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This mini-review provides a comprehensive overview of platinum-based electrochemical 
sensors for glucose detection, focusing on recent advancements in material design, fabrication 
techniques, and the application of single-atom catalysts. Platinum's exceptional electrocatalytic 
properties and inherent stability have made it a cornerstone material for developing sensitive, 
selective, and stable glucose sensors. Performance evaluations from the literature reveal 
sensors with sensitivities exceeding 850 µA/mM cm² and detection limits as low as 3.6 µM. 
This review examines various approaches to enhancing sensor performance, including the use 
of different platinum nanostructures (e.g., nanoparticles, nanowires), the incorporation of 
conductive polymers or metal oxides, and the application of various electrochemical techniques 
(e.g., amperometry, cyclic voltammetry). Despite these advancements, challenges remain in 
achieving improved selectivity, stability, and cost-effectiveness. Future research directions 
include exploring novel platinum-based materials, developing advanced fabrication techniques 
such as 3D printing, integrating microfluidic platforms, and leveraging single-atom catalysis to 
enhance sensor performance further. Developing reliable and efficient platinum-based 
electrochemical glucose sensors is crucial for advancing diabetes management, biomedical 
research, and point-of-care diagnostics. This review aims to inspire continued research and 
innovation in this promising field. 
© 2024 The Authors. Published by Synsint Research Group. 
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 Introduction 1.

Typically, a sensor functions as an instrument that detects alterations in 
chemical, physical, or biological properties of materials and converts 
these changes into measurable signals, allowing for the designation of 
specific molecules in the complex environment. The primary elements 
of a sensor include the transducer, signal processor, and sensitive 
detector; the device  produces the necessary signal, the signal processor 

 
gathers, enhances, and displays this signal, while the sensitive detector 
selectively reacts to the substance being examined. An electrochemical 
sensor produces an electrical output when variations occur due to the 
target species. This type of analysis is extensively applied in 
environmental monitoring, biomedical fields, and food production due 
to its benefits. Electrochemical analysis stands out from other detection 
techniques as it does not necessitate large equipment, offers quick 
responses, and boasts high sensitivity and specificity. These sensors are 
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predominantly employed for real-time monitoring of target analytes. A 
traditional three-electrode configuration is often utilized for precise 
electrical measurement and detection [1–7]. 
Creating working electrodes requires materials like carbon, various 
metals, and metal oxides. The use of bare electrodes in electrochemical 
experiments restricts the variety of electrodes available since the 
reactant molecules are near the electrode surface. Functional 
nanomaterials significantly improve the selectivity of electrodes for 
specific analytes, enabling customized adjustments to meet particular 
analytical needs. Once the target molecules are recognized on the 
electrode surface, data analysis, like concentration, is performed using 
electrochemical measurement techniques. These include differential 
pulse voltammetry (DPV), Linear sweep voltammetry (LSV), cyclic 
voltammetry (CV), square wave voltammetry (SWV), amperometry 
methods (i-t curve), and electrochemical impedance spectroscopy (EIS) 
[8, 9]. 
The measurement of blood glucose levels plays a vital role in 
recognizing diabetes. Enzyme-based sensors demonstrate strong 
specificity and sensitivity for glucose detection. Nonetheless, utilizing 
native enzymes comes with drawbacks such as high expenses, limited 
stability over time, and the need for complex immobilization processes. 
Innovative methods for glucose detection are emerging, incorporating 
acoustic-wave sensors, light-wave, and electrochemical approaches. Of 
these methods, electrochemical glucose sensors are recognized for their 
user-friendliness, cost-effectiveness, high sensitivity, and rapid 
response times. Electrochemical non-enzymatic glucose measurements 
frequently utilize precious metals and their alloys because of their 
enhanced responsiveness and favorable selectivity. However, the high 
cost of these materials has restricted their widespread application. 
Consequently, there is a need for non-enzymatic glucose measurement 
catalysts that offer outstanding efficiency at a lower cost. Substantial 
advancements have been achieved in the development of non-
enzymatic glucose sensors over the last ten years [10, 11].  
Developing various nanomaterials has led to the creation of numerous 
selective and sensitive glucose sensors. Glucose is among the most 
abundant monosaccharides found in nature. It is the primary energy 
source for all organisms and has a crucial function in biological 
processes. Normal fasting blood glucose levels typically range from 3.9 
to 6.1 mmol/l. Both hypoglycemia and hyperglycemia can adversely 
affect an individual's health. Those suffering from hypoglycemia may 
feel hungry, experience heart palpitations, or even lose consciousness, 
whereas individuals with hyperglycemia face an increased risk of 
developing diabetes. Furthermore, assessing glucose content is an 
essential indicator of the quality of fruits and vegetables, serving as a 
guide in agriculture. From the discussion above, it is evident that 
precise, straightforward, rapid, and real-time glucose detection is vital 
for medical diagnostics, the food industry, and various other sectors, 
underscoring the significance and impact of the audience's work in 
these fields [12–15]. 
Recent advancements in electrochemical methods for glucose 
measurement have paved the way for new approaches to assessing 
glucose levels. Sensors that utilize glucose are extensively researched, 
with a growing emphasis on transitioning from invasive methods to 
wearable technology. The detection of advanced third-generation 
glucose enzyme sensors primarily relies on glucose oxidoreductase. 
Oxidoreductases, which play a key role as the biological agents in 
glucose enzymatic sensors, are mainly categorized into two types: 
glucose dehydrogenases (GDHs) and glucose oxidases (GOx). 

