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Abstract

Weak dopants, like Cgp, (which have LUMO level within the band gap of
conducting polymer (CP)) may provide various types of interactions with self-localized
(SL) excilations of CP chain: solitons (S°, S), polarow/bipolarons (P/BP) or exciton-
polarons (Ex), whose electronic levels are also located deeply inside the gap.

In the present paper we analyse some types of interactions: 1) "Chemical
reaction" type charge transfer (CT) processes between charged (P/BP, S) and neutral (S°,
Ex) excitations with Cgy molecules intercallated between chains of CP. We stress the
important role of SI. states of Cgy wmwolecule itsell: string type polarons (P(‘;.) and
bipolarons BP2') in the stabilisation of this reactions through reorientations of string
P/ BPL% " relatively 1o CP chains resulting in suppression of backward C'T recombination.

2) The Cgy mediated interchain hoping of electrons is counsidered within
Holstein-Rashba molecular chain polaron approximation, which allows to find exact
analytical solutions for two types of local Paround neutral Cgg dopant: symmetric (SP)
and assymetric (AP) in which the extension (radius) and energy of P change compared to
free P, The spectrum of local phonons around P ( so called IRAV ) is found as a function
of Cgp mediated hoping strength y from which the stability criterions for SP in N=2 and 3

chain case are found. SP states arc discussed as infermediates for the interchain hoping of

359
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1. INTRODUCTION

Photosensitization of photoconductivity of inorganic semiconduciors or organic
molecular crystals by impurity molecules of dyes absorbed at the surfaces or intercallated
into organic solid is a well studied process, widely used in color photography and
xetography 12, However in conjugated polymers this phenomena may have new
features due to involvement of deeply self trapped ¢-1-d excitations of chains. It has been
suggested eatlier that neutral weak dopants ( cither weak donors D or weak acceptors A
with their L.UMO or HOMO levels inside the band gap of conducting polymers), can
react with self-trapped excitations of polymeric chains3, changing their propertics and
population.  So the decrease of ESR intensity of polyparaphenylene upon exposure to
oxygen, has been interpreted as O -weak dopant assisted transformation of polarons (P)
to spinless bipolarons (BP): P* 4 Oy > BPZ 4+ O 4 We have suggested also that such
weak dopants may seusitize the photoconductivity of conducting polymers due to the
photoinduczad charge transfer (CT) from excited D* (or A*) levels to a polymeric chain,
or due to dissociation of exciton-polarons (Fx) with CT toD or A and accompanied by
transformation of Ex to P 5.

Recently we proposed that fullerenes, Cgg and Cqq can be used as such weak
acceptor dopants in various conducting polymers and in a series of experiments have
found quenching of photoluminescence 6:7 and the enhancement of photoconductivity
7,10 due to photoinduced CT between fullerene and CP chains as earlier suggested3 5.
Photoinduced charge transfer (PCT) from Cg to CP has been independently found also
in other CP, like MEH-PPV and proved by other methods, like photoinduced absorption
(PA), light induced ESR 11 and recently studied by transient time spectroscopy, clarifying
rather fast time of foreward PCT process 12,13, In some polymers, like poly-

hexylthiophene, however we have found the changes of optical absorption spectra and,
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cyclic voltamogram, suggesting a partial CT in the ground state (GS), which was not
accompanied by increase of dark conductivity and ESR intensity 7. We also found that
increasing the length of a side chain in PAT one may controll the GS CT, ie. in
polyoctadecilthiophene GS CT is not found 9 Earlier it was suggested that twists and
bends of PAT chains due to disorder in side chains may rise the bottom of valence band
in some parts of POT and make ground state CT energetically favourable if stabilised by
self trapping effects in CP and (60 and Coulomb attraction 6-7:9. It has been suggested
that close to imperfections of chains created by large Cgg dopants the GS CT can be
stabilised and thus form a coupled state of CGO_I monoanion(or polaron on Cgg, P
15'16)with polaron on Cgy. Recently such Cgo'l have been found in IR spectra 17
proving that GS CT occurs , however surprisingly IRAV of " in CP chains have not
been found. In CP like PPV GS CT does not occur and absence of ESR upon C60
doping of PAT has been interpreted as absence of GS CT 13,14 and the changes in
optical absorption will can be clearly observed have been assigned to m,ixing of GS wave
functions of Cgp and CP 14 The problem of hybridization at accounf but we adress
some other problems connected with special properties of Cgy molecules differing it from
other weak dopants like Op Z or organic dyes, (like well known dimethyl terephthalate
(DMTP) molecule in PVK ]) This features of Cgq arise due to its following properties:
1. Cgp has 2-12 m-clecirons, which should have strong overlaping with 1-d ©© clectrons off
CP chains, with 7, ~ 0.1 - 0.3 ¢V, which should make CT processes between them,
much pronounced. Note that interaction of Cgy with nonaromatic polymers, do not lead
Lo enhanced photoconductivity 19 and thus supports the important role of T electrons for
CT.
2. Due to 2-dimensional geometry the pronounced self-traping eflects on Cgp spheres
lead to formation P/BP and self trapped excitons of string type 15718 which should
play important role in CT processes from P/BP and Ix of CP chains and may cause new

