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Glucose and ascorbic acid (AA) electrooxidation are examined at a binary catalyst of nickel and cobalt 

nanoparticles, modified in a certain order onto glassy carbon (GC) electrode.  Either nano-Ni was 

deposited then followed by nano-Co or the reverse. The modified electrodes are characterized 

morphologically and voltammetrically. The electrochemical response of the nano-Co modified 

electrodes critically depends on the modification of the underlying substrate. Deposition of nano-Co on 

a pre-deposited nickel subjected to electrooxidation, designated as nano-Co/NiOx/GC, resulted in a 

significant catalysis of glucose oxidation. The nano-Co/NiOx/GC electrode is utilized for the 

simultaneous investigation of glucose and AA using square wave voltammetry (SWV). The linear 

dynamic ranges for the two species were determined. The LOD and LOQ values were calculated and 

founded 0.176 and 0.528 μM for AA and 0.066 and 0.199 μM for glucose. Also, the precision of the 

developed method was evaluated by determining the relative standard deviation (RSD) and found less 

than 2.3%. 

 

 

Keywords: Binary electrocatalyst; Cobalt; Nickel; Nanoparticles; Glucose, Ascorbic acid; 

Voltammetry. 

 

 

1. INTRODUCTION 

Glucose is of pivotal role in physiological processes, and its concentration probing is critically 

important in many fields [1–3]. It includes, but not limited to, food industry, biomedical and sustainable 

energy resources.  Glucose oxidation has been a basis for the direct and/or indirect way for a glucose 

probe improvment to monitoring the blood glucose concentration [4–7]. The glucose concentration is 
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considered as a biomarker for many diseases and disorders. Around 85 % of biosensor research is 

directed to this area. Therefore, design of a reliable and low-cost glucose sensors to monitor selectively 

and sensitively glucose levels is of great demand [8]. On the other hand, the coexistence of ascorbic acid 

(AA), a vital vitamin, with glucose is unavoidable [9,10]. Thus, simultaneous electroanalysis of glucose 

and AA in biological systems is critically important.  

AA coexists with glucose in physiological samples [11], and the determination of both species is 

interfering as their oxidation peaks cannot be realized at bare electrodes. Modified electrodes can 

advantageously detect both species selectively via catalyzing any of them and retarding the other.  

Glucose is usually analyzed based on enzymatic–based or non-enzymatic based electrodes. The 

enzymatic one passed three generations; the first depends on the presence of glucose-1-oxidase enzyme 

in addition to  oxygen as a co-substrate, the second one is based on using either glucose-1-oxidase (GOx) 

or glucose dehydrogenase (GDH) in addition to suitable mediator instead of oxygen co-substrate. The 

electron transfer at the electrode surface was the basis of the third one. Enzymatic analysis for glucose 

even though it is characterized by high selectivity, but at whole suffers from the bio-compatibility in 

addition to the difficult immobilization of the enzyme. In addition, every generation suffer from certain 

drawbacks which were subsequently solved by the next one.  The first generation suffer from the possible 

interfering with coexisting electroactive species and the dependence on oxygen as a co-substrate which 

might leads to the production of H2O2. H2O2 able to oxidize at lower potentials and interfere with the 

analysis [12-15]. The second generation does not solve the problems of the possible interfering of oxygen 

in addition to the difficult tethering of the mediator and the enzyme at the electrode surface [16-20].  The 

third one suffers mainly from diffusion process as the active part in the enzyme is covered by a thick 

protein layer.  Recently, using nanostructured modified electrodes are on the way to solve this problem 

[21,22]. The non-enzymatic methods are advantageous compared with enzymatic methods, as it is 

characterized by stability. It is considered as the fourth generation for glucose sensors, especially after 

the spike developing in nanostructured modified electrodes [23]. Those electrodes could offer a selective 

and sensitive analysis of glucose after solving the problem of fouling of the bare electrodes and 

enhancing the kinetics of glucose oxidation. Accordingly, the current paper is aimed to the simultaneous 

fractional electroanalysis of glucose and AA in their coexistence via tailoring suitable nanoparticles on 

carbon electrodes or suitable underlying substrate.  The nanoparticle integration of cobalt and nickel is 

of major importance because of their peculiar catalytic activity compared with their bulk electrodes’ 

counterparts. Tailored fabrication of nanostructured modified electrodes could introduce the plethora of 

sensitive and selective response of a sensor.  Thus, the present work aims at the fabrication of a cost-

effective sensor for the simultaneous analysis of glucose and ascorbic acid, i.e., non-enzymatic sensor 

to avoid the disadvantage of biocompatibility and difficult setting.  