Furthermore, the redox cofactors associated with GDHs provide 
additional classification criteria [16–18]. 
Enzyme-based sensors utilizing GDHs and GOx offer high specificity 
but are often hindered by high costs, limited stability, and complex 
immobilization processes. Therefore, non-enzymatic electrochemical 
approaches using novel materials are being actively investigated. This 
review focuses on platinum-based electrochemical sensors because of 
their superior performance characteristics compared to other non-
enzymatic alternatives. Platinum exhibits exceptional electrochemical 
properties—high catalytic activity and excellent electron transfer 
capabilities—leading to enhanced sensitivity and selectivity in glucose 
detection [19–21]. Nanostructured platinum (nanoparticles, thin films) 
further improves performance by increasing the active surface area and 
facilitating more efficient interactions with glucose molecules [22, 23]. 
Recently, interest has been in developing susceptible and selective 
electrochemical glucose sensors to rapidly and accurately detect 
glucose levels. Among the various materials studied for glucose 
sensing applications, platinum-based electrodes have become potential 
candidates owing to their excellent biocompatibility and catalytic 
properties. This mini-review focuses on platinum-based 
electrochemical sensors for glucose detection. It highlights their design 
principles, fabrication techniques, and performance evaluation metrics 
to provide insights into their potential for practical healthcare and 
biomedical research applications. 

 Electrochemical glucose sensors 2.

2.1. Mechanisms of glucose detection 

Electrochemical biosensors are widely utilized today because of their 
enhanced repeatability, sensitivity, low cost, and ease of maintenance. 
Glucose sensors that utilize electrochemical methods can be 
categorized into those based on enzymes and those that do not. The 
distinction between enzymatic and non-enzymatic methods lies in 
whether they use direct or indirect electrooxidation reactions of glucose 
in absolute blood [24]. 
Measurements of glucose often rely on the engagement of one of three 
critical enzymes: GOx, hexokinase, or GDH, where the interactions of 
GDH and GOx play a crucial role in facilitating self-monitoring of 
glucose levels. 
Three primary methods for electrochemically detecting glucose are 
measuring the oxygen consumed, assessing the hydrogen peroxide 
(H2O2) generated through enzymatic reactions, or utilizing an 
immobilized or diffusible mediator that facilitates the transfer of 
electrons GOx to the electrode (Fig. 1). Two commonly used families 
of GDH-based amperometric biosensors include GDH-nicotinamide-
adenine dinucleotide (NAD) and GDH-pyrroloquinolinequinone 
(PQQ). The upcoming sections will explore the mechanisms associated 
with enzymatic and non-enzymatic glucose sensing methods. 

2.1.1. Mechanism of enzymatic glucose sensors 
In 1962, Clark and Lyons [1] established the groundwork for 
contemporary glucose-sensing technology through innovative research 
on the initial enzyme-based electrode. This electrode incorporated GOx 
immobilized in a semipermeable membrane, facilitating the 
transformation of glucose into H2O2 and gluconic acid. The redox 
cofactor flavin adenine dinucleotide (FAD) has a critical task in the 
catalytic performance of GOx by accepting electrons and being reduced 
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to FADH2, leading to the generation of H2O2 during the cofactor's 
regeneration. Subsequently, H2O2 undergoes oxidation at a Pt anode, 
allowing for the detection of electron transfer events that correlate 
directly with glucose levels. 
In 1970, Clark [2] made further progress by developing a two-electrode 
setup for glucose detection, converting electro-inactive substances into 
electroactive ones through enzyme-driven reactions. The purpose of 
this system was to reduce interference from various other compounds 
found in the sample. Despite a notable advancement, the initial glucose 
sensors did not qualify as genuine biosensors. 1975, the first 
commercially accessible glucose sensors were introduced, employing 
amperometric detection of H2O2 derived from human blood samples. 
The Yellow Springs Instrument Company (YSI) made a 
groundbreaking contribution to glucose monitoring technology by 
developing a new sensor [25, 26].  
Recent developments in surface chemistry and the fabrication of 
devices have greatly enhanced the area of commercial electrochemical 
glucose sensors [27]. A range of inorganic redox mediators and 
couples—like methyl viologen, tetracyanoquinodimethane (TCNQ), 
quinones, tetrathiafulvalene (TTF), thionine, methylene blue, ferrocene, 
and ferricyanide—enables the transfer of electrons from the enzyme 
layer to working electrode surface [28]. Ferrocene is particularly 
popular because it reacts quickly with enzymes, works effectively over 
a broad pH spectrum, and exhibits reversible electron transfer kinetics.  
Since their launch in 1984, second-generation glucose sensors have 
surpassed the performance of the first-generation models. This 
advancement is primarily due to redox couples or mediators, which 
provide greater sensitivity to dissolved oxygen, even under challenging 
interference conditions and at lower potentials. Medisense Inc. 
introduced the ExacTech sensor as the first glucose monitoring device 
specifically developed for home use. It employed an innovative screen-
printing technique enabling the creation of disposable, compact, 
wearable, and easy-to-use electrodes. Every test strip included working 
electrodes and miniaturized screen-printed reference, with the working 
electrode covered in essential sensing elements like stabilizers, linking 
agents, GOx, and electron-shuttle redox mediator [29]. Although the 
importance of second-generation glucose detectors is still discussed, 
their emergence has notably sped up the advancement of finger-
pricking glucose meters for home use.  

