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Abstract. In this work, a metal-organic framework (MOF) based on cobalt was decorated with 

graphene and used as a sensing material for glucose determination with electrochemical 

principles. The selection of Co-MOF material is based on its porous nature, large surface area, 

and excellent electrochemical properties. The combination of Co-MOF with graphene (high 

conductivity) effectively increased the electrochemical sensor current. The fabricated composite 

owned the good crystallinity with graphene particles attached to the Co-MOF surface. The 

biosensing performance was evaluated by cyclic voltammetry (CV) with 0.1 M NaOH solution 

as the bolstering electrolyte. The electrochemical measurement indicated that the prepared 

materials possessed a well-moved transfer electron between the electrode surface and electrolyte 

solution. The Co-BDC-3Gr sample obtained the best electrochemical performance with the 

lowest limit of detection (LOD) of 5.39 μM and the highest sensitivity of 100.49 μA mM-1 cm-

2. The selectivity test of the modified Co-MOF was done by comparing the response with other 

compounds such as dopamine, uric acid, and NaCl. The acquired biosensor had excellent 

stability, with 93% of the initial response after 30 days of storage. 

Keywords. Cobalt-metal organic framework, graphene, electrochemical, glucose sensing. 

1. Introduction 

Non-enzymatic glucose sensors have been recently developed to replace an enzymatic glucose sensor. 

Enzymatic-based sensors are considered less effective and efficient due to many factors that affect the 

quality of the enzyme and their sensing performance such as temperature, humidity, and pH conditions. 

Those factors cause several problems including short lifetime, instability, complicated immobilization 

procedure, high cost, and low reproducibility [1-4]. That technique generally requires glucose oxidase, 

acting as oxidation of glucose to gluconolactone. In contrast, non-enzymatic glucose sensor becomes 

popular due to its ability to convert glucose to gluconolactone directly [3-5]. Moreover, this technique 

also offers high stability, excellent repeatability, and relatively low cost [6].  

According to several studies that have been reported, materials containing transition metal catalysts 

such as cobalt, nickel, iron, noble metals such as palladium, platinum, gold, and carbon nanomaterial 
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show relatively good performance as a non-enzymatic glucose biosensor [7,8]. Among the types of 

material, three-dimensional MOF containing metal catalyst provides the large surface area, tunable pore, 

and plentiful active sites for catalytic activity [9-11]. Cobalt-based MOF (Co-MOF) possesses high 

catalytic activity in the identification of the chemical and biological compounds. For instance, Li et al. 

developed Co-MOF nanosheet array to identify glucose with great sensitivity of 10,886 μA mM−1 cm-

2 and low LOD of 1.3 nM [12]. Co-MOF developed by Yang et al. was reported to show high 

performance as an H2O2 sensor with  high sensitivity and low LOD of 83.10 μA mM−1 cm-2 and 

3.76 μM, respectively [9]. Moreover, L-cysteine can also be appropriately detected by Co-MOF with a 

sensitivity and LOD of 0.0032 μA μM−1 and 1.85 μM, respectively [13].  

In this study, Co-MOF was synthesized using a solvothermal technique in the presence of graphene 

as a modifier to be applied as a glucose sensor. Graphene is one of the carbon materials in the form of 

sheets and has a honeycomb structure of graphite [14]. Graphene owns the high potential to be applied 

as a sensor material because it has a large surface area, good electrical conductivity, high thermal, and 

chemical stability [14-17]. Moreover, the high conductivity of graphene supplies more electron channels 

promoting high electron transfer [18,19]. Alizadeh and co-worker synthesized metal oxide combined 

with graphene as a non-enzymatic glucose biosensor [20]. CuO/graphene showed a high sensitivity and 

low LOD of 2939.24 μA mM−1 cm−2 and 0.09 μM, respectively. Improvement of charge transfer 

capability provided by a combination of CuO and graphene sheet was believed as a reason for its high 

performance of glucose sensor. Another study was carried out by Mehek et al., who combined Co-MOF 

with graphene to be applied as a methanol sensor [21]. The work reported that graphene could increase 

the surface area (contact area) and electrochemical response. In this study, graphene-modified Co-MOF 

was applied as electrochemically non-enzymatic glucose biosensor with excellent sensitivity, 

selectivity, and stability. 

