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 ABSTRACT 

Uniform, ordered mesoporous ZnCo2O4 (meso-ZnCo2O4) nanospheres were 

successfully synthesized using a sacrificing template method. The meso-ZnCo2O4

nanospheres were used for the first time for H2O2 biosensing and in glucose 

biofuel cells (GBFCs) as an enzyme mimic. The meso-ZnCo2O4 nanospheres

not only exhibited excellent catalytic performance in the H2O2 sensor, achieving

a high sensitivity (658.92 μA·mM–1·cm–2) and low detection limit (0.3 n at

signal-to-noise ratio (S/N) = 3), but also performed as an excellent cathode 

material in GBFCs, resulting in an open circuit voltage of 0.83 V, maximum 

power density of 0.32 mW·cm–2, and limiting current density of 1.32 mA·cm–2. 

The preeminent catalytic abilities to H2O2 and glucose may be associated with

the large specific surface area of the mesoporous structure in addition to the 

intrinsic catalytic activity of ZnCo2O4. These significant findings provide a 

successful basis for developing methods for the supersensitive detection of 

H2O2 and enriching catalytic materials for biofuel cells. 

 
 

1 Introduction 

Biosensors and biofuel cells are important research 

fields. According to the type of electrodes, biosensors 

and biofuel cells can be classified into two categories, 

namely, enzyme-based and non-enzyme-based [1, 2]. 

Previous studies have demonstrated the high activity 

and excellent selectivity of enzyme-based electrodes; 

however, the unstable operating environment and 

fragile stability greatly hinder their practical applica-

tions [3]. Non-enzymatic electrodes display excellent 

characteristics as compared to the enzymatic ones. With 

the development of nanoscience and nanotechnology, 

functional nanomaterials serving as enzyme mimics 

exhibiting satisfactory catalytic properties have been 

developed. For example, noble metals or noble metal 

alloys [4], transition-metal oxides [5], composite materials 

[6, 7], and polymers [8, 9] acting as catalysts have  

Nano Research 2017, 10(7): 2482–2494 

DOI 10.1007/s12274-017-1452-3 

Address correspondence to Yaping Ding, wdingyp@sina.com; Zongqian Hu, huzongqian@hotmail.com 



 

www.theNanoResearch.com∣www.Springer.com/journal/12274 | Nano Research 

2483 Nano Res. 2017, 10(7): 2482–2494 

been reported to exhibit encouraging results. Among 

these functional nanomaterials, transition-metal oxides 

play an important role owing to their excellent intrinsic 

catalytic performance, low cost, and environmental 

friendly properties.  

Currently, mixed transition-metal oxides with a 

spinel structure are considered as promising catalyst 

materials, and have attracted increasing attention in 

the field of electronic materials [10, 11]. For catalytic 

reactions of H2O2 and glucose, mixed transition-metal 

oxides, such as cobalt-based metal oxides (MCo2O4, 

M = Ni, Mn, Cu, etc), exhibit excellent characteristics, 

due to the synergistic effects in which the metal oxide 

with the high oxidation state acts as the oxidizing 

agent and the other acts as the electron donor with a 

high conductivity [12–14]. Among cobalt-based metal 

oxides, ZnCo2O4 is highly advantageous owing to  

the presence of zinc ion. Zinc compounds exhibit   

a relatively satisfactory electronic conductivity, low 

cost, and environmental friendly properties [15]. 

Furthermore, zinc has an invariable bivalent state, 

making it easier to replace the bivalent Co2+ ions 

occupying tetrahedral sites. Thus, the synthesis of 

ZnCo2O4 requires a low energy [16]. To date, ZnCo2O4 

nanomaterials with different morphologies including 

nanoparticles, nanoflakes, nanotubes, and mesoporous 

microspheres have been fabricated for use in many 

fields, such as lithium-ion batteries [17–19], super-

capacitors [20–22], and gas sensors [23]. However, 

uniform, ordered meso-ZnCo2O4 nanospheres serving 

as catalysts in H2O2 sensors and glucose biofuel  

cells (GBFCs) are not well studied to the best of our 

knowledge. 