The introduction of home glucose meters that use mediated systems has 
not significantly improved our comprehension of the biochemical 
makeup of GOx, nor has it resolved concerns regarding the solubility of 
intermediates, toxicity, and the overall stability of these systems across 
different temperatures, pH levels, and humidity. Consequently, 
scientists globally are working to enhance sensor efficiency through 
diverse methods facilitating electron transfer from the center of GOx 
redox to the electrode surface. Such methods involve chemically 
altering GOx with electron-relay compounds, connecting GOx with 
electron-conductive redox hydrogels, and using nanomaterials as 
electrical linkers. A different approach aims to facilitate direct electron 
exchange between the electrode and the enzyme, bypassing the 
requirement for intermediaries. This is achieved through needle-shaped 
implantable devices designed for continuous glucose monitoring. These 
devices operate at low potentials, close to the enzyme's redox potential, 
minimizing the need for additional components and simplifying the 
monitoring process. The lack of mediators in these biosensors 
facilitates more efficient detection of glucose molecules [28]. 
Although still in the initial phases of development, third-generation 
sensors exhibit potential, especially those constructed on nano-
mesoporous electrode surfaces. Nonetheless, they encounter 
considerable constraints since only a tiny subset of enzymes has proven 
capable of directly transferring electrons to the working electrode. The 
existing research concerning glucose detection does not provide 
adequate support for methods that do not utilize mediators. To achieve 
the best electron transfer, optimizing the interactions between the 
electrode and the enzyme is crucial. Carbon-based components, 
including nitrogen and phosphorus-doped multi-walled and single-
walled carbon nanotubes, offer superior platforms to create high-
efficiency biosensors for the detection of glucose. The characteristics 
and amounts of these phosphorus and nitrogen species can be precisely 
regulated on the surface of carbon materials, acting as attachment sites 
for the immobilization of PQQ-GDH [30–32].  

2.1.2. Mechanism of non-enzymatic glucose sensors 
Enzyme-based glucose sensors, while sensitive, face several 
drawbacks, including susceptibility to high cost, environmental 
changes, and stability issues. The constraints associated with traditional 
methods have spurred the creation of glucose sensors that do not rely 

Fig. 1. Diagram illustrating the mechanisms of enzymatic glucose oxidation across the production of three biosensors [24]. 
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on enzymes, which provide benefits related to their sensitivity and are 
viewed as a promising next-generation technology [33–35]. Non-
enzymatic glucose sensors find widespread applications in catalysis, 
environmental monitoring, and biomedical devices. Noble metals and 
their alloys have become the central focus of research in non-enzymatic 
glucose electrooxidation due to their strong catalytic properties [36]. 
Two main approaches are used to enhance the efficiency of enzyme-
free glucose sensors. One method focuses on altering the material's 
structural arrangement, expanding the surface area, and increasing the 
active sites for electrochemical reactions. The other strategy involves 
creating hybrid components by integrating or doping the base material 
with different substances, leading to enhanced functionality. The 
construction of glucose sensors often involves using metal-organic 
frameworks (MOFs), metals and their compounds, inorganic carbon 
materials, conductive polymers, and other materials to construct the 
working electrode of the sensor. The integration of these materials 
leverages their respective strengths, leading to improved performance 
of non-enzyme sensors, including lower detection limits, higher 
sensitivity, and a broader linear range.  
While platinum nanoparticles are broadly employed in non-enzymatic 
glucose sensors, they face challenges such as slow kinetics, poor 
selectivity, and limited sensitivity [35]. To address these limitations, 
researchers have explored alternative materials, including alloys with 
Fe, Ni, Au, and Co, and combinations with MWCNTs (multi-walled 
carbon nanotubes) and carbon to enhance surface catalytic activity, 
stability, and sensitivity. While noble metals are generally expensive, 
non-noble metals like Fe, Mn, Zn, Co, Cu, Ni, and metal sulfides and 
oxides have emerged as promising alternatives for non-enzymatic 
glucose electrooxidation. 
Enhancing the accessible active surface area is a key approach to 
boosting the performance of non-enzymatic glucose sensors. Materials 
with good porosity, including macroporous, microporous, and 
mesoporous structures, are therefore being explored for sensor 

fabrication. Nanomaterials combined with graphene and its derivatives 
as substrates have proven to be highly effective, thanks to their 
extensive surface area, superior conductivity, and enhanced electron 
transfer, which contribute to more efficient glucose electrooxidation 
and detection [36]. 
Because of their unique physicochemical properties, two-dimensional 
(2D) substances have emerged as a favorable class for sensing 
applications. Their high surface-area-to-volume ratio has made them 
particularly well-suited for sensing target glucose molecules, leading to 
high sensitivity (Fig. 2) [37]. Furthermore, their high mechanical 
strength, optical transparency, and flexibility enable the miniaturization 
of sensors based on 2D materials, paving the way for their integration 
into the Internet of Things (IoT) platform. 
The interaction between target molecules or ions and 2D materials is 
controlled by two primary mechanisms: physisorption and 
chemisorption. Physisorption is characterized by non-covalent 
interactions at the 2D material surface, whereas chemisorption is 
defined by establishing covalent bonds. Typically, non-covalent 
interactions are preferred for quick responses. Due to its honeycomb 
lattice, graphene tends to create pi-bonds with molecules, while MoS2 

engages through van der Waals interactions, which is typical of 
transition metal dichalcogenides  [38, 39]. 
The single-layer structure of graphene enhances carrier mobility, 
rendering it an outstanding 2D substance for detecting glucose. The 
absence of a band gap facilitates unimpeded charge transport [40]. 
Techniques such as surface decoration composite formation with other 
substances, functionalized reduced graphene oxide (rGO), or graphene 
oxide (GO) are commonly employed to improve graphene's sensitivity 
in glucose detection. For example, nitrogen plasma treatment can yield 
N-doped graphene, whereas Cu-doped graphene may be synthesized 
through electrodeposition. These approaches have resulted in highly 
stable, selective, and sensitive materials [41, 42].  
In glucose sensing applications, GOx is commonly used as a catalyst. 

