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Abstract: Currently, most metal oxides- or hydroxides- based and non-enzymatic 

sensors require a high alkali concentration in the working environment. Here, we 

designed a novel non-enzymatic sensor based on a 3D nanostructured Co(OH)2/rGO 

film to address this issue. The architecture of the hybrid film was in-situ constructed 

by the dense assembly of 200 nm flower-like Co(OH)2 crystals bridged by rGO 

nanosheets. This structure possessed an extremely large specific surface area and an 

excellent conductivity which were beneficial for adsorbing OH- to produce oxidative 

CoOOH or CoO2, even in a low alkaline condition. This material was able to mimic 

the functionality of glucose oxidase to oxidize glucose to gluconolactone and 

exhibited a good sensitivity at a wide alkaline range from 5×10-3 to 1 mol L-1 NaOH 

solution. Moreover, this sensor showed a wide linear range, excellent selectivity, 

reproducibility and stability for real blood analysis. 

Keywords: 3D nanostructure; Co(OH)2/rGO film; enzyme-mimic; low alkali 

concentration 
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1. Introduction 

In the past decades, enzymatic sensors have obtained extensive attention and great 

development because of their outstanding selectivity [1]. Biosensors based on 

bioactive enzymes have the great potentials to be applied in various fields, such as 

food safety, medical diagnostics, and environment control [2,3]. However, they still 

suffer from many limitations for further practical applications, primarily due to the 

intrinsic nature of enzymes on temperature, humidity, pH and toxicity [4,5]. Besides, 

enzyme can be easily peeled from electrode surface during continuous detections, 

which becomes a thorny problem to deteriorate the stability and sensitivity in practical 

applications [6]. Hence, many efforts have been made to explore enzyme-free sensing 

towards retaining enzymatic catalysis and improving the stability of sensors. Current 

research hotspot mainly focuses on the development of new materials in order to 

replace enzyme with mimic oxidizing enzymes. The design principle is that the 

materials should be enzyme-like nanomimetics. Nevertheless, most of these sensors 

can only function in a very high alkaline environment which provides abundant 

hydroxyl radicals [7,8]. However the high standards of working environment can be a 

vital deficiency that strongly restricts the wide applications, in spite of the high 

stability, low cost, prompt response and high sensitivity from the novel sensors. 

Metal oxides and hydroxides are usually employed for the construction of 

biosensors owing to their unique advantages of controllable synthesis, chemical 

stability and environmental friendly property [9-11]. Among the effective materials, 

cobalt hydroxide (Co(OH)2) is much more attractive on account of its large specific 

surface from the layered structure, well-defined electrochemical redox activity and 

excellent biocompatibility [12-15]. Its common work principles for glucose detection 

can be described by following equations [16-18]:   

��(��)� +	��
 	↔ 	�����	 +	��� +	�
                        Eq. 1 
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	                           Eq. 2 
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As shown in equations, a high alkalinity of the solution with abundant hydroxide ions 

is beneficial to the formation of CoOOH and CoO2 with a strong electrocatalytic 

ability [19]. The main reason is that low alkaline environment cannot provide enough 

OH- to combine with Co element. In this case, Co(OH)2 cannot possess enough ability 

to gather the free radical (OH-), and few Co atoms will be oxidized to higher state 

which can catalyze glucose. Therefore, if the prepared Co(OH)2 can increase its 

adsorption ability for OH-, more Co atoms could be oxidized to increase the whole 

electrochemical activity for sensing.  

  Three-dimensional (3D) nanostructured electrocatalyic material has been 

demonstrated to possess abundant active sites on the large surface area for free radical 

adsorption to greatly improve catalytic ability. However, 3D structure often brings a 

low conductivity on account of its stack cavities [20,21], resulting in a low 

performance. Although some 3D morphologies of Co(OH)2 film have been already 

synthesized, its high conductive resistance often leads to a high work potential, which 

causes inaccurate sensing due to the simultaneous oxidation of other co-existed 

components. To make full use of the advantage of Co(OH)2 3D structure and make up 

for the drawback in conductivity, graphene oxide (GO) can be introduced during the 

growth of Co(OH)2 [22-24]. GO with oxygenated functional groups can be deemed as 

a nucleation center to anchor metal hydroxides [25,26], beneficial to the formation of 

denser Co(OH)2 crystals with larger specific surface areas which catch more OH- to 

produce oxidative CoOOH. At the same time, GO is also reduced to bridge each 

crystals for fast electron transfer [27,28]. 

