ide layer comprising of nickel ions of various valence states.
The anodic peak currents show linear dependency with the
square root of scan rate. This behavior is the characteristic ofa
diffusion-controlled process. Under the CA regime, the
reaction followed a Cottrellian behavior, and the diffusion
coefficient of glucose was found to be 1x10~> ¢cm?® s ', in
agreement with diffusion coefficient obtained in CV studies.
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Introduction

Electrocatalytic processes involving the oxidation of sugars
are of great interest in many areas, ranging from medical
applications to wastewater treatment and from the construc-
tion of biological fuel cells to analytical applications in the
food industry [1-4].

The investigation of glucose electrochemical oxidation
began in 1960s and has remained a very active research area
[5]. Bagotzky and Vassilyev [6] first reported the electro-
oxidation of glucose in an acidic medium. At about the same
time, Bockris et al. [7] studied this reaction at high
temperature in alkaline solutions. In recent years, infrared
(IR) spectrometry has been used to examine the adsorption
and oxidation of glucose on Pt electrodes. Bae and cow-
orkers [8, 9] used Fourier transform IR spectroscopy to
demonstrate for the first time that the main absorbed
intermediate in glucose oxidation in both acidic and alkaline
solutions is CO, similar to the oxidation of small organic
molecules such as CH;0H, HCOOH, and HCHO. Studies of
Pt single-crystal electrodes have shown that this reaction
strongly depends on the crystallographic orientation of the
electrode surface [10].

Oxidizable metal electrodes, Ni [11-13], Au [14], Pt [15],
and Cu [16] provide simple routes for the catalytic oxidation
of carbohydrates at constant applied potentials. Fleischmann
et al. [17] studied Ni electrodes and explained the oxidation
of alcohols and amines on the basis of a mechanism in-
volving electron-transfer mediation by a Ni(OH),/NiOOH
redox couple in the oxide film at the anodized electrode sur-
face. A similar mechanism has been suggested by Luo et al.
[18] to explain the anodic oxidation of glucose at Ni elect-
rodes in alkaline media. Pure Cu electrodes have demon-
strated activity for the anodic oxidation of carbohydrates in
alkaline media. However, the corresponding response mech-
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anism remains somewhat controversial. Nevertheless, follow-
ing the evidence for Ni electrodes, it has been suggested that a
Cu(IT)/Cu(III) redox couple at the surface of the anodized Cu
electrodes can function within an electron-transfer-mediated
mechanism for carbohydrate oxidation [19-20].

Motivation for the study of alloy electrodes is derived
primarily from the anticipation of a synergistic electrocatalytic
benefit from the combined properties of the components of
alloys. Furthermore, the use of pre-anodized alloy electrodes
is expected to offer the advantage of ease of preparation and
long-term stability in comparison with thermally prepared and
electrolytically deposited mixed-oxide film electrodes.
Kuwana and co-workers investigate the alloy electrodes in
carbohydrate oxidation on Ni-based alloys containing high
percentages of Cuand Cr [21, 22]. These researchers reported
that Ni-containing alloys exhibited promising stabilities for
the glucose oxidation.

The fact that the pure Ni and Cu metals have the same face-
centered cubic structure with similar lattice parameters (a=
3.523 for Ni and 3.616 for Cu) makes it possible to have a
wide range of compositions for NiCu alloys. Numerous
papers have described chemical and physical properties of
NiCu alloys. An excellent review was presented by Khulbe
et al. [23] on the behavior of NiCu alloys in a variety of
catalytic reactions including hydrogenation reactions, ortho-
para hydrogen conversion, and H,/D, exchange reaction.

The purpose of the present work was to study the elect-
rochemical oxidation of glucose on a nickel and nickel—
copper alloy modified glassy carbon electrode in a solution of
1 M NaOH.

Materials and methods

Sodium hydroxide, nickel sulfate, copper sulfate, sodium
citrate, and glucose used in this work were Merck (Darm-
stadt, Germany) products of analytical grade and were used
without further purifications. Doubly distilled water was
used throughout.

