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Size Effect on Cooperative Nature between Electronic States and Structures of n-Conjugated

Molecular Aggregates

SHF EBTY

Masaaki Mitsui and Atsushi Nakajima

Supersonically cooled, m-conjugated molecular cluster anions are efficiently produced up to more than 100

constituent molecules and their electronic states are size-selectively investigated using anion photoelectron

spectroscopy. Homogeneous anionic clusters of anthracene, (anthracene),” (n = 1-100), are presented herein as one of

noteworthy results among those studies. The coexistence of two types of anionic isomers is found over a broad range
in size: isomers I and II-1 (n = 4-30) or isomers I and II-2 (n > 40). Size-dependent energetics, vibrational features,
and temperature variations of photoelectron spectra for each isomer allow us to infer their structural motifs, electron

accommodation modes, and formation mechanisms. Such improved knowledge increases our comprehension about

size effect on cooperative nature between electronic states and structures of n-conjugated molecular aggregates at a

molecular-level.
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Figure 1. Schematic drawing of an anion production method:

high-energy electron impact ionization where the formation of cluster
anions results from attachment of slow secondary electrons (< 1 eV).
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Figure 2. TOF-MS spectrum of tetracene cluster anion.
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Figure 3. Scheme of the photodetachment transition in anion
photoelectron spectroscopy. The right side, the corresponding
photoelectron spectrum is displayed. See text for further details.
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Figure 4. Schematic diagram of our anion photoelectron spectroscopy apparatus with an in-line Wiley-McLaren TOF mass spectrometer and a

magnetic-bottle-type photoelectron spectrometer.
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Figure 5. Photoelectron spectra of anthracene molecular anion.
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Figure 6. Photoelectron spectra of (anthracene),” (n = 1-100),
recorded for a later fraction of the anion beam at helium stagnation
pressure of 4.9 MPa. Bands labeled by I, 1I-1, and 1I-2 are arisen
from different anionic isomers. See text for further discussion.
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Figure 7. Cluster formation condition effects on photoelectron
spectra of (anthracene),” with n = 19 and 60. See text for
further discussion.
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Figure 8. Plot of —VDE of isomers I, II-1, and 1I-2 as a function of ">,
EA, and P (n) represent molecular adiabatic electron affinity and
polarization energy, respectively. See text for further discussion.
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Figure 9. Schematic diagrams of the photodetachment transition in
anion photoelectron spectroscopy. See text for further details.
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Figure 10. Crystalline structure
of solid anthracene.
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