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Abstract: The authors present a novel sensing platform for a disposable electrochemical, non-enzymatic 

glucose sensor strip at physiological pH. The sensing material is based on dendritic gold nanostructures (AuNs) 

resembling feather branches, which are electrodeposited onto a Laser-scribed 3D-Graphene electrode (LSGE). 

The LSGEs were fabricated via a one-step laser scribing process on a commercially available polyimide sheet. 

This study investigates several parameters that influence the morphology of the deposited Au nanostructures 

and the catalytic activity towards glucose electro-oxidation. The electrocatalytic activity of AuNs-LSGE was 

evaluated using Cyclic Voltammetry (CV), Linear Sweep Voltammetry (LSV), and Amperometry, and was 

compared to commercially available carbon electrodes prepared under the same electrodeposition conditions. 

The sensor demonstrated good stability and high selectivity of the amperometric response in the presence of 

interfering agents, such as ascorbic acid, when a Nafion membrane was applied over the electrode surface. The 

proposed sensing strategy offers a wide linear detection range, from 0.5 to 20 mM, which covers normal and 

elevated levels of glucose in the blood, with a detection limit of 0.21 mM. The AuNs-LSGE platform exhibits 

great potential for use as a disposable glucose sensor strip for point-of-care applications, including self-

monitoring and food management. Its non-enzymatic features reduce dependence on enzymes, making it 

suitable for practical and cost-effective biosensing solutions. 

Keywords: non-enzymatic detection; laser-scribed graphene; gold nanostructures; neutral medium; disposable 

sensor; glucose sensor 

 

1. Introduction 

Glucose, a vital biological molecule, plays a crucial role in the metabolism of all living organisms 

[1]. Its precise and sensitive monitoring is essential, including the food and beverage industry [2] and 

clinical diagnostics [3]. Glucose sensing in urine and blood samples is commonly employed in the 

screening and management of diabetes [4]. The typical range for glucose concentration is 0 to 0.8 mM 

in urine and 3 to 8 mM in blood [5]. By the year 2030, it is estimated that the worldwide diabetic 

population will exceed 400 million individuals [6]. Consequently, in the absence of a definitive cure 

for diabetes, glucose monitoring is undeniably critical for effective diabetes management. Extensive 

efforts have been dedicated to the development and commercialization of glucose sensors for 

convenient self-monitoring at home.  

While various analytical techniques are available for detecting glucose, such as colorimetric 

methods [7], electrochemical sensors remain one of the most effective tools due to their portability, 

high sensitivity, low cost, and simplicity of instrumentation [8]. Currently available glucose sensors 

in the market predominantly rely on the use of enzymes, particularly glucose oxidase (GOx). These 
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enzymes are typically immobilized on the electrode surface to catalyze the glucose reaction, 

enhancing the sensitivity and specificity of the biosensor [9,10]. However, they can be expensive and 

susceptible to degradation or denaturation, limiting their performance and lifespan in challenging 

conditions such as high temperature, humidity, and extreme pH values [11,12]. To address these 

limitations, non-enzymatic glucose detection has emerged as a growing area of research, offering the 

potential for highly sensitive and selective glucose sensors utilizing nanomaterials [13–15]. 

Nanozymes, nanomaterial-based enzyme mimetics, are considered as the future of artificial enzymes. 

They possess high electrocatalytic activity, exceptional stability, excellent biocompatibility and cost-

effectiveness [16]. 

The glucose sensors currently available in the market primarily rely on electrical sensing signals, 

enabling direct readout without the need for additional signal processing. This feature offers benefits 

for downsizing sensing components [17,18]. In this context, screen-printed electrodes (SPEs) are 

frequently employed as electrode strips due to their affordability and ability to be manufactured in 

large quantities. Nevertheless, SPEs do have certain drawbacks, such as limited ink choices, the need 

for an ink-curing process, and lower conductivity caused by the use of dielectric binders [19]. A 

cutting-edge technique called laser scribing technology has recently emerged as a promising 

alternative for fabricating customizable, graphene-like structures on a flexible plastic polyimide 

substrate[20,21]. This method offers ease of use, cost-effectiveness, and does not require a mask. The 

resulting material, known as laser-scribed graphene (LSG), demonstrates remarkable characteristics 

such as tunable surface morphology, a large surface area, superior electrical characteristics, and 

mechanical resilience [22]. LSG-based electrodes (LSGEs) have found extensive applications in 

electrocatalysis [23], supercapacitors [24], and electrochemical (bio)sensing [25–27], making it a 

highly attractive candidate to replace screen-printed electrodes (SPE) as flexible based sensor strips 

for glucose monitoring. 

