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Abstract: N-containing graphene was an excellent candidate for sensing and biosensing because of its
comparable atomic radius with that of carbon and the formation of strong bonds. Its presence influenced
the atomic charge distribution on the graphene scaffold, thereby enhancing the electrochemical activity.
Here, nitrogen-containing graphene (N-graphene) prepared from papaya seeds was used to fabricate the
electrode for the electrochemical oxidation of glucose using cyclic voltammetry and amperometry
studies. The fabricated electrode showed a good response (6s) towards electrochemical oxidation of
glucose with a linear range of 50-800 mg/L (R?=0.99369), the sensitivity of ~ 10.888 pAM cm~2 along
with a detection limit of 0.9 uM. It efficiently determined the glucose concentration in three real samples
(apple juice, coco-cola, and honey), which were found to be 2.06%, 4.21%, and 41%, respectively.
Moreover, the electrode exhibited an acceptable reproducibility (RSD 7.6%), and the stability was
observed as 82..6% of the initial value up to 15 days.
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1. Introduction

The electrochemical sensors are standard sensors for the determination of various
analytes, where the sensors display relatively low detection limits with enhanced response
times, and these are cheaper than other sensor-based available detection mechanisms [1-15].
Due to the absence of intrinsic bandgap, the use of pristine graphene was quite restricted
towards sensing, drug screening, delivery, electrocatalysis, etc., whereas the doped graphene
materials were found to enhance the performances of electrochemical sensors [16-32]. This is
because the electrochemically active sites can be induced by doping heteroatoms within the
graphitic lattice, which favors the anchoring of functional moieties, activation, and adsorption
of analytes and accelerates the charge transfer between electrode and analytes. Among all, the
incorporation of nitrogen in the graphitic lattice was not only easy due to its comparable atomic
size with carbon atoms and formation of strong bonds with each other but also found to enhance
the charge carrier density by the involvement of p-electrons of nitrogen with the w-system of
graphene [33-35]. It was also revealed from impedance spectroscopy and cyclic voltammetry
measurements that the presence of nitrogen improved the ion diffusion and charge propagation
of the graphene.

As reported in our earlier work, a few layers of N-graphene were successfully prepared
in a controlled manner from papaya seeds at relatively low temperature without the use of an
inert atmosphere, in contrast to CVD technique where the flow of nitrogen, high temperature,
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and target substrate is required to avoid the multi-layer formation of graphene. The method
also bypassed the use of graphite powder, toxic chemicals, and doping agents, as reported in
most of the literature [36-38]. The synthesized N-graphene was utilized to fabricate the
electrode to detect glucose under nonenzymatic conditions. The cyclic voltammetry and
amperometry studies were carried out to determine standard glucose and real samples, namely
apple juice, coco-cola, and honey, respectively, presented in scheme 1. The response of N-
graphene towards electrochemical detection of glucose confirmed that it might compete with
any other commercially available N-graphene for sensing glucose.
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Scheme 1. Graphical abstract of electrochemical oxidation of glucose at fabricated N-graphene electrode.

2. Materials and Methods

D-(+)-glucose anhydrous (CeH120e¢), sodium hydrogen phosphate (Na:HPOs),
potassium dihydrogen phosphate (KH2POs), potassium chloride (KCI), and 99.999 % pure
silver wires were purchased from Sigma. Silver wires were used to fabricate the N-graphene
electrode. Potassium ferricyanide (Ks[Fe(CN)s]), polystyrene, and chloroform were purchased
from merk. Electrochemical studies were performed using a mini 910 PSTAT (2 Metrohm),
where a screen-printed CNT electrode was used as a standard electrode. Buffer solution (100
ml) was prepared by mixing 0.816 g KH2POs, 0.099 g Na2HPO., and 0.745 g KCI in 100 ml of
deionized water and kept at 4 °C before use. The stock solution of 3-D glucose in 100 ml was
prepared by dissolving 1 g B-D glucose in buffer solution (pH 5.2) with gentle stirring. The
glucose solutions of different concentrations were prepared by diluting the stock solution in
buffer solution.

2.1. Fabrication of electrode using N-graphene prepared from papaya seeds.

As reported in our earlier work, N-graphene obtained from papaya seeds was used to
fabricate the electrode [38]. The dimension of the electrode was 3.5 cm x 1.0 cm x 0.5 cm
(length x width x height) and fabricated on an insulating Teflon material containing three silver
wires. A dense N-graphene powder and polystyrene solution was prepared in chloroform and
deposited as a fine thin film on the Teflon surface, which served as both working and counter
electrodes. The silver wire was used as a reference electrode.

2.2. Standardization of screen-printed carbon nanotubes(std-CNT) electrode.
https://biointerfaceresearch.com/ 2 of 10
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A cyclic voltammetry study was performed with screen printed std-CNT electrode at a
scan rate of 100 mVs? using a standard solution of hexacyanoferrate (111) of 0.1 mol/L in the
presence of ammonium acetate buffer (pH 4.6). The ratio of the cathodic to the anodic current
was calculated.