 

2. Experimental Section 

2.1 Materials 

Cobalt (II) nitrate hexahydrate (Co(NO3)2.6H2O, 99.5%), D(+)-glucose, N, N-dimethylformamide 

(DMF) were purchased from Fujifilm Wako. Benzene-1,4-dicarboxylic acid or terephthalic acid 

(H2BDC, 98%), uric acid (C5H4N4O3, ≥99%), and dopamine were purchased from Sigma-Aldrich. All 

chemicals were employed as gained without any purification. 

 

2.2 Synthesis of Co-BDC MOF 

Co-MOF was synthesized by employing a solvothermal method at 120°C for 24 hours. Typically, 0.28 

grams of Co(NO3)2.6H2O was added in a solvent which contains 20 ml of DMF and 20 ml of ethanol. 

Subsequently, 0.5 gram of 1,4-benzene dicarboxylic acid was mixed to the solution and then stirred for 

1 h. After dissolving, the mixture solution was poured into 100 mL Teflon autoclave and heated at the 

destined temperature. The precipitated product obtained after cooling down was laundered employing 

DMF and ethanol three times, respectively, then was dried overnight. 

 

2.3 Synthesis of graphene-modified Co-BDC 

The graphene-modified Co-BDC was prepared with a similar procedure as Co-BDC preparation. The 

dissolving process of Co(NO3)2.6H2O and 1,4-benzene dicarboxylic acid was followed by the addition 

of graphene to the mixture with various concentrations of 1, 3, and 5%wt, which then in this report are 

noted as Co-BDC-1Gr, Co-BDC-3Gr, and Co-BDC-5Gr, respectively. After stirring for an hour, the 

mixture solution was transferred into 100 mL Teflon autoclave and heated at 120°C for 24 h. The 

precipitated product obtained after cooling down was washed using DMF and ethanol three times, 

respectively, subsequently was dried overnight. 

 

2.4 Characterization 

The phase and crystal structure of all products were characterized using X-ray diffraction Bruker D8 

Advance. The morphological of the products was observed using a scanning electron microscope (SEM) 
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Hitachi SU3500. The infrared spectra were collected by Fourier transform infrared (FTIR) Shimadzu - 

Prestige 21. Nitrogen (N2) adsorption-desorption characteristic was performed using Quantachrome 

Instruments (USA) via the Brunauer-Emmett-Teller (BET) approach.  

 

2.5 Electrochemical measurements 

There are three electrodes employed to measure the electrochemical properties of all samples. The 

measurements, including CV and amperometry, were performed using Corrtest 350 with glassy carbon 

electrode (GCE), platinum wire, and Ag/AgCl acted as the working, counter, and reference electrodes, 

respectively. Before the measurement, 5 mg of each sample was added in 0.5 mL of distilled water and 

sonicated to reach a homogenous state. 5 µL of the solution was then dropped onto GCE and dried 

naturally. After completely dried, 2 µL of Nafion was added on the surface of the layer and was dried 

naturally. In this research, 0.1 M of NaOH was emploted as an electrolyte, and the glucose solutions 

with varying concentrations (1-10 mM) were prepared in 0.1 M NaOH. 

 

3. Results and Discussion 

3.1 Synthesis and characterization of hierarchical Co-BDC MOF 

The diffraction pattern of graphene-assisted Co-BDC can be observed in figure 1. The MOF crystal 

formed from the bonding between cobalt metals and BDC ligands are marked by fingerprints peak at 2θ 

of 8.8°, 11.5°, 12.0°, and 15.9° originating from the diffraction planes of (100), (110), (101), and (200), 

respectively. The diffraction pattern shown by the Co-BDC-graphene composite is very similar to the 

pattern of pure Co-BDC. The presence of graphene does not interfere with the crystallinity of Co-BDC. 