Numerous studies have investigated the use of various materials, including noble metals [28], 

alloys [29], transition metal oxides [30], and nanocomposites [31], as enzyme-free catalysts for 

electrocatalytic glucose oxidation. These materials have demonstrated significantly enhanced 

catalytic activity compared to their bulk counterparts. For example, Gowthaman et al. introduced a 

glucose sensing platform by using copper nanostructures (CuNs) in combination with nitrogen-

doped graphene (NG) on a glassy carbon electrode (GCE) [32]. Another study introduced a novel 

enzyme-free platform by depositing gold nanoparticles (Au NPs) onto a graphene and carbon 

nanotubes (CNTs) nanocomposite using supercritical fluid deposition [33]. Likewise, a recent 

publication showcased an enzyme-free glucose sensor using copper nanoparticles based laser-scribed 

graphene (Cu NPs-LSG), which was created using a straightforward substrate-assisted electroless 

deposition (SAED) technique [34]. Furthermore, a glucose sensor utilizing copper oxide nanoparticles 

embedded in porous LSG (CuO NPs-LSG), prepared via focused sunlight crystalline CuO, 

demonstrated a detection range from 1 µM to 5 mM [35]. Although these enzyme-like nanomaterials 

exhibit effectiveness, one of their drawbacks is the requirement for highly alkaline conditions to 

achieve optimal catalytic activity. This limitation affects their practical use in certain fields, such as 

point-of-care diagnosis and on-site glucose monitoring [36]. 

On the other side, gold nanomaterials have shown remarkable activity for glucose oxidation in 

both neutral and alkaline solutions [37]. As a result, there is increasing interest in utilizing gold 

nanoparticle-modified surfaces for enzyme-free electrochemical glucose sensors. The development 

of non-enzymatic glucose biosensors requires stringent criteria for electrocatalysis, interference 

rejection, and resistance to fouling, all of which depend heavily on the morphology and structure of 

gold nanomaterials on the electrodes [38]. Detecting glucose in neutral conditions can be challenging 

when using gold-based sensors due to the low concentration of OH- and Au(OH)ads species on the 

electrode surface. Nevertheless, employing an enzyme-free glucose sensor in a neutral medium offers 

significant advantages, as it eliminates the need for pH adjustment of the glucose-containing solution 

prior to analysis [39]. 

This work presents a novel approach where gold nanostructures (AuNs) are introduced as 

highly efficient electrocatalysts for glucose oxidation at neutral pH. These nanostructures are 

electrodeposited onto a laser-scribed graphene (LSG) electrode, which serves as a unique high 3D-

mesoporous graphene conductive support. The combination of the distinctive characteristics of the 

3D-porous LSGE and the excellent electrocatalytic activity of gold nanostructures results in the 
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development of a highly sensitive glucose sensor with a wide linear range spanning from 0.5 to 20 

mM at physiological pH, showcasing its broad applicability for glucose detection. Additionally, the 

study also looked into the effect of various major interferences on the glucose signal. Notably, our 

findings demonstrated that incorporating a Nafion® film significantly enhanced both the stability 

and selectivity of the AuNs-LSGE sensor. This crucial improvement positions the developed sensor 

as an ideal choice for disposable sensor strips dedicated to glucose monitoring in human body fluids. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

The following chemicals were obtained from Sigma Aldrich (USA): D-(+)-glucose (C6H12O6, 

99.5%), sulfuric acid (H2SO4, 98%), and gold (III) chloride hydrate (HAuCl4.3H2O, 99.9%). The 

Nafion™ perfluorinated resin solution was also purchased from Sigma Aldrich (USA). For the 

electrochemical oxidation of glucose, a neutral pH solution of 0.1 M phosphate-buffered saline (PBS) 

with a pH of 7.4 was prepared. The PBS solution was made by dissolving disodium hydrogen 

phosphate (Na2HPO4) and monopotassium phosphate (KH2PO4) in distilled water, which was 

obtained from SolvAchim (Casablanca, Morocco). A stock solution of 100 mM glucose was prepared 

in the 0.1 M phosphate buffer solution (PBS) and stored at 4 °C 

2.2. Apparatus and Electroanalytical Techniques 

Cyclic voltammetry (CV), linear sweep voltammetry (LSV), and amperometric measurements 

were conducted using a PalmSens BV 3 electrochemical instrument (Houten, The Netherlands), 

which was connected to a computer and operated through PSTrace 5.9 software. The morphology of 

the electrode surface was examined using scanning electron microscopy (Quattro ESEM) coupled 

with energy-dispersive X-ray spectroscopy (EDX) at national center of scientific and technological 

research (CNRST, Rabat, Morocco). To evaluate the electrochemical performance of the developed 

laser-scribed graphene electrode (LSGE) sensor, comparisons were made with commercially 

available screen-printed graphite electrodes (SPCEs) obtained from Metrohm Dropsens (Oviedo, 

Spain). All measurements were carried out at laboratory temperature, approximately 25°C. 

2.3. Fabrication of Laser-Scribed Graphene Electrode (LSGE) 

The laser-scribed graphene electrode (LSGE) used in this study was kindly provided by 

Professor Khaled Nabil Salama at King Abdullah University of Science and Technology (KAUST, 

Saudi Arabia). The fabrication process of the LSGE has been described in detail in our previous 

publications [40,41]. 

Briefly, a commercially available polyimide film was utilized as a flexible substrate to create a 

three-electrode sensor system measuring 2.8 cm x 1.2 cm. The irradiation process was performed 

using a CO2 laser (Universal Laser Systems PLS6.75) with a wavelength of 10.6 µm and a spot size of 

150 µm. The design of the LSGE involved miniaturizing the three-electrode system on the polyimide 

sheet, with a working electrode diameter of 3 mm (Figure 1). After laser scribing the electrodes, a 

layer of nail polish was applied to isolate the detection region and passivate the connection areas. The 

silver reference electrode was electrochemically chlorinated in 1 M KCl at 1 V (vs. 3 M KCl Ag/AgCl) 

for 60 seconds to establish a pseudo-Ag/AgCl reference electrode. 

