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Graphene /tungsten trioxide (Gr/WO3) composites were prepared by a simple method. This composite 

has been used as a potential electrode material for the electrochemical detection of nitrofurantoin 

(NTF). The as-prepared Gr/WO3 composite was confirmed by X-ray diffraction (XRD), Field-

emission scanning electron microscopy (FESEM), and Raman spectroscopy. Besides, the 

electrochemical properties of the prepared electrode were identified by different voltammetry 

techniques such as cyclic voltammetry (CV) and linear sweep voltammetry (LSV). The Gr/WO3 

composite modified screen printed carbon electrode (SPCE) shows an excellent electrocatalytic 

activity towards the detection of NTF. The Gr/WO3/SPCE electrode detects NTF with a lower 

detection limit (0.002 µM), well linear response range (0.01 - 234 µM) and acceptable sensitivity (2.18 

μAμM-1cm-2). Moreover, the Gr/WO3 modified electrode exhibited good selectivity, reproducibility 

and higher stability when compared to other modified and unmodified electrodes. In addition to that, 

Gr/WO3/SPCE modified electrode achieved appreciable recoveries for the determination of NTF in 

biological samples. 
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1. INTRODUCTION 

Nitrofurantoin (NTF) is a renowned antibiotic drug, belongs to the nitrofuran family and it has 

predominant antibacterial activity against gram positive and negative bacteria [1]. Especially it plays a 

vital role against bacteriophages such as E.coli, and Salmonella enterica [2, 3]. Generally, antibiotics 

are used to retard the growth of bacteria in humans and also to promote the feedstock efficiency among 

animal husbandry [4], and long-term prevention of bacterial infection in aquaculture [5]. Owing to the 

medical application, NTF is an organic synthetic derivative used for prophylaxis medication and also 

used for the treatment of urinary tract infection [6]. While, the overdosage of NTF causes 

mutagenicity, hepatotoxicity [7-9] and carcinogenic activity [10], besides that, prolonged usage of 

NTF leads to lung injury which results in pulmonary toxicity and other adverse side effects in humans 

including nausea, vomiting, diarrhea and peripheral neuropathy [11-12]. Oral intake of NTF is being 

unstable and quickly metabolize its function in the human body. Therefore, the usage of NTF was 

banned in many countries such as the United States, China, Thailand, European Union and Japan [13-

14]. In order to overcome such issues, it is necessary to monitor and to develop the selective and 

sensitive method to detect dosage level of NTF. Until now, various analytical methods and techniques 

have been developed namely high-performance liquid chromatography, immunoassay, electrolysis, 

photoluminescence and polarography [15-23]. However, these techniques require more skilled persons 

to operate, pre-treatment of the sample and high cost. Nevertheless, electrochemical techniques have 

been equipped, because it provides numerous advantages such as low cost, portable, prompt response, 

high sensitivity, good stability and simplicity [24-28]. 

Among the other transition metal oxide nanocomposites such as NiO, TiO2, SnO2, ZnO, MoO3 

[29] and WO3 are irresistible n-type semiconductors of wider band gap energy (2.4-2.8 eV) with 

extraordinary properties such as non-toxic, low-cost, chemically inert, highly stable in acidic 

environment and highly protective against photo corrosion, which leads to the increasing 

electrochemical activity towards sensing applications [30-31]. Due to its exceptional property, it has 

wide applications in various research fields such as photo catalyst [32], solar cells [33], photo 

degradation [34]. It is one of the prominent sensing materials towards hazardous pollutants, toxic and 

combustible gases [35-36]. Therefore, its electrochemical activity is improved by incorporating with 

carbon material like graphene, graphene oxide, carbon nanotube, and fullerene. Among them, graphene 

acquires unique arrangement of two-dimensional crystal lattice which is composed of hexagonal 

honeycomb structure with specified morphological property [37-38]. It has many attractive and 

fascinating properties in modifying electrodes for the electrochemical sensor applications due to its 

highly active surface area, excellent thermochemical stability, good electrical conductivity [39-41]. It 

has been used for various tremendous electrochemical application including lithium ion batteries, 

supercapacitor, and fuel cells [42-47]. More evidently, the implementation of Gr/WO3 nanocomposite 

has been employed for the fabrication of electrochemical sensor towards NTF has never been reported 
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in the previous literature. Based on the following aspects, we believed that the combination of Gr and 

WO3 is more susceptible for the electrochemical sensing of NTF.  

