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Abstract 
 
Electrochemical sensor has been successfully developed using synthesized nickel 
nanoparticles by chemical process with APTES ((3-aminopropyl) triethoxysilane) as a cross linker 
incorporating alongside a suitable mediator for its detection. Nickel nanoparticles were 
electrochemically deposited on a screen printed carbon electrode surface by cyclic voltammetry and 
differential pulse voltammetry techniques. Nickel nanoparticles modified screen printed carbon 
electrode exhibited high catalytic activity for oxidation of glucose. Particle sizes was determined by 
Zeta nanosizer series and confirmed by X ray diffraction while morphological property of nickel 
nanoparticles was characterized by field emission scanning electron microscopy. Fourier transform 
infrared (FTIR) spectroscopy analysis was determined using PerkinElmer Spectrum 1 operating in a 
diffuse reflection mode with a resolution of 4 cm -1. Electrochemical behaviors of glucose were 
investigated by cyclic voltammetry and differential pulse voltammetry in alkaline solution. For bare 
SPE, the active surface area was calculated to be 0.034 cm2 while modification with NiNP modified 
electrode has an increase in active surface area of 0.084 cm2. At the optimum conditions, the 
calibration curves for glucose determination are linear in the range of 0.01 – 0.5µM with limit of 
detection and limit of quantitation of 0.00037µM and 0.00124 µM, respectively with R2 = 0.9982 and 
a low detection limit (S/N = 5)while limit of detection and quantitation for HPLC technique 
are0.00031 and 0.0012 µM, with R2 = 0.9948. The developed sensor showed a good analytical 
performance with a relative standard deviation of 2.05 for electrochemical and 2.15% for HPLC 
techniques. Furthermore, the sensor was successfully applied to analyze glucose level in human urine 
samples. The electrochemical sensor showed a strong potential as a sensitive electrochemical coupled 
with electro catalytic may be used in future for clinical diagnostic tool. 
 
Keywords: electrochemical sensor, nickel nanoparticles, electrode position, electro catalytic, 
glucose 
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INTRODUCTION 
The concept of the glucose enzyme electrode was first proposed by Clark and Lyons (1962). 
The first device consists of enzyme glucose oxidase entrapped over an oxygen electrode via 
a semi permeable dialysis membrane. The determination of glucose amount was based on 
monitoring of the oxygen consumed by the enzyme catalyzed reaction (Clark and Lyos, 
1962).  
 
Further progress was made by (Guilbault and Lubrano, 1973) to determine glucose in blood 
on the basis of amperometric monitoring of the liberated hydrogen peroxide. Thereafter, 
research led to development of mediator-based biosensors (Cass et al., 1984; Lawrence et al., 
2004; Wang et al., 2001; Zhao et al., 2004, Jin et al., 2018,Zhang et al., 2019), for self-
monitoring of glucose levels, and a non-invasive method of glucose monitoring (Harman-
Boehm et al., 2009; Wang, 2008). Furthermore, many sensors were developed over the years 
on the basis of conducting polymers, gas sensors (Anderson et al., 1991),hydrogen sensors 
(Virgi et al., 2006, Seo et al., 2018), acetic acid sensors (Ko and Jang, 2007) and other 
techniques like adsorption for enzyme immobilization (Krzyczmonik et al., 2018). 
 
Glucose determination due to its wid eapplication in many areas including biotechnology, 
food industry, and clinical diagnostics (Pereraet al., 2010; Zhanget al., 2011; Liu et al., 
2015;Baskaya et al., 2017, Fardood et al., 2017) has gained  tremendous attention. Diabetes is 
a serious health care problem and one of the main causes of disability and death around the 
world. According to the World Health Organization (WHO), almost 350 million people are 
living with diabetes in the world and in 2030, it is estimated that diabetes will be among the 
leading cause of death (Ogurtsova et al., 2017; Nguyen et al., 2018). Blood glucose level has 
been measured as an effective clinical biomarker for diabetes risk. However, drawing blood 
from fingertip or vein force causes a painful prick. Furthermore, urine isanother useful body 
liquid, which has been a valuable indicator for diagnosis. The glucose level in urine is as 
well a good pointer for preliminary screening of patients with high level diabetes or having 
renal glycosuria (Kim et al., 2017; Hang et al., 2015; Alim et al., 2018). However, glucose 
measurement is an analytical challenge because blood or urine has the complex matrices.  
 
