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Introduction: Mars is a planet of many ap-
parent dichotomies in topography, atmospheric evolu-
tion, hydrology, and geomagnetism. We describe yet
another set of extremes in the area of atmospheric
chemistry. While solar photons in fair-weather are a
known and well-studied driver of Martian chemistry,
there is increasing evidence that electro-chemistry
unique to dust storms may be a second new driver of
chemical reactions. This new chemical pathway fea-
tures the formation of harsh, reactive trace species via
recombination of products formed following electron
dissociation. This new pathway may explain the pres-
ence of peroxides in the soil (Viking inferences) and
possibly the low levels of atmospheric methane.

The electro-chemistry has its source in the
tribo-electric dust grain interactions occurring in dust
devils and storms. Large E-fields are suspected to be
present in dust storms by the spatial separation of
small negative grains (at storm top) and large, positive
grains (near surface). These E-fields in the low pres-
sure CO, gas would then energize ambient electrons
between < 1 eV and 50 eV, which in turn would create
new electrons via CO, impact ionization (> 14 eV),
thereby creating a collisional plasma consisting of
CO,+ ions and electrons. This plasma then drives the
new chemistry.

In this presentation, we review the fundamen-
tal elements of this new chemical pathway and discuss
implications for the Mars environment.

Electrostatic Fields in Dust Storms: Dust
storms on Mars are expected to generate and maintain
large-scale electric dipole fields, with interior E-field
values approaching the atmospheric breakdown levels
of ~25 kV/m [1-4]. The E-fields form via grain-grain
contact electrification that tends to leave smaller dust
particles with a net negative charge and larger sandy
grains with a net positive charge [5]. Vertical winds in
the storm then mass-stratify (and charge-stratify) the
grain distribution as a function of height, creating a
downward-directed electric dipole moment and large-
scale dipole electric field structure [1,6,7].

Evidence for this charge creation/separation
process is in the form of analytical models [1-4] and
terrestrial analog studies [6, 8-11]. The former model-
ing studies all suggest that E-fields at many tens of
kV/m can be generated in a convective Martian storm
with charging exponential growth time scales on the

order of 10’s of seconds under ideal conditions. The
latter analog studies consistently find relatively large
electric fields in small terrestrial dust devils and sal-
tating dust fronts, with dust devil fields > 100 kV/m
and dust front fields > 150 kV/m. The E-fields in ter-
restrial dust devils/fronts are not large enough to create
atmospheric breakdown on Earth, but well above the
atmospheric breakdown fields of ~ 25 kV/m for the
low-pressure Martian atmosphere. Given that very
similar analogous aeolian processes occur on Mars,
large fields approaching breakdown are anticipated in
that planet’s dust devils/storms and dust frontal sys-
tems.

Associated New Chemistry: A complemen-
tary set of papers by Delory et al. [12] and Atreya et al.
[13] recently examined the behavior of ambient elec-
trons in the Martian atmosphere under the influence of
large E-fields (like that in dust devils/storms/fronts).
They found that the electrons evolve in three ways:
First, the electron density increases geometrically with
increasing E, this due to increasing CO, ionizations
from energetic E-field driven electrons (see Figure 1a).
Second, the electron drift velocity steadily increases
with E reaching 5 x 10° m/s near 20 kV/m. Finally, a
distinct high energy electron tail develops in the elec-
tron distribution, with its power-law rolloff in the 10’s
of eVs decreasing directly with increasing E [14]. Ba-
sically, a collisional plasma develops in a mature dust
devil/storm in the low pressure CO, atmosphere. This
plasma may even glow [15,16]

As described by Delory et al. [12] and Atreya
et al. [13], the energetic electrons also affect the ambi-
ent molecules in the low pressure gas (see Figure 1 b
and c). Specifically, electron dissociation of CO, into
CO and O occurs near 4.4 eV. Without the E-field, the
electrons do not possess the intrinsic energy to dissoci-
ate the molecule. However, with an electric field, an
energetic portion of the electron population now exists
(i.e., the tail of the distribution) with the required en-
ergy to dissociate the CO, and this population (be-
tween 4 and 5 eV) is found to increase geometrically
with increasing E. Water also undergoes a similar elec-
tron dissociation attachment at a number of resonant
energies between 6 and 12 eV (the narrow resonance
at 6.6 eV is dominant), and Delory et al. [2006] found
that the production of dissociated water
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Figure 1 — The interaction of electrons with carbon dioxide
and water. (a) Electron impact ionization of CO, above 14
eV to create new electrons. (b) Electron dissociation of CO,
to make CO and O-.(c) The dissociation of H,O to make OH
and H-.

products OH and H™ also geometrically increases with
increasing E-field. Atreya et al. [13] examined the
subsequent recombination pathways for the dust storm
E-field created species CO, O°, OH, and H™ in the Mar-
tian near-surface atmosphere and found that anoma-
lously large amounts of the reactive species H,O, can
be created in the atmosphere at concentrations exceed-
ing 200 times that of regular photochemical produc-
tion. The reactive product H,O, was found to be at
condensation levels and hence conclude that the perox-
ide coats aeolian dust and the surface, and may possi-

bly account for the presumed highly-reactive soil
found by the Viking landers [17].

The Loss of Methane in Dust Storms. Far-
rell et al. [18] recently found that methane can also be
dissociated by the same energetic electron processes
that are responsible for the dissociation of CO,. Spe-
cifically, methane has an extended dissociation cross
section from 10-100 eV, and it is relatively easy to
demonstrate that energetic electrons in this range can
destroy the molecule. While the lifetime of methane is
typically about 300 years in fair-weather regions, in
dust storms the destruction time drops to as low as
1000 s due to the presence of the E-field driven ener-
getic electrons.

Implications. These electrochemical models
suggest that the atmospheric conditions in Martian dust
devils/storms/fronts are relatively harsh, with large E-
fields, the creation of a collisional plasma (energetic
electrons, CO,", and negative ions), and the formation
of reactive species. The dust storms also have the abil-
ity to be a strong sink of methane, possibly creating
ambiguous measurements for this very important bio-
marker.

This new meteorology-driven electrochemical
environment on Mars is very different from the fair-
weather photochemical environment. However, this
new environment is not well-studied since most landed
systems are specifically designated to be operational
in non-dust storm season - a purposeful avoidance of
dust storms where this new chemistry exists. MSL will
have both the longevity and capability to obtain first-
ever measurements in dust features to determine the
nature of this new harsh electro-chemical environment.
In the meantime, we infer its presence base upon anal-
ogy, modeling, and the intriguing Viking lander
GEx/LR results.

If this harsh environment exists as modeled, it
may yet be one more challenge to the existence of life
on the Martian surface, with a seasonal cleansing of
the surface of organic material.
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