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Co—doped stannates, Zn, xCoxSn04 (0.5 < x < 1.5), were produced by ceramic synthesis starting from the
ZnSn04 phase. Morphology, structure, and composition of synthesized compounds were examined using
scanning electron microscopy, X-ray diffraction analysis (XRD), and X-ray photoelectron spectroscopy
(XPS). Using XPS, cobaltions are shown to have an oxidation state of 2*, and XRD patterns showed the same
crystalline structure for all Zn, xCoxSnO4 (0.5 <x < 1.5) phases, i.e., they are isostructural. The morphol-
ogy of synthesized compounds shows appreciable differences in particle sizes which range from 80 nm
to 500 nm, depending on how the ceramic was synthesized and the cobalt concentration. Co—doped
stannates /reduced graphene (rGO) composites were prepared and used to modify glassy carbon elec-
trodes (GCE). The resulting electrodes were evaluated for the amperometric determination of hydrogen
peroxide. The catalytic activity of composites towards the oxidation of hydrogen peroxide was highly
dependent on quantity of cobalt in the ceramic compound, and also on the quantity of rGO present in the
composite. The pure cobalt stannate phase with a ratio of 8:1 (ceramic:rGO) exhibited the best catalytic
activity towards hydrogen peroxide oxidation at low potentials (0.400 V). A linear relationship between
current and hydrogen peroxide concentration was obtained with a sensitivity of 0.43 pAmM~! cm~2 and
a detection limit of 0.31 WM.
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A chemical sensor is a small device that, as the result of a
chemical interaction or process between the analyte and the sen-

1. Introduction

Nowadays, the fascinating advances in materials science
research and biological diagnostics have led to the rapid develop-
ment of different classes of sensors for a wide range of analytes
with improved sensing characteristics.

At its simplest construction, a biosensor features recognition
element molecules (REM) anchored to or integrated into a solid
support (the matrix)|[1,2].In general terms, a suitable matrix should
enhance the signal transduction and helps to immobilize REM with
retained or enhanced activity. The physico-chemical properties of
the matrix directly influence the immobilization and the opera-
tional stability of the biosensor [3].
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sor device, transforms chemical or biochemical information into
an analytically useful signal [4]. Among all the chemical sen-
sors reported in the literature, electrochemical sensors are the
most attractive because of their remarkable sensitivity, experi-
mental simplicity, and low cost. The signal from the transducer
can be a current (amperometry), a voltage (potentiometry), or
impedance/conductance changes (conductimetry) [5].

One of the most interesting analytes from the chemical and
biological point of view is hydrogen peroxide (H,0,) because it
plays important roles in the electron transfer process of hundreds
of enzymes in biological systems [6], is present in several cleaning
products, or is a by-product of several chemical reactions. However,
the detection of H,0, is problematic for unmodified or bare elec-
trode surfaces, since the electrochemical oxidation of H,O, takes
place at high overpotentials, which results in passivation of the
electrode. Therefore, H,0, detection remains a challenge for elec-
trochemical sensors.
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The literature reports several studies that attempted to decrease
the overpotential of hydrogen peroxide oxidation by chemically
modifying the electrode surfaces which enhanced the analytical
response, minimized surface fouling, and improved electron trans-
fer kinetics. Several materials are reported as modifiers, such as
peptide nanotubes [7] Au nanoparticle [8,9], TiO, nanostructured
film [10], carbon structures such as graphene, fibers [11,12] and car-
bon nanotubes [13,14]. In this way, chemically modified electrodes
(CMEs) provide one approach to the development of these analyt-
ical devices. CMEs are important constituents of both immobilized
reagent systems and sensitive layers. In trace analysis, during the
accumulation reaction, CMEs have improved sensitivies and selec-
tivities because of their own electrocatalytic properties and/or their
capacities to immobilize electrocatalytic reagents.

The majority of modified electrodes can be obtained by
chemisorption, covalent bonding, and film deposition [15-18].
Among the wide range of electrode modifiers, inorganic materi-
als, such as zeolites, silica-based hybrid materials, and clays, have
attracted the attention of materials science researchers, in particu-
lar for their analytical applications [19-23]. The excellent electron
conduction ability and chemical stability with high isoelectric point
(approximately 9) makes oxides particularly attractive materials
for sensor applications [24-27]. These properties can be further
enhanced through the chemical functionalization of the oxide sur-
face or doping with ions which result in interesting electrical
properties. In addition, oxide films can be prepared by methods
amenable to large-scale manufacturing at temperatures that allow
for low-cost operation and flexible substrates [28].

