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Synthesis and Physical Properties of Novel Conducting Salts toward Magnetic Molecular

Conductors

It is well known that molecular conductors originated from the pioneer works on the
semiconducting properties of phthalocyanine (Eley (1948)) andcondensed aromatic hydrocarbons
(Akamatsu, Matsunaga and Inokuchi (1950s))play an important role in materials chemistry. In
particular, the brilliant researches of molecular conductorshave recently led to the emergence of
molecular electronics devices, such as organic light emitting diodes (OLED)and organic field effect
transistors (OFET). Up to now, an extremely large number of molecular conductors have been
developed since the discovery of the first organic metal, TTETCNQ (1973). Among molecular
conductors, magnetic molecular conductors are very unique in terms of the fact that conductivity
and magnetism coexist. For example, k-(BETSyFeX, [BETS =
bis(ethylenedithio)tetraselenafulvalene; X = CI, Br] showed the coexistence of the
superconductivity and three-dimensional (3D) magnetic order. However, there have been few
reports on the magnetic molecular conductors that showed a significant magnetic coupling between
conducting electrons and local magnetic moments. Therefore, the author proposed twostrategies for
making novel magnetic molecular conductors. One is © introduce the supramolecular interactions
suitable for strong n-d coupling in organic-inorganic complexes similar to the precedent
superconducting cation radical salts of BETS. The other isto design the organic donors with a stable
organic  radical such as TEMPO and PROXYL radicals [TEMPO =
2,2,6,6-tetramethyl-1-piperidinyloxy; PROXYL = 2,25 5tetramethyl-1-pyrrolidinyloxy]. Although
no magnetic molecular conductor has ever been developed on the basis of these ideas, relatively
strong intramolecular magnetic coupling between conducting electrons and the spins on a stble
radical can be expected. If the molecular conductor composed of organic radical donors and
magnetic anions can be prepared it has the possibility of the occurrence of ferrimagnetism derived
from two kinds of spin systems.

This thesis describes the synthesis and physical properties of novel organic conducting
complexes toward magnetic molecular conductors. The contents are divided into the following five
chapters.

Chapter one briefly introduces the history of molecular conductors as the background of
this thesis, which covers typical magnetic molecular conductors based on organics donors. It is
remarkable that some BETS salts show various unprecedented n-d coupled electromagnetic
properties. For example, A-(BETS),FeCly represents the first molecular conductor that demonstrated
a kind of colossal magneto resistance (CMR)and field-induced superconducting transition

Chapter two describes the preparation and physical properties ofthe cation radical salts of
an asymmetrical s donor, PEDT-TSF [PEDT-TSF = pyrazinoethylenedithiotetraselenafulvalene]
and two & donors with a pyridazine ring, PAZETSTF and PdzBOTTF in order to investigate the role

of nitrogen atoms in supramolecular interactions. PEDFTSF is a BETS analogue fused with a



pyrazine ring instead of one ethylenedithio substituent. (PEDFTSF),FeCl, is the first x-type salt of
PEDT-TSE, which showed a metallic behavior down to about 60 K. On the other hand,
(PEDT-TSF),FeBry is comprised of unique tetradic donor columns and showed a weak metallic
behavior down to about 50 K. It has no stronggr-d coupling, but there are many SBr and Se-N short
contacts. Thus, PEDT-TSF proved to be a suitable donor to construct organic metal layers and have
a possibility to make magnetic organic conductors dependng on selection of appropriate magnetic
anions. PdzZETSTF and PdzBOTTF have been developed with the aim of introduction of short
contacts between nitrogen and halogen atoms in the long axis direction of the molecule.
(PdzETSTF)(ReOy) is a semiconductor with a high room temperature conductivity (ox = 0.45 S
cm'l) thoughi it is a 1:1 composed cation radical salt.

Chapter three reports the preparation and physical properties of several cation radical salts
of BEST [BEST = bis(ethylenediselena)tetrathiafulvalene]. BEST is a constitutional isomer of
BETS, but the physical properties of their salts are quite different from each other. A-(BETS),FeCl,
is a field-induced superconductor having strong m-d coupling, but A-(BEST)FeCl is a
semiconductor (ox = 0.1 S cm™) having no magnetic coupling. Although 8’-(BEST)s(CoCL), has
very short Se-Cl contacts (e.g. 3.174 A), there is non-d coupling in the salts. A molecular orbital
calculation indicated that the amplitude of HOMO of BETS atthe outside chalcogen atom is smaller
than that of BETS. That makes a large difference between BETS and BEST in constructing
conducting donor layers and n-d coupling. However, (BESTyFeBr, is a metal around the room
temperature and probably has the antiferromagnetic transition point {n = 4 K).

Chapter four describes the preparation and physical properties of some cation radical
salts of organic radical donors incorporated with a TEMPO or PROXYL radical.
(TTP-PROXYL)(FeCly) is the first organic conductor with two kinds of localized spin systems. Its
xT-value of 4.65 K emu mol” indicates the coexistence of high-spins of Fe** (S = 5/2) and
PROXYL radical spins (S = 1/2). This salt is a semiconductor ¢ = 10> S cm™) and has no
significant coupling between the two spin systems. However, that salt might be the first step to
realize of ferrimagnetic molecular conductor having two independent spin sources.

Chapter five gives a summary of this thesis and discusses shortly further perspectives for

the realization of novel magnetic organic conductors based on the results of
(TTP-PROXYL)(FeCL).
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