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Biochar-based electrochemical sensors

Many fields, including industry, medicine, and environmental protection, are very interested in the
design of sensitive and selective electrochemical sensors with a good affinity for the target analyte and a
fast and reliable analytical response. For many researchers, it is important to understand the
interactions that take place between the electrode and the analyte, which provide insight into the
mechanism of the electrochemical reaction [1].

By improving the functionality of conventional electrodes, modified electrodes have completely
revolutionized electrochemical sensing. Thanks to the numerous design possibilities of electrochemical
sensors, i.e. working electrodes, the aim is to select modifiers with the most favorable interactions with
the analyte in order to achieve the lowest possible limits of detection and determination by an
optimized analytical method. Particular importance is attached to modifiers with a catalytic effect on the
electron transfer process in the electrochemical system. It is expected that the modification of the
electrochemical sensors will lead to an increase in the selectivity and reproducibility of the electrode
surface during the determination of analytes. First of all, it is important to determine which parameters
and interactions affect the results of the experiment, and then to choose the appropriate combinations
of factors that will ensure optimal sensor response. These modifications increase sensitivity, selectivity,
and overall analytical capabilities by changing the characteristics of the electrode surface. For efficient
monitoring, these advancements allow for improved detection of pollutants in the environment [2; 3].

The electrochemical sensor should be modified in a way that is economically feasible while maintaining
the proper stability of the resulting sensor [4]. Adding mediators or modifiers to the electrochemical
sensor/working electrode composition, such as a carbon paste electrode, alters the electrode surface's
physical or physicochemical characteristics. The primary goals of electrode modification are to produce
or improve the electrochemical signal and/or lower the overvoltage, move and separate signals that
would otherwise overlap, or enhance the analytical performance of the electrochemical sensor with
predefined properties [5].

The sustainability of materials for developing the modified electrochemical sensor is crucial in the
framework of a circular economy due to the need for environmentally friendly and greener analytical
chemistry. Carbon-based sensing platforms have revolutionized contemporary electrochemical systems
and are easily compatible with other carbon-rich materials, like biochar. The entire potential of biochar
to enhance the analytical capabilities of electrochemical sensors can be realized through its use as a role
of modifier. A green chemical approach to simulating new perspectives in expanding the variability of
electrode material during the design of electrochemical sensors is closely linked to biochar usage, an
environmentally friendly material that becomes a significant research axis that contributes to
sustainable development [6].
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Because of its favorable characteristics, including its high surface area, tunable porosity, strong chemical
stability, and good electrical conductivity that reflects its catalytic effect for sensing applications, biochar
has been considered a suitable choice as an electrode modifier [7, 8]. Biochar, as a sustainable material,
could replace more complex electrode materials and act as an electrocatalyst due to the synergistic
effect and ensuring reliable analytical performance in a variety of environmental samples, which
illuminates their unique characteristics [9, 10].

A green material that is both economically and environmentally feasible, biochar may be produced from
waste, mostly industrial and agricultural wastes, revealing the many forms of biomass as inexpensive
resources with high availability [6]. Sensor response may be impacted by the differences in
characteristics of biochars produced from a variety of biomass sources, electrode manufacturing
techniques [3]. Functional groups including carboxyl, hydroxyl, and carbonyl are abundant on the
surface of the biochar, allowing for strong interactions with target analytes and enhancing the sensitivity
and selectivity of the sensor [3, 11, 12].

Recent advancements in the development of next-generation sustainable sensing devices have made it
necessary to carry out comprehensive studies on the interactions between the analyte of interest
depended on the composition, morphology, and electrochemical properties of carbon materials, such as
biochar. Given that the process of producing biochar is inexpensive and environmentally friendly, the
design and manufacturing of biochar-based electrochemical sensors represents a strategy that may
eventually lead to the mass production and commercialization of this type of sensors [13].

Utilizing waste materials to produce biochar-based electrochemical sensors that analyze environmental
samples without preparation is part of the effort to achieve a more environmentally friendly analysis.
Before biochar-based electrochemical sensors could be commercialized, very precise estimates of the
interactions between the biochar and the target analyte are still required to increase the practical use of
the generated biochar-based electrodes for detecting analytes in a variety of real samples [6, 14].
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