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Abstract

lonization: A Key Chemical Pathway in Ices Under Radiation
Environment?

Murthy S. Gudipati
Jet Propulsion Laboratory, California Institute of Technology,
4800 Oak Grove Drive, Pasadena, CA 911009.

Water-rich ices are ubiquitous throughout our solar system and interstellar medium. On Earth
and Mars polar regions are covered with water-rich ices as well. In the absense of impurities,
chemistry of ice is determined by the well-known radical reactions, radicals being generated
through photon, electron or ion bombardment and sputtering [Johnson, 1990]. Our recent
findings have shown that ionization of impurities, in the present case polycyclic aromatic
hydrocarbons (PAHS), is the most prominent process in ices under radiation. Among many
unique radiation-processing mechanisms listed below, lowering the ionization energy of
impurities in ices by up to 2 eV has important consequences for both Earth’s and Martian polar
ice chemistry.

e PAHs embedded in cryogenic ice are easily and efficiently ionized (>80%, i.e., near
quantitative ion yields) to the cation form by VUV photons.

e PAH ionization energy is lowered by up to 2 eV compared to the gas-phase, in agreement
with recent theoretical predictions.

e Some of the PAH cations are stabilized in these ices to temperatures as high as 120 K.

e Even multiple ionization of aromatic molecules to generate closed-shell PAH dications
occurs in water-ice, generating and stabilizing PAH?*

On Earth more anthropogenic PAHSs drift to the polar regions [Grannas et al., 2007], facilitating
PAH — ice chemistry. Due to lowering ionization energy of organic impurities in ices by up to 2
eV, solar radiation reaching the ice surface should be enough to ionize some of the large PAH
molecules with gas-phase ionization energy below 6 eV. Similarly, much shorter wavelength
radiation (<250 nm) penetrates Martian ice surface, enabling majority of PAH-type organics to
be ionized in ices on Mars. lonization changes dramatically the reactivity of ionized molecules
compared to the neutral ones. Electrons that are generated in the ices facilitate further chemical
processing of the organics.

References



Gudipati, M.S., Matrix-Isolation in Cryogenic Water Ices: Facile Generation, Storage and
Optical Spectroscopy of Aromatic Radical Cations, J. Phys. Chem. A, 108, 4412, 2004.
Gudipati, M.S., and Allamandola, L.J., Polycyclic Aromatic Hydrocarbon lonization Energy
Lowering in Water Ices, Astrophys. J. Lett., 615, L177-L.180, 2004.

Gudipati, M.S., and Allamandola, L.J., Unusual Stability of PAH Radical Cations in
AmorphousWater-Ice up to 120 K: Astronomical Implications, Astrophys. J., 638, 286-292,
2006.

Grannas, A. M., et al., 2007. An overview of snow photochemistry: evidence, mechanisms
and impacts. Atmospheric Chemistry and Physics. 7, 4329-4373.

Johnson, R. E., 1990. Energetic Charged Particle Interactions with Atmospheres and
Surfaces. Springer, Berlin.



	Barrow, Alaska, January 23-29, 2008

