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The electronic properties of charge-transfer (CT) complexes based on a new organic donor MTDTPY with
TCNQ and p-benzoquinone derivatives (fluoranil (FLL), chloranil (CHL), bromanil (BRL), and DDQ) have
been investigated by means of electrical conductivity, thermoelectric power, ESR, and band calculation. S-
MTDTPY-TCNQ, MTDTPY-CHL, and MTDTPY-BRL show a metallic electrical conduction. MTDTPY-
CHL and MTDTPY-BRL are the first organic metals among the CT complexes with p-benzoquinone deriva-
tives. The metal-insulator (M-I) transition takes place around 110, 240, and 125 K for 8-MTDTPY-TCNQ,
MTDTPY-CHL, and MTDTPY-BRL, respectively. The sharp ESR linewidth and large anisotropy of the
transfer integral for B-MTDTPY-TCNQ and MTDTPY-CHL suggest a one-dimensional electronic property.
Thus, the M-I transition for these complexes is considered to be caused by a Peierls instability. MTDTPY-CHL
undergoes a first-order phase transition in the semiconducting phase. This phase transition disappears by

applying pressure.

The findings of metallic conductivity in TTF-
TCNQ and superconductivity in (TMTSF),PFg have
attracted the interest of many chemists and physicists
dealing with organic conductors. These new pheno-
mena have mainly been discovered in charge-transfer
(CT) complexes based on TTF and its derivative
donors. It is required to explore a new class of donors
for the purpose of extending the range of research for
organic conductors. It is well known that polycyclic
aromatic hydrocarbons form CT complexes with var-
ious acceptors. Among them, a perylene-bromine
complex is famous for the first organic semiconductor
with a high conductivity of prr=1 QO cm.! Thereafter,
metallic conductivities down to 200 K have been
observed in perylene-X (X=PFg and AsFg) crystals
obtained using an electrochemical technique.?

For the development of a new class of donors based
on polycyclic aromatic hydrocarbons, we intended to
introduce sulfur atoms in perylene and pyrene skele-
tons in order to increase the polarizability and decrease
the ionization potential. 3,10-Dithiaperylene (DTPR)
and 1,6-dithiapyrene (DTPY) were synthesized on the
basis of such a molecular design. Most of their CT
complexes were semiconductors, despite relatively
high conductivities.? Bechgaard et al. prepared a sin-
gle crystal of DTPY-TCNQ and found metallic con-
ductivity down to 4 K.4#% In order to enhance the
dimensionality through interchain interactions, we
synthesized 2,7-bis(methylthio)-1,6-dithiapyrene
(MTDTPY) substituted with two methylthio groups
to DTPY. The molecular structure of MTDTPY is
illustrated in Fig. 1. We reported on the synthesis and
gave a brief of the physical properties of MTDTPY
and their CT complexes in a previous paper,® which
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Fig. 1. Molecular structure of MTDTPY.

presents the metallic conductivities of MTDTPY
complexes with TCNQ, chloranil (CHL), and bro-
manil (BRL). In this paper, we present the experimen-
tal results of electrical conductivity, thermoelectric
power, ESR, and band calculation for MTDTPY
complexes with TCNQ, fluoranil (FLL), CHL, BRL,
and 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ)
and discuss the electronic structures in relation to their
dimensionalities. The difference in electronic proper-
ties between DTPY-TCNQ and MTDTPY-TCNQ is
also discussed.

