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Abstract

The low energy electron stimulated desorption yield of &hions in pure multilayer BD films, and of O in submonolayer
O, covered DO films is strongly dependent on the® condensation temperature (20—-160 K) on Pt. Likewise the desorption
of D* cations induced by oxygenslexcitation to the ground state empty levels of(depends on ice condensation
temperature. These observations are connected with the morphology of ice films which are microporous and amdrghous at
90 K and crystalline at > 150 K. Moreover both the change of morphology and related adsorption capacity of ice films with
condensation temperature are observed in situ with x-ray absorption spectroscopy. (Int J Mass Spectrom 205 (2001) 325—32
© 2001 Elsevier Science B.V.
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1. Introduction (transient anion states and core hole excited states)
has been extended to molecular solids [3-5], but for
Low energy electron attachment and inner-shell condensed molecules both electron stimulated desorp-
excitation are powerful techniques to study empty tion (ESD) and photon stimulated desorption (PSD)
levels in molecules and their dynamics, and a corre- processes are strongly influenced by the environment
lation has been established between the resonancg6,7]. It was for example found that at low electron
structures that dominate near edge x-ray absorption energies where ESD proceeds via DEA [8] anion
spectra (NEXAFS) and low energy electron scattering desorption can be modified by the presence of the
[electron transmission, resonant vibrational excitation dense surrounding medium because of mechanisms
and dissociative electron attachment (DEA)] [1,2]. such as resonant coupling, charge transfer, electron
The dominant role of localized molecular resonances energy loss, or ion—molecule interaction [9] and the
self-trapping of electrons [10]. Moreover recent stud-
— . ies of D° ESD [11] and D PSD [12,13] from
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of his 60th birthday. multilayers D,O films [14] show that temperature and
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morphology (crystallinity, microporosity, roughness,
permeability, surface area) strongly influence the
dissociation and desorption processes [6] as well as
adsorption capacity and chemical reactivity of ice
surfaces [7]. Although a great abundance of experi-
mental and theoretical works is devoted to condensa-
tion, growth, nucleation, structure, surface properties
of ice [15,16, and references therein] very little is
known on the specific role of ice temperature and
morphology on ESD and PSD and their role in
atmospheric and interstellar photochemistry pro-
cesses. In the following we present some aspects of
the temperature and morphology of ice in cation and
anion desorption for pure multilayer condensed films
of ice and for oxygen covered ice films.

2. Morphology and adsorption of D,O ice films

Fig. 1 shows oxygen 4 excitation spectra [total
electron yield (TEY)] for DO water at different
temperatures: 300 K [Fig. 1(a)] for gas phase mole-
cules [17], 150 K [Fig. 1(b)] for crystalline hexagonal
ice and 20 K [Fig. 1(c)] for amorphous porous ice,
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Fig. 1. Oxygen 1s photoabsorption spectrum gfODat different

respectively. The spectra for ice have been deconvo- temperatures: (a = 300 K (gas phase [17]), (]) = 150 K (100

luted and interpreted following the assignment of the
isolated water molecule. The first two peaks in ice are
attributed to mixed valence-Rydberg levela’43s

and 2%/3p, respectively, higher energy peaks to
oxygennp Rydberg levels. We observe that conden-
sation has little effect on the first two peaks which
have comparable relative intensity and width in con-

ML crystalline hexagonal ice), (d) = 20 K (100 ML microporous
amorphous ice).

on local symmetry and on distances between sur-
rounding molecules, which may explain the differ-
ence between NEXAFS of amorphous and crystalline
ice below the O & ionisation threshold, particularly

densed phase and for isolated molecules. The 0.9 eVfor the transition assigned to p@,) level at 537.9

width [full width at half maximum (FWHM)] is

eV (Fig. 1) which is antisymmetric relative to the

probably the Franck-Condon width of the strongly molecular plane. Moreover multiple scattering struc-
dissociating state. The small (0.8 eV) blueshift of tures (not shown) in the Oslonisation continuum are
these lines may be related to the four-coordinated clearly observed for crystalline ice but are blurred out
oxygens in the bulk ice. By contrast, excited Rydberg with the structural phase transition crystallire amor-
levels in ice are strongly broadened and their intensi- phous. Thus it appears that NEXAFS spectroscopy is not
ties are enhanced, probably because repulsive inter-only very sensitive to the environment of the excited
actions with neighbouring molecules localise the dif- atom, but also to very small modifications of local
fuse Rydbergs in the molecular core resulting in a electronic and geometric structure in a bulk condensate;
shift to higher energy and an increase in the oscillator it can probably be used to follow phase transition.
strength for the corresponding transitions comparedto  Brunauer, Emmett, Teller (BET) analysis of gas
the gas phase. Such localisation is expected to dependadsorption isotherms has shown the specific surface
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Fig. 2. Adsorption of molecular nitrogen,Nat 20 K vs. the N /-/\’J 130K
exposition dose on 100 ML of f ice condensed at (a) 150 K and ‘/\V 120K
(b) 20 K, measured from the Nsl— =* resonance intensity. _’/\__/\//