2.4. Electrodeposition of Au Nanostructures on LSGE 

Before modifying the electrode, an external Ag/AgCl reference electrode (3 M KCl, +0.197 V vs. 

SHE) was used. The laser-scribed graphene electrode (LSGE) underwent pretreatment in 0.1 M PBS 

by applying a potential of +1.8 V for 200 seconds. The electrodeposition of the Au electrocatalyst on 

the LSG electrode surface via potensiostatic mode conducted at a fixed deposition potential of -0.6 V 

for 600 seconds in a solution of 0.1 M H2SO4 containing the Au precursor (Figure S1). Subsequently, 

the electrodeposited gold on the LSGE was subjected to cyclic voltammetry in the range of -0.5 to +1.5 

V (vs. 3 M KCl Ag/AgCl) at a scan rate of 100 mV/s in 0.5 M H2SO4 for five consecutive cycles. This 

electrochemical polarization step facilitates the formation of an oxide-rich surface, increases the 

electro-active surface area, and promoted the formation of surface defects, clusters of adatoms, and 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 May 2023                   doi:10.20944/preprints202305.2000.v1

https://doi.org/10.20944/preprints202305.2000.v1


 4 

 

atoms reordering. The same procedure was followed to prepare the AuNs electrocatalyst on the 

surface of the commercial screen-printed graphite electrode (SPCE).  

 

Figure 1. Schematic illustration of the preparation procedure of LSGE and AuNs-LSGE sensor, along 

with SEM images of the electrode surfaces and glucose electro-oxidation reaction for the CV 

measurements performed in 0.1 M PBS (pH 7.4). 

2.5. Charcterization of Electrocatalytic Activity of AuNs_LSGE 

The electrocatalytic activity of AuNs_LSG electrodes was evaluated through cyclic voltammetry 

(CV) and linear sweep voltammetry (LSV) measurements within a fixed potential range. These 

measurements were performed in 0.1 M PBS at pH 7.4, using a step potential of 5 mV and a scan rate 

of 50 mV.s-1, with the addition of an appropriate amount of glucose. Amperometric measurements 

were also performed in a stirred solution of 0.1 M PBS (pH 7.4) in a 5 mL electrochemical cell, with a 

stirring speed of 300 rpm. A selected applied potential was applied, and once a stable baseline current 

was achieved, glucose was added sequentially, and the resulting current responses were recorded. 

Additionally, chronoamperometric measurements were carried out for direct glucose analysis at an 

applied potential of +0.2 V vs. a pseudo-Ag/AgCl reference electrode. All measurements were 

conducted at ambient temperature with three replicates. 

2.6. Real Sample Preparation  

Human blood serum samples were obtained from two volunteers through a local clinical 

laboratory. To prepare the samples for analysis, 1 mL of serum was mixed with 1 mL of 0.1 M PBS 

solution containing 20% v/v ethanol, which served as a protein precipitating agent. The mixture was 

vigorously vortexed for 1 minute to facilitate protein precipitation. Following this, the precipitated 

proteins were separated by centrifugation at 12000 r.p.m for 5 minutes. The resulting clear 

supernatant was collected, which represented the protein-free human serum. To ensure further 

purification and removal of any remaining macromolecules, the protein-free serum was filtered using 

a 0.45 µm Millipore syringe filter. For the analysis, a 100 µl volume of the purified protein-free serum 

sample was directly applied onto the electrode surface. 
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3. Results and Discussion 

3.1. Morphological and Structural Characterization of the Electrode Surface 

Figure 2 displays the optical, SEM images, and X-ray energy dispersive spectroscopy (EDS) 

analysis of the LSGE, AuNS-LSGE, and AuNS-SPCE electrodes. The SEM image depicted in (Figure 

2A) clearly reveals that subjecting the polyimide (PI) sheet to CO2 laser treatment led to the formation 

of a highly interconnected 3D porous graphene structure in the LSGE, aligning with earlier studies. 

Upon electrochemically depositing gold on the LSG working electrode surface (Figure 2B), A 

noticeable coating of gold nanostructures (AuNS) was observed on the LSG working electrode. 

Comparatively, when compared to the commercially prepared SPCE under the same conditions 

(Figure 2C), the AuNS anchored to the 3D-LSG material exhibited unique interconnected dendrite 

gold nanostructures resembling feather branches that have been proven to amplify the catalytic 

activity of the electrode. These distinct structures offer a larger surface area and improved access to 

catalytic active sites, thereby enhancing the electrochemical performance. In contrast, the SPCE 

featured a smooth, graphitic morphology with densely distributed spherical gold nanostructures. 

Consequently, the resulted morphology of the AuNS-LSG electrode exhibits significant potential for 

applications demanding efficient catalytic processes, as will be effectively demonstrated in the further 

section of this study. 

 

 

Figure 2. Scanning electron microscopy (SEM) images of (A) LSG electrode, (B) AuNS-LSG electrode 

and (C) AuNs-SPCE. Scale bar for SEM images 20 µm and 5 µm (Insets). EDS spectra of (D) LSG 

electrode (E) AuNS-LSG electrode and (F) AuNs-SPCE. 