As is well known, the catalytic property of a catalyst 

is not only associated with its intrinsic catalytic 

capability, but also related to its morphology and 

structure. Recent theoretical and experimental results 

revealed that spheroidal nanomaterials exhibit superior 

catalytic properties [24]. Spherical nanomaterials 

with a uniform size exhibit improved electrochemical 

properties [25, 26]. Unlike nanoparticles and nanorods, 

spheroidal nanomaterials effectively inhibit the 

occurrence of nanomaterial accumulation on the 

electrode surface [27, 28]. Moreover, catalytic reactions 

generally occur on catalyst surfaces and the reaction 

rate is related to the quantity of molecules reaching 

the surface, in addition to the intrinsic catalytic pro-

perties of the catalyst [29]. Interestingly, mesoporous 

structures with a high porosity and more available 

electroactive sites derived from the high specific surface 

area can effectively accommodate guest molecules, 

resulting in enhanced catalytic reactions [30, 31].  

In this study, uniform, ordered mesoporous ZnCo2O4 

(meso-ZnCo2O4) nanospheres were successfully 

synthesized. The meso-ZnCo2O4 nanomaterials were 

used as a novel platform for applications in H2O2 

sensors and GBFCs. The sensor exhibited a high 

sensitivity (658.92 μA·mM–1·cm–2), wide linear range 

(~0.001–900 ), and low detection limit to H2O2 (0.3 n 

at a signal-to-noise ratio (S/N) of 3. Furthermore, good 

response effects were obtained with the GBFCs. 

2 Experimental 

2.1 Reagents and Apparatus  

H2O2, glucose, EO20PO70EO20 (P123), KOH, NaOH, 

carbon paper, Pt/C, nafion, N-methylpyrrolidinone 

(NMP), polyvinylidene fluoride (PVDF), Zn(NO3)2·6H2O, 

Co(NO3)2·6H2O, ascorbic acid (AA), uric acid (UA), 

tryptophan (Trp), glycocoll (Gly), and dopamine (DA) 

were purchased from Aladdin Chemical Reagent  

Co. (Shanghai, China). All chemical reagents were of 

analytical grade and used directly without further 

purification. Double-distilled water (18.2 MΩ·cm) was 

used in all experiments. 

Electrochemical measurements, including cyclic 

voltammetry (CV) and chronoamperometry, were per-

formed on an electrochemical workstation (CHI660D). 

A traditional three-electrode mode consisting of a 

meso- or bulk-ZnCo2O4 modified carbon paste electrode 

(CPE) acting as the working electrode, saturated 

calomel reference electrode (SCE), and Pt foil counter 

electrode was used in 0.3 M NaOH electrolyte with  

a potential ranging from 0 to 0.65 V for CV and an 

applied potential of 0.5 V for chronoamperometry 

measurements. The output current and voltage of the 

GBFC were monitored using a digital multimeter. 

The morphology and structure of the obtained 

samples were analyzed by employing X-ray diffraction 
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(XRD; Bruker, D8 Advance diffractometer with 

Cu-Kα radiation (λ = 1.5418 Å)), X-ray photoelectron 

spectroscopy (XPS; Thermal ESCALAB 250), tran-

smission electron microscopy (TEM; JEOL JEM-200CX, 

operating at 160 kV), and field emission scanning 

electron microscopy (FESEM; JSM-6700F, 15.0 kV).  

The specific surface area and pore size distribution  

were examined using nitrogen adsorption–desorption 

isotherms measured at liquid nitrogen temperature 

(77 K) using a micrometrics ASAP 2020 sorptometer. 

2.2 Preparation of KIT-6 template, meso-ZnCo2O4, 

and bulk-ZnCo2O4 catalysts 

The mesoporous KIT-6 hard template was synthesized 

as described previously [32]. Initially, appropriate 

amounts of HCl (37%), distilled water, and the 

surfactant P123 were uniformly mixed. n-Butanol and 

tetraethyl orthosilicate were then added dropwise to 

the homogenous aqueous solution under stirring at 

35 °C. Subsequently, the homogeneous solution was 

autoclaved and heated for 24 h. Finally, the product 

was filtered, dried in an oven, and calcined in a muffle 

furnace. 

Meso-ZnCo2O4 nanospheres were prepared using  

a nanocasting strategy by employing KIT-6 as the 

template followed by performing calcination [33]. 

