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Abstract CeO,-Ni(OH), composites with hierarchical structures were synthesized via a
facile one-pot hydrothermal method, which were constructed with Ni(OH), nanosheets
decorated with in-situ formed CeO, nanoparticles on their surface. The composites were
characterized by XRD, SEM, HRTEM, XPS, Raman spectroscopy, and electrochemical
techniques. The results of nitrogen adsorption-desorption, electrochemical impedance
spectroscopy, and amperometry demonstrated that CeO, and Ni(OH), components of
Ce0,-Ni(OH), hierarchical architectures showed a synergistic contribution on the
improvement of electrochemical activity toward H,0O,. The oxidation current was
linearly related to the H,O, concentration from 0.5 uM to 1.2 mM. The sensor showed
high sensitivity of 4.5 pA-uM ~'-cm ™ with a lower detection limit of 0.035 pM
(S/N=3). Moreover, the sensor showed good selectivity, reproducibility and stability.
These results demonstrated the feasibility of the synthetic strategy and the potential of
the composites as a promising candidate for H,O, sensing.
1. Introduction

The development of efficient electrochemical H,O, sensors has attracted

tremendous research interests due to the significance of H,O; in biological systems and



RSC Advances

its practical applications." Eenzyme-based H,O, biosensors have been well-
developed,”™ however, major limiting factors for their utility are the high costs of
enzymes, complex electrode fabrication, and performance instability.” Recently, the
development of nanomaterial-modified glassy carbon electrodes as nonenzymatic H,O,
sensors has attracted wide research interest, which is considered to have promising

. . . 6 . . 7 8
practical applications.” Various nanomaterials such as carbon nanotubes,” graphene,

1 12,13

transition metal oxides,”" prussian blue,'' noble metals, and multi-component
materials'*"> have been employed as electrode materials to construct H,O, sensors.
Nevertheless, efficient utilization of nano-sized modifier usually suffers from
undesirable conglomeration, where large surface areas and abundant active sites are lost
and thus the performance is weakened. Accordingly, to develop a nonenzymatic H,O,
sensor with eco-friendly, high sensitivity and low cost are highly desirable to overcome
the aforementioned limitations.

As a solution, significant efforts have been made to synthesize electrode materials
with hierarchical morphology, which exhibits large surface area and more exposed
active sites, and shows long-term stability performance.

Nickel hydroxide (Ni(OH);) is one of the most important transition metal
hydroxides and has been widely investigated for its interesting electrochemical
properties, which made Ni(OH), as a promising material for applications in Ni-based

17,18

alkaline secondary batteries, ~ electrochemical supercapacitors, gas sensor,  and

2021 The focus of recent researches has been on the potential of Ni(OH),

electrocatalysts.
as electrochemical sensor materials.””?’ For example, o-Ni(OH), hierarchical
architectures were synthesized and applied to electrochemical determination of H,0,.”*

Nanostructured CeO, has also attracted much attention for the development of

electrochemical sensors and biosensors due to its good biocompatibility, vast surface-to-
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bulk ratio, high chemical stability, and excellent electronic conductivity.***°

Ispas et al.
reported the electrochemical studies of CeO, microspheres as an electrode material for
sensing detection of H,0,.’ Yagati et al. reported an enzymatic biosensor for H,O,
based on CeO, nanostructure films on indium tin oxide substrate.’! Jha and co-workers
constructed an electrochemical nonenzymatic H,O, sensor based on CeOj/reduced
graphene oxide xerogel composite.3 2

On the basis of favorable electrochemical and electrocatalytic properties of Ni(OH),
and CeQ; for detecting H,0O,, herein, CeO, nanoplates were decorated on the surface of
Ni(OH), nanosheets which self-assemble in situ forming three-dimensional hierarchical
structures through a facile one-pot hydrothermal method. The composites were
modified onto a bare glassy carbon electrode to construct nonenzymatic H,O, sensors.
The structure evolution of the composites over time was investigated, and their
structure-dependent sensing activities were evaluated. It is expected that the CeO,—
Ni(OH), composites would exhibit a synergistic effect of both CeO, and Ni(OH),
components.
2 Experimental section
2.1 Synthesis of composite CeO,-Ni(OH); nanostructures