Fig. 2. A conceptual diagram illustrating chemical sensors that leverage 2D materials, highlighting the benefits of these materials and their use 
in detecting ions and molecules [37]. 
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Nevertheless, GO does not work well with organic polymers. The 
chemical modification of GO using N-succinimidyl acrylate allows 
GOx to be incorporated, demonstrating the performance of different 
graphene electrodes across various pH levels in a challenging 
environment [43]. 
Nanoparticle decoration on 2D materials can be performed via 
electrochemical etching, fabricating nano-band electrodes, and 
depositing metal nanoparticles. Parlak et al. [44] have clarified the 
sensing mechanism involved with Au-doped MoS2. Research indicates 
that Au nanoparticles enhance glucose sensitivity. Specifically, Parlak 
et al. utilized ultrasonication to disperse Au nanoparticles, whereas Su 
et al. [45] employed a hydrothermal approach to synthesize them 
directly on MoS2. MoS2 nanosheets suspended in a phosphate buffer 
solution and exposed to ultrasonication exhibit a selective response to 
glucose molecules. Different metals like Ni, Ag, Au, Cu, and Pt have 
been integrated into MoS2 substrates through methods including liquid 
exfoliation solution-based methods, electrodeposition, and 
hydrothermal processes [46–49]. Creating bimetallic nanoparticles 
continues to pose challenges and necessitates additional research. 
SnS2 is one of the n-type semiconductors with a bandgap ranging from 
2.18 to 2.44 eV and can be utilized for detecting glucose and H2O2. Its 
acid resistance and stability in air, along with photocatalytic properties, 
render it a desirable material. The stability and reproducibility of an 
MWCNT–SnS2 sensor that responds amperometrically only to glucose 
without reacting to ascorbic or uric acid are demonstrated. This sensor 
was evaluated under a potential of 0.43 V in a solution of phosphate 
buffer at pH 6.0 [50]. 

 Parameters controlling glucose biosensors 3.

3.1. Enzymes 

GOx and GDH represent two enzyme categories commonly employed 
in glucose biosensors to facilitate the redox reaction involving glucose. 
The characteristics of these enzymes vary concerning their redox 
potential, selectivity, and cofactors for D-glucose. The GOx enzyme is 
extensively studied because it is easily handled and exhibits high 
specificity for substrates in glucose-rich environments [51, 52]. GOx is 
commonly produced using the fungus Aspergillus niger. The structure 
of the GOx enzyme consists of a homodimer formed by two identical 
subunits, along with a non-covalently attached FAD coenzyme that is 
firmly integrated into the enzyme's active site. FAD resides within 
funnel-shaped active sites with an aperture of 100 Å [53]. As a redox 
cofactor, FAD serves as a coenzyme that utilizes oxygen as an external 
electron acceptor and functions and generates H2O2 as an electron 
transporter throughout the catalytic process. The GOx enzyme provides 
benefits such as cost efficiency and significant stability in applications 
involving glucose biosensors. However, its performance relies on the 
oxygen levels in the electrolyte solution [54, 55]. 
Unlike traditional methods that use oxygen as an electron acceptor, 
GDH facilitates electron transfer to various organic and synthetic 
acceptors. The structure of GDH is that of a monomer composed of two 
distinct domains: a central binding domain for nucleotides and a 
catalytic domain on either side. GDH can be classified according to its 
cofactor, primarily falling into three categories: pyrroloquinoline 
quinone (PQQ), FAD, and NAD [56]. The effectiveness of the GDH 
enzyme is contingent upon the specific cofactor employed. FAD-GDH 
is typically expensive and demands considerable preparation, whereas 

PQQ-GDH shows limited selectivity because of interactions with 
different saccharides. NAD-GDH demonstrates superior stability and 
selectivity but faces challenges in aligning with suitable mediator 
properties. 

3.2. Electrode materials 

The interaction between the working electrode and the electrolyte 
solution interface significantly influences the performance of 
electrochemical glucose biosensors. The variety of working electrodes 
and their surface configurations play a crucial role in determining the 
electrochemical efficiency of these biosensors. There is a constant 
demand for glucose biosensors that exhibit reliable reproducibility, 
high sensitivity, and cost-effective working electrodes. Prior studies 
have documented modifications to electrodes for glucose biosensors 
utilizing solid carbon electrodes, such as magnetic glass carbon and 
carbon paste electrodes [57, 58], as well as solid noble metal electrodes 
like Au and Pt [59, 60]. A significant drawback of solid bulk electrodes 
is the challenge of adapting their development process to disposable 
electrodes intended for home blood glucose monitoring. Disposable 
electrodes, however, benefit from rapid screening and on-site tracking 
due to their affordability, high sample throughput, and straightforward 
incorporation into mass production methods. These disposable working 
electrodes can be classified into carbon-based, flexible, or glass-based 
and are typically produced through screen printing, deposition, casting, 
and sputtering techniques. 
Disposable electrodes are ideal for glucose biosensing because they are 
compact, portable, and cost-effective for at-home glucose monitoring. 
Disposable electrodes are frequently augmented with various 
nanomaterials to enhance their electrochemical performance in glucose 
measurement. Techniques for surface modification include drop 
casting, electrodeposition, direct growth, and dip coating methods. 
Among the various disposable electrodes, screen-printed carbon 
electrodes (SPCE) stand out for their simplicity, as they integrate 
reference, counter, and working electrodes into a single substrate. This 
is due to their capacity to bend and stretch, making them ideal for 
continuous and wearable glucose monitoring systems. 

