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Abstract 
Non-enzymatic glucose sensors have acquired a lot of attention, where the modifier 
materials perform as an electrocatalyst instead of an enzyme on the surface of electrodes. 
More active sites increased synergistic reactions, and expanded contacts between the 
electrolyte and the catalyst are essential to enhance catalytic performances. Numerous 
efforts have been made to fabricate novel non-enzymatic glucose sensors with electrode 
modification strategies. Herein, a non-enzymatic electrochemical glucose sensor was 
constructed by a modified glassy carbon electrode based on micro-rods nickel complex as 
a novel modifier for glucose detection. In alkali media, the non-enzymatic glucose sensor 
showed a linear dynamic range of 100-1100 µM with an excellent limit of detection of 
15.8 μM (S/N = 3). The proposed sensor demonstrated remarkable stability (after 
recording 50 continuous CV cycles), good reproducibility, and significant anti-interference 
performance toward fructose, ascorbic acid, dopamine, citric acid, uric acid and sucrose. 
According to this study, complexes can be an excellent suggestion to fabricate non-
enzymatic glucose sensors. 
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Introduction 

Glucose is a vital component for sustaining life, as it serves as a direct energy source in metabolic 

processes, enabling the maintenance of usual life activities. Glucose is widely present in the blood-

stream of living organisms [1]. Glucose detection, including non-enzymatic and enzymatic detection, 

is important to meet the growing needs for clinical diagnosis and ecological and food monitoring [2,3]. 

In the field of clinical medicine, one of the most effective causes of death and disability in the world is 

diabetes. As stated by the World Health Organization (WHO), there are 450 million cases of diabetes 
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worldwide, and this number may increase to 700 million by 2045. Nowadays, the blood glucose 

concentration is the principal basis for diagnosing diabetes. The standard was defined by the WHO in 

2009: the fasting blood glucose (FBG) of normal people is 3.9 to 6.1 mM, and the blood glucose 2 h 

after a meal is 7.8 mM or less [4]. If the blood glucose level is different from the normal range, it will 

hurt the blood vessels, heart, nerves, kidneys, and eyes, as well as diseases of the circulatory system. 

Long-term complications of hyperglycemia can be divided into macrovascular complications of 

diabetes (such as heart disease) and microvascular complications of diabetes that lead to organ 

damage (such as nephropathy, retinopathy, and neuropathy) [5]. Diabetes Mellitus is one of the 

significant problems threatening human health, and there has always been a demand for quick, 

economical, and accurate diagnosis of such diseases. Various techniques are used to detect glucose, 

such as electrochemical methods, optical methods, and spectroscopy. Electrochemical methods have 

attracted attention owing to  their cost-effective, rapid, selective, wide linear range, uncomplicated 

operation, and reliable processes [6]. Electrochemical sensors have made significant progress in recent 

years. Extensive research has been reported using them [7-11]. 

The first generation of glucose sensors are enzyme sensors that have been used in medical 

diagnosis due to the selectivity and sensitivity of the enzymes. However, they are confined by some 

environmental parameters, e.g., pH and temperature. Also, they are usually unstable, and their 

production is expensive [12-15]. Non-enzymatic glucose sensors are considered to cover the 

limitations of enzymatic sensors. They usually operate based on the response from glucose 

oxidation [16-18]. Glucose detection by a non-enzymatic sensor has acquired a lot of attention due 

to its good sensitivity, simplicity, low cost, and adaptability to miniaturization, which omit the 

limitations of enzymatic sensors. Various materials, such as nanomaterials, complexes, and 

polymeric materials, can develop non-enzymatic sensors. Metals such as nickel, gold, platinum, 

metal alloys such as PtPb, PtPd, PdCu, and metal oxides such as Co3O4, RuO2, NiO are used for the 

fabricating of non-enzymatic sensors because of their excellent catalytic performance. Among these 

metals, nickel is the best choice as a cheap, sensitive, and selective non-enzymatic electrode 

material. Also, nickel and nickel hydroxide have good catalytic performance in alkaline environments 

[19]. These materials can be used to modify electrodes. They are physically fixed on the electrode 

surface and catalyse glucose oxidation, improving responses and limit of detection (LOD) value [20]. 