Also, graphene owing a diffraction peak at 2θ of 26.3°does not indicate its presence in the prepared 

composite system. It also can be reported that 1 wt%, 3 wt%, and 5 wt% graphene added to the Co-BDC 

system are small enough to be detected by XRD. 

 

 

 

 

 

 

 

 

 

Figure 1. (a) Diffraction pattern of Co-BDC MOF (i) and its modification with 1 wt% (ii), 3 wt% (iii), 

5 wt% (iv) of graphene in comparison with pure graphene (v). (b) infrared spectrum of Co-BDC (i) in 

comparison with Co-BDC-3Gr (ii). 

 

Co-BDC or also known as MOF-71, is formed from CoO6 octahedra chains, and each chain is connected 

to four other parallel chains by a linker BDC, while the two other sites connect chains in series through 

DMF [11,22]. Coordination between cobalt and BDC is confirmed through the FTIR spectrum displayed 

in figure 1b. The infrared spectrum produced by Co-BDC and Co-BDC-graphene composites is 

relatively similar and showing that the presence of graphene does not interfere with the Co-BDC 

framework. The sharp peak at 3700 cm-1 originates from OH bound to BDC ligands [23,24]. The broad 

peak centered at the wavenumber 3300 nm-1 originates from the stretching vibration OH group of water 

vapor adsorbed on the surface. In contrast, the sharp peak at 1690 cm-1 is derived from stretching 

vibration group of C = O. The bond between Co metal and BDC ligands is characterized by the presence 

of asymmetric and symmetric vibrations -COO-, respectively in the wavenumber range of 1575-1501 

cm-1 and 1380 cm-1 [25,26]. Hu et al. found a decrease in the intensity of the C = O peak when compared 

with the same peak in the IR H2BDC spectrum showing the interaction between Co2+ and deprotonated 

H2BDC [11]. Co-bonding and BDC ligand are also confirmed by the appearance of peak at 437 cm-1 
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originating from stretching vibration Co-O. The 3D framework of Co-BDC observed via SEM can be 

seen in figure 2. Pure Co-BDC has a spindle-like shape with length and diameter of 5 μm and 2.5 μm, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM images and XRD patterns of obtained Co-MOF and Co-MOF/Gr with the optimized 

ratios of graphene to Co-BDC: (a,b) Co-BDC, (c,d) Co-BDC-1Gr, (e,f) Co-BDC-3Gr, and (g,h) Co-

BDC-5Gr. 

 

Based on the analysis results, the surface of pure Co-BDC looks smooth. This behavior is different from 

the Co-BDC sample, which has been added by graphene. The surface of the modified Co-BDC looks 

rougher because there are several particles attached to the surface of the Co-BDC spindle, which is 

believed to be crumpled of graphene. This structure is reinforced by the increasing number of particles 

on the Co-BDC surface, along with the increasing amount of graphene given. 

N2 adsorption-desorption tecnique were employed to calculate the surface area of the as-prepared 

Co-BDC/Gr samples. From figure 3, the obtained surface area is 36.2 m2 g-1 and 36.7 m2 g-1 for Co-

BDC and Co-BDC-3Gr, respectively. These results indicate that the addition of graphene does not give 

a significant effect on the surface area of Co-BDC MOF, even though the graphene has  high surface 

area. This phenomenon strengthens the results of the FTIR analysis earlier. 