All of the chemicals were analytical-grade and were used without any further
treatment. In a typical synthesis, 0.156 g NiSO4-6H,0, 0.02 g (NH4),Ce(NO3)s and 0.1
g cetyltrimethylammonium bromide (CTAB) were dissolved in distilled water to form a
homogeneous solution. Then, 0.2 g of hexamethylenetetramine (HMT) was added under
vigorous stirring. The solution was transferred into a Teflon lined stainless steel
autoclave and subsequently sealed. The autoclave was maintained at 180 °C for 6 h and

then cooled to room temperature naturally. The green precipitates was separated from
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the solution by centrifugation, washed with distilled water and absolute alcohol
respectively, and then dried at 60 °C.
2.2 Characterization
The X-ray powder diffraction (XRD) patterns of the products were recorded on a

D/max-2500/PC X-ray diffractometer with Cu Ko radiation (A=1.5418 A). The
morphologies and microstructures of the products were characterized using a JSM-
6700F field emission scanning electron microscope (SEM) and a JEM-2010 high-
resolution transmission electron microscope (HRTEM). Nitrogen adsorption-desorption
isotherms were obtained using a Micromeritics ASAP 2020 surface area analyzer to
determine the Brunauer-Emmett-Teller (BET) surface area, Barrett-Joyner-Halenda
(BJH) average pore size, and BJH cumulative volume of pores of the samples. Raman
analysis was performed using a LabRam HR 800 laser confocal micro-Raman
spectrometer (Jobin Yvon-Horiba) with a 532 nm YAG laser as the excitation source.
X-ray photoelectron spectra were recorded on a Thermo ESCALAB 250XI
multifunctional imaging electron spectrometer with Al Ka radiation (hv=1486.6 eV) at
150 W. The charging shifts of the spectra were calibrated using the Cls peak at 284.8
eV.
2.3 Electrode modification

Prior to the modification, a bare glassy carbon electrode (GCE) was carefully
polished to a mirror-like surface using 0.3 um alumina slurry and sonicated for at least
10 min in distilled water. Then the electrode was thoroughly rinsed with methanol and
distilled water and subsequently dried at room temperature. 20 pL of CeO,-Ni(OH),
nanostructure suspension (2.5 g/L.) was dropped onto the surface of the polished GCE,
then dried in air at room temperature for further use. The resulting electrodes were

defined as CeO,-Ni(OH),/GCE.
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2.4 Electrochemical measurements

The electrochemical measurements were performed on a model CHIS32B
electrochemical analyzer (Shanghai CH Instrument Company, China) using a standard
three-electrode cell. The modified electrode was used as a working electrode. A
saturated Ag/AgCl electrode and a platinum wire were used as reference electrode and
auxiliary electrode respectively. 0.1 mol/L. KOH solution was used as the supporting
electrolyte. Electrochemical behaviors of the electrodes toward H,O, oxidation were
characterized by cyclic voltammetry (CV) measurement at a scan rate of 50 mV-s .
The amperometric curves were obtained with successive addition of a certain
concentration of H,O, with magnetic agitation under magnetic stirring. Electrochemical
impedance spectroscopy (EIS) measurements were performed in 0.1 mol/L. KCl
containing 1.0 mmol/L K;3[Fe(CN)s]/K4[Fe(CN)g] at a bias potential of 0.172 V by
applying an AC voltage with 5 mV amplitude in a frequency range from 102 Hz to 10°
Hz under open circuit potential conditions and presented in Nyquist plots.

