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The preparation of �-(DHOT-TTP)2X (X ¼ PF6, AsF6, and
FeCl4) has been accomplished, which exhibit metallic conduct-
ing behavior down to low temperatures. A comparison of the
values of the intermolecular overlap integrals calculated on the
donor layers of these salts with those of the corresponding iso-
morphous BDH-TTP [2,5-bis(1,3-dithiolan-2-ylidene)-1,3,4,6-
tetrathiapentalene] salts suggests that DHOT-TTP, like BDH-
TTP, has the ability to form tight packing motifs.

The development of new organic superconductors is un-
doubtedly a major focus of attention in the field of molecular
conductors.1 Our conceptually guided design of �-electron do-
nors to produce organic superconductors originates in the desta-
bilization of the stable metallic state that occurs, for instance,
with the use of the BDH-TTP donor (Chart 1) by reducing inter-
molecular interaction.2 One successful strategy in this regard
is an increase of steric bulk on the periphery of BDH-TTP by
extending the �-bond framework. Indeed, the BDA-TTP [2,5-
bis(1,3-dithian-2-ylidene)-1,3,4,6-tetrathiapentalene] donor, in
which the outer dithiolane rings of BDH-TTP are replaced with
dithiane rings capable of adopting chair conformations, gives
rise to a series of superconducting salts.3 Meanwhile, we have
reported that DHOT-TTP, in which one sulfur atom in the outer
dithiolane ring of BDH-TTP is substituted by oxygen, gives the
semiconducting I3 and BF4 salts, but with the AuI2 anion forms
the metallic �-(DHOT-TTP)2(AuI2)0:87 salt.4 A point worth not-
ing is that the oxygen atom of DHOT-TTP in the AuI2 salt has an
extremely small HOMO (highest occupied molecular orbital)
coefficient relative to the sulfur atoms. So, this chalcogen substi-
tution might be recognized as an alternative strategy for leading
to a decrease of interaction between donor molecules. In order to
gain more information on the effect of the introduced oxygen
atom on the formation of intermolecular interaction, we under-
took the preparation and investigation of the DHOT-TTP salts
with other anions. In this paper, we describe the physical proper-
ties and structural aspects of �-(DHOT-TTP)2X (X ¼ PF6,
AsF6, and FeCl4).

Electrocrystallization of DHOT-TTP with n-Bu4NX
(X ¼ PF6 and AsF6, 4 equiv.) in 1,1,2-trichloroethane and with
Et4NFeCl4 (4 equiv.) in 5% acetone/PhCl by the controlled-cur-
rent method5 gave (DHOT-TTP)2X (X ¼ PF6 and AsF6) and

(DHOT-TTP)2FeCl4, respectively.
The room-temperature conductivities (�rt’s) of the PF6 and

AsF6 salts were 2.4 and 31 S cm�1, respectively. By variable-
temperature resistivity measurements, these salts were found
to retain the metallic state down to 1.5K (Figure 1). A similar
metallic behavior has been found in �-(BDH-TTP)2PF6.6 On
the other hand, the temperature dependence of the resistivity
of the FeCl4 salt (�rt ¼ 6:1 S cm�1) showed some jumps in the
cooling process and a large hump in the heating process
(Figure 1), which are probably attributed to microcracks caused
by the stress of the resistance-measuring probes. In addition, un-
like �-(BDH-TTP)2FeCl4 that remains metallic all the way down
to 1.5K,7 a small upturn in the resistivity was observed at ca.
5K. The magnetic susceptibility of the FeCl4 salt obeyed the
Curie–Weiss law from 300 to 2K, giving a Curie constant (C)
of 4.33 emuKmol�1 and a Weiss constant (�) of �0:50K. The
fitted C is close to the value of 4.38 emuKmol�1 expected for
a high-spin Fe3þ ion (S ¼ 5=2, g ¼ 2:0), so it is clear that the
Fe atom dominates the measured magnetization. The small
negative � implies a very weak antiferromagnetic interaction
between the Fe centers.

