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Outline

Characterize T-induced interaction Na, K / SiO,
Characterize ESD, PSD of Na, K/ SIO, , ice
Mechanism of PSD, ESD from SiO,

Compare SiO, and Lunar sample

Attempts to characterize ESD, PSD of Ba, Ca/ SiO,
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Methods

TPD: Temberature Programmed Desorption (BE, sticking)
IR

L_ams

o
ESD: Electron stimulated desorption HJZ Na'(Tams )

of positive ions
XPS: X-ray photoelectron spectroscopy
LEIS: Low energy ion scattering
Home-made detector: ESD and PSD of neutral alkalis



Na desorption signal (arb. un.)

Thermal Desorption Spectra of Na / SiO,
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Simultaneous population of binding sites with ~1.4 - 2.7 eV energy
Diffusion-limited desorption
lon bombardment results in diffusion to bulk or chemical reaction

Relevance to Mercury surface



TPD intensity, arb. un

Thermal Desorption Spectra of K / SiO,
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1. The states with higher BE are populated initially

2. For Na: the existence of weakly bound precursor state
3. For K: very efficient energy transfer to the substrate

4. K may possess a higher ionicity on SiO,,



Schematic of neutral alkali detector

Na'
channeltron / sample
pulsed
Ir ribbons (1800K) photon beam
o, s :
n*/n® ~ exp{e(® - 1) / KT} (%o 1onic desorption)

For Ir (® ~ 5.3 eV) at 1800K:

Na, K ~100% ionic
Ba ~ 60% 1onic
Ca ~1% 1o0nic



Yield (arb. units)

ESD of Na and K from SiO,

Thresholds for Na / SiO2 Thresholds for K/ Si02
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PSD is an efficient process!




K° yield (arb. un.)

Ke / ice DIET thresholds
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ESD N2’ yield (arb. units)

DIET of Na from Lunar sample
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Model for ESD and PSD of Na from SiO,

—|— PSD & ESD of neutral Na (K is similar)
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1-e charge transfer mechanism — for monovalent Na, K



dN /dt
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DIET of Na and K from SiO,

Time-of-flight distributions Velocity distributions
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K ~650 m/s ; Na ~1000 m/s — velocities are clearly non-thermal



DIET of Na and K from H,O ice

Velocity distributions Energy distributions
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K ~500 m/s ; Na ~800 m/s- consistent with Europa observation



ESD of Na from Lunar sample

Velocity distribution
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Ion sputterina of Na / lunar sample
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Temperature dependence of Na vyield
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e Na’ signal varies reversibly with T
» T- dependent change in binding sites, local atomic coordination



1 /300 K

ESD of neutral and ionic Na(K) proceed via different mechanisms
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ESD / PSD of Ba from SiO,

0O2s, Babs
!-
- [y
5 Ba/SiO, '-.-,"'l-
o | o eftwmere™
=
&) 0. .
@ Na'/ S|02
a

Electron energy

ESD Ba’ signhal

less likely process

2-electron charge-transfer is

1.0 4

0.8 -

0.6 -

0.4 -

0.2 -

0.0

ESD

Badd

02s,
Babs

Ba on SiO2

0 100 200 300 400

PSD
Ba/ SiO,

<1%

PSD
Na/ SiO,




Summary and Conclusions

e DIET (mainly PSD) contributes as dominant source process
for Na, K In tenuous atmospheres

o Ca more abundant than Na, K in soils; scarcity of Ca In
atmospheres due to less efficient photon-stimulated two-
electron charge transfer

e Na atom ESD and PSD yields demonstrate strong reversible
temperature dependence on Lunar sample

Future:
e Temperature; ion-enhanced PSD; ion-induced diffusion
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