Recent studies have shown that inorganic materials based on
cobalt oxides, such as CoO, Co304 and cobalt phthalocyanines show
electrocatalytic activity in hydrogen peroxide detection [29,30]. It
is clear that the use of cobalt as an activator in such compounds
is particularly important for ceramic oxides. In this context, metal
stannate, M,SnQy4, a ternary oxide spinel in the family of trans-
parent conducting oxides, poses an interesting semiconducting
material. Zn,Sn04 is well known to display a high sensitivity to
various gases, with high intrinsic electrical resistivity, making it
suitable for a wide range of applications, such as humidity sen-
sors, transparent conducting electrodes and negative electrode for
Li-ion batteries [31]. It has been successfully prepared by various
methods (hydrothermal, thermal evaporation, sol-gel synthesis,
and mechanochemical activation followed by solid-state reactions)
[32,33]. Most important, zinc stannate is amenable to cobalt sub-
stitution in its crystalline structure.

Onthe other hand, integrating low quantities of carbon nanoma-
terials to form nanocomposites have been shown to dramatically
improve a material’s electrical and thermal conductivity and/or
mechanical strength [34,35]. Combining the large surface area
of carbon material with electrochemically active inorganic com-
pounds that facilitate redox reactions has led to very effective CMEs.
Electrodes based on carbon-inorganic composites require the inor-
ganic component to be stable in normal operating conditions
without any structural changes, have two or more oxidation states,
and be conductive to both electrons and ions [36]. As an exam-
ple, mesoporous Co30,4 nanoparticles (NPs) with specific surface
area around 200 m2/g have been synthesized and demonstrated
enhanced ion transfer ability with a specific capacitance of approx-
imately 400F/g at 0.5A/g. When Co304 NPs were deposited onto
carbon nanotubes/graphene via chemical/hydrothermal method,
the nanocomposite resulted in an overall higher specific capaci-
tance than the Co304 NPs alone [37]. It is anticipated that the use of
carbon material together with an inorganic compound will produce
composites with good perspectives in the development of more
efficient electrochemically active materials for the next generation
of electrochemical devices

Considering all these aspects, in the present study, novel
electroceramic/graphene composites based on cobalt-substituted
ZnySn04 (Zny xCoxSn0y4, 0 <x <2) as inorganic oxide were pre-
pared. The effect of the cobalt concentration in the electroceramic
compound on the electrochemical detection of hydrogen peroxide
was studied. To the best of our knowledge, this approach has not
been carried out successfully so far.

2. Experimental
2.1. Reagents

All chemicals were of analytical grade. Zinc oxide (Merck,
99%), cobalt oxide (Merck, 99.9%), tin oxide (Merck, 99.9%), tin
chloride pentahydrate (Merck, 98.0%), zinc chloride (Merck, 98%),
sodium carbonate (Merck, 99.9%), hydrogen peroxide (Merck, 30%).
Graphene oxide (GO) and reduced graphene oxide (rGO) were
obtained from Graphenea®. Nafion® was purchased from Sigma
Aldrich. A 0.01 M NaOH solution was used as a supporting elec-
trolyte. All the other chemicals, such as H,0,, were of analytical
grade and used as received. All electrochemical solutions were
prepared with ultrapure water (p=18 M2 cm) from a Millipore-
Milli-Q system.

2.2. Synthesis of ceramic compounds

Synthesis of Zn,Sn0,

Zinc chloride (ZnCl;) and tin tetrachloride (SnCl4-5H,0) were
used as the zinc and tin sources, respectively, for the hydrothermal
synthesis of Zn,Sn04. The two sources were dissolved in distilled
water to form two transparent solutions. The tin tetrachloride solu-
tion was slowly added to the zinc chloride solution. A molar ratio
Zn:Sn of 2:1 was maintained throughout this work. As a miner-
alizer, sodium carbonate (Na,;CO3) solution was added drop-wise
to the mixture under magnetic stirring. After magnetic stirring for
15 min, the slurry was transferred into a 23-mL Teflon-lined stain-
less steel autoclave. The mixture was subjected to hydrothermal
conditions in the temperature range of 120-230°C for up to 30 h.
After the reaction, the autoclave was naturally cooled to room tem-
perature. The resulting precipitates were centrifuged at 3000 rpm,
washed three times with distilled water and twice with ethanol
successively, and dried at 60°C in an oven for 8 h before further
characterization.

