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are important, because molecules and atoms interact with
each other at exterior parts, not viainterior parts.

Photons and el ectrons go through molecules, but atoms do not.
Thus, atomic probes are most suitable.



AN EXCIted AtoMm He™ Can be used 10

Probe Outer Properties of Molecules

. Ohno,
. Mutoh, &
. Harada

Am.Chem.Soc.
)5, 4555, (1983)

Penning lonization

He*(23S)+ M — He + M* + e-
He*(23S) : 19.82 eV

PIES

P

INTENSITY

|
Outer
orbital

26,
(G

Electron Energy



. Ohno,
. Mutoh, &
. Harada

Am.Chem.Soc.
)5, 4555, (1983)

Electron Energy/eV Electron EnergyleV

MOLECULAR _
EXTEIOR Molecular Surface isimportant,

because it divides chemically active
exterior partsfrom inactiveinteric
parts.
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2D-PIES Apparatus

semispherical type

pseudorandom chopper electron energy analyzer Sample

modulating
cross-correlation TOF method

colllsmn cell

deflector

quench lamp 9 E

electron energy

discharge nozzle source

ca. 10 atoms sisr!

N TN T LT

2 parameter MCS




Crossed Molecular Beam 2D-PIES
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2D-PIES made it possible to observe
Collision Energy Dependence of
Partial lonization Cross Sections (CEDPICS)

lonic States-Unr esolved

Total lonization Cross Section :
|llenberger & Niehaus (1975)

TOTAL |OMISATION CROSS SECTION f,.ﬁ.'.':l

| onic States-Resolved

Partial lonization Cross Sections:
Ohno et al. J.Chem.Phys.94,2675 (1991
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2D-PIES made it possible to observe
Collision Energy Resolved Penning
lonization Electron Spectra (CERPIES)

Collison-Energy Unresolved PIES:  Collision-Energy Resolved PIES:
Ohno et al. (1983) Takami & Ohno (1992)

4560 J. Am. Chem. Soc., Vol. 105, No. |4, 1983 J.Chem.Phys.96,6523(1992)
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FIG. 5 Collisson-energy-resalved He®* (1 °5) Penning ionfmtion electron
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2D-PIES of N,/He*(23S)

No/He*(23S)

In order to elucidate
collisional 1onization
dynamics,

we have developed
ahew method for
theoretical construction

of 2D-PIES by
trajectory calculations.
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Theoretical :

CO/?SthCtiOn entrance channel
0 f He*(23S) + N»

CDPIES Sl
9y
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Transition Rates




Entrance Potential for Reactants

can be obtained as Similarity between e*(2°S) and 1.i(2°S)
ab 1nitio model
potentialsusing a LI
atom in place of an
excited He* atom,
based on the well
known similarity
between He* and L.

Both of them show
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rajectory calculationsare | 1 aJectory Calculationgc

hen performed for Various Classical trajectory calculations
litial conditions more than  ColonEnery
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L. Transition probability into ionic state 7 in the interval av :
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Transition rate into ionic state 7 -
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Partial transition probability : I-"w = T f t.rlfx

Partial ionization cross section : G"(£,) = [ 2nhP"(b)db
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Optimization of Theoretical Simulations
to Observed CEDPICS leads to
Determination of /nteraction Potentials

leliezleigp) Aaigr)izlls
Olserved
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Interaction Potentials for N, , C,H, /LI, He

Potential Energy Contour ( spacing = 50 meV)

ADb initio LI Model Potentials
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Interaction Potential for OCS /L1, He*

OCS + He*(23S)
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Interaction Potential for C.H, /He*
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Determination of Molecular Orbitals
via Optimization of Theoretical Simulations
to Observed CEDPICS

Observed
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Determination of Molecular Orbitals

= |nput Data
= Experimental 2D-PIES / CEDPICS DATA
= Entrance Potential for Reactants
= Molecular Orbitals
= Initial guess : SCF-LCAO-MOs in a Minimal Basis
= Optimization : MO Coefficients & Exponents
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Cross Section / A?
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Summary & Conclusions

= 10'° times of improvements were made for
constructing a crossed-beam 2D-PIES apparatus.

= |lonic-state resolved CEDPICS became observable.
= Collision-energy resolved PIES became observable.

m A theoretical simulation method was established.

= Anisotropic interaction potentials between He* and
molecules could be determined.

= Spatial distributions of molecular orbitals could be
obtained based on the observed CEDPICS.
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