3.3. Electrolyte 

The choice of electrolyte in enzymatic glucose biosensors is crucial, as 
it significantly influences the biosensor's performance. Phosphate 
buffered saline (PBS) is frequently used due to its ion concentration 
and osmolality, which resemble those of the human body. The pH level 
of PBS plays a vital role in regulating the electrochemical signals 
associated with the performance of glucose biosensors. Enzymes 
exhibit variations in their structure and conformation based on the 
electrolyte's pH. Alterations in the enzyme's structure influence its 
activity. The electrolyte's pH can modify the ionization state of enzyme 
amino groups, which is typically reversible [61]. 
The redox characteristics of the GOx enzyme are affected by the 
concentrations of protons (H+) and hydroxide ions (OH-) in the 
electrolyte under acidic conditions (pH < 4); the activity of GOx 
diminishes because of denaturation. In alkaline environments (pH > 8), 
the activity of GOx is reduced due to a decreased concentration of 
protons. The optimal redox behavior of the GOx enzyme occurs at 
neutral pH levels, specifically between 6.8 and 7.4. This emphasis on 
the importance of the redox behavior of the GOx enzyme at neutral pH 
levels is crucial for the audience's understanding and appreciation of 
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glucose biosensors. In contrast, non-enzymatic glucose biosensors 
typically operate under alkaline conditions, with a pH range of 8 to 10. 
A NaOH solution, generally at a concentration between 0.1 and 0.5 M, 
is commonly used for glucose oxidation reactions. Alkaline conditions 
are crucial since the OH- in the electrolyte facilitates the catalytic 
reaction involving β-D-glucose. Numerous studies have explored non-
enzymatic glucose biosensors operating in neutral electrolyte 
conditions, specifically at pH levels between 7 and 7.4. The pH levels 
of human bodily fluids, such as serum, tears, and sweat, utilized as 
samples in glucose biosensors, are typically neutral. Consequently, a 
working electrode incorporating bimetallic compounds and porous 
nanomaterials was designed to boost the catalytic reaction and improve 
electron transfer during glucose detection [62]. 

 Platinum-based electrochemical sensors for glucose 4.
detection 

The development of glucose biosensors, a significant milestone in the 
field, has revolutionized the diagnosis and prediction of diabetes. 
Moreover, these biosensors play a critical role in the drink, food, and 
fermentation sectors, where the accurate measurement of glucose levels 
is crucial. The enzyme GOx, a key player in this development, was first 
utilized in creating glucose biosensors [63, 64]. 
In 2004, a biosensor that operates on the principle of amperometry with 
H2O2 was developed, marking a significant advancement in the field. 
This device, manufactured through the use of oxidases and the 
enzymatic oxidation of the target substance, represents a continuous 
improvement in glucose biosensor technology. The incorporation of 
GOx into a polypyrrole membrane on a platinum electrode effectively 
immobilizes the enzyme, enhancing the sensor's performance. The 
sensor exhibits a sensitivity of 103 µA/mM cm2, a testament to the 
promising future of glucose biosensors [65]. 
Although the sensor is highly responsive, its reaction speed and the 
smallest amount of glucose it can detect are still significant factors to 
consider. To better understand how glucose sensors work, researchers 
led by Zhu et al. in 2006 utilized the unique properties of carbon 
nanotubes (CNTs) related to heat, electricity, and light [66]. They used 
CNTs to cover platinum particles (with a diameter between 2 and         
3 nanometers), creating a structure of platinum nanoparticles encased 
in dendrimers (PtDENs). These structures were then combined with 
multi-walled carbon nanotubes (MWCNTs). The MWCNTs act as a 
solid surface where metal nanoparticles can attach and become more 
concentrated. They also play a role in facilitating the transfer of 
electrons between enzymes and other biological molecules, as 
described by researchers Guiseppi-Elie and colleagues in 2002 [67]. 
This electrode design promotes a high rate of oxidation and reduction 
reactions while limiting the impact of unwanted substances. The results 
demonstrated that this sensor can respond within 5 seconds and detect 
glucose concentrations as low as 2.5 millimolar. However, while 
creating this biosensor is straightforward and manageable, the 
minimum amount of glucose it can detect could be better. 
A research team led by Wu et al. [68] developed a glucose sensor using 
MWCNTs, the enzyme GOx, and gold nanoparticles. This sensor could 
detect glucose levels ranging from 0.1 to 10 mM, with a detection limit 
of 6.7 M and a sensitivity of 2.527 A/mM. Wen et al. [69] developed a 
straightforward method for creating a platinum-coated carbon nanotube 
(PtCNT) material. This involved heating glucose and a reducing agent 
on a film composed of anodic aluminum oxide and nanoparticles. This 

