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Synopsis The binding energy spectrum and electron momentum distributions of valence orbitals of methyl io-
dide are measured using the high-sensitivity electron momentum spectroscopy apparatus. Detailed theoretical
analysis including relativistic, electron correlation and vibrational effects is performed to illuminate the valence

electronic structures.

Electron momentum spectroscopy (EMS) [1]

has been demonstrated to be a robust technique
for exploring the electronic structure of atoms
and molecules for its unique ability of detecting
electron momentum distributions for individual
orbitals. It is a coincidence experiment based on
the kinematically complete (e, 2¢) reaction near
the Bethe ridge condition, in which a fast inci-
dent electron is scattered by a target atom or
molecule and an electron is knocked out from
the target. Within a series of approximations
including Born-Oppenheimer and plane wave
impulse approximations, the triple differential
cross section of the (e, 2e) reaction is propor-
tional to the modulus square of the wavefunc-
tion of the ionized orbital in momentum space,
i.e., electron momentum profile.

In this work, the valence electronic structure
of methyl iodide (CHj3l) is investigated in detail
by EMS by measuring the binding energy spec-
trum and electron momentum distributions of
the valence orbitals. The experiment-in which
the symmetric non-coplanar kinematics is em-
ployed [2], was carried out at impact energy of
1200 eV plus binding energy. The instrumental
energy and momentum resolution were deter-
mined to be ~1.2 eV (full width at half maxi-
mum (FWHM)) and ~0.2 a.u. (A@ = 0.8°, Ag =
2.2°), respectively, by measuring Ar 3p orbital
before the CH;l experiment.

The experimental two-dimensional energy
and relative azimuthal angle spectrum and bind-
ing energy spectrum of present work is dis-
played in Figure 1. Electron momentum profiles
of eleven ionization bands are inferred through
a fitting of angular resolved binding energy
spectra using Gaussian curves.
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Due to the complexity of polyatomic mole-
cules, electron correlation, relativistic effects,
Jahn-Teller effects, vibrational effects are tak-
ing into account to interpret the electron mo-
mentum distributions of the resolved ionization
bands. More details will be showed on the post-
er.
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Figure 1. (a) Two-dimensional energy and relative
azimuthal angle spectrum of CH;I. (b) Binding ener-
gy spectrum of CH;I. The dotted lines represent the
11 Gaussian peaks corresponding to individual mo-
lecular orbitals and the solid line is the sum.
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