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A single-component layered molecular conductor,
[Au(ptdt),] (ptdt: propylenedithiotetrathiafulvalenedithiolate)
was prepared. Unlike the single-component molecular metal,
[Au(tmdt),] (tmdt: trimethylenetetrathiafulvalenedithiolate) ex-
hibiting three-dimensional compact molecular packing and
antiferromagnetic transition at 110K, the compressed pellet of
the microcrystals of [Au(ptdt),] exhibited fairly high conduc-
tivity and small temperature-independent paramagnetic suscept-

ibility.

In 1999, the crystal structure and electrical properties of a
single-component molecular conductor, [Ni(ptdt),] (Chart 1),
were reported.! Although [Ni(ptdt),] did not exhibit metallic
properties, it exhibited high conductivity. This high conductivity
of the crystal convinced us of the validity of our idea regarding
the design of a single-component molecular metal.> Two years
later, the first single-component molecular metal, [Ni(tmdt),],
was realized by using an analogous extended-TTF-type (TTF:
tetrathiafulvalene) dithiolate ligand, tmdt.> The observation of
de Haas—van Alphen oscillations at very high magnetic fields
and low temperatures as well as ab initio band structure
calculations proved the existence of the three-dimensional (3D)
Fermi surfaces (FSs).**
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To date, various single-component molecular metals includ-
ing a series of isostructural [M(tmdt),] (M = Ni, Cu, Pd, Au, and
Pt) systems have been reported.® The high controllability of the
electronic band structure achieved by exchanging the central
metal atom (M) for another transition metal is an important
characteristic of the single-component molecular conductor. The
electronic band structure of [M(tmdt);] near the Fermi level is
determined mainly by three molecular orbitals, namely, sym-L,
asym-L7(d), and pdo(—) orbitals (Figure 1).® The sym-Lsr and
asym-L7r(d) orbitals form 3D stable metal bands in the Ni, Pd,
and Pt complexes with an even number of total electrons. On the
other hand, the asym-L(d) orbital becomes the singly occupied
molecular orbital (SOMO) of Au(tmdt), with an odd number of
total electrons, and [Au(tmdt),] becomes a magnetic metal
exhibiting antiferromagnetic transition at 110K (in this paper,
[M(tmdt);] and M(tmdt), represent the crystal of a single-
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Figure 1. Nonspin-polarized molecular orbitals (MOs) of
Ni(tmdt), and Ni(ptdt), and spin-polarized MOs of Au(ptdt),.”

component molecular conductor and the constituent molecule,
respectively).® In the case of [Cu(tmdt),], pdo(—) becomes
the SOMO and an antiferromagnetic chain coexists with 7
conduction electrons. '’

In addition to the frontier molecular orbital properties,
the mode of molecular arrangement, which is controllable to a
certain extent by the type of ligand (L) used, plays a crucial role
in the determination of the band structure of a single-component
molecular conductor [M(L),]. A variety of electronic structures
can be realized by using different combinations of M and L.
However, the role of L, especially the bulkiness of the terminal
alkyl group of L has not been investigated sufficiently. In this
work, [Au(ptdt),] was prepared in order to study the effect of the
terminal alkyl group on the band structure and electromagnetic
properties of single-component molecular conductor.

All the syntheses were carried out under a strictly inert
atmosphere. The ptdt ligand was synthesized according to a
procedure described in the literature.!! The deprotection of the
ptdt ligand using a MeOH solution of tetramethylammonium
hydroxide in dry THF at room temperature yielded reddish-
orange precipitates of (MesN*),(ptdt>"). After cooling to
—78°C, the THF solution of (n-BuyN)[AuCly] was added to
the system. Dark green-colored complexes of (Me4N)[Au(ptdt),]
were obtained. The crystals of neutral [Au(ptdt),] were prepared
electrochemically using an H-shaped cell containing n-BuyN-
PFg dissolved in acetonitrile. After applying a current of 0.4 uA
for 4weeks, black needle microcrystals were obtained. X-ray
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Figure 2. (a) Molecular packing in [Au(ptdt),]. Yellow, gray,
and sky blue spheres represent S, C, and H atoms, respectively.
(b) The molecular arrangement along the b axis. (c) The
molecular arrangement along the a axis, where the short
intermolecular S--S contacts are shown as dotted lines.

powder diffraction experiments were performed at the BL0O2B2
in the SPring-8 facility of the Japan Synchrotron Radiation
Research Institute. The crystal structure was determined by a
modified genetic algorithm (GA) and refined by the MEM/
Rietveld method.!?

We found that [Au(ptdt),] is not isostructural to [Ni(ptdt),].!
It has been considered that unlike conventional organic
conductors consisting of 77 conduction layers and insulating
anion layers, single-component molecular conductors tend to
have 3D stable metallic bands. A typical example is [Pt(tmdt),],
which exhibits metallic behavior down to liquid helium temper-
ature even in the form of a compressed pellet of microcrystals.'?
However, in the case of [Au(ptdt),], the bulky terminal group of
the ptdt ligands inhibits the formation of 3D compact molecular
packing, and the crystal of [Au(ptdt),] has a 2D layered structure
(Figure 2a). Au(ptdt), molecules are stacked along the b axis
and arranged side-by-side along the a axis to form a conduction
layer parallel to the ab plane. There is no short S--S contact
between adjacent layers. In addition, as shown in Figure 1, the
frontier molecular orbitals (sym-Lw and asym-Lm(d)) of
Au(ptdt), possess almost no amplitude on the outermost S
atoms. Consequently, the interlayer interactions will become
very small to make the system 2D conductor. A similar 2D
structure has also been observed in single-component molecular
conductors with bulky ligands, such as [Ni(ptdt),] and
[M(hfdt),] M = Ni and Au; hfdt: bis(trifluoromethyl)tetrathia-
fulvalene)."'* A gold atom has a square-planar coordination
with an average Au-S distance of 2.265 A and an S—Au-S angle
of 88.10°; these values are approximately equal to the bond
length and the angle found in Au(tmdt), (2.300A and 89.11°),
respectively.’ The shortest intermolecular S--S distance is
3.263 A along the a axis (Figure 2c). Those between molecules
A and A’ and molecules A and A” are 3.573 and 3.452A,
respectively (Figure 2b).

