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towards the surface, but cooperates with it when the electric field is outgoing (purple lines) and
water hydrogens are turned away from the wall. As a result, the orientational term in polarization
shifts in the direction of the field but remains asymmetric. This asymmetry is shown schematically
on the right-hand side of Figure 2. Sensitivity to the field is gradually diminishing with increasing
field strengths, and saturation seems to occur at fields slightly above 0.1V A~!, but these high field

strengths were not investigated further.

Figure 2: Left: Field dependence of (cos @), where ¢ is the angle between the overall interfacial
dipole moment and the electric field E parallel to €,, where €; is a unit vector perpendicular to the
interface. Right: Scheme demonstrating the asymmetric behavior of interfacial water molecules
subject to incoming (Ej,) and outgoing (Ey) fields.

It has been demonstrated in simulations that such a high alignment of water dipoles can be
achieved without serious penalties in hydrogen bond number and free energies, and without distor-
tion of tetrahedral coordination.3*3-6! We also found no significant change in the local tetrahedral

order parameter®? and in oxygen triplet distributions>*

in our systems.
We note that the field strength at which incoming fields roughly compensate the angular bias
of the hydrogen bonds at the interface, i.e. where (cos@) ~ 0, is slightly below 0.03VA~!L

63.64 byt are an order of

These fields are comparable to fields in ion channels>? and ionic colloids,
magnitude weaker than local fluctuating fields present in liquid water and solution.®> We obtain
very similar results for hydrophilic walls (section SI-2), however, since stronger water—wall in-

teractions must be overcome in hydrophilic systems, a slightly higher field strength is required to



achieve similar effects.
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Figure 3: Dipole angle distributions p (cos @) for all investigated field strengths and given system
size. Left: incoming fields; right: outgoing fields. The color gradient (blue — yellow — red)
indicates field strengths growing in increments of 0.01VA~! from 0 to 0.1VA~!. Curves are
normalized to unit area. Note the different cos ¢ scales.

To gain a more detailed picture of orientational polarization near the interface we show dipole
angle distributions p (cos ¢) in the hydrophobic system (Figure 3) and specified system size. The
corresponding figures for the hydrophilic system can be found in section SI-2. The color gradient
(blue — yellow — red) indicates growing field strengths. As already shown by looking at the
average values (Figure 2), distributions are shifted systematically to higher values of cos ¢ with
growing field strengths. The widths of the distributions however, behave differently. For incoming
fields, they decrease until they are narrowest around 0.03 VA~!and (cos@) ~ 0, from where on
they broaden again. For outgoing fields, the distributions broaden monotonically. These qualitative
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trends are robust with respect to system size and any variation due to size dependence*
out in normalized correlation functions. The restoring force which causes the decay of thermal
fluctuations from the average orientation is strongest in systems with narrowest angle distributions,
as manifested in the dynamic quantities we describe below.

It is important to note that the competition between orientational preferences and field align-

ment is a pure interfacial phenomenon. As such it becomes important on the nanoscale, where the

fraction of interfacial molecules is significant. The range of surface effects is seen in Figure 4,