3. Results and discussion

3.1. Sample characterization.
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The composition and phase purity of the as-synthesized product was identified by
powder X-ray diffraction (XRD). As shown in Fig. 1, the sharp and strong diffraction
peaks are labeled and can be indexed to B-phase hexagonal nickel hydroxide (JCPDS
14-117). The weak and broad diffraction peaks labeled with “#” can be attributed to
cubic phase CeO, (JCPDS 34-394), which indicates that the product is CeO,-Ni(OH),
composite. Comparing with the standard data, a slight decrease in 26 values of B-
Ni(OH), peaks was recorded, and the lattice constants were calculated to be a = b =
0.3125 nm and ¢ = 0.4638 nm for the sample. The a lattice constant is consistent with
the standard value while the c lattice constant is larger than that of the B-Ni(OH); unit
cell (a=b =0.3126 nm, and ¢ = 0.4605 nm) , which indicates the increase of interlayer
spacing of B-Ni(OH), nanosheets and the possible doping of Ce atoms into the layered
hexagonal crystal structure. Furthermore, an unusually high intensity of the (001)

diffraction peak to (101) is observed, indicating the preferential crystal growth direction

of the B-Ni(OH), component.

Fig. 2. (a) SEM and (b) TEM images of the CeO,-Ni(OH), sample 2. (¢) TEM image,
(d) ED pattern, and (¢) HRTEM image of the composite nanosheets, and magnified

HRTEM images of a CeO, nanoparticle (f) and the Ni(OH), nanosheet (g).

Page 6 of 24



Page 7 of 24

RSC Advances

SEM image in Fig. 2a shows that CeO,-Ni(OH), nanostructures are composed of
symmetrical pompon-like microspheres with diameters of about 6.0 um, which are built
up with a lot of orderly attached nanosheets with thickness less than 10 nm. TEM image
in Fig. 2b reveals that the pompon-like CeO,-Ni(OH), microspheres exhibit hollow
structures. Fig. 2c shows TEM image of a nanosheet cracked from the microsphere by
ultrasound irradiation. Obvious contrast can be observed between Ni(OH), nanosheets
and CeO, nanoparticles. Ni(OH), nanosheets are composed of overlapped thinner
layers. The well separated CeO, nanoparticles have a size ranging from 5 to 8 nm. The
unique hierarchical structure of CeO,-Ni(OH); result from the hierarchical assembly of
the Ni(OH), nanosheets and the dispersed decoration of CeO, nanoparticles on their
surfaces. The typical selected area electron diffraction (ED) pattern in Fig. 2d indicates
the well crystallized nature of the nanosheets. The six symmetrical diffraction spots can
be indexed to (10-10) and (01-10) planes of B-Ni(OH), with a zone axis of [0001],
while the spots marked with circles belong to (111) plane of cubic CeO,. Fig. 2e clearly
shows the HRTEM image of several CeO, nanoparticles. The enlarged image of the
circled particle in Fig. 2f shows a d-spacing of 0.312 nm corresponding to (111) planes
of the CeO, component. While the d-spacing of 0.268 nm in Fig. 2g corresponds to

(100) planes of the B-Ni(OH), component. It is evident some structure defects exist in

both the components.

Fig. 3. SEM images of CeO,-Ni(OH), composites: (a) Sample 1, (b) Sample 3, and (¢)

Sample 4.
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In order to investigate the morphology and microstructure evolution of the sample,
the synthesis was conducted for different reaction time. Fig. 3 shows SEM images of the
obtained CeO,-Ni(OH), composites. It can be seen from Fig. 3a that pompon-like
structures have formed with loosely packed nanosheets after 3 h reaction. With the
reaction time was prolonged to 12 h (Fig. 3b) or 24 h (Fig. 3c), the pompon-like
structures grew more compact. Comparing with that shown in Fig. 2b, the nanosheets of
the pompon grew thicker. Fig. S1 shows the SEM image of the bare Ni(OH), sample
prepared in the same condition. It can be seen that Ni(OH), sample has similar pompon-
like structures indicting that the decoration of CeO, nanoparticles has no obvious
influence on the morphology of the product.