Typically, the KIT-6 template was homogeneously 

dispersed in 5 mL ethanolic solution containing 2 mM 

Co(NO3)2·6H2O and 1 mM Zn(NO3)2·6H2O under con-

tinuous stirring for 1 h at 25 °C. The mixture was then 

heated at 60 °C until ethanol completely evaporated. 

The sample was then calcined at 200 °C for 7 h, and 

the composite was recasted three times using the same 

process. The samples were calcined at 450 °C for 5 h, 

and the KIT-6 template was removed using 2 M HF 

aqueous solution (as shown in the schematic illustration 

in the Electronic Supplementary Material (ESM)). 

For comparison, bulk-ZnCo2O4 powders were 

synthesized using a simple two-step route involving 

sol–gel method and calcination. Initially, Co(NO3)2·6H2O 

(2.34 g) and Zn(NO3)2·6H2O (1.19 g) were uniformly 

dissolved in 60 mL ethanol. The mixture was then 

heated at 60 °C until the solvent completely evaporated 

under continuous stirring. Finally, the prepared sample 

was calcined at 450 °C for 5 h to obtain the final product. 

2.3 Fabrication of meso-ZnCo2O4/CPE and bulk- 

ZnCo2O4/CPE 

Before carrying out the modification process, a CPE 

electrode was fabricated as described previously [34]. 

Appropriate amounts of meso-ZnCo2O4 and bulk- 

ZnCo2O4 powders were dispersed in 1 mL double- 

distilled water and ultrasonically agitated for 10 min 

to obtain a well-dispersed suspension. Finally, 10 μL of 

the ZnCo2O4 suspension was dropped on the surface 

of CPE.  

2.4 Fabrication of GBFCs 

A fuel cell reactor was fabricated with acrylic glass, 

and the reactor was divided into anodic and cathodic 

compartments using an exchange membrane. The 

output current and voltage were measured using a 

digital multimeter. The cathode decorated with meso- 

ZnCo2O4 or bulk-ZnCo2O4 was fabricated using the 

following process: 8 mg ZnCo2O4 and 2 mg super-p 

carbon black was uniformly dispersed in 100 mg of 

the NMP solution containing 1 mg PVDF to form    

a suspension. Desired amounts of the suspension 

(5 mg·cm–2) and nafion were uniformly casted onto a 

carbon paper followed by drying it in air before 

conducting experiments. Pt/C modified carbon paper 

acting as the anode was fabricated using the same 

method. 50 mL of a mixed solution containing 0.1 M 

glucose and 0.1 M KOH was used as the cathode 

electrolyte. 50 mL 0.04 M Britton–Robinson buffer 

(B–R, pH = 2.5) was used as the anode electrolyte. 

The active area of the electrode was ~ 1 cm × 1 cm. 

During the reaction, oxygen and nitrogen gases were 

passed to the anodic and cathodic compartments, 

respectively, and the reactor was linked with an 

external resistance.  

3 Results and discussion 

3.1 Physicochemical properties of meso-ZnCo2O4  

XRD patterns of the as-obtained samples are shown 

in Fig. 1. The materials exhibited distinct peaks at 2θ = 

18.9°, 31.3°, 36.9°, 38.5°, 44.8°, 55.6°, 59.4°, 65.3°, and 

72.3°, corresponding to the spinel crystal planes (111), 

(220), (311), (222), (400), (422), (511), (440), and (620),  
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Figure 1 XRD patterns and the crystal structure of ZnCo2O4. 

respectively. No other diffraction peaks were detected. 

These diffraction peaks can be assigned to the ZnCo2O4 

phase (JCPDS card no. 23-1390), indicating the for-

mation of ZnCo2O4. The crystal structure of ZnCo2O4 

is displayed in the inset of Fig. 1 [35]. 

The purity and valence state composition of the 

meso-ZnCo2O4 catalysts were investigated using XPS. 

As shown in Fig. 2(a), the wide-scan spectrum of the 

as-prepared samples exhibits four elements (Zn, Co, 

O, and C), corresponding to the chemical composition 

of meso-ZnCo2O4. The binding energies of meso- 

ZnCo2O4 were corrected by referencing the C 1s peak 

to 284.5 eV. Figure 2(b) shows the highly distinct Zn 2p 

spectrum exhibiting two strong peaks at 1,022.5 and 

1,045.5 eV, corresponding to Zn 2p3/2 and Zn 2p1/2, 

respectively. This result confirms the presence of Zn 

(ІІ) oxidation state in ZnCo2O4 [19, 36]. As shown in 

Fig. 2(c), two strong peaks are observed in the Co 2p 

core spectrum at 779.7 and 794.4 eV, corresponding  

to Co 2p3/2 and Co 2p1/2, respectively, confirming the 

presence of Co (III) oxidation state in ZnCo2O4 [37]. 

