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Abstract 

Herein, a novel Zinc Ferrite nanocubes (ZnFe2O4 NCs) decorated reduced graphene 

oxide (rGO) nanocomposite have been designed through a sonochemical method. After then, 

as-synthesized ZnFe2O4 NCs/rGO was characterized by XPS, XRD, HRTEM and EIS. 

Furthermore, the ZnFe2O4 NCs/rGO nanocomposite modified GCE (galssy carbon electrode) 

shows excellent electrochemical sensing performance towards biomarker of 4-nitroquinoline 

N-oxide (4-NQ) with fast detection. 4-NQ is one of the important cancer biomarker. 

Moreover, the fabricated sensor showed a wide linear window for 4-NQ between 0.025-

534.12 µM and nanomolar detection limit (8.27 nM). Further, the as-prepared ZnFe2O4 

NCs/rGO/GCE has been applied to the determination of 4-NQ in human blood and urine 

samples with excellent recovery results. 

 

Keywords: Zinc Ferrite; 4-nitroquinoline N-oxide; Toxic chemical detection, Reduced 

graphene oxide; Biological samples. 

 

 

1. Introduction 

Zinc ferrite (ZnFe2O4), a common transition bimetal oxide, has been widely utilized as 

an electro-catalyst to prepare highly effective nanocomposite for the electrochemical 

applications such as water splitting, supercapacitors, batteries, electro and photocatalysis, due 

to their unique structural properties, including ordered crystal structure, large surface area and 

stability [1-8]. Since, it has used various applications and various fields [9-14]. Although, few 

studies have focused on using zinc ferrites based nanocomposites as novel modified electrode 
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materials due to their aggregation. In this aspect, integrating zinc ferrites and high conductive 

nanomatrix into nanocomposites have been developing as a precious approach to improve the 

non-aggregativity and conductivity of the electrocatalyst [15-21].Furthermore, various nano-

layers matrix as a graphene based high conductive nanomaterials have been widely applied to 

establish with zinc ferrites to improve their electrochemical performances [22, 23]. The 

reduced graphene oxide (rGO) is one of the novel layered nanomaterial that possess good 

conductivity, large electrocatalytic surface area and porosity [24-27]. Therefore, we can 

focused the synthesis of zinc ferrites (ZnFe2O4) decorated reduced graphene oxide based 

nanocomposite is considered as an effective way to enhance the electrochemical sensing 

performances towards the biomarker application. 
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Scheme 1. Schematic diagram of the work 

Cancer is an important disease in human life that has become a serious and increasing 

global health problem. Moreover, 4-nitroquinoline N-oxide (4-NQ) has considerable research 

attention due to tumorigenic properties and 4-NQ is one of the toxic biomarker in cancer 

research and which is find from the tumorigenic part or cells [28]. When increase the 

oxidative stress and DNA mutations in the human body, it has produced to 4-NQ biomarker 

[28]. In addition, 4-NQ is induced cancer-causing DNA mutations [28-30]. Since, when 

increasing the concentration of 4-NQ, its causing high carcinogenesis effect in the human 

system such as mutagenicity and genotoxicity [28, 31-33]. Therefore, the determination of 4-

NQ marker in various biological system is of highly great potential for analytical and 

research applications. Moreover, few detection methods are reported such as microbial assay, 

high-performance liquid chromatography-MC (HPLC) and electron paramagnetic resonance 

spectrometry [34-36]. Moreover, these methods are expensive and long-time process. 

Nevertheless, the electrochemical methods are inexpensive, more efficient and fast than other 

detection methods [37-44]. Therefore, we can develop the electrochemical sensing method 

based ZnFe2O4/rGO nanocomposite in this work for the electrochemical detection of 4-NQ 

marker. 

In this study, reveals that the nanocubes based ZnFe2O4 nanocatalyst enhance the 

electrocatalytic and sensing performance towards 4-NQ. Furthermore, to the best of our 

knowledge, the electrochemical sensing application of ZnFe2O4/rGO nanocomposite has not 

been published yet. Moreover, we have synthesized the ZnFe2O4/rGO nanocatalyst by an 

ultrasound based sonochemical process. In addition, ZnFe2O4 based rGO companied 

nanomaterials that are exhibited the excellent electrochemical sensing properties towards 
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biomarker. Moreover, ZnFe2O4 nanocubes decorated carbon nanosheets were successfully 

synthesized and fabricated using the simple sonochemical approach. In the present work, the 

synthesized ZnFe2O4/rGO was fabricated on GCE and characterized. Then the fabricated 

electrode was used to determination of 4-NQ biomarker in biological samples. Furthermore, 

the sensitivity of the ZnFe2O4/rGO nanocomposite modified GCEs were evaluated by 

electrochemical techniques (Scheme 1). 