Experimental

Single crystals of MTDTPY with TCNQ were prepared by
a diffusion method in a CH3CN solution. Two kinds of
black needle crystals were obtained as lustrous crystal and
lusterless crystal. X-Ray studies have shown that each crystal
phase has a different crystal structure, where the former (a-
form) is monoclinic and the latter (8-form) is triclinic.® The
black needle crystals of MTDTPY complexes with FLL,
CHL, and BRL were prepared by a slow concentration of the
mixed solutions of the donor and the acceptor in CH;Cl,.
MTDTPY-DDQ was obtained as black needle crystal by a
diffusion method in a CgH5CN solution. All the complexes
were shown to have a composition of 1:1 from elemental
analyses. The electrical conductivity for all complexes along
the long crystal axis, which corresponds to the stacking axis
for B-MTDTPY-TCNQ and MTDTPY-CHL, was meas-
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ured by a two-probe method for a-MTDTPY-TCNQ and a
four-probe method for the other complexes using gold paste
as electrical contacts. The conductivity under pressure up to
10 kbar for MTDTPY-CHL was carried out by means of a
BeCu clamp cell with a manganin pressure sensor using
Idemitsu Daphne oil #7373 as a pressure fluid medium. The
thermoelectric power for B-MTDTPY-TCNQ and
MTDTPY-CHL along the long crystal axis was measured
by the Chaikin and Kwak method.” An ESR measurement
was performed using a conventional X-band spectrometer
Varian E112 equipped with a continuous-flow helium cryo-
stat Oxford ESR9. A static magnetic field was applied per-
pendicular to the long axis of the crystals with dimensions of
about 1X0.1X0.03 mm? for 8-MTDTPY-TCNQ and about
2X0.2X0.03 mm3 for MTDTPY-CHL. The absolute value
of the spin susceptibility was determined with DPPH as a
reference. Molecular orbital calculations for 3-MTDTPY-
TCNQ and MTDTPY-CHL were performed by the
extended Hiickel method.®? The intermolecular overlap
integral was calculated between the conduction molecular
orbitals which correspond to the highest occupied molecular
orbital (HOMO) for a donor and the lowest unoccupied
molecular orbital (LUMO) for an acceptor. The energy
band structure was obtained using the tight-binding
approximation.

Results

MTDTPY-TCNQ. o-MTDTPY-TCNQ shows a
simple semiconductive behavior with a resistivity at
room temperature prt of 2.7X10° Qcm and an activa-
tion energy E, of 0.26 eV. This result can be easily
understood in terms of a mixed stack structure by an
X-ray diffraction study and a small degree of charge
transfer of 0.3—0.4 estimated by IR and X-ray proce-
dures.® On the contrary, -MTDTPY-TCNQ with a
segregated stack structure and a partial CT of 0.6—
0.7% shows a metallic conduction with prr=9.5X10"3
Qcm (Fig. 2). The resistivity gradually decreases down
to 275 K, where it shows a broad minimum. Below 150
K, the resistivity increases steeply with an inflection in
the slope around 110 K. The activation energy below
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Fig. 2 .Temperature dependence of the resistivity
and the thermoelectric power for 3-MTDTPY-TCNQ.
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90 K is estimated to be 0.056 eV. The temperature
dependence of the thermoelectric power S for -
MTDTPY-TCNQ is also shown in Fig. 2. S is almost
constant down to 200 K with a negative value of —8.5
pV K-l at room temperature, and it then gradually
increases. Its sign changes to a positive side around
150 K. Then, S shows a maximum at 110 K and
decreases rapidly.

B-MTDTPY-TCNQ shows a sharp ESR spectrum
with a Lorentzian line shape with a g-value of 2.0024
and a linewidth of 0.87 G (1G=10"* T) at room tem-
perature. The g-value is independent of the tempera-
ture down to 110 K (Fig. 3). The ESR spectra split into
two components below 110 K. The g-value of one
component remains unchanged down to 50 K, around
the g-value of the spectra above 110 K, while that of the
other component gradually increases to 2.0034 at 50 K.
Below 50 K, the two signal components approach each
other. The signal with a smaller g-value is assigned to
electron spins on TCNQ molecules, since its value is
very close to 2.0025 of the reported value for TCNQ~
anion in the LITCNQ salt.’® The signal with a larger
g-value is assigned to electron spins on MTDTPY
molecules, since the large g-shift (§g=g—g,, go: g-value
for free electron spin) is caused by a large spin-orbit
coupling due to sulfur atoms in an MTDTPY mole-
cule. The temperature dependence of the linewidth is
also shown in Fig. 3. The linewidth decreases linearly
with decreasing temperature in the metallic region.
Below 110 K at the biginning of the splitting in the
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Fig. 3. Temperature dependence of the g-value and
the linewidth (AH) in ESR spectra for gB-
MTDTPY-TCNQ. The half-open circles indicate
the g-value and the linewidth of two components of
the ESR spectra deconvoluted by a computer simula-
tion (®: MTDTPY, ©: TCNQ).
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spectra, the linewidths for two signal components
increase with lowering temperature. The signal
for TCNQ chains becomes broader than that for
MTDTPY chains, where 4.5 G for the former signal
and 1.5 G for the latter signal at 3 K. Figure 4 shows
the temperature dependence of the spin susceptibility
Xs for B-MTDTPY-TCNQ. Xs gradually decreases in
the metallic region and then decreases steeply below
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Fig. 4. Temperature dependence of the spin suscepti-
bility (xs) for B-MTDTPY-TCNQ. The solid line is
obtained after a subtraction of the Curie tail at low-

temperatures.