process ensured that the GOx enzyme retained its biological activity. 
This composite material contained many oxygen-containing groups, 
which enhanced its solubility in water, its compatibility with biological 
systems, and the activity of the GOx enzyme [70]. By combining the 
composite material with the GOx enzyme, researchers created a highly 
effective glucose biosensor that used the Pt-CNT material as its basis. 
This sensor could detect glucose levels within a detection limit of  
0.055 mM, with a linear range of 0.16 to 11.5 mM, and exhibited good 
reliability and selectivity. 
Feng et al. [71] employed a straightforward physical adsorption 
approach to create glucose sensors using TiO2 nanotube arrays (TiO2 
NTAS) modified with graphene, immobilized GOx, and platinum 
nanoparticles (Pt/GR/TiO2 NTAs). The sensor's response rate displayed 
a linear correlation with glucose concentration ranging from 0.1 to         
8 mM. The sensor's sensitivity achieved a value of 0.94 µA/mM cm2. 
Akkaya et al. developed a novel electrochemical biosensor capable of 
switching, which was fabricated using a composite modification 
involving the deposition of Pt nanoparticles and the reduction of GOx 
[72]. Tannic acid (TA) was utilized to simultaneously reduce graphene 
oxide (GO) and Pt4+, facilitating the immobilization of GOx. The 
resulting surface exhibited switchable behavior, responding to oxygen 
levels, pH, and temperature variations. Furthermore, the biosensor 
incorporates polyisopropylacrylamide (PNIPAAm), which can form 
hydrogen bonds and create a zipper-like structure that enables 
switchable behavior. The biosensor displayed a decrease in the GOx-
FAD current as glucose concentration increased within the range of 2–
10 mM. This reversible interaction demonstrated the biosensor's 
acceptable repeatability, a sensitivity of 27.51 µA/mM cm2, and a 
detection limit of 1.21 µM. 
Yang et al. [73] integrated nanocoated substances within a GOx 
solution to improve sensitivity and reduce the detection threshold. They 
developed a range of one-dimensional mesoporous platinum nanotubes 
(MPtNTs), which acted as electrode modifiers for a biosensor enhanced 
by 1D mesoporous Pt nanotubes. The MPtNTs exhibited wall 
thicknesses ranging from 7.2 to 12.8 nm. Mesoporous nanoparticles are 
ideal for enzyme immobilization because they offer a large capacity 
and a high specific surface area that enhances enzyme activity [74, 75]. 
The biosensor increased response current to glucose as the 
concentration increased. The MPtNTs biosensor has a wall thickness of 
7.2 nm, a linear range from 0.025 to 2.20 mM, and a detection limit of 
0.2 µM (S/N = 3). The estimated Michaelis constant (Km) was less than 
3.4 mM, indicating good anti-interference selectivity and properties. 
The field of biosensors has experienced significant advancements, 
driven by the optimization of various performance metrics such as 
response time, detection limit, and sensitivity. These developments 
have led to the creation of crystalline porous materials with a periodic 
network structure composed of organic linkers, metal-organic 
frameworks (MOFs), and metal ions [76]. These materials, with their 
adjustable pore sizes, large hydrophilic/hydrophobic groups, and ultra-
high porosity, offer versatile properties for various applications [77–
79]. Notably, the MOF-74 group is a relatively robust framework 
material, exhibiting water and commendable thermal stability [80]. 
In contrast, Uzak et al. [81] immobilized GOx onto a hybrid 
nanomaterial composed of platinum Pt NP-modified reduced graphene 
oxide (rGO)/ZnMOF-74. This biosensor demonstrates rapid response, a 
high current density, and sensitivity to glucose facilitated by efficient 
electron transfer capacity. The data revealed that a consistent current 
signal can be acquired within 40 seconds. The biosensor exhibited good 
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selectivity, as evidenced by a low relative standard deviation (RSD) of 
4.16% in the presence of various interfering reagents. This biosensor 
demonstrates a linear range of 0.006 mM with a sensitivity of         
64.51 µA/mM cm2 and a detection limit of 1.8 µM (S/N = 3). 
While enzyme-based sensors offer sensitivity, they are often 
susceptible to operating conditions (pH, temperature, and humidity), 
are relatively expensive to produce, and exhibit limited stability       
[82]. These constraints have created glucose sensors that do not          
rely on enzymes, providing a more reliable option. To enhance the 
efficiency of glucose biosensors, Liu et al. [83] utilized platinum 
nanofibers and platinum nano corals, adjusting electrodes with gold 
particles to develop sensors that can directly identify glucose in 
alkaline and neutral solutions. The sensor demonstrated high sensitivity 
in alkaline solutions (24.6 µA/mM cm2), a broad linear range of 7.2 
mM, and a low detection limit of 3.2 µM. When tested in a neutral 
medium, the sensor exhibited an increased sensitivity                         
(2.1 µA/mM cm2), linear range, and detection limit, reaching 28 µM. 
Dhara and colleagues [3] (2014) successfully developed a serum 

glucose sensor using rGO in conjunction with monoclinic crystal 
copper oxide nanomaterials and cubic crystal platinum nanomaterials, 
employing a single-step chemical approach. The resulting sensor 
exhibited a detection limit of 0.01 µM, a sensitivity of                      
3,577 µA/mM cm2, and a linear response range of 12 µM. 
Şavk et al. [82] created Pt–Ni nanocomposites that incorporated 
activated carbon, referred to as PtNi/AC. These PtNi/AC 
nanocomposites were applied to enhance the surface of a glassy carbon 
electrode (GCE), creating an electrochemical glucose biosensor that 
does not require enzymes. These PtNi/AC nanocomposites exhibited a 
remarkable ability to oxidize and catalyze glucose without needing 
enzymes. The addition of glucose resulted in a significant alteration of 
the current intensity. The present density advanced steadily, getting a 
stable current within 2 seconds. The biosensor demonstrated a 
sensitivity of 40.9 mA/mM cm2, a linear range from 0.025 to 12 mM, 
and a detection limit of 0.052 µM. This mini-review summarizes recent 
advances in platinum-based electrochemical sensors for glucose 
detection in Table 1. 

Table 1. Recent advances in platinum-based electrochemical sensors for glucose detection (2019–2024). 

Year Modified electrode Potential (V) Sensitivity (µA/mM cm2) Linearity (mM) Limit of detection (µM) Ref. 

2019 Pt/rGO/poly(3-aminobenzoic acid) 0.5 22 0.25–6 44.3 [84] 

2019 Pt/Ni@rGO 0.5 171.92  0.02–5.0 6.3 [85] 

2020 GOx-Pt NPs-PAA (poly(Azure A)) 0.2 42.7 0.02–2.3 7.6 [86] 

2020 Nanoporous Pt 0.4 - 1–13 - [87] 

2020 Pd@Pt octahedral (76.2 nm) -0.05 74.71                                   
28.1                                   
53.14 

0.25–6                   
6–20                  

0.25–5 

20.4 [88] 

2020 Pd@Pt rhombic dodecahedral (79.3 nm) -0.05 20.1 5–20 33.5 [88] 

2020 Pd@Pt nanocubic (62.7 nm) -0.05 44.3                                     
22.9 

0.25–5                  
5–20 

24.1 [88] 

2021 Pt/ophenylenediamine-ß-cyclodextrin/Au 0.25 22 2.5–15 750 [89] 

2021 Pt/Au nanoalloy 0.55 2.82 1.39–13.9 482 [90] 

2021 Polyurethane-poly(ethylene glycol)/Pt 
film/Au-polyethylene terephthalate) 

0.65 3.418 0.5–25 0.25 [91] 

