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ABSTRACT

With the advantages of developed electronic devices, various biosensor appli-

cations have become attractive issues with excellent electrochemical perfor-

mances against biomarkers and molecules in biomedical applications. In this

study, novel polyacrylonitrile (PAN)-reduced graphene oxide (rGO) nanocom-

posite-based non-enzymatic electrochemical biosensors were prepared to

investigate the detection performance of the glucose. The PAN-rGO nanocom-

posite-based biosensor detected glucose with a high sensitivity and stability due

to enhanced redox mechanism arising from rGO additive. PAN-rGO

nanocomposite-based biosensor detected glucose in (0.75–12) mM with a high

sensitivity of 49 lAmM-1 cm-2 (2.5 times higher than PAN-based sensor).

Concentration–response graphs correlating the non-enzymatic electrochemical

signal to glucose concentration revealed a low limit of detection (LOD) of 0.6

mM within 1-min voltammetric cycle. The selectivity results confirmed a sig-

nificant preferential response of the proposed PAN-rGO nanocomposite-based

biosensor for glucose against possible interfering compounds. The proposed

PAN-rGO nanocomposite-based biosensor has a great potential to be used as a

nanostructured platform for detection of glucose in phosphate-buffered saline

(pH 7.4) solution with high sensitivity, selectivity, stability, reproducibility, and

fast response properties.
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1 Introduction

Glucose is one of the main clinical biomarkers that

can lead to microvascular or macrovascular compli-

cations of diabetes. With the advantages of developed

electronic devices, various biosensor applications

have become attractive issues with excellent electro-

chemical performances against biomarkers and

molecules in biomedical applications. The develop-

ment of sensitive, stable, and rapid-operating elec-

trochemical sensors is a critical issue as urgent

medical attention is required when blood glucose

concentration is higher than the (1–12) mM range. Up

until now, many techniques such as colorimetric,

chemiluminescence, optical, fluorescence, and non-

enzymatic or enzymatic electrochemical methods

have been developed to detect glucose levels in blood

or urine samples. Among different advanced

biomedical techniques, nanomaterial-based biosen-

sors have attracted significant attention due to their

excellent properties against target analytes [1–5]. The

advantages of non-enzymatic electrochemical-based

biosensors for rapid, portable, low-cost, sensitive,

selective, short response time, and easy-to-use glu-

cose detection have brought about the development

of modern sensor technology [5–20].

Metals such as manganese (Mn), copper (Cu), zinc

(Zn), and nickel (Ni) and polymers such as PANI are

commonly used in enzymatic and non-enzymatic

electrochemical biosensors for the direct electrooxi-

dation of glucose. In enzymatic electrochemical glu-

cose sensors, in general, glucose oxidase (GOx)

specifically catalyzes the oxidation of glucose to

gluconolactone [21–26]. Due to the PANI is directly

involved in glucose oxidase, the sensitivity and

selectivity of the PANI-based sensor are improved by

adding carbon nanotubes (CNTs), graphene, GO, and

Fe2O3 nanomaterials with controllable morphologies

[27–33]. Based on the review of the available litera-

ture, Wu et al. [34] prepared a PANI/TiO2/rGO-

based glucose biosensor, the biosensor detected 0.047

ng mL-1 glucose. In another study, Feng et al. [35]

developed a PANI-graphene-based glucose biosen-

sor, the biosensor detected glucose in the range of 10

lM–1.48 mM with a sensitivity of 22 lA mM-1 cm-2.

The study conducted by Tang et al. [36] showed that

a novel TiO2/PANI-GO-based glucose biosensor

detected glucose in the range of 0.02–6 mM with a

sensitivity of 6.3 lA mM-1 cm-2.

Zhai et al. [37] prepared a GO/Au/PANI Pt/gra-

phene/P (1,5-DAN)-based glucose biosensor, the

biosensor detected glucose in the 0–60 mg mL-1

range. In these studies, it has been reported that by

adding the metal nanomaterials in PANI, high sur-

face area, high surface reaction activity, and high

sensitivity were obtained. The glucose detection

performance of polyacrylonitrile (PAN) was also

investigated. There are only three reports in the lit-

erature on PAN-based electrochemical glucose

biosensors, and these biosensors are enzymatic elec-

trochemical glucose biosensors [38–40]. In one of

these studies, microporous PAN was synthesized

using a single rare earth catalyst-Y(OAr)3 and coated

on a Pt electrode. It has been reported that upon the

electrochemical adsorption of glucose oxidase in

PAN, enzyme-catalyzed reaction occurred, and the

biosensor detected glucose in the range of (1–10 mM)

in 20 s with a sensitivity of 4.2 mA mM-1 cm-2. In

the other two studies, the PANI-PAN was used. In

one of these studies, the biological film was coated on

a PANI-PAN nanocomposite Pt electrode with the

electropolymerization method. The sensing structure

exhibited good selectivity, sensitivity, and stability

with no loss of activity after 100 days of sequential

measurement and intermittent use with storage in

phosphate-buffered saline (PBS) at 4 �C. It has been

reported that the biosensor detected glucose in the

range of (2lM–12mM) in 30 s with a sensitivity of 67

mA mM-1 cm-2 via enzyme-catalyzed reaction [41].

