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Synthesis and Characterization of Novel Molecular

Conductors Based on Sulfur, Selenium and

Tellurium-containing Donors
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A large number of donor and/or acceptor molecules have been produced for the
development of novel molecular conductors so far. Many organic conductors have
columnar structures, where the conduction pathways are formed by intracolumnar and
intercolumnar contacts. The dimensionallity of the system is determined by the
anisotropy of these interactions. The one-dimensional conductor has a tendency to
show metal-insulator transition at low temperature. Therefore, it is very important
in the molecular design to develop multi-dimensional band structure. The main
purpose of this thesis is to produce novel types of molecular conductors on the basis of
newly synthesized donors. The present thesis is composed of eight chapters.

In Chapter 1, as an introduction, the author described the history of organic
molecular conductors.

In Chapter 2, a novel pentathio-substituted donor 1 was treated. The neutral

molecules have the two-dimensional network through sulfur atoms between the
pentathio groups and TTF moieties. The ClO4 salt has no intermolecular S-S

contact between the donor columns owing to the anions and crystal solvents located
between them, however, there are several short intermolecular contacts mediated by
the sulfur atoms of TTF moieties in the dimer. This salt is semiconductor with an
activation energy of 0.11-0.13 eV and room temperature electrical conductivity is
comparatively high (3.7 x 10-2 - 3.8 x 101 S-em-1) for 1:1 salt because of its tight
one-dimensional stacking.
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Pentathio-substituted donor 1 TTF dimer bridged by two trisulfide chains 2

In Chapter 3, the first synthesis and structure of a novel cyclophane-like
bridged TTF dimer 2 was described. The TTF dimer shows two pairs of reversible
one-electron redox waves and one pair of reversible two-electron redox wave,

suggesting the existence of intradimer interaction between two TTF moieties. The
electrical property of its Cl04" salt was insulating because of the dicationic state of the

donors and its undesirable crystal structure.
In Chapter 4, the crystal structure and electrochemical properties of a novel

unsymmetrical donor containing pyrazino-ring, PEDTTSeF, were investigated. The



BF4-, ClOy4°, GaCly", PFg" and AsFg" salts showed metallic behavior down to low
temperature and several of them show metal-insulator transitions. The BF4 and

ClOy4" salts have the unique donor arrangement resembling to B"-like structure and

2:1 composition of donor-to-anion. They stack in the zig-zag manner with periods of
three layers of donors, giving a six-periodic sigmoidal stacking and there is, thus, no

distinct column in the crystal. Furthermore there are many short intermolecular
contacts and two-dimensional networks. The paramagnetic susceptibility of the BF4-

salt is almost constant throughout the temperature range of 300-2 K, indicating the

Pauli paramagnetism of the metal electrons.
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Chapter 5 treated the electrical and magnetic properties of «-(BETS)9FeBry.
The physical properties of « -(BETS)9FeBry showed this system to be the first
antiferromagnetic organic metal at ambient pressure (TN = 2.5 K). This salt showed
metamagnetic behavior when the magnetic field is applied to the direction parallel to
the a-axis, the magnetization increases very rapidly and tends to be saturated around
30 kOe. The small resistivity drop observed at Ty clearly showed the existence of the
interaction between 7 metal electrons and localized magnetic moments. In addition,
this system undergoes a superconducting transition at about 1.1 K. That is, «-
(BETS)9FeBry is the first antiferromagnetic organic metal exhibiting a
superconducting transition below Néel temperature. Furthermore, estimated GL
coherent lengths suggest that the superconductivity in this system is strongly
anisotropic similar to the cases of BEDT-TTF based organic superconductors. The

A -type large peak of specific heat was also observed, suggesting the bulk

antiferromagnetic transition of high-spin Fe3% ions. It is strongly indicated that the
superconductivity and the magnetic order coexist below Ty.

In « -(BETS)9FeClyBry.x systems, the Néel temperature shifts to lower
temperature with the increase of chlorine contents. Moreover, the direction of an easy
spin axis is changed from the a-axis to the b-axis in the sample with C1=1.2. On the

other hand, the broad peak of the electrical resistivity at 60 K, which is observed in «
-(BETS)9FeBry, was suppressed with increasing chlorine contents. Furthermore, the



temperature corresponding to the small drop of resistivities was in good agreement
with the Néel temperatures and shifted to lower temperature with the increase of the
chlorine contents. On the other hand, the critical temperature of superconductivity
shifts to lower temperature with the increase of the chlorine contents and appeared at
0.7 K in the sample of C1 = 0.1. In the case of r-(BETS)9FeCly 5Brg 5, a slight
decrease of resistivity was observed below 0.7 K.

Chapter 6 treated the structures and physical properties of a newly
synthesized telluro-cycle fused donor 3. The TCNQ complex and the cation radical
salts were studied. The CV result of neutral molecule showed three pairs of
reversible redox waves. Inthe repeated cycling between 0.0 V and 1.5 V (higher than
a shoulder peak around 1.4 V), only the third redox waves were gradually extinguished.
The TCNQ complex showed semiconducting behavior because of its mixed-stacking
structure. All the salts prepared using the telluro-cycle fused donor 8 by an
electrochemical oxidation were composed of the symmetrically dimerized donor 4.
Such a dimerization at the tellurium atoms could be conducted by the high oxidation
state produced during the electrochemical oxidation. The obtained cation radical
salts were also semiconductors with very small activation energies of 0.03-0.06 eV.