2021 Pt nanodendrite/ZnO nanorods -0.5 20.19 0–20 0.5 [92] 

2022 Concave Pt-Pd/Au -0.05 11.06 2.4–10.6 0.15 [93] 

2022 Core-shell Pt-Pd/Au -0.05 9.939 2.4–9.4 0.14 [93] 

2022 Core-shell Pt-Pd-Pt Island/Au -0.05 9.715 1.8–9.4 0.14 [93] 

2022 Stellated Pt-Pd/Au -0.05 11.62 1.8–6 0.17 [93] 

2022 GO/MWCNT/Au@Pt -0.013 330 5×10-5–0.1          
0.1–2.5 

42 [94] 

2022 Single-atom platinum(Pt1)/Ni(OH)2/         
N-doped graphene 

0.48 220.75 0.01–2.18 - [95] 

2023 Pt/MXene 0.1 3.43 0–8 29.15 [96] 

2023 Single-atom platinum (Pt1)/Cu@CuO NWs 0.131 852.16 10-5–5.18 ×10-3 3.6 [97] 

2023 Laser-scribed Pt NPs - 69.64 0.005–3 0.23 [98] 

2023 Pt nanoflower-rGO -0.28 335.5 0–3.5 53 [99] 

2023 Pt2Pd1 alloy nanocrystals -0.05 3.3 0.001–0.4 0.245 [100] 

2024 Pt1/Cu2O@copper foam 0.55 31550 0.002–0.56 1 [101] 

2024 Co3O4/Pt single-atoms 0.6 - 0.001–0.8 0.84 [102] 
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Recent research has focused on developing platinum-based 
electrochemical sensors with enhanced sensitivity, selectivity, and 
stability for non-enzymatic glucose detection. These advancements 
often involve using novel materials and fabrication techniques to 
optimize sensor performance. Lin et al. [90] investigated the potential 
of electrochemically deposited Pt/Au nanoalloy electrodes for neutral 
non-enzymatic glucose biosensing. Their research demonstrated the 
effectiveness of this nanoalloy material in achieving high specificity for 
glucose detection, with a sensitivity of 2.82 μA/mM cm2, a detection 
limit of 0.482 mM, and a linear range of 1.39–13.9 mM.     
Furthermore, experiments performed in artificial serum demonstrated 
that this Pt/Au nanoalloy electrode could be effectively used for 
potential clinical purposes, emphasizing its durability against various 
complex interfering substances present in human blood.                
Özbek et al. [103] demonstrated a promising glucose biosensor 
utilizing a graphene/platinum nanoparticle/Nafion composite on a 
glassy carbon electrode. The biosensor, developed through a cross-
linking method, displayed remarkable selectivity and sensitivity for 
glucose detection, achieving a detection limit of 10 nM. The 
biosensor's performance was further validated by examining its 
stability over 20 measurements, showing a retention of 94.5% activity. 
The research also highlighted the biosensor's capability to precisely 
detect glucose in a synthetic blood sample, indicating its potential for 
clinical applications. 
Several studies have confirmed the possibility of single-atom catalysts 
(SACs) for enhancing the electrochemical sensing of glucose. Long     
et al. [95] explored the use of single-atom platinum (Pt) supported on 
Ni(OH)2 nanoplates/nitrogen-doped graphene (Pt1/Ni(OH)2/NG) as a 
novel catalyst. This SAC exhibited a significantly improved 
performance compared to Ni(OH)2 alone, demonstrating a lower anode 
peak potential (0.48 V) and a 12-fold increase in sensitivity         
(220.75 μA/mM cm2). The Pt1/Ni(OH)2/N-doped graphene catalyst also 
displayed remarkable selectivity against common interfering species, a 
rapid response time of 4.6 seconds, and exceptional stability over four 
weeks. This research highlights the promising potential of SACs to 
enhance electrochemical sensing applications significantly. Wang et al. 
[94] produced a novel non-enzymatic electrochemical glucose sensor 
utilizing a 3D composite material comprised of GO, MWCNTs, and 
Au@Pt core-shell nanoparticles. This sensor exhibited a remarkable 
detection limit of 4.2×10-8 M with two linear ranges: 1×10-4 to    
2.5×10-3 M and 5×10-8 to 1×10-4 M. This research highlighted the 
potential of this 3D composite material as a practical platform for non-
enzymatic glucose detection. 
The recent advancements in non-enzymatic electrochemical glucose 
sensors highlight significant innovations in materials and design to 
improve sensitivity, selectivity, and practicality for continuous 
monitoring. Li et al. [96] developed a flexible wearable sensor using a 
Pt/MXene catalyst, which showed a wide detection range for glucose in 
sweat (0–8 mmol/l) and incorporated a conductive hydrogel for 
enhanced stability. This design included a microfluidic patch for 
efficient sweat collection, demonstrating its potential for real-time 
glucose monitoring, which is particularly beneficial for diabetes 
management. Zhao et al. [97] focused on single-atom platinum 
supported on Cu@CuO core-shell nanowires (Pt1/Cu@CuO NWs). 
Their findings revealed exceptional electrocatalytic activity with a 
significantly reduced onset potential and an impressive sensitivity of 
852.163 µA/mM cm2. The synergy between the single Pt atoms and the 

core-shell structure contributed to vital glucose binding, showcasing 
the efficacy of single-atom catalysts (SACs) in glucose sensing. 
Wang et al. [101] explored Pt SACs on cuprous oxide nanowires 
(Pt1/Cu2O@copper foam) for glucose detection. Utilizing advanced 
characterization methods, they achieved an ultrahigh sensitivity of 
31.55 mA/mM cm2 and a low detection limit of 1 μM. First-principles 
simulations indicated that the SACs enhanced glucose adsorption and 
facilitated electron transfer, reinforcing the potential of SACs in 
developing highly sensitive biosensors. Zhang et al. [102] introduced a 
sensor based on Pt SACs supported on Co3O4, integrated with a dual-
channel microfluidic chip and a PEG-DA hydrogel. This setup 
provided rapid and reliable glucose detection with a linear range of 1 to 
800 μM and a detection limit of 0.84 μM. The hydrogel minimized 
interference, while the microfluidic design improved reaction 
conditions, demonstrating high recovery rates in actual beverage 
samples. 
These investigations underscore the transformative possibility of novel 
materials and designs to enhance the efficiency of electrochemical 
glucose sensors, paving the way for more effective diabetes 
management solutions. 