As displayed in Fig. 2(d), the O 1s region exhibits a 

doublet at 529.9 and 531.8 eV, which are ascribed to 

the oxygen species from ZnCo2O4 and chemisorbed 

or dissociated oxygen or OH species present on the 

surface of ZnCo2O4 nanospheres, respectively [19, 38]. 

Thus, XPS measurements together with XRD confirm 

the formation of highly pure ZnCo2O4. 

The morphological features of the as-obtained samples 

were investigated using SEM and TEM. As shown  

in Fig. 3(a) and Fig. S1 (in the ESM), meso-ZnCo2O4 

 

Figure 2 XPS spectra of meso-ZnCo2O4: (a) full wide-scan, (b) Zn 2p, (c) Co 2p, and (d) O 1s spectra. 
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exhibits a uniform spheroidal structure with an average 

diameter of ~150 nm (inset of Fig. 3(a)). However, 

bulk-ZnCo2O4 exhibits an irregular morphology. The 

representative TEM images depicted in Figs. 3(b)  

and 3(c) indicate that the diameter of the ZnCo2O4 

microspheres is consistent with the SEM results.  

Each meso-ZnCo2O4 nanosphere is composed of many 

well-ordered and highly crystallized ZnCo2O4 nano-

particles. Figure 3(d) shows the partially enlarged 

view of meso-ZnCo2O4. The nanosphere surface is 

stacked in an orderly fashion with numerous small 

nanocrystals having a diameter of ~10 nm and forms 

a conspicuous porous structure with a size of ~3–4 nm 

(highlighted by arrowheads), which demonstrated 

the as-obtained samples were geared to mesoporous 

materials. Such a mesoporous structure exhibits a 

significantly larger surface area and lower density as 

compared to the solid counterparts, resulting in the 

generation of more active sites available for practical 

catalytic reactions. From Fig. 3(e), the lattice space  

is measured to be 0.46 nm, corresponding to the 

theoretical interplanar spacing of spinel ZnCo2O4 (111) 

planes. Elemental Co, O, and Zn are present and no 

extra peaks are detected, in consistent with the XPS 

results (Fig. 3(f)). Moreover, the atomic ratio of Zn and 

Co is ~ 1:2, suggesting the formation of ZnCo2O4. 

 

Figure 3 (a) SEM image, (inset of (a)) diameter distribution, (b) TEM image, (c)–(e) HRTEM images, and (f) EDX spectrum of 
meso-ZnCo2O4. 
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The specific surface area and pore size distribution 

of ZnCo2O4 nanospheres were analyzed by measuring 

the nitrogen adsorption–desorption isotherm. As shown 

in Fig. 4, the samples exhibit a type-IV isotherm in the 

relative pressure range of 0.4–0.9, and the hysteresis 

loop confirms the existence of the mesoporous struc-

ture. In addition, the surface area of meso-ZnCo2O4 is 

106.2 m2·g–1, which is larger than previously reported 

values [19, 39]. Most of the pores exhibit a size in the 

range of ~2–6 nm, and the average pore diameter of 

meso-ZnCo2O4 is 3.6 nm as calculated from the adsorp-

tion branches of the isotherm by the Barret–Joyner– 

Halenda (BJH) method. These findings are in consistent 

with the TEM results. The large surface area of the 

meso-ZnCo2O4 causes the availability of more binding 

sites, thereby enhancing the loading capacities of biolo-

gical molecules including H2O2 and glucose, resulting 

in an improvement in the oxygen reduction activity. 