Fig. 5. Charge distribution of the HOMO for
MTDTPY.
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150 K. Below 110 K, it decreases exponentially and has
a Curie tail due to lattice irregularities below 50 K.
The estimated concentrations of localized spins are
about 0.04 and 0.07% for MTDTPY and TCNQ mole-
cules, respectively.

Figure 5 shows the charge distribution of the
HOMO in an MTDTPY molecule. The charge den-
sity on the inner sulfur atom is ten times as large as
that on the outer sulfur atom. Table 1 summarizes the
calculated intermolecular overlap integrals for the
HOMO of MTDTPY, the LUMO of TCNQ, and the
HOMO-LUMO between MTDTPY and TCNQ in 8-
MTDTPY-TCNQ. Both MTDTPY and TCNQ mole-
cules have the largest overlap integrals along the stack-
ing direction parallel to the c-axis. The ratio (¢/t1)
between intrachain and interchain transfer integrals is
24 and 44 for MTDTPY and TCNQ columns, respec-
tively. According to IR and X-ray studies, B-
MTDTPY-TCNQ has a degree of charge-transfer of
0.6—0.7.9 The energy band structure under the degree
of CT of 0.6 is shown in Fig. 6. The upper energy
band corresponds to TCNQ, while the lower one cor-
responds to MTDTPY. Both MTDTPY and TCNQ
sheets display completely one-dimensional band struc-
tures having an energy dispersion only along the
stacking axis and almost flat Fermi surface.

MTDTPY-p-Bbenzoquinone Derivatives. MTDTPY-

Table 1. Overlap Integrals of the HOMO, the LUMO,
and the HOMO-LUMO in 8-MTDTPY-TCNQ

Crystal Overlap integral

Molecules direction® X103
MTDTPY-MTDTPY ¢ 11.11
MTDTPY-MTDTPY a—c 0.46
MTDTPY-MTDTPY a —0.10
TCNQ-TCNQ C 6.96
TCNQ-TCNQ atc 0.16
TCNQ-TCNQ a —0.07
MTDTPY-TCNQ a/2+b/2+c/2 0.22

a) The definition of the crystal axes is described in Ref. 6.
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Fig. 6. Energy band structure and Fermi surface of g-

MTDTPY-TCNQ. The regions shaded with // slashes and \\ slashes
indicate the electron-like parts for MTDTPY and TCNQ, respectively.
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Fig. 7. Temperature dependence of the resistivities

for MTDTPY-chloranil (CHL) and MTDTPY-bro-
manil (BRL). The arrows indicate the cooling and
heating runs.
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Fig. 8. Temperature dependence of the resistivities
under 1 bar, 4.9 kbar, and 9.5 kbar for MTDTPY-
chloranil. The inset shows the pressure dependence
of the resistance at room temperature.

FLL shows a simple semiconductive behavior with
E.,=0.13 eV in spite of fairly low resistivity with
Pr1=5.5X10"2 O cm. MTDTPY-DDQ is also a semi-
conductor with prr=5.4 ) cm and E,=0.14 eV. On the
other hand, MTDTPY-CHL shows a metallic conduc-
tion with prr=7.0X1073 Q cm (Fig. 7). The resistivity
slowly decreases down to 280 K, where it shows a broad
minimum. Then, the resistivity suddenly increases at
240 K. A hysteresis of the resistivity is observed around
110 K. The results of the resistivity under pressure for
MTDTPY-CHL are shown in Fig. 8. The pressure
dependence of the resistance at room temperature is
shown in the inset. The resistance decreases monoto-

Electronic Properties of MTDTPY Complexes 375

800

600, L “§§ |

T .
% 400} . _
3
t>) i . -
200} . |
0 1 - 1 N _k....
0 100 200 300

T/K

Fig. 9. Temperature dependence of the thermoelec-
tric power for MTDTPY-chloranil. The arrows indi-
cate the cooling and heating runs.

nously with increasing pressure and the resistance at
about 10 kbar becomes about one-third of that at 1 bar.
Under 4.9 kbar, the metal-insulator transition temper-
ature (Twmi) is lowered to 220 K compared with 240 K
under 1 bar. What is noticeable is that the hysteresis of
the resistivity disappears above this pressure. The
activation energy E, is 0.10 eV just below the M-I tran-
sition under 4.9 kbar. When the pressure increases to
9.5 kbar, Twmr is unchanged and E, just below the M-I
transition decreases to 0.078 eV due to a reduction of
the band gap by pressure.