 

2. EXPERIMENTAL 

2.1. Reagents and chemicals 

Sulphuric acid (H2SO4), ascorbic acid, glucose, cobalt chloride hexahydrate (CoCl2.6H2O), 

nickel chloride hexahydrate (NiCl2.6H2O), nickel sulphate heptahydrate (NiSO4. 7H2O) and other 

analytical grade chemicals were purchased from Sigma-Aldrich and used without further purification. 
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Bidistilled water was used thorough the experiments. Ascorbic acid solutions were freshly prepared as 

daily required. Boric acid was obtained from BDH Chemicals Ltd Poole England. Phosphate buffers 

were prepared using NaH2PO4 and Na2HPO4 salts, obtained from BDH [24]. 

 

2.2. Pretreatment of working electrodes 

The glassy carbon electrode of 3 mm diameter (GC) was polished with fine alumina powder, 

rinsed with water and then was subjected to sonication for removal of alumina. Then, GC was either 

used directly or after electroactivation by cycling the potential of the electrode in the potential range -

0.2 to 2 V for 5 potential cycles. The anodic oxidation of GC in H2SO4 results in an increase of the 

percentage surface composition of functional groups bearing –OH group. The presence of –OH group 

adsorbed on the GC surface (i.e., OHads) promotes the electrocatalytic oxidation of glucose and other 

small organic molecules such as methanol [25-27].  
 

2.3. Preparation of modified electrodes 

Cobalt nanoparticles (Nano-Co) were electrodeposited from 5 mM CoCl2 in 0.1 M boric acid 

solution, onto glassy carbon (GC) electrodes by scanning potential from 0.5 to -1.0 V. Nano-Co either 

deposited on GC or on pre-electrodeposited nickel nanoparticles which were deposited from 0.02 M 

NiSO4/ 0.02 M NiCl2 in 0.1 M boric acid applying a potential scan in the range from 0.5 to -1.0 V. This 

obtained modified electrode will be designated as nano-Co/NiOx/GC. For electrodeposition of both 

cobalt and/or nickel, different loading cycles were performed to deduce the optimum one.  
 

2.4. Measurements 

Electrochemical measurements were conducted using Autolab PGSTAT30 

potentiostat/galvanostat with a compliance voltage of 30 V and a bandwidth of 1 MHz from Metrohm. 

An Ag/AgCl (KCl sat.) electrode, from Sigma-Aldrich, was used as the reference electrode. A 

conventional three-electrode cell was used for all measurements. Jeol JSM 6400 system were used for 

scanning electron microscope (SEM) micrographs and energy-dispersive X-ray spectroscopy (EDX) 

spectra. The electron energy used was 20 keV. X-ray diffraction (XRD) measurements were performed 

using Philips PW 1700 powder X-ray diffractometer using Cu Ka1 radiation with a Ni filter working at 

40 kV and 30 mA. 

 

3. RESULTS AND DISCUSSION 

3.1. Electrode modification: 

Fig. 1. displays CV obtained at (a) GC in 0.1 M boric acid containing 5 mM Co2+, (b) GC in 0.1 

M boric acid containing 5 mM Co2+ + 20 mM Ni2+ and (c) nano-Ni/GC in 0.1 M boric acid containing 

20 mM Ni2+. Nano-Ni/GC was fabricated by applying a potential scan in the range from 0.5 to -1.0 V. 

Curve b represents the simultaneous deposition of cobalt and nickel and curve c represents the deposition 
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of cobalt on previously deposited nickel.  The behavior is different denoting that the amount of 

deposition as well as the morphology are different, and this should be reflected on the morphology as 

shown in Fig. 2 shown hereafter. In the case of the simultaneous deposition (curve b), no peak for the 

reduction is revealed, similar to the direct deposition of Co on GC (curve a).  In the deposition of cobalt 

on GC (curve a) or on Ni/GC (curve c) the nucleation loop shows a peak at around -0.78 V, pointing to 

different mode of deposition in this case. 

