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ABSTRACT:

Rapid, sensitive and selective H2O2 & dopamine sensors provide enormous opportunities to health, 
food and environmental monitoring which could prevent major social and economic devastations. 
To overcome the sluggish and low sensitivity of the conventional colorimetric assay, an integration 
of electrochemical settings with conventional assay has been proposed in this work. At first, 
microwave assisted cobalt MOF (Co-MOF) was synthesized using bio-linker and characterized 
with FESEM and TEM. The electrochemical performance of Co-MOF was examined through 
cyclic voltammetry (CV) where eight-fold higher currents were achieved from the Co-MOF 
compared to the unmodified electrode. However, Co-MOF exhibit very weak nanozymatic activity 
in a mixture of 3,3′,5,5′-tetramethylbenzidine (TMB) and H2O2. Integration of the superior 
electrochemical nature of Co-MOF with the nanozymatic activity resulted in a six-fold enhanced 
nanozymatic activity that enabled H2O2 quantification with a limit of detection (LOD) of 32 nM 
under optimized conditions. The modified electrode was further extended to quantify dopamine 
with a LOD of 0.81 M where a remarkably shorter detection time (60 times shorter) has been 
achieved compared to the conventional nanozyme. Mechanistic study showed that the Co-MOF 
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provides a large surface area and abundant redox-active sites, facilitating fast electron transfer and 
significantly enhancing the electrochemical signal.

Keywords: Co-MOF; H2O2; dopamine; nanozyme; electrochemical sensor

INTRODUCTION

Metal-organic frameworks (MOFs) are crystalline and porous polymers assembled by metal ions 

and organic linkers. They have many unique properties including high porosity, large surface area, 

excellent thermal and chemical stability, mutable chemical components, and many active sites. 

These qualities have made them a hybrid material of interest in many areas such as chemical 

sensing, gas and energy storage, separation, catalysis, luminescence, and drug delivery.1-7 Though 

several research articles have been reported on nanozymatic activity of MOF, most of them have 

discussed the specific type of MOF that showing nanozymatic activity. No one have reported the 

current challenges of weak nanozymatic activity of MOF, the possible way to improve the 

properties ands its future perspectives.

Nanozymes have shown tremendous growth in recent years due to their capability in 

carrying out catalytic reactions of natural enzymes while overcoming the drawbacks of natural 

enzymes, for example, low stability issue at different temperatures, low durability, high cost, and 

storing conditions. Nanozymes offer an opportunity to overcome those drawbacks of natural 

enzymes. To date, a large number of nanomaterials with enzyme mimicking nature have been 

discovered. Remarkably, it has been observed that a wide range of nanomaterials simultaneously 

display dual- or multi-enzyme resembling activity.8-15 In comparison to natural enzymes, 

nanozymes possess higher catalytic stability, are simpler to modify, and are more affordable for 

mass production. Their catalytic activity may be easily regulated by modifications to their size, 

structure, or surface. In addition to their enzyme-like activity, nanozymes demonstrate several 

other properties, such as fluorescence, super-paramagnetism, and absorbance that might be helpful 
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for multi-applications. These unique properties of nanozyme have presented a broad range of 

applications ranging from in vitro detection, in vivo disease monitoring, drug delivery and 

replacement of certain natural enzymes in living systems, and most of all in biotechnology 

research. 16-22

The ability of enzyme-integrated MOF nanozymes to function as stable enzyme supports 

and catalyze cascade events in a single step has also made them prominent in biosensing and 

biocatalysis applications. A few mono- and bi-metallic MOFs have been reported to exhibit 

outstanding oxidase, peroxidase, catalase, and superoxide dismutase-like activities6.