Revenga-Parra et  al. utilized a Ni complex on the modified screen-printed electrodes with CNT for 

glucose oxidation and reported LOD = 12 M [21].  A modified electrode was reported using a nickel 

complex with graphite/boron-doped diamond (Ni-MG-BDD). It was prepared by thermal etching 

BDD with Ni. It showed an acceptable electrocatalytic performance and increased conductivity. 
Finally, good results were obtained with linear dynamic range (LDR) = 0.002 to 0.5  and 0.5 to 

15.5 mM and the LOD = 0.24 μM [22]. In electrochemistry, Schiff base complexes featuring various 

metals have found recent applications. These complexes utilize the central atom (Ni) as a catalyst, 

owing to its surface oxidation properties and its ability to catalyse reactions involving alcoholic 

functional groups [23]. Schiff bases are a group of compounds formed by condensation of primary 

amine with aldehyde or ketones under specific conditions. They can be prepared easily and they 

have the ability to form complexes with transition metal ions such as Ni(II), Zn(II), Cu(II), etc. The 

catalytic activity of the Ni-Schiff base can be attributed to the presence of Ni(OH)2 and NiOOH 

species. It is suggested that the oxidation of glucose on the modified electrode takes place through 

a reaction with Ni(III) species that are generated on the electrode surface. In this process, Ni(III) acts 

as an electron transfer mediator, facilitating the oxidation of organic compounds like glucose and 

alcohols [24].  
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In this work, a non-enzymatic electrochemical glucose sensor based on a glassy carbon electrode 
(GCE) modified by micro-rods nickel complex (MR-NiC/GCE) was introduced. This complex is a Schiff 
base complex and  is used as a modifier to enhance the electrochemical operation of a non-
enzymatic sensor to determine glucose. The reasons for using this specific complex in this work are 
because of the advantages of Ni complexes, such as catalytic activity, selectivity, stability and cost-
effectiveness [19,21,23,24]. The performance of the electrochemical sensor was investigated by 
different electrochemical methods. They are cyclic voltammetry (CV), differential pulse voltam-
metry (DPV), chronoamperometry (CA), and electrochemical impedance spectroscopy (EIS). 

Experimental  

Chemicals 

The employed materials were of analytical grades. Amino ethyl ethanol amine (AEEA), benzoyl 

acetone (BZA), Ni(NO3)26H2O, methanol, potassium thiocyanate (KSCN), sodium hydroxide (NaOH), 

glucose (C6H12O6), ascorbic acid (AA), uric acid (UA), fructose (Fru), citric acid (CA), dopamine (DA) 

and sucrose were bought from Merck (Darmstadt, Germany). All solutions were made with distilled 

water. 

Preparation of [Ni(HL)NCS] modifier 

To synthesize the modifier, the ligand solution was first prepared by combining similar amounts 

of AEEA (0.001 mol) and BZA (0.001 mol) in 30 mL methanol under reflux for 2 hours. The resulting 

bright yellow solution, including the ligand (HL = aminoethylethanolaminebenzoylacetone) was 

applied for complex synthesis. Then, Ni(NO3)26H2O (0.001 mol) was added to this ligand solution 

and stirred for 1 hour, when a solution of KSCN (0.097 g in 3 mL water) was added and stirred for 

another 1 hour. The colour of the solution changes to brown. The obtained suspension was filtered 

and put aside until it became crystalline. Red-yellow needle crystals appeared by slow solvent 

evaporation at room temperature and filtered, washed with ethanol, and dried [25]. 

Fabrication of MR-NiC/GCE 

The GCE surface (diameter = 2 mm, A = 0.0314 cm2) was polished by alumina slurry. 5 μL of 

modifier solution (3 mg mL-1), [Ni(HL)NCS] in DIW/ethanol, was cast on the GCE surface by drop-

casting method and dried in air. 

Physicochemical and electrochemical measurements 

The synthesized modifier (complex sample) was characterized using field-emission scanning 

electron microscopy (FE-SEM) coupled with energy-dispersive X-ray spectroscopy (EDS), examined 

by ZEISS sigma 300-HV (Germany). Fourier transform infrared (FT-IR) spectroscopy analysis was 

examined by Bruker equinox 55 (USA) in the wavenumber range from 400 to 4000 cm−1.  