area of ice to be strongly dependent on condensation
temperature [18,19] and on the total mass of ice
deposited [20]. In the present experiment we have
exposed crystalline and porous amorphous ice to
variable doses of molecular nitrogen and measured Fig. 3. D~ signal vs. incident electron energy collected at various
the quantity of molecules adsorbed versus the N temperatures (a) from 60 bilayers _of porous amorp_hou_s icg films
exposition dose from the intensity of the strong &l 1 grown at 90 K, and (b) from 60 bilayers of crystalline ice films
grown at 155 K. (from Simpson et al. [11]).
— a* resonance around 400 eV. The results are
shown in Fig. 2. For crystalline ice, adsorption is
linear with the exposition dose, the,Nnolecules ~ @morphous and crystalline ,D ice [11]. In these
condense at the ice surface. For amorphous porousSPectra the BO films were grown at 90 K (porous
ice, with more adsorption sites for a given surface, @morphous) or 155 K (crystalline) and then heated or
adsorption is strong for low<(0.5 L) exposition dose cooled to the temperature indicated in the figure for
because the Nmolecules diffuse and coat the con data collection. We see from these figures that the
nected micropores. For higher doses (3 L), adsorption DEA resonance energies shift to lower energies and

on porous amorphous ice approaches the crystallinethat the desorption Dyield rises significantly when
ice adsorption regime. the temperature is increased except at the structural

phase transition temperatures. Moreover a compari-

son of Fig. 3(a) and (b) shows that the temperatures at
3. D™ ESD from condensed DO films which these changes occur, depend on the morphol-

ogy of the ice film. These effects have been associated

The energy dependence of the BSD yield from [11] with variations of the work function at the lowest

D,0 ice shows three peaks at about 7, 9, and 11 eV. temperatures, with the condensation-induced pertur-
These peaks are associated with DEA processes viabation of the 4%/3s orbital, which is doubly occu
the 2B, ?A,, and?B, D,O * resonance states ve  pied in the three low lying DEA resonance states, and
spectively [11,21]. As shown in Fig. 3. from Simpson with changes in the hydrogen bonding network [11] as
and co-workers the energy dependence of the D the temperature and morphology of the condensed
signal changes with temperature for both porous films are changed.
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Fig. 4. O ESD yields from 1 ML Q and from 0.1 ML Q
condensed on 4 ML BD films grown at temperatures of 15, 20,
128, and 150 K. The inset shows the magnitude of 5D signal

as a function of DO spacer condensation temperature integrated
between 6 and 10 eV, for 0.3 ML rondensed on 8 ML [D.

4. O~ ESD from O, covered multilayer
condensed DO

O™ ESD yield from pure condensed,(22,23]

ML D,O films grown at 20 K (amorphous porous
film), the O ESD signal is strongly suppressed below
15 eV, (2) that the O resonant signal is clearly
observed for 0.1 ML and 1 ML of ©condensed on 4
ML D ,0 grown at 128 K (amorphous non porous) and
150 K (crystalline), with features comparable with
that of pure Q films, (3) that the O resonant signal
is observed for 1 ML of Q condensed on 4 ML of
amorphous porous J® (grown at 15 K) but with the
relative intensities of the 8 and 13 eV peaks reversed
from the pure Q or previous cases.

These observations are interpreted in terms of
morphology of the DO films. When 0.1 ML of Q is
deposited onto the porous amorphous 4 MLCD
spacer film, Q@ molecules diffuse into the pores
toward the Pt substrate. Then in addition to @nion
collisions with surrounding molecules before reaching
the surface, two other effects may contribute to
suppression of the DEA Odesorbing signal, namely
guenching of the © resonance states by the metal
[24] and an increase of polarization energy due to the
stronger image force potential near the Pt substrate
[24]. As the amount of deposited,Qncreases, so
does the O signal, but since these ions suffer
collisions as they diffuse though the,O spacer, O
ions with higher KE (i.e. formed around 13 eV
incident energy) have a higher probability to emerge
into vacuum. This explains the reversed relative
intensities of the 8 and 13 eV peaks when 1 ML of O
is deposited on 4 ML BO condensed at 15 K. When
D,0 is condensed at 128 or 150 K thg @esonance
states are clearly observed. At these temperatures the
D,0O spacer layer is in a non porous amorphous and
crystalline phase, so that,@nolecules are unable to