Recent reports on Co-MOF's inherent nanozyme activity has made it possible for a selective, 

stable, and sensitive biosensing of glucose and H2O2, establishing it as an effective nanozyme and 

enzyme support6. Co-MOF is also an excellent colorimetric sensing catalyst for the detection of 

phosphate. The nanomaterial acts as a catalytic chromogenic platform for phosphate ions (Pi), 

which in excess could negatively impact the body’s ability to absorb minerals and result in 

detrimental health issues.23 Yuwei and co-workers reported a Co-based multifunctional nanozyme 

with increased catalytic active sites which was applied for the detection of environmental phenolic 

pollutants and disease identification.24 Further modifications and additional component materials 

to the nanohybrid Co-MOF elevate its functionalities. For example, the increase of electrical 

conductivity of Co-MOF-74-TTF nanocomposite is useful for atmospheric gas adsorption and 

could be used in gas sensing7. Junwen and co-workers has presented a bimetallic copper/cobalt-

doped nanozyme (Cu-Co-NC) for the dual-mode dopamine detection.25 However, to the best of 

our knowledge, no one yet has utilized the electrical conductivity of Co-MOF to enhance its 

nanozymatic activity for biosensing applications. Furthermore, the integration of both 

electrochemical and colorimetric techniques into a unified platform, offers more advantageous 
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than employing either method independently. This combination provides enhanced sensitivity, 

dependability, and portability by facilitating the cross-verification of results, thereby minimizing 

the occurrence of false positives and negatives typically associated with single-mode systems.

Hydrogen peroxide (H2O2), a reactive oxygen species, is widely present throughout the body and 

plays diverse roles in physiological processes, including cellular communication, which controls 

immunological activation, cell proliferation, and apoptosis. However, excessive amounts of H2O2 

might be harmful to the body, resulting in cancer, inflammatory diseases, and cell damage.26 The 

reactivity and low concentration of H2O2 in the body make reliable detection challenging. 

Moreover, the concentration of dopamine in the brain is associated with various diseases. For 

example, the decrease of dopamine in brain produces neurons that causes Parkinson's disease, 

while the excess amount of dopamine is related to schizophrenia.25 Hence, an accurate detection 

system of H2O2 and dopamine at low concentration level is important for a quick diagnosis, to 

examine the disease progression and estimation of therapeutic efficiency.

           The present study aims to examine the electrical nature of newly synthesized Co-MOF and 

apply the electrical properties of Co-MOF to improve it’s nanozymatic activity. The proposed 

nanozymatic activity enhancement strategy is much simpler than the other techniques, namely, 

ligand-based enhancement, hybrid nanozyme, nanomaterials size, shape or charge dependent 

nanozymatic activity enhancements.11,12,16 

In this study, the electrical conductivity of Co-MOF was utilized to enhance the 

nanozymatic activity. In general, the nanozymatic activity of nanomaterials perform on well plate 

or in microtube in the presence of TMB and H2O2.  In this study, we have performed all the 

nanozymatic reaction under electrochemical parameters to achieve higher sensitivity and shorter 

detection time. We have introduced a new synthesis route of Co-MOF using 2,5-furandicarboxylic 
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acid, a bio-based linker (Scheme 1). Subsequently, we utilized the as-synthesized Co-MOF for the 

detection of H2O2 and dopamine through its electro-nanozymatic activity.

Scheme 1: The procedure of micro-wave assisted synthesis of Co-MOF.
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Materials and Methods

Materials

Hydrogen Peroxide (H2O2), sodium acetate, cobalt nitrate hexahydrate, 2,5-

furandicarboxylic acid, 3,3’,5,5’-tetramethylbenzidine (TMB), tablet of phosphate buffered saline 

(PBS), dopamine hydrochloride, dimethylformamide (DMF) and dimethyl sulfoxide (DMSO), and 

ethanol were obtained from Sigma-Aldrich (Canada). 

Synthesis of cobalt MOF:

Co-MOF was synthesized through a microwave-assisted method by following a previous 

report1, with a slight modification in the synthesis procedure. Firstly, 0.4366 g of cobalt nitrate 

hexahydrate Co(NO3)2.H2O as the initial material, 0.3634 g of 2,5-furandicarboxylic acid as the 

linker and 40 mL of DMF were mixed in a beaker and stirred for 20 min to produce a homogeneous 

dispersion. Then the dispersion was irradiated in a microwave at 200C, 600 W for 45 min to 

obtain the solid precipitate. A deep purple coloured precipitate was obtained which was washed 

through suction filtration with ethanol to remove the impurities. The product was dried at 60 C in 

a microwave oven to obtain the Co-MOF powder.

