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Electrochemical sensor based on a new nanocomposite of graphene/Fe3O4 has been fabricated for 

simultaneous determination of melatonin and dopamine. 
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An electrochemical sensor was developed for melatonin and dopamine detection using 

graphene (Gr) decorated with Fe3O4 magnetic nanoparticles on a carbon paste electrode (CPE). 

The structure of the synthesized nanocomposites and the electrodes composition were 

confirmed by X-ray diffraction (XRD) spectrometry, Fourier transform infrared (FT-IR) 

spectrometry, thermogravimetric analysis (TGA) and scanning electron microscopy (SEM). 

Electrochemical studies revealed that modification of the electrode surface with Gr/Fe3O4 

nanocomposite significantly increases the oxidation peak currents but reduces the peak 

potentials of melatonin and dopamine. The peak currents in square wave voltammetry of 

melatonin and dopamine increased linearly with their concentration in the range of 0.02-5.80 

µM. The limits of detection (3sb/m) were found to be 8.40×10-3 and 6.50×10-3 µM for 

melatonin and dopamine, respectively. Also the effect of some interfering compounds such as 

glucose, ascorbic acid, pyridoxine, serotonin, uric acid and others on the determination of 

melatonin and dopamine was studied, and all have no significant effect on the assay recovery. 

Moreover, its practical applicability was reliable and desirable in biological fluids and 

pharmaceutical samples analysis. 

 

Introduction 

Melatonin (ML) and dopamine (DA) have been of interest to 

neuroscientists and chemists.1,2 Both ML and DA are abundant 

neuromodulators located in vertebrate retina. In vertebrates, the 

functions of ML are numerous. For example, it influences 

circadian rhythms, acts as a neuromodulator and as sleep 

regulator, inhibits DA release in the hypothalamus and retina. 

Also, ML is involved in the aging process, pubertal 

development in some species and modulates blood pressure. 

Furthermore, ML is a critical free radical scavenger and 

upregulates the immune response.1,2 DA is a neurotransmitter 

that is widely distributed in the mammalian central nervous 

system for message transfer, and it plays an important role in 

the function of the central nervous, renal and hormonal 

systems. The DA deficiency and variations in ML levels have 

been linked to Parkinson’s disease.1-3 Also, abnormal 

metabolism of neurotransmitters, particularly DA and ML, is 

frequently observed in individuals with phenylketonuria and is 

believed to be involved in related psychological and psychiatric 

symptoms.3 

The accurate detection of DA and ML in biological fluids 

such as blood and urine due to consider their low 

concentrations and generally complex biological matrix is not 

an easy task.4-6 Because of their important roles in numerous 

pathological, physiological and biological processes, the 

improper levels of these compounds in the body can lead to 

various diseases. Therefore, the development of a sensitive and 

selective method for their simultaneous determination is highly 

desirable for analytical applications and in researches in the 

field of physiological functions and diagnostic. The common 

instrumental techniques like high performance liquid 

chromatography (HPLC), radioimmunoassay (RIA) and 

Enzyme-linked immunosorbent assay (ELISA) enable 

determination of DA and ML.5-8 In spite of all the advantages, 

high cost, low sensitivity and complication in these methods 

and usually single compound determination capability with 

immunological assay are considered as serious drawbacks. 

 Since the DA and ML are electroactive compounds, they 

can be detected by electrochemical methods based on oxidation 

processes.9,10 However, one of the biggest challenges of 

electrochemical detection of DA and ML in biological matrixes 

is the coexistence of many interfering compounds. For 

example, ascorbic acid (AA) usually coexists with DA in 

extracellular fluid at a high concentration level, nearly 100 to 

1000 times higher than DA. Moreover, DA and AA can be 

oxidized at practically the same potential at bare electrodes, 

resulting in the peak overlapping as well as poor response 

resolution in DA determination.11 Also, because tryptophan has 

a similar electroactive group as ML, its oxidation potential is 

close to that of ML and thus affect its oxidation peak current.12 

To solve these problems, the use of chemically modified 

electrodes (CMEs) instead of bare ones is preferred. 
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 The electrochemical performance of a CME is strongly 

affected by the electrode materials.13-15 Chemically modified 

matrices should possess a high conductivity and a preferably 

low electron transfer resistance on their selective surface. 