In this work, we successfully constructed a 3D flower-like nano-Co(OH)2/rGO 

architecture by a facile one-pot thermal method. GO served as both an oxidant and a 

support to participate the crystallization process of Co(OH)2. Numerous curving 

nanoflakes of Co(OH)2 were assembled by GO to form every 200 nm flower-like 

crystal. This 3D nanostructured Co(OH)2 film was of an extremely large specific 

surface area. Therefore, it was able to combine OH ions to excite its oxidizing 

capacity in a very low alkali concentration. The as-prepared non-enzymatic sensor 

showed an outstanding electrocatalytic activity towards glucose, as well as an 
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ultrahigh sensitivity and possessed an excellent electrochemical response under a 

broad concentration range of NaOH. 

2. Experimental Section 

2.1. Reagents and apparatus 

Graphene oxide was obtained from Jcnano Technology Co. Cobalt nitrate 

hexahydrate (Co(NO3)2·6H2O, AR) was from Aladdin Reagent. Uric acid (UA), 

sodium hydroxide (NaOH), lactose, ascorbic acid (AA) and fructose were gained 

from Sinopharm Chemical Reagent Co. Ltd. (China). Ammonia solution (NH3·H2O, 

25%) and potassium chloride (KCl) were from Shanghai Lingfeng Chemical Reagent 

Co. Ltd. (China).  

Field emission scanning electron microscope (FESEM, Hitachi, S-4800II) and 

transmission electron microscopy (TEM, JEOL JEM-2010 UHR) were applied to 

observe the morphology and energy-dispersive X-ray (EDX) of Co(OH)2/rGO 

nanocomposites. X-ray diffractometer (D/MAX 2500 V/PC) with a Cu-Ka radiation 

(0.15419 nm) and Raman spectrometer (Horiba Labram HR800, Japan) were 

respectively employed to measure the X-ray diffraction (XRD) and Raman spectrum 

of rGO, Co(OH)2 and Co(OH)2/rGO. X-ray photoelectron spectrometer 

(ESCALABMKLL) was utilized to analyze X-Ray photoelectron spectrometrys (XPS) 

of Co(OH)2 and Co(OH)2/rGO. A ASAP 2460 was used to study the specific surface 

areas of the materials by the Brunauer-Emmett-Teller (BET) method using nitrogen 

adsorption and desorption isotherms. The glucose levels in the blood were tested by a 

glucometer (ACCU-CHEK@Performa, Roche Diagnostics GmbH, Germany) to 

compare with the glucose levels acquired by the fabricated sensors. 

2.2. One step and in italic growth of Co(OH)2/rGO film  

In-situ growth of Co(OH)2/rGO film on the Au electrode (2 mm diameter)  was 

prepared by a simple hydrothermal process. Before that, two preprocessing steps 

needed to be done. One of them was that slurries of 0.5, 0.1 and 0.05 mm alumina 

particles were used to polish the electrodes in sequence, and then the electrodes were 

washed with ethyl alcohol and deionized water three times each. Another step was to 
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homogeneously disperse GO into water (0.25 mg/mL) with the aid of a sonicator. 0.87 

g Co(NO3)2 was mixed into the prepared 40 mL GO aqueous solution and stirred 

overnight. Then 1 mL ammonia solution (25%) was slowly added into the solution. 

The optimal ratio was always fixed. The precursor was obtained by centrifugation and 

washed with deionized water three times before further using. Next, 40 mL of 

ethylene glycol was used to disperse the precursor and the mixed solution was sealed 

in a 100 mL Teflon-lined autoclave. Before the seal, nitrogen purging was applied for 

15 min to remove the oxygen in the solution and autoclave, and the pretreated Au 

electrode was then placed in the homogeneous solution. Finally, the Teflon-lined 

autoclave was heated to 180  and maintained at this temperature for 24 h. During 

the process of reaction, the nanocomposite was attached to the surface of Au 

electrodes and the morphology of the nanocomposite began to evolve. After reaction 

finished, 200 nm flower-like Co(OH)2/rGO composites based electrodes were formed.  