The analysis of the EDS spectra revealed clear qualitative peaks, indicating the presence of 

elemental gold (Au), carbon (C), and oxygen (O). When examining LSGE in its bare form (Figure 2D), 

the main peak was solely attributed to the carbonic nature of the graphene issued through laser 

scribing technology. Whereas, upon introducing gold through electrodeposition (Figure 2E), two 

distinct peaks emerged, signifying the existence of gold elements in different chemical states. This 

confirmed the successful coverage of the 3D porous LSG with gold nanostructures (AuNS). 

Interestingly, the atomic ratio of carbon to gold was determined to be 55% to 32%, indicating the 

presence of an alternate morphology of the deposited gold nanostructures on the 3D porous LSG. 

This observation was supported by the preservation of the porous features in LSGE after 
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modification, which was not the case for the dense morphology observed on the smooth SPCE surface 

in which the atomic ratio of carbon to gold on the SPCE was calculated to be 15% to 64% (Figure 2F), 

confirming the full coverage of the smooth surface with gold. Additionally, the significant presence 

of oxygen after the gold electrodeposition process on both AuNs-LSGE and AuNs-SPCE electrodes 

may be attributed to the formation of a gold oxide-rich surface during the electrochemical 

polarization step. 

3.2. Electrocatatytic Activity of AuNs-LSGE towards Glucose Oxidation 

The electrocatalytic properties of the developed AuNs-LSGE were studied using cyclic 

voltammetry in absence and presence of glucose. Figure 3A shows CVs performed in 0.1 M PBS (pH 

of 7.4). In the absence of glucose, AuNs-LSGE displays the typical electrochemical behavior of gold 

including its oxidation and subsequent reduction of the gold oxides (solid line). Whereas, no catalytic 

behavior was noticed at LSGE bare (dashed line). In addition, it was noted that the capacitive current 

density was greatly improved in the bare LSGE, this is mainly due to the higher surface area provided 

by LSGʹs 3D-networked structure compared to the flat surface of SPCE bare based on the previous 

SEM images. Upon the addition of 10mM glucose (Figure 3B), CV responses of AuNs-LSGE undergo 

significant changes and exhibit complex electrochemical behavior (blue line). The first anodic peak 

seen in the forward scan at around 0.05V was previously attributed to the chemisorption of hydroxide 

ions OH- on the surface of AuNs, which leads to the formation of adsorbed intermediates mainly 

AuOH(ads); these AuOH(ads) sites are active species for the electrocatalytic oxidation of glucose, while 

the second peak located at approximately 0.19V is attributed to the ongoing oxidation process of 

dehydrogenated glucose into gluconolactone facilitated by adsorbed OH- ions intermediates, 

followed by its conversion to gluconate. During the reverse scan, the gold oxides formed in the 

forward cycle are reduced which results in a new and clean surface that can directly oxidize glucose, 

as observed at approximately 0.35V. 

 

Figure 3. (A) CV in 0.1M PBS pH 7.4 at LSGE bare (dashed line) and AuNs-LSGE (solid line), (B) CV 

in the absence (Black) and in the presence of 10mM Glucose (Blue) in 0.1M PBS pH 7.4, scan rate; 

50mV·s-1. 

The developed sensorʹs analytical characteristics were tested by comparing the results of linear 

sweep voltammetry (LSV) response of various glucose concentrations (0.5, 2.5 and 10mM) that are 

commonly found in biological matrices with a commercial SPCE prepared under the same 

electrodeposition conditions (Figure 4A,B). The results obtained suggest that the AuNs electrocatalyst 

incorporated on the 3D porous structure of LSGE offers high sensitivity at lower overpotentials (the 

onset potential starts at nearly -0.3V), allowing a direct dependence between the glucose 

concentration and the oxidation peak current. In addition, it is able to detect glucose concentrations 

as low as 0.5 mM, in contrast to AuNs-SPCE where its sensitive current responses require higher 

potentials that are attributed to the second anodic peak located at +0.47V. It was found that the 

detection currents at AuNs-LSGE were higher than those at AuNs-SPCE. The sensorʹs high sensitivity 

is attributed to the large number of electroactive sites provided by the unique 3D-porous structure of 

LSG material, so it can be fully exploited by the deposited Au nanostructures. In comparison, the 

graphite-based SPE surface has fewer accessible sites for the detection reaction as it has a more 

compact and less porous structure. These results clearly indicate that the type of carbon support can 

greatly impact the glucose sensing performance of the electrodes.  
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Figure 4. LSV of Glucose with different concentrations at (A) AuNs-LSGE and (B) AuNs-SPCE, LSV 

of 5mM Glucose, 0.1mM of AA, PCM and UA at (C) AuNs-LSGE and (D) AuNs-SPCE; supporting 

electrolyte was 0.1M PBS pH 7.4, scan rate; 50mV.s-1. 

A major difficulty in detecting glucose without enzymes is the presence of other substances that 

naturally occur in body fluids, such as ascorbic acid (AA), uric acid (UA), and paracetamol (PCM). 

These substances also undergo oxidation along with glucose. For this regard, a preliminary study 

was conducted to investigate the electro-oxidation potential of the tested interferences. As shown in 

Figure 4C only AA has the lowest oxidation potential, making it the most likely to cause significant 

interference in amperometric detection of glucose using AuNs-LSGE, compared to PCM and UA 

which have higher anodic potentials. However, this is not the case with AuNs-SPCE (Figure 4D), 

where all the tested substances strongly interfere with the sensitive anodic potential located at +0.45V. 

