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Abstract: As the most commonly used solvent molecule, the unique hydrogen bond and
dipole structure of water in the electrical double layer (EDL) have an important influence on
many physical, chemical and biological processes. Thus, studying the network of water in
EDL is a long-time hotspot. It is not until recently that the microscopic structures of water in
EDL at the interface of metal electrode/aqueous have started to be unveiled. Nevertheless,
revealing the regulation of structured water in the electrostatic properties of biomembranes is
still scant except the pioneer work with molecular dynamics simulations. Unfortunately, the
complexed local water structure due to the adsorption of phospholipid membranes greatly
challenges the molecular dynamics simulations in probing the distinctive properties of water
and membrane EDL. As a result, far less is known about the local structured water and its
contribution to the EDL at the electrified membrane/water interface.

Herein, based on the superiority of surface enhanced infrared absorption (SEIRA)
spectroscopy combined with electrochemistry in interfacial analysis, our work clearly
revealed the evolution of local water structure at the zwitterionic phospholipid
membranes/aqueous interface with an external electric field. The strongly hydrogen-bonded
water directly bonded to the phosphate groups has a strong mechanical strength to resist
potential perturbations, whose hydrogen-bonding microenvironment has a significant effect
on the broken of loosely bonded tetrahedral water and thus the conversion of optical signals
into electrical signals as well as the subsequent interactions with protein. Our work has taken
a first step towards insight into the relationship between water structure and the electrostatic
properties at the bioelectronics interface, which is instructive in understanding important

process in the electrocatalysis, energy storage and bioelectronics.
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