Herein, we have developed Gr/WO3 composite via simple wet-chemical method. As-prepared 

Gr/WO3 composite were characterized by various analytical techniques. In addition to that, as 

synthesized Gr/WO3 composite was used for the electrochemical sensing of NTF, which exhibits lower 

detection limit and high sensitivity.  

 

2. EXPERIMENTAL SECTION  

2.1 Materials and methods 

Sodium tungstate dihydrate (Na2WO4.2H2O), concentrated nitric acid (HNO3), and commercial 

graphene was purchased from Sigma-Aldrich and used as received without further purification. The 

screen-printed carbon electrode (SPCE) was purchased from Zensor R&D Co., Ltd, Taiwan. The 

phosphate buffer solution (0.05 M PBS) for the preparation of electrolyte solutions was prepared by 

mixing of monosodium phosphate (NaH2PO4) and disodium phosphate (Na2HPO4). The required 

solutions and reagents were prepared using Millipore water system. 

The surface morphology of graphene, as-prepared WO3 and Gr/WO3 nanocomposite were 

investigated by powder X-ray diffraction analysis (XRD, D/MAX-IIIA diffractometer (λ = 0.15406 

nm). The Raman spectroscopy studies was analyzed by using NT-MDT, NTEGRA SPECTRA 

instrument. Scanning electron microscope (SEM) and EDX spectral studies were carried by using 

Hitachi S-3000H (SEM Tech Solutions, USA) and HORIBA EMAX X-ACT, respectively. All the 

electrochemical experiments were carried out at room temperature by CV and LSV techniques using 

CHI 1205C and CHI 900 electrochemical workstation containing conventional three electrode cell 

system composed of SPCE as a working electrode (working surface area of about 0.035 cm2), platinum 

wire used as an auxiliary electrode and Ag/AgCl (sat. KCl) as reference electrode.  

 

2.2 Synthesis and fabrication of WO3 Nanosheets and Gr/WO3 composite 

The synthesis procedure of nanoflakes like WO3 was followed by previously reported article 

with sight modification [62]. In briefly, 1g of Na2WO4·2H2O was dissolved in 200 mL of concentrated 

HNO3 (4.8 M) under vigorous stirring for 1 h. The resultant yellow precipitate was centrifuged and 

washed with water until attaining neutral pH, followed by ethanol and dried at 80 °C for overnight. 

Finally, the obtained products were calcined at 500 °C for 3 h. The as-prepared WO3 nanoflakes were 

taken for the further electrochemical applications. For the composite preparation and fabrication 

process, 0.003 g of graphene was dissolved into the solvent containing 1 mL ethanol and sonicated for 

20 mins. Then, 0.002 g of as-prepared WO3 nanoflakes were added to the above solution and kept for 

30 min in ultrasonication path to get homogeneous suspension. Later, the SPCE surface was washed 

with water and ethanol to remove the impurities on the electrode surface. Then, about 6 µL of above 

suspension was drop coated on the electrode and dried at ambient temperature in oven. The dried 

nanocomposite modified electrode was gently washed with water to remove the loosely attached 
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molecules on the SPCE surface. The dried modified electrode designated as Gr/WO3/SPCE and 

directly used for further electrochemical experiments. The overall synthesis route of Gr/WO3 

composite and the electrochemical applications is shown in Scheme 1. 

 

   
 

Scheme 1. Synthesis procedure of Gr/WO3 composite and the electrochemical detection of NTF. 