Electrochemical studies were carried out in a convention-
al three-electrode cell powered by an electrochemical system
comprising EG&G model 273 potentiostat/galvanostat and
Solartron model 1255 frequency response analyzer. The
system is run by a PC through M270 and M389 commercial
software’s via a GPIB interface. A dual Ag/AgCl-Sat’d KCl,
a Pt wire and a glassy carbon (GC) disk electrode were used
as the reference, counter and working electrodes, respective-
ly. All studies were carried out at 298+2 K.

The GC disk electrode supplied by EG&G was further
polished with 0.05-mm alumina powder on a polishing micro-
cloth and rinsed thoroughly with doubly distilled water prior
to modification. Films of nickel were formed on the GC
surface by galvanostatic deposition from a solution composed
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of 0.7 M NiSO, + 0.26 M C4HsNa3;0;,2H,O for Ni
deposition at the current density of 10 mA cm * and for
300 s and addition of 0.05 M CuSO,4-5H,0 for NiCu alloy
deposition. Working electrode was placed in the middle of
the electrolyte, and electrolyte was stirred with magnetic
stirrer during electrodeposition. The surface morphology of
the deposit was evaluated by metallographic microscope
Neophot 32. The chemical composition of the deposit was
evaluated by scanning electron microscopy (Philips XL.30)
equipped with the energy dispersive X-ray (EDX).

Results and discussion

The surface morphology of the electrodeposited Ni and NiCu
alloy was investigated by metallographic microscope as
displayed in Figs. la,b. As can be seen, smooth surfaces are
observed for electrodeposited Ni and NiCu alloy. The result of
chemical composition analysis obtained by EDX method
revealed that the composite contains 79% Ni and 21% Cu.
The composition is given in weight percents (Fig. 1c).
Figure 2 presents consecutive cyclic voltammograms
(CV) of a nickel electrode in 1 M NaOH solution recorded
at a potential sweep rate of 100 mV s '. In the first sweep, a
pair of redox peaks appear at 500 and 405 mV/Ag, AgCl that
are assigned to the Ni(IT)/Ni(IIT) redox couple according to:

Ni(OH), + OH™ < NiOOH +H,0 + ¢~

In the subsequent cycles, both the anodic and cathodic
peaks shift negatively and stabilize, pointing to higher ener-
gies (potential) required for nucleation of NiOOH in the first
cycle. The enhanced baseline current of the first cycle is
associated with the oxidation of Ni to Ni(Il) followed by the
continued formation of a-Ni(OH), film which slowly con-
verts to (3-Ni(OH),. The growth of current with the number
of potential scans indicate the progressive enrichment of the
accessible electroactive species, Ni(I) and Ni(IIl), on or near
the surface. The current increase following the anodic wave
is the result of the oxygen evolution reaction. The intensity
of this reaction also slowly grows with advancing polariza-
tion, suggesting a correlation between the oxygen evolution
and the concentration of Ni(Ill) sites. After prolonged
cycling, the redox peak potential are stabilized at 471 and
388 mV/Ag, AgCl. The changes of the peaks position are
likely due to the changes [24-26] in the crystal structures of
the nickel hydroxide and the nickel oxyhydroxide constitu-
ents of the electrochemically formed surface film. It has been
reported [25, 26] that at the initial stages of electro-oxidation,
«-Ni(OH), forms and is further slowly converted to the [3-Ni
(OH), form. Both the electrodeposited nickel hydroxide
and nickel oxyhydroxide phases are believed to be non-
stoichiometric [27, 28].



J Solid State Electrochem (2009) 13:1171-1179

1173

Cu

Cu

0 1 2 3 4 5 6 7 8
EnergyheV

Fig. 1 Metallograph of electrode surface after electrodeposition of Ni (a)
and NiCu (b) alloy from a solution composed of 0.7 M NiSO, + 0.26 M
CeHsNa3;O072H,0 for Ni deposition at the current density of 10 mA

