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Vibrational Spectroscopy and Frangmentation Dynamics
: of Inner-shell Excited Molecules

Jun-ichi ADACHI and Nobuhiro KOSUGI

Institute for Molecular Science

We discuss vibrational spectroscopy and dissociation dynamics in molecular inner-shell
excited states by using a high-resolution soft X- -ray monochromator. Very Iarge vibrational
enhancement is observed in the 1s—3po Rydberg transition converging to the ‘¥°
oxygen ls ionized state of the triplet O, molecule. This phenomenon arises from the
Rydberg-valence mixing by the avoided potential energy curve crossiong in the
Franck-Condon region. Fragment ions following the O l1s— 7 * resonance in N,O are
emitted not only into the perpendicular direction but also into parallel direction to the
electric vector of the incident light. This is because the angular distribution of the fragment
ions emitted after Auger decay is affected by the Renner-Teller effect. The C 1s(o ) —3s0,
transition in CO; is allowed through the vibronic coupling. The angular distribution of the
fragment indicates large contribution from the coupling with the bending mode. An
angle-resolved photoion-photoion coincidence measurement (PIPICO) has been carried out
for the N K-shell excited N;O molecule to reveal the correlation with the ejection angles of
fragment ions. The results show contribution from the three-body fragmentation process.
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Fig.1  Angular distribution of the fragment ions follow-
ing the parallel and perpendicuiar transitions
with the linear polarized incident light. The €
indicates the electric vector of the incident light.
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Fig.2 Schematic view of the detection system in the
angle-resolved ion-yield spectroscopy. The €
indicates the electric vector of the incident light.
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Fig.3 O K-edge angle-resolved ion-yield spectra of
0. with moderate energy resolution. The solid
line is the ion-yield for 6 =90° and the dotted
line for =0°.
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Fig.4 (a)O K-edge angle-resolved ion-yield spectra

of O, with high energy resolution. (b) The
ion-yield for 6=0° (parallel transition). (c) The
ion-yield for 8=90° (perpendicular transition).
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Fig.6 Model energy potential cruves which are
affected by the Renner-Teller effect.
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O K-edge angle-resolved ion-yield spectra of
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Fig.8 O K-edge angle-resolved ion-yield spectra of

N:O with high energy resolution. The solid line
is the ion-yield for 6=90° and the dotted line

for 6=0°.
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Fig.9 C K-edge angle-resolved ion-yield spectra of
CO:; with moderate energy resolution. The solid

line is the ion-yield for 6=90° and the dotted
line for 6 =0°.
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Fig.10 C K-edge angle-resolved ion-yield spectra of
CO: with high energy resolution. The solid line
is the ion-yield for 6=90° and the dotted line
for 6=0°.
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Fig.11 correlation between the ejection angles of
~ fragment ions through two-body and three-
body dissociation.
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Fig.12 PIPICO spectra following N. 1s = 7" excit-
ations of N.O.



174

A HE8EHE2E (19954

Table 1 Assignments of the PIPICO spectra
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- stop signal
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a molecular ion

b atomic ion
c atomic ion
d atomic ion

- atomic ion
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atomic ion>ca. 5eV

molecular ion
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3 body fragmentation
3 body fragmentation
2 body fragmentation
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Fig.13 Polar plot for the PIPICO signals following N.
1s — 7’ excitation of N;O when the kinetic
energy of ion detected as start signal is 5eV.
Correlation between the ejection angels of
fragment ions.
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Fig.14 Polar plot for the PIPICO signals following N
1s = 7 excitation of N;O when the kinetic
energy of ion detected as start signal is 5eV.
Correlation between the ejection angles of
fragment ions. (a) for the peak A, (b) for the
peak B, (c) for the peak C.
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Fig.15 Polar plot for the PIPICO signals of N 1s
excited and ionized N,O when the kinetic of ion
detected as start signals is 10 eV. Correlation
between the ejection angles of fragment ions.
(a) for N: 1s —> 7 " excitation, (b) for N, 1s —> 7"
excitation, (c) for N 1s ionization.
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