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Abstract 1 

Here, we report a green and eco-friendly approach to synthesize reduced graphene oxide (rGO) 2 

via a mild hydrothermal process using malt as a reduced agent. The proposed method is based on 3 

the reduction of graphene oxide (GO) in malt solution by making use of the reducing capability 4 

of phenolic compounds that contained in malt solution. The obtained rGO was characterized by 5 

atomic force microscopy, UV-visible absorption spectroscopy, X-ray diffraction spectroscopy 6 

(XRD), Raman spectroscopy, Fourier transform infrared (FT-IR) spectroscopy, Atomic force 7 

microscopy (AFM), Scanning electron microscopy (SEM) and Transmission electron 8 

microscopy (TEM). Electrochemical impedance spectroscopy analysis revealed that the charge 9 

transfer resistance of rGO modified glassy carbon (GC) electrode was much lower than of the 10 

GC electrode. The electrochemical behavior of dihydronicotinamide adenine dinucleotide 11 

(NADH) on rGO modified GC electrode was investigated by cyclic voltammetry and 12 

amperommetry. Electrochemical experiments indicated that rGO/GC electrode exhibited an 13 

excellent electrocatalytic activity towards the NADH, which can be attributed to excellent 14 

electrical conductivity and high specific surface area of the rGO composite. The resulting 15 

biosensor showed highly sensitive amperometric response to NADH with a low detection limit 16 

(0.33µM). 17 
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1. Introduction 1 

The discovery of graphene by Andre Geim and Konstantin Novoselov in 2004 has generated a 2 

great and sustained interest in graphene and its applications [1]. Graphene, a single aromatic 3 

sheet of sp2 bonded carbon, have been shown to possess unique electronic, optical, thermal, 4 

mechanical and catalytic properties, which are attractive for widely varied potential applications 5 

in many fields of science ranging from nano-electronics to biomedical devices.  6 

 In fact, most of the graphenes that were chemically synthesized contain other elements, such as 7 

oxygen, so it is more reasonable to call the graphene ‘‘reduced graphene oxide‘‘(rGO). This 8 

composite can be synthesized by various methods [2-6]. Among the current methods of the 9 

generating reduced graphene oxide, hydrazine and sodium borohydride are used for the chemical 10 

reduction of exfoliated graphene oxide (GO) [7, 8]. However, these reducing agents are unstable 11 

and dangerously toxic. Several groups investigated the synthesis of rGO with the eco-friendly 12 

methods, opening the door to application in nano-science [2-4, 9, 10]. 13 

Thus, the chemical reduction of exfoliated GO with green reducing agents have become a 14 

favorable topic for researchers. For example, reducing sugar [11], protein bovine serum albumin 15 

[12], heparin [13], poly(diallyldimethylammonium chloride) [14] and Plant extracts [15-17] 16 

performs well in reduction of GO. Therefore, an effective, low-cost and green reducing agent for 17 

chemical synthesis of soluble graphene is desirable. Surprisingly, these green reducing agents act 18 

as both reducing and stabilizing agent, thus the improvement in stability of rGO good solubility 19 

observed. 20 

Malt is the third-most popular drink overall, after water and tea. The variability of the 21 

components and their occurrence in barely malts are dependent on the brand company. It has 22 



  

4 

 

been reported that the identified major components of barley malt from tuborg brand are maltose, 1 

dextrins, acetate, lactate, alanine, etanol and phenolic compounds [18]. 2 

 Several reports are on antioxidant and antimicrobial properties of malt which is due to their 3 

ability to reduce free radical formation and scavenge free radicals [19-21]. It has been reported 4 

that the sources of natural antioxidants in malt are phenolic compounds.  5 

The malt phenolic compounds are biocompatible, and mainly consisted of syringic acid, 6 

coumaric acid, ferulic acid, protocatechuic acid, vanillic acid, caffeic acid, p-hydroxybenzoic 7 

acid, tannic acid, epicatechin, and quercetin [22]. These compounds are excellent antioxidant 8 

agents because they can readily react with reactive oxygen species such as free radicals.  9 

