QUANTUM CHEMISTRY

Annual Research Highlights

(1) “Ultrafast hydrogen scrambling in methyl-
acetylene ions induced by intense laser fields”

Three-body Coulomb explosion processes of triply
charged positive ions of methylacetylene and its
isotopomer, methyl-ds-acetylene, induced by an ultrashort
intense laser field were investigated by the coincidence
momentum imaging (CMI) method. The following two
types of  three-body  decomposition  pathways
accompanying the proton ejection were identified in the
CMI maps of methylacetylene:

I. GHS > H + Cny + CaCﬂI‘F

II: C3Hs" — H' + C4CHy' + CoH,
where three carbon atoms are labeled using «, £, and yas
H-C.=Cp-C,H;. Three types of the decomposition
pathways with the C4sC, bond breaking and three types of
the decomposition pathways with the CoCp bond breaking
were identified for methyl-ds-acetylene. The obtained
CMI maps revealed that a variety of different H/D
migration processes coexist. As summarized in Fig. 1,
the migration processes identified in the present study are
(i) the migration of one H/D atom, (ii) the exchange
between two H/D atoms, (iii) the migration of two H/D
atoms, and (iv) the exchange of two H/D atoms and
additional migration of one H atom, showing the high
intramolecular mobility of H and D atoms within
methylacetylene and methyl-ds-acetylene in an intense
laser field.
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Fig. 1 The schematic diagram of proton/deuteron transfer.
A straight arrow represents the complete migration of H and
D. A curved arrow represents the migration of H and D that
are eventually ejected as H" or D*.

1.(1)-4) Phys. Chem. Chem. Phys., 14, 10640 (2012)

(2) “Hydrogen scrambling in ethane induced by
intense laser fields: Statistical analysis of
coincidence events”

In order to elucidate the extent of “migration and
exchange” of the H and D atoms in the generation of
triatomic hydrogen molecular ions from an ethane
molecule induced by an intense laser field, CMI images

were recorded for the fragment ions generated from
CH;CH3, CD3CDs, and CH3CDs.  From the analysis of
the coincidence events, the yield ratio of Hs": H,D™:
HD,": D;" generated from CH3;CD; was derived to be
(8.01 +£1.20) : (43.0£5.4) : (43.1 £0.3) : (5.89 + 0.10).
This yield ratio, which is close to the statistical ratio of
1:9:9:1, and the observed isotropic angular distributions
of the ejection directions of Hs" and its deuterated
analogues show that an extensive H-D exchange process
called hydrogen scrambling proceeds within the
long-lived doubly charged parent molecule, CH;CD3?>",
prior to the decomposition.

1.(1)-5) J. Chem. Phys., 136, 204309 (2012)

(3) “Protonic structure of CH3OH described by
electroprotonic wave functions”

The electroprotonic ground-state wave function of
CH;0H was calculated by adopting multiconfiguration
wavefunction theory developed for a system composed of
electrons and protons. A CH3;OH molecule was treated as
a quasidiatomic molecule, in which orbitals for both
electrons and protons are described in the laboratory fixed
cylindrical coordinate system with C and O atoms being
fixed on the z axis. The calculated probability densities of
the four protons show that the C atom is surrounded by
three protons and the O atom by one proton, and that the
dihedral angle of the O-H bond axis with respect to one of
the C-H bond axes becomes 180°, exhibiting
appropriately the conformational correlation between the
two functional groups (Fig. 2). The optimized spatial
configuration of the protons was found to be in good
agreement with that obtained by the standard
Born-Oppenheimer (BO)-based electronic  structure
calculations. The non-BO electroprotonic wave functions
introduced here afford the basis for describing ultrafast
hydrogen migration in hydrocarbon molecules in an
intense laser field.
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Fig. 2 Contour plots of the 2D conditional probability density
for the proton distribution obtained using the electroprotonic
ground-state wave function, which give the probabilities of
finding a proton at (x,y) on the condition that another proton
is located at (po, zo, &): (a) (po, 2o, &) is taken at the peak
position of the proton distribution in the hydroxyl group, and
(b) (po, zo, @) is taken at the peak position of the proton
distribution in the methyl group. The fixed proton position is
represented by the cross in each plot.

1.(1)-8) Phys. Rev., A85, 034504 (2012)
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