2.3. Electrochemical measurement 

Electrochemical workstation (CHI 660E, Shanghai Chenhua Instrument Co.Ltd., 

China) was applied to conduct the electrochemical tests. Among, the cyclic 

voltammetry (CV) and chronoamperometry tests were performed in 0.5 mol L-1 

NaOH. Electrochemical impedance spectroscopy (EIS) was operated in the mixed 

solution of 5 mmol L-1 [Fe(CN)6]
4-/3- (1:1) containing 0.1 M KCl with a frequency 

range from 0.1 Hz to 1000 kHz and the initial test voltage and amplitude were set to 0 

V and 5 mV, respectively. A Ag/AgCl (saturated KCl) electrode was used as the 

reference electrode and a Pt wire was used as the counter electrode.  

3. Result and discussion 

3.1. Construction of 3D Co(OH)2/rGO nanostructure 

As shown in Scheme 1, in order to fabricate the 3D structure of Co(OH)2 crystals, 

GO was expected to serve as the foundation of Co(OH)2 building in the initial 

crystallization process. In the hydrothermal reaction, Co(NO3)2 was uniformly 

dissolved in the GO suspension, therefore, Co2+ can be attracted to combine on the 

GO sheets owing to the existence of abundant oxygen-containing groups. In this case, 
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adsorbed Co2+ on GO sheets plays a vital role as the growth sites for the initial 

formation of Co(OH)2 nucleus [26,29-32]. The nanostructure evolution during the 

hydrothermal reaction was investigated by FESEM characterization. Figs. 1a to c 

display the morphologies of Co(OH)2/rGO nanocomposite films with the 

hydrothermal reaction time increasing from 6 to 24 h. It can be found that an irregular 

shape of Co(OH)2 crystals can be obtained in a shorter crystallization time with a low 

roughness instead of the expected 3D structure, and the layered structure of GO can 

be still observed. Besides, GO sheets were constructed with a porous structure during 

the thermal reduction as shown in Fig. S1. However, when the hydrothermal time was 

prolonged to 12 h, some Co(OH)2 nanoflakes began to emerge on the 

previously-grown irregular crystals. Meanwhile, rGO sheets did not distinguish at this 

stage. Up to 24 h, flake shape occupied the film surface, and these curving nanoflakes 

were spontaneously assembled to a flower-like structure. Interestingly, each ca. 200 

nm nanoflowers did not produce a dense intergrowth, which provided a large cavity 

space to become a 3D morphology. For clarifying above morphology evolution, the 

distribution of Co element of samples were also verified by EDX in the Fig. S2. With 

increasing the hydrothermal time, the amount of Co element was rapidly increasing 

and the distribution was more uniformly. Moreover, through the AFM images (Fig. S3) 

of the pristine electrode and Co(OH)2/rGO modified electrode, it was found that the 

electrode surface became rougher after the crystal growth. The 3D flower-like 

structure is of a higher specific surface area which benefits the strong adsorption of 

OH- for the further oxidation of Co element.  

To better understand the stack behavior of Co(OH)2 nanoflakes, the Co(OH)2/rGO 

nanocomposite was further studied by HRTEM. According to the Fig. 1d, each 

Co(OH)2 nanoflake was effectively wrapped by rGO sheet, indicating the strong 

adhesion between the two nanomaterials. It is also worthwhile mentioning that the 

Co(OH)2 nanoflake was strongly anchored on the rGO surface with a high density and 

the flower buds were composed of many packed Co(OH)2 nanoflakes. The interplanar 

spacing in Fig. 1e was measured as approximately 0.23 nm, which was in accord with 
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the observation from the following XRD results Fig. 2a  for the (101) crystalline 

planes. As shown in Fig. 1f, the well-defined diffraction pattern indicated the 

polycrystalline nature of the Co(OH)2 nanoflake. 

 

Scheme 1. Schematic illustration of the preparation process of 3D Co(OH)2 crystals 

modified sensor. 

 

Fig. 1. (a-c) SEM images of the morphology evolution of Co(OH)2/rGO film with reaction time of 

6 h, 12 h and 24 h; (d-e) TEM and HRTEM images of the Co(OH)2/rGO film; (f) SAED pattern of 

the Co(OH)2 nanoflakes. 

