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Introduction:  Water ices in space, whether vapor
deposited on pre-planetary grains, or as part of moons
and icy planets, can easily become highly electrically
polarized.  This is due to any one of: preferential mo-
lecular alignment during vapor-growth, charge accu-
mulation from ambient charges or from photo-electron
-ion ejection, or from ion rejection during freezing.
These polarizations and voltages (1000's of volts), can
cause enhanced sticking of icy grains, and help explain
the rapid agglomeration of dust into planetesimals.  It
also can play a role in the chemical evolution of mole-
cules imbedded in or upon ice.  We explored several of
these mechanisms, and also the highly inelastic nature
of low-temperature vapor-grown amorphous ice.  The
stongly pryo-piezoelectric nature of water ice (demon-
strated for the first time) helps assure that these electric
fields are very difficult to mask.

Water ice deposited from the vapor phase occurs in
the solar system over a wide range of temperatures.
Below 120 K it deposits as amorphous ice, and above
this, as crystalline.  The asymmetry of the vacuum-ice
interface causes the water molecules to deposit with a
slight net O-end out [1] [2] (Figure 1), that leads to
voltages across the water ice of 10’s to 100 V per mi-
cron of water thickness.  This is enough to create high
electrtic fields that can drive transport of ions, and
non-thermal chemistry.

Figure 1: Spontaneous alignment of water dipoles in
vapor grown ice. [1][2]

Such voltages derived from vapor deposition would
in many cases be quickly masked, by ions/electrons,
depositing and shielding the external fields.  However,
our recent work [3] shows that, contrary to what has
been assumed, that water ice is strongly pyroelectric
below 150 K.  This means that as the temperature
fluctuates in water ice from varying solar flux, or from
collisions of icy grains, that large voltages can appear
across ice that previously had no external fields.

Figure 2.  Pyroelectric water ice occurs from “poled”
water ice. [3]

Figure 2 shows why. Above 150K, where the water
dielectric constant is active,and large, the voltage that
would be created by positive charges, only under the
influence of electronic and vibrational/librational po-
larizability of the water, would give the voltage shown
by the red arrow.   Above 150 K, reorientation of water
dipoles counters 95% of that voltage, with the blue
voltage, to give the observed voltage (at right).  Above
150 K, these stay in strict equilibrium.  But below
150K, each arrow changes independently with T,
though only a percent or two.  That is enough to create
large pyroelectricities, and can quckly generate 10 to
100’s of  volts across micron-thick ices.  These effects
were applied to help understand how icy grains might
agglomerate fast enough to make planets [4], and may
also help drive chemistry and transport in water ice.
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