Figure 9 shows the temperature dependence of the
thermoelectric power S for MTDTPY-CHL. S is
steadily constant down to 240 K and then increases
steeply. The hysteresis in the thermoelectric power is
observed around the same temperature as that in the
resistivity.

MTDTPY-CHL shows an ESR spectrum with a
Lorentzian line shape with a g-value of 2.0059 and a
linewidth of 2.2 G at room temperature. The splitting
of the ESR spectra was not observed over the entire
temperature region, unlike 8-MTDTPY-TCNQ. The
g-value is entirely independent of the temperature.
Figure 10 shows the temperature dependence of the
linewidth AH and the spin susceptibility Xs for
MTDTPY-CHL. AH gradually decreases down to
about 120 K and then increases to 2.9 G at 3 K. X,
gradually decreases down to 240 K, and below this
temperature it decreases exponentially. Below 80 K, X;
shows a Curie tail due to lattice irregularities in the
crystal. The concentration of localized spins is about
0.03%.

Table 2 summarizes the intermolecular overlap
integrals for MTDTPY-CHL. The overlap integrals
along the stacking axis are largest for both donor and
acceptor columns. t/t1 is 7 and 45 for MTDTPY and
CHL columns, respectively. The degree of CT of
MTDTPY-CHL has not been determined precisely.
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From X-ray analysis, the bond lengths of C=C and
C=0 of a CHL molecule in MTDTPY-CHL are larger
than those of a neutral CHL. These values are close to
those in TMPD (N,N,N’,N’-tetramethyl-1,4-phenyl-
enediamine)-CHL with a degree of CT of ca. 0.6.9
Figure 11 shows the energy band structure of
MTDTPY-CHL, assuming that the degree of CT is
0.6. The energy bands for MTDTPY and CHL show a
one-dimensional character with a strong dispersion
along the stacking direction. They cross each other
and the band gaps come out at the crossing points.
This manner is in contrast with the parallel bands in

3 .

AH/G
o
o

d)O
oo -
oO

<) °
00 o 00
°ooo°°°° o

1L -

1.2

1.0p -
0.8 -
0.6} 4

0.4L .

Xs/1077 cgs emu g1

0.2p, -

1
200 300

T/K
Fig. 10. Temperature dependence of the linewidth
(AH) and the spin susceptibility (xs) for

MTDTPY-chloranil. The solid line is obtained after
a subtraction of the Curie tail at low-temperatures.
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B-MTDTPY-TCNQ. The band structure is semime-
tallic with electron and hole carriers at the Fermi
energy. Accordingly, electron and hole pockets coexist
at the Fermi surface in the Brillouin zone.

Next, we present the results concerning the electrical
property of MTDTPY-BRL. As shown in Fig. 7,
MTDTPY-BRL has a metallic character down to 125
K. The resistivity at room temperature is 4.3X1073
Qcm, which is lower than 7.0X107%® Qcm of
MTDTPY-CHL. The resistivity decreases gradually
down to 175 K and shows a broad minimum, and then
increases gradually. Thereafter, the resistivity increases
sharply below 125 K, which suggests the occurrence of
a metal-insulator transition. This transition tempera-
tute is lower compared with 240 K of MTDTPY-CHL.
MTDTPY-BRL does not show any hysteresis in the
resistivity, dissimilar to MTDTPY-CHL.