Cobalt substitution in Zn,Sn0y structure

The method of solid state reaction is the most used in the prepa-
ration of ceramic materials and requires a stoichiometric mixture
of chemicals precursors. Upon heating to mild temperatures and
high pressures, the desired ceramic phase will be formed [38].

Solid solutions of Zn, xCoxSn0O4 (x=0.5, 1.0, 1.5) were prepared
using the appropriate stoichiometric quantities according to Eq. (1).
The reagents were mixed in a mortar agate, adding acetone to the
paste so as to homogenize the sample.

(2 —=x)ZnO + SnO; + xCo0 — Zny_»CoxSn04 (0 < x < 2) (1)

The samples were placed in an alumina crucible and calcined in
an oven for 24h at 1000 °C. After calcination, the samples were
again ground in an agate mortar and calcined a second time at
1000°C for 12 h to ensure complete homogeneity.

Synthesis Co;Sn0y4

Co,Sn0,4 synthesis was prepared according to Eq. (2), following
the same procedure for the solid solutions.

2 CoO + Sn0O; — Co,Sn04 (2)
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2.3. Electroceramic materials characterization

The X-ray diffraction (XRD) data were collected at room
temperature on an MTI EQ-MD-10-LD precision mini powder
diffractometer, with CuKa radiation in the range 16<260<70°,
with counting time of 1s over the 0.1°(20) steps. The analy-
sis of crystalline phases was performed using the Crystal Impact
Match program with PDF-2 database. Parameter lattices were cal-
culated using the STOE XPOW software. The surface morphology
was imaged using a scanning electron microscope (SEM), TESCAN,
Vega 3 model. Compositional study was conducted by analysis
of energy dispersive spectroscopy (EDS) using a Bruker probe,
model QUANTAX 400a series. XPS spectra were recorded with a
PHOIBOS-150(Specs) electron analyzer under a vacuum better than
1 x 10—9 mbar, using Mg Ko radiation (1253.6eV) and a constant
pass energy of 200eV and 20eV for the wide scan and narrow
scan spectra, respectively. All binding energies (BE +0.2 eV) were
charge-corrected to the C 1s signal of the adventitious contamina-
tion carbon layer, set at 284.6eV.

2.4. Electrochemical measurements

Modification of Glassy Carbon Electrodes (GCEs) with compos-
ite material. 1 mg of rGO or GO was dispersed in 1 mL of Nafion (2%
in ethanol) together with a quantity of electroceramic material by
sonication for 15 min. The sonication procedure was repeated three
times. Prior to surface modification, each GCE was polished with
0.3 and 0.05-pm alumina slurries for 1 min. The immobilization
of composite was performed by drop casting 10 wL of the disper-
sion onto the GCE followed by drying the dispersion on the GCE for
15 min at 50°C. The resulting modified electrodes were referenced
as Zny_xCoxSn0Oy4 (0 < x < 2)/(1)GO.

Electrochemical recordings were performed on a Palm instru-
ment BV. A three-electrode cell was used with an Ag/AgCl, 3 M KCI
(CH Instrument) and a platinum wire as reference and auxiliary
electrodes, respectively. The working electrode was a glassy carbon
electrode (GCE, CH. Instrument) modified with the composites.

Electrochemical detection of hydrogen peroxide by modi-
fied electrodes. Amperometric measurements were conducted by
applying the desired working potential and allowing the transient
currents to decay to a steady-state value prior to the addition of
H,0, and subsequent current monitoring. The experiments were
conducted in a stirred supporting electrolyte solution, either NaOH.

3. Results
3.1. Characterization of electroceramic compounds

Fig. 1 shows that all XRD patterns of electroceramic materi-
als have the same crystalline structure, therefore we can conclude
that, regardless of cobalt content, these ceramics are isostructural
and are described by the Fd3 m space group. There are no peaks
corresponding to contaminants or unreacted secondary phases.

Considering the size of the divalent cationic zinc and cobalt radii
- Zn?* (0.74A) and Co?* (0.78 A) - it can be assumed that the sub-
stitution of zinc ions by cobalt ion in the structure of Zn,Sn04 will
increase the cell size. Fig. 2 shows the slight shift in the 2® values
as the concentration of Co in the structure increases. This is clear
evidence of the incorporation of cobalt ions which does not result
in a change in the crystal structure of the compound. From the XRD
spectra, the cell parameters were calculated and are listed in Table
1S (Supporting information).

