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Abstract 

Weak dopants, like C6", (rvliich have LllhlO level within the band gap of 

conducting polymer (0)) ; m y  p~ o d e  wwious types of interactions with self-localized 

(SL) excihtions of CI' chain: solitons (So, S), polarotL'bipolaroiis (l"3P) or exciton- 

polarons (Ex), whose electronic levels are also located deeply inside the gap. 

In the pieserit paper we analyse sortie types of iritei actions: 1) "Chemical 

reaction" type charge transfer (CT) processes between charged (PI'I~P, S )  atid neutral (So, 

Ex) excitations with CGo inolecdes intercnllated between chains of CP. We stress the 

iitipoi-tant role of SI, states of C'60 molecule itself: string type polarons (Pc) and 

t)ipolarons SP: in ttie stabilisation of this I eactions tliroiig~i reorientations of string 

P; / BP: relatively to CP chains resulting ui suppression of l)ach\\aid C'I' recortibin a t '  ion. 

2) 'The ('60 niedialecl inlcrchaiti hoping of electrons i s  considered withiti 

I Iolstein-Rashba molecular chain polaron approxitnation, which allows to find exact 

analytical solutions for two types of local Paround neutral ('60 dopatit: synunetiic (SP) 

and assynietric (AP) in w l i i ~ h  the extension (iadius) and energy of P change compared to 

fiee I>, I'hc spectrum of local phonons around P ( so called IRAV ) is found as a ~ u n c t h  

of cyG0 iiiedialed hoping slrcngth y liom which Iho stabilily critcrions for SI' in N-2 and 3 

chain case are lomid. S1' states arc discussed as intcr~necliates l or  the intetcllain hoping of 
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360 A.A.  ZAKHIDOV ET AL. 

1 IN I 'M 11 )I JC ' I  I( )N 

~'liocoscnsitiiratiori 01 1~l~otoc0iiductivity of irioi garlic sendconductors 01 oi garlic 

molecular crystals by impurity molecules of' dyes absoi bed at the surfaces or intercallated 

into otgatiic solid is a well studied pocers, rvicfely used in color photography and 

xetography 1 ' 2 .  1 towever in conjugated polyniers this plieiiomena may have new 

featuies due to hvolveiiiciit of deeply self trapped q-1-d excitations of chains. It has been 

suggested earlier that neutral weak dopants { either weak donors fi or weah acceptors A 
with their J,UhlO or IIOh10 levels inside the band gap of conducting polymers), can 

react wit11 se~-trappec~ excitations of polyiiieric c~iaiiis:{, cliangiiig [Iieii p i  operties arid 

population. so the decxcase of I7SR intensity oi 1)ol~1)aiaj)tieri!,lerie upon exlmuie to 

oyygen, has been interpreted as ( )2 -weak dopant assisted tratisfoiwilion o i  polaroris (P) 

to spinless ~)ipo~aions (w): 1'' i 02 - + D+' 02 4. ~e tiwe suggesteci also that such 

weak dopants may setisitize the ~~liotocotiductivily of conducting polymers due to the 

photoinduccd cliarge transfet (CT) froin excited JI*  (or A*) levels to a polymeiic chain, 

or clue to dissociation of exciton-polarons (Eu) with CT to T) or A and accornpanied by 

transfoirriation ofEx to P 5. 

- -  

Recently we proposed that fullerenes, C6o and C70 can be used as such weak 

acceptor dopants in various conducting polyrtiet s and in a series of expeiitrients have 

found quenching of photoluitiinescence 13 1 and the enhancement of photoconductivity 

due to photoinduced C'I' between fullerene and CP chains as earlier suggested3 $5.  

Photoinduced charge transfer (PCI') from C6o to CP has been independently found also 

in other CP, like MEEI-PI'V and proved by other methods, like photoinduced absorption 

(PA), tight induced ESR l1 and recently studied by transient time spectroscopy, clairfying 

rather fast time of foreward PCT process l2'l3. In sortie polymeIs, like poly- 

helryltluophene, however we have found the changes of optical absorption spectra and, D
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 36 I 

cyclic voltamogram, suggesting a pai-lial CT in the ground state (GS), wluch was not 

accompanied by increase of daik conductivity and ESR intensity 7. We also found that 

increasing the length of a side chain in PAT one may controll the GS CT, i.e. 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 eneigetically favourable if stabilised by 

self trapping effects in CP and C60 and Coulomb attraction 6,719. It has been suggested 

that close to imperfections of chains created by laige c60 dopants the Cis C?' can be 

stabilised and thus foirn a coupled state of C60-l monoanion or polaron on C60, I'; 