Discussion

B-MTDTPY-TCNQ. In a S-MTDTPY-TCNQ
crystal, MTDTPY and TCNQ molecules are segre-
gately stacked to form uniform columns along the c-
axis with interplanar spacings of 3.48 A for MTDTPY
stacks and 3.27 A for TCNQ stacks.®? The degree of CT
was evaluated to be 0.6—0.7 from the CN stretching
frequency and the bond length in a TCNQ molecule.
Such a segregated stack structure and partial CT,
which are favorable for realizing organic metals, give a

Table 2. Overlap Integrals of the HOMO, the LUMO,
and the HOMO-LUMO in MTDTPY-Chloranil

Crystal  Overlap integral

Molecules direction® X103
MTDTPY-MTDTPY ¢ —6.81
MTDTPY-MTDTPY a+tb+c —1.01
MTDTPY-MTDTPY a+b —0.32
CHL-CHL c 10.35
CHL-CHL atb —0.23
MTDTPY-CHL a/2+b+c 0.15

a) The definition of the crystal axes is described in Ref. 6.
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metallic conductivity. 3-MTDTPY-TCNQ has a two-
chain conducting system due to a partial CT from
MTDTPY to TCNQ. A thermoelectric power meas-
urement is useful for determining which carrier is
dominant in electrical conduction. The negative
thermoelectric power at high-temperature means that
the electron carriers on TCNQ columns predominate
in electrical conduction. The shift of its sign below
150 K implies that the sort of carriers which play the
main role of electrical conduction changes from elec-
tron carriers on TCNQ columns to hole carriers on
MTDTPY columns. The change of the main conduc-
tion path affects the electronic properties, since the
resistivity starts to increase steeply below 150 K.

A band calculation presents a one-dimensional elec-
tronic structure with large anisotropy of the transfer
integral between MTDTPY molecules and between
TCNQ molecules, and weak intermolecular interac-
tion between MTDTPY and TCNQ molecules. The
sharp ESR linewidth of 0.87 G at room temperature is
also suggestive of the one-dimensionality of this com-
plex. The linewidth with the Lorentzian line shape
can be expressed by the inverse of the spin-lattice
relaxation time. The linewidth observed in a one-
dimensional metal is extremely narrow, since spin-
lattice relaxation through spin-orbit coupling based
on the Elliott mechanism is prohibited due to the lack
of interchain hopping for pure one-dimensional con-
ductors.!12  The spin susceptibility gradually
decreases in the metallic region, which deviates from
temperature-independent Pauli paramagnetic behav-
ior seen in simple metals. The temperature-dependent
Pauli susceptibility has been observed in typical one-
dimensional organic metal TTF-TCNQ.!® The Pauli
susceptibility Xp is related to the density of states at the
Fermi energy N(EF) in the equation X,=us?N(EFf). For
a one-dimensional system, a Peierls gap as a fluctua-
tion already exists in the metallic state and reduces
N(Er). Since the fluctuation is enhanced with lower-
ing temperature, the spin susceptibility shows a
decreasing behavior with temperature, even in the
metallic region.

B-MTDTPY-TCNQ undergoes an M-I transition
around 110 K, judging from an activated behavior in
the spin susceptibility Xs and a decrease proportional
to T !in the thermoelectric power below this tempera-
ture. The exponential decrease in X;s suggests a stabili-
zation of a singlet ground state below T.. The mag-
netic activation energy 4 is evaluated to be 0.042 eV
with the equation Xs=(C/T)exp(—4/T). This value is
in good agreement with E, of 0.056 eV in the resistiv-
ity. The thermoelectric power for intrinsic semicon-
ductors can be approximately expressed in the
Boltzmann-transport theory by

k (b—l E, )
= - — [— A
S el \o1 & 4,
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where b is the mobility ratio u./u» between electron
and hole carriers, and A4 is a constant term.'¥ The
mobility ratio b is calculated to be 2.8 from the slope
below 110 K using E, value of 0.056 eV in the resistiv-
ity. This fact means that electron carriers move faster
than hole carriers in the semiconductive phase. In the
metallic phase, the ESR spectra show a single absorp-
tion line due to motional narrowing through inter-
chain coupling between donor and acceptor. Below
T., the ESR spectra split into two signal components.
The splittings of the spectra in the semiconducting
phase are attributed to a reduction of the interchain
electron hopping rate. The hopping rate is evaluated
to be ca. 2X1077 s at 110 K with an absorption line
shape simulation for electron hopping model between
two sites.!>18) This rate is quite slow, which means
that the interactions between MTDTPY and TCNQ
columns are very weak. (The hopping rate for
TTF-TCNQ metal is estimated to be 3.7X10712 s from
an NMR experiment by Soda et al.!?)

