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In this study, the modified gold/copper-based metal-organic framework on glassy carbon electrodes 

[(Aux:Cuy)-MOFs/GCE (x, y = 0, 1, 2 and 3 as volume ratio)] were applied for electrochemical 

determination of hydrogen peroxide (H2O2). (Aux:Cuy)-MOFs were synthesized through the oriented 

growth method and were applied to modification of GCE. SEM and XRD analyses were employed to 

structural studies of synthesized (Aux:Cuy)-MOFs. Cyclic voltammetry and amperometry techniques 

were used to electrochemical characterization of (Aux:Cuy)-MOFs/GCE as H2O2 sensor. Results showed 

that (Aux:Cuy)-MOFs were synthesized in porous and densely packed irregular nano-sheet structure. The 

electrochemical studies showed that (Au1:Cu2)-MOF/GCE was fast response, sensitive, stable and 

selective sensor for the determination of H2O2. The wide linear range, sensitivity and detection limit of 

the sensor were estimated of 1 to 19 µM, 2.022 µA/ µM and 0.014 µM, respectively. Comparison 

performance (Au1:Cu2)-MOF/GCE with other H2O2 sensor exhibits higher or comparative sensitivity in 

determination of H2O2. Study the sensor response to the determination of H2O2 in real sample indicated 

satisfactory RSD and recovery values was less than 4.51% and more than 91.86%, respectively.  
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1. INTRODUCTION 

Hydrogen peroxide (H2O2) as product of many reactions catalyzed by oxidases [1] and oxidative 

biosynthetic agent are used in wide range in cosmetics, antiseptic, detergent, dentistry, water 

purification, and food and drug industries. Its toxicity is not high but skin inflammation  and damages 

have been observed due to expose to cleaner solutions with high concentration of H2O2 (> 25%) [2-4]. 

It has hydroxyl and oxygen-containing free radicals which are able to attack to important body 
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macromolecules such as cell, DNA, proteins, carbohydrates, and lipids [5]. These radical damages lead 

to diseases such as inflammatory, cancer, atherosclerosis, and infections [6-8].  

Thus, there are some limitation for the application of H2O2 in cosmetic, food and pharmacy 

industries. For example, in the UK, use of H2O2 content higher than 0.1% is illegal for non-dentists.  

Furthermore, selling H2O2 concentrations higher than 12% are considered as a criminal offence. Thus, it 

is required the study and development of identification and measurement methods of H2O2 

concentrations [9].  In a few decades, the determination of  H2O2 is carried out through the colorimetry 

[10],  fluorometry [11], spectrophotometry [12], chromatography [13], photoluminescence [14], 

chemiluminescence [15],  titrimetry [16], and electrochemical methods [17-19]. Most of these methods 

are expensive and complicated and time- consuming.  Further studies exhibited that the electrochemical 

techniques are suitable for the determination of H2O2 due to their simplicity, low coast, and relatively 

excellent sensing characterization such as selectivity, high sensitivity and stability [20]. 

It is should be considered, the determination of H2O2 by electrochemical methods is usually 

difficult because of its high over potential and slow kinetics of electron transfer in redox reactions. 

Another advantage of electrochemical techniques is their ability to promote the sensors properties 

through modification and miniaturization the sensor tools by application of the enzymes, nanostructures, 

and nanocomposites on electrode surface of sensors [21, 22]. Among the modifications materials, 

electrochemical sensors based on enzyme-modified electrodes have attracted a lot of attentions  [23]. 

However, these type of modified electrodes are expensive, limited lifetime, instable, and required 

complicated process to immobilization enzyme on the surface of electrode [24-26]. Therefore, non-

enzymatic modified sensors have been also developed. Nanowires, nanoparticles, nanotubes, graphene 

and metal-organic frameworks (MOFs) are the most applicable nanomaterials which are used for 

modification the non-enzymatic sensor’s surfaces [27-30]. 