3.2 Electrochemical behaviors of H2O2 on different 

electrodes 

CV was employed to monitor the surface signal 

change of the modified electrode and evaluate the 

electrochemical behaviors of different electrodes 

(containing bare CPE, meso-ZnCo2O4/CPE and bulk- 

ZnCo2O4/CPE) in 0.3 M NaOH electrolyte at a scan 

rate of 20 mV·s–1. Figure 5(a) shows the CV plots of 

the three electrodes. As compared to the weak redox 

peaks obtained with bare CPE (curve (1)), a pair of 

conspicuous redox peaks are obtained at 0.52 V for  

 
Figure 4 Nitrogen adsorption–desorption isotherms and pore 
size distribution of meso-ZnCo2O4. 

the anodic peak (Epa) and 0.48 V for the cathodic 

peak (Epc) with the bulk-ZnCo2O4/CPE (curve (2)) 

and meso-ZnCo2O4/CPE (curve (3)), which could be 

attributed to the Co(IV)/Co(III) redox couples [40]. 

The reaction processes can be summarized as follows  

Co2O4
2– + 2H2O   2CoOOH + 2OH–     (1) 

CoOOH + OH–   CoO2 + H2O + e–      (2) 

According to previous reports, a peroxidation process 

occurs on Co3O4 modified electrodes in alkaline 

solution due to Co (II)/Co (III) redox couples [41, 42]. 

However, no preoxidation peak is observed with the 

ZnCo2O4 modified electrode during the catalytic 

process. This is because the tetrahedral sites of Co3O4 

are occupied by zinc ions, resulting in the absence of 

Co (II), and Co (III) acts as the predominant ion in the 

electrocatalytic process due to the occurrence of Co 

(IV)/Co (III) redox reaction Additionally, the enclosed 

areas of the CV loops obtained with the bulk- 

ZnCo2O4/CPE (curve (2)) and meso-ZnCo2O4/CPE 

(curve (3)) are larger than that of the bare CPE, 

indicating the excellent capacitance of ZnCo2O4. The 

meso-ZnCo2O4/CPE (curve (3)) exhibits a larger 

enclosed area than the bulk-ZnCo2O4/CPE (curve (2)), 

suggesting the higher chemical reactivity of meso- 

ZnCo2O4 as compared to bulk-ZnCo2O4 [43], which 

could be associated to the large surface area of the 

mesoporous structure.  

Figure 5(b) illustrates the electrocatalytic capabilities 

of meso-ZnCo2O4/CPE and bulk-ZnCo2O4/CPE in 

0.3 M NaOH electrolyte with different concentrations 

of H2O2. The oxidation peak current (Ipa) of H2O2 

remarkably increases in the case of meso-ZnCo2O4/ 

CPE and bulk-ZnCo2O4/CPE on introducing H2O2 

and increasing the concentration of H2O2 from 0.4 to 

1.2 mM. Compared to that of meso-ZnCo2O4/CPE 

and bulk-ZnCo2O4/CPE, weaker redox signals are 

detected with the bare CPE (Fig. S2 in the ESM). 

Furthermore, the current response is higher with  

the meso-ZnCo2O4/CPE than that with the bulk- 

ZnCo2O4/CPE (inset of the Fig. 5(b)). This phenomenon 

not only demonstrates the excellent catalytic capability 

of ZnCo2O4 to H2O2, but also reveals the higher peak 

current density of the mesoporous structure as com-

pared to the bulk one. In contrast, the cathode current 
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(Ipc labeled IV) exhibits inconspicuous changes with 

an increase in H2O2 concentration, exhibiting lower 

values than that of the blank solution. These findings 

may be associated to the following reasons. In the 

absence of H2O2, Epa (labeled I) is attributed to the 

Co(III)/Co(IV) redox couple (Eq. (2)). In this process, 

Co(III) is oxidized to form Co(IV), resulting in an 

increase in electrochemical signal. According to previous 

reports [44], the electrochemical oxidation of H2O2 on 

Co-based materials (labeled III) could be associated 

to the Co(III)/Co(II) (Eq. (3)) redox couple in basic 

solution. In other words, Co(III) is easily reduced to 

form Co(II) by H2O2 in alkaline solution, and CoO2 is 

not produced. Therefore, it can be speculated that Ipc 

(labeled IV) is caused by Co(OH)2. Co(II) is not 

dominant in the electrochemical catalysis of H2O2, 

leading to a decrease in Ipc as compared to that of  

the blank solution (labeled II and IV) caused by the 

Co(IV)/Co(III) redox couple. 

