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Chemistry in Intense Laser fields

In intense laser fields, eectronic states of molecules
are mixed excessively and a variety of characteristic
processes such as  sructural  deformation, multiple
ionization and Coulomb explosion are induced. We have
investigated dynamics molecules in intense laser fields by
developing new experimenta techniques such as
pulsed-gas diffraction, coincidence momentum imaging
and tandem-type mass spectroscopy.

(1) Alignment dynamics of CS; in intense laser
fields probed by pulsed gas dectron diffraction

The anisotropic two-dimensiond (2D) €eectron
diffraction pattern of jet-cooled CS, in an intense
nanosecond Nd:YAG laser fidd was measured by a
short-pulsed 25 keV electron beam packet generated by
irrediating a tantalum photocathode with the 4th harmonics
of another nanosecond pulsed YAG laser radiation. The
2D diffraction image appearing as an illumination pattern
on the screen was transferred through a camera lens onto
an ICCD detector. In the observed 2D diffraction pattern
of CS; in the intense laser field, a small but significant
anisotropy was identified, and an interference amplitude
aong the direction parale to the laser polarization
direction was found to be larger than that along the
perpendicular direction, indicating that the observed
anisotropy was induced by an aignment of the S-C-S
molecular axes along the laser polarizetion direction. The
results showed that the molecular alignment process in an
intense laser field can be probed directly by the pulsed gas
electron diffraction method.

(2) Corréated nuclear dynamics of CS; in intense laser
fields

The coincidence momentum imaging (CMI) maps
were measured for CS; in intense laser fidds. The
momentum vectors py(S), pAS"), and py(C") of the
fragment ions produced through the three-body Coulomb
exploson, CS,* - S+C'+ S', were determined by the
triple coincidence momentum imaging method. From the

obtained CMI maps, p«(S"), pS"), and p(C") for the
(1,1,1) Coulomb explosion pathway, CS,* — S"+ C" +
S', two characteristic features of the nuclear dynamics of
CS, wereidentified, i.e. (i) the two dimensional distribution
with respect to the two internuclear distances, r,(C-S) and
ro(C-S), of CS,*" just before the Coulomb explosion has a
ridge dong the straight line of ry(C-S) = ry(C-9), and (ii)
the smaler  SC-S bond angle is preferred for longer
internuclear distances. These observations indicate that
the geometrical structure of CS;* evolves in a correlated
manner so that the internuclear distance increases while the
bond angle decreases.  In the CMI maps, a pair of curved
arms corresponding to the sequential process was identified
in addition to the main feature corresponding to the
concerted process. These characteristic arm-like features
were interpreted well in terms of a classica model for the
sequential  three-body explosion in which the CS**
fragment istreated as afreerotor.

A-1) Chem. Phys. Lett., 349, 57-63 (2001).

(3) Size-dependent decomposition of aniline-ammonia
and aniline-water cluster cationsin intenselaser fields

In order to investigate dynamics of size-sdlected
cluster cations in intense laser fields, a tandem-type
time-of-flight mass separation technique was adopted.
When aniline-(NH3), (n=1,2) cluster cations were exposed
to the resonant intense laser fields, aniline cations were
formed dominantly after the evaporation of ammonia and
CsHg" fragments were produced with asmal yield. In the
case of aniline-(H,0), (n=1,2) cluster cation, only aniline
cations were detected, indicating that the relative yidd of
the CsHe" formation was much smaler.  These
observations indicate that the decomposition process of the
aniline cation moiety through the resonant light coupling
between the electronicdly excited state and the electronic
ground state is suppressed significantly when the aniline
cation forms the hydrogen-bonded clusters either with
ammonia or with water. This suppression was interpreted
in terms of the rapid dissipation of the excess energy for the
decomposition of the aniline moiety through the
intermolecular hydrogen bonding.

A-6) J. Chem. Phys., 114, 5598-5606 (2001).
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