However, the glucose sensing performance of the

biosensor at room temperature has not been reported.

In the other study, PAN was synthesized using the

single rare earth catalyst-Y(OAr)3, and then a

biosensor was prepared by immobilizing glucose

oxidase to PAN-PANI-graphene nanocomposite.

Several layers of graphene were prepared by the

electrochemical process of graphite in propylene

carbonate electrolyte. It has been reported that the

biosensor detected low concentration glucose in the

range of (0.01–1.97 mM) in 30 s with a sensitivity of

29 mAmM-1 cm-2 [42], the glucose sensing perfor-

mance of the biosensor in the critical (2–12mM) range

has not been reported.

There is no report on the PAN-rGO-based non-

enzymatic electrochemical glucose biosensor. The

existence of fixed results that need to be focused on

this issue, experimental steps, and the need to reduce

their costs have been driving forces and associated

assumptions for the production of the advanced
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sensitive, selective, non-enzymatic, and disposable

biosensors. The novelty of this study lies in the

development of the PAN-rGO nanocomposite-based

biosensor for the high-performance non-enzymatic

electrochemical detection of glucose with high sen-

sitivity, selectivity, stability, reproducibility, and fast

response properties in the phosphate-buffered saline

(PBS) (pH 7.4) solution.

2 Experimental

2.1 Materials

PAN (molecular weight: *150.000 g mol–1) was

purchased from Sigma Aldrich Company (Germany).

N-N-Dimetylformamide (DMF) (C 99.8%), NaOH,

HCl, ethanol (C 99.9%), and potassium perman-

ganate (KMnO4) (molecular weight: 158.03 g/mol)

were purchased from Merck Company (Germany).

Electrochemical transducers were purchased from

Ebtro Electronics. All chemicals and reagents were

used without further purification.

2.2 Characterization

All samples were characterized using different tech-

niques such as scanning electron microscopy (SEM)

(FEI QUANTA 450 Model), Raman (Renishaw in via

Raman microscope), and Fourier transform infrared

spectroscopy (FTIR) (ATR-Perkin Elmer Spectrum

Two Model) in the frequency range from 4000 to

400 cm–1 with a resolution of 4 cm–1.

2.3 Preparation of PAN-rGO
nanocomposite

50 g of graphite powder was sonicated in 500 mL of

distilled water in a nitrogen-controlled environment

at room temperature for 1 h. The solution was cen-

trifuged at high speed (at 10,000 rpm) for 30 min. 50

mL of KMnO4 was added to the solution and soni-

cated at 40 kHz for 1 h. 10 mL of 0.01 M HCl was

added to the solution and then NaOH and ethanol

were added until the pH reached 7. The solution

obtained was filtered and dried in a microwave at

2450 MHz oven to obtain rGO powder.

2.4 Preparation of PAN and PAN-rGO
nanocomposite-based non-enzymatic
electrochemical biosensors

In this study, the PAN-rGO nanocomposite was

obtained at the 1:1 mass ratio for PAN:rGO using a

simple sonication method. 1 mg of rGO and 1 mg of

PAN were first rapidly stirred in the solvent DMF for

15 min and then the solution was sonicated at 50 W

for 15 min to obtain the PAN-rGO nanocomposite.

The electrochemical measurements of the non-enzy-

matic glucose biosensor were implemented with a

electrochemical a Ebtro voltammetric electrochemical

workstation using the three-electrode cyclic voltam-

metry system. The PAN-rGO nanocomposite-based

electrode was employed as the working electrode

(WE). 25 lL of PAN and PAN-rGO nanocomposite

was coated on gold electrochemical transducers

using a simple drop-casting method and then the

films were dried at 40 �C. The detection of the PAN-

rGO nanocomposite-based non-enzymatic electro-

chemical biosensors was analyzed via cyclic voltam-

metry, which was carried out in (0.75–12) mM

different analytes such as glucose, maltose, fructose,

and urea solution with the potential range of - 1.0 to

?1.0 V at 50 mV s-1 scan rate.