2CoOOH + H2O2 + 2OH– → 2Co(OH)2 + O2 + 2H2O + 2e– 

(3) 

In order to explore the electrochemical response 

of H2O2 on different electrodes, chronoamperometry 

was employed at an applied potential of +0.5 V with 

the successive injection of H2O2 into 0.3 M NaOH 

electrolyte under stirring. As shown in Fig. 5(c), meso- 

ZnCo2O4/CPE (curve (3)) exhibits a larger response 

current as compared to the other samples (curves (1) 

and (2)). Calibration curves were obtained with 

steady current-time response (Fig. 5(d)). The slope  

of the calibration curve reflects the sensitivity of   

the material. Therefore, a higher sensitivity to H2O2  

is achieved with the meso-ZnCo2O4/CPE (curve (3),  

628.57 μA·mM–1·cm–2) than that with the bare CPE 

(curve (1), 175.71 μA·mM–1·cm–2) and bulk-ZnCo2O4/ 

CPE (curve (2), 482.14 μA·mM–1·cm–2). These findings 

reconfirm the superior electrochemical reaction 

 

Figure 5 (a) CV plots obtained with the bare CPE (curve (1)), bulk ZnCo2O4/CPE (curve (2)), and meso-ZnCo2O4/CPE (curve (3)) in 
0.3 M NaOH at 20 mV·s–1. (b) CV plots obtained with the meso-ZnCo2O4/CPE in 0.3 M NaOH electrolyte with different H2O2

concentrations (from 0 to 1.2 mM) at 20 mV·s–1. (c) Amperometric responses of H2O2 measured with the bare CPE (curve (1)), bulk 
ZnCo2O4/CPE (curve (2)), and meso-ZnCo2O4/CPE (curve (3)) under the successive injection of H2O2 (from 10 to 50 μM). (d) Plot of 
response current of H2O2 versus the corresponding H2O2 concentration (μM). 
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occurring on the meso-ZnCo2O4/CPE. The chronoam-

perometry results are in good agreement with the CV 

results. The stronger response current achieved with 

the meso-ZnCo2O4/CPE could be attributed to the 

large specific surface area of meso-ZnCo2O4, which 

provides more active sites for the electrochemical 

oxidation of H2O2. Thus, meso-ZnCo2O4/CPE exhibits 

higher electro-catalytic capability to H2O2 as compared 

to the bulk counterparts. Hence, it is promising to be 

used as a novel sensor for electrochemical detection 

of H2O2. 

3.3 Effect of operational parameters 

The electrochemical kinetics of the meso-ZnCo2O4/CPE 

was examined in 0.3 M NaOH electrolyte containing 

100 μ H2O2 by CV in the potential range of 0–0.65 V 

with different scan rates. As shown in Fig. 6(a), a con-

tinued expansion of the CV background and sustained  

 

Figure 6 (a) CV plots obtained with the meso-ZnCo2O4/CPE 
in 0.3 M NaOH electrolyte at different scan rates (from 10 to 
200 mV·s–1). (b) Peak currents versus the scan rate. 

increase of oxidation peak currents (Ipa) together with 

relatively stable redox peaks potentials are achieved 

with meso-ZnCo2O4/CPE on increasing the scan rate 

from 10 to 200 mV·s–1, indicating the steady electro-

chemical capability of meso-ZnCo2O4. Ipa and Ipc linearly 

increase with an increase in the scan rate (Fig. 6(b)), 

and the regression equations can be expressed as  

Ipa (μA) = 6.9 + 0.41v (mV·s–1) (R = 0.996) and Ipc (μA) = 

–3.7 – 0.14v (mV·s–1) (R = 0.996), respectively, indicating 

the electrochemical process to be a surface-controlled 

process.  

In order to improve the electrochemical response 

signal of the H2O2 sensor, three major factors, namely, 

the concentration of NaOH electrolyte, applied potential, 

and concentration of meso-ZnCo2O4 were optimized to 

be 0.3 M, +0.5 V, and 1.0 mg·mL–1, respectively (Fig. S3 

in the ESM). 