Upon oxidation, the phenol groups convert to their corresponding quinone forms that they are 10 

also biocompatible [23]. Previously, the phenolic compounds have been also used for green 11 

synthesis of nanoparticles [24-27]. According to previous reports, graphene exhibits excellent 12 

electron transfer promoting ability for some enzymes and excellent catalytic behavior toward 13 

biomolecule such as, dihydronicotinamide adenine dinucleotide (NADH) [28-33]. 14 

 The determination of NADH is one of the important topics in biology, biochemistry and 15 

medicine. Several methods are available for the determination of NADH [34-37]. However, 16 

these methods are generally time-consuming, have a lack of sensitivity and a susceptibility to 17 

interference with other substances in analyte samples and are difficult for an automated 18 

detection. To overcome all these shortcomings, the electrochemical sensors based on carbon 19 

nanomaterials such as graphene and its derivatives are especially promising because of their 20 

simplicity, high sensitivity, selectivity and low over potential oxidation [28, 38-42].  21 

In this paper, we demonstrate a simple method to prepare rGO sheets in aqueous media by malt 22 

as well as toxic agents. We made use of reducing capability of aromatic phenolic components of 23 
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malt for reduction of graphene oxide. The electrochemical behavior of NADH on rGO modified 1 

glassy carbon was also studied. The prepared biosensor exhibited lower detection limit and high 2 

sensitivity for NADH. 3 

 4 

2. Experimental  5 

 2.1. Materials 6 

 All chemicals were of analytical reagent grade and used without further purification. High 7 

purity graphite powder (particle size < 0.1 mm), H3PO4, H2SO4, KMnO4, HCl, KOH, KCl, 8 

K3[Fe(CN)6], K4[Fe(CN)6]. Ethanol (96%) and ammonium hydroxide (25%) were obtained from 9 

Fluka (Buchs, Switzerland). NADH was obtained from Sigma. Non-alcoholic barley malt of 10 

Tuborg brand (Germany) was obtained from local malt. Double distilled water was used 11 

throughout. 12 

 13 

2.2. Apparatus 14 

 UV-Visible absorption spectra were recorded using a single beam Pharmacia UV-vis 15 

spectrophotometer (Ultrospec, model 4000). Fourier Transform Infra-Red (FTIR) analysis was 16 

carried out using a Bruker (Germany) vector 22 spectrometer. Raman scattering was performed 17 

on a Almega Thermo Nicolet Dispersive Raman spectrometer using the second harmonic (532 18 

nm) of a Nd:YLF laser source. Transmission electron microscopy (TEM) measurements were 19 

made on a HITACHI H-8100 EM with an accelerating voltage of 200 kV. Scanning electron 20 

microscopy (SEM) was performed with a Philips instrument, Model XL-30 (Eindhoven, The 21 

Netherlands). The surface morphology of the products was characterized using a DME 22 

DualScope Scanner DS 95-200 (Herlev, Denmark) atomic force microscopy (AFM). X-ray 23 
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diffraction (XRD) spectra were obtained using a D8ADVANCE (Bruker, Germany) using Cu Kα 1 

(1.5406 Å) radiation. Cyclic voltammetry was performed using an Autolab potentiostat-2 

galvanostat model PGSTAT30 (Utrecht, The Netherlands) with a conventional three electrode 3 

set-up, in which a bare GC electrode  or rGO modified GC electrode, an Ag|AgCl|KClsat and a 4 

platinum rod served as the working, reference and auxiliary electrodes, respectively. 5 

Electrochemical impedance spectroscopy (EIS) experiments were carried out using a Zahner 6 

Zennium workstation and the output signal was acquired with the Thales Z (Zennium release) 7 

soft ware. The frequency was ranged from 0.1 Hz to 100,000 Hz with the signal amplitude of 5 8 

mV. 9 

 10 

2.3. Preparation of the rGO solution 11 

Graphite oxide was synthesized using graphite powders by the modified Hummer’s method [43]. 12 

Briefly, 5.0 g graphite powder was dispersed in a 120 mL concentrated H2SO4 kept at 0 °C under 13 

stirring.  Then, 15.0 g of KMnO4 was added gradually to the mixture kept in an ice bath to ensure 14 

that the temperature remained around 0 °C. After that, the temperature was raised to 0 °C and the 15 

mixture was stirred for 30 min and then diluted gradually with 225 mL deionized water.  16 

The mixture was re-diluted with 700 mL deionized water and treated with 3% hydrogen 17 

peroxide. The color of mixture changed to yellow-brown during the dropwise addition of H2O2. 18 

The mixture was filtered and washed with HCl solution (5%) and then repeatedly washed with 19 

water until neutral pH was obtained for filtrate. This solution was centrifuged at 3000 rpm for 10 20 

min and then the filtrate was re-dispersed in water and centrifuged for several times.  21 

