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Quantum Ferrimagﬁetics Based on Supramolecular Crystal Engineering

Daisuke SHIOMI

Organic molecule-based magnetism and magnetics have been the focus of current topics in an
interdisciplinary area of chemistry, physics, and materials science. The last decades have witnessed a
rapid development of molecule-based magnetism and spin chemistry, dating back to the first purely
organic crystalline ferromagnet discovered in 1991. Another type of spin alignment affording a bulk
magnetism in moelecular assemblage of organic open-shell molecules is ferrimagnetics, which is
conventionally regarded as an antiferromagnetic alignment of different spin quantum numbers, e.g.,
S=1and § = 1/2, giving net and bulk magnetization. The tendency of organic open-shell molecules
to have intermolecular antiferromagnetic exchange interactions seems favorable for the
ferrimagnetic spin alignment. Genuinely organic ferrimagnets composed of discrete, two kinds of
organic open-shell molecules with differing §’s, however, have not been discovered yet and are an
unresolved, challenging issue in materials science. We have proposed two kinds of novel
molecular-desighing approaches to organic ferrimagnetics. One is “single-component
ferrimagnetics” and the other is “supramolecular ferrimagnetics”. Model compounds for the two
approaches have been designed and synthesized, and their magnetic properties have been examined.

Single-Component Ferrimagnetics

Co-crystallization of multi-component open-shell building block molecules with differing spin
quantum numbers is a prerequisite for constructing organic molecule-based ferrimagnetics. In the
approach of “single-component ferrimagnetics”, a n-biradical with § = 1 and a m-monoradical with §
= 1/2 are connected by o-bonds, giving magnetic degrees of freedom for both §=1and §=12ina
single molecule of the resultant triradical. We have synthesized nitronyl nitroxide-based triradicals
with approximately isosceles triangular geometry. For the triradical compounds, fully head-to-tail
molecular packings in three dimensions have been achieved in the crystalline solid state, as found
from X-ray crystallography. It has been found that the close packing strategy based on the molecular
geometry of isosceles triangles enables us to produce the head-to-tail molecular packings, leading to
alternating aggregation of two kinds of open-shell molecular entities in a controliable manner.

Suprameolecular Ferrimagnetics

Another approach to co-crystallization of distinct molecular entities leading to organic
ferrimagnetics is based on hydrogen bonding as a noncovalent intermolecular interaction, which
gives heterospin, heteromolecular assemblages of open-shell molecules. A pyridine-substituted
nitronyl nitroxide biradical with a triplet (§ = 1) ground state has been designed and synthesized. The
biradical is found to co-crystallize with a carboxylic acid derivative of nitronyl nitroxide radical with
§=1/2. The hydrogen-bonded acid-base complex undergoes a magnetic phase transition at 5 K. This
is the first example of hydrogen-bonded heterospin, heteromolecular complex exhibiting a magnetic
phase transition. The present results indicate that the hydrogen bond between organic acids and bases
is an efficient structure-determining factor of forced co-crystallization of open-shell molecules with
inequivalent spins.

Generalized Ferrimagnetics

The approach of supramolecular ferrimagnetics has been invoked to verify experimentally the
concept of “generalized ferrimagnetism” which we have developed from theoretical sides. As a
model system, ternary compounds have been synthesized, which are composed of a crown-ether
derivative of nitronyl nitroxide radical, an alkali metal cation, and an organic anionic biradical of
nitronyl nitroxide with a singlet (S = 0} ground state. A spinless, diamagnetic ground state has been
found for the complexes in the crystalline solid state. The spinless ground state is assignable to one
of the exotic ground spin states predicted in the theoretical model of the generalized ferrimagnetism.
The occurrence of the spinless ground state is attributed to the internal magnetic degree of freedom
in the organic biradical and the multicentered intermolecular interactions, both of which have been
neglected in conventional, atom-based magnets and feature in organic molecule-based magnets.
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