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Cationic surfactants for interfacial reaction Kinetics:

mechanistic insights and emerging advances
DUAN Zhongyu's, HAN Lu', LI Xibao”

(1. School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114501, China;
2. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract Cationic surfactants exhibit remarkable advantages in modulating interfacial reaction kinetics due
to their unique amphiphilic architecture and intrinsic positive charge. This review summarizes recent
breakthroughs in their applications across electrocatalysis, energy storage, and environmental remedia-
tion, with particular emphasis on mechanisms including electrostatically driven interfacial restructuring,
mass-transfer enhancement via adsorption-layer dynamics, and micelle-mediated microenvironmental engi-
neering. We further provide a comprehensive assessment of the contributions and limitations of current
characterization and simulation techniques in elucidating these mechanisms. Finally, we outline key chal-
lenges and future directions, such as multiscale mechanism exploration, coupled effects in complex sys-
tems, and the sustainable design of functional surfactants, This work aims to furnish theoretical insights
and technical guidance for the rational design of efficient interfacial reaction systems enabled by cationic
surfactants.
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Fig. 2 Mechanisms and application of cationic surfactant-mediated interfacial reaction kinetics
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Fig. 4 Reconstruction and characterization of the oil-water interface driven by cationic surfactantst®*]
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Fig. 7 Simulation and characterization techniques for interface reactions
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