We now discuss the differences in the electronic
properties between DTPY-TCNQ and B-MTDTPY-
TCNQ. Both complexes possess segregated stacks of
donor and acceptor molecules in their crystals. The
significant difference is the manner of interatomic
contact between an S atom in a donor molecule and an
N atom in a TCNQ molecule. DTPY-TCNQ has a
contact of 3.40 A (van der Waals distance: 3.35 A)
between S atom with the high charge density and N
atom,*% while B-MTDTPY-TCNQ has a contact of
3.50 A between the outer S atom with the low charge
density and N atom.® According to our band calcula-
tion of DTPY-TCNQ, the intermolecular overlap
integrals are —3.7X1073 for DTPY stacks, 32.1X1073
for TCNQ stacks, and —6.0X10~3 between DTPY and
TCNQ stacks. Noticeably, the intermolecular over-
lapping between DTPY and TCNQ molecules is per-
ceptibly large, which is comparable to that for DTPY
stacks and is one-fifth of that for TCNQ stacks. The
enhancement of the dimensionality through inter-
chain interactions between DTPY and TCNQ stacks is
considered to suppress the Peierls transition in the
DTPY-TCNQ system. In the case of 3-MTDTPY-
TCNQ, the intermolecular interaction between
MTDTPY and TCNQ stacks is very weak with a
minute overlap integral. The marked one-dimension-
ality may give rise to the Peierls transition at a higher
temperature.

MTDTPY-CHL. The electronic property in the
metallic state of MTDTPY-CHL closely resembles
that of B-MTDTPY-TCNQ. According to an X-ray
diffraction study, the MTDTPY-CHL crystal pos-
sesses a uniform segregated stack structure with inter-
planar distances of 3.47 A for MTDTPY stacks and
3.22 A for CHL stacks.® The bond lengths of CHL in
MTDTPY-CHL complex suggest a partial CT state.
These facts realize a metallic conduction in this com-
plex. A theoretical calculation exhibits the semimetal-
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lic band structure with electron and hole carriers. The
positive thermoelectric power of 20 nV K~! at room
temperature tells that the electrical conduction is dom-
inated by hole carriers. The one-dimensional nature
of this complex is shown in the narrow ESR linewidth
of 2.2 G at room temperature, the large ¢,/tL for both
MTDTPY and CHL stacks and the weak interchain
interaction between MTDTPY and CHL stacks.
Hence, the Pauli susceptibility depends on the
temperature, even in the metallic state, due to a one-
dimensional fluctuation.

MTDTPY-CHL is considered to have a Peierls tran-
sition at 240 K, since below this temperature the resis-
tivity increases abruptly and the thermoelectric power
increases proportionally to 77! and the spin suscepti-
bility decreases in an activated manner with 4=0.091
eV. Characteristically, MTDTPY-CHL shows a first-
order phase transition with the hysteresis in the resis-
tivity and the thermoelectric power around 110 K,
which suggests the presence of some transformation in
the crystal structure. This first-order phase transition
is smeared out upon applying pressure above ca. 5
kbar.

Finally, we briefly mention of the relation between
the conductivity and the ionicity of the complex. The
ionicity of the complex is mainly goverened by the
difference (I,—Ea) between an ionization energy I of a
donor and an electron affinity Es of an acceptor. A
small (I,—Ea) gives an ionic complex, while a large
one gives a neutral complex. A complex with a partial
CT is realized under the condition (I;—Ea)=~Ewm (Ewm:
crystal Madelung energy).'® As to p-benzoquinone
derivatives used in this work, the ability of an acceptor
increases in BRL~CHL<DDQ. MTDTPY-BRL and
MTDTPY-CHL show high conductivities owing to a
partial CT of ca. 0.6. MTDTPY-DDQ shows the
highest resistivity, 5.4 Qcm, since the ionicty of the
complex approaches the ionic state with a decrease of
(I,—Ea).

Summary

a-MTDTPY-TCNQ, MTDTPY-FLL, and
MTDTPY-DDQ are semiconductors, whereas pS-
MTDTPY-TCNQ, MTDTPY-CHL, and MTDTPY-
BRL show metallic conductivity. X-Ray diffraction
studies confirm that metallic conductions in -
MTDTPY-TCNQ and MTDTPY-CHL are owing to
uniform segregated stacks and a partial charge-transfer
state. MTDTPY-CHL and MTDTPY-BRL are the
first organic metals among the p-benzoquinone deriv-
atives complexes ever known.
tions give one-dimensional electronic structures for 8-
MTDTPY-TCNQand MTDTPY-CHL ESR measure-
ments also suggest one-dimensionality with a narrow
linewidth and temperature-dependent Pauli suscepti-
bility. Thus, the origin of the metal-insulator (M-I)
transitions at 110 and 240 K for 3-MTDTPY-TCNQ