 

 

Scheme 2. Facile sonochemical synthesis of ZnFe2O4/rGO nanocomposite. 
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2. Experimental section 

2.1 Synthesis of ZnFe2O4 NCs/rGO nanocomposite 

 All chemicals and reagents were purchased from Sigma-Aldrich with analytical grade 

and used without any further purification (chemical and methods given in supporting 

information). A typical synthesized 25 mg of graphene oxide were subsequently added to the 

pre-prepared mixture solution of 0.2 M (Zn(NO3)2·6H2O) and 0.4 M (Fe(NO3)3·9H2O in 50 

mL of deionized water. Then, pH of the prepared suspension was adjusted to 8.0 pH by 

slowly adding 0.1 M of NH4OH solution under the stirring and then ultrasonicated for 15 

min. After the suspension was sonicated in ultrasonic bath of 100 W at 40 kHz for 1 h. 

Finally, ZnFe2O4/rGO nanocomposite was obtained by filtrating and drying at 80°C for 24 h 

(Scheme 2). For controlled experiments, pure ZnFe2O4 and rGO were also prepared using the 

procedure described above but without an addition of graphene oxide and metal oxide 

sources respectively. 

 

2.2. Fabrication of ZnFe2O4 NCs/rGO modified electrode 

The hybrid nanomaterials dispersed solution (2 mg/mL; ethanol) about 8 µL was drop 

casted on the pre-cleaned electrode surface. Finally, the ZnFe2O4 NCs/rGO modified 

electrode was dried in the oven at room temperature. Furthermore, same produce was applied 

to fabricate for control electrodes such as rGO and ZnFe2O4 NCs. The fabricated and 

unmodified electrodes were applied for the electrochemical determination of the 4-NQ. 
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3. Results and discussion 

3.1. Morphological characterization 

Evidently, the well-shaped morphologies and uniform nanocube structures are observed 

in Figure 1B and C. and HRTEM image of reduced graphene oxide nanosheets shown in 

Figure 1A and it’s like layered multi-carbon nanosheets and reduced nanosheets. As shown 

in Figure D-E, the rGO nanosheets were comprised of non-aggregated, winkled, highly thin 

and transparent nanosheets randomly, which agrees well arrangements of the nanocomposite. 

As HRTEM shows, the nanocubes as structure were obtained for the synthesized ZnFe2O4 

nanoparticles on the sonochemically reduced carbon nanosheets. These results were 

confirmed that the formation of ZnFe2O4 NCs/rGO. 

 

Figure 1. HRTEM images of rGO (A) and ZnFe2O4 nanocubes (B-C). HRTEM images of 

ZnFe2O4 NCs/rGO nanocomposite (D) and high magnification images (E-F). 
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3.2. XRD and XPS analysis 

The XRD patterns of ZnFe2O4 NCs (blue line) and ZnFe2O4 NCs/rGO (green line) was 

displayed in Figure 2A. The XRD pattern of the ZnFe2O4 NCs/rGO shows, several 

diffraction peaks at 30.08°, 35.64°, 43.32°, 54.28°, 57.26° and 62.16° are observed that are 

correlated to (220), (311), (400), (422), (511) and (440) crystal planes. This diffraction 

patterns were matched with the orthorhombic ZnFe2O4 NCs (JCPDS No. 22-1012) [45-47]. 

Therefore, the XRD pattern indicates the successful formation of ZnFe2O4 NCs. Besides, the 

rGO exhibited the diffraction peaks assigned for the miller indices plane is (002). 

Furthermore, formation of ZnFe2O4 NCs are evaluated by Figure 2A. Finally, this 

information is regenerated in the ZnFe2O4 NCs/rGO confirms the composite formation. 
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Figure 2. XRD analysis of ZnFe2O4 NCs and ZnFe2O4 NCs/rGO (A). XPS survey spectrum 

of ZnFe2O4 NCs/rGO (B) and de-conventional peaks of C1s (C), O1s (D), Fe 2p (E) and Zn 

2p (F). 