Therefore, this study has well demonstrated the effectiveness of AuNs-LSGE towards glucose electro-

oxidation and stands out as a promising candidate for further analytical investigation as an enzyme-

free glucose sensor in a neutral medium. 

3.3. The Effect of the Applied Voltage and the Precursor Concentration on the Electro-Catalytic Activity of 

AuNs-LSGE toward Glucose in Neutral pH 

3.3.1. The Effect of the Gold Precursor Concentration  

The choice of applied potential during the initial stage of electrodeposition plays a crucial role 

in determining the catalytic activity of the deposited gold nanostructures for glucose electro-

oxidation. In Figure 5, the linear scanning voltammograms (LSV) of the AuNs-LSGE electrodes, 

prepared under different applied potentials (-0.2, -0.6, and -0.9V on a 50 mM HAuCl4 solution for 600 

seconds), were recorded in a 0.1 M PBS solution containing 10 mM glucose. Notably, it was found 

that the electrodeposition potential of -0.6 V exhibited the highest faradaic current towards glucose 

oxidation. 
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Figure 5. CVs recorded in 0.1 M PBS (pH 7.4) without (Black line) and with (Blue line) 10 mM of 

glucose with AuNs-LSGE after Au electrodeposition at fixed potentials of −0.2 (A), -0.6 (B), and -0.9 V 

(C), scan rate 50 mV.s−1. SEM images: evolution of the gold nanostructures shape from tetrahedra-like 

morphology to feather-like branches morphology and eventually to bulk cauliflower like Au 

nanostructures.  

To better understand how this parameter affects on the growth and shape of deposited gold 

nanostructures, SEM analysis was conducted on the AuNs-LSGE electrode surface. At an applied 

potential of -0.2 V (Figure 5A), the electrodeposited gold nanostructures exhibited a distinct 

morphology characterized by well-dispersed and uniformly shaped microstructures. Closer 

examination of the SEM image unveiled that these microstructures were comprised of tetrahedral-

shaped nanoparticles. Subsequently, at an applied potential of -0.6 V (Figure 5B), a noticeable change 

in the morphology of the gold nanostructures was observed. The previously observed tetrahedral 

structures at -0.2 V were no longer visible. Instead, the nanostructures exhibited a denser and thicker 

appearance, resembling a Christmas tree-like shape rooted from the conductive 3D-networked 

substrate of LSG. In contrast, reducing the applied potential to -0.9 V led to the formation of dense 

and bulky flower-like structures (Figure 5C) that completely covered the surface of the LSG electrode. 

These structures exhibited a lower faradaic oxidation current compared to the morphology achieved 

at -0.6 V. This difference in electrocatalytic activity suggests that the morphology obtained at -0.6 V 

possessed highly favorable catalytic active sites for glucose electro-oxidation, leading to a significant 

increase in the faradic current. On the other hand, the massive cauliflower-like structures formed at 

-0.9 V likely hindered the accessibility and availability of these catalytic active sites, resulting in a 

reduced faradaic oxidation current toward glucose. 

These findings unequivocally demonstrate the significant influence of the electrodeposition 

potential on the morphology of gold nanostructures. Based on the results obtained, an 

electrodeposition potential of -0.6 V was determined as the optimal condition for subsequent 

experiments. 
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3.3.2. Effect of HAuCl4 Precursor Concentration 

The concentration of the gold precursor solution also plays a crucial role in determining the 

catalytic activities of metallic electrocatalysts. Consequently, gold nanostructures (AuNS) were 

electrodeposited using different concentrations of the gold precursor, HAuCl4. These modified 

nanostructured sensors (AuNS-LSGE) were subsequently examined for glucose electrooxidation 

using CV. 

Figure 6 presents the results of SEM characterization, which aimed to investigate the nucleation 

and morphological evolution of deposited AuNs. It was found that the morphology of the gold 

nanostructures underwent significant alterations in response to varying precursor concentrations 

during the electrodeposition process. As the precursor concentration increased, the gold structures 

evolved from small micro clusters to denser and bulkier dendritic formations. At a gold precursor 

concentration of 1 mM (Figure 6A), the initial nucleation of gold occurred through the formation of 

small seed clusters dispersed on the graphene layers of the LSG electrode. However, this 

concentration proved insufficient for electro-catalysis of glucose oxidation, as demonstrated in the 

cyclic voltammetry (CV). Subsequently, when the concentration was raised to 10 Mm (Figure 6B), the 

nucleation density significantly increased, leading to a greater abundance of small gold nuclei along 

the edges of the graphene layers on the LSG substrate. 

 
Figure 6. CVs recorded in 0.1 M PBS (pH 7.4) without (Black line) and with (Blue line) 10 mM of 

glucose with AuNs-LSGE after Au electrodeposition at a precursor concentration of 1 (A), 10 (B), 50 

(C) and 100mM (D). SEM images: evolution of the gold nanostructures shape from microclusters 

morphology to feather-like branches and eventually to bulk dendrite-like Au nanostructures.  