The electronic band structure calculations were performed
by using a periodic density functional plane wave code using
CASTEP software (Materials Studio, Accelrys).” The MOs of
Au(ptdt), are shown in Figure 1. The calculated density of states
(DOS), FSs, and band energy dispersion curve of [Au(ptdt),] are
shown in Figure 3. The band dispersion was very small along
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Figure 3. The results of density functional theory (DFT) band
structure calculations of [Au(ptdt),]. (a) Band energy dispersion
curve, (b) DOS, and (c) Fermi surfaces of [Au(ptdt),]. B and B’
correspond to the Fermi surfaces of neighboring two layers with
different orientations. 2D Fermi surface of one conduction layer
(B) are also presented, where small interlayer interactions are
neglected.

the ¢* direction, and flattened cylindrical 2D FSs was obtained.
The examination of the band structures of the hitherto-reported
single-component molecular conductors consisting of the mole-
cules with bulky ligands such as ptdt and hfdt suggested that FSs
are barely observed in these conductors. Owing to the crossing-
band nature of [Ni(ptdt),], FS of this system was thought to be
very small even if it exists.! In addition, [M(hfdt),] (M = Ni and
Au) has no FS due to the energy gap at Fermi energy (gr).'* On
the other hand, the simple band dispersion near &g suggested that
2D FSs will certainly exist in [Au(ptdt),] (Figure 3a).

Resistivity measurements were performed on the com-
pressed pellets of microcrystals of [Au(ptdt),] at temperatures
in the range of 4.2-300K (Figure 4). The room-temperature
conductivity (ory ~ 2 Scm™!) was fairly high for a compressed
pellet sample of a 2D molecular conductor. In addition, the
activation energies of the resistivities were very small (AE =
18 meV at 100-150K and 28 meV at 200-300 K). These results
indicated [Au(ptdt),] to be essentially metallic in the single-
crystal state, as suggested from the band-structure calculations
(Figure 3).

The magnetic susceptibility was measured by using a
SQUID magnetometer at temperatures in the range of 2-300 K
(Figure 4b). Unlike [Au(tmdt),], which exhibits antiferromag-
netic transition at 110 K, [Au(ptdt),] does not exhibit any distinct
magnetic anomaly. The increase in susceptibility at low temper-
atures is attributed to the paramagnetic (S} ) impurities of 1.3%.
The diamagnetic contribution was estimated from Pascal’s
constants to be —3.5 x 10~*emumol~!. At temperatures above

www.csj.jp/journals/chem-lett/

yd s.1011p3

Q
-
Q)
0



http://www.csj.jp/journals/chem-lett/

YD s,4011p3

Q
-
Q)
0

156

103 :. (a)
g 10f
a F
3 10! 3
100
3= | ) | ! | L |
x10~
= (b)
) a8
g A
5
= a
R g
Y

Figure 4. (a) Temperature dependences of resistivities of
[Au(ptdt),]. (b) Temperature dependences of magnetic suscept-
ibility.

80K, the susceptibility was almost temperature-independent;
this indicated the metallic nature of the crystal. However, the
temperature-independent paramagnetic susceptibility was ob-
tained after the subtraction of the Curie impurity susceptibility,
and Pascal’s diamagnetic term was approximately 1.0 x 107>
emumol~!, which is more than one order of magnitude smaller
than the standard paramagnetic susceptibility of the molecular
conductor. The calculated DOS of [Au(ptdt),] at &r (D(€F)) is
approximately 10 electrons/eV /unit cell (Figure 3b), and that of
[Au(tmdt),] with a room-temperature paramagnetic susceptibil-
ity of 4.2 x 10~*emumol™" is reported to be approximately 8
electrons/eV /unit cell.3 These values and the unexpectedly
low paramagnetic susceptibility of [Au(ptdt),] indicate the
possibility that the diamagnetic correction of [Au(ptdt);] is
much larger than that estimated from Pascal’s constants.
However, the origin of this discrepancy is not clear at present.

In conclusion, a new single-component molecular conduc-
tor, [Au(ptdt),], was prepared. Unlike typical single-component
molecular metals [M(tmdt),] (M = Ni, Pd, Pt, and Au) with a 3D
tight molecular packing, [Au(ptdt),] has a crystal structure with
layered molecular packing. The crystals of [Au(ptdt),] are
composed of 2D layers of Au(ptdt), molecules, and the 7
conduction layers are separated by terminal propylenedithio
groups and outermost S atoms. The DFT band structure
calculations suggested that [Au(ptdt),] was the first single-
component 2D metal with flattened cylindrical FSs. It was
confirmed that the single-component molecular conductor
[M(L),] can possess a wide variety of electronic band structures
by adopting various combinations of M and L. The resistivity
measurements performed on the compressed pellets of micro-
crystals showed fairly high room-temperature conductivity (ca.
2Scem™') and very low activation energy. The paramagnetic
susceptibility was temperature-independent, with a very low
value (ca. 1.0 x 1073 emumol™!). However, the estimation of
diamagnetic susceptibility of [Au(ptdt),] remains to be a future
problem.
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