3.2 BET analysis.

To further reveal the inner architecture evolution of the CeO,-Ni(OH), composites,
N, adsorption-desorption measurements were carried out to estimate the texture
properties. Fig. 4 shows nitrogen adsorption-desorption isotherms and corresponding
adsorption BJH pore size distribution curves of the CeO,-Ni(OH), samples. It can be
seen that all samples exhibit type IV isotherms, indicating the presence of mesopores.
Structure related properties were summarized in Table 1. It can be found that the BET
specific surface area, BJH average pore diameter, and the corresponding total pore
volume of the CeO,-Ni(OH), sample prepared for 6 h are much smaller than those of
the sample prepared for 3 h, and slightly larger than those of the other two samples with
longer reaction time. Sample 1 possesses much higher specific surface area, pore
volume, and pore size, which may result from that, in the initial stage of the reaction
(3h), freshly formed CeO,-Ni(OH), nanospecies have much lower crystallinity and
much more structure defects as hinted in SEM image in Fig. 3a. When the reaction was

prolonged to 6 h, well-crystallized hollow structures with porous structures were
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obtained, which might benefit the electrocatalytic performance of the composites. When

the hydrothermal reaction time was further prolonged to 12 h or 24 h, the crystallinity of

Ce0,-Ni(OH), composite would be further improved, the microstructures developed

more compact and the nanosheets grew thicker as confirmed by SEM images in Fig. 3b

and c. As a result, their specific surface area, pore volume, and average pore size

become smaller, which may have influence on their electrocatalytic performance.
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Fig. 4. N, adsorption-desorption isotherms and BJH-adsorption pore size distributions

(insets) of the CeO,-Ni(OH), samples.

Table 1. Specific surface area, pore volume, and average pore size of the CeO,-Ni(OH),

composites with different reaction time

Reaction BET surface area Pore volume (

Adsorption average

Samples time (h) (m’g") migh) pore diarileter (nm
1 144.8 0.6888 17.27
2 6 59.14 0.1795 12.00
3 12 58.11 0.1776 11.78
4 24 54.96 0.1612 11.60

3.3 Raman analysis.
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Fig. 5. Raman spectra of the CeO,-Ni(OH), sample 2.

To obtain further information on the microstructure of the as-prepared CeO,-
Ni(OH),, Raman spectroscopy is performed. The data presented in Fig. 5 show three
characterized Raman shifts of -Ni(OH),. The bands at 315, 452, and 3582 cm™ can be
assigned to an E-type vibration mode of the Ni-OH lattice, Ni-O stretching mode, and
symmetric stretching mode of OH’, respectively.”>~* While the fitted signal at 465 cm™
can be attributed to F2g mode vibration of the fluorite phase CeO,.*> Moreover, the
Raman shifts exhibit broadening of the line and increases in asymmetry, indicating the
formation of lattice defects or disorders in the as-obtained CeO,-Ni(OH), sample,*®’
which is consistent with HRTEM results.

3.4 XPS analysis.

The surface composite and element valence states of the as-prepared CeO,-Ni(OH),
sample were further determined by XPS analysis. Fig. 6a shows the O 1s electron core
level XPS spectrum. One symmetric peak around 531.1 eV can be clearly seen, and it
can be attributed to lattice oxygen ions in CeO,-Ni(OH),. Since the position of Ce3d5/2
binding energy is superposed with the high binding energy side of Ni 2p1/2 signal, the
peaks of Ce3d3/2 and Ni2p3/2 were used to detect the binding energy of Ni and Ce. Fig.
6b shows the XPS spectrum of Ni2p3/2. The main peak is located at 856.1 eV and is
associated with a broad satellite at 861.0 eV. The binding energy of Ni*" in the CeO,-

Ni(OH), sample is slightly larger than the value reported for the pure B-Ni(OH),,*