 

3. RESULTS AND DISCUSSION 

3.1 Structural and surface morphological investigation 

 
 

Figure 1. (A) FE-SEM images of graphene, (B) WO3, (C) Gr/WO3 nanocomposite and (D) EDX 

spectrum of Gr/WO3 composite. 
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The surface morphology of graphene, WO3 and Gr/WO3 nanocomposite were investigated by 

FE-SEM analysis. Fig. 1A, represents nanosheet like structured graphene. Graphene layer is composed 

of multilayer arrangement of carbon sheets. On the other hand, as-prepared WO3 are exist in the form 

of uniformly sized nanoflakes with <100 nm range as shown in Fig. 1B. Fig. 1C shows that the WO3 

nanoflakes anchored on the layers of Gr and it clearly confirmed the formation of Gr/WO3 composite. 

In order to examine the elemental composition of Gr/WO3 composite, EDX analysis were scrutinized 

and shown in Fig. 1D. From EDX analysis, it is confirmed that the presence of W, C, and O elements 

in an appropriate ratio. The absence of any other elemental or impurity peaks confirming the purity of 

the nanocomposite synthesized. At finally, it is established that the Gr/WO3 composite were 

successfully formed with even size and smooth surface morphology.  

 

3.2 Crystallinity and phase purity studies 

Further, XRD analysis of graphene, WO3 and Gr/WO3 composite were exposed in Fig. 2(A-C). 

Diffraction pattern of Gr was shown in Fig. 2A. The sharp intense peak at It gives evidence for the 

existence of several lattice planes such as (002), and (100). In addition to that, XRD pattern of WO3 

Fig. 2B consist of some diffraction planes such as (100), (200), (130), (202), (122), and (004). 

Similarly, XRD patterns of Gr/WO3 nanocomposite exhibits several lattice planes such as (100), (200), 

(120), (122), (022), (222), (004), (140), and (420) which is corresponding to the cubic crystal lattice of 

isometric phase of WO3 nanoflakes (JCPDS No. 20-1324) and shown in Fig. 2C [48- 50]. All the 

above results proved that the successful formation of Gr/WO3 nanocomposite by wet-chemical and 

sonochemical method without any other impurities. 

 

 
 

Figure 2. (A), XRD pattern of graphene (B), WO3 and (C) Gr/WO3 composite. 

 

3.3 Raman spectral analysis 

Raman spectra of graphene, WO3 and Gr/WO3 nanocomposite were shown in Fig. 3(A-C). 

From Fig. 3(A-C), sharp band of G, broad D, G, and 2D bands were observed and presence of some 

disorder which could be formed due to surface phenomena. A sharp band at 200 cm-1 can be ascribed 

to the lattice vibrations of WO3. The bands at 327 and 524 cm-1 ascribed to the (O-W-O) deformation 

vibrations and the band at 712 and 804 cm-1 are assigned for (O-W-O) stretching vibrations. These 
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results clearly point out the formation of monoclinic tungstic oxide and well matches with XRD data. 

At the same time, incorporation of Gr leads to the decrease in crystallinity of WO3, which is visible in 

lowered intensities and broadening of bands corresponding to the monoclinic WO3. These results 

confirmed the complete incorporation of WO3 on the graphene sheets. Additionally, band crystallinity 

confirmation WO3 corresponds to the lattice vibrations at 251.4 cm-1 represents (O-W-O) the 

deformation, and vibrations modes at 524, 712, 817.2 cm-1 corresponds to the (O-W-O) stretching 

vibrations. At finally, Raman analysis proved that the defective sites were present in the Gr/WO3 

nanocomposite and this property enhances the electrochemical activity [51-55].  

 

 
 

Figure 3. (A) Raman spectra of Gr, (B) WO3 and (C) Gr/WO3 composite. 