features in their interactiones.
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3. Due to their large size, Cgp, C7g and higher fullerenes should introduce
disorder,deforming chains and creating defects; while the CP chains on their turn should
deform Cgg molecules, changing their symmetry (as we have proved by observation of
forbiden optical transitions in Cgg upon intercallation into CP 10,

This new features can influence the CT processes and we discuss below some of this
microscopic processes. However at the present stage when no analytical models (like

[«

TLM Zfor CP) are available for ST states on Cyg this analysis can be done only either on
the qualitative level or within siinple anal'ylicully soluble models.

We consider several types of recharging reactions: 1) between Cgg and kink
sohtons So, and present some preliminary experimental prove from ESR in Cgy doped
polyacetylene derivative. 2) Transformation of' P into BP. 3) Formation of BP in Cgg
due to interaction with Ex at long term photoexcitation which may give rise to persistent
photoconductivity, observed 1'ecently.* )In the last Section the Cgy mediated interchain
hopping of P, is studied within a simple exactly soluble model of 8- coupled
molecular chains. We show that there are states of P spread over several chains
surrounding, Cgg, and study there stability. Such distributed P can be infermediates in the
Cgp medialed intetrchain hoping of P, the process, which should increase the mobility of
P/BP , and hence may contribule to the enhanced photoconductivity in C60-doped
polymers, additionally to the eflect of increased photogeneration elliciency, which is

mdia ~s7
believed 1o be the ongin.

2. REACTIONS BETWEEN SELI-TRAPPED EXCITATIONS OF CP AND C60
We have discussed recently the reaction of Ex dissociation at the C gy dopant:
Ex+ Cg = P*+ Cgy
as one of the origins for photoinduced charge transfer to Cy, with formation of charged

P's, which contribute to enhanced photoconductivity and photoluminescence quenching 5



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:31 18 February 2013

INTERACTION OF SELF-LOCALIZED EXCITATIONS 363

in Cgp doped conducting polymers. At large concentrationes of Pc on Cgg the reactions
Ex + P7——> P'+BP!" ) < Lowkd £ecorne /wm/'é&
leading to formation of bipolarons on Cgg and additional mobile P+ in CP chains. This
reaction should contribute to persistant photoconductivity which we recently observed in
et prREXCH <

CP/Cgy systems ( see this Proceedings ). We can not exc]udm transfer
processes from Ex to P+ and Pc-:
| — ( Pc-)*,

T .. . NT [T R P I B ) RN N -4 1201
which should additionaly quench rx-ic ri. ane give nommear ri. quencmng ar mgn

pumping levels.

2.2. Reactions with solitons.

In polyacetylene-type degenerate ground state polymers, which support kink
solitons (S0,5+,8-), the rechanging reaction of neutral kinks So with Cgg becomes
possible if the energy separation between that C60 LUMO and mid-gap level of So is
larger than Hubbard repulsion of two holes on S+ state:

S0+ C60—3St + Co0™
We have found that in PTMSIPA polyacetylene derivative the spin density decrease with
C60 doping (Fig.1; which can be related with the above soliton S'o (carying spin)

transformation into charged spinfess S+ .
3. Cgp - MEDIATED INTERCHAIN HOPING OF P

To consider the questione of Cgy mediated hoping of Ps we need first to study the
spectrum of P in the vicinity of neutral Cgo. However this task is too dificult for analytical
study within TLM model 20, appropriate for P/BP in CPs. It has been shown 20 that
molecular polaron of Rashba-olstein 21722 model is actually a limiting case of TLM for
Pierels type CP in a limit of strong confinement. So it can be used for the analysis of

various problems due to possibility to obtain analytical results, e.g. for P/BP interchain
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Figure 1 6) Trapstormaton of revtral S° into S7
due +to charge transter to Ceo LUMO
b) Experimentally observec. change of ESR

imtensity (Ns), linewidtn and 9g- value a5
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stability problem 23,24 particularly it has been found that exact solutions can be found
for & — type local interchain hoping 24 L et below use this approach, but, contrary to 24,
starting from the discrete model, which will allow us o derive the parameters of chain-

Cpgg interaction through parameters of C( molecule.