X-ray photoelectron spectroscopy (XPS) characterization is one of the specific tool for 

the evaluation of chemical states and composition of the nanocomposites. The full survey 

XPS analysis of ZnFe2O4 NCs/rGO nanocomposites shows in Figure 2B. The peak of C 1s O 

1s, Fe 2p and Zn 2p were detected in the full scan XPS spectrum. As can be seen that the 

characteristic peak for C 1s, O 1s, Zn 2p and Fe 2p levels were observed at their correlated 

binding energies. As shown in Figure 2C, the high resolutions scan of the C 1s represents the 

four major peak due to ring carbon (C-C/-C=C, -C-O, -C=O and -C-C=O). Then Figure 2D, 

the XPS spectrum of the O 1s present in the ZnFe2O4 NCs/rGO reveals the primary peak 

denotes the metal-oxygen bonds located. As shown in Figure 2E, two dominant peaks of Fe 

2p bounded with the metal that exhibited the Fe 2p3/2 and Fe 2p1/2 located at the (158.8 eV) 

and (163.4 eV). In Figure 2F, the XPS spectrum of the Zn 2p present in the nanocomposite 

reveals the two peaks denoted the Zn 2p3/2 and Zn 2p1/2 at (1025 to 1055 eV) which 

demonstrate the Zn present in the form of ZnFe2O4 NCs/rGO nanocomposite. 

3.3. Electrochemical characterization of modified and unmodified electrodes 

 The electrochemical properties of interfacial electron transport behavior are 

evaluated by CV [48-50]. The conductivity and interfacial character of bare GCE (a), 

rGO/GCE (b), ZnFe2O4 NCs/GCE (c), and ZnFe2O4 NCs/rGO/GCE (d) were investigated in 

Figure 3A and B. The CV analysis was carried out by 0.1 M KCl containing 5 mM 

[Fe(CN)6]
-3/-4 solution at a fixed scan rate (50 mV/s). In Figure 3A, shows the CVs of 

modified and unmodified electrodes such as bare GCE (a), rGO/GCE (b), ZnFe2O4 NCs/GCE 
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(c) and ZnFe2O4 NCs/rGO/GCE (d). The catalyst modified and unmodified electrodes shows 

the redox peak, for the comparison the bare GCE, rGO/GCE and ZnFe2O4 NCs/GCE were 

low and modulator peak current. Mainly, the nanocomposite modified GCE has higher peak 

current with low peak potential. In Figure 3B, shows that the scan rate of the nanocomposite 

modified GCE and the results was plot to the corresponding calibration analysis (20 to 300 

mV/s). Furthermore, the randles sevcik equation (1) has applied into the slope of the 

electrochemical analysis in Figure 3C. In addition, the electrochemical active surface area of 

the modified and unmodified electrode as bare GCE, rGO/GCE, ZnFe2O4 NCs/GCE, and 

ZnFe2O4 NCs/rGO/GCE has been calculated as 0.086 cm2, 0.126 cm2, 0.158 cm2 and 0.179 

cm2 respectively. Therefore, the results show that the ZnFe2O4 NCs/rGO modified GCE is the 

higher surface area and high conductivity. Due to the properties of rGO and ZnFe2O4 

nanocubes. 

                                      Ip = 2.69×105n3/2AD1/2Cv1/2                   (1) 
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Figure 3. (A) CVs of bare GCE (a), rGO/GCE (b), ZnFe2O4 NCs/GCE (c) and ZnFe2O4 

NCs/rGO/GCE (d) in 0.1 M KCl containing 5 mM [Fe(CN)6]
-3/-4 solution. (B) Scan rate of 

the nanocomposite modified electrode. (C) Calibration plot of (scan rate vs Vs-1)1/2. (D) EIS 

spectra of bare GCE (a), ZnFe2O4 NCs/GCE (b) and ZnFe2O4 NCs/rGO/GCE (c). 