Interestingly, when the concentration was further increased to 50 mM (Figure 6C), the nuclei 

grew and aggregated, resulting in well-oriented and interconnected dendrite-like gold 

nanostructures resembling feather branches. It was found that these nanostructures exhibited a 

higher electrocatalytic activity, as evidenced by the high faradaic current observed in CV during 

glucose electro-oxidation. The improved catalytic activity was mainly attributed to the higher density 

of catalytic active sites provided by this particular form of gold nanostructures. Upon reaching a 

concentration of 100 mM (Figure 6D), the aforementioned morphology continued to expand, 

resulting in the formation of more dense and bulky dendritic structures. However, the electrocatalytic 

glucose oxidation at this concentration exhibited relatively lower efficiency compared to that 

observed at 50 mM. This diminished performance can be ascribed to the reduction in the 

electrocatalytic surface area, which usually occurs as the size of the nanostructures increases. 

The findings of this study clearly indicate the pivotal role of the precursor solution concentration 

in governing the morphological characteristics of gold nanostructures which significantly affects the 

presence of more catalytic sites as it is advantageous for facilitating the electrocatalytic oxidation of 

glucose molecules. Based on these results, 50 mM was chosen as the optimal gold precursor 

concentration for the subsequent experiment 
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3.4. Electroanalytical Performance of AuNs-LSGE Sensor 

After preparation of AuNs-LSGE sensor, the electrochemical detection of glucose was carried 

out using linear sweep voltammetry and constant potential amperometric techniques. All 

experiments were performed in a neutral PBS solution at physiological pH level (pH 7.4). A 

concentration range of 0.5 mM to 20.0 mM was achieved, which encompasses both physiological and 

elevated levels of glucose in a wide range of samples. 

3.4.1. Voltammetric Detection 

The performance of the glucose sensor based on AuNs-LSGE was assessed using Linear Sweep 

Voltammetry (LSV). The voltage was scanned from -0.4 V to +0.8 V at a scan rate of 50 mV.s-1. Figure 

S2 demonstrates the LSV curves obtained for the detection of glucose using the AuNs-LSGE sensor. 

A gradual increase in the current of the first anodic peak was observed as the glucose concentration 

increased from 0.5 to 20mM. The relationship between the variation in peak current (during LSV of 

glucose solutions) and the concentrations of glucose is depicted. A linear range was identified, with 

a detection limit of 0.11 mM. The fitted linear regression equation is ∆I (µA)=8.28 [C(mM)] + 6.43 

(R2=0.991). The sensitivity for detection of glucose was 112 µM. 

3.4.2. Amperometric Detection 

In order to evaluate the analytical usefulness of the developed AuNs-LSGE sensor, the 

amperometric method (current vs time) is more desirable than voltametric one due to its high 

sensitivity, real-time monitoring and practical applications. 

According to the previous CV results, one of the major obstacles in non-enzymatic glucose 

sensing is the interference of ascorbic acid (AA) on the electrochemical signals. AA oxidation occurs 

at a low potential value, making it highly likely to interfere with the amperometric detection of 

glucose using AuNs-LSGE, as demonstrated in Figure 7A. It was found that this issue was addressed 

by employing a Nafion membrane, a widely known crosslinked polymer with distinct characteristics 

when in contact with an aqueous solution and it features polymeric domains measuring tens of 

nanometers in size, along with interconnected pores and channels. Thanks to these pores and 

channels, glucose can effectively permeate through the Nafion membrane. Thus, coating the electrode 

surface with 2 µL of Nafion membrane (5%) using drop casting method significantly reduced the 

amperometric signal of ascorbic acid (AA), since it can act as a semi-permeable barrier for several 

anionic substances due to its negatively charged functional groups, allowing it to repel anionic 

species, as in the case of ascorbic acid. 

Figure 7B shows the amperometric responses towards glucose oxidation upon addition of 5mM 

of glucose at working potential of +0.2V. As it can be seen, the AuNs/LSGE exhibits high current 

response that reaches dynamic equilibrium in less than three seconds, demonstrating AuNs-LSG 

electrode provides a very sensitive and fast amperometric response. However, remarkable signal 

noise was noticed with a continuous decrease in current response when the sensor was monitored 

within a long period of time. The mentioned concern may arise from the significant adsorption of 

byproducts resulting from the oxidation of glucose onto the large surface area provided by the 3D 

porous AuNs-LSG support materials. This process creates a barrier that hinders the entry of glucose 

molecules to the catalytic active sites, thereby directly affecting the lifespan of the response exhibited 

by the AuNs electrocatalyst. 

After introducing Nafion onto the AuNs-LSGE electrode surface, the signal noise effect was 

significantly reduced, and the oxidative response of the sensor remained almost unchanged when 

monitored over 400s, indicating that the response of the sensor is satisfactorily stable. Thus, the nafion 

membrane has acted as a protective film on the stability of the electrochemical response. Whereas, 

the steady state current was significantly reduced. As a result, the sensitivity of the Nf-AuNs LSGE 

was reduced. This could be due to a reduction in the diffusion rate of glucose molecules when 

penetrating through the channels of the deposited Nafion membrane. Nevertheless, the sensitivity of 

the sensor still covers the working glucose concentrations found in practical samples, as presented in 

the following sections. 
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Figure 7. (A) I (µA) vs t(s) curve of 5mM glucose, 0.1mM AA at AuNs-LSGE and at Nafion-AuNs-

LSGE, (B) ) I (µA) vs t(s) curve of 5mM glucose at AuNs-LSGE and Nafion-AuNs-LSGE, C) I (µA) vs 

t(s) of glucose at Nafion-AuNs-LSGE with increasing concentrations (0.5, 5 and 10mM) of glucose at 

different applied potentials, (D) I (µA) vs t(s) of 5mM glucose in the presence of biological compounds 

(0.1mM AA, 0.1mM UA, and 0.1mM PCM) and sugars compounds 1mM fructose, 1mM sucrose, and 

1mM lactose ; Supporting electrolyte is 0.1M PBS pH 7.4, Applied potential : +0.2V. 

