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Abstract Theoretical predictions for the electronic properties of a
new class of organic polymers, polyarenemethides, are discussed. These
polymers are designed to possess a degenerate ground state analogous
to that in trans-polyacetylene. The parent polymer backbone is given
by the unit cell: (-phenyl-CH=quinoid=CH-). Calculations are pres-
ented for the geometric and electronic structures of the "undimerized"
and "dimerized" chains, as well as those corresponding to soliton and
polaron excitations in the "dimerized" chain. Significant differences
with respect to polyacetylene are found.

To date, trans-polyacetylene (PA), is unique among conducting polymer
systems in possessing a degenerate ground state, i.e. two geometric structures
having exactly the same total energy. This degeneracy is a consequence of a
Peierls distortion and leads to possible nonlinear soliton excitations.!2 Many
peculiar phenomena that occur in trans-PA can be explained by the presence
of soliton defects on the chains. One of the most exciting examples is the
observation, for doping levels between ~0.2 and 7 mol% in AsF5- and Na-
doped PA, of high conductivity without significant Pauli susceptibility,3'4
suggesting that spinless charged solitons may play an important role in the
transport properties. '

In this paper, we describe a new polymer system, polyarenemethide,
which is as yet unsynthesized. Polyarenemethide (PAM) is interesting in that
it also possesses a degenerate ground-state structure where the quinoid ring -
phenyl ring alternation is the equivalent of the double bond - single bond
alternation in trans-PA:
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To explore the consequences of ground-state degeneracy in PAM, we have
performed a series of calculations aimed at determining the energetics of
defect formation and the atomic and charge distortions associated with them.
We report here mainly on results obtained at the level of simple Huickel
theory with ¢ bond compressibility, i.e. the quantum-chemical equivalent of
the Su-Schrieffer-Heeger Hamiltonian.! This allows an easy comparison with
the results previously obtained for trans-PA in the same theoretical
framework.!:5 The Hiuckel parameters we use are the same as those we
optimized in the case of polyparaphenylene.s MNDO semiempirical Hartree-
Fock geometry optimizations and Valence Effective Hamiltonian (VEH)
band structure calculations have also been completed; results of these calcu-
lations can be found elsewhere.6

We first investigate the geometric and electronic structures of PAM
without defects in the undimerized (metallic) and dimerized (Peierls distort-
ed) states. We then describe calculations on polarons and solitons.

CHAINS WITHOUT DEFECTS

The Htckel geometry optimization of the "undimerized" PAM chain (all
ring-connecting bonds of equal length) is shown below and is in very good
agreement with the MNDO optimized geometry:

It is important to note that all rings adopt a quinoid structure and are linked
by allyl-like fragments. This can be understood by the fact that if the rings
had aromatic character, the two bonds between them would turn out guite
long, thereby inhibiting electron delocalization along the chains.

This geometric structure is unstable with respect to a Peierls distor-
tion to a "dimerized"” state which leads to a doubling of the unit-cell size and
a quinoid - benzenoid alternation as shown in the first graph above. The
stabilization energy of the dimerized structure is 0.05 eV per C, unit. This
can be compared with the 0.015 eV stabilization in trans-PA.! The Peierls
distortion opens up a 1.052 ¢V gap at the Fermi level, which is 0.35 eV
smaller than in PA. The width of the highest occupied band is 1.25 eV. VEH
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calculations yield 51m11ar results and indicate that the solid-state icnization
potential is about 4.2 eV.6i.e. ~0.5 eV smaller than in PA.

POLARONS AND SOLITONS

Upon removal (or addition) of an electron, the geometry optimization calcu-
lations lead to the formation a polaron, i.e. a radical-ion associated with a
local lattice distortion:

50 % purely 80 % purely 50 %
quinoid quinoid quinoid quinoid quinoid
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The polaron defect extends mainly over 5 rings (within the dashed lines in
the figure) in which the quinoid rings remain unaffected and the benzenoid
rings acquire a strong quinoid character. The charge (spin) density within the
polaron is shown below:
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~OH O OHO—O0—CO—=0-
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Only the atomic charges (spin densities) larger than 0.01 e are given. Note
that the largest charges (spin densities) are found one ring away from the
center of the polaron. The total charge (spin density) for the seven rings
drawn above is 0.79 e.

The presence of a polaron leads to the appearance of two localized
electronic levels in the gap, 0.154 eV away from the band edges, i.e. 0.372
eV on either side of the Fermi level (center of the gap). This is in complete
agreement with the value that would be ?redicted within the continuum
field-theory limit as derived for trans-PA.’ The polaron binding energy is
about 0.02 eV, which is to be compared with ~0.03 eV in polyparaphenylene5
and ~0.05 eV in trans-PA.5:7

When a second electron is removed from (or added to) the chain, our
calculations indicate that two polarons are unstable by 0.35 eV with respect
to the formation of two isolated charged solitons. The soliton creation energy
is 0.329 eV; the continuum limit value (equal to the gap over 7 1,7 Ywould be
0.335 eV. The geometric structure and charge density (in e) of the soliton
are illustrated below:
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The soliton extends over ~4 rings and the charge density on the middle site is
zero, in marked contrast with the PA case. The total charge for the six rings
drawn above is 0.90 e. In the neutral soliton, the same characteristics apply
for the spin density.

In summary, (i) polyarenemethide should be easily both p-doped
(ionization potential around 4 eV) and n-doped (electron affinity around 3
eV); (ii) on doping, first polarons should be formed and then recombine to
form charged solitons, since the creation energy of two solitons is lower by
0.35 eV than that of two polarons; (iii) due to the smaller bandwidths
(HOMO bandwidth is ~1.25 eV), the maximum conductivities should be
lower than in polyacetylene (where the HOMO bandwidth is ~5 eV).
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