3.1. N-coupled chains, main equations.

Consider a mode] of N molecular chains, with Cgy impurity between them so
that hopping of electrons between chains are not allowed, and the only possible is hoping
between HIOMO level of Cgy and one n site at each chain (as shown at Fig.2). Then
each chain is decribed by following discrete Iamiltonian in a nearest neighbour

approximation:

_ + _ + A N B +
I{ m —“0 Z Cnmcnm ZIT Z Cnm (C” 41m 1 ('n -3 ,m) 1 h.C. ﬂ’z Cnm cum unm (1 )
n n

where ¢ is the creation operator of electron at site 72 of a chain number e, with energy €g (1)

and, hoping transfer integrals 777. Above we take the simplest form of site diagonal electron-
phonon interaction with intramolecular displacements #,,, used for phonons, where A is

nnod

the coupling constant. The energy of dispersiveless phonons have the form:

k M (
IIph =U+T,J= "izuzm,%= ?zurfm (2)

where K is the spring constant. If we consider only local hoping Ty;y, from chain site to
. &l I
the level in Cgg with energy A , we get: ( é é creation annihilation operators for
g y

impurity e7)

O am 0> nm

H +H, , =Abib,+ > 1, (B, + 056,08, (3)

nm

Full Hamiltonian for N- chains coupled wilh Cgg molecule is thus:
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Fig.2.  The model of Ceo-mediated hoping

of a charge at site n, between chains m
and W, To, and Toy +he cham-Cuw transfer
ntegrals, VYmm' the resulting nterchain
hOPP"Q? potential,
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H= Z(H +H, +H,+H, ) 4)

To find the main equations for polarons, let search for the minimum of the adiabatic

potential B = H - XT, with respect to c;, and b, and u,, variables, which are viewed as
fcal

c-numbers at account of normalization. One arrives 1o the following set of equations:

_tll (Cm-l.m n-]..m ) 2'(‘mn nm j;mb‘)ano = (c - EO )cnm (5'3)
A +21n-n ‘e no— (S'b)
)‘C;m nn = (S-C)

Eliminating from ( 5 ) #,, and b, one gets the following set for ¢,,

—lll (Cn—&Lm + Cn—]..m ) - 28(C;m(:nm )Cnm - 2 me‘ (g)cnm‘ = (C - EO )Cnm (())

where g = A2 / 2K is the small polaron energy gain, or effective e-ph coupling, and the

definition for V,,,, (€), the effective energy of the electron hoping from chain m to chain

<3

"

m' across the Cgg impurity is as following:V, . (E)=——f”--»-2\-~
~A,

. Generally speaking it

depends on the energy of the electron in the system €. Let assume {or convenience that €
= (), i.e. shift the origin. For the states of polaron which are fare in energy from the
HOMO (or LUMO) levels of Cgy. i.e. for e<<A,, we can neglect the dependence of
Vmm' on €, which corresponds effectively to the sort of perturbation theory for the Cgg-

chain transfer infteraction, we get:

17 rr.
Vrrm\ = ‘/’mm“ =700 - (1 - 6mm‘ L A= 7
‘ A, Ay )

which accounts that hoping integral from chain m to fullerene: Tm may be different than

hoping from m" to Cgg, Ty, due e.g. to different scparations (Cgp closer to one of
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chains) and does not necessarily require 7,7, < Tm2 as supposed in 24, It worths
mentioning that at € ~ Aq the siructure of polarons at resonance conditions with the Cg
level should be examined beyond approximation (7) which requires more rigorous
analysis. The discrete set of egs. (6) has been studied recently 26 by numerie
computaticnal method.

Asuming #; >> g, which corresponds to the formation of large radius polarons in a single

chain case 2122 with the extension Il’ = 2t/ g, we can transfer from a discrete set of

equations 6) o continual ones by substitution
C —ZZsd ()5, —22 8(x), na—> X,

where a is the lattice constant. One then arrives to a set of coupled nonlinear Scrodinger

equations of the lype:

N
(~1,0" 1 ox* — 2g[<1)(x)|2 YP)=Y Y, SOD(x) = eD(x) (8)

The set of equations (8) can be solved exactly following the method of 24, Below we will
analisc cases of N=2 (for which we point the new solution, that is missed in 24, but which
is important for the examine of dynamic stabilily problem, ) and the new case of N=3
chains and study the question of the dynamic stability of the different types of polarons,
i.e. of the correspondence belween mathematical formal solutions of (8) and physically
allowed cquilibrium states,since this questione is important for the study of various
physical processes, and interchain mobility in particular.