Then, the dark brown GO powder was obtained through drying at 50 °C in a vacuum oven for a 22 

day. The graphite oxide was then exfoliated by ultra-sonication. Finally, GO powder dispersed in 23 
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a known volume of water was subjected to ultra-sonication for 60 min to give a stable suspension 1 

of GO and then centrifuged at 3000 rpm for 30 min to remove any aggregates remained in the 2 

transparent light brown exfoliated GO suspension. Then, 25mL malt was added into 40 mL 3 

above solution and the solution was mixed by ultrasonication for 30 min. The mixture was 4 

transferred into a Teflon-lined stainless steel autoclave, and reacted at 90° C for 5 h.  5 

During this process, the color of the solution changed from yellow-brown to black. Adsorbed 6 

phenolic componds on reduced graphene oxide solution were extracted with ethanol and water 7 

by sonication and filtration condition, until no phenolic componds could be detected from the 8 

washing solvent with UV-Vis spectrometer. The scheme 1 illustrates the reduction mechanism of 9 

GO to rGO by phenolic compounds in malt. Base of this mechanism, the phenolic comopounds 10 

oxidized to quinine form at 90°C and release two electrons. These electrons convert the graphene 11 

oxide to reduced graphene oxide, suggesting that annealing removed oxygenated groups from the 12 

exfoliated graphene oxide sheets. 13 

<Scheme.1> 14 

2.4. Preparation of rGO modified GC electrodes 15 

The end surface of a GC electrode (i.d. = 3.0 mm, Metrohm, Herisau, Switzerland) was polished 16 

on a synthetic cloth successively with 0.3, 0.1 and 0.05 µm alumina slurry (Struers, Copenhagen, 17 

Denmark) to obtain a mirror finish and then cleaned in water-ethanol solution (1:1) under 18 

ultrasonication. A volume of 5µL of the resulting rGO solution was dropped onto a GC electrode 19 

and allowed to dry in ambient air for 2 h.  20 

 21 

 22 
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3. Results and Discussion 1 

 3.1. Characterization of the composites 2 

We monitored UV-vis absorption spectroscopy exfoliated GO (a) and rGO (b), firstly. As shown 3 

in Figure 1.A, the absorption peak at 230 nm showed red-shift to 265 nm after the exfoliated GO 4 

is reduced, indicating that the electronic conjugation within the rGO sheets was revived upon 5 

reduction of GO [11-14, 19, 20, 43, 44]. The change in color from light brown to black can be 6 

seen as the reduction of GO proceeds (Figure 1.A, inset). This color change has previously been 7 

suggested as partial restoration of the π network within the carbon structure and has been 8 

witnessed through chemical reduction of the exfoliated GO sheets. 9 

The obtained composites are characterized by XRD. As shown in Figure 1.B, the XRD pattern of 10 

exfoliated GO (a) exhibits a diffraction peak centered at 2θ=13.01°, corresponding to the C(002)  11 

interlayer spacing of 0.78 nm, which indicates the complete oxidation of graphite to exfoliated 12 

GO [45]. After chemical reduction with malt, the diffraction peak of exfoliated GO at 2θ = 13 

13.01° disappeared and a very broad peak around 23° (b) was observed in the rGO sample, 14 

indicating that most oxygen functional groups had been removed [11, 14, 46, 47]. It should be 15 

noted that the diffraction peak in rGO sheets was rather broad and significantly different from 16 

that in graphite (Figure 1.B, inset) [45, 48].  17 

Raman spectroscopy is one of the most widely used techniques for the characterization of 18 

structural and electronic properties of graphene. In the Raman spectrum of highly ordered 19 

graphite a couple of absorption bands, so called G and K bands, are observed at frequencies less 20 

than 2000 cm-1. The G band is usually assigned to the E2g phonon of C sp2 atoms, the in-phase 21 

vibration of the graphite lattice, and it is papered at about 1575 cm-1 and represents the relative 22 
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degree of graphitization. But, the D band is a weak breathing mode of Κ-point phonons of A1g 1 

symmetry, caused by the graphite edges and it is appeared at approximately 1355 cm-1 and its 2 

intensity is related to the degree of edge chirality [49]. Therefore, the ratio of D and G band 3 

intensities indicates the degree of the disorder such as defects, ripples and edges. The structural 4 

changes from exfoliated GO to rGO sheets occurring during the reduction process are also 5 

reflected in their Raman spectra. Figure 1.C shows that the Raman spectrum of exfoliated GO (a) 6 

sheets displays a disorder induced D-band around 1350 cm−1, and a G-band around 1590 cm−1 7 

due to phonon vibrations in sp2 carbon materials [50]. After being reduced by malt, the D/G 8 

intensity ratio increased from 0.91 to 1.21, suggesting that annealing removed oxygenated 9 

groups from the exfoliated GO sheets [51]. 10 

< Figure.1> 11 

FTIR spectroscopy was employed to investigate the functional groups of exfoliated GO and rGO. 12 