Furthermore, it is also beneficial if there is a large surface area 

for interacting of target species. For these reasons, there is an 

emerging interest in nanostructured surfaces to be used in 

voltammetric determination.13-15 A considerable number of 

research reports emerged recently, underlining the importance 

of utilizing Gr for electrochemical sensors and proving the 

suitability of the material for the detection of biomolecules.16-18 

 Gr is a two dimensional sheet of carbon atoms bonded by 

sp2 bonds. This configuration provides the material with 

extraordinary properties, such as large surface area, 

theoretically 2630 m2/g for a single layer.19,20 It also shows 

excellent thermal (k=5×103 W m-1 K-1) and electrical 

conductivity (r = 64 mS cm-1). Gr is considered a zero-gap 

semiconductor, because it presents no gap between conduction 

and valance bands, so it might be considered a semiconductor 

or a metal. In physical properties, Gr has optical transparence, 

high mechanical strength (Young’s modulus, 1100 GPa).19 and 

high elasticity. The effective surface area of Gr materials 

depends highly on the layers, that is, single or few layers with 

agglomeration should be expected to exhibit a higher effective 

surface area. Therefore, numerous metal oxides and polymers 

have been added into Gr to enlarge the specific surface area of 

the pristine Gr. 21 Therefore, physico-chemical properties of the 

Gr can be tailored by chemical modification of its surface.  

 New hybrid materials based on Gr and nanoparticles have 

also been developed quickly in the last decade not only because 

they display the individual properties of Gr and the 

nanoparticles, but also because they can exhibit additional 

synergistic properties. These nano-sized materials offer many 

advantages due to their size and unique physic-chemical 

properties.22,23 Several types of magnetic Gr have been 

synthesized by decorating Gr with different magnetic 

nanoparticles in order to provide additional advantages.24-27 

Magnetite (Fe3O4) is one of the most commonly used magnetic 

nanomaterials because of its biocompatibility, catalytic activity, 

high saturation magnetization, low toxicity and easy 

preparation.28 Some reports can be found concerning the 

application of Fe3O4 in sensing applications.26,27 Consequently, 

Gr-Fe3O4 composite combines the respective advantages, such 

as huge surface area, good electronic conductivity and excellent 

catalysis, which can be used to detect hydrogen peroxide, 

guanosine, N-acetylcysteine and etc.29-31 

 In the present work, we describe the findings of our 

continuing investigations of the properties of modified Gr 

composites.18,24,25 The objective of this work is to introduce an 

effective composite to design a sensitive and selective interface 

for simultaneously electrochemical determination of ML and 

DA in the presence of possible interferences by square wave 

voltammetry (SWV). Gr-Fe3O4 nanocomposite modified CPE 

displays good sensitive oxidation towards ML and DA with 

well separated oxidation peaks for each species. This could be 

ascribed to the synergistic effect of both Gr and Fe3O4 

nanoparticles. Modified Gr with Fe3O4 nanoparticles leads to 

enhance in signal responses. This is due to mutual interactions. 

A comparison with a sensor based on the use of CPE and the 

individual components revealed that such properties can be 

ascribed to the ensemble behavior of the nanostructured 

materials. It was concluded that both of surface and the 

structure of Gr greatly improved with the deposited Fe3O4 

nanoparticles, prompting the interfacial electron-transfer 

process for analytes species. The proposed sensor showed high 

sensitivity, selectivity with acceptable repeatability, 

reproducibility and good biocompatibility. 

 

Experimental 

 The details of some experimental sections are given in 

Supporting Information (SI). 

 

Preparation of reduced Gr-Fe3O4 composite 

 Gr oxide was prepared from natural graphite based on 

Hummers’ method.32 Gr-Fe3O4 composites were prepared via a 

hydrothermal method according to previous report.33 Briefly, 

0.036 g Gr oxide was first dispersed in 40 mL deionized water. 

At the same time, 0.270 g FeCl3.6H2O and 0.528 g ascorbic 

acid were added into the beaker, forming a homogenous 

solution by ultrasonication. 10 mL hydrazine hydrate was 

added to the above solution under stirring. Then, the black 

solution was transferred into a 50 mL Teflon-lined stainless 

steel autoclave and heated at 180 0C for 8 h. After cooling to 

room temperature, solid precipitate was collected by 

centrifugation and washed three times with ultrapure water and 

alcohol, respectively. Finally, the Gr-Fe3O4 composites were 

obtained by drying at 60 0C under vacuum for 12 h. 