In the cathodic sweeping of potential towards the negative direction, the cathodic current rise 

around - 0.78V (curves b and c), and little bit delayed in the case of the direct deposition on GC substrate 

(curve a). Then it keeps going to raise because of the accumulation of deposited Co [28]. The vertex 

potential is limited to -1.0 V as the hydrogen evolution interfere with cobalt deposition. In the anodic 

scanning, a crossover potential, occurs between the cathodic and anodic current traces, resulting in a 

nucleation loop which is observed at around - 0.8 V. This crossover of potential is attributed to the 

extensive change in the surface of the underlying substrate due to the deposition of cobalt [29,30]. It can 

be attributed also to the difference in deposition and dissolution potentials [31]. The presence of the 

crossover is diagnostic for the nuclei formation on the electrode. It occurs at a current around zero 

current, i.e., at a nucleation rate of almost zero consistent with literature [32]. The cathodic current is 

coupled with two anodic peaks (at around - 0.1 and 0.04 V) in the cases of direct deposition of Co onto 

GC (curve a) and of deposition on pre-deposited nickel (curve b).  This probably correspond to the 

dissolution of the different cobalt phases [33-36]. In the case of the simultaneous deposition of both 

species, anodic peaks appeared at relatively large anodic potentials. This points to a different extent of 

deposition in this case compared with the other two cases.  Thermodynamically, it is expected that Ni 

deposition (Eo = -0.25 V) starts at more noble potentials than cobalt (Eo = -0.28 V). However, in the 

present case depositing both species individually shows preferential deposition of cobalt. This attitude 

might be referred to kinetical restriction [37].  

 

 
Figure 1. CV obtained at (a) GC in 0.1 M boric acid containing 5 mM Co2+, (b) GC in 0.1 M boric acid 

containing 5 mM Co2+ + 20 mM Ni2+ and (c) nano-Ni/GC in 0.1 M boric acid containing 5 mM 

Co2+ (scan rate of 100 mV/s).  
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3.2. Morphological investigation:  

Fig. 2 demonstrates the SEM images for the electrodes prepared as represented in Fig. 1 shown 

above; i.e., (A) nano-Ni/GC, (B) nano-Co-Ni/GC and (C) nano-Co/NiOx/GC electrodes.  In image A, a 

deposition of particles of around 20 nm of nickel are shown. In image B (for nano-Co-Ni/GC), a uniform 

deposition of particles of size around 18 nm are obtained.  In image C (obtained for nano-Co/NiOx/GC) 

in which nano-Ni after being deposited onto GC is subjected to electrooxidation and subsequently cobalt 

is deposited a relatively smaller particles of ca. 11 nm are obtained.   

 

 

  

 
 

Figure 2. SEM images for the prepared electrodes where (A) nano-Ni/GC, (B) nano-Co-Ni/GC and (C) 

nano-Co/NiOx/GC electrodes. 

 

The elemental analysis of the modified electrodes is probed by EDX as shown in Fig. 3 in which 

EDX analysis for (A) nano-Ni/GC, (B) nano-Co-Ni/GC and (C) nano-Co/NiOx/GC electrodes are given.  

The nickel signal appeared clearly in Figure A at 8.2, 7.7, and 0.9 KeV. In panels B (nano-Co-Ni/GC) 

and C (Co/NiOx/GC) the signals of nickel is largely suppressed.  This might be due to the deposition of 

cobalt atop the pre-deposited nickel. 

The crystallinity of the deposited nanoparticles was assessed using X-ray diffraction (XRD) 

shapes. Fig. 4 displays XRD analysis for the prepared electrodes where (A) nano-Ni/GC, (B) nano-Co-

Ni/GC and (C) nano-Co/NiOx/GC electrodes. In spectrum (A), distinctive peaks of NiOx found at 2θ 

= 37°, 43°, 44°, 74° and 76° may be clearly referred to (101), (012), (111), (220) and (202) crystal faces 

of the NiOx, respectively. Those peaks are indexed to the face-centered cubic (FCC) crystalline structure 

of NiOx in accordance with that of the standard spectrum (JCPDS, No. 04-0835) [38]. The hydroxides 

A B 

C 
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of Ni and Co possessing two α and β phases of hexagonal-layered structure, respectively. The peaks at 

about 19°, 33° and 38° are attributed to the (001), (100), (002), respectively, of β phase.  

 

 

 

 

 
 

Figure 3. EDX analysis for the prepared electrodes where (A) nano-Ni/GC, (B) nano-Co-Ni/GC and (C) 

nano-Co/NiOx/GC electrodes. 