We recall shortly that at absence of interchain hopping term the NSE gives a solitonic

polaron solution 21722;

B, (x) = it/ 2Sechpx = g 124, €= —t1” = —g" 1 (41, E= —E, = ~1,u* /3 9)
where L measures the inverse spatial extension of P, £ is its electronic energy level (below
conduction band for P-, or above the top of the valence band as in our actual case for

P ), while E is the ground state energy, which for our case of coupled chains can be
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expressed as:

N o0
E=c+ "LZJ- Am(x)l dx’ Am(x) = zg\(p”’(x)‘z (10)
4g mel o

where function A(x) represents the displacement ficld of P in cach chain, and sccond
term in (10) describes the elastic energy of deformation and is derived f[rom discrete U in
(2). It has been shown thet at x= 0,the lowest "solitonic" solutions of the set (8), centered

at x=0 can be found in the form:

D ()= LSech[k(x +x,).for x>0 (11-a)
y2u
O ()= -i— Sechlk(x—x ), for x<0 (11-b)

Jon
Let analyse now P solutions in special cases of two and three chains:

When N=2, three types of P solutions exist: two symumetric ones: SP*, SP~ and one
am¥isymmetric AP, two of which SP* and AP have been found in 24, We point here to a
third one, called SP” (odd solution) for which
D,(x)=—D,(x)k/pu=1/2x,=x, =0,E/E,=-1/4, (12)

and thus do not depend on Y=V, ./g We will use all solutions later to analise the
question of local polaron-phonon modes:

3.2 Three chains

Let now analise in more detail the case of three chins, as more realistic for a 3-D structure

of CPs. Integrating eq. (8) over the infnitesimal interval containing the origin x=0, we

obtain:
3 N=3
(@, 0) =D, (01, =V Y D ,(0) (B,(-0)= D, (+0), =V ®,(0) (13)
m=1 m=1
which leads afier substituting eq (11) to (13) to
pu ,
tanh( kx)Sech (k)= y P Y Sech(ky),m=1.2.3 (14)

m=1
2

N
while from the normalization condition Zr lfbm(x)‘ dx =1, applied to wave function

m=1
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3
of (11) gives: Z(l—lmﬂl(kxm):u/k (15)
m=1

Following the method of 24 we can find the following solutions 25 of the set ( 8) at N=3:

1) Polaron solution (SP) symmetric over all three chains at y = 0, for wich we get:

ko1 1 9y I 1 .

— =43y, x, =-—arctan /i ——), E/E,=—=-3y-27 16
#3 ! k 14+ 9y ° 9 4 (19
2) Polaronic solution symumetric over two chains (SPp)at Y = 0, with
tanh(kx,) =1, tanl(kx, ) = tanh{kx,) =0 "))

3) P-sotution concentrated mainly on orie chain AP, for which at Y = 0, one havs:
tanh(/x,) =0, tanh(kx, ) = tanh(kx,) = 1 (18)
The last two solutions can be analised by finding the numeric solution of the set of egs.:

tanh(kx)Sech(kx)= y‘]{ (Sech(kx )+ 2Sech(ky))
tanh(ky)Sech(ky)= 'yfli—' (Sech(kx)+2Sech(ky) (19)
tanh(kx) + tanh(ky) = 3— %

Above we have denoted x7 =X, xp=x3=y, The full energy of the system is given by:

3
—E—=—»-[J‘J (3~— tanh* (kx)—2tanh®(ky) (20)
E, \n '

Fig.3 shows the dependence of full energy E/Eg on the Cgg-intenmediated coupling
potential ¥ for both cases N=2 and N=3. At y-0 the state which is favourable
energetically, and stable is always AP (P is located mainly on one chain ). With increase

of ¥ the energy of both AP and SP states decrease meaning that polaron is coupled to Cg