15~16)witli polaron on C ~ O .  Recently such C60-l have been found in IR spectra . 
proving that GS CT occurs , however surprisingly IRAV of 1'' in ('1' chains hace not 

been found. hi CP like PPV GS C'I does not occut and absence of )ISR upon CGO 

doping of PAT has been inteipieted as absence of GS CT 1 3 ~ 1 4  and the changes in 

optical absorption will can be cleaily obseived Iiave heen assigned to mixing of GS wave 

finctions of C60 and CP 14.  l 'he pioblein of Iiybridization at account but we adress 

some other problems coiinected with special properties of C ~ O  inolecules diffei-ing it fiom 

other weak dopants like 0 2  or organic dyes, (like well known dirnethyl tei ephtlialate 

(DM'IP) molecule in PVK 

1. C60 ha3 2-11 x-elecirons, which should hnvc strong ovcilaping nirh 1-tl TC clcctions o C  

CP chain:;, with t f - p  -a 0.1 - 0.3 eV, which should inakc C'1' proccsses bctwccn them, 

much pronounced. Note that interaction of c60 with nonaromatic polyinei s, do not lead 

to enhanced photoconductivity 19, and Ihw supports the iiiipoi lant I ole o C  I[: clccti oils 1i)r 

CT . 

2. Due to 2-dimensional geometry the pronounced self-traping ell'ects on Ctjo spheres 

lead to foirnation P/BP and self' trapped excitons ofstiirig type 15-16 which sliould 

play important role in CT processes fioin €'/TIP and 17x of C'P chains and inay cause new 

features in their iriteractiones 

( 

. This fenhires of C60 aiise h e  to its following propcities: 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
31

 1
8 

Fe
br

ua
ry

 2
01

3 



362 A.A. ZAKHIDOV ET AL. 

3. Due to their large size, ('60, C70 and hjglier fullerenes should introduce 

disorder,defoiinbg chauis and creating defects; while the CP chains on their turn should 

defoim Cgo inolecules, changing theii synimetiy (as we Iiai e proved by obseivatiori of 

foi biden optical transitions in C[;O upon intercallation into C'P 10. 

71hus new featuies can inlluerice the CT processes and we discuss below soiiie of this 

micioscopic processes. 1 Iowevei at the present stage mhen no analytical niotlels (like 

TLNl for CP) ale available for S1 states on (-'ti0 this aiialysis can be done only eithci- on 

the qualitative level or within sirnple a i d  ically soluhle niodels. 

2 0  

s ' -  
We consider scleral types of izcharging icactions: 1 ) bettleeii Cgo atid kink 

solitons So, arid present some pielirriiriaiy espeiiitiental pio\t Ii om ESR in C[;O doped 

polyacetyletie dei-ivnlive 2) Ti aiirfoi nialion of 1' iiito TIP 3 )  I~oiiiialion ol 131' 111 C'go 

due to inteiactioii with Ex at long teini IihotoesLitatioti wvhicli may give rise to pei sistetit 

pliotocotitluctivit)., obserced recently lo the last Section the ('60 mediated inferchain 

hopping of 1'. is studied withjri a sirnple exactly soluble niodel of 6- coupled 

molecular chains. We show that there iiie statcs 01 P spi ead o \ e r  seveial chains 

suri ounditig ('60. and study the1 c stability. Soch distiil)utcd 1' can  be inteirriediates in the 

c'60 medinled intetrchairi hoping 01 P, the process, niucli should inciease h e  inobiljty of 

P/DP , and hence may coriliibute to the enhanced ph"locorit1uctivity in C6O-dopect 

polymers, additiona~~y to the efxect of iticieascd photogeiierslion elliciency, which is 

bclieved to be the G@. 

*I 

8- lf mare 

2. ItIJA(:fIONS DE'TIiT;.EN SI;I.I'-TRAPPT;,I) ESCII'A'I IONS (IF C'P AM1 (I60 

We lia\.e cliscussrd iecenfly the teactiori of Fu dissociation at the Coo dopant: 
c 

Ex + P '  + V(j() 

as one of the oiigins Tor pholc~ii~di~ced charge tiarisfei to C'hO with foiination of chaiged 

P I s , nlucli coiiti ibute to enhanced pliotclconducti\rt~ arid pliotoluriiinescence quenctiing, 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 363 

in C6, doped conducting polymers. At large concentrationes of Pc on CEO the reactions 

Ex + Pc----+ P+ t BPcz- , S U d  L e w  p s w e  

leading to foimation of bipolarons on c60 and additional inobile P+ in CP chains. This 

reaction should contribute to persistant photoconductivity which we I ecently observed in 

CPICt;o systertis ( see this Proceedings ). We can not exc1ud-W tIansfer 

processes froin Ex to P+ and Pc-: 

J{x + PC ------ 

which should additionaly quench EX-IC: KJ- anu g v e  I IOI~II I~C~II  YL quencning ai rugn 

pumping levels. 