10
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which may indicate enhancement of the interaction between Ni(OH), and CeOz.3 ’ The
core level Ce3d3/2 peaks are displayed in Fig. 6¢. One can see that the XPS curve of
Ce3d3/2 is somewhat rough, and this might be due to relatively low amount of CeO,
nanoparticles decorated on the top surface of the composites.” As indicated by the
fitted peaks, u, u’, u”, u”” and uy come from Ce 3d3/2 state, v’ originates from Ce
3d5/2 states. The (u, u’) states belong to Ce*, and (u, u”, u’”) states correspond to Ce*"
oxidation state. This result indicates that both Ce*" and Ce’™ ions coexist in CeO,-
Ni(OH), sample. To keep charge neutrality in the presence of Ce’” state in the sample,
oxygen vacancies are formed, and the interface is the most preferential site for oxygen
vacancies in oxide composites.*'™ For Ce0,-Ni(OH), sample, the stability of Ce**
states and the concominant presence of oxygen vacancies is expected to favor the

adsorption of H,O; or 0, species and electron transfer in CeO,-Ni(OH), sample.
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Fig. 6. XPS core level spectra of (a) Ols, (b) Ni2p3/2, and (c) Ce3d3/2 of the CeO,-
Ni(OH), Sample 2.

3.5. Structure dependence of EIS and amperometric response.
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It has been reported that EIS is an effective method for the understanding of
chemical transformations and processes associated with a surface-modified electrode.**
Generally, the curve of the EIS includes a semicircular part and a linear part. The linear
part at lower frequencies corresponds to diffusion process and the semicircular part at
higher frequencies represents the electron transfer limited process. The semicircle
diameter corresponds to the electron-transfer resistance (R). Fig. 7a shows the Nyquist
plots of the EIS spectroscopies of different electrodes. An equivalent circuit for fitting
the EIS results is presented in the inset of Fig. 7a, where Ry and R correspond to
solution resistance and charge transfer resistance, respectively. The parameter Z,,
corresponds to the finite length Warburg impedance due to the mass diffusion and Cgy;is
the capacitance of the double layer. In EIS, the bare GCE exhibits an almost straight
line, which implies the characteristic of a diffuse limiting step of the electrochemical
processes. After CeO,-Ni(OH), composites being cast on the bare GCE, the semicircle
diameters of EIS increase as compared to that of the bare GCE, which indicates that the
composites have been modified onto the electrode surface. The characteristics of the
EIS curves indicate that the electrode reaction occurring with CeO,-Ni(OH),/GCE is
controlled by charge transfer and proton diffusion. The impedance changes for different
electrodes show that the nanostructure of CeO,-Ni(OH), can affect the electron transfer
process. Clearly, the EIS is in the sequence with R, (sample 2) < Ry (sample 3) < R
(sample 4) < R, (sample 1), which means that the electron transfer ability is in the order
of R (sample 2) > R (sample 3) > R (sample 4) > R (sample 1). Comparing with the
structure related properties of the four samples presented in Table 1, the variations of
EIS were consistent with the differences of BET specific surface areas, BJH pore
volumes, and average pore sizes for samples 2-4. But sample 1 is an exception. It may

be probably attributed to its much larger surface area, BJH pore volume and average

12
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pore size, which makes it possess much more open interface between the crystallites
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hindering the electron transfer on the modified electrode.
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Fig. 7. (a) EIS and (b) Amperometric response of the electrodes modified with different
Ce0O,-Ni(OH), samples. Inset of (a) is an equivalent circuit for the EIS results.

In order to further confirm the structure dependent electrochemical activities of the
four CeO,-Ni(OH),/GCE, their amperometric responses to H,O, have been evaluated.
The comparative amperometric response of different electrodes to successive addition
of H,O, is shown in Fig. 7b. For comparition, the amperometric response of the
electrodes modified with bare Ni(OH), and CeO,-Ni(OH), composites with different
CeO, contents is shown in Fig. S2. It can be seen that all of the CeO,-Ni(OH),/GCE and
Ni(OH),/GCE have obvious electrocatalytic performance to H,O,. Moreover, CeO,-
Ni(OH), composite obtained at 6 h exhibits the highest sensitivity under the test
criterion, which might relate to their microstructures of the composite. And it made the
Ce0O,-Ni(OH), sample 2 more suitable to construct a nonenzymatic electrochemical
sensor toward the H,O, detection. Structure dependence of amperometric response of
the modified electrodes is similar to that of the EIS measurements. The enhancement of
structure related electrocatalytic activity of CeO,-Ni(OH),/GCE make CeO,—Ni(OH);
composite a promising material for nonenzymatic sensing.