 

Results and discussion 

Characterization of Gr-Fe3O4/CPE 

 

 Fig. 1a shows the XRD patterns of the Gr oxide, Fe3O4 

nanoparticles and Gr-Fe3O4 nanocomposite. The characteristic 

peak located at 2θ=10◦ was assigned to the (001) plane of Gr 

oxide. As shown in the pattern, the characteristic diffraction 

peaks at 28◦, 34◦, 42◦, 52◦, 54◦, and 60◦ were indexed as the 

diffractions of the (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1) and (4 

4 0) crystalline planes of FCC Fe3O4 according to the standard 

XRD pattern of Fe3O4 (JCPDS, No. 79-0419).33-35 The 

characteristic peak of Gr oxide at 10◦ disappeared for Gr-Fe3O4 

pattern, confirming that Gr oxide was reduced to reduced Gr 

oxide with ascorbic acid and hydazine as the reducing agents. 

In addition, the broad peak at 2θ=26◦, corresponding to the 

stacked Gr sheets, was not observed, suggesting the decoration 

of Fe3O4 nanoparticles could efficiently reduce the aggregation 

of the Gr sheets. As can be seen, the pattern of Gr-Fe3O4 

displayed obvious diffraction peaks of Fe3O4 nanoparticles, and 

the peak positions and relative intensities match well with the 

standard XRD data for magnetite, suggesting that prepared 

composite composed of pure crystalline Fe3O4 nanoparticles 

were successfully decorated onto the reduced Gr sheets.33-35 
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Fig. 1 XRD patterns of Gr oxide, Fe3O4 nanoparticles and Gr-Fe3O4 (a), FT-IR spectra for Gr oxide, Fe3O4 nanoparticles and Gr-Fe3O4 (b), TGA curve of  Gr-Fe3O4 (c) and 

(d) SEM images from surface of CPE (I), Gr/CPE (II) and Gr-Fe3O4/CPE (III).  

wavenumber of 625 cm-1. This pattern corresponds to the Fe-O 

bonds, which is reported to belong to bulk magnetite.28 FT-IR 

spectrum of Gr-Fe3O4 shows that the peaks at 625 and 560 cm-1 

are denoted to stretching vibrations of Fe–O–Fe, clarifying the 

presence of iron oxide. Compared with Gr oxide, the intensity 

of absorption bands due to alkoxy, carboxy and carbonyl/ 

carboxy bonds disappeared or decrease. The results suggest that 

decoration of Gr with Fe3O4 has performed successfully. 

 The thermal property and composition of the Gr-Fe3O4 

composite was characterized by TGA in an air atmosphere at a 

heating rate of 10 ◦C min-1. As shown in Fig. 1c, for Gr-Fe3O4, 

the light mass loss (2.3 wt%) below 120 ◦C can be attributed to 

the evaporation of absorbed solvent. With increasing 

temperature, it showed a gradual mass loss spanning the range 

250-500 ◦C, which can be ascribed to vaporization of various 

oxygen-containing functional groups, with a weight loss of 

9.5%. When the temperature was increased to 550 ◦C, there 

were further weight losses for Gr-Fe3O4 composite due to the 

bulk pyrolysis of the carbon skeleton.26,37 

 The surface morphologies of different prepared electrodes 

were analyzed by SEM. Fig. 1d shows typical SEM images of 

the bare CPE, CPE modified with Gr and CPE modified with 

Gr-Fe3O4. Significant differences in the surface structure of 

electrodes are observed. The surface of the CPE was 

predominated by isolated and irregularly shaped graphite flakes 

and separated layers were seen. There was no conducting media 

available between carbon layers at the CPE, and charges could 

not be transferred along the vertical direction of planes because 

of the block of non-conductive binder. As shown in Fig. 1d, the 

Gr nanosheets are randomly packed on the CPE surface with 

folded or stacked structures. SEM image shows that the Gr 

sheets with lots of ripples are still observable, demonstrating 

the Gr structure remaining on the electrode surface. Rough 

irregularly shaped. As shown in Fig. 1d, the Gr-Fe3O4/CPE 

appears a surface which edges and wrinkles on the surface of 

Gr-CPE provide more electrochemical active sites, as compared 

to CPE surface with exhibits a wrinkled texture associating 

with the presence of flexible and ultrathin Gr sheets. It showed 

that Fe3O4 nanoparticles were well-distributed on Gr sheet. 