MOFs are porous coordination polymers which fabricated by the coordination of metal ions or 

clusters bridged by organic ligands or linkers [31-33]. The more attended properties of MOFs structures 

are high effective surface area, high porosity, high stability, good absorbability and high catalytic activity 

which make them as a superb materials for sensor modification [34, 35]. Studies revealed optimizing the 

MOFs structures by Pt, Au, Ag, Cu, Ni, and Zn for enhance the electrical conductivity lead to promote 

electrochemical signals for redox activity of analytes [36-38]. One of the optimization methods is use of 

simultaneous of metallic materials for their stability and high electrical conductivity [39-41]. Therefore, 

in this study, (Aux: Cuy)-MOFs/GCE (x, y = 0, 1, 2 and 3) were used for the determination of H2O2. 

First, (Aux: Cuy)-MOFs were synthesized and applied for the modification of GCE. Then, the structural 

properties of synthesized (Aux: Cuy)-MOFs were studied by SEM and XRD analyses. Finally, 

electrochemical techniques were applied for the determination of H2O2 concentrations.  

 

2. EXPERIMENTAL 

2.1 Fabrication (Aux: Cuy)-MOFs/GCE (x, y = 0, 1, 2 and 3) 

Prior modification the bare GCE (d= 3 mm, Wuhan Corrtest Instruments Corp., Ltd., China), the 

GCE surface was polished sequentially by 0.6-4 µm of alumina powder (Kaifeng Datong Refractories 
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Co., Ltd., China) for 20 minutes on micro-cloth pads wet with double distilled water, respectively. The 

polished electrode was washed under ultrasonication bath in ethanol solution (99.98%, Xilong Scientific 

Co., Ltd., China) for 15 minutes, and double distilled water for 5 minutes, respectively. The polished 

GCE surface was modified by monolayers of carboxylated graphene (XF NANO INC Advanced 

Material Supplier, China) through dropping 10 µl of dispersed carboxylated graphene on the surface of 

GCE. Then, the electrode was dried at room temperature. 

[(Aux: Cuy)-MOFs/GCE (x, y = 0, 1, 2 and 3 as volume ratio)] preparation was performed 

according to [42]. 1.674 g 1, 3, 5-benzenetricarboxylic acid (> 98%, BTC, Aladdin Chemistry Co., Ltd, 

China) was solved to 24 ml ethanol. 24 ml of mixture of 0.33 M HAuCl4·3H2O (99%, J&K 

Scientific Ltd., China) and 0.33 M Cu (NO3)2·3H2O (> 98%, Aladdin Chemistry Co., Ltd, China) 

aqueous solutions (1: 0, 0: 1 , 1∶ 1, 2: 1, 1: 2, 3: 1 and 1: 3 in volume ration V:V as referred Au-MOFs, 

Cu-MOFs, (Au: Cu)-MOF/GCE, (Au2: Cu1)-MOF/GCE, (Au1: Cu2)-MOF/GCE, (Au3: Cu1)-MOF/GCE, 

and (Au1: Cu3)-MOF/GCE samples, respectively) was added to BTC solution. The resulting mixture was 

crystallized in oven under 50 °C for 48 hours. Then, the MOF crystals was filtered with a 0.45 µm 

syringe filter (PVDF membrane, Sartorius, Germany). To obtain the oriented growth of the MOFs 

crystals, the prepared GCE was immersed in 10 ml of filtered MOFs solution. The carboxylic acid 

functionality emulates the organic linker BTC in the open framework structure [43]. The oriented growth 

of MOFs on GCE carried out in a glass closed reactor at room temperature for 10 hours.  

 

2.2 Structural and electrochemical characterization of (Aux: Cuy)-MOFs/GCE 

The morphology of synthesized (Aux: Cuy)-MOFs (x, y = 0, 1, 2 and 3) was analyzed by scanning 

electron microscopy (SEM, S360 Cambridge instrument, UK). The structural and crystallinity 

characteristics of modified electrodes were investigated with X-ray diffractometer (XRD, D8 Advance, 

Bruker, Germany) with Cu Kα radiation (λ = 1.5418 Å) operated at 40 kV and 30 mA. 