3.4.2.1 Applied Amperometric Potential  

As it is well known, the selection of the applied potential is also an important factor to obtain a 

highly sensitive and selective anodic amperometric response in the electrooxidation of glucose. 

Figure 7C shows the amperometric responses of Nf-AuNs-LSGE at various anodic potentials ranging 

from -0.05 to +0.3 V with continuous increase of glucose concentration to the stirred phosphate 

buffered solution. At potentials of -0.05 and 0.1 V, the current increased slightly and reached constant 

values, but the sensitivity was not good enough to offer a wide linear range if the glucose 

concentration continued to increase, due to the incomplete oxidation of glucose at low potentials, 

thereby blocking some active sites. Whereas, at +0.2 V, the current response is highly sensitive than 

that observed at +0.3V where the amperometric response was stable, but the sensitivity was reduced 

which might be attributed to the adsorption of glucose intermediates onto the electrode surface. As a 

result, a potential of +0.2 V was selected as the optimal value. Thus, by simply applying this potential 

value, high selectivity can be achieved in the presence of some common oxidizable compounds found 

in biological fluids, such as uric acid and paracetamol. This is in line with the previous CVs results. 

3.4.2.2. Interference Study   

As stated previously, a significant obstacle in non-enzymatic glucose sensors is the interference 

of electrochemical signals arising from easily oxidizable organic substances like ascorbic acid (AA), 

uric acid (UA), and paracetamol (AP), as well as some other carbohydrates such as sucrose (Suc), 

lactose (Lac) and fructose (Fru). 

The typical range for glucose levels in the body is 3-8 mM, significantly higher compared to 

interfering species such as AA (approximately 0.1 mM), PCM (approximately 0.1 mM), and UA 

(approximately 0.02 mM). As shown in Figure 7D the oxidation current of the tested interfering 

species was negligible in comparison to that observed for 5mM of glucose. Therefore, the developed 

electrode has the potential to diminish the influence of the interference species. Furthermore, the 
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sensor exhibited no response to lactose, fructose, and sucrose, making it as a highly effective tool for 

accurately detecting glucose in clinical diagnosis and food control applications as well. 

3.4.2.3 Sensitivity 

In order to ensure its portability, the proposed sensing platform underwent testing in a 

disposable mode using the chronoamperometric technique. The tests were conducted in PBS pH 7.4 

under the previously optimized conditions. Various glucose concentrations were dropped to the Nf-

AuNs-LSGE strip, with an applied potential of +0.2V (Figure 8). It was observed that the current 

increased as the glucose concentration increased. The inset of the corresponding figure illustrates the 

relationship between the current recorded at 60 seconds and the corresponding glucose 

concentration. The results demonstrated a wider linear range spanning from 0.5 to 20 mM, with a 

correlation coefficient of R2 = 0.993. The sensitivity of the sensor was calculated to be 1.06 ± 0.05 µA. 

mM−1, and the detection limit was estimated to be 0.21 mM based on Eq (1), where σ was the standard 

deviation of three replicates (n=3) and S was the slope of the calibration curve.  

LOD= 3σ/S (1)

Importantly, the upper limit of the linear range far exceeded the physiological glucose levels 

typically observed (ranging from 3 to 8 mM). This suggests that the developed sensor would prove 

valuable in detecting glucose concentrations within both normal and abnormal glucose levels. 

The results indicate that the designed sensor has the potential to accurately monitor glucose 

levels with high sensitivity without the need for complicated preparation of electrocatalyst 

nanomaterials such as binary metallic nanomaterials or conducting polymers-based nanocomposites, 

as outlined in Table 1. 

 

Figure 8. Chronoamperometry (CA) of glucose with different concentrations (0.5, 2.5, 5, 10, 15 and 

20mM) at Nf-AuNs-LSGE, Inset represents the corresponding calibration curve; Supporting 

electrolyte is 0.1M PBS pH 7.4, applied potential: +0.2 V. 

3.4.2.4. Life Time and Reproducibility Assays 

The shelf–life of the sensor was monitored by recording the amperometric response of Nf-AuNs-

LSGE to 5 mM glucose after it was stored in a dry state for various periods of time at ambient 

temperature (Figure S3) The results showed that the amperometric current was reduced by 4%, 7% 

and 14% of its original response after 5, 10 and 20 days, respectively. 

For the purpose of studying reproducibility, a set of consecutive measurements was carried out 

on 5mM glucose. The results demonstrated a relative standard deviation (RSD) of 5.2% among six 

electrodes, all prepared under the same conditions. This finding highlights the good reliability of the 

measurements. 

Table 1. Analytical performances of non-enzymatic glucose electrochemical sensors based on 

metal/metallic nanocomposites. 