Furthermore, Gr absolutely prevents Fe3O4 nanoparticles from 

agglomeration and enables a good dispersion of these oxide 

particles over the surface. It is observed that the Fe3O4 

nanoparticles are still strongly anchored on the surface of Gr 

sheets even after a long period of sonication, suggesting the 

strong interaction between Fe3O4 nanoparticles and Gr sheets. It 

is believed that the depositing and strong anchoring of Fe3O4 

nanoparticles on the surface of Gr sheets enable fast electron 

transport through the underlying Gr layers to Fe3O4 

nanoparticles to improve the electrochemical performance.15 
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Fig. 2 EIS of different electrodes in 5.0 mM Fe(CN)6

3-/4-
 in B-R buffer solution (pH 5.0) (a), inset shows the equivalent circuit compatible with the Nyquist diagram for 

this system. (B) CVs for 4.0 µM ML and 4.0 µM DA (inset), and mixture of 4.0 µM ML and DA in B-R buffer solution (pH 5.0) on the surface of various electrodes and 

SWVs using prepared electrodes in different solutions (c). SWVs for mixture of 4.0 µM ML and DA in B-R buffer solution (pH 5.0) on the surface of Pt and glassy carbon 

in comparison with Gr-Fe3O4/CPE (d). 

EIS has been used to monitor the electrochemical impedance 

changes at the different electrodes. Fig. 2a shows the EIS of 

bare CPE, Gr/CPE and Gr-Fe3O4/CPE in B-R solution 

containing 5.0 mM Fe(CN)6
3-/4-. Fig. 2a inset shows the 

Randles equivalent circuit model, where the equivalence 

transfer resistance, solution transfer resistance, double layer 

capacitance and Warburg impedance, respectively. The total 

electrode impedance consists of the Rs in series with the 

parallel connection of the Cdl and Zw. It is known that a large 

semi-circle for the electrode suggests high interfacial charge-

transfer resistance, probably resulting from the poor electrical 

conductivity of active materials, while the inclined portion at 

lower frequencies is ascribed to the Warburg impedance, which 

is a consequence of the frequency dependence of ion 

diffusion/transport in the electrolyte to the electrode 

surface.24,25 The Gr/CPE exhibited a depressed semicircle with 

an Rct value of 78 Ω when compared with bare CPE (395 Ω), 

revealing the facilated electron transfer at Gr modified 

electrode. Also, Gr-Fe3O4/CPE showed a depressed semicircle 

with Rct value of 42 Ω, validating its high conductivity and fast 

electron conducting ability at the electrode surface.38 

 

Cyclic voltammograms of ML and DA    

 Fig. 2b shows the cyclic voltammograms (CVs) for 4.0 µM 

ML and DA at CPE, Gr/CPE and Gr-Fe3O4/CPE in B-R 

solution with pH=5.0. There were poor oxidation peaks and 

very close to each other in the CV responses of CPE. This 

indicates the slow electron transfer rates for the oxidation of 

these biomolecules at CPE. Such sluggish electron transfer 

kinetics may be related to the electrode fouling caused by the 

deposition of DA, ML, and their oxidation products on the 

electrode surface.11 Electrode fouling is one of the biggest 

issues with electrochemical measurements of catecholamines 

and indoleamines. Following the oxidation of catecholamines 

and indoleamines, oxidative by-products are prone to adsorb on 

the electrode surface reducing the ability to conduct long-term 

measurements.9,39 A single oxidation peak was observed for 

ML on the CPE electrode, suggestive of an irreversible redox 

reaction. The anodic peak potential was around 761 mV. For 

DA, the cathodic and anodic peaks appeared at CPE at 101 mV 

and 551 mV, respectively, and the peak potential separation is 

about 450 mV. Moreover, the anodic to cathodic peak current 

ratio is not equal to unity and cathodic peak current is very 

small compared to anodic peak current (Fig. 2b).  

 An obvious increase in the redox peak currents of ML and 

 DA and a suitable peak potential difference were observed in 
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Fig. 3 CVs for Gr-Fe3O4/CPE in B-R buffer (pH 5.0) containing 4.0  µM of (a) DA with scan rates ranging from a to h as 50, 100, 150, 200, 250, 300 and 350 mV s-1,respectively, and (b) ML with 

scan rates ranging from a to f as 50, 75, 100, 200 and 250 mV s
-1. Insets show the linear relationship of the anodic peak current vs. square root of the scan rate (ʋ1/2). 

the CV response of Gr/CPE, indicating the increase of electron 

transfer rate. Moreover, the enhanced peak current intensity 

was due to the special structure of Gr and the large surface area 

of Gr/CPE. The above results indicate that Gr/CPE had better 

electrochemical activity. For DA, the appearance of a well-

defined redox couple with a 351 mV peak separation shows its 

reversibility on the Gr/CPE is much better than on bare CPE. 