Electrochemical studies were carried out in the three-electrode electrochemical cell which 

containing Ag/AgCl/(sat KCl) as  reference electrode, a Pt wire as the counter electrode and (Aux: Cuy)-

MOFs/GCE as the working electrode. Voltammetry and amperometry studies were performed with 

potentiostat (Autolab PGSTAT 302N, Metrohm, Autolab B.V., Utrecht, Netherlands) on the working 

electrodes in 0.1 M phosphate buffer solutions.  The 0.1 M phosphate buffer solutions were prepared of 

H3PO4 (≥85%, Sigma-Aldrich, USA) and NaH2PO4 (>99%, Sigma-Aldrich, USA). The pH of phosphate 

buffer solutions was adjusted using a pH meter and the dropwise addition of both HCl and NaOH 

solutions. 

 

3. RESULT AND DISCUSSION 

3.1 Structural characterization of (Aux: Cuy)-MOFs 

Figure 1 shows the SEM images of GCE and the prepared (Aux: Cuy)-MOFs/GCE. The (Aux: 

Cuy)-MOFs product indicated densely packed irregular nano-scale sheet-like MOFs.  The surface of 
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sheets is smooth. Furthermore, highly porous spaces were observed in MOFs which increases the ability 

of the electrode to absorb. 

 

 
 

Figure 1. SEM image of (a) GCE and (b) (Aux: Cuy)-MOFs/GCE 

 

 

 
 Figure 2. XRD pattern of (Aux: Cuy)-MOFs 

 

Figure 2 shows the XRD patterns of the (Aux: Cuy)-MOFs. The highly crystallinity and the 

relative intensities of peaks are shown in XRD pattern of Cu-MOF that the typical peaks at 2θ = 6.61ᵒ, 

9.29ᵒ, 11.18ᵒ, 13.31ᵒ, and 18.88ᵒ correspond to (200), (220), (222), (400), and (440) planes, respectively 

are consistent with other reports of Cu-MOF synthesis [44, 45]. It can be seen that the high crystalline 

XRD pattern was recorded for Au-MOF. The main diffraction peak at 2θ=38.31ᵒ correspond to (111) 

was found for Au-MOF accordance with [46]. The XRD patterns of (Au: Cu)-MOF, (Au1: Cu2)-MOF, 

(Au2: Cu1)-MOF, (Au1: Cu3)-MOF, and (Au3: Cu1)-MOF show similar pattern with several main peaks 



Int. J. Electrochem. Sci., Vol. 15, 2020 

  

11242 

at 2θ = 38.49°, 44.55°, 64.77° and 77.79° which corresponding to (111), (200), (220), and (311) Au 

crystal planes, respectively.  

 

3.2 Electrochemical studies of (Aux: Cuy)-MOFs/GCE to determination of H2O2 

All cyclic voltammograms of electrodes were recorded in 0.1 M phosphate buffer solution pH 

7.0 at a scan rate of 10 mV s−1 in the potential range of -1 to 1.0 V without any injection of H2O2. Figure 

3a showed the recorded cyclic voltammograms of GCE, Cu-MOF/GCE, Au-MOF/GCE and (Au: Cu)-

MOF/GCE. As seen, there are no redox peaks for GCE, corresponding with the inertia of carbon-based 

electrodes [47]. In Figure 3a,   well defined redox peaks is displayed for Cu-MOF/GCE, Au-MOF/GCE 

and (Au: Cu)-MOF/GCE at 0.05 V and -0.22 V.  For prepared Cu- based MOFs, the redox peaks are 

caused by the conversion between Cu2+ and Cu+ [47, 48]. At the reduction peak potential of about -0.22 

V, Cu2+ is reduced to Cu+, while at the oxidation peak potential of about 0.05 V, Cu+ is oxidized to Cu2+ 

[47, 48]. Current of (Au: Cu)-MOF/GCE is more than the recorded cyclic voltammograms in Figure 3a.  

