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ABSTRACT. In this paper, Co3O4 was synthesized through a one-step conversion from the precursor of Co-MOF, 
which was prepared using the liquid phase method. It was subsequently employed to construct a novel 
electrochemical sensor for glucose detection. The ordered pores in the material not only provided numerous 
electrocatalytic active sites but also facilitated the diffusion and desorption of electrolyte ions, glucose molecules, 
and intermediate products, thereby enhancing the overall electrocatalytic activity. Co3O4 demonstrated favorable 
electrocatalytic performance towards glucose oxidation. The fabricated sensor exhibited a sensitivity of 617.4 
μA/(mmol·cm2), with a detection limit as low as 0.23 μmol/L and a rapid response time within 5.9 seconds over a 
linear range from 0.62 μmol/L to 7.5 mmol/L. The sensor possesses several advantages including straightforward 
fabrication, satisfactory selectivity, and a low detection limit, thus broadening the application of metal-organic 
frameworks in the field of electrochemical sensing. 
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INTRODUCTION 
 

Glucose is the most widely distributed and important monosaccharide in nature, serves as the 
primary energy source for human and animal life processes. Blood glucose concentration is a 
critical indicator of human physiological health. Organisms can only carry out their normal 
functions if blood glucose levels are maintained within a certain range. Consequently, the precise 
monitoring of blood glucose levels is especially crucial for maintaining human health [1]. 

Diabetes has become one of the most common public health problems now days. Glucose 
concentration in human blood is one of the most key markers for the diagnoses and management 
of diabetes mellitus. Diagnosis of diabetes needs accurate and sensitive glucose detection. 
Currently, a myriad of techniques have been utilized to determine glucose, including 
chemiluminescence, fluorescence, high performance liquid chromatography (HPLC) and 
electrochemistry [2, 3]. Among these methods, the approach of electrochemical-based detection 
can allow a high sensitive in situ detection with short response time, wide linear range and low 
cost. 

The enzyme sensors based on glucose oxidase have been widely used for the detection of 
glucose. The enzyme glucose sensor has the characteristics of high sensitivity and good selectivity 
[4, 5], but there are problems such as poor stability, complicated operation and poor repeatability. 
Therefore, non-enzymatic electrochemical glucose sensors have been gradually explored to 
improve the electrocatalytic activity towards the oxidation of glucose [6-10]. 
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The non-enzyme glucose sensor uses metal nanoparticles and their oxides as active substances 
instead of glucose oxidase to react with glucose [11]. However, most non-enzymatic sensors 
suffer from low sensitivity, high cost of rare metal precursors, poor specificity to glucose and so 
on. Among these non-enzymatic catalysts, transition metal oxides play important roles due to their 
high intrinsic catalytic performances, low cost, and environmental friendliness [12]. In the family 
of transition metal oxides, notably cobalt-based metal oxides are considered as promising 
candidates for the catalytic oxidation of glucose [13, 14]. 

The catalytic capability of the catalyst is not only associated with the intrinsic catalytic activity 
but it is also related to the morphology and structure. Recent studies showed that two-dimensional 
(2D) flake-like mesoporous structures exhibited many surpassing properties than that of other 
structures [15, 16]. The mesoporous structure with higher porosity and more available 
electroactive sites will provide more guest molecules (i.e., glucose) than other structures, 
enhancing the catalytic performances subsequently [17]. 

Co3O4 is a typical p-type transition metal oxide that contains both Co2+ and Co3+ ions. The 
mixed-valence structure endows it with sensitivity to electrocatalytic reactions [18-21]. In this 
paper, we first synthesized a two-dimensional sheet-structured metal-organic framework (Co-
MOF) of cobalt, followed by the preparation of ordered porous Co3O4 sheets via calcination in 
air. A metal-organic framework (Co-MOF) of Co with a two-dimensional sheet structure was first 
synthesized, and then ordered porous Co3O4 sheets were prepared by calcination in the air. 
Subsequently, the as-prepared Co3O4 was applied to a glucose sensor, where its sensitivity, linear 
range, anti-interference capability, and other performance metrics were thoroughly investigated. 
  