 

The synthesized rGO, Co(OH)2 and Co(OH)2/rGO composites can be analyzed by 

the XRD spectra to compare the crystalline structures. As shown in Fig. 2a, peaks of 

pure Co(OH)2 located at 19.5˚, 33.8˚, 38.6˚ and 59.5˚, respectively representing the 

Co(OH)2 crystal planes of (001), (100), (101) and (110). The peaks were all consistent 

with JCPDS No. 30-0443 of the phase-pure rhombohedral Co(OH)2 [33]. The peak of 
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rGO located at 25.2˚ and obviously distinguished the characteristic peak of GO, 

indicating that GO was completely reduced. Moreover, these characteristic peaks of 

rGO and Co(OH)2 also presented in the nanocomposite. But the rGO peak in the 

composites exhibited a slight shift to a lower degree compared with pure rGO. It is 

mainly because that the presence of Co(OH)2 enlarged the layer spacing of rGO 

[34,35], according to the Bragg equation (2d sinθ = nλ). Raman spectroscopy is 

employed to evaluate the rGO and Co(OH)2/rGO. Fig. S4 showed a set of typical 

peaks located at 1340 cm-1 for D band and 1580 cm-1 for G band, which were ascribed 

to the defects and disorder in a hexagonal lattice and the vibration of C-C respectively 

in the 2D hexagonal lattice [36]. In the Raman spectrum of the composite, apart from 

the emerging of D band and G band, the peaks at 433 and 517 cm-1 represented the 

Co(OH)2 crystallization models of Eu and A2u respectively [37-39]. Hence, rGO 

nanosheets and Co(OH)2 nanoflakes coexisted in the prepared composite. 

The chemical state of Co element can be confirmed by employing XPS 

characterization. Fig. 2b exhibits a full survey of the nanocomposite, indicating that 

the composite is mainly composed of C, O, and Co. Among these elements, cobalt 

reaches a level of 25.8 at.%. According to the Fig. 2c, two main Co 2p peaks were 

revealed at 781.3 eV (2p 3/2) and 797.2 eV (2p 1/2) and the distance between them is 

15.9 eV. It confirms the existence of Co2+ in the form of Co(OH)2. Besides, the peaks 

at 785.7 and 802.9 eV are satellite peaks of Co2+ [40]. In Fig. S5, Co 2p comparison 

of Co(OH)2 and Co(OH)2/rGO was shown. It can be seen that Co binding energy in 

the nanocomposite shifted to a higher binding energy, indicating that a strong 

interaction existed between them and resulted in electron transfer. The C 1s spectra of 

pure GO and rGO of composite were shown in Fig. 2d. It could be found that the 

three main peaks of GO was at 284.8, 286.5 and 289.6 eV, corresponding to the 

functional group of C-C, C-O and O=C-O respectively [41]. After the hydrothermal 

reaction of the composites, the characteristic spectrum of oxygen-containing 

functional group (C-O and O=C-O) attenuated greatly. The decrease of abundant 

oxygen-containing groups in the XPS analysis suggested the successful reduction of 

GO. 
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Fig. 2. (a) XRD patterns of rGO, Co(OH)2 and Co(OH)2/rGO composites; (b) XPS survey of the 

composite; (c) Co 2p spectra of composites and (d) C 1s spectra of pure GO and rGO of 

composites. 

 

3.2. Electrochemical characterizations of the Co(OH)2/rGO film 

Electrocatalytic behaviors of the Co(OH)2/rGO film were investigated in the 

electrolyte of 0.5 mol L-1 NaOH. Fig. 3a shows the CV results of the Co(OH)2/rGO 

modified electrodes in and absent 5 mM glucose. It is important to highlight that two 

pairs of redox peaks were displayed (oxidation peak: 0.2 and 0.5 V; reduction peaks: 

0.14 and 0.45 V), which were owing to the CoOOH/Co(OH)2 and CoO2/CoOOH 

redox couples. Once glucose was added, the two oxidation current became 

significantly stronger, accompanying with the attenuation of reduction current. 

Furthermore, the growth in value of peaks at 0.5 V was almost the same as the peaks 

at 0.2 V. Therefore, further experiment is required to be performed for determining the 

working potential of the Co(OH)2/rGO film. 