After the introduction  of Au on Cu-MOF, the corresponding redox peak currents of Cu-MOF increases 

greatly, due to the excellent conductivity of Au that could accelerate the electron transfer [47]. Therefore, 

for optimization the Au/Cu volume ratio, the recorded cyclic voltammograms of (Au1: Cu2)-MOF/GCE, 

(Au2: Cu1)-MOF/GCE, (Au1: Cu3)-MOF/GCE, and (Au3: Cu1)-MOF/GCE are shown in Figure 3b. 

Comparison between the redox shows that (Au1: Cu2)-MOF/GCE displays high redox current. 

 

 

 

 
 

Figure 3. Recorded cyclic voltammograms of (Aux: Cuy)-MOFs/GCE in 0.1 M phosphate buffer 

solution pH 7.0 and the scan rate of 10 mV s−1. 

 

In order to investigate of the stability and response of prepared electrodes to injection of H2O2, 

the amperometrograms of electrodes were recorded in 0.1 M phosphate buffer solution at pH 7.0. Figure 

4 shows the recorded amperometrograms of all electrodes before (first 100 s) and after of injection of 10 

µM H2O2 solution (100 to 400 s). As shown in figure 4, the electro-catalytic currents were found for 
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GCE, Cu-MOF/GCE, Au-MOF/GCE, (Au: Cu)-MOF/GCE, (Au1: Cu2)-MOF/GCE, (Au2: Cu1)-

MOF/GCE, (Au1: Cu3)-MOF/GCE, and (Au3: Cu1)-MOF/GCE of 10.01, 13.02, 13.83, 14.77, 19.10, 

15.54, 16.26, and 15.84 µA, respectively. Furthermore, the electro-catalytic currents were changed for 

GCE, Cu-MOF/GCE, Au-MOF/GCE, (Au: Cu)-MOF/GCE, (Au1: Cu2)-MOF/GCE, (Au2: Cu1)-

MOF/GCE, (Au1: Cu3)-MOF/GCE, and (Au3: Cu1)-MOF/GCE more than 71, 67, 45, 59, 6, 41, 17, and 

57%, respectively. The recorded amperometrograms of (Au2: Cu1)-MOF/GCE and (Au1: Cu3)-

MOF/GCE indicated more fast response toward other prepared electrodes. Thus, (Au1: Cu2)-MOF/GCE 

exhibits more electro-catalytic currents and more stability response to the injection of 1µM H2O2 

solution. The excellent sensing properties of (Au1: Cu2)-MOF/GCE in the aqueous solution can be 

attributed to the high mechanical stability of Cu and high chemical stability of Au in MOF structure and 

the synergistic electro-catalytic effect of Cu-MOF and Au-MOF for determination of  analyte [49]. Su et 

al. suggested the formation of hetero-interface between Au and Cu structures can facilitate charges 

separation and their migration, which would help to improve the catalytic activity of prepared electrode 

[50]. Moreover, porous structure of nano-sheets on electrode surface lead to the strong adsorption of 

MOFs on the GCE [51].  High sensitivity of electrode is related to high electrical conductivity of Cu 

[52], high aspect ratio and high active sites on the surface (Au1: Cu2)-MOF/GCE.  The Au/Cu volume 

ratios of ½ might help to present concurrent properties Au (chemical stability) and Cu (high electrical 

conductivity). Thus, electrochemical reversibility and the high electron transfer rate of nanostructure 

surface of electrode illustrated the ability of (Au1: Cu2)-MOF/GCE to fast electron transferring between 

analyte and electrode surface in electro-catalysis process. Therefore, the (Au1: Cu2)-MOF/GCE was 

selected for further electrochemical study for the determination of H2O2 concentrations.  

 

 
 

Figure 4. Recorded amperometrograms of (Aux: Cuy)-MOFs/GCE in 0.1 M phosphate buffer solution 

pH 7.0 at 0.05 V and rotation speed of 1000 rpm before and after of injection of 1 µM H2O2 

solution. 
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In order to study the effect of H2O2 concentration, amperometry responses of (Au1: Cu2)-

MOF/GCE were recorded under in successive injections of 1 µM H2O2 solution.  

