Low-Cost Nickel-based Catalyst For The Electrooxidation of Gamma-Hydroxybutyric Acid Precursors
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Gamma-hydroxybutyric acid, commonly known as GHB, is a central nervous system depressant primarily used to treat various health conditions. Nowadays, it is mainly misused among young people as a sedative and was therefore banned in society[1]. However, its precursors, 1,4-butanediol (1,4-BD) and gamma-butyrolactone (GBL), are readily available, and in the body, they are quickly metabolized into GHB within seconds, often leading to pronounced physiological effects. Moreover, these drugs are colorless, odorless, tasteless, rapidly eliminated from biological fluids, and structurally similar, which makes their forensic detection highly challenging[2].
These factors highlight the urgent need for reliable, sensitive, and selective analytical methods capable of detecting both GHB and its precursor compounds.
While optical sensing approaches have been widely explored in the literature, they frequently suffer from limited selectivity, particularly when distinguishing structurally similar molecules, and often lack accurate quantification in complex matrices [3]. To overcome these limitations, we propose an electrochemical sensing platform based on a nickel-modified carbon electrode.
For this purpose, a laser-induced graphene electrode was prepared by engraving a Kapton foil using a carbon dioxide laser cutter. After this step, a two-electrode system consisting of a working and a counter electrode is formed. Following that, nickel nanoparticles are electrodeposited onto the electrode surface by applying a constant potential, which triggers the reduction of nickel(II) ions in solution to nickel deposited on the electrode. Subsequent electrochemical activation results in the formation of a stable and uniform Ni(OH)₂/NiOOH redox layer. Although these compounds are inherently non-electroactive under standard conditions, the Ni(II)/Ni(III) redox couple facilitates their oxidation by acting as an efficient electrocatalyst. This modified electrode exhibits strong electrocatalytic activity toward the oxidation of 1,4-BD and GBL in alkaline media. 
The performance of the sensing platform is further evaluated in real sample matrices, demonstrating its practical applicability. Overall, this electrochemical approach offers a simple, sensitive, and potentially selective method for detecting date-rape drug precursors in complex environments, representing a promising alternative to conventional optical techniques.
The research was funded by the National Science Center, NCN, Poland: project Sonata BIS 13: “Unlocking the potential of ion-transfer voltammetry-based electronic tongues for date-rape drug detection in real samples” 2023/50/E/ST4/00639 project.
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