All electrochemical tests were performed by potentiostat/galvanostat (RADstat-1A, Iran) made 

by Kian Shar Danesh with the Ivium software package at room temperature using a three-electrode 

system. The MR-NiC/GCE was utilized as a working electrode, Ag/AgCl/KCl (3M) as a reference 

electrode, and Pt electrode as a counter electrode. Most of the electrochemical measurements were 

done in 0.1 M NaOH solution at a potential scan rate of 50 mV s−1 over the potential window of 0.2 

to 0.7 V vs. Ag/AgCl. 
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Results and discussion 

Structure and morphology characterizations of synthesized modifier 

FT-IR characterization revealed the functional groups in the synthesized modifier structure 

(Figure 1a). The acquired peaks at 3423, 3252 and 2926 cm-1 are related to OH stretching, N-H bending, 

and CH stretching, respectively. The peak at 2110 cm-1 is related to SCN and at 1626 cm-1 is related to 

C=O. The peaks at 1603 and 1511 cm-1 indicate the C=C of the aromatic ring. The peak at 1603 cm-1 is 

for overlapping of C=N with C=C band. The peaks at 1381, 1128 and 1064 cm-1 correspond to the 

bending C-H, the stretching CN, and C-O, respectively.  

The results of the EDS analysis are shown in Figure 1b, which confirms the presence of the 

elements in the modifier structure (Ni = 10.34 wt.%, C = 44.32 wt.%, S = 5.45 wt.%, N = 15.43 wt.%, 

O = 24.46 wt.%). Figure 1c and Figure 1d represent the FE-SEM images of the modifier with different 

magnifications. The recorded images show the micro-rod structure of the modifier along with 

determining the thickness of the micro-rods. In the EDS layered image, the distribution of elements is 

shown with different colours (Figure 1e). Also, the distribution of each element is shown separately in 

the elemental mapping figures, which show the homogeneous distribution of the elements (Figure 1f-

j). 

Electrolytic oxidation of glucose 

Optimization of NaOH concentration and modifier amount  
In order to select the appropriate electrolyte solution, a phosphate buffer solution (0.1 M) with 

various pH values (2-13) was examined. A weak CV oxidation peak was observed only in the buffer 

with pH 13. This is because glucose is less active in acidic environments, and its oxidation is easier 

in alkaline environments. Complex-based glucose sensors operate more easily in a high pH value 

because they need the presence of hydroxide ions (OH-) to oxidize glucose molecules [18]. NaOH is 

usually utilized as an electrolyte in non-enzymatic glucose sensors [26-28]. In this work, we used 

NaOH solution as an electrolyte. To optimize the concentration of NaOH, CV voltammograms are 

recorded in different concentrations of NaOH from 0.01 to 1 M in the absence and presence of 

glucose, and results are presented in Figure S1 of the Supplementary material. The concentration of 

0.1 M with a higher current was selected as the optimum concentration. A shift of the oxidation 

potential towards more positive potentials at lower concentrations of NaOH indicates that the 

activity of glucose is higher in an alkaline solution. Also, an increment in current was observed in the 

presence of glucose at all concentrations (Supplementary material, Figure S1).  

In order to optimize the concentration of the modifier, different concentrations from 1 to 

9 mg mL-1 were used to record CV voltammograms in 0.1 M NaOH solution in the absence and 

presence of glucose. It is seen in Figure S2 that the highest current was recorded at 3 mg mL-1. Also, 

different amounts of modifier drop casting on the GCE surface from 1 to 6 µL with an optimal 

concentration of 3 mg mL-1 were investigated using the CV method in 0.1 M NaOH solution in the 

absence and presence of glucose. The amount of 5 μL showed the highest current and was 

considered optimum (Figure S3) 

Cyclic voltammetry of bare and optimized MR-NiC/GCE  

To investigate electrochemical performance, CV measurements were performed at a bare GCE 

and the optimized MR-NiC/GCE in 0.1 M NaOH solution at ν = 50 mV s-1 with the presence of glucose 

and without it (Figure 2).  
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Figure 1. Surface characterization of synthesized modifier: (a) FT- IR spectrum, (b) EDS spectrum,  

(c, d) FE-SEM images at different magnifications, (e) EDS layered image,  
(f-j) EDS elemental mapping images of Ni, C, O, N, and S, respectively 
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Figure 2. CV voltammograms (50 mV s-1) in 0.1 M NaOH of bare GCE in (a) absence of glucose,  