 

 

 
Figure 5. (a) The recorded amperometrogram of (Au1: Cu2)-MOF/GCE in 0.1 M phosphate buffer 

solution pH 7.0 at 0.05 V and rotation speed of 1000 rpm in successive additions of 1 µM H2O2 

solution; (b) plot of calibration graph. 

 

 

Table 1. Comparison of the analytical parameters of the different H2O2 sensor 

 

Electrodes Technique detection 

limit (µM) 

Linear 

range (µM) 

Sensitivity 

(µA/µM) 

Ref. 

(Au1: Cu2)-MOF/GCE  Amperometry  0.014  1-19  2.022 This 

work 

AuNPs-NH2/Cu-MOF/GCE Amperometry 1.2 5–850 1.71  [53] 

PtAu/graphene-CNTs Amperometry 0.6 2–8561 0.3134 [54] 

Au nanochains and prussian 

blue nanorods @MWCNTs 

Amperometry 0.5 1.75–1140 0.3 [55] 

Cu/SiMO/MWCNT Amperometry 6.53 6.53–5200 0.650 [56] 

Cu-MOF/CPE Amperometry 1.0 5–2800 - [57] 

zeolitic imidazolate - MOF 

/CNTs 

Amperometry 0.62 2.5 –190 0.323 [58] 

Cu–Ni(OH)2/GCE Cyclic voltammetry 1.5 5–140 0.408 [59] 

Cu(II)‐ MOF/ CNTs 

 

Cyclic voltammetry 0.46 3–70 and 

70–30000 

0.0366 [60] 
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Figure 5a shows the recorded amperometrograms with fast response to successive injections of 

H2O2 in electrochemical cell. The calibration graph in Figure 5b displays the equation current (µA) = -

2.02251 [concentration of H2O2 (µM)] (µA/ µM) + 0.47933 (µA) with a correlation coefficient of 

0.99990. In high injections of H2O2 (> 19 µM), the calibration graph exhibits deviations from linearity 

because of saturation of active site on electrode surface.  Thus, the linear range, sensitivity and detection 

limit values were obtained 1 µM -19 µM, 2.022 µA/ µM and 0.014 µM, respectively.  

The analytical parameters of the (Au1: Cu2)-MOF/GCE is compared with other H2O2 sensors as 

presented in Table 1. As shown, the H2O2 sensors with wide linear range have been reported. However, 

comparison with other nanomaterial based sensor, the (Au1: Cu2)-MOF/GCE indicates higher or 

comparative sensitivity due to the synergistic electro-catalytic activity of Cu and Au in determination of 

H2O2. When the results were compared to some noble metal-based hybrid composites such as Pt and Au 

metals [53-55], the (Au1: Cu2)-MOF/GCE electrode also shows lower cost benefits. The prepared 

bimetal-based MOF significantly increases the electro-catalytic active areas and promotes electron 

transfer in the reduction of H2O2.  

 

 
 

Figure 6. The recorded amperometrogram of (Au1: Cu2)-MOF/GCE electrode in 0.1 M phosphate buffer 

solution pH 7.0 at 0.05 V and rotation speed of 1000 rpm for 1 µM addition of H2O2 and  5 µM 

addition of ascorbic acid, dopamine, uric acid, glucose, chloride, nitrate and sulphate solutions. 

 

Selectivity and interference response of (Au1: Cu2)-MOF/GCE was studied as H2O2 sensor. 

Therefore, the amperometry responses of prepared electrode were recorded in the presence different 

analytes. Figure 6 shows the recorded amperometrogram of (Au1: Cu2)-MOF/GCE in 0.1 M phosphate 

buffer solution at pH 7.0. As shown in figure 6, the electrode reveals a strong response to all additions 

of 1 µM H2O2 solution and does not display any significant response for the additions of 5 µM of ascorbic 
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acid, dopamine, uric acid, glucose, chloride, nitrate and sulphate. The results demonstrate that the 

modified electrode exhibits the selective response to H2O2 in present the above analytes and the above 

analytes do not interfere with detection of H2O2 on the surface of (Au1: Cu2)-MOF/GCE. The results 

were accordance with the Reddy et al. [61] and Liu et al. [62] findings for the determination of H2O2 

using copper/copper oxide nanoparticles/pencil graphite lead electrode and copper nanoparticles on the 

polydopamine coated graphene oxide, respectively. 

