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Fig. 1 Illustration of the concept of ‘“‘Molecular Scalpel’’ where a
tunable soft X-ray is used as a scalpel.
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Fig. 2 Schematic drawing of experimental setup for detection of
total electrons and desorbing ions, which mainly consists of
pulsed SR light (624 ns interval), time-of-flight mass spec-
trometer (TOF-MS) and data acquisition system. A: am-
meter, Amp: fast-preamplifier, Discri: discriminator, MCS/
MCA: multichannel scaler and multichannel analyzer. (Bot-
tom) Schematic molecular structures of ester compounds
used in this experiment.
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Fig. 3 Total electron yield (TEY), total ion yield (TIY) and ion desorption efficiency (IDE) spectra of (a) PMMA thin
film, (b) MHDA SAM and (c) EHDA SAM in Cls region. Assignments for typical transitions are indicated in

each spectrum.
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Fig. 4 Typical PIY spectra of (a) PMMA, (b) MHDA SAM, (c)
MHDA-d; SAM and (d) EHDA SAM in Cls region. The
TEY spectra are also shown at tops. Spectra were measured
at the SR incidence angle of 20° from the surface. Intensities
of spectra are multiplied approximately by numeral values
given in right sides.
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Fig. 5 TEY spectra and representative PIY spectra of CH; and
OCH* for (a) PMMA and (b) MHDA SAM in Ols region.
Spectra were measured at the SR incidence angle of 20° from
the surface. Intensities of spectra are multiplied approxi-
mately by numeral values given in right sides. (Bottom)
Schematic drawing of site-selective bond breaking in methyl-
ester group induced by resonant core excitations.
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Fig. 6 (a) Anexample of peak-fitting analysis for TEY spectrum of MHDA SAM in Cls region. Slash-marked red peak
corresponds to the component of 6*(O—CH;) excitation. (b)—(c) Typical examples of quantitative estimation for
PIY spectra (O) of (b) CH; of PMMA, (c) CH; of MHDA SAM and (d) D+ of MHDA-d; SAM. Shaded
sky-blue peaks are intensity-modified PIY spectra of each CH* (CD* for (d)), which correspond to the compo-
nents from direct dissociation processes at *(0O—CH;) (¢*(0O-CD;) for (d)) excitations. Dotted red lines are
modified TEY spectra for each sample and shaded red peaks are ¢*(O—-CH;/O-CD;) components of the TEY
spectra, which correspond to the components from indirect dissociation. Green lines are reproduced PIY spectra
by composition of the modified PIY and TEY spectra.
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Fig. 7 Normalized PIY spectra of (a) CD5, (b) D* and (¢) H* ions measured for MHDA~-d; SAM in the C1s region at
different incident angles of SR. (d) Incident angle dependence of integrated PIY intensities of H*, D*, CD; and

CD; ions for the net *(0O-CD;) excitation.
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Control of chemical bond breaking utilizing resonant
core excitations: Toward the ‘"Molecular Scalpel’’
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Abstract

Resonant core-electron excitation is possessed of an attractive potential to induce selective

chemical bond breaking due to its special localization and selectivity. With a view to realizing the concept of

|u

“molecular scalpe

, control of chemical bond breaking was examined in photon stimulated ion desorption

(PSID) of core-excited poly-methylmethacrylate (PMMA) thin film, methyl ester terminated self-assembled
monolayer (MHDA SAM), its partial deuteride (MHDA-d3;) SAM and ethyl ester terminated (EHDA) SAM.
Site-selective chemical bond breaking was observed for all molecular systems in the C1s ¢*(0-R) (R=CHj,
C,Hs) excitations and the O1s ¢*(0O-R) and ¢*(C-OR) excitations. Characteristic and mechanism of the
desorption reaction induced by core excitations were discussed based on the experimental results.
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