This couple of redox peaks corresponds to two-electron 

oxidation of DA to dopaminequinone and the subsequent  

reduction of dopaminequinone to DA.40,41 The improved 

reversibility could be due to the π-π interactions between the 

benzene ring of DA molecule and Gr layer, and the hydrogen 

bonds formed between hydroxyl or amine group in DA 

molecules and Gr layers. Onto Gr/CPE, the peak potential due 

to the oxidation of ML occurs at 713 mV (vs SCE) which is 

about 50 mV more negative than CPE. The observations on 

Gr/CPE demonstrate that a negative shift with much enhanced 

anodic peak current in comparison with CPE due to strong 

enhancement in the electron transfer rates of DA and ML is 

taking place. Also, the apparent peak shapes for DA and ML at 

Gr/CPE are improved against those at CPE, so that the well-

shaped peaks of these species can be observed with the 

presence of Gr providing an excellent electrochemical 

reactivity. Moreover, no fouling was observed due to oxidation 

of DA or ML. 

 Fig. 2b demonstrates that Gr-Fe3O4/CPE can effectively 

increase the electro-oxidation of ML and DA and greatly 

improve the peak shapes. This can mainly be attributed to its 

large surface area and low surface resistance. The Gr- 

Fe3O4/CPE not only improves the redox peak currents but also
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Fig. 4 (a) SWVs for Gr-Fe3O4/CPE in 4.0 µM DA at various pHs (pH 2.0–9.0) and effect of pH on the peak potentials and peak currents. (b) SWVs for Gr-Fe3O4/CPE in 4.0  

µM ML at various pHs (pH 2.0–9.0), (B) effects of pH on the peak potentials and peak currents. 

Fe3O4/CPE not only improves the redox peak currents but also 

makes the redox reaction of DA more reversible. This figure 

strongly suggests that the decorated Gr with Fe3O4 on the CPE 

can combine the advantages of all of them and increase surface 

area and electron transfer significantly; therefore, resulting in a 

remarkably increased response toward the redox reactions of 

ML and DA in contrast to the behavior from other electrode 

modifications.  

 SWV was applied for the electrochemical determination of 

ML and DA. As shown in Fig. 2c, the oxidation peaks of ML 

and DA at the Gr-Fe3O4/CPE had been improved obviously. 

For ML and DA, the oxidation peak potentials negatively shift 

comparing with their potentials at bare CPE. Moreover, the 

oxidation peak currents of ML and DA are 25 and 39 µA, 

which are about 4 and 5 times higher than their corresponded 

values at bare CPE, respectively. The significant increase of the 

oxidation peak current suggested that Gr-Fe3O4 have acted as 

promoter to facilitate the electrochemical oxidation of ML and 

DA. This can be ascribed to the intrinsic properties of Gr and 

Fe3O4 nanoparticles which lead to the significant increase in the 

oxidation peak current of target species. Two well-separated 

peaks corresponding to DA and ML appeared at 400 mV and 

680 mV, respectively. The peak separation is about 280 mV on 

Gr-Fe3O4/CPE; sufficient for their simultaneous determination 

in samples containing these two compounds. Also, In order to 

compare the performance of fabricated electrode with Pt and 

glassy carbon electrodes, the SWVs of ML and DA using 

various electrodes were shown as Fig. 2d. As seen, no peak is 

observed on Pt electrode. A relatively broad and weak anodic 

peak with a peak potential of 0.3 V for the electro-oxidation of 

DA on the glassy carbon electrode reveals that the electrode 

process is very sluggish. On the basis of these observations, it 

can be postulated that Gr-Fe3O4/CPE exhibits effective 

electrochemical properties in the electrochemical oxidation of 

DA and ML in comparison with other electrodes. 
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Scheme 1 Suggested pathways for possible oxidation of analytes (left) ML and DA (right). 