3.4 Amperometric detection of H2O2 

Under optimal conditions, the electrochemical detection 

of H2O2 with the meso-ZnCo2O4/CPE was examined 

by employing chronoamperometry. A steady-state 

current (95%) is achieved within 5.2 s of injecting 

H2O2, revealing the quick recovery capability of meso- 

ZnCo2O4 (inset (1) in Fig. 7(a)). The quick recovery 

phenomenon is likely attributed to the excellent 

electron/mass transfer occurring in ZnCo2O4 and large 

specific surface area of the mesoporous structure. As 

displayed in Figs. 7(a) and 7(b), Ipa linearly increases 

on changing the H2O2 concentration from 0.001 to 

900 μ, and the linear regression equation is given  

as follows: Ipa (A) = 0.046 + 0.046c () (R = 0.998). 

The detection limit and sensitivity to H2O2 are 0.3 n 

(S/N = 3) and 658.92 μA·mM–1·cm–2, respectively. As 

compared to previous reports (shown in Table 1),  

the proposed sensor exhibits excellent characteristics 

including a lower detection limit, higher sensitivity, 

and wider linear range. The excellent intrinsic catalytic 

properties of ZnCo2O4 and large specific surface area 

of the mesoporous structure could be the main reasons 

for obtaining enhanced catalytic effects for H2O2. 

3.5 Reproducibility, stability, and selectivity  

The reproducibility of the electrode was investigated 

under optimal conditions to compare the amperometric  
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Figure 7 (a) Current–time curve obtained at different H2O2 
concentrations with meso-ZnCo2O4/CPE in 0.3 M NaOH electrolyte 
at +0.5 V. Insets (1) and (2) show the response time with H2O2 
addition and current–time curve for H2O2 at a low concentration. 
(b) Calibration curve for H2O2 on meso-ZnCo2O4/CPE. 

Table 1 Comparison of meso-ZnCo2O4/CPE and other electrodes 

Electrode Linear range 
() 

Detection 
limit ()

Reference

1D Co3O4 15–675 2.4 [45] 

Pt-pCxN1–x 25–572.5 2.29 [46] 

Meso-Sm2O3 1–320 1 [47] 

Ag NPs/porous silicon 1.65–500 0.45 [48] 

Ag/C 0.1–500 0.1 [49] 

Au/r-GO/TNTs 0.01–22.3 0.006 [50] 

F1-CFP 50–500 18 [51] 

Meso-ZnCo2O4 0.001–900 0.0003 This work

 

responses of faradic currents of 50  H2O2 by 

conducting six sets of parallel experiments in 0.3 M 

NaOH electrolyte. The electrodes were prepared in 

accordance with the details given in section 2.3. 

After performing six independent experiments, the 

relative standard deviation (% RSD) was calculated 

to be 4.06%, corresponding to the faradic current of 

H2O2 (Fig. S4(a) in the ESM). The stability was also 

investigated by a commonly used method where  

the modified electrode was maintained at 4 °C for one 

week and H2O2 was detected each day. Amperometric 

responses to H2O2, similar to the initial value were 

obtained (Fig. S4(b) in the ESM). Thus, the sensor 

exhibits excellent reproducibility and stability. 

The possible influence factors were investigated to 

evaluate the anti-interference ability. The detection of 

H2O2 (40 μM) was studied by adding 5 μM DA, UA, 

Trp, and AA (Fig. S5 in the ESM). Obvious signal 

changes could not be observed, indicating the good 

anti-interference ability of meso-ZnCo2O4/CPE. 

3.6 Electrochemical behaviors of glucose on different 

electrodes and fabrication of non-enzymatic biofuel 

cells 

Electrochemical behaviors of the modified electrodes 

in the electrocatalysis of glucose were examined 

using the same method mentioned in section 3.2. The 

CV responses of 200 μM glucose were investigated 

with the bare CPE, bulk-ZnCo2O4/CPE, and meso- 

ZnCo2O4/CPE in 0.1 M KOH at a scan rate of 20 mV·s–1 

(Fig. 8(a)). An extremely weak and negligible redox 

reaction is achieved with the bare CPE (inset of 

Fig. 8(a)). In contrast, in the presence of 200 μM glucose, 

an obvious glucose oxidation peak is obtained at 0.55 V 

with the meso-ZnCo2O4/CPE and bulk-ZnCo2O4/CPE 

(curves (2) and (4)) as compared to the blank solution 

(curves (1) and (3)), which is attributed to the Co(IV)/ 

Co(III) redox couple [52]. Moreover, a larger oxidation 

current is detected with the meso-ZnCo2O4/CPE  

than that with bulk-ZnCo2O4/CPE, which could be 

attributed to the mesoporous structure. Figure 8(b) 

shows the time current curves of glucose oxidation at 

an applied potential of +0.55 V in 0.1 M KOH electrolyte 

with the persistent injection of glucose under stirring. 