The morphology of synthesized compounds shows apprecia-
ble differences in particle size for each material. In the case of
Zn;Sn04 prepared by a hydrothermal method, nanosized particles

Table 1
Atomic percent and experimental molar ratio (Zn:Co) for solid solutions
Zn,.xCoxSn0Oy in the range (0 <x <2).

Compositional analysis (atomic%)

Element Zn;5C0055n04 ZnCoSn04 Zng5Coq55n04
Co 9.70 18.75 29.88

Zn 29.39 19.02 9.92

0] 45.75 47.43 4441

Sn 15.16 14.79 15.79

are observed (Fig. 1S-A, supporting information) with an average
size of 80 nm. For the composites prepared from solid solutions,
a more uniform particle size distribution is observed with typical
sizes ranging between 0.30-0.38 pm. In the case of Co,SnOy, larger
particles are observed, fluctuating between 400 and 700 nm (Fig.
1S-B, supporting information).

The results of chemical analysis (see Table 1) state that the molar
ratios Zn:Co experimentally obtained correlate well with nominal
molar ratios. In general terms, is clear that the proportion of cobalt
in the compound increases the particle size. In this particular case,
the synthesis of Zn,Sn0O,4 by the hydrothermal method exhibited
the smallest particle size. The increased cobalt proportion in the
crystal structure coincides with the cell parameters calculated by
X-ray diffraction.

Fig. 3A shows the wide scan XPS spectra recorded from
Zny_xCoxSn04 (0 < x <2) samples. The more intense photoemission
lines of the elements that compose the samples are labelled. As can
be observed, the qualitative composition is in agreement with the
formulation of the different compounds. The quantitative atomic
ratios were obtained from the narrow scan spectra corresponding
to the main core levels of the different elements using the Mul-
tiquant XPS quantification software [39]. This software takes into
account the existence of the adventitious carbon overlayer and the
effect that this brings about on the attenuation of electrons having
very different kinetic energies. The spectral areas were obtained
by peak integration after subtraction of a Shirley background [39].
The results are presented in Table 2S (supporting information).
In general, all the samples, with the exception of Zn{5Cog55n0y,
show large oxygen concentrations. These results are not unusual in
this type of material and can be related to the presence of surface
organic contaminants, hydroxyl groups, or various types of physi-
and chemi-sorbed water [40].

The Co 2p spectra recorded from all the samples are essentially
identical. Fig. 3B shows a representative example. They are consti-
tuted by a main photoemission spin-orbit doublet characterized by
the binding energies of the corresponding Co 2p3, and Co 2p,, core
levels of 780.6 and 796.2 eV, respectively. They also show strong
shake-up satellite structure at 786.1 and 802.1 eV. These spectral
features, including the large intensity of the shake-up satellites and
the binding energy values measured, are characteristic of those
shown by Co?* species in spinel-related compounds [41,42]. In
order to determine if the spectra contained a minor contribution
from Co3*, we fitted them considering an additional doublet at the
binding energies characteristic of this Co species [42]. However, in
all cases, the quality of the fit was considerably worse than that
obtained when considering only a single Co?* contribution.

3.2. Composite (Zny_xCoxSn0y4 (0 < x <2)/rGO) modified electrode
characterization

The morphology of the surface of the glassy carbon electrode
modified with Co,Sn0Oy4, rGO, and Co,Sn04/rGO dispersed in 2%
Nafion in ethanol, were studied by scanning electron microscopy
(SEM). Fig. 4A shows a typical SEM image of Co,SnO4 dispersed
in Nafion and drop casted onto the electrode. Average grain sizes



CJ. Venegas et al. / Sensors and Actuators B 250 (2017) 412-419 415

20 (degree)

Fig. 1. Diffraction pattern of the synthesized electroceramic materials; (a) Zn,SnOg; (b) Zny5C0055Sn04; (¢) ZnCoSnOy; (d) ZngsCo155n04 and (e) Co,Sn04.
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Fig. 2. XRD displacement due to Cobalt insertion. (a) Zn,SnO4; (b) Zn; 5C005Sn04; (c) ZnCoSn04; (d) Zng5Co155n04 and (e) Co,Sn04.