Optimization of Co-MOF Concentration

The optimization of Co-MOF concentration was performed at the range of 0 to 70 µg/mL 

while TMB and H2O2 concentrations were kept unchanged. The concentration of Co-MOF which 

gave the highest absorbance represents the best concentration in this study.

TMB Optimization 

The optimization of the concentration of TMB involved the preparation of different 

concentrations of TMB solution and its examination at a fixed concentration of H2O2, reaction 
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time, and Co-MOF concentration. Here, the concentration range of TMB was 1-8 mM with an 

interval of I mM. The concentration of H2O2 and Co-MOF was 10 µM and 70 µg/mL, respectively. 

The reaction was performed at room temperature for 30 min.

Optimization of pH and Reaction Time

The optimization of pH was examined in sodium acetate buffer (pH 5.2) and PBS buffer 

(pH 7.4), while keeping the concentration of TMB, H2O2 and Co-MOF constant throughout the 

experiment. 

The reaction time was also monitored carefully by data collection for 40 seconds with a 5-

seconds time interval. The time required for the concentrated blue solution to achieve the 

maximum absorbance peak represents the optimum reaction time.

H2O2 Detection 

Upon completion of all the optimization steps, the detection of H2O2 was performed 

through the proposed detection method as well as conventional method. For the conventional 

assay, 0.1 mL of Co-MOF (40 µM) solution was added into the TMB solution (1 mL, 6 mM) in a 

microplate. Then, 50 µL of different concentrations (1-10 µM) of H2O2 was added separately. After 

30 min of the reaction, the absorbance of the blue color solution of each well was recorded and a 

calibration curve of absorbance vs concentration of H2O2 was constructed.

To conduct the cyclic voltammetry (CV) analysis on a Glassy carbon electrode (GCE) was 

used to investigate the electro-nanozymatic process for the detection of H2O2, at a range of -1 V 

to 1 V with a scan rate of 0.1 V/s. A UV-visible spectrometer (BioTeek) was used to record the 

absorbance of the solution upon the appearance of a blue color within 30 seconds.
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Dopamine Detection 

At first, Co-MOF, TMB, H2O2, and 5 µL of different concentrated solution of dopamine 

hydrochloride solution (2-12 µM) was added separately to quantify dopamine. A UV-visible 

spectrometer was used to record the absorbance of the solution upon turning blue within 30 

seconds. 

Kinetic Assessment of TMB and H2O2

The kinetic parameters of Co-MOF were assessed by altering the concentration of TMB 

and H2O2. The concentration range of TMB was 0-10 mM while the concentration of H2O2 was 

fixed at 10 µM. The concentration of H2O2 was selected within a range of 0-10 M while the 

concentration of TMB was maintained constant at 10 mM. The results were then transformed into 

initial velocities based on our recent article.27 Then, the Michaelis−Menten constant (Km) and the 

maximum reaction rate (Vmax) was calculated from the Michaelis-Menten and Lineweaver-Burk 

plots. 

Electrochemical Measurements. 

          A PalmSens4 potentiostat (EmStat-MUX8-R2) multiplexer was in the electrochemical 

measurements while a Zensor glassy carbon electrode (GCE) was the electrode and PBS at pH 7 

as the electrolyte. For electrochemical measurements, 2 mg of Co-MOF was first dispersed in 2 

mL of ethanol and sonicated for 15 minutes to obtain a uniform suspension. Subsequently, 5 µL 

of the suspension was drop-cast onto a bare glassy carbon electrode (GCE) and allowed to dry at 

room temperature. After drying, the modified GCE was used for electrochemical analysis.