Effect of scan rate 

 As we know, investigating the effect of scan rate on the 

oxidation peak current and peak potential can evaluate the 

kinetics of electrode reaction. The effect of scan rate on the 

electrochemical response of DA and ML was examined at 

various scan rates (Fig. 3). The results showed that the anodic 

peak currents vary linearly with the square root of scan rate 

(ʋ1/2) for both species, which confirm the diffusion controlled 

process for electrooxidation of DA and ML in the range 50.0-

350.0 and 50.0-250.0 mV s-1, respectively. For DA reduction, a 

linear relationship was also obtained for I vs log ʋ1/2 indicating a 

diffusion controlled process. Thus, rate-limiting adsorption 

and/or specific interactions at the Gr-Fe3O4/CPE surface are 

negligible. The regression equations were as follows: 

 

I (µA) = 1.3813 ʋ1/2 -1.19  (R2=0.9961)   (For DA (oxidation)) 

I (µA) = -1.2011 ʋ1/2 -1.68   (R2=0.9921)   (For DA (reduction)) 

I (µA) = 0.9965 ʋ1/2 -2.37    (R2=0.9967)   (For ML) 

 

Effect of pH 

 The choice of the supporting electrolyte is an important 

stage in electroanalytical studies because its composition and 

pH affect the properties of the solution as well as the electrode-

solution interface, modifying the thermodynamics and kinetics 

of the charge transfer process, and the adsorption at the 

electrode surface. 42,43 Effects of various supporting electrolytes 

(B-R buffer, phosphate buffer, acetate buffer and KNO3 

solution) and pH were studied on the oxidation of ML and DA 

using Gr-Fe3O4/CPE. The anodic peak potentials for analytes 

are well separated in the four media, but the maximal peak 

currents of ML and DA were obtained in B-R buffer solution. 

Fig. 4 depicts the SW voltammograms of ML and DA in B-R 

buffer solution with different pHs. Anodic oxidation of ML 

follows a rather complex mechanism that is pH dependent. 

From pH 2.0 to 4.0, two close peaks were observed. These 

peaks might be related to the oxidation of the amine groups of 

ML. At pH 5.0, a single and well defined anodic wave was 

observed, meaning that the two peaks are completely 

superimposed in this pH. For DA, oxidation peaks with nice 

shape and high currents were recorded under acidic conditions 

(pH<6.0) in comparison with the peaks in B-R buffer solutions 

with pH values >6.0. As can be seen in Figs. 4a and b, the most 

well defined oxidation peak and the highest anodic current 

density was obtained in B-R buffer at pH 5.0. When the pH was 

more than 5.0, the peak current of DA was low, and 

voltammograms were appeared with two anodic peaks. 

Considering both the separation effect and the detection 

sensitivity, the buffer solution pH of 5.0 was chosen for the 

following measurements.  

 Though the elucidating the mechanism of ML and DA 

electrochemical oxidation is beyond the aim of this study, a 

short comment can be made. It is clear that the oxidation peak 

potentials of the two molecules shift to negative values with the 

increase of pH values. Linear relationships of the peak potential 

of DA as function of solution pH with slope 60.9 mV/pH, 

respectively are obtained (Fig. 4a). For DA, the slope is closed 

to the theoretical value of 59 mV/pH at 25◦C expected from the 

Nernst equation, indicates that the overall process of each 

molecule is proton dependent and the electron transfer is 

accompanied by the transfer of an equal number of protons. 

Two electrons and two protons are involved for the oxidation of 

DA to dopaminequinone and the subsequent reduction of 

dopaminequinone to DA. 4,5,10,11,17  

 The obtained results on Gr-Fe3O4/CPE was almost similar 

to that shown in previous electrochemical investigations and it 

is suggested that the number of electrons transferred in the 

oxidation of ML is double that of protons. 12,42,44,45 It 

corresponds to the formation of cation at position 5 of indole 

ring. 42 

 The reaction pathways for this step can be written as in 

Scheme 1. 
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Fig. 5 (a) SWVs for ML at the Gr-Fe3O4/CPE in the presence of 2.5 µM DA in B-R buffer solution (pH = 5.0). (b) SWVs for DA at the Gr-Fe3O4/CPE in the presence of 2.5 µM ML (c) SWVs for 

different concentrations of DA and ML in pH 5.0 B-R buffer solution and calibration curves of ML and DA (d).  

Simultaneous determination of ML and DA at Gr-Fe3O4 

electrode 

 Fig. 5a displays the SWV obtained for the different 

concentrations of ML in the presence of 2.50 µM DA at Gr-

Fe3O4/CPE. The oxidation peak current of ML has built up 

linearly (r=0.9998) with increasing concentration in the range 

of 0.02 to 5.80 µM, whereas the voltammetric peak current of 

DA remained the same. Similarly, voltammetric determination 

of DA was carried out in the presence of ML at fixed 

concentration being 2.50 µM. As shown in Fig. 5b, no obvious 

change in the oxidation current of ML was observed while 

varying concentration of DA and the peak current of DA 

increased linearly with increasing of its concentration 0.02 to 

5.80 µM with a coefficient of determination of 0.9941. It 

should be concluded that the change of concentration of one 

studied species did not have the significant influence on the 

peak current and peak potential of the other one. Finally, it is 

very important to note that the oxidation processes of ML and 

DA on Gr-Fe3O4/CPE are independent. 