Figure S.1 (Supporting Information) shows the FTIR spectra of those two materials. Figure 13 

S.1(A) (Supporting Information)  is typical FTIR spectra of deeply oxidized carbon material, as 14 

featured for exfoliated GO by a strong absorption band at 1625, 1727 and 3400 cm−1 due to C=C, 15 

C=O and O-H stretching respectively [11]. However, as shown in Figure S.1(B) (Supporting 16 

Information), after the exfoliated GO is chemically reduced, the characteristic absorption bands 17 

of oxide groups decreased, indicating that exfoliated GO has been converted to rGO.  18 

The morphologic characterization of the prepared composites was firstly examined by AFM. 19 

Figure S.2 (Supporting Information) shows the typical AFM image of exfoliated GO (A) and 20 

rGO (B) on the mica, where the cross-sectional view indicates that the average thickness of 21 

exfoliated GO nanosheet is about 2.9 nm (Figure S.2.A, Supporting Information). After the final 22 
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reduction step, this value decreased to about 0.76 nm (Figure S.2.B, Supporting Information), 1 

which could be explained by the removal of the surface oxide groups.  2 

SEM and TEM images of rGO were also given. The obtained SEM image is shown in Figure 3 

2.A. It can be seen that the basic shape of the rGO looks like a piece of a leave structure. Also, 4 

Figure 2.B shows a TEM image of rGO sheet. It is evident that the prepared rGO is transparent, 5 

wrinkle and flake-like sheet. 6 

 < Figure.2> 7 

3.2. Electrochemical properties of the electrodes 8 

EIS has been used to characterize the interface properties of surface-modified electrodes. The 9 

typical impedance spectrum (presented in the form of the Nyquist plot) includes a semicircle 10 

portion at higher frequencies corresponding to the charge transfer limited process and a linear 11 

part at lower frequency range representing the diffusion limited process.  12 

The semicircle diameter in the impedance spectrum equals the charge transfer resistance (Rct). 13 

This resistance controls the charge transfer kinetics of the redox probe at the electrode interface. 14 

Figure 3 displays the Nyquist plots obtained for a GC (a), rGO /GC (b) and GO/GC (c) 15 

electrodes in a solution containing 5.0 mM Fe(CN)6
-3/-4 couple (1:1) and 0.1 M KCl, 16 

respectively. The Nyquist diameter (Rct) of rGO/GC electrode was much less than these observed 17 

for GC and GO/GC electrodes, suggesting that rGO facilitates the rate of charge transfer.  18 

<Figure.3> 19 

3.3 Electrochemical application of rGO 20 

Figure 4.A shows CVs for the oxidation of NADH at these GC (a) and rGO/GC (b) electrodes. 21 

After modification with rGO, a remarkable decrease of oxidation peak was achieved. The peak 22 

potential of NADH oxidation is shifted from 0.60 V on GC electrode to 0.32 V on rGO/GC 23 



  

11 

 

electrode. This synergetic electrocatalytic activity toward NADH could be due to high 1 

conductivity, high surface area of rGO and π-π stacking interaction between analyte with this 2 

composite. The OH and COH groups on rGO sheet can also form strong hydrogen bonding 3 

interaction with OH and NH2 groups in NADH [52]. Figure 4.B displays the influence of scan 4 

rate on the current response for the anodic current of 0.2 mM NADH. The anodic peak current 5 

(ipa) increased upon the increase of the square root of scan rate (ν½). A good linearity between 6 

peak current and ν½ was obtained within the range of 10–150 mV/s. The result indicates that the 7 

electrochemical kinetics is controlled by the diffusion of NADH.  8 

The Tafel slope can be obtained by following equation that is valid for a totally irreversible 9 

diffusion controlled process [53]: Ep= b/2 log(ν) + constant  where b indicates the Tafel slope. 10 

