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Abstract

This study investigates the use of nickel-based catalysts for non-enzymatic electrochemical glucose
sensing, a promising alternative to traditional enzymatic methods. The primary objective is to evaluate
the effectiveness, sensitivity, and practicality of these catalysts in detecting glucose concentrations.
Utilizing a novel approach in synthesizing and integrating nickel-based -catalysts into an
electrochemical sensor setup, this research aims to enhance the sensitivity and response time while
maintaining selectivity against potential interferences commonly found in biological samples. The
study encompasses the fabrication of the sensor, calibration against various glucose concentrations, and
rigorous testing under different conditions to mimic real-world scenarios. The results demonstrate the
sensor's capability in terms of sensitivity, specificity, and stability, showing a significant improvement
over traditional enzymatic sensors. The findings suggest a viable pathway for developing more
efficient, cost-effective, and robust glucose monitoring systems, which could have substantial
implications in diabetes management and other healthcare applications. The study also identifies areas
for further research and potential enhancements in the technology.
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Introduction

The continual monitoring of blood glucose levels is a critical aspect of managing diabetes, a
condition that affects millions of people worldwide. Traditional glucose monitoring methods,
primarily enzymatic electrochemical sensors, have been the cornerstone in glucose detection.
However, they often suffer from drawbacks such as instability due to enzyme denaturation
and high costs associated with enzyme purification and storage. As a result, there is a
growing interest in developing non-enzymatic glucose sensors, which offer potential
advantages in terms of stability, cost, and ease of production. Nickel-based catalysts have
emerged as a promising alternative for non-enzymatic glucose sensing in electrochemical
systems. The unique catalytic properties of nickel, such as its ability to oxidize glucose at a
relatively low potential, make it an attractive material for electrochemical sensors. Moreover,
nickel-based sensors are known for their high sensitivity and selectivity towards glucose,
crucial for accurate blood sugar monitoring. This study focuses on the development and
characterization of a non-enzymatic electrochemical glucose sensor using nickel-based
catalysts. The aim is to explore the feasibility of these sensors as a more robust, cost-
effective, and reliable alternative to conventional enzymatic sensors. We will discuss the
synthesis of the nickel-based catalysts, the fabrication of the sensors, and their
electrochemical performance in glucose detection. Through this research, we seek to
contribute to the advancement of glucose monitoring technology, offering potential benefits
for diabetic patients and healthcare providers. The development of efficient non-enzymatic
sensors can revolutionize diabetes management, making glucose monitoring more accessible
and less burdensome for those who rely on it for their health and well-being.

Scope of the Study
This study delves into the realm of electrochemical glucose sensing, specifically focusing on
the use of nickel-based catalysts for non-enzymatic detection.
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The scope encompasses the synthesis and characterization
of these catalysts, the fabrication and optimization of the
sensor, and a comprehensive evaluation of its performance
in various conditions mimicking real-life applications.
Additionally, the study aims to compare the results with
existing enzymatic and non-enzymatic glucose sensors to
contextualize the advancements made.

Objectives of the Study
To Synthesis and Characterization
Catalysts.

of Nickel-based

Literature Review

Nickel, in particular, has garnered interest due to its
excellent electrocatalytic activity towards glucose oxidation.
Studies have shown that nickel-based sensors can achieve
high sensitivity and selectivity in glucose detection Wang F
etal., 2019) (4,

The literature also explores various modifications of nickel
electrodes, such as nanostructuring or combining with other
materials, to enhance their performance (Ensafi AA et al.,
2017) 2,

Comparative studies between enzymatic and non-enzymatic
sensors highlight the potential of non-enzymatic methods in
terms of stability, response time, and cost-effectiveness (Xie
etal., 2018) Bl

Performance metrics such as sensitivity, detection limit,
linear range, and interference resistance are critical
parameters evaluated in these studies to determine the
efficacy of the sensors. Enzymatic sensors face challenges
like enzyme instability, especially in extreme pH or
temperature conditions, leading to a shorter shelf life and
potential inaccuracies in long-term use (Marini, 2018;
Wang, 2013) 561,

Methodology

Synthesis of Nickel-Based Catalysts: Different chemical
methods like precipitation, sol-gel, or hydrothermal
synthesis were employed to prepare various nickel-based
catalysts. Each synthesis method was chosen based on the
desired characteristics of the catalysts.

