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Introduction
Organic conductive charge-transfer salts have in general low
dimensional features (particularly one-dimensional) due to their unique = -
electron delocalization property. In order to obtain efficient intermolecular
interactions in a charge-transfer salt, the structural and redox properties of
the constituent molecules are clearly of crucial importance. The molecular
donor BDNT with extended » conjugation shows one-step two electron oxidation in
cyclic voltammetry, indicating that dication state is also energetically
favored at least in solution. This unusual redox property suggests a
possibility of a negative-U configuration based on the BDNT donor (later proved
not true). Related compounds are studied systematically in the hope that some
novel solid state properties may show up.
A Novel Molecular Donor BDNT
BDNT showed a reversible one-step two electron oxidation wave in PhCN

at 0.83V versus SCE. The électronic absorption spectra of BDNT in solution and
in solid state are measured and compared. The polarized single crystal
reflection spectra provide more information about intramolecular excitations,
and a reasonable assignment of the observed optical transitions is performed
taking into account the calculated molecular orbital data. The optical spectra
measured for various polarizations of the incident light along different
orientations relative to the principal crystal axes have been interpreted
successfully in terms of'the directional dispersion theory.
Physical Properties of Monocation BDNT salts

‘ A variety of BDNT radical cation salts were prepared by the electro-
chemical oxidation method. Solution and solid spectra were measured and
compared. BDNT species are identified as monocations in solid state, and hence
the negative-U state is not achieved. The polarized reflection spectra on
single crystal samples show a strong optical anisotropy, reflecting the one-
dimensional character of the crystals. The principal intermolecular and
intramolecular excitations are established and assigned. A fairly low charge-
transfer excitation band (3600cm~ ') polarized parallel to the stacking direction
of molecules is observed for m-BDNT-PFs, consistent with the activation energy
for the electrical conductivity. Thus, a substantial electron correlation leads
the compound to be a Mott semiconductor. By analyzing the charge-transfer band,
the Hubbard parameters U and ¢ were obtained to be 0.8 eV and 0.13 eV
respectively for m-BDNT-PFs salt. The experimental result of magnetic
susceptibility of m-BDNT-PFes agrees fairly with the Hubbard model result at high

temperature, and suggests the compound may undergo a spin-Peierls like
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transition at about 150K. The vibrations are analyzed briefly‘by group theory.
IR and Raman spectra for BDNT®’, BDNT", and BDNT®® compounds are presented and
tentatively assigned. The lattice dimerization is evidenced by the observed
enhancement of the vibronic modes with decreasing temperature in IR spectra for
both powder and single crystal in the stacking axis polarization. The electron-
molecular vibration coupling constants for m-BDNT-PFs are derived by dimer
approach, and the best-fit unperturbed frequencies of the vibronic modes
coincide quite well with the measured Raman spectra. The small polaron binding
energy of this compound is smaller than those of TTF, TCNQ or CA salts etc. The
0-BDNT-PFs is characterized as a one-dimensional disordered compound with
uniform non-alternating stacks by the structural and physical property
investigations. Its conductivity is considerably higher than that of m-BDNT-PFs,
which may be ascribable to a disorder aided screening of Coulomb energy U. The
relatively abrupt decrease at low temperature in the spin susceptibility of
m-BDNT-C10+ is found. This phase transition may be spin-Peierls like in
character, however, the involvement of the anion ordering to some extent is also
possible. '
Dication salts of BDNT

X-ray crystal analysis was carried out on BDNT(C104):CH:Cl: single
crystal. BDNT®" ions in the crystal are found to be twisted around the central
C-C bond connecting benzodithiole and naphtho-thiadiazole rings. Electronic
absorption spectra of BDNT dication salts in solution and solid state were
measured. An assignment of the optical transitions is presented on the basis of
the molecular orbital data and the polarized reflection spectra on the single
crystal samples. The large conformational change upon further oxidation of BDNT
monocation accounts for the relatively large on-site Coulomb energy in solid
state in contrast to the small one in solution which is associated with a great

structural relaxation of molecules.
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WL, il ARENZSFBDNT (4,9-bis(benzo-1,3-dithiol-2-ylidene)-4,9-
dihyronaphtho[2,3-c][1,2,5]thiadiazole) i — Bt —EFMILL W) BRI FHHE %
boTWHE7DHIZ, BEOEWMBBIENDL >DEFHE.---D''D''D''D'" - LB D,
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FTRMIC. KELEBEROTELBDNT (0ffi) . BDNT—PFs (11f) .
BDNT—(PFs): (2Mfi) ORVWOBERZERL. CNOLOBEROEFA Y bV
EREANRS PVEEMRERF S HRELEHCTHELTWS, BDNTHRER TIZ(011)
HDODARZ P VICBVWTRFHEOBYE THLLIMBE L BEIPERLA-HEREL 20
X1 0 em PRI ERL, ThEFAUSHROBEHRLEHVTHEN L, T/, ZORKE
KETVWTEFARZ FPVOREBEZ2IToTWw5,

BB IMOBERRBHIEL22BDNT-PF«TiE, BAREANXZ FVITMZ
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BEHZABMIIOVTHIFBL TS LY EN, T4, ZUNRLEIFEZL2ELTEDIN
THBY, RECLHETIFENRITHTHE LU,

Db, BREREBLHFXEZHRLELTEZOABTHICOA2ERBEAEL TS LML
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