(b) with 1.0 mM glucose, and optimized MR-NiC/GCE in (c) absence of glucose, (d) with 1.0 mM glucose 

The bare GCE did not show any peak in the absence and presence of glucose (Figure 2a, b), while 

the optimized MR-NiC/GCE showed peaks in either blank solution or in the presence of glucose 

(Figure 2c, d). According to the recorded voltammograms, the potential of the anodic and cathodic 

peaks for the MR-NiC/GCE is at 0.48 and 0.38 V, respectively (Figure 2c). The peak separation is 

△Ep = 0.1 V, higher than 59/n mV (n = 1) for the reversible system. Therefore, the system is quasi-

reversible. Also, the MR-NiC/GCE indicates a current that is increased in the presence of glucose 

(Figure 2d), which reveals the acceptable performance of the modified electrode to detect glucose 

and its oxidation. This can be attributed to the presence of nickel in the structure of the modifier 

[27-29], which can oxidize glucose in an alkaline medium according to the following mechanism: 

Ni(II)L → Ni(III)L + e-                (1) 

Ni(III)L + Glucose → Ni(II)L + Gluconolactone         (2) 

The redox peak observed in the absence of glucose (Figure 2c) is attributed to the conversion of 

Ni(II)L to Ni(III)L and vice versa. Ni(II)L is the Ni ion present in the modifier structure. In the presence 

of glucose, the anodic peak in Figure 2d increases significantly. The potential peak for glucose 

oxidation coincides well with the oxidation of Ni(II)L to Ni(III)L. These findings indicate the active 

involvement of the Ni complex in the electrochemical oxidation of glucose. 

To understand the effect of scan rate on the electrochemical performance of the sensor and 

calculate kinetic parameters, the optimized MR-NiC/GCE was utilized to record CV voltammograms 

in 0.1 M NaOH solution at different scan rates from 5 to 2100 mV s-1. MR-NiC/GCE was placed in 

NaOH solution (0.1 M) without glucose and in the presence of 1 mM glucose. Results in Figure 3a-d 

are related to the absence of the analyte, while these in Figure 3e-g to the presence of the analyte. 

According to Figure 3a, with increment of scan rate (5.00, 10.0, 25.0, 50.0, 100, 200, 300, 400, 

500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000 and 

2100 mV s-1), the anodic and cathodic currents increased and also the peak separation (△Ep), what 

indicates the kinetic limitation of charge transfer at high scan rates. At lower scan rates, the peak 

separation is independent of the scan rate as a result of fast charge transfer kinetics between the 

modifier and the electrode surface.  
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The kinetic parameters such as anodic and cathodic transfer coefficients (αa) and (αc), apparent 

charge transfer rate constant (ks), and modified electrode surface coverage (Г) can be estimated. To 

calculate the surface coverage of the MR-NiC/GCE, the slope of the anodic currents plot versus scan 

rates (Figure 3b) and equation (3) were used [30]. 

Ip=n2F2AГν/4RT       (3) 

For n = 1 and A = 0.0314 cm2, the amount of surface coverage (Г) was calculated as 14.1 nmol cm-2. 

To calculate the apparent charge transfer rate constant (ks) based on Laviron's equation, the condition 

△Ep ≥ 200/n mV is necessary [31]. According to Figure 3c, d, this condition is attained at 600 mV s-1 

and higher scan rates. Using Laviron's equation (4) [30], the ks value was calculated for the scan rates 

of 600 mV s-1 and above.  

The Laviron equation describes the relationship between the potential and current in 

electrochemical processes, particularly focusing on the kinetics of electron transfer mechanisms. In 

equation (4), v is the scan rate and n is the number of electrons involved in the overall redox reaction 

of the modifier, and all other symbols have their usual meanings. The average of the ks value was 

calculated as 1.52 s-1. The redox transfer coefficients were obtained 0.6 and 0.4 (for nα = 1, using the 

slope of the plot (Figure 3d) and the equations (5) and (6). 

log ks = α log (1-α) + (1-α) log α - log (RT/nFν) - α (1- α) nαF△Ep/2.3RT  (4) 

Slopea = 2.3RT/(1-α) nαF    (5) 