EXPERIMENTAL 
 
Sample preparation 

 

The materials used for the preparation of Co-MOF are cobalt(II) nitrate hexahydrate 
(Co(NO3)2·6H2O) and N-methylimidazole (C4H6N2). The precursor of Co-MOF was fabricated 
by a facile liquid phase process. In brief, turn the same volume of Co(NO3)2 solution (0.1 mol/L) 
into C4H6N2 solution (0.1 mol/L) with agitation for 30 min and let it stand for about 10 hours at 
room temperature. Finally, the sample was calcined at 400 °C for 2 h at the heating rate of 0.5 
°C/min in a muffle furnace, as shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Preparation flow chart of the Co3O4 materials. 
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Preparation of Co3O4/GCE modified electrode 
 
Prior to modification, the GCE electrode was polished with 0.05 μm α-Al2O3 powder to obtain a 
mirror-like surface, sonicated in ethanol and doubly distilled water, and then dried. Co3O4 was 
dispersed in Nafion solution (0.1%) and sonicated to form a homogenous mixture. Then 5 μL of 

10 mg·mL-1 mixtures were dropped on the surface of GCE and air dry． 
 
Characterization  
 
X-Ray diffraction (XRD) was performed on a Bruker D8A25 X-Ray diffractometer. The X-ray 
beam was nickel-filtered Cu K (λ = 0.15406 nm) radiation operated at 40 kV and 30 mA; and the 
data were collected from 10 ° to 80 °(2θ) at a scanning rate of 5 °/min.  

Thermal analysis (TG) was carried out on a NETZSCH STA 449 F5 equipment, operated 
under Air atmosphere. The samples were heated from room temperature up to 450 °C at heating 
rates of 10 °C/min. 

The morphology of the samples was observed by JEOL JSM-5600LV SEM. EDX analysis 
was observed by Oxford Instruments. 
 
Electrochemical sensor preparation and performance test 
 
Electrochemical experiments were performed with a C16430 electrochemical workstation (Lvium 
Instruments, Netherlands). All experiments were conducted using a three-electrode 
electrochemical cell. Bare GCE or its modified electrode was used as the working electrode. A 
platinum plate electrode and an Ag/AgCl (3 mol/L KCl) electrode were used as counter and 
reference electrode, respectively. Prior to the electrochemical measurements, the solutions were 
deoxygenated by bubbling pure nitrogen gas for at least 20 min and a nitrogen atmosphere was 
kept over the solution during the experiments to eliminate the interference． 
 

RESULTS AND DISCUSSION 
 
Figure 2 shows the TG curves of the Co-MOF precursor heated from room temperature to 450 °C 
at a heating rate of 5 °C/min. Two-step mass losses are observed on the TG curve. The first mass 
loss is due to the evaporation of crystal water, which occurred at 30 °C to 295 °C. The second 
weight loss region occurs between 295 °C and 410 °C, which is due to the complete decomposition 
of the metal-organic framework (MOF) structure and its conversion into Co3O4. The chemical 
reaction that takes place involves the decomposition of the organic linker, releasing small 
molecule gases such as CO2, H2O, and nitrogen-containing compounds. Below is a simplified 
chemical equation to represent this process: 

Co-MOF→ Co3O4 + CO2 + H2O + N-compounds 

This transformation indicates that during thermal treatment within this temperature range, the 
organic components of the MOF decompose, leading to the formation of Cobalt tetraoxide along 
with the evolution of various gaseous by-products. 

The X-ray diffraction (XRD) pattern of the Co-MOF precursor exhibited good agreement with 
reported data, confirming the successful synthesis of the precursor. Upon calcination, the color of 
the purple precursor changed to black, and this transformed sample was further characterized 
using XRD analysis. As shown in Figure 3, all diffraction peaks of 19°, 31.27°, 36.85°, 38.54°, 
44.81°, 55.65°, 59.36°, 65.65°, 68.6°, and 69.73° can be indexed to the cubic phase of Co3O4, 
consistent with the standard card PDF No. 42-1467. 
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Figure 2. TG curves of the Co-MOF precursor. 
 

 

Figure 3. The XRD patterns of Co-MOF precursor and Co3O4 samples. 
 

The morphological characteristics of the Co-MOF precursor and Co3O4 samples were 
investigated by SEM. As shown in Figure 4a, the Co-MOF exhibits a leaf-like structure, with 
individual flakes having a length of 5 to 6 μm and a width of approximately 2 μm. The Co3O4 
samples not only present a two-dimensional sheet structure but also display a rich pore structure. 
It is clear that the flake is composed of porous structure inter-sectioned by Co3O4 nanocrystals at 
high magnification (Figure 4b). This structure effectively increases the specific surface area of 
the target product, thereby providing more catalytically active sites and enabling the efficient 
diffusion of electrolyte ions. In this pore structure, the transmission efficiency of electrocatalytic 
substances is greatly improved, thereby effectively improving the electrocatalytic activity of the 
Co3O4 porous material. 
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Figure 4. SEM images of Co-MOF precursor and Co3O4 samples. 
 