RESULTS & DISCUSSIONS

The morphological appearance of Co-MOF was characterized by FESEM, TEM and EDX. As 

shown in Figure 1A (FESEM image), Co-MOF appears as a granular pearl-shape distributed 
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evenly on the surface. The TEM image (Fig. 1B) reveals that the synthesized Co-MOF consists of 

quasi-spherical particles that are closely aggregated, forming interconnected structures. The 

particle size is in the nanometer range, indicating successful nanoscale formation. High-resolution 

TEM (Fig. 1C) clearly shows lattice fringes with d-spacings of 1.34 nm, 1.21 nm, and 1.15 nm, 

which can be indexed to the (200), (001), and (201) crystallographic planes, respectively. These 

well-defined lattice fringes confirm the crystalline nature of the material at the nanoscale.

The SAED pattern (Fig. 1D) displays a series of concentric diffraction rings, indicating that the 

material is polycrystalline in nature with randomly oriented nanocrystallites. The appearance of 

rings rather than discrete spots suggests the presence of multiple crystalline domains contributing 

to the diffraction. The ring positions are consistent with the (200), (001), and (201) planes, which 

correlate well with the XRD results, confirming structural agreement between nanoscale and bulk 

characterization.
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Figure 1: FESEM analysis for Co-MOF nanoparticles(A), TEM analysis for Co-MOF 
nanoparticles(B), Lattice space for Co-MOF nanoparticles(C) and SEAD pattern for Co-MOF 
nanoparticles(D).

EDX analysis (from FESEM) shows the percentage of major elements C, O, N and Co as 40.61%, 

51%, 8.39%, respectively, indicating all of the main elements are present in the Co-MOF (Fig. 

S1).

Figure 2: FTIR spectra for Co-MOF nanoparticles (A), XRD analysis for Co-MOF 
nanoparticles(B)
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The FTIR spectrum of the synthesized material exhibits several characteristic bands confirming 

the formation of the Co-based framework. The absorption bands at ~590 cm-1 and 660 cm-1 are 

assigned to Co–O stretching vibrations, indicating the coordination between cobalt ions and the 

oxygen atoms of the carboxylate groups of 2,5-furandicarboxylic acid. These bands fall within the 

typical range reported for metal–carboxylate vibrations in Co-based metal–organic frameworks 

(500–700 cm-1). 28,29 

For comparison, a Co–N vibration at ~442 cm-1 has been reported in previous study30 which is 

associated with cobalt coordinated to nitrogen-containing ligands. However, such a feature is not 

observed in the present study. This is expected because the current system does not involve 

nitrogen donors; instead, cobalt coordination occurs predominantly through oxygen atoms of the 

carboxylate groups. In addition, the FTIR spectrum recorded in this work does not extend below 

500 cm-1, where the Co–N vibration is typically detected.

Furthermore, the peaks at 1565 cm-1 and 1375 cm-1 correspond to the asymmetric and symmetric 

stretching vibrations of the coordinated carboxylate (–COO⁻) groups, confirming ligand–metal 

interaction. The band at 2945 cm-1 is attributed to C–H stretching vibrations, while the broad peak 

at 3487 cm-1 is assigned to O–H stretching, likely arising from adsorbed moisture or residual 

hydroxyl groups. These observations collectively support the successful formation of the Co–

carboxylate framework.31

The XRD pattern of the synthesized Co-MOF (Fig. 2B) shows distinct diffraction peaks, 

confirming its crystalline nature. The characteristic peaks observed at 2.5°, 19.4°, and 32.5° can 

be indexed to the (200), (001), and (201) planes, respectively. These diffraction peaks are in good 

agreement with the standard JCPDS data (No. 15-0806), confirming phase purity and successful 

framework formation.32
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Notably, these crystallographic planes are consistent with the lattice spacings obtained from 

HRTEM and the ring patterns observed in SAED, demonstrating strong agreement between bulk 

(XRD) and local (TEM/SAED) structural analyses.

Cyclic voltammetry (CV) was conducted to observe the electrochemical characteristics of a bare 

glassy carbon electrode (GCE) and a Co-MOF/GCE. As depicted in Fig. 3A at 0.5 V s-1 at pH 7, 

the unmodified GCE demonstrates a low current response with a low current response of 3 μA, 

indicative of slow interfacial charge transfer kinetics. In contrast, the Co-MOF/GCE exhibits a 

significantly maximum current response within the measured range of 25 μA, suggesting a strong 

interaction between the expanded surface area of Co-MOF and the ionic species present in the 

buffer solution. The current response of the Co-MOF/GCE is approximately eight-folds higher 

compared to the unmodified GCE. This increased surface area enhances charge transfer efficiency 

and a higher electrical conductivity thereby leading to significant electrochemical performance of 

the Co-MOF/GCE electrode in comparison to the unmodified GCE.

