QUANTUM CHEMISTRY

Annual Research Highlights
When molecules are exposed to an intense laser field

whose magnitude is comparable to that of the Coulomb
field within atoms and molecules, their electronic states are
coupled strongly with the photon field, and a new class of
states called light dressed states are formed. We have
developed new experimental and theoretical methods to
investigate ultrafast dynamical processes of molecules in
intense laser fields. The followings are our research
highlights in 2003.

(1) Hydrogen migration in acetonitrile in intense laser
fields studied by coincidence momentum imaging

The two-body Coulomb explosion of acetonitrile,
CH;CN*" — CHs,, + H,CN' (n = 0-2), in an intense
laser field (800 nm, 0.15 PW/cm?, 70 fs) is studied by
the coincidence momentum imaging technique
developed in our group in order to understand how a
rapid migration of hydrogen atoms from one site to
another, which is known to proceed when a polyatomic
molecule containing hydrogen atoms is energized either
through reactive collisions or photoabsorption, is
induced through the coupling with the intense light

field.
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Fig. 1. The two-dimensional coincidence momentum imaging
maps of (a) CH;", (b) CH,", (c) CH" produced through the two-body

Coulomb explosion of CH;CN,".

imaging displayed Fig. 1, the fragment ions tend to be
ejected in the laser polarization direction for the n = 0
pathway (a), while the anisotropy for the n = 1 pathway is
less pronounced (b) and a nearly isotropic distribution is
observed for the n = 2 pathway (c). This result indicates
that the lifetime of the precursor parent ion for the n =0
pathway should be much shorter than the period of the
molecular rotation, while that for the n= 1 pathway may be
of the same order of the rotational period and that for the n
=2 channel could be much longer.

(2) Photodecomposition reaction of trapped aniline
cation by photofragment excitation spectroscopy

A photofragment excitation spectrum of aniline cation
is measured in the wavelength range of 450 - 400 nm by
ion-trap mass spectroscopy. It is found that the trapped
cations exposed to a nanosecond laser field (~1 MW/cm?,
10 ns) absorb two photons and decompose into CsHg"
efficiently in the 427 - 417 nm range.

From an analysis of the broad peak profile in the
excitation spectrum centered at 423 nm and the dependence
of the signal intensity on the laser, it is identified that the
photodecomposition of aniline cation into CsHs" proceeds
via the second electronically excited (]§2B]) state followed
by a further excitation into a dense manifold of highly
excited dissociative states.

(3) Time-dependent nuclear wavepacket dynamics of
H," by quasi-stationary Floquet approach

Dynamical processes of molecules in an intense laser
field can be treated by the Floquet method in which a laser
field is treated as an oscillating stationary electric field with
the constant amplitude. In order to describe the dynamics
of molecules in a short-pulsed laser field whose amplitude
varies largely during the short period of time, a
quasi-gationary Floquet approach is proposed.

The dissociation dynamics of H,  in an intense
ultrashort-pulsed laser field (800 and 1200 nm, 100 fs,
10"~10" W/em?) is investigated by the quasi-stationary
Floquet approach. It is shown that the momentum
distribution of the H' fragment ions can be decomposed
into the three Floquet channels having the three different
dressed photon numbers (n = 0, 1, 2). Thanks to this
quasi-stationary Floquet method, it becomes possible to
assign securely dressed photon numbers to the observed
profiles in the momentum distribution of H".



, (a) ,
, , (b) (©) ,
, : , CH; CN
. 2003
2
)
(800 nm; .
70 fs; 0.15 PW/em?) , (400 - 450 nm, 10 ns, ~ | MW/cm?)
CH;CN*" — CH;.," + H.CN' (n=0-2), , CéHsNH, + hv — CsHe" + HNC
5 ("‘5H6Jr
423 nm
(~14 nm)
2
CsHg"
©) H,"
H,"
100 O 100
5 1—12Jr
Channel
1. CH;CN*" 2 (a)

CH;", (b) CH,", () CH™ 2 , ,



1.

(1) Refereed Journals

1) R. Itakura, K. Yamanouchi, T. Tanabe, T. Okamoto, and F. Kannari,
“Dissociative ionization of ethanol in chirped intense laser fields’,
J. Chem. Phys. 119, 4179-4186 (2003).

2) T. Amano, T. Sako, K. Hoshinaand K. Yamanouchi,
“New vibrational force-field expansion of coupled linear benders: application to the X state of
acetylene”,
Chem. Phys. Lett. 375, 576-582 (2003).

3) R. Itakura, T. Asano, and K. Yamanouchi,
“Suppression of decomposition of aniline cation in intense laser fields by cluster formation with
NH3 and H,O",
J. Photochem. Photobiol. A 158, 77-81 (2003).

4) K. Hoshina, K. Yamanouchi, T. Ohshima, Y. Ose, and H. Todokoro,

“Alignment of CS; in intense nano-second laser fields probed by pulsed gas electron diffraction”,
J. Chem. Phys. 118, 6211-6221 (2003).

1)2003 10