3.6. Electrochemical performance of the CeQ,-Ni(OH),/GCE

13
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Based on the above results, the GCE was modified with CeO,-Ni(OH), sample 2,
and its electrochemical performance as a H,O, sensor was investigated by cyclic
voltammetry in 0.1 M KOH solution. The modified electrode shows strong current
responses and symmetric peak shape. The effect of scan rate on the electrochemical
behavior of the CeO,-Ni(OH),/GCE is presented in Fig. 8a. With increase in the scan

rate from 2 to 100 mV-s !

, both the oxidation and reduction peak currents increase
clearly accompanied with increased peak-to-peak separation. The plot of the peak
currents versus the square root of the scan rate is shown in the inset of Fig. 8a. A good
linear relation between the redox peak currents and the square root of the scan rate is
obtained. It is well known that, in semi-infinite diffusion controlled cyclic voltammetry
in liquid electrolytes, i (peak currents) against v'’> gives a linear relationship regardless
of the scan rate for a kinetically uncomplicated redox reaction. While for an adsorption
process, i against v is expected to be linear at different scan rates. In the present study,
the linear relationship between i and vi? suggests that the observed electrochemical
behavior of the CeO,-Ni(OH),/GCE is a diffusion-controlled process, which is

consistent with the Ni(OH), nano(micro)-structures modified electrodes reported by

other authors,”™* but is different from those reported for CeO, based biosensors, in

which a surface-controlled process was observed.”'**
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Fig. 8. (a) CVs of Ce0O,-Ni(OH),/GCE with different scan rates (containing 60 pM

H,0.). Inset of (a): peak currents versus square roots of scan rates. (b) CVs curves 1 and

14

Page 14 of 24



Page 15 of 24

RSC Advances

2 for bare GCE in the absence and presence of 60 uM H,0,, and curves 1 to v for CeO,-

Ni(OH),/GCE in the presence of 0, 60, 120, 180, and 240 uM of H,0,, respectively.

Inset of (b): enlarged image for curves 1 and 2.The scan rate was 50 mV-s™.

In order to evaluate the electrocatalytic activity of the CeO,-Ni(OH),/GCE as a
nonenzymatic electrochemical sensor toward the H,O, detection, typical CV curves
were recorded at bare GCE and the CeO,-Ni(OH),/GCE in 0.1 M KOH solution. Curves
1 and 2 in Fig. 8b and the inset relate to CV image of the bare GCE in the absence and
presence of 60 uM H,O, respectively. And no obvious response can be observed for
bare GCE over the working potential range. However, for CeO,-Ni(OH),/GCE, obvious
response was recorded comparing with that of the bare GCE even in the absence of
H,0; (curve 1 ). The peak current increases obviously after the same quantity H,O, (60
uM) was added (curve 1i). With increasing the concentration of H,O, from 60 to 240
UM (curves 11 to V), the redox peak currents gradually increase. As shown in Fig. 8b,
the oxidation peak current is about 340 pA in the presence of 60 uM H,0; (curve ii)
and the peak current increases to 550 pA with increasing the concentration of H,O; to
240 pM (curve V), which confirms that the modified electrode can be used as a sensor
for quantitative analysis. The increase in both the oxidation and reduction peak currents
with the addition of H,O, is somewhat different from typical mediated electrocatalytic
oxidation in which the reduction peak current is expected to decrease. It may relate to
the fact that the transition between Ni(II) and Ni(IIl) makes this redox couple have a
double function, the electronic medium as well as catalyst.49 As well known, CeO, has
been widely investigated as structural and electronic promoters to improve the activity,
selectivity and thermal stability of catalysts.’”' And the CeO, component may also

enhance the electron transfer rate and improve electrochemical behavior of the electrode

15
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according to previous reports that CeO, component in a biosensor can provide electro-
active surface and enhance electron transfer rate in the bioelectrode.’'*

Comprehensively, from the above results, a proposed mechanism of the electrocatalytic

oxidation of H,O, via CeO,-Ni(OH),/GCE is depicted in Fig. 9.