Linear sweep voltammetry (LSV) of GCE and Co-MOF/GCE is presented in Fig. 3B at 0.5 V s-1 

with 0.5mM KOH. The unmodified GCE (curve a) exhibits a very low current response at curve a 

(~2 μA), whereas the Co-MOF/GCE shows a significantly enhanced current at curve b (~71.4 μA) 

at approximately 0.2–0.3 V potential range. This pronounced increase in current is attributed to 

improved electron transfer kinetics and the higher electroactive surface area of the Co-MOF-

modified electrode, rather than the oxygen evolution reaction (OER), which typically occurs at 

much higher potentials.

Electrochemical impedance spectroscopy (EIS) was performed in 1.0 mM thiourea containing 0.1 

M phosphate-buffered saline (PBS) with an amplitude of 10 mV over a frequency range of 10⁻² to 

10⁵ Hz (Fig. 3C). The Nyquist plots exhibit a semicircular feature in the high-frequency region, 
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corresponding to the charge transfer resistance (Rct), while no well-defined linear Warburg 

diffusion region is observed at low frequencies. This indicates that the electrochemical process is 

predominantly controlled by charge transfer rather than diffusion. The extracted Rct values are 

598.36 Ω for bare GCE and 121.47 Ω for Co-MOF/GCE, confirming significantly enhanced 

electron transfer kinetics at the modified electrode. The smaller semicircle diameter for Co-

MOF/GCE reflects its higher electrical conductivity and improved electroactive surface properties. 

The impedance data were fitted using an equivalent circuit consisting of solution resistance (Rs), 

charge transfer resistance (Rct), and double layer capacitance (Cdl), which shows good agreement 

with the experimental data. These results are consistent with the CV and LSV analyses, further 

confirming the improved electrochemical performance of the Co-MOF-modified electrode.

Figure 3D represents the cyclic stability of the Co-MOF/GCE at 0-1.3 Volt potential range at 0.5 

V s-1, showing that the oxidation peak currents follow a similar pattern and exhibit no significant 

deviation even after 25 cycles. Therefore, Co-MOF/GCE demonstrates improved stability.
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Figure 3: CV analysis for Co-MOF nanoparticles at 0.5 V s-1 at pH 7 (A), LSV for Co-MOF 
nanoparticles at 0.5 V s-1 with 0.5mM KOH(B), EIS analysis for the Nyquist plot of Co-MOF 
nanoparticles (C) and CV of Co-MOF nanoparticles at 0.5 V s-1 at pH 7(D).

The electrochemical analysis (CV, LSV, EIS) revealed that as-synthesized Co-MOF contains 

redox-active Co²⁺/Co³⁺ centers, which facilitate rapid electron transfer and enhance 

electrochemical response. Unlike redox-inactive MOFs (e.g., Zn-MOF), as-prepared Co-MOF 

exhibits superior charge transfer kinetics due to its partially filled d-orbitals.33 The outstanding 

electrochemical behavior of Co-MOF/GCE was further utilized in nanozymatic biosensing 

application. For example, the nanozymatic activity of Co-MOF was performed under 

electrochemical conditions instead of conventional microplate or microtube-based system. It is 

expected that the nanozymatic activity will be enhanced under the electrochemical settings (Fig 

4A).
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Figure 4: Schematic presentation of the modified nanozymatic activity (A) & experimental results 

of the proposed nanozymatic activity (B).