The electrochemical properties of interfacial electron transport behavior are evaluated 

by electrochemical impedance spectroscopy (EIS). The Nyquist plot exposed the various 

modified and unmodified electrodes including bare GCE (a), ZnFe2O4 NCs/GCE (b) and 

ZnFe2O4 NCs/rGO/GCE (c) shown in (Figure 3A). The EIS analysis was carried out by 0.1 

M KCl containing 5 mM [Fe(CN)6]
-3/-4 solution then the frequency ranges of 100 MHz to 100 

kHz. The Nyquist plot explained the linear and semicircular, which described the lower and 
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higher frequencies on the modified and unmodified electrodes. The results were compared 

with the bare GCE and ZnFe2O4 NCs/GCE and its depicts the higher semicircular and larger 

Rct value around 736.48 Ω and 249.62 Ω than ZnFe2O4 NCs/rGO/GCE. Because, the 

ZnFe2O4 NCs/rGO modified GCE shows the small semicircular and low Rct value of 106.25 

Ω. Therefore, the nanocomposite has high conductive nanomaterials due to the properties of 

rGO. Thus, the EIS results also indicated the formation of the nanocomposite with the rGO. 

3.4. Electrochemical catalysis of 4-NQ on ZnFe2O4 NCs/rGO/GCE 

The capability of the electrocatalyst modified and unmodified GCE towards the 

electrochemical sensing of 4-NQ was analyzed by using CV method in Figure 4. In Figure 

4A shows the CV curves of the bare GCE (a), rGO/GCE (b), ZnFe2O4 NCs/GCE (c) and 

ZnFe2O4 NCs/rGO/GCE (d) in 100 µM 4-NQ in 0.05 M PB of pH 7.0. In all electrodes were 

scanned from a potential of 0.25 V to -0.65 V at a scan rate of 50 mV/s. The poor sensitivity 

and peak current exhibited by the bare GCE towards reduction reaction of 4-NQ was 

improved considerably upon modification. Then, the rGO and ZnFe2O4 NCs modified GCE 

are moderately improved towards the reduction of 4-NQ. Because, both electrodes have good 

electrocatalytic ability due to their unique properties. In addition, commercial ZnFe2O4 

nanoparticles modified GCE was checked and it has low peak current compared with 

sonochemically synthesized ZnFe2O4 NCs modified GCE (Figure S1). Mainly, the developed 

ZnFe2O4 NCs/rGO modified electrode, the reduction peaks current of the 4-NQ enhanced up 

to 9.21 µA. The enhancement in the electrochemical performance has attributed to the 

synergistic activity of rGO and ZnFe2O4 NCs. Moreover, the electrochemical sensing 

mechanism of 4-NQ is converted into 4-hydroxyaminoquinoline N-oxide are given in 

Scheme 3 and then, the 4-hydroxyaminoquinoline N-oxide has converted into 4-
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nitrosoquinoline N-oxide (step-2). Higher sensitivity of the ZnFe2O4 NCs/rGO fabricated 

electrode were attributed to the fact that the 4-NQ could interact through the conductive 

electrocatalyst onto the GCE.  

 

Figure 4. (A) CVs of bare GCE (a), rGO/GCE (b), ZnFe2O4 NCs/GCE (c) and ZnFe2O4 

NCs/rGO/GCE (d) containing 100 µM 4-NQ in 0.05 M PB (50 mV/s). (B) Various 

concentration of 4-NQ (25 to 125 µM) and (Inset) shows the plot between 4-NQ 

concentration versus cathodic peak current. (C) CV curves of different scan rate study ranges 

from (20 to 200 mV/s) on ZnFe2O4 NCs/rGO/GCE for the reduction of 100 µM 4-NQ in 0.05 

M PB. (D) The calibration plot between the cathodic current (Ipc) vs. the square root of the 

scan rates. 

A BB’

C D

a

bc

d

a

e

a

j



  

 

 

14 

 

 

Scheme 3. The electrochemical reduction reaction and mechanism of 4-NQ based on 

ZnFe2O4 NCs/rGO modified GCE. 

3.5. Effect of concentration, scan rate and pH 

Figure 4B, shows the CVs of ZnFe2O4 NCs/rGO modified electrode in 0.05 M PB 

containing various concentration of 4-NQ (a to e). When increase the concentration of 4-NQ, 

a considerable increase in cathodic or reduction peak current. Furthermore, increase the 4-NQ 

concentration, the cathodic peak current increased linearly. As shown in Figure 4A (inset), 

the cathodic peak currents were increased linearly for the increasing concentration 4-NQ 

from 25 to 125 µM and the electrochemical reduction linear regression equation y= 0.0908x-

0.37 and the correlation co-efficient is calculated as R2= 0.9953. These result reveals that the 

nanocompsite modified electrode has great potential to electrochemically reduced the 4-NQ 

to 4-NQ-NHOH and its evidences proved the good electrochemical performance of the 

ZnFe2O4 NCs/rGO/GCE. 

