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A model for a new kind of one-dimensional conductors is presented. The compounds consist
of square-planar metal complexes MX4 which are polymerised via bridging ligands L to linear
chains. The bidentate ligand L, e.g. C22-, leads to the formation of a linear n-system along the
chain, which is essential for the conductivity. The square-planar complex can be, for example,
a metal phthalocyanine. MO-calculations show that this kind of polymer gives rise to a suitable
energy band structure. An advantage of the new one-dimensional conductors is their flexibility;
different combinations of the square-planar ligand system, the bridging ligand, and the central
metal atom can be used. First experimental studies show that the preparation of the proposed

conductors is possible.

Introduction

Developments in the field of one-dimensional
conductors have been rapid in recent years, and
several different types are already known. All of
them form linear rows of atoms or molecules with
small distances which allow the formation of
delocalized orbitals in the direction of the row. The
so formed energy band has to be incompletely
filled near the fermi surface to provide electric
conductivity. Some general reviews on this field
have already been written [1, 2, 3, 4, 5].

Polymeric complexes like Krogmann’s salt
Kz[Pt(CN)4]Cl(),32'2,6 HzO [6], have close simi-
larities to the metals themselves. The conductivity
comes from the direct overlap of the d,*-orbitals of
the metal atoms, which thus form linear chains.
Each metal atom in addition is surrounded by
four ligands in a square planar coordination.
Therefore only central atoms with d® configuration
in a strong ligand field are able to form one-
dimensional conductors of this kind. Actually the
best known examples are for the metals Pt and Ir,
in which the d,s-orbitals are large enough for a
sufficient overlap. As an incompletely filled energy
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band is essential for the conductivity, the central
atoms have to be partially oxidized. A review on
this special kind of one-dimensional conductors is
given by Krogmann [6].

Analogous to Krogmann’s salt is a partially
oxidized nickel-phthalocyanine complex [7], in
which the phthalocyanine (Pc2-) forces the central
atom in a square planar coordination. The highly
conductive compound is built up by stacks of PceNi
units and chains of polyiodide counterions, so that
its formula can be written as (PeNi)(Ig)o,33-

This type of one-dimensional conductors is to be
distinguished from charge-transfer complexes [8],
in which strong electron donors like tetrathio-
fulvalene are combined with strong electron
acceptors such as tetracyanodimethoquinone. The
transition of one electron from donor to acceptor
leads to the formation of cation and anion radicals,
which stack together as alternating columns within
the crystal. The direction of conductivity is along
the columns, and results from the overlap of
st-orbitals on neighbouring radicals. As experience
has shown, the charge-transfer complexes are
extremely sensitive to impurities; the conductivity
as a function of these can vary by orders of
magnitude.

Good conductivity along a covalent polymer chain
was observed with partially oxidized polymethines
[9] and with polymeric sulphurnitride, (SN)e [10].
In the case of polymethines the highest yet known
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conductivity for a covalent organic polymer was
observed [11].

(SN)oo became of great interest, as even super-
conductivity was achieved at low temperature [12].
It forms endless zig-zag chains of alternating S
and N atoms [13]. Strong covalent bonds facilitate
the formation of long chains, which are necessary
for good conductivity. But changes in conformation
might easily occur and diminish the conductivity
considerably. The synthesis and properties of (SN)
are reviewed recently [10].

Polymer-Bridged Metal Complexes as a New Kind
of One-Dimensional Conductor

In what follows we report on the concept of a
new type of one-dimensional conductor which has
virtually no freedom to vary its conformation, and
in which there is strong bonding within the chains.
Moreover they permit a wide-range of possible
variants, so that desired properties can be optimised.

This new conductor type consists of square-
planar metal complexes which are polymerised to
linear chains by means of bridging ligands. The
formation of a continuous z-system along the chain,
and the conformation stability of these are essential
to the property of conduction, and the latter is
ensured by the sp-hybridization of the atoms in the
bridging ligands.

The principle is shown in a model example. The
phthalocyanine (Pc2-) is a square-planar ligand
system in whose centre a metal atom can be
placed to form the complexes MPc. If M prefers
octahedral coordination, then there are two empty
coordination sites which can be saturated by bridg-
ing ligands L which possess a m-system. Thus
infinite one-dimensional chains (PcML)e with con-
ducting properties can be formed. A suitable
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bridging ligand is, for instance, the acetylide ion,
Cy%~. The resulting polymer is shown in Figure 1.

The proposed new one-dimensional conductor
has some similarities with the compounds of the
type of the Krogmann’s salt and with the partially
oxidized polymethines and the polymeric sulphur
nitride, as well. But in the proposed new structure
there are not so many restrictions limiting the
number of possible compounds with good conduc-
tivity. Because much more metal atoms prefer an
octahedral coordination as there are suitable atoms
with a d8 configuration available. In addition a
greater variety of ligands is also possible, since a
larger distance between the central atoms allows the
use of more bulky ligands. Moreover, as shown,
changes in the conformation of the chain are not
possible.

If the bridging ligand L (e.g. C92-) forms an
exactly linear chain and possesses one or even two
(crossed) z-systems, then continuous conjugation
is possible through suitable metal orbitals and even
those of Pc2-. The only criterion for the existence
of conductivity in these systems is that the energy
bands overlap in the region of the Fermi surface
and provide more available levels than there are
electrons. The calculations presented in the follow-
ing paper [14] show that the polymer complexes
proposed here can possess a suitable energy-band-
structure: In the case of the polymeric phthalo-
cyanin metal acetylide (PcMCs) the local 7z-system
of Pec2- is perpendicular to both the crossed
a-systems of the acetylide ion. So on the one hand
only some of the irreducible representations of the
n-system from Pc2- are relevant for the one-
dimensional infinite conjugation, but on the other
hand the orbitals of phthalocyanine especially
the lone-pair orbitals of its N atoms, also contribute
in part to the conjugation.

N Fig. 1. Drawing of the polymer
phthalocyanine-metal-acetylide
as a model for a new type
of one-dimensional conductor.
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The molecular-orbitals of the races as, b; and bs
of Pc2-, which are not involved in the conjugation
but are highly polarisable, fulfil moreover, one
criterion for superconductivity according to Little’s
theory [15], in which, besides an infinitely con-
jugated chain which gives rise to normal con-
ductivity, highly polarisable side groups are also
necessary.

Similar calculations have been carried out, for
comparable polymer complexes with the square-
planar ligand-system tetrazaporphin instead of Pec,
and with the bridging ligand N3- instead of Cp2-:
in these the iterative extended-Hiickel-calculation
was in part used. These showed that for such com-
plexes conductivity can also be expected.

Wohrle et al. [16] prepared a polymeric (PcSiO)
in which the planar Si-phthalocyanines are poly-
merized via bridging O atoms. But the high
electronegativity of the O atoms was found to
diminish the conductivity. For [(RNC)4RhI)%, too,
a chain structure is proposed [17]. In this case the
bridging I atoms probably have alternating dis-
tances to the Rh atoms, which are fairly long.
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