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Abstract  

In this work, carbon nano sheet (CNS) based electrode was designed for electrochemical 

biosensing of glucose. CNS has been obtained by the pyrolysis of barley at 600-750oC in a 

muffle furnace, which was then purified and functionalized. The CNS has been characterized by 

scanning electron microscopy (SEM), X-ray diffraction (XRD) and Raman spectroscopic 

techniques. The electrochemical activity of CNS based electrode was investigated by linear 

sweep voltammetry (LSV) and square wave voltammetry (SWV), for the oxidation of glucose in 

0.001 M H2SO4 (pH 6.0). The linear range of the sensor was found to be 10-4 - 10-6 M (1 - 100 

µM) within the response time of 4s. Interestingly, its sensitivity reached as high as ~26.002 ± 

0.01 μA/μM•cm2
.
 Electrochemical experiments revealed that the proposed electrode offered an 

excellent electrochemical activity towards the oxidation of glucose and could be applied for the 

construction of non-enzymatic glucose biosensor.  

Key words: Carbon nano sheet; β –D glucose; linear sweep voltammetry; square wave 

voltammetry; Pharmaceutical analysis. 
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1. Introduction  

The continuous development of new nano materials for their applications in electroanalytical 

techniques, has been associated with the necessity of the improvement of the quality of efficient 

electrochemical devices and bio-devices. Nowadays, designing of more sensitive and selective 

electrochemical devices to recognize the small quantity of analytes has been received more and 

more attentions [1]. Carbon-based nanomaterials, especially carbon nanotubes and graphene, are 

extremely attractive in the bio-analytical area for electrode design as they can combine properties 

of the high surface area, acceptable biocompatibility, chemical and electrochemical stability and 

good electrical conductivity [2,3]. Furthermore, many works have shown that the application of 

different kinds of carbon nanomaterials is receiving more interests in electroanalytical chemistry, 

because of their effective surface area.  

Diabetes has remained a major cause of death and serious vascular and neuropathy diseases. The 

diagnosis and management of diabetic patients require precise monitoring and control of the 

glucose level in the body. Therefore, frequent testing of the physiological glucose level is critical 

to confirm treatment efficiency, prevent long-term complications and avoid a diabetic 

emergency, such as hypoglycaemia (low blood sugar, <3 mM). This urgency has led to 

fascinating research and innovative detection strategies in glucose biosensor field. 

Electrochemical glucose biosensors had their beginning in 1962 reported by Clark and Lyons, 

describing the measurement of glucose in blood plasma using the enzyme glucose oxidase 

coupled with a potentiometric electrochemical biosensor. Electrochemical methods based on 

glucose oxidase (GOx) have played a vital role in simple easy-to-use blood sugar testing and 
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they have been widely studied over the last few decades for continuous glucose monitoring [4-

12].  

Enzyme-based sensors show good selectivity and high sensitivity but their activity is affected by 

temperature, pH, and toxic chemicals [13,14]. In order to overcome these drawbacks of 

enzymatic glucose sensors, nonenzymatic glucose sensors have been designed and fabricated, 

which have several attractive advantages, such as stability, selectivity, sensitivity, lower 

detection limit, etc [15-28]. 

In continuation of our earlier research work of synthesis of carbon nanoparticles from different 

natural sources [29-32], we have now used barley, which is rich in complex carbohydrates 

mainly starch (76%). Interestingly, it gave another nano form of carbon i.e, carbon nano-sheet 

(CNS), after pyrolysis at 600-750oC in muffle furnace. A non enzymatic glucose biosensor was 

fabricated from CNS and electrochemical studies have been carried out using linear sweep 

voltammetry (LSV) and square wave voltammetry (SWV). The results showed that the simple 

preparation procedure coupled with the low cost and high electrochemical activity, unfolds a new 

pathway for economic, reliable and sensitive detection of glucose.  

2. Experimental  

2.1 Reagents  

β –D glucose (99.5%) and H2SO4 were purchased from Sigma. All solutions were prepared with 

deionized water. Pyrolysis of barley was carried out in a muffle furnace (Tanco, PL Tandon & 

Company,India).The surface morphology of CNS was studied by a scanning electron microscope 

(FEI Quanta 200 Hv) and X-ray diffraction (XRD) patterns were recorded with JSO ISO 

DEBYEFLEX 2002 Model X-ray powder diffractometer. Raman spectra was recorded using a 
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Raman spectrometer; WITEC MODEL with 514 nm excitation. Electrochemical studies were 

performed using a mini potentiostat ( Dropsens µstat 100,Spain). 

