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THE PEIERLS INSTABILITY IN PINNING POTENTIALS
FROM COUNTERIONS

LARS KAI HANSEN and KIM CARNEIRO
Physics Laboratory I, University of Copenhagen
Universitetsparken 5, DK-2100 Copenhagen §, Denmark

Abstract In the presence of a pinning potential both the
nature of the Peierls transition and the dynamics of the
Charge Density Wave are affected. We argue that the perio-
dic potential stabilizes phase solitons, while amplitude
solitons can be polarons or bipolarons. For these excita-
tions we give both the extension along the chain as well
as the energies of formation. We only discuss the case of
a periodic pinning potential as arising from a counterion
lattice; neglecting randomness from impurities.

INTRODUCTION

In one-dimensional molecular crystals, ordering of the counterions
will give rise to a periodic electrostatic potential on the conduc-
ting chains. In several cases?it is expected that the period will
be the same as the period of the Charge Density Wave (CDW) formed
under the Peierls transition (some examples are given in Fig.l).
This potential is known as a pinning potential, and several authors
have considered the dynamics of the CDW in this case. "¢

Recently we pointed out that the pinning potential can have a
strong effect on the Peierls transition itself.? In this paper we
extend these results emphasizing the established connection between
the nature of the transition and the CDW dynamics. Further we cha-
racterize the possible solitary wave excitations, comprising phase
solitons as well as polaron and bipolaron amplitude solitons.

The possibility of phase solitons in general periodic poten-—
tials (from commensurability) were considered by Rice et al.® and
by Artemenko and Volkov.® Thomas®® used these results to explain the
decrease of the (conductivity) activation energy in K;[Pt(CN)u]
*Brg . 30°3.2H,0 at low temperatures.

MEAN FIELD THEORY AND CDW DYNAMICS

We consider the one-dimensional electron-phonon system exposed to a
periodic potential g of wavenumber 2k :
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FIGURE 1 Examples of 2kp-potentials formed by ordered
counterions in molecular conductors. In (TMTSF),ReO,
the tetrahedral, monovalent ReQ,-anions order in one
column per conducting chain. In class A of
Mo 84 [Pt(C204)2]*6H,0, (M-OP's), the divalent (M-6H20)-
cations order in two equivalent columns. In
Ky, 75[Pt(CN)4]1*1.5H,0, K(def)TCP, monovalent K-cations
are in two inequivalent columns!
_ + o, +
B = E EkaOCko * z ﬁmq bqbq 1)
»C q

+ i& + + +

1Z<o g = CleaqoCico (Pq*Pg) * Eo g=12kFVQCk +%
ct s b+ are creation operators for electrons of energy € and
spin 0 7, and phonons of frequency wg respectively. g is the
electron-phonon coupling constant while N is the number of host
lattice sites, we consider N to be incommensurate with Ne , the
number of electrons on a chain.

In mean field theory we find’ that the presence of V5 fixes
the phase of the gap parameter A (and thereby the CDW position),
and that ]A(T)[ obeys the modified gap equation

lal=[vgl e
\ Q _ j Fde tanh(E/2kT)

E =/eZ+| ]2 (2)
’ k
4] E

0

where A 1is the dimensionless electron-phonon coupling constant.
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In the presence of Vg the CDW phase mode acquires a finite fre-
quency in the long wavelength limit (corresponding to the finite
potential against a uniform translation). In the adiabatic limit
(hw2k<< AO) we find at zero temperature:

F

0, = A e wd vy = Vo/h, (3)

9= "V, 0 Vo T Vg

The threshold electric field E, , necessary to depin the CDW
of the pinning potential, is given by®,°

2A0m
Eo = afx Vo ()
F

m being the electronic band mass.

In conclusion eqs.(2-4) establish a connection between the CDW
dynamics and the nature of the Peierls transition in the presence of
a pinning potential,

SOLITON EXCITATIONS

Phase solitons

It is readily veryfied that the external potential acts as a M=1
commensurability potential, and by neglecting the electric field
associated with the redistribution of charge,®»® a static sine-
Gordon equation for the phase yx of the gap parameter can be
established

2
2 37X Lo 2 _ A
L¢ 2 + siny = 0 , L¢ = E;a £ (5)

where & = vp/Ag is the zero temperature coherence length. Taking

. FC . . . .
the electric field into consideration, the length of the soliton
L diverges at T = 0.7 The divergence is suppressed by the presence
o? impurities or other defects that gives rise to a finite density
of states in the Peierls gap. In the dirty limit, £ 1is replaced by
the mean free path of the normal metal.’
Amplitude Solitons

In the general incommensurate case (absence of V ) a number of am-
plitude solitons are possible:11 neutral kinks an& polarons. In the
presence of V the continuously degenerate ground state becomes
non-degenerate and we obtain a structure that resembles cis-poly-—
acetylene’!s>!? Neutral kinks are excluded while the bipolaron
(kink-antikink pair) becomes possible together with minor modifi-
cations of the polaron. The characteristics of polarons and bipola-
rons are summarized in Figure Za) together with the extension vs.
the parameter vqg/A. In Fig.2b we show the formation energy asso-
ciated with the gefect and the distance from the gap center of the
bound state energies as a function of VQ/A , taking a simple analo-
gy with cis-polyacetylene.'!s
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FIGURE 2 Characteristics of amplitude solitons in an
incommensurate system exposed to a pinning potential
Vg = vQilo. s taking a simple analogy with cis-polyace-
tylene.!ls!'% a) The length of the soliton vs. strength
of the potential. In the inset is shown the charge/spin
relation together with the occupancy of the associated
bound states. b) The energy of formation, E, and the
bound state energy, €, measured from mid gap.
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