of about 0.5 pwm can be clearly seen. Comparing Fig. 4A with an
SEM of Co,Sn04 which was not dispersed in Nafion (Fig. 1S-B), no
obvious difference in the morphology, either in size or shape of
the crystals, is observed. Therefore, it was concluded that sonica-
tion during the preparation of the dispersion of the electroceramic
did not change their morphology significantly. Fig. 4B reveals uni-
form surface coverage of the graphene dispersed in Nafion and
dried on the electrode. Finally, Fig. 4C shows an SEM image for the
8:1 Co,Sn04/rGO composite, where it is readily observed that the
ceramic particles are integrated throughout the rGO/Nafion layer.
The electroactive surface areas of the [43]| modified electrodes
were estimated by chronoamperometry using hydroquinone as a
redox probe. The results are presented in Table 2 and indicate
that there are not great differences among the resulting electrodes,
although by SEM images a great difference was observed for the
ceramic particle sizes ranging from nanometer to almost a micron,
depending on cobalt concentration. One explanation for relatively
similar electroactive areas may be the use of Nafion as dispersing

Table 2

Effective surface area of each composite-modified electrode.
Electrode? area/cm?
Zn;Sn04/rGO 0.014
Zl’l]As C00_5 SDO4/1’GO 0.008
ZnCoSn04/rGO 0.021
Zng5Co1,55n04/rGO 0.012
C02Sn04/rGO 0.021

2 4:0.5 proportion.

agent which wraps up the ceramic particle and reduced graphene
oxide.

3.3. Hydrogen peroxide electrochemical response at GC-modified
electrodes

The reaction media, dispersion concentrations in Nafion,
ceramic/graphene proportion in the composite, and the type of
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Fig. 3. (A) Wide scan XPS spectra recorded from the different Zn; xCoxSn0O4 (0 <x <2) samples. (B) Co 2p spectrum recorded from Co,Sn0O4.

Fig. 4. SEM micrographs of GC modified electrodes with: (A) 4 mg/mL of Co,Sn04, (B) 0.5 mg/mL of rGO and (C) 8:1 mg/mL of Co,Sn0O4/rGO composite. Dispersing agent:

Nafion” (2% in ethanol). 60.000x magnification, scale bar: 1 m.

graphene-base material (GBM) used were optimized for hydro-
gen peroxide detection by amperometric recordings. The main
results indicate that the best response is obtained when a solu-
tion of 0.01 M NaOH (pH 12.0) is used as supporting electrolyte. No
influence on the response is observed with additions of NaCl. No
significant changes in amperometric responses were detected as
a result of varying the percentage of Nafion in ethanol between
0.5%-2% (data not shown).

Fig. 5A shows the amperometric recordings for successive addi-
tions of 10 wM hydrogen peroxide that were obtained from GCEs
modified with dispersions of 8:1, 4:1, 2:1 and 1:1 Co;Sn04/rGO
(amperograms a, b, c and d respectively), and rGO alone (amper-
ogram e). Well-defined responses were obtained with a clear
enhancement in the amperometric response for Co,Sn04/rGO
(8:1). With lower concentrations of cobalt, null or small increments
in the electrochemical response of hydrogen peroxide were pro-
duced in comparison with rGO alone. As the size of these ceramic
particles are in the range of 500 nm and the rGO sheets are around
1 m, it would be expected that an excess of rGO hindered the
possibility of an efficient contact with the electroceramic which
adversely affects the signal response. Thus, we can conclude that
it is necessary to use a ratio of electroceramic to rGO that encour-
ages good contact between the ceramic particles and the graphene
sheets.

The effect of the nature of GBM (i.e., reduced graphene oxide
(rGO) versus graphene oxide (GO)) on the catalytic activity towards
hydrogen peroxide was evaluated (Fig. 5B). The results indicate
that, independent of GBMs, a clear synergic effect is observed when
both the electroceramic and GBM material are present on the elec-
trode surface. Comparing between the GBM materials, more than

3 times the current intensity was obtained when composite is gen-
erated using rGO rather than GO.

