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Multilayers of molecules condensed on bulk surfaces at temperatures below 270K. are of
great importance in several major areas of modem physical and chemical research:
(1) in (he terrestrial stratosphere where they play a key role in the heterogeneous catalytic

destruction of ozone on the surfaces of ice crystals in polar stratospheric clouds [1], and
(2) in the interstellar medium where they provide a 'habitat' for the synthesis of molecules

[2], indeed such processes are postulated to underpin the formation of those prebiotic
compounds that have been suggested to be the origins of life itself.

The interaction of photons, electrons and ions with a molecular adsorbate produces highly
reactive species (radicals, cations, anions) which can subsequently react with neighbouring
molecules to form new products and hence initiate further chemical and physical processes.

To date there have been few studies of the synthesis of molecules by collisions within
multilayers and these are largely restricted to ion-molecule reactions. In a new research
programme project we are studying neutral atom/motecule-molecule collisions stimulated by
photon, electron and ion impact. Such processes have recently been shown to play an
important role in stratospheric ozone depletion. Solar UV radiation dissociates the chlorine
reservoir species OCIO on the surface of ice crystals composing Polar Stratospheric Clouds
(PSCs)[3]toformCIOOi.e.

hv + OCIO -» CIO + 0 (1)

and subsequently,

C1O+ O -> CIOO (2)

This is a process we may describe as photon induced isomerizalion of OCIO. CIOO
(chlorine peroxide radical) is thermodynamically more stable than OCIO, but is kinetically
very unstable and will quickly dissociate liberating Cl atoms which catalytically destroy
ozone leading to an enhanced ozone loss in the siratosphere.

Such mechanisms can not occur in the gas phase since the kinetic energy of the
dissociative fragments (CIO & O) is too high to allow reaction 2 to occur however such
kinetic energies may be dissipated within the film and CIO and 0 trapped for sufficient time
to allow CIOO to be formed.

Recently we demonstrated a second type of atom/molecule process within a thin film
leading to the direct synthesis of a new molecular species within the multilayer. Low energy
eleclron bombardment of a condensed molecular oxygen film was found to lead to the
formation of significant concentrations of ozone through the following mechanism:

e" + O2 -> O + O (3)

O + O: -> O3 (4)
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the product ozone being detected by anion spectroscopy [4]. This mechanism is analogous to
that proposed to occur in the gas phase in the Earth's stratosphere as part of the Chapman
mechanism for ozone formation i.e.

Iiv + O2 -> O + O (5)

O + Oi + M -» C)j + M (6)

M being a third body (usually O2 or N?) necessary to ensure that the produced ozone (formed
in excited vibrational states) is de-excited to remain stable, within the multilayer adjacent
oxygen molecules or the bulk may act as the third body M greatly enhancing the rate of
molecular synthesis.

(a) (b) (c)

Figure 1: Molecular synthesis on a dust grain in Intcntcllnr Spucc. (a) Atoms accrete to the cold grain
surface, (bl An icy mantle is Conned as atoms react to form simple molecules. The mantle is processed by
stellar radiation as simple molecules ure photolyscd to form radicals, which react to form mote complex
molecules, (c) An inner mantle ot'organics is formed, protected by an outer layer of volatile ices.

Such processes may also occur in the interstellar medium (LSM) and may explain the
synthesis of many of the molecular species recently observed by astronomical telescopes. For
example in the ISM synthesis of many of the larger polyatomic species recently observed by
the Hubble telescope (e.g. the amines, acetic acid and glycerol) may be explained by
photolysis of trapped species in the ice mantles coating ISM dust grains (Figure 1). Most
recently it has been postulated that ion bombardment of the ice surfaces of other planetary
bodies can not only lead to the formation of new chemical species but can significantly alter
the albedo of the planetary surface! For example abiolic ozone found on Rhea and Dione
(two satellites of Saturn) and on Ganymede (a Jovian moon) is postulated to have been
formed by high-energy charged particle impacts of oxygen or carbon dioxide molecules
trapped in the water ice forming the surface of such satellites.

A prototype instrument has been constructed (figure 2) in which multilayers of ice with
co-adsorbed molecular species may be formed on a cold substrate at temperatures compatible
with the terrestrial atmosphere, the ISM or planetary bodies. These films maybe bombarded
by UV irradiation, electrons and ions. Molecular synthesis within the mantle is probed by a
combination ofFTlR. UV-vis and mass spectrometry as a function of incident flux, energy
and polarisation - the latter perhaps explaining the inherent chirality of biological systems.
UV radiation is provided by tuneable lamp sources and, uniquely, by utilizing synchrotron
radiation. Electron bombardment will be provided by using a high resolution electron gun and
ion bombardment by using the research accelerator facilities at Queens' University of Bellas).



Electrical food through for
H connections to beater,
- thamocoupi« end substrate

Rotary feed through
allows rotation of sample,
about the vertical axis

&I&&

$7~?\ Transmission
i^3 trough the sample
'IJU 1S recor^(!d as A

function of
wavelength

-5

Figure 2: UCL Apparatus for Studying Synthesis in Ice Mantles
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Fiyurc 3: Photoabsorption spectra of water ice after various irradiation times with zero-order Synchrotron
irradiation.



Figure 3 shows the first results of synchrotron irradiation of a water film. During the
course of several hours continuous irradiation a new feature is observed at 235nm
characteristic of the formation of OH radicals by photolysis of the water ice. These radicals
are isolated and trapped in the ice but may subsequently react with neighbouring molecular
species. An interesting (and unexpected) phenomenon was also observed around 370 nm
where it appears that there is some luminescence from the ice (leading to a negative
photoabsorption!). This may be due to the formation of excited O: molecules formed by the
production of O atoms in the ice and has been observed in some earlier experiments using
flash photolysis and electron irradiation.

These results and others will be discussed in this presentation and future experiments
related to aeronomy, astrophysics, planetary albedo studies and the new scientific discipline
of aslrobiology will be described.

References

[1] T Peter Annual Rev of Phys Chem. -18 785 (1997)
|21 W H Sorrell Comments on Modern Physics section £19(1999)
[3] V Vaida, S Solomon. E D Richard , R Ruhl and A Jefferson Nature 342 405 (1989)
|4 | P Tegeder, P A Kendall, M Penno, N J Mason and E Illeiiberger P/iyx. Chem. Client. P/tys. 3

2625(2001)

144