 

 
 

Figure 4. (A) CVs of 500 µM NTF in 0.05 M PBS (pH 7.0) at the bare SPCE (a), WO3/SPCE (b), 

Gr/SPCE (c) and Gr/WO3/SPCE (d). (B) Various concentration of NTF at Gr/WO3/SPCE from 

50 to 500 µM. Scan rate: 50 mV/s. Potential window: 0.4 to -0.8 V.   

 

3.3 Electrocatalytic detection of NTF at different modified electrodes 

The electrochemical behavior of the Gr/WO3/SPCE electrode towards the detection of NTF 

was identified by CV and LSV techniques. Furthermore, the electrocatalytic activity at Gr/WO3/SPCE 
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for the detection of NTF was compared with other modified electrodes. Fig. 4A exhibits the typical CV 

response curves of (a) bare SPCE, (b) WO3/SPCE, (c) Gr/SPCE and (d) Gr/WO3/SPCE in the presence 

of 500 µM NTF in N2 saturated pH 7.0 nature of 0.05 M  PBS solution at a scan rate of 50 mV/s with 

the potential range of 0.4 to -0.8 V. The bare SPCE exhibit the small cathodic peak  at -0.47 V with 

current density of 4.4 µA. The Gr/SPCE electrode shows the higher cathodic peak of NTF at -0.41 V 

with peak current perfromance of 68 µA. The WO3/SPCE electrode shows a notable cathodic peak 

performance at -0.46 V with current density response of 10.9 µA. The Gr/WO3/SPCE electrode 

exhibited a higher cathodic peak R1 current density of 89.3 µA at the peak potential of -0.41 V. 

Therefore, NTF detection perfromance was highly facilitated at the Gr/WO3/SPCE electrode displays 

excellent current response towards the detection of NTF due to the high conducting properties and 

excellent electrocatalytic properties. The obtained R1 peak is associated to the direct reduction 

(irreversible) of NTF to hydroxylamine group with four electron and proton transfer process. Further, 

one more redox peak was observed and it was denoted as R2/A1. The reversible peak is related to the 

redox behavior between hydroxylamine to nitroso derivatives with two electron and two proton 

process. The obtained electrochemical peaks and their corresponding reduction and redox mechanisms 

were clearly explained and well documented in the previous literature [56]. The overall reduction and 

redox electrochemical mechanism of NTF is depicted in Scheme 2. The enhanced electrocatalytic 

activity and low peak potential were attributed to the synergistic effect of Gr and WO3 nanoflakes. It 

was found that, the Gr/WO3/SPCE sensor electrode had the look of best performance towards the 

determination of NTF. 

 

 
 

Scheme 2. The overall electrochemical reduction and redox mechanism of NTF at Gr/WO3/SPCE 
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3.4 Influence of concentration 

The electrocatalytic behavior of the Gr/WO3/SPCE electrode towards the determination of 

different concentrations of NTF was identified by CV containing 0.05 M PBS (pH 7.0) at a scan rate of 

50 mV/s (Fig. 4B). Increasing the different concentration of NTF from 50 to 500 µM, the reduction 

peak current was increased by the reduction of NTF on the Gr/WO3/SPCE electrode surface. The 

electrochemical features such as correlation co-efficient, sensitivity, linear response range and limit of 

detection of NTF at the modified electrode has been briefly discussed in the determination section (see 

section 3.7). 

 

 
 

Figure 5. (A) CVs for Gr/WO3/SPCE in 0.05 M PBS (pH 7.0) containing 500 µM of NTF at different 

scan rate from 20 to 320 mV/s. (B) The linear relationship between the cathodic peak current 

vs.  square root of scan rate. 