 Fig. 5c shows the SWVs obtained at Gr-Fe3O4/CPE for 

different concentrations of ML and DA in buffer solution with 

pH=5.0. The corresponding anodic currents of ML and DA 

increased linearly with increasing their concentrations over the 

range of 0.02 to 5.80 µM with the correlation coefficient of 

0.9997 and 0.9996, respectively (Fig. 5d).  

 It was also found that observed oxidation peaks of ML and 

DA not only do not overlap with each other using Gr-

Fe3O4/CPE electrode but also the peak current values are about 

equal to those obtained when the concentration of only one 

analyte changed in Figs. 5a, 5b and 5c. Thus, it can be 

concluded that Gr-Fe3O4/CPE is a sensitive electrochemical 

sensor for simultaneous determination of ML and DA. Further, 

our effort was focused on application of proposed method for 

analysis of biological fluid samples. The slope of the linear 

regression line for the calibration graph of each species is 

nearly equal to that without the other species, indicating that 

these two species do not interfere in the determination of each 

other. 

 Detection limits were estimated to be 8.4×10-3 µM for ML 

and 6.5 ×10-3 µM for DA based on 3sb/m, where sb is the 

standard deviation of the mean value for 5 independent 

voltammetric response of the blank solution.  

 

Interference studies 

 Under the same experimental conditions, potential 

interferences such as some ions and organic compounds were 

investigated by addition of possible interfereing species to 

mixture solution containing 1.0 µM ML and DA. It was 

observed that the common ions such as K+, Na+, Fe3+, Cu2+, 

Pb2+, Al3+, SO4
2-, CO3

2- and NO3
- did not interfere with ML and  
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Fig. 6 (a) SWASV of DA and ML on Gr-Fe3O4/CPE (a) in the presence of AA (5.0-15.0 µM) and (b) in the presence of UA (1.0-18.0 µM). 

 

 

Table 1 Results for ML and DA determination (µM) in real samples obtained under the optimum conditions (N=7). 

Samples Analyte Added (µM) Found  Recovery (%) 
Official  Method 

Urine 

ML 

0.00 0.00 - - 

2.50 2.49  99.6 2.47  

3.50 3.55  101.4 3.52  

DA 0.00 0.00 - - 

 
3.00 2.96  98.6 2.90  

5.00 4.97  99.4 5.20  

Serum 

ML 

0.00 0.00 - - 

2.50 3.12  104.0 2.47  

3.50 3.46  98.8 3.51  

DA 

0.00 0.00 - - 

3.00 2.91  97.0 2.99  

5.00 5.16  103.2 5.13  

DA Injection 

DA 

0.00 0.51  - 0.49  

1.00 1.49  96.0 1.50  

2.00 2.50 98.0 2.48 

ML 
 

0.00 0.00 - - 

0.50 0.49  98.0 0.52 

1.00 0.97  97.0 0.99 

ML Tablet 

DA 

0.00 0.00  - - 

1.00 1.04  104.0 1.02  

2.00 1.98  99.0 1.97  

ML 

 

0.00 0.80 - 0.79 

0.50 1.28  97.5 1.30  

1.00 1.82  102.5 1.83  
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Table 2 Comparison of some figures of merit related to the different modified electrodes for the (individual or simultaneous) determination with priority of 

ML accompanying DA. 

Electrode Method 

Linear range (µM) 
Detection limit  

(µM) Simultaneously 

with other 

analytes 

Refs.  

