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A Chemical Mechanism of One-Way Proton-Coupled
Electron Transfers in Biological Systems
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[ Abstract] We propose a chemical reaction mechanism of unidirectional proton transportation,
in an analogy of sequential one-way electron transfer [1]. The core molecular moiety that works
to transfer protons from one site to another is schematically represented as “---AH---Y(<—X)H
--*BH---”, in which AH = acid, BH = base, YH = (weak acid), and X = (redox counterpart for
Y). “:--” denotes hydrogen bonding. Y should become a strong acid when it is oxidized by X.
AH is hydrogen bonded to a proton supplying unit (PS), whereas BH is tied with a proton
accepting unit (PA). It is shown that the system, if appropriately designed, can perform
unidirectional proton pumping from PS to PA. The key to materialize this “chemical machinery”
is the contact and the recession of X and Y to switch on and off the electronic coherence for the
coupled proton electron-wavepacket transfer (CPEWT) and the inverse CPEWT.
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Fig. 2. Model system.
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Fig. 3. Schematic snapshots of the one-way proton transfer
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