
 

Scientists discover they can pull water
molecules apart using graphene electrodes
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Water dissociation and proton transport at graphene electrodes. a Schematic of
graphene-electrode devices and our measurement setup. Green and blue balls
represent hydrogen and oxygen atoms, respectively. Under strong electric field
E, water molecules dissociate into H+ and OH− pairs. OH− drifts into the bulk
electrolyte whereas H+ permeates through the graphene electrode, adsorbing on
its external Pt-decorated surface and eventually recombining into molecular
hydrogen. b Charge carrier density in graphene electrodes as a function of
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potential. The left (right) inset shows that for negative (positive) potentials,
graphene is doped with electrons (holes). Solid lines, best linear fits. Dotted line
marks a finite doping level at the neutrality point. Top x-axis, the Fermi energy
μe in graphene (its electrochemical potential) extracted from Raman spectra.
Electrolyte pH 7. c Examples of I–V characteristics in steady state conditions
measured at different pH of the electrolyte (same 1 M KCl concentration). Top x-
axis, corresponding μe. Arrows mark the zero-current potentials, φ, for each
curve. d Zooming-in and comparing I–V responses obtained from graphene (red)
and few-layer graphene (gray) electrodes in c. Credit: Nature Communications
(2022). DOI: 10.1038/s41467-022-33451-1

Writing in Nature Communications, a team led by Dr. Marcelo Lozada-
Hidalgo based at the National Graphene Institute (NGI) used graphene as
an electrode to measure both the electrical force applied on water
molecules and the rate at which these break in response to such force.
The researchers found that water breaks exponentially faster in response
to stronger electrical forces.

The researchers believe that this fundamental understanding of
interfacial water could be used to design better catalysts to generate 
hydrogen fuel from water. This is an important part of the U.K.'s
strategy towards achieving a net zero economy. Dr. Marcelo Lozada-
Hidalgo said, "We hope that the insights from this work will be of use to
various communities, including physics, catalysis, and interfacial science
and that it can help design better catalysts for green hydrogen
production."

A water molecule consists of a proton and a hydroxide ion. Dissociating
it involves pulling these two constituent ions apart with an electrical
force. In principle, the stronger one pulls the water molecule apart, the
faster it should break. This important point has not been demonstrated
quantitatively in experiments.
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Electrical forces are well known to break water molecules, but stronger
forces do not always lead to faster water dissociation, which has puzzled
scientists for a long time. A key difference with graphene electrodes is
that these are permeable only to protons. The researchers found that this
allows separating the resulting proton from the hydroxide ion across
graphene, which is a one-atom-thick barrier that prevents their
recombination. This charge separation is essential to observe the electric
field acceleration of water dissociation. Another key advantage of
graphene is that it allows evaluating the electric field at the graphene-
water interface experimentally, which allows for quantitative
characterization of the field effect.

The results can be explained using the classical Onsager theory, which
had remained unverified experimentally in the important case of water.
Junhao Cai, a Ph.D. student and co-first author of the work said, "We
were surprised to find how well the Onsager theory fitted our data. This
theory provides insights into interfacial water, including an independent
estimate of its dielectric constant, which remains poorly understood."

The authors are excited about the possibilities offered by their
experimental setup. Eoin Griffin, Ph.D. student and co-first author of
the work said, "Graphene electrodes combine three properties that, as far
as we know, are never found together in a single system: only protons
permeate through the crystal, it is one-atom-thick and it can sustain very
strong electrical forces. This combination allows us to essentially pull
apart the first layer of water molecules on the graphene surface."

  More information: J. Cai et al, Wien effect in interfacial water
dissociation through proton-permeable graphene electrodes, Nature
Communications (2022). DOI: 10.1038/s41467-022-33451-1
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