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Abstract of Thesis

This doctoral dissertation presents a systematic investigation into the photophysical and magnetic
properties of tetracyano-p-quinodimethane radical anion (TCNQ™) salts, with a particular focus on
elucidating the relationship between these properties and their n-stacking assemblies.

Recent advances in radical chemistry have highlighted the potential of radical molecules as
components of molecule-based functional materials, whose physical properties are strongly influenced by
their association modes. However, while dynamic modulation of radical properties through association
and dissociation has been demonstrated in solution, achieving comparable control in the solid state
remains challenging due to the rigidity of molecular assemblies and their limited structural adaptability.
To address this challenge, this dissertation introduces a designable assembly strategy for TCNQ™ salts
based on structurally tunable organic countercations. By varying the steric hindrance and molecular
flexibility of the countercations, the m-stacking assemblies of TCNQ™ species can be systematically
modulated, enabling structural diversity as well as phase-dependent transformations. This tunability arises
from a balance between spin—spin coupling and Coulombic interactions, in which cation—anion
electrostatic interactions partially alleviate anion—anion repulsion.

Through this strategy, three key conclusions are drawn: (i) the m-stacking assemblies of TCNQ™
species are closely correlated with their near-infrared (NIR) photophysical properties; (ii) controlled
assemblies enable multistage, stimuli-responsive switching of magnetic and photophysical properties
across condensed phases; and (iii) n-stacking transformations can proceed via a self-catalytic process that
governs dynamic optical responses. The concepts and findings are developed through experimental and
theoretical studies presented in Chapters 2—6.

In Chapter 1, the general background and motivation for this study are provided, introducing the
functional properties of stable radicals and their potential value in the design of molecular materials.

In Chapter 2, a molecular strategy for designing near-infrared (NIR) dyes with controllable
photophysical properties by tailoring the assemblies of radical species is presented.

In Chapter 3, the characteristic photophysical and magnetic properties of liquescent TCNQ+— salts
are described in relation to the associated structures of TCNQ™ species in both the solid and liquid states.

In Chapter 4, a stable TCNQ™ -based NIR photothermal agent exhibiting an NIR-induced solid—liquid
phase transition with diamagnetic-to-paramagnetic switching is described.

In Chapter 5, the results for a TCNQ™ salt stabilizing both co-facial n-dimers and slipped n-dimers
in the solid state are described.

In Chapter 6, a self-catalytic process governing the conversion from columnar n-stacking of
TCNQ™ species to co-facial n-dimers is described.
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