Slopec = -2.3RT/αnαF    (6) 

In order to investigate the kinetics of electrochemical glucose oxidation, CV experiments were 

performed at different scan rates using optimized MR-NiC/GCE in 0.1 M NaOH containing 1 mM 

glucose. Figure 3e indicates an increment in oxidation peak and reduction peak currents with the 

increment in the scan rate. Furthermore, the oxidation peak potential moved toward positive 

values, while the reduction peak potential shifted toward negative values, and the potential 

difference (∆Ep) between these potentials is enhanced. This happens because, at higher scan rates, 

the electrode needs a higher overpotential to acquire a similar electron transfer rate [32]. The 

obtained oxidation and reduction peak currents in CV voltammograms are illustrated versus the 

square root of scan rates in Figure 3f, where a linear relationship can be seen, indicating that the 

MR-NiC/GCE recognized glucose oxidation as an electrochemical process controlled by diffusion 

[32]. The Tafel plot was drawn from the Tafel area at ν = 10 mV s-1 (Figure 3g). Using the slope of the 

Tafel plot (0.0435) defined by equation (5) and nα = 1, the electron transfer coefficient between 

glucose and MR-NiC/GCE surface was calculated as 0.36. 

Differential pulse voltammetry and chronoamperometry of MR-NiC/GCE sensor 

The differential pulse voltammetry (DPV) method was employed to study the electrochemical 

performance of glucose oxidation on the surface of the MR-NiC/GCE and to determine the limit of 

detection (LOD) and linear dynamic range (LDR) values for the introduced sensor. For this purpose, 

the MR-NiC/GCE was investigated in 0.1 M NaOH solution, including various concentrations of glucose 

with the DPV technique (Figure 4a). According to the calibration curve (Figure 4b), the current rises 

linearly with the glucose concentration, and the LDR value is 100-1100 μM. Note that the background 

current (the current in the absence of glucose related to the oxidation of the Ni complex on the 

surface) was subtracted from the recorded current, and the calibration curve given in Figure 4b is 

based only on the oxidation current of glucose. Subtracting the background current helps to isolate 

the signal due to the analyte, thus allowing a more accurate determination of its concentration. This 

ensures that the calibration curve reflects only the response attributable to the glucose.  
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Figure 3. (a) CV voltammograms of MR-NiC/GCE in 0.1 M NaOH solution (blank) at various scan rates from 

5.00 to 2100 mV s-1, (b) anodic and cathodic peak current plots versus scan rate, (c) anodic and cathodic 
peak potential changes versus logarithm of scan rates, (d) magnified linear parts of plot c,  

(e) CV voltammograms of MR-NiC/GCE in 0.1 M NaOH solution in the presence of 1 mM glucose at various 
scan rates from 5.00 to 2100 mV s-1, (f) oxidation peak current plot versus square root of scan rates,  

(g) Tafel plot from the Tafel region at ν = 10 mV s-1 
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To estimate the LOD value, several DPV voltammograms were recorded for the MR-NiC/GCE in 

the absence of glucose (blank solution) and the standard deviation (S) for recorded voltammograms 

was calculated. By the slope of the calibration curve (m) and the (LOD = 3Sb/m) equation, the LOD 

value was calculated as 15.8 μM. 

 
Figure 4. (a) DPV voltammograms for MR-NiC/GCE in 0.1 M NaOH solution including various concentrations 
of glucose: 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100 μM at ν = 50 mV s-1, (b) calibration curve 

In order to examine the electrochemical performance of glucose oxidation at the MR-NiC/GCE, 

the chronoamperometry (CA) method was also used. For this part, 0.1 M NaOH solution, including 

different concentrations of glucose was prepared, and chronoamperometric studies were done 

using a potential step (0.53 V) for 25 seconds. According to the results shown in Figure 5a, 

chronoamperometric current is enhanced with the increment of glucose concentrations, and the 

current decreases with time and reaches a steady state. In order to calculate the diffusion coefficient 

D, the diagram of the current versus t-1/2 for each glucose concentration was drawn in Figure 5b. 

The slopes of the resulting curves were used to draw Figure 5c. Using the Cottrell equation that 

demonstrates the dependence of the current on the concentration and the slope of the plot in 

Figure 5c, the D value for glucose was calculated (D = 5.45×10-5 cm2 s-1) [33]. 

