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, Resent studles on photochemlstry usmg synchrotron soft x-rays in sohd surfaces are 1ev1ewed A type of :

~ site-selective chemical reaction induced by inner-shell excitation is classified into two model systems that
are referred to as ‘‘Element-specific fragmentation’’ and ‘‘Bonding-site-specific dissociation,”’
system uses difference of core-binding-energies in different clements and the latter is based on the existence .
of plural unoccupled molecular orbxtals w1th different antibonding character The selectmty of the reaction
in respective systems is dlscussed in terms of mass-patterns of desorbed fragment—lons and photon -energy
dependence of the ion yields. Also discussed are the fragmentation and desorption mechanisms which in-
clude intrinsic direct photofragmentation and indirect channels induced by secondary: electrons. The latter
process. reduces the selectivity of the reaction. Furthermore, two expenmental approaches, which have re-
cently been performed to estimate the relative magnitude of contribution in the direct and indirect process-

“es to the total yields, are described: (1) the layer thlckness dependence and (2) polarlzatlon-angle depen— B
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Figure 1. Fields and phenomena which cover the soft X-ray pho-
tochemistry.
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Figure 2. Schematics of specific chemical reaction induced by in-
ner-shell electron excitation using synchrotron soft X-rays.
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Figure 3. (a) Schematic drawing of a newly developed rotatable
time-of-flight (TOF) mass-spectrometer for measuring polarizat-
ion-angle-dependence of ion desorption. The direction of the TOF
drift-tube can be changed by moving a turntable attached to an
ICF-203 flange.

(b) Top view of geometry in the experimental system. ¢ is the angle
between surface normal and electric vector E, or the angle of SR in-
cidence axis relative to the surface.
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Figure 4. TDS spectra for CCl,/Cu(100). The pressure of the gas-
dosing vacuum line was kept at 0.01 Torr, and the surface was
dosed for the time indicated by each spectrum.
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Figure 5. Mass spectra for desorbed ions from condensed

Si(OCH,), following (a) silicon K-edge, (b) carbon K-edge, and
(c) oxygen K-edge excitations. The photon energy of each spectrum
is tuned at the 1s—¢™ resonance maximum of the respective absorp-
tion edge.
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Figure 6. (a) Total electron vields and D+ ion yields from con-
densed deuterated formamides of DCONH, and HCOND,, at graz-
ing incidence angle to the surface as a function of photon energy
near the C K-edge.

(b) Total electron yields and D + ion yields from condensed deuter-
ated formamides of DCONH, and HCOND,, at grazing incidence
angle to the surface as a function of photon energy near the N K-
edge.
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Figure 8. Relative desorption probabilities (TIY/TEY) spectra of
condensed formic acid near the C K-edge with various incidence an-
gles of soft X-rays.
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(a) Total electron yields (TEY) spectra of condensed formic acid near the C K-edge with various incidence

(b) Total (H*) ion yield (TIY) spectra from condensed formic acid near the C K-edge with various incidence angles of

soft X-rays.
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Figure 9. Relative desorption probabilities (TIY/TEY) for
o* (C-H) and n* (C=0) as a function of the incidence angle of
soft X-rays in condensed formic acid.
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Figure 10. Mass spectra of desorbed ions from Si(CH,);F/
Cu(111) with various coverages in the Si K-edge. The layer thick-
nesses (dose) are (a) ~1 ML (0.01 Torr, 5 sec), (b) ~3 ML (0.01
Torr, 10 sec), (c) ~15 ML (0.01 Torr, 15 sec). The X-ray excita-
tion energy was tuned at 1842.1eV corresponding to the Si 1s—
o* (Si-F) resonance.
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Figure 11. (a) A comparison between the photon-energy depen-
dence of the total electron yields (XANES) and the desorption-ion
yields from a monolayer Si(CH,);F/Cu(111) in the Si s absorp-
tion edge. The spectral intensities were multiplied by factors indicat-
ed at the right side of the spectra.

(b) A comparison between the photon-stimulated ion-desorption
yields and the total electron yields (XANES) obtained from a mul-
tilayer Si(CHj);F/Cu(111) at the Si K-edge. The thickness cor-
responds to ~18 ML. The intensities were multiplied by factors indi-
cated at the right side of the spectra to normalize the all intensities
to that in the Rydberg resonance at 1843.5 eV.
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Figure 12. Coverage dependence of fragment-ion yields desorbed
from Si(CH,;),F/Cu(111) in the Si 1s—¢* (Si-F) resonance.
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Figure 13. (Light) The energy level diagram showing the origin of
the various core-excitations in acetone. (Left) (a) Cracking pattern
of acetone in the gas phase by electron impact at 70 eV. Mass spec-
tra of desorbed ions from adsorbed acetone with dose of (b) 1L,
(c) 4L, (d) 9L, (e) 19L, (f) 50 L. The photon energy was tuned
to ~293.5eV that corresponds to the C 1s—¢* (C-H) shape
resonance.
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Figure 14. (a) H*, CH*, CH; and CH; ion-yield spectra along
with the TEY spectrum obtained from the surface exposed to ap-
proximately 1 L dose of acetone in the C K-edge NEXAFS region.
Intensities of the ion-yields were multiplied by factors indicated at
the right of the spectra.

(b) H¥, CHjy, C,HF, CH,CO™, and (CH;),COH™ ion-yield spec-
tra along with the TEY spectrum obtained from the surface which
was exposed to approximately 50 L dose of acetone in the C K-edge.
Shown are the intensities multiplied by factors which are indicated
at the right of the spectra.
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Figure 15. (a) Photon-energy dependence of S+ desorption yields
and TEY in the adsorbate excitation (S K-edge).

(b) Photon-energy dependence of S+ desorption yields and TEY in
the substrate excitation (Si K-edge).
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