(Fig. 4) shows two structures in the 6—10 eV energy diffuse through the BO layer and remain on the D
range associated respectively with DEA processes via surface. In these cases, @esorption arises from the

the gas phas@8l1, and gas phase forbiddéd, O;"

surface giving O yield functions similar to those

resonance states, and a third structure around 13 eVobtained in pure @ The temperature dependence of

ascribed to dissociation of a transiélit” anion state
(theg/u assignment of which is undetermined). More-
over it has been shown that kinetic energy (KE)
distributions of the desorbing Oanions are broad,
with KE extending up to 3 and to 5 eV for the 8 and
13 eV O vyield peaks, respectively. We also see from
Fig. 4, (1) that when 0.1 ML of Qis condensed on 4

the O DEA signal integrated between 6 and 10 eV is
shown in the inset of Fig. 4 for 0.3 ML £condensed

on 8 ML D,O. It indicates that @diffusion through

the D,O spacer layer is increasingly inhibited as the
temperature of the fD film condensation rises from

80 to 120 K. Above 120 K the O signal remains
constant. These results are understood to arise from a
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[25]. As ion desorption is a surface sensitive process,
the low energy shift of the D threshold peak com
pared with the TEY may result from a different
electronic structure of surface relaxed@®molecules
with a lower oxygen coordination number (2 or 3)
than in the bulk (4), and less hydrogen bonding, so
that bulk-ice energy levels (both occupied and unoc-
""""" cupied) may not accurately represent the energy states
at the desorption sites at (near) the surface. This
redshift of the excitation energy of the Dpeak is in
D'yl amorphos) line with the calculated variation for Oslexcitation
gz T e, energies in gaseous,B as a function of symmetrical
—— stretching of the O—H bond [26]. The modification of
20 7 oton energy (5;9) >4 the Rydberg-valence mixing and antibonding charac-
ter of the 4%/3s orbital with condensation and core
Fig. 5. D" PSD y:eld frozﬂ 100 ML IC_JJ RO Iice filn’r\f condensed éll_t ionisation may furthermore explain the high dissoci-
e e e onswe 1 aton probabilty oftis tate o produce'on. The
line is the O 1 NEXAFS for crystalline ice. increased lifetime of core hole excited states for
surface molecules, together with the existence of
reduction of the number or size of the micropores in different hydrogen bonding and O-D dangling bonds

the D,O film, with increasing temperature, which depending on the morphology of ice and hence on
restricts Q diffusion. condensation temperature are probably active factors

in the D" desorption yield, and in the difference
between amorphous and crystalline ice films. Clearly
5. D* PSD from D,O ice films x-ray induced photon stimulated ion desorption
(XPSID) is a powerful technique to study the surface
Fig. 5 shows the total D PSD yields as a function  reactivity of ice as it is sensitive to electronic and
of photon energy at glancing light incidence, in the atomic structure of the first layer at the surface.
region of oxygenK shell for thick (100 ML) amor-
phous porous (20 K) and crystalline (150 K)@ice
films. The more relevant observations are the follow- 6. Conclusion
ing (1) the yield of desorbing Dions for crystalline
ice is higher than for porous amorphous ice as can be Low energy electron attachment, and inner shell
seen in the difference curve (Fig. 5), and this differ- excitation spectroscopies probe ground-state empty
ence is more pronounced for the threshold feak at levels in molecules and produce short-lived resonance
534 eV, (2) this threshold Dpeak is shifted to lower  states. The dynamics of these states observed via ESD
energy (0.6 eV) and is strongly enhanced compared of anions (D, O") and PSD of cations (D) is
with the photoabsorption threshold peak, while strongly dependent on the morphology (temperature)
broader structures between 535 and 540 eV parallel of condensed BD films which may have a strong
roughly those in the total electron yield. From satu- influence on heterogeneous catalytic reactions appear-
ration effects and polarization dependence it has ing on icy surfaces of polar stratospheric clouds and
previously been shown that the'Dihreshold peak is  of dusts or particles in the interstellar medium. NEX-
a fast direct PSD process and higher structures resultAFS and XPSID are powerful techniques to study
from both PSD and x-ray induced electron stimulated bulk phase transition and surface reactivity of adsor-
desorption by Auger, secondary, and photo electrons bates, respectively.

-e-D" amorphous ice
—e- D' crystalline ice

D" yield (arb. un.)
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