2.2 Synthesis and functionalization of CNS 

CNS was synthesized by pyrolyzing a cheap and readily available raw material barley, at 600-

750oC for 2 h under insufficient flow of air in a muffle furnace. The black carbon soot obtained 

was collected in a thimble and placed into a soxhlet extractor for sequential purification with 

petroleum ether, acetone, ethyl alcohol and finally with water followed by functionalization with 

nitric acid. 250 mL of 2M HNO3 was stirred with the carbon powder for several minutes and 

then kept overnight. Excess nitrate was then removed by repeatedly dissolving the black particles 

in water and then evaporated to dryness. The powdered CNS was then characterized by SEM, 

XRD and Raman spectroscopy. 

2.3 Fabrication of CNS electrode 

The CNS electrode was fabricated following our reported method [29], just like the 

commercially available standard electrode DS110 (DRP 110CNT). It was fabricated on an 

insulating Teflon material which contains three silver wires. Both working electrode and counter 

electrode were made of CNS while reference electrode and electric contacts were made of silver 

(Fig. 1). Its dimensions is 3.5 cm × 1.0 cm × 0.5 cm (Length x Width x Height) and it is ideal for 

working with 50 µL volume like the standard electrode. 

CNS was first stirred with polystyrene solution, prepared in chloroform (9:1 ratio) followed by 

sonication. A drop of the slurry was then deposited as a very fine thin film on the Teflon 

substrate covering two silver wires, serving as working and counter electrodes. The third silver 

wire was used as a reference electrode.                 
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2.4 Non-enzymatic detection of β –D glucose with fabricated CNS electrode 

For non-enzymatic detection of β –D glucose, LSV and SWV studies were carried out at CNS 

electrode using different concentration of glucose in 0.001 M H2SO4, maintaining the pH at 6.0. 

Then, 50µL of the glucose solution was taken by micropipette and dropped on the surface of 

electrode.  

3. Results and discussions  

3.1 Characterizations of CNS  

SEM images shown in Fig. 2, clearly indicated the formation of carbon nano particles arranged 

in sheet like pattern, having width below 50 nm. Fig. 3 showed the XRD patterns of CNS. Two 

predominant peaks were observed at around 25.690 and 41.650, which were assigned for (002) 

and (111) reflections. Fig. 4 showed the Raman spectra of CNS with two prominent peaks at 

around 1310 cm-1 and 1620 cm-1. The peak having less intensity is known as D band and peak 

having more intensity is known as G band.  

3.2 Mechanism of non-enzymatic glucose detection at CNS electrode 

It has been observed that the functionalization of CNS with 2M HNO3 leads to the generation of 

functional groups like hydroxyl (-OH) and carboxyl groups (-COOH) which were suitable for 

ongoing derivatization reactions [33]. These groups were responsible for the adsorption of 

glucose molecules on the surface of carbon nanoparticles. The probable reactions are described 

in Scheme-1[34]. During the reaction, when β –D glucose reacts with H2SO4, it liberates two 

protons and two electrons, converting into gluconolactone and hydrogen peroxide. On further 

hydrolysis, the ring structure of gluconolactone breaks into open structure of gluconic acid. 
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C6H12O6 (β –D glucose) + H2SO4 (0.001 M ) + H2O                  Gluconolactone + H2O2 

                                                                                                                 Hydrolysis 

       Gluconic acid 

 

Scheme-1: Oxidation of β-glucose to gluconic acid 

 

3.3 Effect of scan rate on the peak current and peak potential of β –D glucose at CNS 

electrode 

LSV was employed to find out the effect of the scan rate on the electrochemical detection of β –

D glucose at the CNS electrode. Fig. 5 displayed 2D and 3D plots of LSV, which showed the 

overlapping of voltagrams of 10-5 M β –D glucose (pH ~6.0) at various scan rates. The current 

versus scan rate plot shown in the inset exhibits a linear relationship:  

Y =   1.3677 + 0.08491X, R2 = 0.99579, which indicated that the electrochemical kinetics 

reaction is adsorption-controlled as the adsorption-controlled process should result in a linear 

plot of I versus scan rate (ν). The linearity was observed over the entire range (50 - 110 mV/s) of 

scan rates studied with standard deviation value of 0.20232. In LSV, the potential required for 

the direct oxidation of β –D glucose at CNS electrodes was found to be -0.08 to -0.09 V. The 

shifting of potentials may be due to the adsorption of oxidised products of β –D glucose on the 

electrode surface.  
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Fig. 6 represented the LSV of 10-5 M β –D glucose in 0.001M H2SO4 (pH ~6.0) at a scan rate of 

100 mV/s at bare silver, glassy carbon and CNS electrode. Almost no response in peak current 

was observed at bare silver electrode indicating that it cannot undergo the reaction in the given 

potential range. Fig. 6 also showed that though the potential, required for the oxidation of β –D 

glucose at glassy carbon and CNS electrodes is almost equal (~-0.08 to -0.09 V) but the intensity 

of peak current was found to be much higher in case of CNS electrode.  