 

The peaks for alpha phase are not revealed. The two peaks at angles larger than 70 corresponds 

to the oxide formed upon oxidation of electrode [39] The characteristic peaks at 2θ = 21°, 37°, 42°, 53°, 

70° and 77 for cobalt oxide nanoparticles, which are marked respectively by their indices (111), (220), 

(311), (400), (511) and (440) in agreement with JCPDS card no 73-1701. These XRD data give an 

evidence for the formation of nano-Co [40,41].  
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Figure 4. XRD analysis for the prepared electrodes where (A) nano-Ni/GC, (B) nano-Co-Ni/GC and 

(C) nano-Co/NiOx/GC electrodes. 
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3.3. Electrocatalysis and Electroanalysis: 

Fig. 5. Shows CVs obtained at (a) nano-Ni/GC, (b) nano-Co-Ni/GC and (c) nano-Co/NiOx/GC 

electrodes in 0.1 M NaOH, at a scan rate of 100 mV/s.  Ni was deposited on GC (curve a) and 

subsequently either Co was deposited on the thus deposited nickel (b) directly or after (c) oxidation of 

nickel.  As clearly shown;  

 The nickel couple is clearly shown at nano-Co/NiOx/GC compared with that at nano-Ni/GC. In 

addition, the anodic peak is very sharp pointing to the enhancing kinetics in this case. As shown 

in Fig. 5, the Co/GC shows several couples. Probably, the intense peak is a combination of that of 

Co and Ni.   

 The couple of the nickel is preceded by a tenuous increase in the current, likely this corresponds 

to the deposited cobalt. 

 The couple is obtained at lower potential compared with those obtained at nano-Ni/GC and nano-

Co-Ni/GC. 

while the deposition of Ni onto Co/GC results in a voltammetric behavior combine both couples 

of cobalt and nickel with comparable intensities, when the order is reversed, i.e., Ni is deposited first 

followed by cobalt, the response for nickel is extensively larger than that of cobalt.  This is an interesting 

behavior which needs further investigation, and it is underway. 

 

 

 
 

Figure 5. XRD analysis for the prepared electrodes where (A) nano-Ni/GC, (B) nano-Co-Ni/GC and 

(C) nano-Co/NiOx/GC electrodes. 

 

 

Fig. 6 shows CVs for 2 mM Ascorbic acid and 2.5 mM Glucose at the modified electrodes, i.e., 

at (a) nano-Ni/GC, (b) nano-Co-Ni/GC and (c) nano-Co/NiOx/GC (scan rate of 100 mV/s). In curve (a) 

obtained at nano-Ni/GC, the oxidation peaks for glucose and AA are shown at 0.6 and - 0.1 V, 
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respectively.  The one for AA is not well defined and the one for glucose shown the crossing in the CV.  

The mediation of glucose oxidation is clearly revealed as the cathodic peak of the nickel couple (shown 

in Fig. 4) almost vanished while the anodic one significantly increased. At nano-Co-Ni/GC (curve b), 

the response for the two species become less defined and retarded. At nano-Co/NiOx/GC (curve c), 

interestingly, the anodic peak of glucose appeared clearly at 0.54 V. In addition, the anodic peak of AA 

is obviously shown at -0.1 V. Both peaks are revealed with a very large separation of their peak potential 

which could enable in the simultaneous analysis of both species in their coexistence.  

 

 

 
 

Figure 6. CV for 2 mM Ascorbic acid and 2.5 mM Glucose on the modified electrodes in 0.1 M NaOH 

where (a) nano-Ni/GC, (b) nano-Co-Ni/GC and (c) nano-Co/NiOx/GC (scan rate of 100 mV/s). 

 

 

Fig. 7. Shows CV obtained at nano-Co/NiOx/GC electrode in (a) 0.1 M NaOH containing 

constant concentration of AA and different concentration of glucose. Comparing curves, a and b, the 

two peaks of AA and glucose are clearly revealed at - 0.1 and 0.51 V, respectively. Comparing curves 

b, c and d confirms the correspondence of these two peaks; the peak at – 0.1 V correspond to AA 

oxidation remains constant, while that at around 0.51 V (corresponds to glucose oxidation) increases 

regularly (compare curves c and d). It reveals clearly the selectivity of the present electrode for the 

simultaneous determination of glucose and AA accurately and precisely. 
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Figure 7. CV obtained at nano-Co/NiOx/GC electrode in (a) 0.1 M NaOH containing (b) 1 mM Ascorbic 

acid + 2.5 mM Glucose, (c) 1 mM Ascorbic acid + 5 mM Glucose and (d) 1 mM Ascorbic acid 

+ 7.5 mM Glucose. Scan rate of 100 mV/s.  

 

3.4. Electroanalysis of AA and glucose using nano-Co/NiOx/GC electrode 

Figure 8 shows the square wave voltammetry (SWV) acquired at nano-Co/NiOx/GC for AA and 

glucose. The calibration graph extracted from these square wave voltammograms were presented in Fig. 