Theoretical calcula- -
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and MTDTPY-CHL, respectively, can be attributed to
a Peierls instability. These complexes show novel
behaviors in the semiconducting region. In the case of
B-MTDTPY-TCNQ, the ESR spectra are separated
into two components below Twmi. The splittings of the
spectra can be explained by a slow interchain hopping
rate of electrons between MTDTPY and TCNQ mole-
cules. MTDTPY-CHL has a first-order phase transi-
tion around 110 K. This phase transition is easily
suppressed by pressure above ca. 5 kbar. MTDTPY-
BRL, without a first-order phase transition, shows a
lower M-I transition temperature of 125 K.
B-MTDTPY-TCNQ and MTDTPY-CHL have
two-dimensional networks in the crystals through
interchain S-S contacts less than the van der Waals
distance.®” However, their electronic properties are
one-dimensional, as presented in the results of ESR
and band calculation. The selection of the other
acceptors or another chemical modifications will be
needed to achieve an intention for enhancing the
dimensionality to stabilize a metallic state.

The authors are grateful to Dr. Shunji Bandow of
Institute for Molecular Science for his helpful support
in the ESR simulation.

References

1) H. Akamatu, H. Inokuchi, and Y. Matsunaga, Nature
(London), 173, 168 (1954).

2) H. J. Keller, D. Noéthe, H. Pritzkow, D. Wehe, M.
Werner, P. Koch, and D. Schweitzer, Mol. Cryst. Liq. Cryst.,
62, 181 (1980).

3) K. Nakasuji, H. Kubota, T. Kotani, I. Murata, G.
Saito, T. Enoki, K. Imaeda, H. Inokuchi, M. Honda, C.
Katayama, and J. Tanaka, J. Am. Chem. Soc., 108, 3460
(1986).

4) N. Thorup, G. Rindorf, C. S. Jacobsen, K. Bechgaard,
I. Johannsen, and K. Mortensen, Mol. Cryst. Liq. Cryst., 120,
349 (1985).

5) K. Bechgaard, Mol. Cryst. Liq. Cryst., 125, 81 (1985).

6) K. Nakasuji, M. Sasaki, T. Kotani, I. Murata, T.
Enoki, K. Imaeda, H. Inokuchi, A. Kawamoto, and ]J.
Tanaka, J. Am. Chem. Soc., 109, 6970 (1987).

7) P. M. Chaikin and J. F. Kwak, Rev. Sci. Instrum., 46,
218 (1975). :

8) T. Mori, A. Kobayashi, Y. Sasaki, H. Kobayashi, G.
Saito, and H. Inokuchi, Bull. Chem. Soc. Jpn., 57, 627
(1984).

9) T. Mori, Ph. D Thesis, The University of Tokyo,
Tokyo, Japan (1985).

10) M. Kinoshita and H. Akamatu, Nature (London), 207,
291 (1965).

11) R.]J. Elliott, Phys. Rev., 96, 266 (1954).

12) Y. Tomkiewicz, E. M. Engler, and T. D. Schultz, Phys.
Rev. Lett., 35, 456 (1975).

13) Y. Tomkiewicz, A. R. Taranko, and J. B. Torrance,
Phys. Rev. B, 15, 1017 (1977).

14) P. M. Chaikin, R. L. Greene, S. Etemad, and E.
Engler, Phys. Rev. B, 13, 1627 (1976).

15) K. Kuwataand G. Soda, ‘““‘Kanwagenshé No Kagaku,”



February, 1989] Electronic Properties of MTDTPY Complexes 379

ed by K. Higashi and S. Nagakura, Iwanami, Tokyo (1973), 17) G. Soda, D. Jerome, M. Weger, J. M. Fabre, and L.
Chap. 2. Giral, Solid State Commun., 18, 1417 (1976).

16) A. Carrington and A. D. McLachlan, “Introduction to 18) J. B. Torrance, J. E. Vazquez, J. J. Mayerle, and V. Y.
Magnetic Resonance,” Chapman and Hall, London (1979), Lee, Phys. Rev. Lett., 46, 253 (1981).
Chap. 12.