 The effect of the scan rates (20 to 200 mV/s) were evaluated on ZnFe2O4 NCs/rGO 

modified GCE containing 100 µM of 4-NQ in pH 7.0 (Figure 4C). Furthermore, the cathodic 

peak currents were increase with the increasing the scan rates from 20 to 200 mV/s and the 

obtained cathodic peak currents was plotted with different square root of the scan rates. As 
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shown in Figure 5D, cathodic peak currents are linearly increased with the square root of the 

scan rates and the correlation coefficient of R2=0.9978. This results reveals that the 

electrochemical reduction of 4-NQ at ZnFe2O4 NCs/rGO/GCE is diffusion controlled 

process. 

 

Figure 5. (A) CVs of the ZnFe2O4 NCs/rGO/GCE in the presence of 100 µM 4-NQ in 

various pH solutions of (3.0, 5.0, 7.0, 9.0 and 11.0). (B) Plot of pH versus cathodic peak 

current (Ipc). 

 The effect of pH on the voltammetric detection of 4-NQ with ZnFe2O4 NCs/rGO 

modified GCE was examined over various pH ranges from pH 3.0 to 11.0. From Figure 5A, 

it is found that the reduction peak current on the various pH of PB. The calibration plot of pH 

versus cathodic peak current reveals that, as pH solution changes from lower to higher pH, a 

peak potential were shift to negative side and it is also observed that the peak current 

increases with increasing pH.  Nevertheless, maximum peak current and response is obtained 

in pH 7.0 (Figure 5A). Therefore, PB 7.0 is chosen as the optimum pH for the 

electrochemical determination of 4-NQ on the ZnFe2O4 NCs/rGO modified GCE. 
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3.6. Electrochemical determination of 4-NQ by DPV techniques 

 

Figure 6. (A-B) DPV responses for the successive additions of 4-NQ in 0.05 M PB (pH 7.0) 

and various concentration ranges from (0.05 to 574.2 µM) at ZnFe2O4 NCs/rGO/GCE. (C-D) 

The linear plot of 4-NQ concentrations versus current response.  

The DPV (differential pulse voltammetry) is one of the electrochemical technique and 

its highly sensitive technique compare then the CV method. Hence, the DPV technique was 

employed to check the analytical performance of the ZnFe2O4 NCs/rGO/GCE towards the 

biomarker of 4-NQ in 0.05 M PB at scan rate 50 mV/s. In Figure 6A shows the DPV for the 

determination of 4-NQ for the different concentrations additions from 0.025 to 534.12 µM. 

Moreover, Figure 6B depicts the corresponding calibration plot between peak current verses 

concentration of 4-NQ. The electrocatalytic peak current response was increased for each 

addition of 4-NQ based ZnFe2O4 NCs/rGO/GCE. Furthermore, the linear regression equation 

y = 0.5238x +0.1446 with the correlation co-efficient is R2= 0.9985. Moreover, the peak 

current responses were increased linearly proportional to the different concentration of 4-NQ. 

In addition, the linear range was calculated as 0.025 to 534.12 µM and the detection limit is 

8.27 nM and sensitivity 7.377 µA µM-1 cm-2 was observed. Besides, limit of quantification is 

calculated to be 0.025 µM. These results reveals that the excellent electrochemical 

A B

0.025 µM 

534.12 µM 



  

 

 

17 

 

performance of the proposed ZnFe2O4 NCs/rGO nanomaterials modified GCE for the 

determination of 4-NQ. 

3.7. Selectivity, stability and reproducibility of the sensor 

  

Figure 7. (A) DPV responses of ZnFe2O4 NCs/rGO/GCE towards 50 μM of 4-NQ with 0.5 

mM of interfering compounds. (B) Stability of the sensor as its continuous usage for 25 days 

containing 100 µM 4-NQ in 0.05 M pH 7.0. (C) Plot for repeatability and (D) reproducibility 

of ZnFe2O4 NCs/rGO/GCE containing 100 µM of 4-NQ. 

Selectivity is one of the most important parameter for the detection of different 

biologically important molecules. Hence, we have studied the interference effect for the 

detection of 4-NQ in presence of some common biomolecules, co-existing and potentially 

interfering molecules. Figure 7A. exhibited the DPV responses for the additions of 0.5 mM 

of ascorbic acid, dopamine, uric acid, folic acid, glucose, H2O2, Na+, K+ and Fe2+ in presence 
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of 50 µM of 4-NQ. Moreover, the obtained DPV results reveals that the important 

biomolecules are not affects much of the 4-NQ response. Therefore, these results are 

exemplifying the good selectivity of the ZnFe2O4 NCs/rGO/GCE towards the determination 

of 4-NQ. 