Initially, the cyclic voltammetry (CV) was utilized in 0.1 mol/L NaOH electrolyte to 
investigate the electrochemical behaviors of the porous Co3O4/GCE under the applied potential 
from 0 to 0.6 V. As shown in Figure 5, a pair of apparent anodic peaks was observed at 0.42 V 
(curve 1), while the cathode peaks were at 0.54 V for porous Co3O4/GCE, which was ascribed to 
the reversible reactions of Co2+/Co3+. The curve 2 shows the electrochemical response of 0.5 
mmol/L glucose on porous Co3O4/GCE at a scan rate of 20 mV/s. When the glucose was injected 
into the basic solution in Figure 5, the obvious electrochemical responses were detected (curve 2) 
compared to the blank solution (curve 1). Moreover, the curve 2 had a larger enclosed area than 
the curve 1, which indicated that the porous Co3O4/GCE had a higher chemical reactivity. The 
phenomenon demonstrates that porous Co3O4/GCE has the excellent catalytic capability to 
glucose. 

 

Figure 5. CV curves of porous Co3O4/GCE at a scan rate of 20 mV/s in 0.1 mol/L NaOH 
electrolyte. 
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In addition, peak 1 shifted to the right after the glucose was added. This phenomenon was 
caused by the adsorption of the intermediate product on the Co3O4/GCE surface and the limitation 
of the material transport kinetics. Based on the above analysis of the electrocatalytic mechanism, 
the size of the electrocatalytic current depends on the concentration of the medium CoO2 that 
generates the electrons. Therefore, it can be inferred that the catalytic current reaches the 
maximum at the peak position of the oxidation peak. Therefore, the peak potential of the oxidation 
peak is 0.5 V. 

 

Figure 6. CV curves of Co3O4 with 5 mmol/L glucose at various scan rates. 
 

 

Figure 7. Corresponding plots of anodic peak currents versus square root of potential scan rate in 
the presence of 5 mmol/L glucose. 

 

In order to further confirm the electrocatalytic kinetic control process of the electrode, the 
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which shows that the electrode surface is a typical diffusion control process. In addition, as the 
scanning speed increases, the peak potential of the oxidation peak shifts to the right, and the peak 
potential of the reduction peak shifts to the left, indicating that the electrochemical process has a 
dynamic relaxation phenomenon, which is a quasi-reversible process. 

Figure 8 is to determine the sensitivity and linear range of Co3O4/GCE for glucose detection. 
Different concentrations of glucose solutions are continuously dripped into a 0.1 mol/L NaOH 
solution by chronoamperometry. It can be seen from the figure that when glucose is added to the 
solution, the current signal increases rapidly, indicating that the electrode has a higher 
electrocatalytic activity for glucose.  
 

 
 
Figure 8. Chronoamperometric current responses of Co3O4/GCE to successive injection of various 

concentrations of glucose into 0.1 mol /L NaOH at 0.56 V under a constant stirring rate. 
 

 
 
Figure 9. Anti-jamming test results of sheet Co3O4/GCE. 
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Compared to enzyme-based glucose sensors, which exhibit good selectivity, non-enzymatic 
glucose sensors encounter significant challenges in environments containing coexisting 
substances. Human blood contains numerous trace interfering compounds, making the 
investigation of anti-interference properties for Co3O4/GCE critically important. As illustrated in 
Figure 9, when 1 mmol/L glucose is introduced into a 0.1 mol/L NaOH solution, followed by 
additions of 0.1 mmol/L ascorbic acid, 0.1 mmol/L lactose, and 0.1 mmol/L fructose, the figure 
demonstrates that the response currents from these potential interfering substances are minimal 
and almost negligible compared to that of glucose. Consequently, this indicates that Co3O4/GCE 
exhibits excellent anti-interference performance.  
 

CONCLUSION 
 
In summary, a Co-MOF precursor combined with a facile heat treatment method was successfully 
developed to construct a Co3O4 non-enzymatic glucose sensor. This material possesses a two-
dimensional sheet structure along with numerous microscopic pores. The glucose sensor 
fabricated using this approach demonstrates exceptional stability and selectivity. The 
enhancement in electrode performance can be attributed to its distinctive two-dimensional 
architecture and porous nature. Specifically, the two-dimensional structural features facilitate 
efficient electron transfer and collection, whereas the porous structure enhances material transport 
kinetics. The controlled microstructure significantly influences the electrocatalytic activity; by 
optimizing these characteristics, we can boost the electrocatalytic performance. Therefore, the 
ordered porous Co3O4 electrode represents a promising candidate for practical application in non-
enzymatic glucose sensing. 
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