@ _

c

by interchain exchange interactions, and SP gets closer to AP and at ¥ = vy, (¥
0.603, = 0.3) the energies coincide and above Y, only SP exist as a stable polaronic
siate, which is uniformly spread over chains surrounding Cgg. Its size becomes several
times larger ( ~ u/k ). Note that in N=3 case SPy and AP energies coincide at Yo =
0.304 and both disappear. So above y 0(3) =0.3 only SP becomes favourable and the
only existing state. Naturally y @ <5 @, meaning that the tendency of spreading of P

around Cj;) impurity increases with larger number of chains coupled with Cg.
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It is clear however that at y=0 the SP is an unphysical solution, althouh formally it exist as
solution of (8) it should not correspond to a minimum of the adiabatic potential and
should correspond to decaying noncquilibrium.state Only above some Vg <7y, it may
become melastable. The question of Y5 can be studied examining the spectrum of local
vibrations bound to SP 23: the apearence of soft mode Q<0 in this spectrum will indicate

the dynamical instability below Y523.

2.3 Spectrum of local phonons at SP polaron and problem of dynamical stability of SP.

To answer the question which states of P (16)- (18) are classicaly stable i.e.

correspond to minima of the W{A}:

2 2
W)= E [ZIEA(X)Q + <b*(x)[—t]1 5(37 —A(x)]lb(x )]fx 210

X

it isnecessary to find and examnine the spectrum of local lattice vibrations around SP’ and
AP. For one-chain P (at J/:O) such spectrum, known as MSW-modes 27,28 fies below
the bare phonon frequency ®, converging to it. For I in the system ol chains coupled by
regular interchain hoping tLal every sile, such spectrum may have a soft mode 23
indicating instability of P. We will follow the metod of 23,27 below. Consider a small
displacement &, (x,?) around the static P deformation field Ay, (x). This displacement
can be viewed as the perturbaton for electronic hamiltonian, which will generally speaking

mix vibrations of different chains due to e-ph interaction, and lead to the Lagranjian for

the lattice vibrations:

< O[5, |05 >]

yE o=y
L=Y|— [l =6 -5 |-6E® | where OE® =_i el m[T037) 2
;[4g£[w2 " "'J '"]mc " @2)

€0 ™ €os

is the addition to the ground state energy in the second order of perturbaton theory. The

electronic wave function @ is taken in N-component spinor representation, with ¢

"
nee
being its componet at m-th chain, and the index n corresponds to eigenfunctions of the

Schrodinger eq:
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82

Hoflre = Epurs With Ho=—t; > - 2g|bg: (23)
(X

2
no? l

where the index o= S,....,goes over N ortogonal spinors for every N.

From the [.agranjian (22) we arrive Lo the equation for the lattice eigenfrequencies £2:

(okor IS < 0mls  (olols >
Eed, (X)=4gY. m , (24)
' Eou— Cos
2
where &=1- §2~?,
(O

while prime means that the term with n=0, =S should be ommited.

¢
For N=2 there are two orthogonal solutions of eq.( ): 1) Symmetric one with @ = ((D“],

where:

k 1 1 " 4), T 1 -2
=X Sech(k (x£x )k, = H(- +27).x, = asctan t 0 | e ==t 0] L2
¢, o JSech(k (xtx)), %, 51(2+ Y).x, p (e anhl\]+4yJ €oc {13{2 - yJ

(25)
H ’ (DA ) .
and 2) Asymmetric one @ , = l o J, with
T4
k I e
¢, =2 Sech(k,x).k, == g, =—"1" 2%
A 2 A A= b4 4 (26)

Defining the nopmnal displacements 1, = 0, +9,,1, = §; —0,, we get separale equatons

for each:

88 2 |: (;)OS q’n&i‘ < {PnS 711(-‘)\4’03 >

i . 8
mx)=-= ,and 1,(x) = ‘—g-z .....
‘ € é?, a

Cas ™ Eos €,4 ~ Eos

(27)
First of this equatins is same as the one for MSW-modes and thus has the same specrum
of local phonons €21, which does not depend on the Cgg mediated coupling .
Consider the second of eq. (27) for 1. Operating both sides by the operator Hp - &gg.
and ftaking account the completencss of the set ¢, we artive, after simple

transformations to the following associated Legendre equations: (here z=1¥, )
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) |
%_2 1/4Z +&l (1’2*27’) vt ey (—L’A=o (28)
< Chza 2 Chz[—z-+2y](zizl) o3

For each value of the ¥ parameter there exist a spectrum of the &>y and correspondingly
of ok, (k= 1,2,3,...)which gives the fiite everywhere solutions of eq. (28). The
numerical solutions of (28) are shown in Table 1., from which one can see that at ¥ < ¥

N e
=0.19, &gy > 1 and corespondingly /= & + 4]—2 [ A, (x) dx, A (x)= Zgld),,,(.\')|l’20

& m=l
becomes imaginary. This means that the perturbation Ny exponentially increase with
time at this small ¥ values, meaning that displacement field | increases, while 52
decreases, pushing the electronic density {rom chain 1 to chain 2. In other words at
Y<ys the SI’ becomes dynamically unstable, and (ransforms into AP, even though the

formal solution SP still exist.