Electrochemical glucose sensors are generally categorized into two classes: enzymatic 
(Zhand et al., 2015; Razmi and Mohammad-Rezaei, 2013; Konget al., 2014; Wang et al., 2017) 
and non-enzymatic (Hayat and Marty, 2014; Li et al., 2015; Yusoff et al., 2017). Enzymatic 
glucose sensors are based on immobilization of glucose oxidase on several substrates and 
these sensors have been widely developed due to their good selectivity and high sensitivity. 
However, the limitation of the enzymatic sensors is due to lack of long term stability because 
glucose oxidase can be easily affected by pH, temperature, ionic detergents, humidity and 
other types of matrix and enzyme is equally expensive. Non-enzymatic glucose sensors have 
attracted considerable attention to overcome problems of using enzyme-based glucose 
sensors. 
 
Some metal nanoparticles have been investigated for electro catalytic oxidation of glucose in 
non-enzymatic glucose sensor with little or no work on electrochemical technique. Previous 
studies have focused on the noble metals such as gold (Au), platinum (Pt), palladium (Pd), 
and silver (Ag) (Xu et al., 2011; Nia et al., 2015; Thanh et al., 2017). However, these metals 
are very expensive compared to nickel and the ease of its synthesis procedure. Therefore, 
nickel nanoparticles are of keen interest, owing to their excellent electrochemical activity, 
low cost and environmental friendly. Nickel nanoparticles based electrochemical sensors 
developed has shown outstanding electro catalytic activity toward glucose oxidation, which 
is mediated by Ni(II)/Ni(III) redox couples in alkaline aqueous solution compared to 
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conventional methods (Rajendran et al., 2018; Niu et al., 2013; Shervedani et al., 2014, Wang 
et al., 2021, Bartůněk et al., 2021).It is well known that non material’s exhibit special 
properties compared to the bulky materials. Thus, nickel nanoparticles is an attractive 
electro catalyst for glucose oxidation. 
 
In the present research, a simple electrochemical method was developed to detect glucose in 
urine sample. The synthesized Nickel nanoparticles which were achieved using a modified 
technique were electrochemically deposited on the surface of screen printed carbon 
electrode. The morphology of the nickel nanoparticles modified electrode was characterized 
with field emission scanning electron microscopy (FESEM). The electrochemical and electro 
catalytic properties of the nickel nanoparticles modified screen printed carbon electrode 
towards the oxidation of glucose exhibits fast, easy and cost effective property compared to 
conventional approach currently in use. In addition, the detecting performance of the 
proposed glucose sensor was evaluated and optimized by cyclic voltammetry which 
subsequently demonstrated high electrochemical activity for glucose oxidation using 
differential pulse voltammetry which is an emerging technique in use. Moreover, the 
proposed glucose sensor is successfully applied to detect the amount of glucose in human 
urine as confirmed by this recent developmental approach. 
 
 
MATERIALS AND METHOD 
 
Chemicals and reagents 
Glucose and nickel (II) chloride hexa hydrate were purchased from Sigma-Aldrich Chemical 
Company. Sodium hydroxide was purchased from RCI Labscan Ltd. Thailand Sodium 
acetatetrihydrate was purchased from J.T Baker Chemical Company. Acetic acid was 
purchased from Merck. All chemical reagents were of analytical grade and all solutions were 
prepared with deionized water. 
 
Electrochemical measurement 
All electrochemical experiments were performed with a three-electrode system at 25 °C. All 
potentials were measured relative to the Ag/AgCl reference electrode. Cyclic voltammetric 
scans were performed at the potential range from -0.6 to +0.6 V at scan rate of 0.1 V/s. The 
differential pulse voltammetry measurements were performed at 0.6 V. 
 