Figure 3 shows the consecutive CV of a nickel-copper
alloy electrode in 1 M NaOH solution recorded at a potential
sweep rate of 100 mV s . The oxygen evolution reaction is
markedly diminished, and its intensity remain unchanged
with continued polarization. Ni sites are considered to be
responsible for the oxygen evolution reaction [29]. The first
positive potential scan reveals a characteristic similar to that
of pure Ni, a monotonic current increase in a wide range of
potential and a peak shift to a more positive potential. Ini-
tially, a Ni(OH), layer is formed on the surface of NiCu
alloy during the positive potential scan [30]. The rapid for-
mation of Ni(OH), at low potential leads to a Cu-rich metal
surface which is oxidized to Cu,O and further to Cu—Cu
(OH), later [30]. Therefore, the surface layer is subsequently
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em 2 and for 300 s and addition of 0.05 M CuSO, for NiCu alloy
deposition. (¢) EDX results of the chemical composition of NiCu alloy
at the surface

transformed to a mixture of NiOOH and Cu(OH), [30]. In
addition, some Cu(OH), and CuO can be oxidized further to
the Cu(Ill) oxide prior to the evolution of oxygen [31]. The
change observed in the current of oxygen evolution may refer
in part to the overpotential for the oxygen evolution reaction
on copper oxides.

In consecutive cyclic voltammograms of nickel-copper
alloy, the peak potentials, except for the first cycle, are in-
variable, which suggests that the phase transformation of Ni
oxyhydroxide from [3 to y is inhibited. It is reported that there
are four phases produced over the cyclic voltammogram of a
nickel hydroxide electrode substrate, namely, 3-Ni(OH),, «-
Ni(OH),, 3-NiOOH, and y-NiOOH [32, 33]. The well-known
Bode diagram can be used to identify the phase transfor-
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Fig. 2 Consecutive cyclic voltammograms of GC/Ni oxidation in 1 M
NaOH at the scan rate of 100 mV s . Potential sweep numbers 1 to 50

mations that are likely to occur during a normal potential
cycle. 3-Ni(OH), is first oxidized into (3-NiOOH, and the
subsequent reduction during the cell discharge can be con-
sidered as the intercalation into the {3 phase of one proton
and one electron per Ni atom. Alternatively, y-NiOOH is
reduced into the hydrated «-Ni(OH), phase, which is
unstable in strong alkali and ages to the 3-form. In addition,
[3-NiOOH is partially converted to y-NiOOH under exper-
imental conditions of overcharge, high charge/discharge
rates, and high alkali concentrations [34, 35]. However,
these physical transformations occur slowly and are gener-
ally incomplete, so that o/y and 3/ systems coexist under
steady-state conditions [35]. It is well known that the
formation of y-NiOOH phase is associated with swelling
or volume expansion of nickel film electrodes with
subsequent microcracks and disintegrates. Lower interelec-
trode spacing results in lower internal resistance and
therefore better efficiency of the electrode [34, 35].
Therefore, 3-NiOOH phase is expected to be a better
electroactive material for high electrochemical performance
in alkaline solution. The comparison of the electrochemical
behavior of the pure electrodeposited nickel and NiCu
electrodeposited alloy (see Figs. 2 and 3, respectively) reveals
lower o/y redox contribution with good stabilization of (3/f3
nickel oxyhydroxide on the NiCu electrode. This is due to
inhibition of variation of peak potentials after prolonged
electrochemical treatment in alkaline solution. Thus, the
addition of copper hydroxide to the nickel oxyhydroxide
species represents a very efficient strategy of suppressing the
formation of y-NiOOH phase. Similar electrochemical
behavior has been observed for Ni-based alloys having
several percents of Cd, Zn, Co, Ca, Ti, etc. [34, 36, 37].
Figure 4a presents typical CVs of a GC/NiCu electrode in
1 M NaOH solution at various potential sweep rates of 2 to
2,000 mV s . The peak’s currents are proportional to sweep
rates in the range of 2-40 mV s~ ' (Fig. 4b, c), pointing to the
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electrochemical activity of the surface redox couple [38].
From the slope of these lines and using [38]:

272
I, = (%) yAT" (1)
where I'* is the surface coverage of the redox species and v
being the potential sweep rate, and taking average of both
cathodic and anodic results, I'* values of around 5.6x10°°
and 7.1x10"® mol cm 2 have been derived that correspond
to the presence of around 60 and 75 monolayers of surface
species for Ni and NiCu electrodes, respectively. In the
higher potential sweep rates, this dependency is of square root
form (Fig. 4d,e), signifying the dominance of the diffusion-
controlled processes.