2.34. Nonenzymatic electrochemical detection of glucose using N-graphene electrode.

Cyclic voltammetry (CV) and amperometry studies were carried out at fabricated N-
graphene electrodes for nonenzymatic detection of p —D glucose. The effect of scan rate and
time interval were examined by CV using 100 ml/L of glucose solution in phosphate buffer
(pH=5.2). Further, different concentrations of glucose solutions (50-800 mg/L) were prepared
in phosphate buffer to study the fabricated N-graphene electrode's linearity, detection limit,
and sensitivity. The amperometric measurements of three real samples, viz., apple juice, coco-
cola, and honey, prepared in phosphate buffer (0.1:10 ratio) were performed, and the current
response was recorded for 60s. The determination of various parameters, viz. concentration,
reproducibility, and stability of the fabricated N-graphene electrode was carried out. The
calibration curves were plotted between peak area vs. glucose concentration to determine the
concentration of glucose in all the real samples.

3. Results and Discussion

3.1. Fabrication and standardization of graphene electrode with screen-printed carbon
nanotubes (std-CNT) electrode.

The fabricated N-graphene electrode has presented in Figure la. CV study was
performed with an N-graphene electrode using 0.1 mol/L [K3sFe(CN)s] in ammonium acetate
buffer solution and was compared with the screen-printed standard (std-CNT) electrode at the
scan rate of 100 mVs™. The peak potential was found to be nearly 0. 60 V, and the ratio of the
cathodic current over the anodic current was close to 1 in both cases (Figure 1b). This result
was in good agreement with the Nernst equation for one electron system. The electrochemical
response of the N-graphene electrode was comparable to std-CNT, which indicated that the N-
graphene electrode could also be utilized as electrode material for electrochemical studies.
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Figure 1. (a) Image of fabricated N-graphene electrode and (b) CV plots of 0.1 mol/L [KsFe(CN)g] in
ammonium acetate buffer solution at 100 mVs™ on the screen-printed std-CNT and prepared N-graphene
electrode.

3.2. Effect of scan rate and time interval of glucose at graphene electrode.

The electrochemical oxidation of glucose on the fabricated N-graphene electrode was
studied at the scan rate of 50-200 mVs* by CV using 100 mg/L glucose solutions. The CV
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plots indicated that in the neutral PBS buffer, glucose oxidation into gluconolactone occurred
at around +0.17 V (Figure 2a). The mechanism of preparation of N-graphene from papaya
seeds and the electrochemical oxidation of glucose on the surface of the fabricated N-graphene
electrode is presented in Figure 3. The current vs scan rate plot (Figure 2a:) within the range
of 50-200 mVs™ showed a linear relationship between the peak intensity I(nA) and the scan
rate (mVs™) via the linear regression equation I(pA) = 20.24 + 0.763 (mVs™) where, the
correlation coefficient (R?) was found to be 0.99986 along with standard deviation (SD) =
0.0447, N = 4. It indicated that the electrochemical kinetics reaction at the N-graphene
electrode surface was an adsorption-controlled process. Furthermore, a plot of the logarithm of
peak current vs. logarithm of scan rate gave a straight line with a slope of 0.944 (Figure 2a>),
which is close to the theoretical value of 1 for a purely adsorption-controlled process [39,40].
The linear regression equation was found to be, log I/HA = 1.07+ 0.944 log m/mVs? along
with value of R? = 0.95945, standard deviation (SD) = 0.0388, N = 4.
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Figure 2. (a) CV plots of 100 mg/L B-D glucose in phosphate buffer solution at various scan rates (50,100,150,
and 200 mVs ) on N-graphene electrode at pH 5.2 with (a;) the plot of peak current (I/pA) vs. scan rate
(v/mVs™), (a2) the plot of the logarithm of peak current vs. logarithm of scan rate.
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Figure 3. Electrochemical oxidation of glucose on the surface of fabricated N-graphene electrode.
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Figure 4. (a) CV plots of CV of 100 mg/L B-D glucose in phosphate buffer solution at various time intervals
(3,6,9 and 12 min) at 100 mVs* scan rate on N-graphene electrode at pH 5.2 and (b) the plot of peak current (1

/WA) vs. time interval (t/min).

The oxidation of glucose on the N-graphene electrode at different time intervals (3-12
min) was also studied at a fixed scan rate (100 mVs™), as presented in Figure 4a. The
calibration plot (Figure 4b) showed good linearity between current and the time interval studies
with a correlation coefficient (R?) of 0.99846. The linear regression equation was found to be
| /WA = 24.12+ 0.596 t/min. If the study was conducted over an extended time interval range
(20 min), it resulted in a breakdown in the linearity relationship. This may be attributed that
with the increase in time, the peak current gradually increased, but after 12 min, the peak
current reached the maximum value and became stable.

3.3. Linearity, detection limit, and sensitivity of the graphene electrode.

CV was employed to determine the linearity, detection limit, and sensitivity of f —D
glucose at fabricated N-graphene electrode using various glucose concentrations (50-800
mg/L) in PBS solution (pH 5.2) at a scan rate of 100 mVs™,
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Figure 5. (a) CV plots of 50 — 800 mg/L of B -D glucose in buffer solution on N-graphene electrode at 100
mVs™ scan rate (pH 5.2) and (b) calibration curve of response current (I/pA) vs. B—D glucose concentration

(Conc./g.pL ™).