As similar to the CV plot of bare CPE, an extremely 

weak response current is obtained with the bare CPE 

(curve (1)) as compared to the meso-ZnCo2O4/CPE 

(curve (3)) and bulk-ZnCo2O4/CPE (curve (2)). However,  
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a higher and stronger response current (curve (3))   

is generated with the meso-ZnCo2O4/CPE than that 

with the bulk-ZnCo2O4/CPE (curve (2)). These results 

demonstrate the excellent catalytic capability of meso- 

ZnCo2O4 to glucose. 

The meso-ZnCo2O4 nanospheres exhibit excellent 

catalytic activity to glucose, offering scientific foundation 

for the design of GBFC as a cathode modification 

material. Hence, we fabricated an H-type GBFC 

(named GBFC I) using meso-ZnCo2O4 nanomaterial 

modified carbon paper as cathode and commercial 

Pt/C modified carbon paper as the anode. For com-

parison, another GBFC (named GBFC II) was designed 

using the same method by replacing meso-ZnCo2O4 

with bulk-ZnCo2O4. 

The polarization and power density curves obtained 

on the two GBFCs are shown in Fig. 9, and the relevant 

results are summarized in Table 2. The slope of the 

linear region of the polarization curve derived from 

GBFC II (line (a)) is higher than that of GBFC I (line (b)), 

indicating the lower internal resistance of GBFC I [53]. 

Moreover, the cell performance of GBFC I is superior 

to that of GBFC II. These findings reveal that meso- 

ZnCo2O4 exhibit enhanced catalytic properties toward 

glucose, in good agreement with the CV results shown 

in Fig. 8. Hence, meso-ZnCo2O4 with a large specific 

surface area is a promising cathode material in GBFCs. 

 

Figure 9 Polarization curves (a) and (b) and power output 
curves (a’) and (b’) of the GBFCs. Experimental conditions: a 
solution containing 0.1 M H2O2 and 0.1 M KOH as the cathode 
electrolyte and 0.04 M B–R solution (pH = 2.5) as the anode 
electrolyte. 

Table 2 Data obtained with GBFC I and GBFC II 

GBFC Open circuit 
voltage (V)

Maximum power 
density (mW·cm–2) 

Limiting current 
density (mA·cm–2)

GBFC I 0.83 0.32 1.32 

GBFC II 0.42 0.04 0.41 

4 Conclusions  

In conclusion, uniform, ordered meso-ZnCo2O4 nano-

spheres were successfully prepared using a nanocasting 

 

Figure 8 (a) CV plots in the absence (curves (1), (3), and (5)) and presence (curves (2), (4), and (6)) of 200 μM glucose on bare CPE, 
bulk-ZnCo2O4/CPE and meso-ZnCo2O4/CPE in 0.1 M KOH at a scan of 20 mV·s–1. Inset shows the enlarged view of the curves (5) and (6).
(b) Amperometric responses of glucose on bare CPE (curve (1)), bulk-ZnCo2O4/CPE (curve (2)), and meso-ZnCo2O4/CPE (curve (3)) 
under the successive injection of 10 to 50 μM glucose. 
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method followed by employing calcination. Meso- 

ZnCo2O4 exhibits an excellent electrocatalytic response 

to H2O2 with a quick response time (5.2 s), high 

sensitivity (658.92 μA·mM–1·cm–2), low detection limit 

(0.3 nM), and wide linear range (~0.001–900 ). 

Meso-ZnCo2O4 exhibits excellent catalytic performance 

to glucose as a cathode material in GBFCs, with an 

open circuit voltage of 0.83 V, maximum power density 

of 0.32 mW·cm–2, and limiting current density of 

1.32 mA·cm–2. The present study not only explores the 

fabrication of a super-sensitive novel non-enzymatic 

H2O2 sensor but also demonstrates methods for the 

development of fuel cells. We expect that meso- 

ZnCo2O4 nanospheres could be used in more fields in 

future. 
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