Laviron [39] derived general expressions for the cyclic
voltammetric response for the case of surface-confined
electro-reactive species at small concentrations. For AE,<
200/n mV, where n is the number of exchanged electrons,
commonly observed at low scan rates, Laviron [39] provided
some working curves allowing determination of «, transfer
coefficient, and £, charge transfer rate constant. For AE,>
200/n mV obtained at very high scan rates, the following
simplified relations were proposed:

1—
Epa=E0+A1n[ 0’} 2)
m
o a
Epe = E*+BIn[ | (3)
RT
Inks =oln(1 — l—o)lno—In| —
n eln(l —a)+ (1 —a)na n(an>

a(l —a)nF AE,

where 4= RT/(1 — cnF, B = RT/oankF, m = (RT/F)(ky/nv), Ey,
and E, are anodic and cathodic peak potential, respectively,
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Fig. 3 Consecutive cyclic voltammograms (sweep numbers 1 to 50)
of GC/NiCu oxidation in 1 M NaOH at the scan rate of 100 mV s '
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and v the potential sweep rate, respectively. From these
expressions, « can be determined by measuring the variation
of the peak potential with respect to the potential sweep rate,
and k, can be determined for electron transfer between the
electrode and surface modified layer by measuring the E,
values. Figure 4f shows the plot of £}, with respect to the Inv
from cyclic voltammograms recorded for GC/NiCu electrode
in 1 M NaOH solution at potential sweep rates of 2—
2,000 mV s~ for anodic (1) and cathodic (2) peaks. For the
potential sweep rates of 200-2,000 mVs ', the values of E,
are indeed proportional to the logarithm of the potential sweep
rate indicated by Laviron. Using the plot and Eq. 4, the values
of o were determined as 0.57 and 0.59, and the values of
were determined as 0.35 and 0.45 s~ for Ni and NiCu alloy
electrodes, respectively. The data reveal a higher electron-
transfer rate in the redox process of nickel species present in
the modifier film prepared via oxidation of nickel-copper
alloy in alkaline solution rather than electrodeposited Ni.
Figure 5 shows cyclic voltammograms of GC/Ni and GC/
NiCu electrode in 1 M NaOH solution in the presence of
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Fig. 5 Cyclic voltammograms of the GC/Ni (/) and GC/NiCu (2)

electrode in 1 M NaOH solution in the presence of 5 mM of glucose in

the solution. Potential sweep rate was 10 mV s~

5 mM glucose at a potential sweep rate of 10 mV s '. As can
be seen in 5 mM glucose, GC/NiCu electrode generates
higher current density for the electro-oxidation in NaOH
solution due to higher surface concentration of 3-NiOOH
form.

Figure 6 shows cyclic voltammograms of GC/NiCu elect-
rode in the absence (1) and presence (2) of various concen-
trations of glucose at a potential sweep rate of 10 mV s ', At
GC/NiCu electrode, oxidation of glucose appeared as a typical
electrocatalytic response. The anodic charge increased with
respect to that observed for the modified surface in the
absence of glucose, and it was followed by decreasing the
cathodic charge upon increasing the concentration of glucose
in solution. In the presence of 7 mM glucose with the potential
sweep rate of 10 mV s ', the charge associated with the
anodic peak was 99% of that of the corresponding cathodic
peak, while in the absence of glucose, this ratio was 58%.
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Fig. 6 Cyclic voltammograms of the GC/NiCu electrode in 1 M
NaOH solution in the presence of 0 mM (/); 1 mM (2); 3 mM (3);
5 mM (4); 7 mM (5); 9 mM (6) of glucose. Potential sweep rate was
10 mV s '. Inser: Dependency of the anodic peak current on the
concentration of glucose in solution
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Charge is obtained by integrating the anodic and cathodic
peaks under the background correction.

The anodic current in the positive sweep was proportional
to the bulk concentration of glucose, and any increase in the
concentration of glucose caused an almost proportional linear
enhancement of the anodic current (inset Fig. 6). Moreover, in
the presence of glucose, the onset potential of the Ni(Il)
moiety oxidation shifted to positive value and enhanced upon
increasing the concentration of glucose. In fact, this indicated
a strong interaction of glucose with the surface already co-
vered by low valance nickel species. Therefore, catalytic
electro-oxidation of glucose on GC/NiCu seems to be certain.