3 Results and discussion

3.1 Characterization of PAN-rGO
nanocomposite

The surface morphology analysis of rGO and PAN-

rGO nanocomposite was examined by SEM tech-

nique, as given in Fig. 1a and b. According to the

surface characterization results of rGO, it was

observed that the rGO had a uniform multi-layered

nanosheet structure (Fig. 1a). From SEM micrograph

(Fig. 1b) and 3D surface plot of SEM micrograph

(Fig. 1c) of the prepared PAN-rGO nanocomposite, it

was clear that the irregular morphology of the

nanocomposite was observed having porous struc-

ture with its particle size ranging from 50 to 100 nm.

Furthermore, it was seen that the rGO additive was

clearly well dispersed in the PAN matrix and the

prepared nanostructure was homogeneously deco-

rated with rGO additives. Briefly, the granular mor-

phology was revealed the successful formation of

PAN particles on the surface of the rGO. The XRD

18402 J Mater Sci: Mater Electron (2022) 33:18400–18409



graph of rGO is given in Fig. 1d. The XRD patterns of

the rGO can be indexed to (002), (100), (101), (004),

(103), and (220) with JCPDS Card no. 19-0629.

Raman spectroscopy analysis results (ELaser =

532 nm) of rGO and PAN-rGO nanocomposite are

given in Fig. 2. As shown in Fig. 2a, the G and D

bands were located at 1589 cm-1 and 1345 cm-1 for

rGO, respectively. In addition, The G band was

clearly more intense than the D band. When PAN

was added in the rGO, the Raman spectroscopy of the

PAN-rGO nanocomposite bands shifted around

*8 cm-1. These shifts indicated the existence of PAN

in the PAN-rGO composite. Besides, as shown in

Fig. 2b, the Raman band at 1345 cm-1 was observed a
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broader band than according to the Fig. 2a and it

possessed a shoulder at 1373 cm-1 [43].

FT-IR results of the GO and PAN-rGO nanocom-

posite are presented in Fig. 3. The characteristic

peaks of PAN at 2243.30 cm-1, 1738.10 cm-1, and

1233.50 cm-1 were assigned to C:N, C–N stretching,

and C–O), respectively. In our previous study, we

reported the FTIR results of the rGO [44]. In Fig. 3b,

the characteristic peaks of the rGO were observed at

1043.2 cm-1 (C–O–C), 1279.1 cm-1 (C–OH),

1635.3 cm-1 (C=C), and 3214.0 cm-1 (O–H group),

respectively [45, 46]. In Fig. 3c, the characteristic

peaks of the PAN-rGO nanocomposite were found at

1053.0 cm-1 (C–O–C), 1233.5 cm-1 (C–OH), and

3508.1 cm-1 (O–H group), respectively. Moreover,

new peaks of the PAN-rGO nanocomposite were

observed at 1452.7 cm-1 (C–H bending in CH2),

1738.1 cm-1 (C=O stretching), 2243.3 cm-1 (–CN

groups), and 2998.1 cm-1 (C–H stretching in CH2)

due to the interaction between PAN matrix and rGO

[47, 48]. However, similar characteristic peaks of

PAN and PAN-rGO nanocomposite were observed in

FTIR results. We thought that it was related to the

Fig. 2 Raman spectra of

a rGO and b PAN-rGO

nanocomposite
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coating of rGO with PAN and the poor interaction

between the polymer and rGO [49].

3.2 The electrochemical performance
of PAN-rGO nanocomposite-based
biosensor

This is the first report of preparation, structural

characterization, and tests of a PAN-rGO nanocom-

posite-based non-enzymatic electrochemical glucose

sensor. The tests were performed three times and all

the results obtained the same. The sensor has a

potential device for rapid, low-cost, sensitive, selec-

tive, stable diagnosis of diabetes. Non-enzymatic

electrochemical measurements of PAN and PAN-

rGO nanocomposite-based non-enzymatic electro-

chemical sensors against glucose were carried out in

the potential from - 1.0 to 1.0 V in PBS at pH 7.4, at a

scan rate of 50 mV s-1 (Fig. 4). Based on the cyclic

voltammograms measurements, the current density–

voltage graphs of the prepared electrochemical sen-

sors against glucose are given in Fig. 4a and b.