 In addition, the stability of the ZnFe2O4 NCs/rGO/GCE was explored by DPV 

technique. Figure 7B depicts the DPV current response for the addition of 100 µM 4-NQ in 

0.05 M PB (pH 7.0) at ZnFe2O4 NCs/rGO/GCE. The stability study shows that the initial 

peak current value of the 4-NQ reduction was decreased to only 6.18% over 25 days. For the 

reproducibility analysis five different ZnFe2O4 NCs/rGO modified GCE were prepared and 

the DPV were recorded in presence of 100 µM of 4-NQ with the obtained results RSD were 

calculated to be 3.57% (Figure 7D).  The ZnFe2O4 NCs/rGO modified electrode was tested 

for ten times and the RSD value were calculated to be 3.47% (Figure 7C). As a results, 

ZnFe2O4 NCs/rGO/GCE shows the good selectivity, stability, repeatability and 

reproducibility towards the detection of 4-NQ. 

 

3.8. Real sample analysis 

The practicality of the ZnFe2O4 NCs/rGO/GCE modified electrode was investigated 

DPV method. The real sample of human serum and urine samples were collected from the 

medical hospital (Taipei). Prior to the analysis, the human serum and urine samples were 

diluted with buffer and spiked with known concentration of 4-NQ by using the standard 

addition method. Later, the real samples were used to explore the practicality of the proposed 

sensor. DPV responses for the addition of human serum and urine samples spiked with 100 

nM, 200 nM and 500 nM concentration of 4-NQ. Then, the peak current responses were 
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increased for each addition of 4-NQ spiked samples. The obtained peak current responses 

have calculated against the concentration. Moreover, the RSD (n=3) results were calculated 

and tabulated in Table 1. It can be seen that the appreciable recovery results were obtained 

for the determination of 4-NQ in human serum and urine samples. 

 

Table 1. Determination of 4-NQ in real samples based on ZnFe2O4 NCs/rGO/GCE 

 Real Samples Added/nM Found/nM Recovery/% *RSD/% 

Blood serum 

0 - - - 

100 98.36 98.36 3.68 

200 188.23 94.11 3.37 

500 491.35 98.27 3.71 

Urine 

0 - - - 

100 95.91 95.91 3.26 

200 191.34 95.67 3.48 

500 484.32 96.86 3.35 

 

* Related standard deviation (RSD) of n=3 independent experiments. 

 

4. Conclusion 

In summary, the ZnFe2O4 NCs decorated rGO was synthesized by facile 

sonochemical method. Further, the resultant nanomaterial was characterized through the 

appropriate spectrophotometric techniques including HR-TEM, XRD, XPS, EIS and CV. As-

prepared ZnFe2O4 NCs/rGO nanocomposite was used to fabricate the modified GCE for the 
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determination biomarker. The electrocatalytic activity of the ZnFe2O4 NCs/rGO/GCE for the 

detection of 4-NQ was evaluated using CV and DPV methods. Furthermore, the DPV study 

reveals the wide linear range 0.025-534.12 µM and the LOD is 8.27 nM towards the 

determination of 4-NQ. Besides, the interference study proved that our proposed sensor has 

good selectivity towards the detection of 4-NQ. Mainly, our proposed sensor ZnFe2O4 

NCs/rGO nanomaterial exhibited an excellent stability and reproducibility. Furthermore, we 

have successfully demonstrated the practical ability of the 4-NQ sensor in human blood and 

urine samples. 
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Research Highlights 

1) Facile sonochemical synthesis of Bimetal ferrite catalyst (BFC) based zinc ferrite 

nanocubes decorated on multi-layered reduced graphene oxide (ZnFe2O4 NCs/rGO) 

nanocomposite have been developed. 
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2) The ZnFe2O4 NCs/rGO nanocomposite was applied to the electrochemical sensor. 

3) The ZnFe2O4 NCs/rGO has detected nanomolar level with broad dynamic range 

towards 4-NQ. 

4) The nanocomposite of ZnFe2O4 NCs/rGO was successfully applied real sample 

analysis. 

 