Their room temperature electrical conductivities were relatively high (1-10 S-ecm™1),

because of the tight one-dimensional stacking in regard of the Au(CN)9~ salt.
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Tellurocycle-fused TTF 3 Dimerized TTF 4

In Chapter 7, the crystal structures and physical properties of various cation
radical salts of TMTTeN were examined. In (TMTTeN)oM(CN)g (M = Ag and Auw),

the crystal structure analyses and tight-binding band calculations indicate these
systems to be quasi three-dimensional conductors. The salts are highly conductive

(720-760 S*cm'l) and keep the metallic states down to ca. 50 K. Furthermore,
Ag(CN)9~ salt exhibited constant Pauli paramagnetic behavior down to 2 K. In

TMTTeN(SCN)g g8, the donor molecules are stacked to form columns and three-

dimensional network is developed through the intermolecular Te---Te contacts between
columns. The salt is highly conductive (590 S-em-1) and keep the metallic behavior
down to liquid helium temperature. Furthermore, the paramagnetic susceptibility of
TMTTeN(SCN)( gg is almost constant throughout the temperature range, indicating

Pauli paramagnetism of the system. The Fermi surface of the SCN- salt is open along



the 5* and ¢* directions, however, the intermolecular interactions between the donor
columns are not so weak due to the three-dimensional network mediated by the
protruded tellurium.

In Chapter 8, the author described the conclusion of this thesis.
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BFEAVTEEREBRD D VWIBCEAERI - BETLH2CRZRTH S NIEF 3KRIT
DHEEAE®LBI D FORFLEBMBLELrEIND, NEREFRORITZ DO
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ZHBETHFOARMICHEERTFVIVETNEREOVBLED FEHRLIZARL TSR, &K
ENESFEARB2EISGETEIIDE>TEREBEINTWVWS,

g2ETR,. TTFEROFAICHEED S BREMELEF2TFEAKL TS, 20N
FO L1l oBEERETCIBEERR L ERBHEICESNTERITVEHEERZ L DED
BEIZIE-> TV, BERWHEERZFEERNTD 5.

HIBETE. BEEFTEBEN Y u 7y YHO TTF —E&RKSFEABRL TWVWS,
BEERY 1.2 OBRBEHERIESN., TOSFRIEBRES®ELT. S THHEEEA
CLTROKRTIEVWHETH 5,

waETE. TTF BROBEFEEZ L VICERLZ BETS keSO Vv BEME LS T
(PEDTTSeF) # &KL TW3, ZD4%F& BF,, ClO,, GaCl,, PFy, AsFgx 0 BHI B B
HRIEESF TLEEE2HREL VWS, BF,/ 50z ClO,/0EIR 2 10Kz LB, #F
Rz 2 kT EEERA 2L D, BEANY FOHEILAKDO—KRITVZ 7 2 )VIEE
2HMDBAL 7 2 VIEZLDETFHIL TWS,

5 BT, £-BETS),FeBr, 35 L FeCly, » B £ -(BETS),FeCLBr,, & L T
W3, TOWBEZ2KRTHEZHEEFEAZLL, BEANY FEFACEAIAEWVWT 2 VIE
ELOEFHILTWVWS, TOWETREAY VYV REOBEOBEE— X b2 2.5 K TR
BRI ERFILEL, S5 L1 K CBEERBCHERT 32, BKE— X~ b 0¥
AMOHBORFE: LTHAEN., BEEEREE THBRORELRON VLI 05,
RBMEREEZFEFE L-IEBEERBNER L VB HEL TS, RAKMEDEE
PWSDORPFEEATRIDTOWETHY., ELIZBEELBATED., BOTEER
RETH D, XOIKBEHEREEREEVWFeCLErDREEE AR L. B, mEHR
FENRTHREERL TV, BEEFEARIXOBBELWVWASRIED TH %,

BOeETR.TTFEROAAZFTFIVLVETF 2L TEREMHE LD FEAERKL TS,
CIOHFREMBHEREIZDCBEBLENBELAVDIETFVVREFOE I AT2EL,
VEZHOSFREBRBEINZZIEERHBLTWS, Au(CN),y 2 iFid 1:0.42 oK T, 2
REGHEHEER 2L D, BRI ANV F DN ELFEERPULTHEETH 5,

BIETRH. FUVLVEFE 4520 TMTTeN 2 HW T 13 EOBRBHEEX SR L TV
LH, 20T, Ag(CN),, Au(CN),, SCN'r nEREBHERRT. WINoWETLS T
DHAZEOELEFAMVLVEFEBLTC3RTHMESTFRIMHEERZL > TWVWDH, BRESN
YIFOFHERIKRTMIZHA /NS 72 VIEZRRL TV,

Dt X3z, NEREFROMERIRTHEE2BDD-DDOFFREITESTVWTELD
SBYRYWEOARIZKI L TW53, uhTY k-(BETS),FeBr, 2 5\) 2 KEBMERF &
SBREELIIRBEEELLOREORRBIIODPFIZRELA N2 b 2L LT EERX
Do Ko T, KMXIIARZEDFEMBLIZMET 2 & HWT 5, '
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