The peak current measured during voltammetry is

reflected as a function of analyte concentration. The

response of the sensors to the changes in the glucose

concentrations represented by increase in the output

current. Current peaks arose from redox reactions

between the PAN-glucose and the nanocomposite-

glucose. In this study, we prepared a series of glucose

solutions with concentrations ranging between 0.75

mM and 12 mM to choose an optimal concentration

of glucose for the sensitive non-enzymatic electro-

chemical detection using the PAN-rGO (1:1)

nanocomposite-based biosensor. Current density–

voltage curves of PAN-glucose nanocomposite-based

sensor indicated a higher prominent redox peak for

(0.75–12) mM glucose concentration range. Therefore,

the results depict that PAN-rGO nanocomposite-

based sensor detected glucose with higher sensitivity

and stability due to enhanced redox mechanism arose

from GO additive. PAN-rGO nanocomposite-based

sensor detected glucose in (0.75–12) mM with a high

sensitivity of 49 lAmM-1 cm-2 (2.5 times higher than

PAN-based sensor) within 1-min voltammetric cycle

(Fig. 4c). Limit of detection (LOD) of the sensor was

calculated according to [50] and was found to be 0.6

mM. In Fig. 4c and d, the sensitivities of the sensors

and selectivity of the prepared PAN-rGO nanocom-

posite-based sensor were presented. According to the

experimental results, we found that the response

reached a maximum at 12 mM. We also observed the

current density–voltage graphs of the PAN-rGO

nanocomposite-based sensor against glucose, mal-

tose, fructose, and urea of 12 mM concentration. The

R-squared (R2) values, which are a measure of the

linearity of the obtained data, are, respectively, as

follows: 0.76 for PAN and 0.82 for PAN-rGO. The

experimental results showed that the prepared PAN-

rGO nanocomposite-based sensor is selective against

glucose. We assumed that the possible non-enzy-

matic glucose sensing mechanism of the the prepared

sensor was proposed to electrochemically oxidize

from glucose to gluconolactone due to the electrode

surface’s chemical interaction between the glucose

molecule and the PAN-rGO nanocomposite-coated

electrode (Fig. 4e) [51–53]. Consequently, the PAN-

rGO nanocomposite can be potentially promising

smart candidates for the development of the non-

enzymatic sensitive glucose biosensor and the glu-

cose-level monitoring at the early stages of diabetes.

Obviously, it would be more accurate to evaluate

the obtained LOD value as the effect of rGO on PAN

and the increase in selectivity. On the other hand, the

range in which glucose measurement is meaningful

from a medical point of view is between 3.9 and

65.6mM [54]. Therefore, although very, very low

LOD values seem like success, it is impossible to

claim that this will help other parameters of the

sensor.

The comparison of electrochemical sensing per-

formance of the various electrodes for the glucose

detection is given in Table 1. According to the

obtained non-enzymatic electrochemical results, we
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Fig. 3 a FTIR results of a PAN, b rGO, and c PAN-rGO

nanocomposite
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can report the experimental study that the proposed

PAN-rGO-based biosensor with excellent electro-

chemical results is an effective and selective glucose

biosensor from a nanotechnological point of view.

Future research will focus on the investigation of the

design of novel multi-layered nanosheet-structured

rGO-based biosensors for detection of drugs and

biological molecules with their unique surface and

chemical properties. In future study, we believe that

conductive polymer multi-layered nanosheet-struc-

tured rGO composites-based biosensors require

investigation to a greater extent with unique

Fig. 4 Current density–voltage graph of the a prepared PAN-based sensor, b prepared PAN-rGO nanocomposite-based sensor, c the

sensitivities of the sensors, d selectivity of the prepared PAN-rGO nanocomposite-based sensor, and e proposed sensing mechanism
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electrochemical properties such as low cost and

flexibility in sensor and biomedical applications.

4 Conclusions

Multi-layered nanosheet-structured rGO and then

PAN-rGO nanocomposite were prepared by ultra-

sonic method, respectively. After that, PAN and

PAN-rGO nanocomposite-based non-enzymatic

electrochemical sensors were prepared to investigate

glucose detection performance. PAN-GO nanocom-

posite-based sensor detected glucose with higher

sensitivity and stability due to enhanced redox

mechanism arose from GO additive. PAN-rGO

nanocomposite-based sensor detected glucose in

(0.75–12) mM with a high sensitivity of 49

lAmM-1 cm-2 (2.5 times higher than PAN-based

sensor) within 1-min voltammetric cycle. Limit of

detection (LOD) of the sensor is 0.6 mM. The results

depict that PAN-rGO nanocomposite-based non-en-

zymatic electrochemical sensor is only glucose-se-

lective. These electrochemical outputs may

participate in the global marketplace and provide

fruitful opportunities for future research in biomed-

ical electronics.
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