The feasibility of the present experimental design is presented in Figure 4B. A six-fold enhanced 

nanozymatic activity was observed under electrochemical setting compared to the conventional 

assay. No noticeable nanozymatic peak in the absence of Co-MOF was observed, indicating the 

significance of Co-MOF in the nanozymatic reaction. Moreover, a significant decrease in the 

detection time (30 minutes to 30 seconds) indicates that the proposed detection strategy offers a 

better sensitivity with shorter time.
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As shown in Figure 5A, the nanozymatic activity is enhanced in sodium acetate buffer (pH 5.6) 

compared to the PBS buffer (pH 7.5). The optimized reaction time is 30 seconds (Fig 5B). The 

best concentration of TMB and Co-MOF in this study is 6 mM and 40 g/mL, respectively (Fig. 

5 C & D)

Figure 5: Optimization of (A) buffer solution; (B) reaction time; (C) concentration of TMB & (D) 

concentration of Co-MOF.

The sensitivity of the present assay was compared with the conventional method for the detection 

of H2O2 in buffer solution. As shown in Figure 6A, the detection range of H2O2 using conventional 

method is 1-10 M. However, a significant lower detection range of H2O2 (0.1-1 M) is achieved 

under electrochemical settings, indicating the superiority and novelty of the current protocol (Fig. 
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6B). The calculated LOD is 32 nM. The proposed H2O2 sensing results is comparable with the 

recent articles and is summarized in Table 1. 

Figure 6: Detection of H2O2 under conventional (A) and proposed method (B).

Table 1: Comparison study of LOD values for present work with others reported for H2O2 

detection.

H2O2

Nanomaterial Method Linear Range (mM) LOD (mM) Ref
Cur-AuNPs Colorimetric 0.05 – 0.5 0.05 [34]

Fe Single-Atom Colorimetric 0.003 – 1 0.0013 [35]

Lys-Fe-NPs Colorimetric 0.001 – 0.2 0.00051 [36]

MB–peptide Colorimetric 0.00002- 0.0002 0.000018 [37]

Co-MOF Colorimetric 0.1 – 1 0.000032 Present Study

The proposed assay was further extended for the dopamine detection. As shown in Figure 7A, an 

inverse relationship of dopamine concentration with the absorbance of nanozymatic activity was 

observed due to the inhibition of dopamine. The suppression of the TMB oxidation was attributed 

to the depletion of hydroxyl radicals in the reaction with dopamine, thus reducing the number of 

available hydroxyl radicals in the reaction mixture for the oxidation of TMB molecule.38 
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The detection range of dopamine using the present method is 2-12 M and the calculated LOD is 

0.81 M. Moreover, dopamine detection is highly specific since a very low absorbance was 

obtained for dopamine (12 µM) compared to other common interferent molecules with 10 times 

higher concentration of dopamine (120 µM) (Fig. 7B). Though norepinephrine and dopamine are 

structurally similar, most probably, the positive charge of dopamine strongly scavenge the 

negatively charged hydroxyl radial and significantly lowered the optical density.

Table 2: Comparison study of LOD values for present work with others reported for Dopamine 

detection.

Dopamine
Nanomaterial Method Linear Range (mM) LOD (mM) Ref
BSA-Cu NPs Colorimetric 0.001 – 0.03 0.000095 [39]

Pt@N Colorimetric 0.001 – 0.1 0.000123 [40]
Fe3O4@C@AgNPs Colorimetric 0.0005 – 0.08 0.00012 [41]

CoFe2O4 Colorimetric 0.05 – 0.8 0.01 [42]
GDY QDs Colorimetric 0.02 – 0.1 0.00865 [43]
Co-MOF Colorimetric 0.002 - 0.012 0.00081 Present Study

The sensitivity of the proposed electro-nanozymatic dopamine detection was comparable with the 

recent articles, as summarized in Table 3. Most importantly, this assay could reduce the detection 

time significantly (from 30 min to 30 seconds). 

Figure 7: Detection (A) & specificity (B) of dopamine using the proposed method (Do-Dopamine, 
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Fr-Fructose, Su-Sucrose, Gl-Glucose, As-Ascorbic acid, Nr- Norepinephrine, 5H-5-

hydroxytryptamine, Glu- glutathione).