 

3.5 Influence of scan rate 

The electrode reaction of the modified electrode towards detection of NTF was strongly 

influenced by the scan rate as shows in Fig. 5A. The CV performance of the Gr/WO3/SPCE electrode 

in 0.05 M PB solution (pH 7.0) with 500 µM NTF was investigated at different scan rates ranging from 

20-320 mV/s. It can be clearly shows the cathodic peak current of NTF at the Gr/WO3/SPCE electrode 

was increased linearly with increasing the scan rate and the reduction peak potential was slightly 

shifted towards more negative potential. Fig. 5B exhibit the linear relationship between the peak 

current and the square root of scan rate (20 - 320 mV/s) with a linear regression equation of Ipc (µA) = 

-10.46 + 17.60 (R² = 0.992). These results clearly suggest that the electrochemical detection of NTF at 

the Gr/WO3/SPCE electrode was a diffusion-controlled electrochemical reaction. 
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3.6 Influence of pH  

An influence of pH on the electrochemical detection performance of 500 µM NTF at the 

Gr/WO3/SPCE electrode, identified by CV in the pH range of 3.0 - 11.0 at a scan rate of 50 mV/s and 

the obtained CV curves displayed in Fig. 6A. The reduction peaks current was increased with 

increasing the pH value up to pH 7.0 and then gradually decreased. The peak potential (Epc) of the 

electrode shifted towards positive and negative direction while adjusting the pH values from lower and 

higher, which indicating that the electrochemical behavior of NTF is pH dependent electrochemical 

reaction. Moreover, Fig. 6B exhibit the calibration plot between the pH and reduction peak current. 

The pH studies show the maximum reduction peak current was obtained at pH 7.0. Hence, the pH 7.0 

was selected as the optimum pH value for the electrochemical determination of NTF.  

 

 

 

Figure 6 (A) CVs of Gr/WO3/SPCE at various pH values (pH 3.0 – 11.0) vs. scan rate at 50 mV/s, (B) 

The calibration plot for the pH vs. cathodic peak current (R1). 

 

3.7 Determination of NTF at Gr/WO3 modified SPCE 

Due to the more quantitative characteristic of linear sweep voltammetry (LSV) compared to 

CV technique, LSV analysis was utilized to obtain the analytical figures. In order to get the calibration 

curve, the measurements were done in 0.05 M PBS (pH 7.0) with the NTF addition from the 

concentration of 0.1 – 1614 µM (Fig. 7A). The analytical peak current shows linearity in the NTF 

concentration ranges from 0.01 to 234 µM (Fig. 7B) with a lower detection limit (LOD) of 0.002 µM. 

The LOD was calculated by using the following equation (1), 

         LOD = 3s/b                                                                                                           (1)   

where ‘s’ is the average standard deviation of three measurements for the blank solution and ‘b’ is the 

sensitivity calculated from the slope value of calibration plot (2.18 µAµM-1cm-2). The lower LOD of 

the Gr/WO3/SPCE modified sensor may be attributed to the higher electrocatalytic activity, high 

surface area, and strong interaction between the electrode and NTF analyte in the electrolytic solution. 

The obtained analytical performances such as LOD, linear response range, sensitivity of the 
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Gr/WO3/SPCE electrode was also compared with a previously reported NTF sensor, and the results are 

summarized in Table 1. The performance of the Gr/WO3/SPCE was more efficient than that of the 

previously reported NTF sensor. Therefore, the Gr/WO3/SPCE electrode is an excellent electrode 

material for the electrochemical detection and determination of NTF at the nanomolar level.  

 

 
 

 
 

Figure 7. (A) LSVs of Gr/WO3/SPCE at various concentration (0.01 – 1614 µM), scan rate at 50 

mV/s, (B) The calibration plot for the concentration of NTF vs. cathodic peak current (R1), (C) 

Interference studies at Gr/WO3/SPCE with various interfering species. 

 

3.8 Interference studies and real sample analysis  

The selectivity of the Gr/WO3/SPCE was studied by the NTF sensor response in the presence 

of other interfering compounds in 0.05 M PB solution (pH 7.0) and the current signal changes were 

examined by LSV techniques. Fig. 7C shows the LSV current response of NTF and other foreign 

species such as caffeic acid, chloramphenicol, catechol, dopamine, glucose, 4-nitrobenzene, uric acid, 

metronidazole, hydroquinone, NaNO2
-, 4-nitrophenol, and KCl. However, the presence of 

aforementioned interfering compounds shows negligible peak current response compared to the NTF 
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detection signal with a deviation of less than 5%. These results clearly suggested that the 

Gr/WO3/SPCE electrode displayed significant selectivity and well anti-interference ability towards 

NTF sensing.  