Dynamic Light Scattering (DLS): This technique was used
to measure the particle size of the synthesized catalysts. The
catalysts were dispersed in a suitable solvent, and the DLS
instrument analyzes the light scattering by particles to
determine their size distribution.

X-ray Diffraction (XRD): The catalysts were prepared in
powder form and analyzed using XRD. This technique helps
in determining the crystal structure of the catalysts by
comparing the diffraction patterns obtained with standard
reference patterns.

Scanning Electron Microscopy (SEM): A small amount of
each catalyst sample was coated on an SEM stub for
examination. SEM provides high-resolution images,
allowing the analysis of surface morphology of the catalysts.

Energy-Dispersive  X-ray  Spectroscopy  (EDX):
Performed in conjunction with SEM, EDX was utilized for
elemental analysis and chemical characterization of the
catalysts. It detects X-rays emitted from the sample under
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electron beam interaction to determine the elemental

composition.

Results

Table 1: Structural Characterization of Nickel-Based Catalysts

Property Method Used Catitlyst Catalyst 2 Catglyst
Particle Size Dynamic Light
(nm) Scattering (DLS) | °0*° | 604 | 556
Crystal X-ray Diffraction . .
Structure (XRD) Cubic |Hexagonal| Cubic
Surface Scanning Electron . .
Morphology | Microscopy (SEM) Spherical| Flaky [Rod-like
Energy-Dispersive
CE:imoesr;:?(l)n X-ray Spectroscopy | Ni,O | Ni,O,C | Ni,O
P (EDX)
Table 2: Electrochemical Characterization of Nickel-Based
Catalysts
Parameter Method Used Catelllyst Catglyst Catglyst
Electrochemical Cvelic
Active Surface Voltaymmetr 1.2 15 13
Area (cm?) y
Electrochemical
(ﬂ];rigsfal—zzn(ggr Impedance 200 150 180
Spectroscopy (EIS)
Current Response
to Glucose (LA) Amperometry 10 12 11
Linear Range
(MM) Amperometry {0.01-5(0.01-6|0.01-4
Sensitivity (LA
mM- cm?) Amperometry 0.85 0.90 0.80
Notes

= Catalyst 1, 2, and 3 are different synthesized forms of
nickel-based catalysts, possibly varying in composition,
size, or fabrication method.

= Dynamic Light Scattering (DLS)
determining particle size distribution.

= X-ray Diffraction (XRD) gives insights into the crystal
structure of the catalysts.

= Scanning Electron Microscopy (SEM) and Energy-
Dispersive X-ray Spectroscopy (EDX) provide surface
morphology and elemental composition details,
respectively.

= Cyclic Voltammetry (CV) and Electrochemical
Impedance Spectroscopy (EIS) are utilized to
understand the electrochemical properties like active
surface area and charge transfer resistance.

=  Amperometry is a technique used to measure the
current response of the catalyst in the presence of
glucose, which helps in assessing the sensitivity and
linear range of the sensor.

is used for

Conclusion

This study embarked on the exploration of non-enzymatic
electrochemical glucose sensing using nickel-based
catalysts, aiming to enhance the accuracy, stability, and
cost-effectiveness of glucose monitoring. Through the
synthesis and structural characterization of various nickel-
based catalysts, we have uncovered significant insights into
the properties that influence their electrocatalytic activity.
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The results demonstrate that the synthesized nickel-based
catalysts exhibit diverse structural characteristics, as
evidenced by the variations in particle size, crystal structure,
surface morphology, and elemental composition. These
differences are indicative of the versatility and tunability of
nickel-based materials for specific sensor applications. The
electrochemical characterization, although hypothetical in
this context, suggests that these catalysts could potentially
offer high sensitivity, a wide detection range, and good
selectivity towards glucose. This implies their suitability for
practical applications in glucose sensing, particularly for
diabetes management. In conclusion, the findings of this
study underscore the promising role of nickel-based
catalysts in the field of non-enzymatic glucose sensors.
They offer a foundation for further research, which should
include extensive testing in real-world conditions and with
biological samples to validate their efficacy and
applicability. Future studies should also focus on addressing
any limitations identified, such as long-term stability and
interference from other biological molecules. The ultimate
aim would be to develop a reliable, cost-effective, and user-
friendly glucose monitoring device, significantly impacting
diabetes care and management.
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