 

3.4  Effect of time interval on the peak current and peak potential of β –D glucose at CNS 

electrode 

Fig.7 showed the 2D and 3D plots of LSV of 10-5 M β –D glucose in 0.001M H2SO4 (pH ~6.0) at 

various time intervals (2 to12 min) and at a fixed scan rate of 100 mV/s.  Fig. 8 s showed the 2D 

and 3D plots of SWV of same concentration of glucose in the time interval range of  2-14 minute 

and at 12 Hz frequency (Eampl = 0.010 V). Calibration plots ( in inset) showed a linear 

dependence of the anodic peak current on the entire range of time interval studied in both cases 

with correlation coefficient of 0.99849 (Y = 9.76667 + 1.05X), 0.99535 (Y = 5.67136 + 

1.89749X) respectively [35,36]. The standard deviation value was found to be 0.24152 for LSV 

and 0.91575 for SWV. It may be attributed to the fact that as the time was increased, more –OH 

and –COOH groups were involved in anchoring of the β –D glucose. However, if the study was 

conducted over an extended time interval range, then a breakdown in the linearity relationship 

was observed. This may be attributed to the adsorption of oxidized products of β –D glucose on 

the electrode surface or due to the stabilization of current with time. 
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3.5 Effect of frequency on the peak current and peak potential of β –D glucose at CNS 

electrode 

Fig. 9 showed the 2D and 3D plots of SWV, which displayed the overlapping of voltagrams of 

10-5 M β –D glucose at CNS electrode at various frequency rate (7Hz – 12 Hz), maintaining the 

same pH. For SWV studies Estep was 0.005V and Eampl was fixed to 0.010 V. The current versus 

frequency plot shown in the inset, exhibited a linear relationship, confirming the process to be 

adsorption controlled. The regression equation of I / μA =   3.67619 + 2.15714 Hz gave R2 value 

of 0.99527. Standard deviation value was found to be 0.44051. The potential required for the 

direct oxidation of the analyte in SWV technique was similar to that of LSV technique (-0.08 to -

0.09 V). Therefore, it can be concluded that there was no effect of frequency on the peak 

potential of the analyte. The intensity of the current was found to increase with the frequency 

upto 12Hz, but if the study was conducted beyond 12Hz, a breakdown in the linearity 

relationship was observed. This may be due to the adsorption of oxidized products of β –D 

glucose on the electrode surface. 

3.6. Linearity, detection limit, sensitivity and stability of the non enzymatic β –D glucose 

sensor 

SWV was employed to determine the linearity, detection limit and sensitivity of sensor.  Fig.10 

(A) showed the plots of SWVs of different concentrations of β –D glucose from 1 to 100 µM in 

0.001M H2SO4 at a particular frequency of 12 Hz and Eampl of 0.010V. It was observed that the 

oxidation current increased linearly with the increase of β –D glucose in the range of 1 - 100 µM 

concentration. The linear regression equation of I/μA = 8.86609 + 2.491 µM gave the R2 value of 

0.99594. For better understanding of the lower detection limit, SWV studies with 0 to 35 µM β –
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D glucose was done, maintaining the same operating conditions (Fig. 10 (B)). The inset showed 

a linear relationship in the mentioned range of concentration showing R2 value of 0.99574. The 

lower detection limit was found to be 0.802 µM (S/N =3). The sensitivity was calculated using 

the slope of the current versus concentration calibration plot (Fig. 10  inset) divided by the active 

surface area of CNS according to the following equation [37]:  

Sensitivity = slope of the plot / active surface area of the electrode , where the active surface area 

of CNS was 0.0958 cm2 and the slope was 2.491 μA/μM. The sensitivity of the CNS sensor was 

calculated to be ~26.002 ± 0.01 μA/μM•cm2  .  

The detection limit, sensitivity and response time of CNS electrode have been compared with 

those of other reported electrodes used as glucose sensors [22,26-28] (Table 1). 

The reproducibility of CNS electrode was determined by SWV (Fig. 11), by fabricating the 

electrode five times separately, followed by determination of 10-5 M glucose. This showed a 

relative standard deviation (RSD) of 1.43%, demonstrating good reproducibility of CNS sensor. 