Apparatus and Instrumentation 
In this work, Drop SenspotentioStat 8000 electrochemical system Metrohm (Switzerland) 
connected to PC and screen printed made of three electrodes system i.e. working electrode, 
counter electrode and Ag/AgCl reference electrode were used for electrochemical 
measurements. The electrochemical cell consists of a screen printed carbon electrode 
inserted in a glass medium mounted on a stirrer, containing supporting electrolyte and 
analyte, pH meter located in Chemistry Department was used to adjust the pH of solutions 
while centrifugation was performed on Kubato centrifuge (Japan) in Chemistry laboratory. 
The Malvern Nano-sizer or Zetasizer-Nanorange provides both exceptionally high 
performance and entry-level systems that incorporate combinations of particle size analyzer 
measurements was used. Deionized water from a Milli-Q purifier in Chemistry Department 
was used throughout experiment.  
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Synthesis of nickel nanoparticles 
Nickel nanoparticles were synthesized from nickel-hydrazine mixture in aqueous sodium 
hydroxide at high pH ~12.5 which is favorable to form nickel nanoparticle (Dave & Patel 
2016). Hydrazine (N2H4) in alkaline solution, which is represented by oxidation reaction:   
         N2H4 + 4OH− 4e-                    N2+ 4H2O       Eɵ     =  -0.16 V              (4.1) 
When mixed with nickel ions (Goia, 2010, Mathur et al., 2021, Arya et al., 2021), is 
consequently able to be reduced by hydrazine in aqueous sodium hydroxide.   
        2Ni2++ 4e−                         2Ni                           Eɵ =   -0.25 V             (4.2)         
Therefore, precipitation of nickel with hydrazine behaving as a reductant in alkaline 
solution depends on pH of the solution which can simply be explained by the equation:  
2Ni2++ N2H4+ 4OH−→ 2Ni + N2+ 4H2O ;            Eɵ   =  + 0.09 V             (4.3)                           
The discharge of nickel nanoparticle was enhanced which increase pH of solution, by the 
addition of strong base such as sodium hydroxide at certain temperature and constant nickel 
ion concentration. Furthermore, hydrazine in this mixture also acted as a ligand which was 
able to initially form a complex in the nickel solution with respect to the molar ratio of nickel 
to hydrazine. The colloidal synthesis offers a route of nanoparticles with controlled size, 
composition and structural features by APTES.  
 
Characterization of nickel nanoparticles 
The characteristic maximum wavelength was determined using ultraviolet-visible (UV-
visible) spectrophotometer in a wide range of wavelengths from 200 - 800 nm. X-ray 
diffraction (XRD) measurement of NiNP powder was conducted with Rigaku instrument 
operated at a voltage of 40 kV and 30 mA current with copper target and CuKa radiation at 
a wavelength of 1.5405 Å. The average particle size was estimated according to Scherrer 
equation and diffraction peak widths. Fourier transform infrared (FTIR) spectroscopy 
analysis was determined using PerkinElmer Spectrum 1 operating in a diffuse reflection 
mode with a resolution of 4 cm-1. The spectra were recorded between 4000and 400 cm-1. Zeta 
potential is the electrostatic potential that exists at the shear plane of a nanoparticle, which is 
related to both surface charge and the local environment of the nanoparticle. The zeta 
potential of the samples was determined with a Zetasizer NanoS90 (Malvern Instrument 
Ltd.).  
 
 
Real sample analysis 
The urine samples were collected from a normal healthy male volunteer. The utilization of 
the NiNP/SPCE for glucose detection in urine sample analysis was also investigated by 
direct analysis. Urine samples were diluted 10 times with 0.1 M NaOH to reduce the matrix 
effect of urine samples. 
 