For N=3 the orthogonal set of @ comesponds to ds  of (23)
2
with: &, = -t /lz[g + 3}]
’~ 0 k ,
and also to &g = ¢ | ¢, = —2=Sech(k,x),k, = ﬁ,goz = - tHL
V2u 2 4
-
. 2
24, 2
-k coonck H H
and Pg = |, fy=- A Sech(kyx),k, = G = ~t, e
. 453) v

In this case the equation for the normal modes around SI’ polaron can be derived in the

form| ]
2 4 i 3 g
P 12 (]1/3+ V) LI YL L PR (29)
% cn? % & (fh?[g + 3}/](2 +7) os

Solutions of which are given in Table 2. It can be seen that at ¥ < Ys(3) = 0.12, the
SP{3) looses the stability. Naturally the value of YS(3) is smaller than ys(z) .

It is clear now that there is a wide range of Cgg mediated coupling strength:  ¥g<
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QG (1)
@
diffrent values of y . Below g =0,19 the mode ,,(y) becomes negative

for local modes of 2 chain-SP polaron

Table 1. The spectrum &, =1-—

KN 7 | 0.0 0.17 0.19 0.24 0.32 0.4

0 33.4 1.26 1.03 0.70 0.45 0.31

1 0.89 0.22 0.19 0.14 0.09 0.06

2 0.36 0.10 0.09 0.07 0.04 0.03

3 0.20 0.06 0.05 0.04 0.03 0.02
" " D () ,
Table 2. 'The spectorum &, =1- —-#¥="%  for local phenon modes around 3-chain

@
SP-symumetrie polaron at different y. Below yg = 0,12; Q;(y) < 0, meaning

instability.
E\\\ 711 o0.01  0.12  0.17  0.24 0.32 0.40
0 -2.88 1.04 0.49 0.22 0.12 0.08
1 0.94 0.13 0.08 0.04 0.02 0.02
2 0.34 0.06 0.04 0.03 0.02 0.01
3 0.19 0.03 0.02 0.01 0.006 0.003
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¥=0.49 ¥=04
n,lw N, lw
C = 1 =1
0
—o
02 04 v 0.6

~ <

— o —— ey e oS

|
|
1
I
l
|
|

hE ¥e —>
Figd a) The éner*gy Ef, of various polaronic
States o0s functon of §; i N = 2case:
in vegion 1 (" >7y<) symme+ric polaron SP
s the only solution i 2 (J5<¥y<ye) AP ho5

lowey energy, but 3P s o metastable state
Coexisting  with AP n 3 (< ¥s) SP becomes

unstoble due 4o a sctt mode Qe < O. Insets
Show (ocal modes.
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Q3 Xej 0.304
!

Fig3. b) The erergy E/Eo of  N=3 chain
sysfem 05 funchion of ¥. Dotted line
Shows the energy of free one-chain polaron
P(FEo=-1). SP i3 metastable ak Ys<¥ <y,
coevisting with AP, and becomes the only
possible solution obove Yci = 0.304  when AP
and. 5Pz both disappeav. AL Yer=0.265.
SP becomes lower o energy compaved to SP,
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Y <%, in which the SP state is existing as a melastable state, which has larger
energy than AP, but can exist as a equilibrium excitation, i.e. can be created by
light or what is important {or the problem of mobility, can be an intermediate
state in the interchain hoping process, which is shown schematically at Fig.& P|
traveling along chain 1 meets the segment of chain close to Cg, in which at y>
¥s it can be transformed into SP, with which it is nearly resonant at v ~ ¥, (as
one can see from Fig.3). So Py transforms to SP, and spreads over chains
surrounding Cgg. Since this state is metastable it can transfrom (by tunneling
through the barrier which separates them, or by thermal excitation over it ) into
either AP or Py, with lower energy on chain 2, (if e.g. external electric field is
applied normally across the chains ). To become free AP nced another
transformation into Py which again needs ecither electric field, or thermal
excitation, but the microscopics of this processes is beyond our consideration.
What is unportant from present analysisis, that the existance of the intermediate

state should strongly enhance all the hopping processes.
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