Electrode configuration 
Applied 

potential (V) 
Linear range (mM)    LOD (µM) Medium Ref 
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Pd@Au@MoS2-GCE 1 - 0.1  0.5–20 400 Alkaline [42] 

Fe@Pt coreshell-GCE 2 - 0.15  1–16 300 Neutral [43] 

PtNi@MWCNTs-GCE 3 + 0.1  0.1-9 0.3 Neutral [44] 

Pd@Co@CNTs-GCE 4 + 0.5  0.001-2.4 1 Alkaline [45] 

CoPNs-SPCE 5 + 0.65  1–30 300 Neutral [46] 

Au@MPTS@Pt-SPCE 6 + 0.4  1-18 2 Neutral [47] 

Pt@CuO@rGO-SPCE 7 + 0.35  2-12 10 Alkaline [48] 

Pt-SPCE 8 + 0.65  1-30 - Neutral [49] 

CuONPs-LSGE 9 + 0.4  0.001-5 0.1 Alkaline [50] 

CuNPs-LIG 10 + 0.5  0.001-6 0.39 Alkaline [51] 

AuNi-LIG 11 + 0.1  0-30  Alkaline [52] 

Nf-Au-LSGE + 0.2  0.5-20 210 Neutral 
This 

work 

Abbreviations : 1 molybdenum disulfide (MoS2) nanosheets supported Au-Pd bimetallic 

nanoparticles, 2 Fe@Pt core-shell nanoparticles, 3 bimetallic PtNi-Multi-walled carbon NT 

nanocomposites, 4 palladium-cobalt nanoparticles supported over carbon nanotubes, 5 cobalt 

phosphate nanostructures (CPNs), 6 double-layer self-assembly of (3 

mercaptopropyl)trimethoxysilane (MPTS) on a gold substrate and co-deposition of a platinum–

copper alloy, 7 platinum nanocubes and copper oxide nanoflowers decorated reduced graphene oxide 

(rGO), 8 nanoporous Pt, 9 copper oxide nanoparticles (CuO NPs), 10 Cu nanoparticles anchored on 

laser-induced graphene (LIG), 11 nickel and gold layer on (LIG) electrodes. 

3.4.3. Real Sample Analysis  

To evaluate the applicability of the proposed glucose sensor for the analysis, as discussed in 

section 2.6, the serum samples were treated to reduce the matrix effect that arises from the nonspecific 

adsorption of the macromolecules onto the electrode surface. 100 µL of the free-protein serum 

samples was analyzed directly on the developed sensor based on the established calibration curve. 

Then, the recovery was then tested by spiking 2.5mM of glucose as shown in Table 2. Furthermore, 

the results obtained from the developed glucose sensor were compared to those obtained from a 

commercial Glucometer. The measured values showed good agreement with the data recorded by 

the commercial device. This result underscores the high potential of the developed nonenzymatic 

glucose sensor for precise analysis of glucose in real clinical samples. 

Table 2. Analytical application of the developed sensor for glucose detection in human blood serum (n=5). 

 [Glucose] before 

spiking (mM) 

[Glucose] Added 

(mM) 

[Glucose] 

Expected (mM)  

[Glucose] Found by 

Commercial 

Glucometer 

± SD (mM) 

[Glucose] Found by 

developed sensor 

 ± SD (mM) 

Recovery % 

Human serum 1  2,7±0.1 2.5 mM 5.2 5.2±0.1 5.3±0.2 101.2 

Human serum 2 
3.3 ± 0.1 

2.5 mM 5.8 5.7±0.1 6.0±0.25 103.4 

4. Conclusion 

In summary, a novel disposable glucose sensor was developed by combining the unique features 

of laser-scribed 3D-graphene electrodes (LSGE) with the excellent electrocatalytic activity of the 

electrodeposited gold nanostructures (AuNs) towards glucose oxidation at physiological medium 

(pH 7.4). The fabrication process of LSGE and electrodeposition of AuNs were optimized and 

investigated. The AuNs acts as an enzyme like activity to catalyze glucose electro-oxidation, and 

LSGE ensure high surface area of the sensing material. The introduction of Nafion® film significantly 

improved both the stability and selectivity of the AuNs-LSGE sensor. The electro-analytical 

performances of the developed sensor offer a wide linear range from 0.5 to 20 mM, with a limit of 

detection of 0.21 mM. This sensing strip presents an affordable, highly sensitive, and selective non-

enzymatic solution for detecting glucose, which can be useful for self-monitoring of glucose levels 

and food management. 
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Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Figure S1. electrodeposition chronoamperograms of AuNs (A) at different 

potentials -0.2, -0.6, -0.9V vs. Ag/AgCl (3M KCl) for 600 s in a 0.5M H2SO4, (B) at different gold precursor 

concentration 1, 10, 50 and 100mM (B) five successive scans, related to the polarization of AuNs-LSGE performed 

by CVs in 0.5 M H2SO4 solution, scan rate 100 mV s-1. Figure S2. (A) LSV of glucose with different concentrations 

(0.5, 2.5, 5, 10, 20) at AuNs-LSGE in 0.1M PBS pH 7.4, scan rate; 50mV.s-1 (B) The corresponding calibration curve. 

Figure S3. Current response % of 5mM glucose over days recorded from I vs time (s). 
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