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ABSTRACT

We focus on phenalenyl-based organic radical materialaidimg 2,5,8-tritert-
butylphenalenyl radical, spiro-biphenalenyl (SBP) radicalyclo-biphenalenyls, and
biphenalenyl biradicals (BPBRs) with arindacene linkage in pursuit of mutlicenter
covalent pi-pi bonding interaction and its effectheTouilding blocks of these materials
are characteristic of unpaired electrons associatgdsiviictural phenalenyl units.

A number of experimental properties from literature hagen employed including
NMR, angle-resolved photoelectron spectroscopy (ARPE®#gnetism of molecules,
dimers, and of one-dimensional (1-D) chains, electroahduction, etc. Magnetic
susceptibilities have been analyzed using Bleaney-Boweer anodel, alternating chain
model, and Curie-Weiss model. A theoretical frameworketdlaon molecular orbital
theory and Hubbard dimer model has been established t@anhé/ magnetic properties.
These physical properties have been interpreted using our uquanmtechanical
calculations including molecular, dimer, and solid-statleulations. Theories employed
span from semiempirical theories, density functighabries (DFT), Hartree-Fock (HF),
to correlation calculations including outer valence @tedéunction (OVGF) and wave
function stability analysis. A gamut of Gaussian and glaave basis sets have been

used.



Extensive numerical studies have been performed to investigatdependence of
transfer integrals on basis set, level of theory, mmermolecular packing through a
dimer approach. Validation through experimental results tetrathiafulvalene-
tetracyanoquinodimethane (TTF-TCNQ), bis[1,2,5]thiadiagmtiuinobis(1,3-dithiole)
(BTQBT), K-TCNQ, and hexagonal graphite shows that DRTome of its presently
popular forms, such as PW91, in combination with double zata pblarization
Gaussian basis sets or alternatively with moderaie glane-wave basis sets provides
reliable transfer integrals, an therefore can sengl@ssis for energy band calculations.

Multicenter covalent pi-pi bonding has been iderdifi@s a novel and important
intermolecular bonding interaction. It manifests inimas ways for the phenalenyl-based
organic radical materials: it leads to an usual pi-mideal intermediate in the Cope
rearrangement of the cyclo-biphenalenyl; it drives atlsulbhange of molecular
geometries for the BPBRs; it is responsible for tHeassociation of SBPs into diverse
aggregations such as pi-dimers and pi-chain; and in tieeodayclohexyl-SBP pi-chain,
it leads to an efficient electron delocalization g@ldhe chain and a metallic conduction

according to the band calculations using the validatedyheor
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