The decreased cathodic current in the reverse cycle indi-
cated that the rate-determining step certainly involves glucose
and that it was incapable of reducing the entire high valent
nickel species formed in the oxidation cycle.

The electrocatalytic oxidation of glucose occurs not only in
the anodic but also continues in the initial stage of the cathodic
half cycle [40]. Glucose molecules adsorbed on the surface
are oxidized at higher potentials parallel to the oxidation of
Ni(IT) to Ni(IIT) species. The later process has the consequence
of decreasing the number of sites for glucose adsorption that,
along with the poisoning effect of the products or intermedi-
ates of the reaction, tends to decrease the overall rate of
glucose oxidation. Thus, the anodic current passes through a
maximum as the potential is anodically swept. In the reverse
half cycle, the oxidation continues, and its corresponding
current goes through a maximum due to the regeneration of
active sites for the adsorption of glucose as a result of removal
of adsorbed intermediates and products. Due to lower vacant
d-orbital of NiCu alloy, desorption of products are easier.
Surely, the rate of glucose oxidation as signified by the anodic
current in the cathodic half cycle drops as the unfavorable
cathodic potentials are approached. In addition, continuous
cycling of GC/NiCu in the presence of glucose showed that

44
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Fig. 7 Repeated cyclic voltammograms of 3 mM glucose oxidation

on GC/NiCu electrode at 10 mV s, cycle number 1, 10, 20, 50, 100,
150
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glucose reacted with the surface, and no poisoning effect on
the surface was observed.
The redox transition of nickel species present in the film is:

Ni(I1) <“=5Ni(111) + e~ (5)

and glucose is oxidized on the modified surface via the
following reaction:

Ni(III) + glucosek—2>intermediate + Ni(II) (6)
Ni(III) + intermediate k—3>products + Ni(1I). (7)

Gluconolactone [11] as well as formats and oxalates [41]
have been reported as the oxidation products.

Figure 7 shows the cyclic voltammograms of GC/NiCu
electrode in 1 M NaOH in the presence of 3 mM glucose at a
scan rate of 10 mV s ' for 150 cycles. It is observed that the
current density of the electro-oxidation of glucose is almost
constant in 150 cycles, signifying the stability of electrocatalyst.

Cyclic voltammograms of GC/NiCu in the presence of
5 mM glucose at various potential sweep rates and the pro-
portionality of anodic peak currents to the square root of
sweep rates in a range of 2 to 2,000 mV s are illustrated in
Fig. 8a,b, respectively. The cathodic peak was not observed
in low scan rates, but appeared upon increasing the sweep
rate. The phenomenon indicates that the electro-oxidation
of nickel species to higher valence state is much faster than
the catalytic oxidation of glucose. This reveals that the
oxidation of glucose on Ni may belong to a slow process.
In higher scan rates, a new oxidation peak was observed for
glucose oxidation at a potential much more positive than
that of the oxidation of Ni(OH), potential. Meanwhile, the
anodic peak currents that are linearly proportional to the
square root of scan rate (Fig. 8b) suggests that the overall
oxidation of glucose at this electrode is controlled by the
diffusion of glucose to the surface redox sites. Moreover, a
plot of the so-called current function, //v'’, with respect to
the scan rate (Fig. 8c), exhibited a typical shape of an
electrochemical-chemical (EC') catalytic process [42]. The
value of electron transfer coefficient for the reaction which is
totally irreversible-diffusion-controlled can be obtained
through the following equation [43]:

Eo = (L) nv+ constant (8)
P = naF nvy constant.

Using the dependency of anodic peak potential on the
natural logarithm of the potential sweep rate (Fig. 8d), the
value of electron transfer coefficient was obtained as 0.8.