 
RESULTS AND DISCUSSION 
Characterization of nickel nanoparticle modified screen printed carbon electrode 
For the modified electrode, nickel nanoparticles were electrochemically deposited on the 
screen printed carbon electrode surface by cyclic voltammetry. The nickel nanoparticle and 
modified electrode were investigated using Zeta nanosizer, The DLS analysis using the zeta 
potential of the sample (Fig 1) was determined with a Zetasizer NanoS90 (Malvern 
Instrument Ltd.) shows that the particle sizes in aqueous solutions are in nanosize range 
(Zhang et al., 2021, Gaidhani et al., 2021). Pure nickel nanoparticles in solution give an 
average size value of approximately 50 nm. The DLS in solution show that synthesized 
particles are in nano range, while the nano powder was dried for X-ray diffraction as shown 
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in Fig2.The pattern is in accordance with Joint Committee on Power Diffraction Standards 
(JCPDS). Therefore, XRD pattern noteworthy supports for formation of nickel nanoparticles 
(Bellare, 2021).   
 

     
  

     
 

Where, K is a constant equal to 0⋅89, λ the X-ray wavelength (λ=0⋅134065 nm), β the full 
wavelength at half maximum, θ the half diffraction angle, D is the particle diameter size. 
The surface morphology of the unmodified and modified screen printed carbon and the 
electrodeposited nickel nanoparticles on SPCE surface are shown in Fig3. The result of the 
FESEM image, Fig 3 indicated that nickel nanoparticles were electrodeposited on the screen 
printed carbon electrode surface and were well distributed on the surface. The sample for 
XRD was placed on a flat amorphous silica sample holder. XRD patterns from 10 to 60 
degree at 2θ were recorded at room temperature using Cu kα radiation (λ = 1.5418 
Å).Maximum intensity peaks (111) was used to estimate the crystalline size and it is found to 
be 5 nm using Scherrer equation. The shape of Ni particle is spherical and are linked 
together to form chains (Yang et al., 2021). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Dynamic light scattering of colloidal solution of nickel nanoparticles. 
 
 

 
 
 
Figure 2: X-ray diffraction of Ni nano particles 
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(a) (b)  
Figure 3:(a) Field emission scanning electron microscopy of unmodified screen printed 
carbon electrode surface and (b) the electrodeposited nickel nanoparticles on screen printed 
carbon electrode surface. 
 
The Fig 4 shows the Fourier transformed spectrum of Ni nanoparticle at room temperature. 
The spectrum was recorded in the wave number range of 4000 cm-1 – 400 cm-1. The FTIR 
spectrum shows characteristic peaks at 3212, 1623, 1402, 1076, corresponds to O-H stretching 
which is the characteristic of Ni(OH)2, the bond in 1623 suggest C=O group (Sudhasree et al., 
2014), while 1076 cm-1 reveals N-H stretch (Ramos et al., 2021, Abomostafa, 2021). 
 
 

 
Figure 4: The Fourier transformed spectrum of Ni nanoparticles 
 
Electrochemical behavior of the NiNP/SPCE 
To study the electrochemical behaviors, cyclic voltammograms of glucose using the 
NiNP/SPCE were observed, and the bare SPCE was also observed. The Fig 5 shows the 
cyclic voltammograms of the bare SPCE in 0.1M NaOH containing 10µM of glucose in 
potential range from 0.0to 1.0 V with scan rate of 0.1 V/s. It was found that the bare SPCE 
exhibits no electrochemical response in the presence of glucose. As shown in Fig 5, a pair of 
redox peaks can be observed with the anodic peak at around 0.5 V and the cathodic peak at 
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around 0.3 V because the effect of nickel nanoparticles on the SPCE exhibits high electro 
catalytic activity towards glucose detection. 
 
For bare SPE, the active surface area was calculated to be 0.034 cm2 while modification with 
NiNP modified electrode has an increase in active surface area of 0.084 cm2(Gaidhani et al., 
2021, Din et al., 2021).This suggests that nanoparticles have brought about an increase in 
electro-active surface area of SPE substrate (Guo et al., 2015).The Fig 5 shows 
electrochemical behaviors of glucose at electrode surface, a weak reversible redox peaks was 
observed on surface of bare SPE (Fig5), indicating a slow-moving electron transfer property 
of electrode and lower accumulation of glucose on it which is a result of the low surface 
area. The sensitivity of redox peaks enhanced dramatically after decoration with NiNP. This 
shows that combination of NiNP enhanced electron-transfer rate and surface area of SPE 
due to their properties. The potential of developed sensor depend on various factors such as 
effect of supporting electrolytes and redox indicators, effects of accumulation potential and 
time, selectivity, sensitivity, range of linear responses and detection limits (Din et al., 2021). 