According to this equation, the evaluated slope of Ep versus log(ν) is -0.0536 V decade−1; 11 

therefore, b= 0.107 V decade−1. So the amount of transfer coefficient (α) was estimated 0.36 12 

(Figure 4.C).  13 

<Figure.4> 14 

The amperometric responses of biosensor were also investigated by successive addition of 15 

NADH to a continuous stirring at the applied potential of 0.32 V versus Ag|AgCl|KClsat (Figure 16 

5.A). The current responses of the biosensor increased with the concentrations of NADH and 17 

reached a steady state within 3 s. It showed that the current responses of GC electrode (a) were 18 

relatively small compared with that of the rGO/GC electrode (b). The calibration curve of 19 

rGO/GC electrode gave a linear range of the concentration of NADH from 10 µM to 600 µM 20 

(insert of Figure 5.A). The linear regression equation was i (µA) = 0.0124 [NADH] (µM) +0.869 21 

with a correlation coefficient of 0.995 (n = 16). From the slope of the resulting calibration curve, 22 
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a detection limit of 0.33 µM was estimated at signal-to-noise ratio of 3. The validation 1 

parameters for rGO/GC electrode are summarized in Table 1. 2 

<Table.1> 3 

Figure 5.B shows the chronoamperometric measurements of various concentrations of NADH at 4 

rGO/GCE by setting the working electrode potential at 0.32 V. Inset of Figure 5.B shows the 5 

current responses of different concentrations of NADH. It can be seen from plot that a good liner 6 

relationship was realized between the currents and concentrations of NADH. Also, 7 

chronoamperometry can be used for the evaluation of the catalytic reaction rate constant (kcat) 8 

using the following equation Icat/IL= π1/2(kcatCot)
1/2 [54]. Icat is the catalytic current of the rGO/GC 9 

electrode in the presence of NADH, IL is the limiting current in the absence of NADH, and kcat, 10 

Co, and t are the catalytic rate constant (M−1.s−1), bulk concentration (M) and time elapsed (s), 11 

respectively. From the slope of the Icat/IL versus t1/2 plot we can simply calculate the value of kcat 12 

for a given concentration of substrate. The average value of kcat for a chemical reaction of 13 

NADH at rGO/GC electrode was found to be 0.62×105cm−3 s−1 (Figure 5 .B).  14 

For an electroactive material with a diffusion coefficient D the current response under condition 15 

of diffusion control is described by Cottrell equation [4] I= nFACD1/2/ (πt)1/2, where n is the 16 

number of electrons; F is the Faraday constant; A is the electrode area; C is the bulk 17 

concentration of analyte; D is the diffusion coefficient of analyte in solution; t is the time. In that 18 

case, D can be determined from the slope of I–t−1/2 curve. The average diffusion coefficient of 19 

NADH was calculated to be 1.04×10−7 cm2 s−1. The estimated diffusion coefficient is smaller 20 

than theoretical value, indicating the efficient electrochemical oxidation of NADH on the surface 21 

of electrode. 22 

< Figure.5> 23 
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The sensor characteristics compared with other graphene modified electrodes used in the 1 

electrochemical determination of NADH are summarized in Table 2. It can be seen that the 2 

detection limit of and the peak potential of NADH oxidation in this proposed sensor is better 3 

than the Au–RGO/Chit modified GC electrode. These results can be associated with the more 4 

efficient electrocatalatic effect of rGO in NADH oxidation. Therefore, malt can be a good 5 

reducing agent for the fabrication of cheap and novel rGO that it can be used to make rGO/GC 6 

electrode.  7 

< Table 2> 8 

When not in use, the rGO/GC electrode was stored at room temperature in PB solution. No 9 

obvious change for CV response was observed after 2 weeks. But after 1 month, its CV 10 

decreased by approximately 5.4% (Figure S.3.A, Supporting Information). The proposed sensor 11 

was also used for the determination of NADH in urine sample. Briefly, 2.0 mL of the filtered 12 

urine solution added to 8.0 mL of PB solution (0.1 M, pH 7.0). Then, the solution was 13 

transferred into the voltammetric cell to be analyzed. After that, 10 µL of NADH (0.1 M) 14 

injected to this cell and amperometric analysis has done by proposed sensor (Figure S.3.B, 15 