In order to investigate the optimum working potential, chronoamperometry tests 

were respectively operated under 0.2 and 0.5 V to characterize the current response 

with the continuous addition of 0.1 mmol L-1 glucose. It can be seen that the current 
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amplification at 0.5 V is much larger than the current response at 0.2 V in Fig. 3b. 

Hence, 0.5 V was selected as the reaction potential. 

 

Fig. 3. (a) CVs of the as-prepared sensors in absence and presence of 5 mmol L-1 glucose; (b) 

Amperometric responses of the as-prepared sensors under 0.2 and 0.5 V working potentials; Insert: 

Calibration curves for glucose detection at different working potentials.  

 

As mentioned before, the alkali concentration is essential to the catalytic activity of 

non-enzymatic sensor. Therefore, we have studied the influence of NaOH 

concentration on the electrocatalytic performance. Figs. 4a and b show that with the 

increasing of NaOH concentration (pH 11.7 ~ 14), the current response was growing. 

It was necessary to mention that even under the low concentration of 0.005 M NaOH, 

the film still exhibited the sensitivity of 242 µA mM−1 cm−2, which was higher than 

many enzyme biosensors. This could be ascribed to the large surface areas derived 

from a 3D nanostructure and the excellent conductivity of graphene that 

synergistically gave rise to the impressive electrocatalytic activity of the generated 

products. 
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Fig. 4. (a) Amperometric responses of the as-prepared sensors to continuously add 0.1 mmol L-1 

glucose into different concentrations of NaOH at the working potential of 0.5 V; (b) Sensitivity 

columnar diagram of the as-prepared sensors in different concentrations of NaOH.  

 

To verify the above conjecture, the effective specific surface area of as-prepared 

film was obtained by the following Randles-Sevcik equation [42]: 

��

��/�
= (2.69 ∗ 	10#)�$/�%&

'/�
�&
∗(                   Eq. 4  

As shown in Figs. 5a and b, the peak currents and the square root of scan rates 

exhibited a linear relationship and Ip/ν
1/2 is a fixed value which represents the Randles’

slop. Therefore, the surface areas of Co(OH)2 and Co(OH)2/rGO films were 

respectively calculated and shown in Table 1, combining with Eq. 4 and Fig. 5. It is 

found that effective surface area of Co(OH)2/rGO film was about 2 times of only 

Co(OH)2 and 5 times of bare electrode areas. To further confirm the effect of GO on 

surface area, N2 adsorption-desorption isotherms were used to characterize the 

difference between the two in specific surface areas. As shown in 5c, they displayed 

the typical IV isotherms, indicating the presence of mesopores. The as-prepared 

Co(OH)2 sample possessed a BET specific surface area of 78.1 m2 g-1, but 

Co(OH)2/rGO composite possessed a larger area of 131.9 m2 g-1. Obviously, the trend 

was also consistent with the electrochemical data. As a consequence, the introduction 

of GO benefits the assembly of more Co(OH)2 crystals for the construction of 3D 

structure with a higher surface area. This explains why 3D nanostructured 

Co(OH)2/rGO film based sensor can exhibit a good sensitivity at a wide range of 

alkali concentration, especially the low concentration and can effectively combine 

OH- to possess a strong oxidation capacity. 
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Fig. 5. (a) CVs of Co(OH)2/rGO film based sensors in the electrolyte of 10 mmol L-1 K3Fe(CN)6 

containing 3 mol L-1 KCl with different scan rates: 50 to 300 mV s−1; (b) Calibration curves for 

the peak currents vs. the square root of scan rates; (c) N2 adsorption-desorption isotherms of 

Co(OH)2 and Co(OH)2/rGO nanocomposite. 

 

Table 1 The effective surface area of bare, Co(OH)2 and Co(OH)2/rGO modified electrodes. 

Modified electrodes  Randles’ slope/µA/(mV/s)1/2 Effective areas/cm-2 

Bare Au 6.62 0.0314 

Co(OH)2 12.85±1.7 0.061±0.008 

Co(OH)2/rGO 31.76±2.2 0.151±0.01 

 