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
-30

-20

-10

0

10

20

30

 

 

C
ur

re
nt

 (u
A

)

Potential (V)

a

b

a = BareSPCE

b = NiNP/SPCE/Amp

 
Figure 5: Cyclic voltammograms of the NiNP/SPCE in the absence and presence of 10 µM 
glucose in 0.1 M NaOH, at scan rate of 0.1 V/s 
 
As shown in Scheme 1, glucose sensing mechanism at NiNP/SPCE is schematically 
presented. To the electrochemical preparation of active and stable Ni(OH)2, the nickel 
nanoparticles on the electrode surface were conditioned in 0.1 M NaOH by potential cycling 
from 0.0 to 0.6 V at a scan rate of 0.1 V/s for 10 cycles. The electrochemical reaction of the 
Ni2+/Ni3+ couple in 0.1 M NaOH, which was consistent with the published report (Ma et al., 
2009; Niu et al., 2014; Shervedani et al., 2014), may be as follows: 
Ni + 2OH-                                                                            Ni(OH)2 + 2e- (a) 
Ni(OH)2 + OH-                                                               NiOOH + H2O + e- (b) 
NiOOH + glucose                               Ni(OH)2 + glucolactone (c) 
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Scheme 1:The schematic illustration for the sensing mechanism of electro catalytic glucose 
by NiNP/SPCE. 
 
Optimization of the following parameters 
The effect of accumulation potential on glucose 
The detection potential is important for selectivity and sensitivity of glucose electrochemical 
sensor. Accumulation potential is the amount of glucose adsorbed at the surface of electrode 
within a specified period of time. Results of the effect of Eaccon voltammetric oxidation of  
glucose shows that by varying the potential, Eacc from -0.6 to 0.4 V, in Fig6for glucose 
detections, peak currents of 14.8 µA increased steadily between 0.2 to -0.4 for glucose, because 
reduced form of their molecules have more adsorptivity on surface of modified electrode 
within these range of values, conversely at negative potentials lower than −0.4 V for glucose, 
peak currents decreased, because at potentials, layer of nanoparticles on the surface of SPE is 
unstable and therefore, hydrogen bubbles are produced which have ability to decrease 
sensitivity of electrode. Thus, the potential of -0.4 V was chosen as the detection potential in 
this work. 
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Figure 6: Effect of potential accumulation of glucose on electrode surface 
 
Effect of Accumulation time 
Accumulation time is the specific time taken for the analyte to adsorb to the surface of 
electrode. The oxidation responses of glucose in connection with accumulation time were 
investigated using cyclic voltammetry. Thus, the results of the influence of accumulation 
time shows that peak current increased with increase in accumulation time from 30 to 180 s 
in Fig7 for glucose, perhaps due to rapid adsorption of glucose on surface of electrode. 
However, as oxidation peak currents reaches 14.8 µA, it becomes almost leveled off with 
further increase in accumulation time beyond 180 s for glucose. This is due to saturation of 
glucose on surface of NiNP electrode as reported by (Pumera et al., 2010). Thus, 
accumulation time of 180 s was chosen as optimum values for analyses. 
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Figure7: Effect of accumulation time of glucose on electrode surface 
 
Specificity is a chromatographic design system to analyze active component, which is the 
separation of components of glucose that provides retention time and selectivity. The 
retention time of concentrations between 0.01 to 0.5 µM for glucose is about 3 minutes with 
good peaks of their respective concentration, in which solvent peak elutes at about 1 minute 
and with some impurities. The R2 values for electrochemical and HPLC detections are 0.9982 
µM and 0.9948 µM respectively as shown in Fig 7a and b respectively Jia et al., 2021, Pathak 
et al., 2021.  
 