Figure 8 presents a cyclic voltammetry (CV) plot used to investigate the electrocatalytic activity 

of different combinations involving hydrogen peroxide (H₂O₂), 3,3',5,5'-Tetramethylbenzidine 

(TMB), and a cobalt-based metal-organic framework (Co-MOF). The black curve, representing 

H₂O₂ alone, shows a low current response, indicating poor electron transfer process. The red curve 

of TMB alone exhibits a flat line with no significant redox peaks, confirming that TMB has 

negligible electrochemical activity under these conditions. Upon combining H₂O₂ with TMB (blue 

curve), the current increases moderately with the appearance of redox peaks, suggesting oxidation 

of TMB by H₂O₂ but with limited reaction kinetics. Notably, the pink curve, which represents the 

combination of H₂O₂, TMB, and Co-MOF, shows a sharp rise in the current, reaching 

approximately 600 µA at higher potentials, demonstrating a highly enhanced redox process and 

maximum electrocatalytic activity. In the final composite (pink curve), Co-MOF acts as a 

nanozyme via the catalytic decomposition of H₂O₂ into reactive oxygen species, which rapidly 

oxidizes the TMB. Additionally, Co-MOF provides a large surface area and abundant redox-active 

sites, facilitating fast electron transfer and significantly enhancing the electrochemical signal. This 

makes the Co-MOF-based composite an effective catalyst for H₂O₂ detection and TMB oxidation.
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Figure 8: CVs recorded in different composite in a pH 7 PBS (0.01 M) at a scan rate of 0.5 V s − 

1 (vs. Ag/AgCl RE) on bare H2O2 (black curve), TMB only (red curve), H2O2 + TMB (blue curve) 

and H2O2 + TMB + Co-MOF electrodes. 

A comparison of kinetic parameters is presented in the supporting document (Table S1) that 

reveals that the Co-MOF has relatively lower Km values indicating that it has a greater affinity for 

TMB and H2O2. As-synthesized Co-MOF has the redox-active Co²⁺/Co³⁺ centers and partially 

filled d-orbitals that facilitates rapid electron transfer and exhibits superior charge transfer kinetics 

under the applied electrochemical force. In addition, the porous structure and high surface area of 

the synthesized Co-MOF provide abundant active sites and improved mass transport that 

significantly amplifies its catalytic performance. Moreover, the observed smaller Vmax values for 

Co-MOF denote that the reaction rate was slower upon saturation with its substrate.
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The analytical performance of the proposed dopamine assay was further examined in simulated 

blood serum sample (BZ278, Biochemazone, Edmonton, Canada). The results are presented in 

Table 3 and reveals that the recovery percentage is in the range of 97.09-101.66 with a RSD value 

less than 5%. These findings strongly support the practical applicability of the proposed assay.

Table 3: Study of analytical performance of the proposed assay ion serum media

Labelled (µM) Observed (µM) Recovery (%) RSD (%)
3 3.05 101.66 3.18
5 4.98 99.6 4.10
7 7.10 101.42 3.57
9 9.05 100.55 2.98
11 10.68 97.09 4.27

CONCLUSIONS 

In this study, the electrochemical properties of Co-MOF were utilized to enhance its weak 

nanozymatic activity. At first, the environment-friendly Co-MOF was synthesized using the micro-

wave method and characterized using FESEM, TEM and EDX. The as-synthesized Co-MOF has 

a granular pearl shape and exhibited higher electrochemical performance. The integration of 

electrochemically active Co-MOF with the nanozymatic activity produced a significant enhanced 

nanozymatic activity which was utilized for the detection of H2O2 and dopamine. The calculated 

LOD for H2O2 and dopamine is 32 nM and 0.81 M, respectively. Impressively, the detection time 

was reduced from 30 min to 30 seconds that could be helpful to monitor a large amount of analyte 

with significantly shorter time. The present green synthesis of Co MOF, its integration with 

electrochemical setting to improve the nanozymatic activity and shorter bioanalytical detection 

time will promote their applications in multidisciplinary areas. 
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All data supporting the findings of this study are available within the article. Additional raw data 

can be provided by the corresponding author upon reasonable request.
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Data availability 

All data supporting the findings of this study are available within the article. Additional raw data 

can be provided by the corresponding author upon reasonable request.
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