As the initial design, the introduction of rGO is proposed to promote both the 

crystallization and conductivity in Co(OH)2. The interfacial property of the electrode 

surface was confirmed by EIS characterization. Fig. 6a shows the Nyquist plots of 

bare, Co(OH)2 and Co(OH)2/rGO film modified electrodes. Based on the classical 

Randles circuit, values of charge transfer resistance (Rct) were respectively calculated 

as 165 and 270 Ω for Co(OH)2/rGO and Co(OH)2. Furthermore, the Rct of 
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Co(OH)2/rGO based electrode was similar to the Rct of bare electrode. The two 

comparisons illustrated that the introduction of rGO can effectively accelerate the 

electron transfer due to the high conductivity. Besides, through Fig. 6b of CV 

characterizations, it can be found that the electrocatalytic behavior of Co(OH)2/rGO 

was also higher than that of two other modified electrodes. Further 

chronoamperometry experiment was operated to test the sensing performance of 

above two films. Fig. 6c shows that in the case of injecting the same glucose 

concentration, current responses of Co(OH)2/rGO film based sensors were much 

higher. Sensitivities of two films were respectively calculated to be 3320.3 and 2008.9 

µA mM−1 cm−2 for Co(OH)2/rGO and Co(OH)2. These results demonstrated that the 

combination of rGO and Co(OH)2 cannot only contribute the 3D nanostructure but 

also enhance the conductivity to synergistically produce a high sensing performance. 

 

Fig. 6. (a) EIS of Co(OH)2 and Co(OH)2/rGO modified electrodes operated at a frequency range 

from 0.1 kHz to 1000 KHz, an initial test voltage of 0 V and a amplitude of 5 mV, 

electrolyte is 5 mmol L-1 [Fe(CN)6]
4-/3- containing 0.1 M KCl; (b) CVs of the Co(OH)2 and 
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Co(OH)2/rGO modified electrodes at the scan rate of 50 mV s-1 in the range of 0 to 0.6 V; (c) 

Amperometric responses of Co(OH)2 and Co(OH)2/rGO film based sensors after successively 

adding 0.1 mmol L-1 glucose into the electrolyte of 0.5 mol L-1 NaOH at the working potential of 

0.5 V; (d) calibraton curves for glucose detection.  

 

CV characterization can be also applied to investigate the kinetic control 

mechanism of the as-prepared sensors, which was operated under different scanning 

rates. As observed in Fig. 7a, two pairs of redox peaks currents increased with the 

accelerating of scan rate. Furthermore according to Fig. 7b, the relationship between 

peak currents and the square root of scanning rates exhibited a linear dependence. 

Therefore, the electrochemical behavior signified that diffusion was dominated in the 

redox process [43] and the sensor will be sensitive to the changes of glucose content. 

 

Fig. 7. (a) CVs of Co(OH)2/rGO film based sensors with different scan rates; (b) calibration 

curves for (a). 

 

3.3. Detection performance of the as-prepared non-enzymatic sensors  

Fig. 8a showed the responses of Co(OH)2/rGO film based sensors under the 

successively addition of different glucose concentrations. It was worth mentioning 

that the current steps gradually raised with the continually increasing glucose 

concentration, as well as a rapid and sensitive response. Each current step can keep 

steady state for a long time to exhibit a good stability of the sensor. As observed in Fig. 

8b, the calibration result shows a very wide linear range of response current vs. 
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glucose concentration from 0.001-5.55 mmol L-1 with a detection limit of 1 µmol L-1. 

The various performances of working potential, NaOH concentration, sensitivity, 

linear range and detection limit of the as-prepared sensor were compared with other 

currently reported non-enzymatic glucose sensors, which were summarized in Table 2. 

Although some reported sensors exhibited a higher sensitivity, their linear ranges were 

narrower or the working potentials were higher. More importantly, our sensor 

exhibited an excellent sensitivity at a lower NaOH concentration with pH at 11.7. The 

operating conditions were also conductive to its further application. 

 

Fig. 8. (a) Amperometric responses with different glucose concentrations at 0.5 V working 

potential. (b) Calibration curves of amperometric response vs. glucose concentration from (a). 
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Tab. 2. Performance comparisons of reported non-enzymatic glucose biosensors. 

Biosensor 

Potential 

(V vs. 

Ag/AgCl) 

NaOH 

Concentration 

(mmol L-1) 

Sensitivity 

(µA mM−1 

cm−2) 

Detection 

limit  

(µmol 

L-1) 

Linear 

range 

(mmol L-1) 

Ref. 