 

 

 

 

 

 

 

 

Figure 3. Nitrogen adsorption measurement of (a) Co-MOF and (b) Co-MOF-3Gr 

3.2 Non-enzymatic glucose biosensor performance of hierarchical Co-BDC MOF 

The electrochemical property of all samples was evaluated using CV, as shown in figure 4. Oxidation 

and reduction process of the electrode surface was observed in the potential range of 0-0.8 V in 5 mM 

glucose solution. There are no oxidation and reduction peaks taking place in the surface of bare GCE 

and graphene, while oxidation and reduction peaks around 0.4 V and 0.3 V, respectively were observed 

during the CV process of Co-BDC and Co-BDC-Gr. These peaks also show the increasing of electron 

transfer, so it can be concluded that the modified electrodes have better electrochemical catalytic 

properties. The increase of currents in the case of Co-BDC and Co-BDC-Gr are attributed to the change 

of Co oxidation state from Co2+ to Co3+ or vice versa in alkaline media [27]. Addition of graphene to 

Co-MOF shows an increase in electrochemical sensor activity. Co-MOF can effectively be the active 

site of the electrode, while graphene increases the electrical conductivity of the sensor. Graphene acts 
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as a supporting material that increases the electronic conductivity in Co-MOF. Combining the roles and 

benefits of the two materials causes the Co-MOF/Gr material to have better electrocatalytic properties 

compared to each material. Furthermore, it is found that the current response peak produced by redox 

reaction increases along with the increase in the amount of graphene. This situation continues until it 

reaches the maximum current response in the addition of 3 wt% graphene. At the addition of 5wt% 

graphene, the resulting current response decreased (figure 4a). Therefore, the addition of 3wt% graphene 

is the best amount in the electrode system to generate the best performance of the glucose sensor. The 

effect of scan rates on the CV curve behavior was analyzed mainly for the Co-BDC-3Gr sample (figure 

4b). The anodic and cathodic current peaks shift to the right and left side, respectively with increasing 

of scan rate indicating diffusion-controlled process involved in this glucose detection [28,29].  
 

 

 

 

 

Figure 4. Cyclic voltammogram of (a) Co-MOF and Co-MOF/Gr in 5 mM glucose solution with a scan 

rate of 50 mV.s-1. (b) Co-BDC-3Gr with various scan rates.  

 

 

 

 

 

 

Figure 5. (a) Amperometric response and (b) the change in current density of Co-MOF-3Gr. 

 
The amperometric technique can be used to observe the ability of a sensor to produce a direct response 

to the concentration of analytes. In this case, linearity in sensitivity was determined by making a series 

of analyte solutions in different concentrations. Figures 5a and 5b show that the current response 

enhances with increasing concentration of the given glucose solution in the electrolyte solution. This 

phenomenon causes more ion diffusion to the electrode so that the detected current also increases. The 

hierarchical Co-BDC MOF sensor shows a sensitivity of 100.49 μA mM-1 cm-2 with a correlation 

coefficient of 0.973. LOD obtained for biosensor is 5.39 μM (S/N = 3). The results of biosensor 

selectivity exhibit excellent performance as indicated by a significant change in current response when 

injected with glucose compared to other solutions such as dopamine, uric acid, and NaCl. The stability 

of the Co-BDC-3Gr was evaluated by observing its current response toward 5 mM glucose for several 

cycles after long-time storage (30 days). The obtained stability of biosensor shows excellent stability, 

with 93% of the initial response. 

 

4. Conclusion 

The Co-MOF-based biosensor platform, combined with graphene for glucose detection, was 

successfully prepared. The fabricated biosensor has an excellent performance in terms of sensitivity, 

LOD, selectivity, and stability. Based on the analysis of electrochemical results, the Co-BDC-3Gr 

sample has the lowest LOD of 5.39 μM with a sensitivity of 100.49 μA mM-1 cm-2. The biosensor 
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selectivity was tested by comparing the current response between glucose with uric acid, dopamine, and 

NaCl. The analysis result shows that the biosensor possesses a good selectivity, which is indicated by 

the most significant current response when injected with a glucose solution. Also, the acquired stability 

of biosensor exhibits excellent stability, with 93% of the initial response. 
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