Setting the working electrode potentials to some selected
values, the measurement of the catalytic rate constant as well
as the diffusion coefficient of glucose was performed under
chronoamperometric regime. Figure 9a shows double step
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Fig. 8 a Typical cyclic voltam-
mograms of the GC/NiCu inl M
NaOH in the presence of 5 mM
glucose at various potential
sweep rates of 2, 10, 50, 75,

100, 200, 350, 500, 750, 1,000,
1,250, and 1,500 mV s™".

b Dependence of anodic peak
current during the forward
sweep on the square roots of
sweep rate. ¢ The anodic current
function (I/'"?) vs. potential

sweep rate v. d Dependence of
the peak potential on Inv for the
oxidation of glucose at
GC/NiCu electrode

choronoamperograms for the GC/NiCu in the absence (1)
and presence (2—6) of glucose over a concentration range of
1 to 9 mM with applied potential steps of 560 and 320 mV,
respectively. Plotting of net current with respect to the
inverse of the square roots of time, after removing the
background current, presents a linear dependency (Fig. 9b).
The dominance of a diffusion-controlled process is evident.
Using the slope of this line in Cottrell equation [44]:

[ = nFAD'?C*g= 21/ (9)

the diffusion coefficient of glucose has been obtained to be 1 x
10 cm? s~', which is in good agreement with value re-
ported in the literature [45]. The current is also negligible
when potential is stepped down to 320 mV, indicating the
irreversibility of glucose oxidation process.

Choronoamperometry can also be used for the evaluation
of the catalytic rate constant according to Pariente et al. [46]

Leat 12 1/2 1/2 exp(—7y)
I:?/ T erf(y ) +W (10)
where I.,; and I are the currents of the GC/NiCu in the
presence and absence of glucose and v = kC*¢ is the argu-
ment of the error function. & is the catalytic rate constant, C*
is bulk concentration of glucose, and # is elapsed time (s). In
the cases where v>1.5, erf(y'""?) is almost equal to unity, and
the above equation simplifies to:
lear _ P22 = g2 (w2 (1
3

From the slope of the I/} vs. 1 plot, presented in
Fig. 9c, the mean value of & for the concentration range of 1

to 9 mM of glucose was obtained as 5.8x10° cm® mol ' s~

Fig. 9 a Double steps chro- 22 0.006 56
noamperograms of GC/N1Cu. " o011 b 64 C
electrode in 1 M NaOH solution € bR =
with different concentrations of 17 - L0164 E‘ﬁﬁ-
glucose of: 0 mM (/), 1 mM (2), #4]6-
3mM (3), 5 mM (4), 7 mM (5), L a— T 15 3 o
and 9 mM (6). Potential steps ] K £112 356 T I 1 1
were 560 and 320 mV, respec- N'E 12 K a iR
tively. b Dependency of tran- Q 15
sient current on 7%, E 4 '-‘gm_ d
¢ Dependence of I/l on 12 =7 "\\_‘
derived from the data of chro- 3 E 54
noamperograms of / and 3 in (\
panel a. d Plot of sampled 2 2 cu 0.005 001
transient current at fixed time of L Cahucose
10 s vs. glucose concentration
-3
10 20 30 40 50 60
t/s
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Figure 9d shows the plot of sampled current at fixed time
(10 s) with respect to the concentration of glucose. A good
linearity has been witnessed, and a limit of detection of
0.8 uM has been obtained from three times the standard
deviation of the blank per the slope of calibration curve [47].

Conclusion

Nickel oxide film was formed electrochemically on electro-
deposited nickel and nickel-copper alloy on a glassy carbon
electrode in a regime of cyclic voltammetry and tested for the
electro-oxidation of glucose in alkaline media. The addition of
copper to the electrodeposited nickel is a very effective
method of suppressing the formation of y-NiOOH species
during prolonged cycling processes in alkaline medium. Also
from repeated cycling, it was observed that the overpotential
for O, evolution increases for NiCu alloy modified electrode.
The modified electrodes showed electrocatalytic activity for
the oxidation of glucose at around 540 mV/Ag, AgCl,
while the glassy carbon electrode presented no activity.
More specifically, the response for glucose electro-oxidation
at the NiCu alloy modified electrode are significantly larger
than the response obtained for pure electrodeposited Ni. The
anodic peak currents for glucose oxidation at GC/NiCu are
linearly proportional to the square root of scan rate. Double
steps choronoamperograms for the GC/NiCu in the presence
of glucose show irreversible process, and the dominance of a
diffusion-controlled process is evident. The diffusion coeffi-
cient of glucose has been obtained to be 1x107> cm? s ', in
agreement with cyclic voltammetric response.
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