H202 02
.,

diffusion
' ntrolle:

Ni(OH): NiOOH

™

[ Nion): Ce02

Fig. 9. Schematic mechanism for H,O, detection based on CeO,-Ni(OH),/GCE.

The higher activity of CeO,-Ni(OH), composite is not simply due to its smaller
particle size or CeO,/Ni(OH),ratio, but due to its unique hierarchical structure that
enables effective supplying of H,O, or O,* species from CeO, to Ni(OH), sites through
intimate contact between the Ni(OH), nanosheets and CeO, nanoparticles. In alkaline

condition, the electrooxidation of H,O, could be represented as follows:

Ni(OH), + OH — NiOOH + ¢ + H,0 (1)
H,0, + 20H = 0, + 2H,0 )
Ce0; + 07 == Ce02(02 )ags (3)
(0,7 )aas + 2 NiOOH + 2H,0 — O, + 2Ni(OH),+ 20H" 4)

Due to the oxygen vacancies existing in CeO,, H,O; or 0" species can be more easily
adsorbed onto the electrode (CeOz(Ozz')ads) and transfer to the surface of Ni(OH),
through spillover effect.”® With charge transfer, H,O, or O,> species were oxidized into

oxygen by NiOOH. It appears that the enhancement is likely to occur at the interface of
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Ni(OH), and CeO; in the composite. CeO,-Ni(OH), composite could combine the
electrochemical characteristics of Ni(OH), and the catalytic properties of CeO,, which
is helpful to improve the performance of the electrode.

3.7. Amperometric performance of the CeO,-Ni(OH),/GCE sensor

q 400 o7 p 400

ot 2 I f_fJ HIH' 3501 1(,A)=0.316C +0.39 /
= 30080 § 21‘ 300
2 25015015 o = 250]
c 2004 0 0 50 100 150 200 E; GC) 2004 R"=0.9998
o Time (s) 3 =
5 1501 : | 3 1501
(&) = z g

100{ & & ] 100

50 T | } 50

0‘ T T T T T T O- T T T T T T T
0 400 800 1200 1600 2000 0 200 400 600 800 1000 1200
Time (s) Concentration(uM)

Fig. 10. (a) Typical amperometric response of CeO,-Ni(OH),/GCE to successive
addition of H,O, at 0.52 V. (b) The plot of the response current versus H,O,
concentration. Inset of (a) shows the amperometric response to successive injection of
0.5 uM H,0..

For amperometric sensing application, electrodes are usually evaluated by recording
the current responses at a fixed potential with successive addition of the analyte. The
performances of the CeO,-Ni(OH),/GCE as a sensor for H,O, was further evaluated
using current-time responses. Fig. 10a shows the typical amperometric responses of
Ce0,-Ni(OH),/GCE for the successive addition of H,O; into a 0.1 M KOH solution
with agitation at working potential of 0.52 V. The inset is the amplified response curve
at the initial range displaying a stable and sensitive response for the determination of
H,0,. Upon the addition of H,0O,, the electrode can reach a steady-state response within
3 s with each injection of H,O,. The plot of the current as a function of H,O,
concentration is shown in Fig. 10b, which illustrates that the prepared CeO,-
Ni(OH),/GCE exhibits a good linear response to H,O, concentrations in a range from

0.5 to 1200 uM with a sensitivity of 4.5 pA-pM ~'-cm ? and a detection limit of 0.035

17
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uM (S/N=3). The regression equation, I (uA) = 0.316 ¢ (WA/uM) + 0.39 (nA), has a
correlation coefficient of 0.9998. These results were compared with those obtained for
other electrodes modified with nanostructured materials. As listed in Table 2, it is clear
that the sensor fabricated in this work had a wider linear range and a lower
determination limit than the results reported for other H,O, sensor which can be

attributed to the direct electron transfer between CeO,-Ni(OH), and electrode without

any immobilization matrix.