Electrochemical impedance spectroscopy 

Electrochemical impedance spectroscopy was used to investigate the effect of the modifier on the 

performance of the GCE, the surface coating, and also the electron transfer between the electrode 

surface and electrolyte. A solution of 0.1 M KCl containing 5 mM [Fe(CN)6]-3/-4 was used and EIS 

measurements were performed in the frequency range of 100000−0.1 Hz. As can be seen from the 

Nyquist plots presented in Figure 5d, the charge transfer resistance (Rct) of the bare GCE is 497 and 

1502 Ω for the MR-NiC/GCE. The increase in the value of Rct by 1005 Ω indicates good coverage of the 

modifier on the surface of the GCE. The increase in charge transfer resistance on the surface of the 
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MR-NiC/GCE is due to the electrostatic repulsion created between the redox probe [Fe(CN)6]3-/4- and 

the modifier [Ni(HL)NCS] (having a negative surface charge) [25]. Therefore, according to the 

investigations, the MR-NiC/GCE provides the active surface and surface coating suitable for glucose 

measurement. The prepared electrode facilitates the process of glucose oxidation on the electrode 

surface due to the structure of the modifier and the active nickel redox nuclei in it. To better compare 

the results, the CV voltammograms of bare GCE and MR-NiC/GCE in the above solution were recorded. 

According to the results of Figure 5e, the current on the modified electrode decreased by 18 µA. This 

evidence confirms the results obtained from the Nyquist plot well. 

 
Figure 5. (a) Chronoamperograms of MR-NiC/GCE in 0.1 M NaOH solution with various concentrations of glucose 

from 1 to 4, respectively: 0.20, 0.60, 0.80 and 1.0 mM by applying a potential step of 0.53 V, (b) the plot of 
current versus (t -1/2) for concentrations 1 to 4, (c) slope diagram of the lines resulting from diagram b versus 
glucose concentration, (d) Nyquist plots of bare GCE (1) and MR-NiC/GCE (2) in 0.1 M KCl containing 5 mM 
[Fe(CN)6]-3/-4 solution in the frequency range of 100000 to 0.1 Hz and the potential of 0.3 V, (e) CV voltam-

mograms of bare GCE (1) and MR-NiC/GCE (2) in 0.1 M KCl containing 5 mM [Fe(CN)6]-3/-4 solution at ν = 50 mV s-1 
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Stability, reproducibility, repeatability, and anti-interference of MR-NiC/GCE sensor 

The long-term stability of the electrodes is a significant factor in finding whether the electrodes 

have a potential application. For this purpose, the electrochemical signals of the MR-NiC/GCE were 

measured in the NaOH solution involving glucose (1 mM) using the DPV technique from one week 

to 2 weeks. Then, the modified GCE was placed at room temperature. The results are shown in 

Figure S4,  a. The current response after two weeks remained at 55.2 % of the initial current 

response. It is a good long-term stability. 

The reproducibility of the introduced sensor was explored by measuring the current responses in 

the 0.1 M NaOH solution containing 1 mM glucose by five independent electrodes prepared under 

similar conditions. As can be seen in Figure S4 b, DPV measurements showed a relative standard 

deviation (RSD) of 2.5 % for the current, confirming a good reproducibility of MR-NiC/GCE. The 

repeatability was examined using DPV for measuring glucose with the MR-NiC/GCE. The five repeated 

measurements were performed (Figure S4, c). The RSD value was 1.5 %. It confirms proper 

repeatability. Also, the cycling stability of the MR-NiC/GCE was investigated using the CV method. 

According to the results presented in Figure S5, during the recording of 50 consecutive cycles at 

ν = 50 mV s-1, a change of less than 5 % in current is observed, which suggests excellent cycling stability 

for the modifier on the surface of the GCE. Another important problem for non-enzymatic sensors is 

the interference of other materials in the blood due to their oxidization at the same potential as 

glucose. To study the effect of interference and selectivity of the designed sensor, it is necessary to 

investigate the effect of various concentrations of interfering species in the presence of glucose using 

DPV. For this purpose, different concentrations of interfering species were added to the solution and 

checked by MR-NiC/GCE. All interfering species were examined in 0.1 M NaOH solution involving 0.3 

mM glucose. The interfering species were dopamine, fructose, uric acid, citric acid, ascorbic acid, and 

sucrose. Results confirm the great selectivity of the designed sensor (Table S1). 