 

Table 1. Analytical performances of different modified electrodes for NTF determination  

 

Electrode Linear range (µM) LOD (µM) Ref. 

Nd2Mo3O9   0.1–1331 16 [56] 
Boron-doped diamond 0.497–5.66 27.2 [57] 

DsDNA/PAMT/SPCE              8.4–105.0 2.73 [58] 
Cetrimide   0.1–20 0.06 and 0.27 ng/mL [59] 

Cobalt/GCE 0.06–5 0.01 [60] 
CNF/SPE    
Au/AuNR    

PME/MWCNT/SPCE                            

0.08 – 320 
3.0-500 
0.05-2.0 

0.016 
0.18 

0.012 

[61] 
[63] 
[64] 

Gr/WO3/SPCE                 0.01-234 0.002 This work 
 

The electrochemical activity of Gr/WO3/SPCE is considered to be more important framework 

to detect NTF in real sample analysis such as biological and water samples. The LSV technique was 

used for practical analysis to detect NTF in human urine and water sample, as a standard addition tool 

was utilized for the recovery calculation. However, the prepared samples do not contain NTF, 

therefore, a known concentration of NTF was added into the real samples and these spiked samples 

were directly used for electrochemical investigations. The working condition, parameters and all other 

procedure followed by the LSV determination section 3.7. The chosen real samples and obtained 

results are summarized in Table 2. From the Table 2, the recovery values of about 98.4 to 99.7% in 

urine and water samples. The Gr/WO3/SPCE electrode successfully reveals the detection of NTF in 

real samples with acceptable recovery and it acts as a potential electrode material for use in practical 

applications. 

 

Table 2. Real sample analysis towards NTF detection 

 

Samples Added (µM) Found (µM) Recovery (%) 

Human urine 5.0 4.92 98.4 
 7.0 6.98 99.7 

Tab water 5.0 4.97 99.4 
 7.0 6.91 98.7 

 

3.9 Repeatability and stability studies 

The repeatability of the Gr/WO3/SPCE electrode were identified by CV technique with 

concentration of 500 µM NTF. For the repeatability studies on the Gr/WO3/SPCE electrode was 

confirmed with 10 consecutive measurements by a single modified electrode. Moreover, the RSD of 

the single Gr/WO3/SPCE electrode was found to be 2.04% for NTF sensing. The storage stability of 
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the Gr/WO3/SPCE electrode was investigated up to 7 days by the CV techniques. After 7 days the NTF 

current signal was observed with slight variation and loss only at 2.7% of the initial peak current 

response due to the excellent stability. These above results indicate that the Gr/WO3/SPCE electrode 

has good stability and efficient repeatability towards the electrochemical sensing of NTF. 

 

 

4. CONCLUSION 

In summary, Gr/WO3/SPCE have been prepared successfully through a simple wet-chemical 

approach and  followed by sonochemical technique and further applied to the electrochemical 

detection of NTF. The structure of the Gr/WO3 was characterized by various physical and chemical 

characterization techniques. The electrocatalytic behavior of the Gr/WO3/SPCE were identified by CV 

and LSV techniques. The Gr/WO3/SPCE modified electrode delivers high electrocatalytic activity 

towards the detection of NTF, low detection limit (0.002 µM), with a broader linear response range 

(0.01 - 234 µM) and excellent sensitivity (2.18 μAμM-1cm-2). Besides, the Gr/WO3/SPCE electrode 

have excellent repeatability, selectivity, stability, and practical feasibility. These results indicate that 

the Gr/WO3/SPCE electrode can be used as an eminent and advanced electrode materials for the 

sensitive detection of NTF. 
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