 0.5 0.5 3354±160 1 0.001-5.55  

rGO/Co(OH)2 0.5 0.05 1246±75 5 0.005-6 
This 

work 

 0.5 0.005 242±14 5 0.005-6  

3DG/Co(OH)2 0.6 1 3690 0.016 0.1-10 [44] 

CNFS/Co(OH)2 0.55 0.1 6800 5 0.01-0.12 [45] 

CoOx-MWCNT 0.55 0.2 162.8 2 ~4.5 [15] 

NiO nanosheet 0.6 0.1 1138 0.18 0.001-0.4 [46] 

3DG/Co3O4 0.58 0.1 3390 0.025 ~0.1 [47] 

Co3O4 nanobiber 0.59 0.1 36.25 0.97 ~2.4 [17] 

NiO/CPEs 0.7 0.5 5590 0.16 0.001-0.11 [7] 

NA/NiONF-rGO 0.6 0.1 1100 0.77 0.002-0.6 [48] 

CuNPs/rGO 0.55 0.1 447.65 3.4 0.01-1.2 [49] 

 

3.4. Selectivity, reproducibility and stability of the as-prepared sensor 

A good selectivity is crucial for the application of non-enzymatic sensors. Generally, 

the common existing interferents of human blood serum, such as AA, UA, lactose and 

maltose, were required to test. In order to cater for the actual situation as much as 

possible, 0.1 mM glucose and 0.01 mM interferents were injected one by one because 

glucose concentration was almost 10 times higher than others. From Fig. 9a, with the 

successive addition of some interferents, stepped curves produced no evident 

variations among them. Only glucose added, a variation obviously occurred. 

Moreover, CV characterizations (Fig. S6) were also employed for selectivity. It can be 

seen that when glucose was added, the oxidation current clearly improved, 
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accompanying with the attenuation of reduction current. However, the as-prepared 

sensors showed no evident changes when other interferents were injected. Hence, 

these phenomenons indicated that the proposed non-enzymatic glucose sensor 

possessed good sensing selectivity. 

The reproducibility was evaluated by the measurement of ten independent 

electrodes towards the detection of glucose under the same condition. The relative 

standard deviation (RSD) was 3.46%, implying the excellent reproducibility of the 

as-prepared sensors. In addition, the stability can be obtained by storing the electrodes 

at 4 ◦C and then examining every 5 days. According to the experiment result of Fig. 

9b, the fabricated sensors still retained 91.3% of their initial sensitivities, indicating 

the outstanding usage stability.  

 

Fig. 9. (a) Selectivity test of the as-prepared sensors in 0.5 mol L-1 NaOH with the addition of 

glucose and interferents at 0.5 V working potential; (b) The variation between the sensitivity of the 

as-prepared sensors and time. 

 

3.5. Real sample analysis 

To further determine the practical application of the as-prepared sensor, the rabbit 

whole blood was investigated. After rabbit serum analyzed with a commercial 

glucometer, 200 µL rabbit serum was added into the electrolyte and tested by 

chronoamperometry method. Five different rabbit serums were detected respectively 

and the results were exhibited in Table. S1. It can be seen that spike recoveries ranged 

from 98.1% to 101.0%, exhibiting a good accuracy for detecting glucose in real 
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samples. 

 

4. Conclusion 

In this study, a novel 3D nanostructured Co(OH)2/rGO film was in italic 

constructed as an enzyme-mimic glucose sensor by a facile one-step thermal method. 

The film exhibited a 3D flower-like architecture with a high electrocatalytic activity 

owing to its large specific surface area and better conductivity. The as-prepared sensor 

has exhibited an ultra-sensitivity for glucose detection under a low alkali 

concentration. Meanwhile, it is also of a wide linear range, excellent selectivity, 

reproducibility and stability, as well as the accurate detection of real blood sample. 

The synthesis strategy of 3D nanostructure is promising and can be extended in the 

control of the crystallization behavior of more sensing materials, which can be 

expected to develop novel enzyme-mimic sensors for working in the lower alkaline 

environment. 
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� A flower-like Co(OH)2/rGO nano-composite film was in-situ prepared by a facile 

hydrothermal method. 

� This architecture can effectively capture OH- to mimic the function of glucose 

oxidase under a very low alkali environment. 

� The as-prepared biosensor shows ultrahigh sensitivity at a very wide range of 

alkali concentration from 5×10-3 M to 1 M. 