ML DA ML DA 

CPE CV 6.0×10-2- 8.0×10-1 - 3.0×10-2 - Alone 6 

Activated GCE 

 
LSV 8.0×10-1 -10.01 - 5.0×10-2 - Alone 7 

Boron-doped diamond 
electrode 

DPV 
344.4-688.8 

- 10.3  Alone 9 

MWCNTs/DHP/GCE a LSV 8.0×10-2 – 10.0 - 2.0×10-2   -  Alone 12 

        

Boron-doped 

diamond electrode 
DPV 5.0×10-1 – 4.0 - 1.1×10-1 - Alone 42 

MWCNTs-CHNPs/ CILE b DPV LSV - 4.0×10-3 - levodopa 44 

CPE CV 3.0-550.0 - 2.30 - Alone 45 

HMDE SWCASV 1.0×10-3 -1×10-1 - 3.1×10-4 -  Alone 
48 

 

Castor oil-CPE DPV 5.0×10-2 -1.0×10-1 - 1.0×10-9  - Alone 49 

Manganese 
Hexacyanoferrate with 

Poly(3,4-ethylene 

dioxythiophene) Hybrid 
Film Modified GCE 

CV 

 

Amperometry 

100.0-460.0 - 
 

10.0 
-  Catechin 50 

 

CPE 
 

 

CV 
ACV 

1.0×10-2 -4.0×10-1 

1.0×10-4 -1×10-3 
- 

5.0×10-2 

9.0×10-5 
-  Alone 51 

CNT/GO/CS/GCE      
CNT/GO/sCS/GCE c 

Amperometry - 
0.06 

0.06 

1.25-280 

1.25-357 
- 

uric acid and 

ascorbic acid 
52 

MIPs@CuO@GCE CV  2.0×10-2– 25  8×10-3 Alone 53 

Molecularly bioimprinted 

polymer 
DPV  0.02 – 7  6×10-3 Alone 54 

 ZnO nanorods  modified 
CPE 

SWV N.R. 
0.3- 10.0 and 10.0 

to 100.0 
N.R. 56×10-3 

methionine and 
caffeine 

55 

Gr-Fe3O4/CPE SWV 2.0×10-2 – 5.8 2.0×10-2 – 5.8 8.4×10-3 6.5×10-3 - 
This 

work 

a) Multi-walled carbon nanotubes/dihexadecyl hydrogen phosphate; b) Multi-walled carbon nanotubes/cobalt hydroxide nanoparticles and (c) Carbon 

nanotubes/graphene oxide/ sulfonated chitosan-modified glassy carbon electrode. 

DA. No interfering peaks were also recorded around the peak 

potentials of ML and DA in 60-fold excess of common urinary 

compounds such as glucose, urea, uric acid (UA) and AA 

(signal change ±5%). As an illustrated example, UA oxidized at 

+0.572 V vs. SCE, thus some difficulties about overlapping the 

oxidation peaks of UA and ML could occur in very high 

concentration of UA. But as it is evident from Fig. 6, good 

potential separation was observed in 60-fold excess of UA. 

These facts prove the good selectivity of the proposed method 

and offer the promising possibilities for simultaneous 

determination of DA and ML in presence of UA.  

 There has a great importance to determine ML 

simultaneously in the presence of other biological indoles. ML 

oxidation occurred at a potential of 0.70 mV. This potential is 

well distinguished from those of the melatonin precursor, 

serotonin (Ep = 300 mV) and dihydroxytryptamine (0.180 mV). 

This suggests that melatonin could be selectively analyzed in 

the presence of serotonin and dihydroxytryptamine. indole or 

tryptamine and other oxidizable compounds that are found 

naturally in body fluids, e.g., AA and UA. The interferences 

caused by a 12-fold excess of tryptophan was serious. Because 

tryptophan has similar electroactive group as ML, thus affect 

the oxidation peak current of ML. 

 

Determination of ML and DA in real samples 

 The proposed method was applied to simultaneously 

determination of ML and DA in pharmaceutical samples and 

biological fluids in order to demonstrate the capability of the 

fabricated sensor. Results obtained by this method were 

compared with those obtained by official methods.45,46 It was 

concluded no significant difference between the two methods. 
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The feasibility of prepared sensor for the real samples analysis 

was further examined by the recovery test. The results (Table 1)  
showed that suggested method using the Gr-Fe3O4/CPE 

produced satisfactory recovery results. 

 

Conclusions 
 In the present study, for the first time, sensitive, 

inexpensive, rapid and selective method for simultaneous 

determination of two important species present in the biological 

fluids and pharmaceutical samples (ML and DA) was proposed   

based on their oxidation on the Gr-Fe3O4/CPE using SWV 

technique. Compared with other electrodes (shown in Table 2), 

the proposed electrode shows excellent advantages such as 

wide linear ranges and low LODs. Ease of preparation, high 

sensitivity and stability, low detection limit, fast response, as 

well as satisfied peak separation in the system reported here, 

can make it possible to successfully determine sub micromolar 

concentration of these analytes individually or simultaneously 

in different samples without any separation or pretreatment 

step.  
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