Glucose measuring in human blood serum 

To study the efficiency of the sensor for measuring glucose in real samples, the MR-NiC/GCE was 

utilized to determine glucose in human blood serum samples prepared from a medical laboratory. 

DPV and standard addition methods were used for this part. To do this experiment, a constant amount 

of blood sample (100 μL) was added to each of the five volumetric flasks (10 mL). Then, 0, 2, 4, 6 and 

8 µL of 0.5 M standard glucose solution were added. Finally, all the flasks were brought to a volume 

of 10 mL using NaOH (0.1 M). The current of each solution was recorded using DPV. The calibration 

curve was drawn for each sample (1, 2, 3), and the unknown glucose concentration values were 

obtained by extrapolation the diagrams (Figure S6). Here, background currents (currents related to 

the oxidation of the complex on the surface) were also subtracted from the recorded currents. Table 

1 compares different results (RSD, recovery, error percent, t-test, etc.) for samples. These results show 

that the proposed sensor displays acceptable accuracy for measuring glucose. A comparison of the 

introduced electrode and some non-enzymatic glucose sensors is given in Table 2. According to this 

comparison, the proposed non-enzymatic sensor indicates better LOD than others [34-43]. 

Table 1. Glucose measuring in human blood serum (3 samples, N=4) 

Plasma 
sample 

Claimed glucose 
concentration, mM 

Founded glucose 
concentration, mM 

Recovery, % Error, % 
RSD, % 
N = 4 

t-test 

1 14.82 14.54   ±0.29 98.11 -1.89 1.99 1.93 
2 11.27 11.04   ±0.25 97.95 -2.05 2.26 1.84 
3 5.05 5.12  ±0.16 101.38 +1.38 3.12 0.87 
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Table 2. Comparison of analytical performance of the sensor designed in the present work for glucose 
measurement with some other designed sensors 

Modifier LOD, µM LDR, mM Electrolyte Ref. 

Pt NFs1 48 1-16 0.1 M NaOH [34] 

3D porous Au-graphene 25 0.1-2 0.1 M PBS [35] 

Pd/Au cluster 50 0.1-30 0.1 M NaOH [36] 

Pt-C NF2 33 0.3-17 0.1 M NaOH [37] 

Cu/CuO/Cu(OH)2 20 0-20 0.1 M NaOH [38] 

Cu nanowires 35 0-3 0.1 M NaOH [39] 

Pt Film/Cu foam 385 1-11 0.1 M PBS [40] 

ZrO2-Cu(I) 250 1-10 0.1 M NaOH [41] 

Co7Fe3/NPCSs3 401 0.001-2.2 0.1 M NaOH [42] 

MnO2MWCNT4 53 0.5-4.4 0.5 M NaOH [43] 

MR-NiC 15.8 0.1-1.1 0.1 M NaOH This work 
1Platinum nanoflowers; 2Carbon fiber supported platinum nanoparticles; 3Co7Fe3 nanoparticles coupled with nitrogen-doped porous 
carbon nanosheets; 4Multiwalled carbon nanotube 

Conclusions 

In this research, an electrochemical sensor was constructed by a glassy carbon electrode 

modified using micro-rods nickel-based complex ([Ni(HL)NCS]) as a novel modifier for glucose 

detection. According to the results, this modifier has good stability on the electrode surface and 

covers its surface well. Due to the presence of nickel, the modifier facilitates the process of glucose 

oxidation on the electrode surface and can oxidize glucose in an alkaline environment. This sensor 

was utilized to determine glucose in human blood serum, and the measurement results were not 

significantly different from the medical laboratory results. This sensor indicated a good LDR value of 

100 to 1100 µM and an excellent LOD value of 15.8 μM (S/N = 3), along with a significant anti-

interfering performance and high stability that makes it attractive as a kind of promising non-

enzymatic sensor for practical glucose detecting. 

Supplementary material: Additional data are available electronically on article page of the journal's 
website: https://pub.iapchem.org/ojs/index.php/JESE/article/view/2368, or from the corresponding 
author upon request. 
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