 

3.3 Detection of H2O2 in real water using (Au1: Cu2)-MOF/GCE  

A real water sample was collected from Nanhu Lake (Jiaxing, China). The sample filtered using 

filter paper (11 µm, Whatman, UK) and was directly used for the preparation of 0.1 M phosphate buffer 

solution pH 7.0 without any further purification.  The standard injection of H2O2 was applied for the 

determination of H2O2 in the sample. Figure 7a shows the recorded amperometrogram of (Au1: Cu2)-

MOF/GCE in prepared real sample in successive injections of 1 µM H2O2 solution.  Figure 7b displays 

the calibration graph as current (µA) = -2.034 [concentration of H2O2 (µM)] (µA/ µM) + 0.0479 (µA) 

with a correlation coefficient of 0.9997. Thus, the concentration of H2O2 was evaluated 0.023 ± 0.004 

µM in 0.1 M phosphate buffer solution. The recovery and relative standard deviation (RSD) values of 

the sample is presented in Table 2.  As shown, satisfactory RSD and recovery values are less than 4.51% 

and more than 91.86%, respectively. The results illustrate that (Au1: Cu2)-MOF/GCE can be considered 

as H2O2 sensor in real samples. 

 

 
 

Figure 7. (a) The recorded amperometrogram of (Au1: Cu2)-MOF/GCE in 0.1 M phosphate buffer 

solution pH 7.0 at 0.05 V and rotation speed of 1000 rpm in addition of 1 µM H2O2 in a real 

sample; (b) Plot of calibration graph. 
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Table 2. Results of determination of H2O2 in real water using (Au1: Cu2)-MOF/GCE.  

 

Lake water sample Added (µM) Measured (µM) RSD (%)* Recovery (%) 

1 1.00 0.94 2.89 94.00 

2 2.00 1.88 2.95 94.00 

3 3.00 2.91 3.10 97.00 

4 4.00 3.93 3.57 98.25 

5 5.00 4.91 4.51 98.20 

       *RSD values was obtained from four independent measurements. 

 

 

 

4. CONCLUSION 

The Electrochemical characterization of (Aux: Cuy)-MOFs/GCE as H2O2 sensor was carried out 

by cyclic voltammetry and amperometry methods. The (Aux: Cuy)-MOFs were synthesized through the 

oriented growth technique and were applied for the modification of GCE. The structure, morphology 

and crystallinity of synthesized (Aux: Cuy)-MOFs were investigated by SEM and XRD analyses. Results 

displayed high crystalline, porous and densely packed irregular nano-sheet structures of (Aux: Cuy)-

MOFs were prepared on GCE. The electrochemical studies showed that (Au2: Cu1)-MOF/GCE reveals 

fast response, more electro-catalytic currents and more stability response to the injection of H2O2 

solution toward other prepared electrodes. The wide linear range, sensitivity and detection limit of sensor 

were estimated 1 to 19 µM, 2.022 µA/µM and 0.014 µM, respectively. Comparison of (Au1:Cu2)-

MOF/GCE performance with other nanomaterial based sensor exhibits higher or comparative sensitivity 

because of the synergistic electro-catalytic activity of Cu and Au in the determination of H2O2. Study of 

selectivity and interference response of (Au1:Cu2)-MOF/GCE indicated that the modified electrode 

exhibits the selective response to H2O2 and the ascorbic acid, dopamine, uric acid, glucose, chloride, 

nitrate and sulphate analytes do not interfere with the detection of H2O2 on the surface of (Au1:Cu2)-

MOF/GCE. Further study of the modified electrode on water of Nanhu Lake as real sample showed 

satisfactory RSD and recovery values was less than 4.51% and more than 91.86%, respectively. The 

results show that (Au1:Cu2)-MOF/GCE has potential as H2O2 sensor in practical applications. 
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