It was observed that the peak current increased linearly with the increase of glucose
concentrations, as presented in Figure 5a. From Figure 5b, it can be seen that the electrode
showed good linearity in the glucose concentration range of 50-800 mg/L. The linear regression

https://biointerfaceresearch.com/

5of 10



https://doi.org/10.33263/BRIAC133.250
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.250

equation for 50-800 mg/L of glucose concentrations was found to be, I/nA = 21.340 + 0.833
mg/L, where slope was 0.833. The correlation coefficient (R?) value observed was 0.99369 for
B—D glucose.

The active surface area of the N-graphene electrode was calculated using Randles—
Sevcik equation.

IP = (2.69% 10%) n¥2ADY2CyY2

where, n is the number of electrons participating in the redox reaction, A is the electroactive
surface area (cm?) of the electrode, D is the diffusion coefficient (cm?s™), v is the scan rate
(mVs?), and C is the concentration of the redox probe molecule (mg/L). The active surface
area of N-graphene electrode was found to be 0.0765 cm?, where C = 0.1 M, D = 7.57 x 10’
cm?/s for [Fe(CN)6]*7* system. The sensitivity was calculated and found to be 10.888
HAUM tcm™ from the current versus concentration plot via slope/active surface area (Figure
3b). The limit of detection (LOD) and limit of quantification (LOQ) were calculated by the
formulas LOD = 3s/m and LOQ = 10s/m, where s is the standard deviation of the peak currents
and m is the slope of the calibration curve. The values were found to be 0.92 uM, and 3.09 uM,
respectively, with the standard deviation(s) of the peak currents and slope(m) of the calibration
curve found to be 0.2575 and 0.833, respectively.

3.4. Amperometric determination of glucose in real samples at graphene electrode.

Amperometric measurements were carried out to estimate the accuracy of the fabricated
N-graphene electrode towards the determination of glucose concentration in three real samples,
namely apple juice, coco-cola, and honey. Figure 6 (a-c) showed that a clear and rapid response
of the N-graphene electrode was observed in the 60s, and a linear relationship existed between
the glucose concentration (mg/L) and the peak area (Ap/HA. s) in each case. The concentration
of glucose in all the samples was calculated using the volume correction method, i.e., Csample =
Csample solution Viotal/Vsample, Where, Csampie SOlUtion is the concentration in the sample
solution, Vot is the total volume of the sample solution, VVsample is the volume of sample in
the sample solution and Csampie IS the concentration of glucose in the sample solution. The
determination of glucose concentration of all the three samples using fabricated N-graphene
electrodes was presented in Table 1. The experimental results were found to be comparable
with those available in the literature [41-43]. The obtained results confirmed that the
synthesized N-graphene prepared from papaya seeds may act as an electrode for glucose
sensing.
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Figure 6. Amperometric curves of (a) apple juice, (b) coco-cola, and (c) honey in a PBS solution along with a

calibration curve with a peak area vs. glucose concentration.
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Table 1. Determination of glucose concentration in real samples at the N-graphene electrode

Sample Reported glucose | Determination of glucose | RSD(%0)
concentration concentration (%)
(%)
Apple juice 2.06 2.5 5.67
Coco cola 4.21 5 11.03
Honey 41 34.9 2.7

3.5. Repeatability and stability of fabricated graphene electrode.

The repeatability of the N-graphene electrode was determined by measuring the current
responses of honey using 100 mg/L solutions in PBS (pH 5.2) solution, as presented in Figure
7(a). The experiments were carried out thrice using the same concentration of the honey
solution. This showed a relative standard deviation (RSD) of 7.6 %, which indicated that the
N-graphene electrode demonstrated acceptable repeatability and reusability. The electrode was
also found to be stable, keeping 82.6 % of its initial value within a period of 15 days (Figure

7(b)).
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Figure 7. (a) Repeatability and (b) stability of fabricated N-graphene electrode.

4. Conclusions

N-graphene obtained from papaya seeds was used to fabricate the electrode to study the
electrochemical oxidation of glucose under nonenzymatic conditions. Compared with other
graphene-based nanocomposites, N-graphene prepared from pyrolysis at relatively low
temperatures showed an excellent response toward glucose oxidation. When used for glucose
sensing, it was observed that the fabricated N-graphene electrode possesses a sensitivity of
10.888 pApM tcm2, a low detection limit of 0.92 pM, and good linearity within a glucose
concentration range of 50-800 mg/L at pH 5.2. It also showed a rapid response of 6s with
excellent stability of 82.6% of the initial value, up to 15 days. During amperometric
determination in real samples (apple juice, coco-cola, and honey), the glucose concentrations
were found to be comparable with the literature values. It confirmed that N-graphene prepared
from papaya seeds might compete with commercially available N-graphene as electrode
material for sensing glucose and other analytes.
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