X-ray crystallographic analyses of the PF6 and AsF6 salts re-
vealed that both salts crystallize isostructurally8 and, additional-
ly, are isostructural to �-(BDH-TTP)2PF6.6 Figure 2 shows the
donor packing motif of �-(DHOT-TTP)2PF6, in which the
DHOT-TTP molecule has orientational disoder among the oxy-
gen and three sulfur atoms located in the outer oxathiolane and
dithiolane rings. There are several short (less than the van der
Waals distance of 3.70 �A) S���S contacts between donor pairs,
whereas no short S���S contact is observed within a donor pair.
The S���S contact pattern is somewhat different from that ob-
served in �-(BDH-TTP)2PF6, where each BDH-TTP donor
molecule is linked by short intrapair and interpair S���S contacts.
Owing to the disorder, intermolecular overlap integrals were cal-
culated by fixing the oxygen atom at the position with the largest
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Figure 1. Temperature dependence of the relative resistivities of
(DHOT-TTP)2X (X ¼ PF6 and AsF6) (left) and (DHOT-TTP)2FeCl4
(right).
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occupancy factor (0.28).9,10 Despite no short intrapair S���S con-
tact, large values are estimated within a donor pair (p1 ¼ 20:5�
10�3) as well as between donor pairs (p2 ¼ 22:3� 10�3), each
of which is very close or close to the corresponding value (20.7
or 19:6� 10�3) found in �-(BDH-TTP)2PF6:6 the same can be
said for the isostructural �-(DHOT-TTP)2AsF6. Therefore, �-
(DHOT-TTP)2X (X ¼ PF6 and AsF6) and �-(BDH-TTP)2PF6
would show analogous metallic behavior.

The structure of the FeCl4 salt of DHOT-TTP was confirmed
by X-ray analysis11 to be isostructural to that of �-(BDH-
TTP)2FeCl4.

7 As is the case in �-(BDH-TTP)2FeCl4, short
S���S contacts occur between donor pairs rather than within a
donor pair (Figure 3). Since the orientational disorder of four
outer chalcogen atoms of DHOT-TTP is observed in the FeCl4
salt, the calculation of overlap integrals was performed by the
same manner as used for �-(DHOT-TTP)2PF6.9,10 In this case,
the largest occupancy factor for the oxygen atom is 0.37. There
are no remarkable differences between the p1, p2, q1, and q2
values and the corresponding values (19.3, 15.7, 6.36, and
�6:79� 10�3) found in �-(BDH-TTP)2FeCl4,7 suggesting that

the metallic state of �-(DHOT-TTP)2FeCl4 is intrinsically stable
down to low temperatures.

In summary, it has been found that the DHOT-TTP donor in
all �-type salts reported here displays its cohesive force compa-
rable to that of BDH-TTP. The replacement of the sulfur atom
in BDH-TTP with oxygen holds two conflicting effects: (i) a
decrease of overlap between donor molecules caused by a very
small HOMO coefficient of the oxygen atom and (ii) an increase
of chemical pressure induced by the smaller size of the oxygen
atom. Considering an orthogonal packing of donor dimers in
the �-salts, it is likely that both effects are in competition with
each other in these salts. On the other hand, the former effect
is expected to preferentially occur in columnar packing motifs
in which the side-by-side interaction between donor molecules
plays an important role. In such a case, combination of the sub-
stitution with oxygen and the extension of �-framework may
bring about a fine tuning of intermolecular interaction to develop
superconductivity. Work currently in progress is addressing this
question.
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Figure 2. Donor arrangement in �-(DHOT-TTP)2PF6. Broken lines
indicate short S���S contacts (< 3.70 �A). The respective values
(� 10�3) of overlap integrals p1, p2, q1, and q2 are 20.5, 22.3,
6.22, and �5:07, whereas those in �-(DHOT-TTP)2AsF6 are 20.1,
22.3, 6.36, and �4:97.
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Figure 3. Donor arrangement in �-(DHOT-TTP)2FeCl4. Broken
lines indicate short S���S contacts (< 3.70 �A). The values (� 10�3)
of overlap integrals p1, p2, q1, and q2 are 17.8, 17.9, 6.24, and
�4:65, respectively.
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