8. A, Brazovskii. Theory of conducting polymers.
Most quasi-one-dimensional conductors are narrow-
band dielectrics, at least at low temperatures. In
charge-~transfer complexes and in the polymer trans-
polyacetylene, trans-(CH),, the formation of a dielec-
tric gap at the Fermi surface is due to the deformation
of the lattice with wave vector 2k, (the Peierls effect).’
This deformation (dimerization in the case of trans-
(CH), is a spontaneous symmetry breaking, so that the
ground state of the system is degenerate) is continuous
for charge-transfer complexes having incommensurable
superstructures, and twofold for trans-(CH),. This de-
generacy, and also the specifically strong interaction of
the electron excitations near the boundaries of the spec-
trum £ A with the phonons, leads to fundamental differ-
ences between the properties of the Peierls dielectric
and those of ordinary dielectrics and semiconductors.
The most complete experimental picture was obtained
as a result of recent investigations of polyacetylene.?

For trans-(CH),, it has been established that as a
result of optical pumping and alloying there are highly
autolocalized states with electron levels in the region
of the center of the forbidden band. In a pure material
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(according to the data of electron paramagnetic reson-
ance and nuclear magnetic resonance), there are spin
carriers which retain high mobility up to 4.2°K but give
no contribution to the conductivity. On the contrary,
the current carriers in the alloyed material [(CH)A,],
have no spin moment—there is no Curie paramagnetism
in the region of jump conductivity y < 0.005 or Pauli
paramagnetism in the metallic region 0.005<y<0.05.

These data can be explained in terms of the picture
of soliton carriers of spin and charge. Analytic and
computer calculations of the stationary states®+ and
computer simulation of the dynamics of autolocalization®
in the Peierls model for polyacetylene have led to the
following results:

The main elementary excitations are solitons connect-
ing domains with opposite dimerization. In the soliton
region, there is a change in the local density of wave
functions of the occupied electron states with energy
E< -A, as a result of which a soliton acquires a charge
e*=—e for zero spin s =3. The quantum numbers of the
soliton vary according to the occupation number v =0,
1, 2 of the electrons of the local level E =0 in the soli-

Meetings and Conferences 184



ton potential. We obtain spinless charge carriers for
v=0, 2; ex==~¢, +e; s$=0and uncharged spin carriers
for v=1, e*x=0, s=4%. The topological character of the
soliton explains the exceptional anisotropy (~10°) of the
spin diffusion. The soliton energy is E,=(2/1)a<A,
The autolocalization of electron-hole (¢ - #)and e — eand
h —h pairs is barrier-free for a time ~w,; ~107" sec
and is accomplished by the formation of diverging pairs
of solitons.

For other polymers {cis-(CH),, polyphenylene, poly-
diacetylene, etc.], the structure of the polymer skeleton
is such that there is no degeneracy of the ground state.
Then the effect of autolocalization is preserved, but dis-
persion of the domain walls becomes impossible, since
between them there appears a state with greater energy
density.* The nondispersion of the e — h pairs explains
the difference between the optical properties of cis- and
trans-(CH),. At the same time, the theory predicts the
existence of bound e - e and k — / pairs (bipolarons). This

may explain the absence of paramagnetism in conduct-
ing alloyed polypyrrole.®

In incommensurable systems such as charge-transfer
complexes, there can exist only uncharged spin soli-
tons s=3, e*=0, while the excitation of charge density
becomes nonactivated (Frohlich conductivity).
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