Supporting Information). The recovery of the analysis was about 97%, considering the value 16 

determined by standard method [55]. 17 

4. Conclusion 18 

In this study, we proposed the one-step synthesis of rGO by using malt as an efficient reducing 19 

agent. UV-vis, FT-IR, Raman and XRD spectra indicate converting GO to rGO via ec-friendly 20 

chemical reduction method. The final reduced graphene oxide composite shows higher 21 
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electrochemical activity towards NADH. All these characteristics suggest that rGO composite 1 

synthesized by malt is suitable material for fabricating the biosensors.  2 
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Figure captions 9 

Scheme .1. The reduction mechanism of GO. 10 

Figure 1. (A) UV-vis absorption spectra obtained for exfoliated GO (a) and rGO (b) solutions, 11 

respectively. Inset: Photograph showing the change in color of exfoliated GO solution (0.07 mg 12 

mL-1) before (a) and after (b) reduction with malt. (B) Typical XRD patterns obtained for 13 

exfoliated GO (a) and rGO (b), respectively. Inset: XRD pattern for pristine graphite(c). (C) 14 

Raman spectra obtained for exfoliated GO (a) and rGO (b) respectively. (The Raman system 15 

specifications are as follows: Laser power: 30 mW, laser wavelength: second harmonic @532 16 

nm of a Nd:YLF laser, acquisition time : 32 scans which take something around 3 minutes.) 17 

Figure 2.  The SEM image (A) and TEM image (B) of rGO, respectively. 18 

Figure 3. The Nyquist plots obtained for a GC (a) and rGO/GC (b) electrodes in a solution 19 

containing 5.0 mM Fe(CN)6
-3/-4 couple (1:1) and 0.1 M KCl. Inset: The Nyquist plot obtained for 20 

a GO/GC electrode (c) at the same operation conditions stated before. 21 

Figure 4. (A) Cyclic voltammograms of rGO/GC (a) and GC (b) electrodes in 0.1 M PB solution 22 

(pH=7.0) containing 0.2 mM NADH, at a scan rate of 0.05 Vs-1, (B) Cyclic voltammograms of 23 
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0.2 mM NADH at various square root of scan rate (ν½), inset (B) shows the linear dependence of 1 

anodic peak currents versus ν½ in the range from 10 to 150 Vs-1. (C) Plot of Ep versus log(ν) 2 

obtained from cyclic voltammetric experiments for rGO/GC electrode in various scan rate. 3 

Figure 5. (A) Amperometric responses of GC electrode (a) and rGO/GC electrode (b) in 0.1 M 4 

PB solution (pH=7.0) to successive additions of NADH; the inset is the calibration curve of 5 

rGO/GC electrode, (B) Chronoamperograms obtained at rGO/GC electrode in the absence (dash 6 

line) and presence of NADH from 10-100.µM. (C) Plot of Icat/IL versus t1/2 obtained from 7 

chronoamperometric experiments for at rGO/GC electrode in PB solution (pH =7.0) containing 8 

NADH concentrations of  10, 25, 50, 65, 75 and 100 µM. The operating potential: 0.32 V versus 9 

Ag|AgCl|KClsat. 10 
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 1 

Table.1. The validation parameters for rGO/GC electrode. 2 

LOD LOQ Precisiona 

(µM) 

 

Accuracy RSD 

% 

BIAS 

% 

Slope 

(µA 

µM-1) 

Intercept 

(µA) 

SE 

of slope 

SE 

of intercept 

0.53 1.83 0.33±0.02 99.67 0.77 0.326 0.0124 0.869 0.0023 0.0040 

a: calculated with 95% confidence limits  3 

LOD: Limit of detection, LOQ: limit of quantitation, RSD: Relative standard deviation,  4 

SE: Standard error,  5 

 6 

Table2. Comparison of the performance of the rGO/GC electrode for the electrochemical 7 

detection of NADH with that of other rGO modified electrodes. 8 

Working electrode Applied potential 
(V) vs. Ag|AgCl 

Linear range 
(µM) 

Detection 
limit (µM) 

References 

Chemically reduced graphene 
oxide/GC electrode 

+0.45 40–800 10 [30] 

Graphene/edge plane pyrolytic 
graphite electrode 

+0.564 - - [31] 

Ionic liquid functionalized 
graphene/GC electrode 

+0.45 250-2000 5 [28] 

Au–RGO/Chit modified GC 
electrode 
 

+0.35 1.5 to 320 1.2 [32] 

GNS/GC electrode +0.4 0-600 1.4 [56] 

rGO/GC electrode +0.32 10-600 0.33 This work 
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