Table 2 Comparison of analytical performance of different H,O, sensors

Electrode materials

Linear range Detection References

Ce0,-Ni(OH),

B-Ni(OH), nanosheets/chitosan
B-Ni(OH); nanoplates/Cu
a-Ni(OH),/FTO

3D a-Ni(OH),/chitosan

B-Ni(OH), nanoplates with (100)
facet

Ni(OH),/SiNWs
Ag nanowires/chitosan
CeOy/chitosan

HP/CeO,/ITO biosensor
Au/CeO»/chitosan biosensor

0.5-1200

5-145
5-145
5-1000
1-216
0.1-10

?-5500
8-1350
2.2-320
1-170
50-2500

0.035

0.5
1.5
3.2

3.2

0.098

0.5
7

This work
(24)
(26)
27)
(28)
(44)

(54)
(55)
(29)
(48)
(56)

3.8. Stability and selectivity of the Ce-Ni(OH),/GCE sensor
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Fig. 11. CVs for the CeO,-Ni(OH),/GCE with 60 uM H,O;: for 40 successive cycles
(a), and being stored for different time (b). (¢) Amperometric response for successive
injection of 0.06 mM H,0O; and 0.6 mM interfering species (DA, AA, and I-Cys).

The Ce0,-Ni(OH),/GCE electrode exhibits a well-defined, stable, and sensitive
response for the determination of H,O,. Fig. 11a shows the CV curves of the CeO,-
Ni(OH),/GCE measured in 0.1 M KOH solution containing 60 pM H,0, with
successive cycles under scan rate of 50 mV-s™. The CV currents reached a steady state
and maintained stable after the electrode was continuously scanned at the same
conditions for 40 cycles. After being stored for 30 days at room temperature, the
electrode still worked well (Fig. 11b), and the current responses toward 60 uM H,O,
maintained 98% of its initial responses. Based on the above results, it can be concluded
that the prepared CeO,-Ni(OH),/GCE shows good stability for H,O, detection.

The selectivity of the CeO,-Ni(OH),/GCE sensing H,O, to different interfering
agents was investigated at working potential 0.52 V. Dopamine hydrochloride (DA), 1-
ascorbic acid (AA), and L-Cysteine (L-Cys) were used as potential interfering agents
towards the determination of H,O,. As shown in Fig. 1lc, there is obvious current
response with the addition of 0.06 mM H,O,. In contrast, no obvious current response is
observed with the addition of 0.6 mM DA. The same instance is observed with the
consecutive addition of 0.6 mM AA, and 0.6 mM L-Cys, which demonstrates that these
substances do not show significant interference and the CeO,-Ni(OH),/GCE has
excellent selectivity to H,O, determination.

The reproducibility of the CeO,-Ni(OH),/GCE has also been investigated.
Following the same procedure to modify the GCE, six CeO,-Ni(OH),/GCE electrodes

were fabricated with the same thickness, and were applied to the same H,O, solution.
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The relative standard deviation (RSD) value for H,O, concentration was 3.5%. It
indicates that the CeO,-Ni(OH),/GCE has a good reproducibility and a high reliability.
4. Conclusion

In conclusion, three-dimensional CeO,-Ni(OH), composites with different
microstructures were synthesized and were modified onto bare glassy carbon electrodes
to construct an electrochemical H,O, sensor. The structure-dependent sensing activity
of the composites was evaluated by CV, amperometry, and EIS. The sensor exhibited
excellent analytical performance to the detection of H,O, with excellent selectivity,
good stability and outstanding linearity from 0.5 pM to 1.2 mM with a detection limit of
0.035 uM (S/N=3). Our results demonstrated that the CeO,-Ni(OH),/GCE is a
promising choice for H,O, detection and the CeO,—Ni(OH), nanocomposite is a
promising material for nonenzymatic sensing, biosensing applications as well as other
applications.
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