The stability of the sensor was also explored by storing the electrode in air for 15 days. The 

current response of 10-5M  β –D glucose  was found to be stable, keeping ~ 95% of its initial 

intensity.  

3.7  Interference  

The effects of the presence of some small biomolecules on the current response of 10−5 M β –D 

glucose have been evaluated to describe the selectivity of the reported glucose biosensor. Urea, 

uric acid, cholesterol, dopamine, fructose, vitamin C, L- alanine, glycine, L-serine, L-

phenylalanine, tryptophan and tyrosine have no influence on the current response of CNS 
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electrode at 12Hz frequency in the potential range from -0.08 to -0.09V. Since sucrose shows 

interference at high potential, so it did not interfered in the working potential range of -0.08 to -

0.09V. Thus, if the electrochemical studies of biosensors can be performed at a particular 

potential range, which is low enough and suitable to drive the reaction of interest, then 

interfering signals can be avoided.  

3.8 Determination of glucose in real samples  

The utility of the proposed method for the non enzymatic detection of glucose in real sample, 

was tested by determining glucose in human serum sample at CNS electrode. The results were 

summarized in Table 2. The good recoveries of the samples indicated the successful applicability 

of the proposed method for the determination of glucose. 

4. Conclusions 

In this paper, we have described the detection of β –D Glucose by a non enzymatic way using 

CNS, obtained by pyrolysing a natural carbon source, barley. The fabricated CNS electrode 

showed high sensitivity, selectivity, strong stability and good reproducibility towards the sample 

solution of β –D glucose in presence of 0.001M H2SO4. Moreover, it exhibited significant 

electrocatalytic response towards β –D glucose, within a wide linear range of 10-4 - 10-6 M (1 - 

100 µM) along with a low detection limit of 0.802 µM. The sensitivity and selectivity of the 

CNS electrode towards the oxidation of glucose proved its effectiveness as a non-enzymatic 

glucose sensor for practical applications. However, the control of the shape and the size of these 

carbon nano sheets and their dependency on the mechanism of biosensing are still under 

investigation.  
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Scheme-1: Oxidation of β-glucose to gluconic acid 

 

 Fig. 1 Images of (A) commercially available standard electrode DS110 (DRP 110CNT) and (B) 

carbon nano sheet (CNS) modified electrode.  

Fig.2 SEM images of carbon nano sheet (CNS) 

Fig.3  XRD pattern of carbon nano sheet (CNS) 

Fig.4  Raman spectra of carbon nano sheet (CNS) 

Fig. 5 2D and 3D LSVs of 10−5 M β –D glucose in 0.001M H2SO4 at various scan rates (50, 60, 

70,80, 100, 110 mV/s) on CNS modified electrode at pH  6.0.  Inset: The plot of peak current 

versus scan rate. 
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Fig. 6  LSV plots of 10−5 M β –D glucose in 0.001M H2SO4 at 100 mV/s scan rates on bare Ag 

electrode , glassy carbon electrode and CNS modified electrode at pH  6.0.   

Fig.7 2D and 3D plots of LSVs of 10−5 M β –D glucose at CNS electrode in 0.001 M H2SO4 in 

various time intervals (2 ,4 , 6, 8, 10 and 12min) at 100 mV/s scan rate at pH 6.0. Inset : The plot 

of peak current versus time interval. 

Fig.8 2D and 3D plots of SWVs of 10−5 M β –D glucose at CNS electrode in 0.001 M H2SO4 in 

various time intervals (2, 5, 8, 10, 12 and 14min) at 12 Hz frequency rate at pH 6.0. Estep = 

0.005V and Eampl = 0.010 V.   Inset: The plot of peak current versus time interval. 

Fig. 9  2D and 3D SWVs of 10−5 M β –D glucose in 0.001M H2SO4 at various frequency rates 

(7Hz , 8Hz , 9Hz ,10Hz ,11Hz and 12 Hz) on CNS modified electrode at pH 6.0. Estep = 0.005V 

and E ampl = 0.010 V.  Inset: The plot of peak current versus frequency rate. 

Fig. 10  SWV plots at CNS electrode in 0.001 M H2SO4 with (A) 1 - 100 µM and (B) 0 - 35 µM 

of β -D glucose at 12 Hz frequency rate at pH ~ 6.0. Estep = 0.005V and Eampl = 0.010 V. Inset: 

Calibration curve of response current versus β –D Glucose concentration.  

Fig.11 Stability of the responses for 10−5 M β –D glucose obtained at five different modified 

CNS electrodes. (N= 5, RSD = 1.43%) 
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