9. The calibration curves for AA and glucose were in a linearity in ranges of 0.65-6.5 and 0.84-8.4 mM 

for AA and glucose, respectively. These calibration curves were in a good correlation coeffiecents (R2) 

of 0.9936 and 0.9996. The regration relation for these lines were: 

I(µA) =8.6499 [AA](mM ) + 1.7467  ………………………………….(1) 

I(µA) =s15.517 [glucose](mM ) – 1.1733………………………………(2) 
 

The limits of detection (LOD) and limit of quantitation (LOQ) were calculated utalizing the 

formula kSb/m [42], where, Sb is the standard deviation of the blank response (n = 6), m is the slope of 

the calibration curve and k = 3.3 for LOD and 10 for LOQ. The LOD and LOQ values were calculated 

and founded 0.176 and 0.528 μM for AA and 0.066 and 0.199 μM for glucose. These values indicated 

the sensitivity of the modified method for accurate determination of both analytes. The standard 

deviation and the relative standard deviation for six replicate measurements for 5.0 mM concentration 

for both AA and glucose were calculated, and the results were summarized in Table 1. As it can be seen, 

the proposed method has a wider linear range than those reported for AA and glucose determination. 

Table 2 represented a comparison of the voltammetric determination for AA and glucose in the present 

work  and some recent reported methods. The obtained dynamic linear ranges and the detection limits 

are in reasonable values with most compared ones.   
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Figure 8. SWV obtained at nano-Co/NiOx/GC in 0.1 M NaOH containing different concentrations of 

AA (0.65-6.5 mM) and glucose (0.84-8.4 mM), Scan rate: 100 mV/s.  

 

 

 
 

Figure 9. Calibration curves for electroanalytical determination of AA and glucose using the data 

obtained from Fig. 8.  
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Table 1. The optimum conditions and the analytical parameters for the simultaneous determination of 

AA and glucose using the electrode under study. 

 

Parameters AA Glucose 

Media for measurment 0.1 M NaOH  0.1 M NaOH 

Potential of measurment, V -0.1 0.5 

Scan rate, mV sec-1 100 100 

Linear concentration range, mM 0.65-6.5  0.84-8.4 

Regression equationa   

Slope,  µA/mM 8.6499 15.517 

Intercept, µA 1.7467 -1.1733 

Correlation coefficient, R2  0.9936 0.9996 

Standard deviation, SD (n=6), mM 0.11 0.09 

Relative standard deviation, RSDb, % 2.2 1.8 

LOD, µM 0.176 0.066 

LOQ, µM 0.528 0.199 

SD of slope  0.108 0.049 

SD of intercept 0.462 0.313 

a I(µA) =slope [Analyte](mM) ± Intercept 

bAverage of six consecutive measurements. 

 

 

Table 2. Comparison for voltammetric determination for glucose and AA with the proposed method. 

The technique 

used 
The electrode used 

Linear range, 

 mM 

Detection limit, 

mM Ref. 

Glucose AA Glucose AA 

DPV NiO/GO/GCE. -- 40-700  -- 5.50  [43] 

DPV The gold nanotube arrays/GCE -- 0.01-5.23 -- 1.12 [44] 

SWV Imprinted copolymer of o-phenylenediamine 

and pyrrole on pencil graphite electrode 
-- 0.01-1.0 -- 0.263 [45] 

DPV Cu-based NPs@3DG 0.8-10  -- 16  -- [46] 

AMP Ni/Cu/CNTs 0.02-4.5  -- 2.0  -- [47] 

CHOR Chitosan/glucose oxidase/Prussian blue-

graphite modified GCE 
0.015-1.5 -- 5.7  -- [48] 

SWV Nano-Co/NiOx/GCE 0.84-8.4 0.65-6.5 0.066 0.176 PM 

DPV: Differential pulse voltammetry, AMP: Amperometry, PM: Present method 

SWV: Squre wave voltammetry, CHOR: Chronoamperometry, GCE: Glassy carbon electrode 
 

 

4. CONCLUSIONS 

Glucose and AA are simultaneously analyzed at nano-Co/NiOx/GC, in which nickel 

deposited onto GC (nano-Ni) is subjected to electrochemical oxidation in alkaline medium and 

subsequently cobalt is deposited on nano-Ni. The modified electrode is characterized 

morphologically and electrochemically. Under the optimum conditions and using a well modified 

nano-Co/NiOx/GC electrode, the SWV technique was successfully performed for electroanalysis 

of AA and glucose. The two tested species were determined within a dynamic ranges 0.65-6.5 

mM and 0.84-8.4 mM for AA and glucose, respectively. The developed method had a high 
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sensitivity with low limit of detections. A low RSD of 2.2 and 1.8% for the two species, 

respectively, indicated the high precise of our method. 
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