The ratio Zn2*/Co2* in the ceramic was critical on the electro-
chemical response of modified electrodes to hydrogen peroxide.
Fig. 6 compares the sensitivities obtained from amperometric
recordings of hydrogen peroxide at GCE/rGO-ceramic electrodes
obtained at 0.700V using different Zn%*/Co?* ratio. A well-defined
response is obtained after each addition of hydrogen peroxide with
a positive correlation between quantity of cobalt in the ceramic
material and current measured. At the pure phase with Zn%* or
at low concentrations of cobalt (0.5 and 1.0), no differences were
observed in the electrochemical response of modified electrodes.
However, when the proportion of cobalt is 1.5, an increase in the
hydrogen peroxide sensitivity is observed, but it is only when cobalt
is in the pure phase there is a clear increase in the sensitivity of the
modified electrode. The results permit us to conclude that the best
electrocatalytic response is obtained with Co,SnO4 and that Zn2*
produce a passivation of the surface. Therefore, the selected con-
ditions to prepare the sensor were Co,Sn0O,4:rGO (8:1), 2% Nafion,
and of 0.01 M NaOH (pH 12.0) as electrolytic medium.

3.4. Analytical performance of Co,Sn04/rGO electrode

Fig. 7A shows hydrodynamic voltammograms for 10 wM hydro-
gen peroxide obtained at Co,Sn0,4/rGO (8:1) modified electrode.
For the unmodified GCE, the oxidation of hydrogen peroxide is
observed from 0.750V onwards [33]. For the GCE modified with
the 8:1 Co,Sn04/rGO composite, there is a decrease in the potential
for the oxidation of hydrogen peroxide to 0.200 V, while the reduc-
tion is negligible even at —0.400 V. The electrocatalytic effect of the
composite on the electrochemical behavior of hydrogen peroxide is
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Table 3

Comparison of various sensors for the determination of H,05.
Electrode Electrolyte Potential (V) Sensitivity (WAmM~! cm~2) LOD (M) ref
Co304 nanoparticles NaH,P0O4-NaOH (pH 10) -0.70 - 4.40 [44]
MnO;/GO nanocomposite 0.1 M NaOH -0.30 38.20 0.80 [45]
CoOOH nanolamines 0.1 M NaOH 0.10 99.00 40.00 [46]
Ftalocianine Co(II) - Porfirine Co(1I) Buffer Fosfato (pH=10) 0.55 0.45 6.00 [47]
CuO Nanoflowers Buffer Fosfato (pH=7) -0.3 0.32 8.00 [48]
C02Sn04/rGO 0.01 M NaOH (pH=12) 0.40 0.43 0.31 This work

clear, and can even be observed using composites containing lower References

quantities of cobalt (not shown). The selected potential to develop
the analytical method was 0.400V because at this potential, the
maximum current was observed. Fig. 7B shows the amperometric
recordings obtained at 0.400V for successive additions of 10 uM
hydrogen peroxide using four different electrodes. The calibration
plot (Inset Fig. 7B) shows a linear range between 10 and 80 pM
hydrogen peroxide, with a sensitivity of (0.064 4+ 0.002) A mM~!
(r2=0.9998) or 0.430+ 0.012 pAmM~! cm~2 and a detection limit
of 0.31 wM (taken as 3.3 /S where o is the standard deviation of
the blank signal and S the sensitivity) and a quantification limit of
0.93 M (taken as 10 o/S where o is the standard deviation of the
blank signal and S the sensitivity). The Co,SnO4/rGO (8:1) modified
electrode revealed a high reproducibility, with a relative standard
deviation of 3.1% calculated from the sensitivities for hydrogen
peroxide obtained with four different sensors.

Table 3 shows a comparison of the analytical performance of
our modified electrode against those reported for modified elec-
trodes with cobalt or graphene composites on GCEs. Comparing the
results, our system offers the lowest detection limit and the poten-
tial applied to detect hydrogen peroxide is lower compared with
other systems [44-48]. The Co,Sn04/rGO (8:1) modified electrode
was tested successfully to determine hydrogen peroxide content in
spiked samples (commercial gargles samples) with mean recover-
ies between 95% and 105%.

4. Conclusions

This work reports for the first time an amperometric non-
enzymatic sensor based on the excellent catalytic activity of
cobalt-doped stannates/rGO composites towards the oxidation of
hydrogen peroxide. The catalytic activity of composites was highly
dependent on quantity of cobalt in the ceramic compound, and also
of the proportion of rGO present. Compared to other cobalt mod-
ified electrodes, our sensor presents several advantages including
wider dynamic linear range, excellent sensitivity, and low detec-
tion limits without need of redox mediators and represents a highly
promising alternative for further developments of (bio) sensors.
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