 Performance evaluation of platinum-based 5.
electrochemical glucose sensors 

The performance of platinum-based electrochemical sensors for the 
detection of glucose has shown significant advancements over the 
years. This section evaluates various attributes such as potential, 
sensitivity, linearity, and limit of detection (LOD) across different 
modified electrodes, highlighting the challenges and progress in this 
field. 
The potential at which these sensors operate varies widely, with most 
modified electrodes functioning in the range of -0.5 V to 0.65 V. 
Notably, electrodes such as the Pt/Ni@rGO and Pt1/Cu2O@copper 
foam demonstrated effective performance at 0.5 V and 0.55 V, 
respectively, showcasing their ability to detect glucose efficiently while 
minimizing interference from other species. In contrast, several 
sensors, such as the Pd@Pt octahedral and Pd@Pt rhombic 
dodecahedral, operate at negative potentials (-0.05 V), which may be 
beneficial for reducing background current but could also impact the 
overall sensitivity. 
Sensitivity is a critical parameter for evaluating sensor performance. 
The data reveals a wide range of sensitivities, with the Pt1/Cu@CuO 
NWs achieving an impressive sensitivity of 852.16 µA/mM cm², 
making it one of the most sensitive sensors reported to date. Other 
notable sensors include Pt1/Ni(OH)2/N-doped graphene                
(220.75 µA/mM cm2) and GO/MWCNT/Au@Pt (330 µA/mM cm2). 
However, several sensors exhibited lower sensitivity values, such as 
Pt/Au nanoalloy (2.82 µA/mM cm2) and Pt nanodendrite/ZnO nanorods 
(20.19 µA/mM cm2), indicating that further optimization is necessary 
for these configurations. 
The linearity of the response is crucial for practical applications, as it 
determines the concentration range over which the sensor can reliably 
function. Most sensors exhibit a linear response within specific 
concentration ranges, with notable examples including Pt/rGO/poly(3-
aminobenzoic acid) (0.25–6 mM) and Pt1/Cu2O@copper foam (0.002–
0.56 mM). The most comprehensive linear range is observed in 
polyurethane-poly(ethylene glycol)/Pt film/Au-polyethylene 
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terephthalate (0.5–25 mM), demonstrating its potential for applications 
requiring detection across a broad glucose concentration spectrum. 
However, some sensors, like nanoporous Pt and Pd@Pt octahedral, 
show limited linearity ranges, indicating a need for further 
development to enhance their applicability. 
The LOD is another critical parameter that reflects the sensor's ability 
to detect low glucose concentrations. Several sensors have reported 
impressive LOD values, with Pt1/Cu@CuO NWs achieving a 
remarkable LOD of 3.6 µM and GO/MWCNT/Au@Pt showing a LOD 
of 42 µM. Conversely, sensors like Pt/Au nanoalloy and Pt 
nanodendrite/ZnO nanorods have higher LODs (482 µM and 750 µM, 
respectively), suggesting that while they may be suitable for higher 
glucose concentrations, they are less effective for detecting low levels 
of glucose in clinical settings. 
In conclusion, evaluating platinum-based electrochemical glucose 
sensors indicates significant progress in enhancing sensitivity, reducing 
LOD, and expanding linearity ranges. However, ongoing research is 
essential to address limitations in potential operation and sensitivity 
across various electrode modifications to optimize these sensors for 
practical applications in the monitoring of glucose. 

 Conclusions and outlook 6.

This mini-review has provided a comprehensive overview of platinum-
based electrochemical sensors for glucose detection, highlighting the 
advancements in material design, fabrication techniques, and single-
atom catalysts. Platinum's exceptional electrocatalytic properties and 
inherent stability have made it a cornerstone material for developing 
susceptible, selective, and stable glucose sensors. 
The performance evaluation of these sensors reveals significant 
progress in achieving remarkable sensitivity, more comprehensive 
linear ranges, and lower detection limits. Sensors incorporating 
platinum nanoparticles, composites, and single-atom catalysts have 
demonstrated impressive performance, achieving sensitivities 
exceeding 850 µA/mM cm2 and detection limits as low as 3.6 µM. 
However, the development of platinum-based sensors continues to face 
challenges, including the requirement for enhanced stability, 
selectivity, and cost-effectiveness. 
Future research in this field will focus on: 
• Exploring novel platinum-based materials: Investigating platinum 

alloys, core-shell structures, and advanced nanomaterials to 
enhance catalytic activity, selectivity, and stability.  

• Developing advanced fabrication techniques: Utilizing 
electrodeposition, electrospinning, and 3D printing for precise 
control of platinum-based nanomaterials' morphology, size, and 
distribution. 

• Integrating microfluidic platforms: Developing miniaturized 
sensors with integrated microfluidics for enhanced performance, 
portability, and real-time monitoring capacities. 

• Embracing the potential of single-atom catalysis: Unveiling the 
possibilities of single-atom platinum catalysts to further enhance 
sensitivity, selectivity, and response time, instilling a sense of hope 
and optimism in the audience. 

Developing efficient, cost-effective, and reliable platinum-based 
electrochemical glucose sensors is crucial for improving diabetes 
management, advancing biomedical research, and enabling point-of-
care diagnostics. The audience is encouraged to continue their research 
and development in this field, as it holds immense promise for 

revolutionizing glucose detection technology and transforming 
healthcare practices. 
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