 

 

 
 
Figure 7:Calibration curves of glucose at various concentrations 

0

2

4

6

8

10

12

14

16

0 50 100 150 200 250 300 350

C
u

rr
e

n
t 

(µ
A

) 

taccumulation (s) 

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2 2.5

C
u

rr
en

t 
(µ

A
) 

Concentration (µM) 

y =  134.232x + 0.9987 

 R2 = 0.9982 
 

a 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

0.00 0.50 1.00 1.50 2.00 2.50

m
A

U
 

Concentration (µM) 

y = 9521.5x - 198.34 
 R2 = 0.9948 

b 



Electrochemical Detection of Glucose in Human Urine Using Nickel Nanoparticle Modified Electrode 

S. Salihu, A. Bawa, Ibrahim B. Birmah., DUJOPAS 7 (2a): 122-135, 2021                                                      131 

 

Fig7a and b above show Calibration curves of glucose at concentration (a) 0.01, 0.05, 0.1, 0.5, 
1.0, 1.5, 2.0 µM versus peak current for electrochemical and (b) 0.01, 0.05, 0.1, 0.5,1.0, 1.5, 2.0 
µM versus peak mean area for HPLC techniques respectively. 
 
Electroanalytical sensing of glucose 
Under the optimum conditions, the proposed electrochemical sensor was used to detect 
glucose. The relationship between current and time at the various concentrations of glucose 
was obtained by differential pulse voltammetry (Not shown). The concentration of glucose 
was studied in the range from 0.01 to 2µM in 0.1 M NaOH. The resultsindicated that the 
differential pulse voltammetry response is proportional to the concentrationof glucose. It 
can be seen from Fig 7a, the calibration curve shows a linear segment increasing from 0.01 to 
2.0 µM with the regression equation being Ip(μA) = 14.232C + 0.9987 of glucose (R2 = 0.9982), 
where C is µM concentration of glucose and Ip is peak current. The limit of detection was 
determined at 0.01 - 5 µM of glucose according to definition of YLOD =YB + 3σ (Cherian et al., 
2003, Pathak et al., 2021, Gao, 2021, Wei et al., 2021) [Figure 7(a)], while the second linear 
segment with regression equation of y = 9521.50C – 198.34,  
 
R2 = 0.9948, also increases between 0.01 - 2µM with a correlation coefficient of 
R2 = 0.9948[Figure 7(b)]. Moreover, the lowlimit of detection and quantification of glucose 
were found to be 0.00037 µM and 0.00124µM,respectively using electrochemical 
while0.00031 µM and 0.0012 µM were obtained for limit of detection and quantification for 
glucose using HPLC technique. The proposed sensor showed a good analytical performance 
with a relative standard deviation of 2.05 for electrochemical and 2.15% for HPLC 
techniques (Hartl et al., 2010, Arya et al., 2021). 
 
Real sample analysis 
The developed electrochemical sensor was investigated to determine the concentration of 
glucose in real human urine sample by adding glucose in the 0.1 M NaOH. Table 1 show the 
results of glucose detection in real urine samples, the results are satisfying and in agreement 
with clinical laboratory measurements. 
 
 
 
Table 1: Results of glucose in real urine sample. 

 

 
Samples 
No. 

 
Glucose 
concentration of 
urine 
(µM) 

 
Glucose 
Added 
(µM) 

Glucose concentration 
Obtained 

 

   Electrochemical 
Sensor 
developed 
(µM) 

Clinical 
laboratory 
(µM) 

Recovery 
(%) 

1 
2 

ND 
ND 

5 
10 

4.46 
8.6 

4.5 
8.72 

89.2 
86 

Note: ND means not detected. 
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CONCLUSION 
The developed electrochemical sensor for detecting glucose in urine samples showed a 
better option of a technique over a conventional method used to detect presence of glucose 
in human urine. The electrochemical sensor displays a simple, rapid, cost effective and 
efficient means for the detection. The developed sensor further exhibits high sensitivity, low 
detection limit (0.00037μM, S/N=7) and wide concentration range (0.01 to 2.0µM).The 
linearity and range are also similar as well as their limit of detection and quantitation. 
Consequently, these results suggest that the developed sensor can better serves as 
alternative means of detecting glucose in human urine sample. The HPLC procedure and 
results shown, was used to validate the electrochemical technique in this work.   
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