2.2. Reactions with solitons. 

, i p R e r @ x +  

- 
( PC-)", 

7 . T,T 1 ._ 1. ,>T , .  & I .  1 

In polyacetylene-t~~pe degenet ate ground state polyrnei s, which suppoi t kink 

solitons (So,S+,S-), the iechariguig ieaction of neulial kinks So with c60 becomes 

possible if the eneigy separation between that C60 LIJA4O and nkl-gap level of So is 

larger than Ilubbard repulsion oftwo holes on S t state: 

so+ C 6 0 d S +  t c60- 

We have found that in PTMSiPA polyacetylene deiivative the spin density decrease with 

C60 doping (Fig.1, which can be related with the above soliton S (caiying spin) 

transfoomirltion into charged spinless S 1- . 

0 

3. (:60 - MEDIATED INTERCIIAIN IIOPING OF P 

To consider the questione of C ~ O  mediated hoping of Ps we need fxst to study the 

specti-uni o f P  in the vicinity of neutral C60. However this task is too dilicult for analytical 

study witlun TLM inodel 20, appropiiate for P/BP in CPs. It has been shown 2o that 

molecular polaron of Rashba-IIolstein 21-22 model is actually a limiting case of TLM for 

Pierels type CP in a liinit of strong confinement. So il can be used for the analysis of 

various pi~oblenis due to possibility l o  obtain analytical results, e.g. for P B P  interchain 
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364 A.A. ZAKHIDOV ET AL. 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 365 

stability In'o1)ierti 9 24. Paiticulaily it ]ins Ileen rollrid ttiat exact solutions can be round 

for s - tjpe local iritercliaiti lioping 24. J A  below use 11"s approacli, but, cvntraiy to 24, 

starting froin the disci etc rnodcl, n t i icl i will allow us 1 0  (lciivc tile parameters of chain- 

C c o  interaction through parameteis of' CGO molecule. 

3.1. N-coupled chains, main equit' ' 1011s. 

C o r d e r  a model of' N molecular chains, with CGO Impuiity between them so 

ffiat hopping of electrons between cliains are not allowed, and the only possible is hoping 

between IIOhlO level of CGC) arid one 11 site at each chain (as shown at Fig.2). Then 

each chain is dccribed by folloming discrete I Iainiltonian in a nearest neiglibour 

approximation : 

where (*inris Itte cteatioii opetator of  electron a1 site I I  of a c~iatii iiiiriit3er m, with energy F~ (1) 

and, hopinz b aiisfer integrals 211. Aboi7e we take the simplest foiin of site diagonal electron- 

phonon interaction with intramolecular displacements r ~ , ,  , used for phonons, where h is 

the couplirig constant. The energy of dispersiveless phonons have the fotm: 

where K is the spring constant. If we consider oiily local hoping Tmll from chain site to 

tlie level in (760 witli energy A , we get: ( 4,+ 4 creation aiuiihilalion operators for 

irnpwity e-) 
/ 
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366 A.A. ZAKHIDOV ET AL. 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 367 

'To rind Uie i a h i  equations for polaroiis, let search for the mbibiiuiii of the adiabatic 

poteatial E = I-I - 21, with respect to c;,~ and 17; and ri,,, variables, which are viewed as 

c-numbers at account or nortnalization. One aiiives to the following set of equations: 

rn 

-l,, (Cn,Lm + C"-Lrn ) -- 2g(c:,%",1('nm - c LL,,,, (F)C,", = (c -  F ,  k*"m (6) 
n,' 

wheie F, = h2 / 2K is the sitiall polar on eneigy gain, or  ell'ectkte e-ph coupling, atid the 

defiiiition for Vl,,,,, fc), the efrective eneigy of the electron hoping fiom chain in to chain 

m' across the CGO itnpuiiQ is as following:V,, ( r )  = --- - - . Genet ally speaking it 

depends on the energy of the electron in the yxtein r. J .et assume for convenience that €0 

0, i.e. sliift the origin. For the states of polaron which ate lare in energy from the 

IIOMO (or I.IJMO) levels of (-'KO. i.e. Tor E<< A,,, we can neglect Uie cfepei~dence of 

Vmm' on E ,  which coirespoilds effectively lo the soit of perlurbation theory for the C ~ O -  

cliain lrruisfet interactioti, we get: 

'rn'ni. 

i?-& 

which accounts that hoping integral fiom chain m to fullerene: 1' 

hoping from m' to Cco, Tin%, 

map be ditTer.eiit than 

due e.g. lo difreretit scparatiotis (c60 closer to one of 

11 1 
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368 A.A. ZAKHIDOV ET AL. 

chains) and does not necessarily require T,,T,,~ Trn2 as supposed in 24. It worths 

mentioning that at F -< A0 the structure of polarons a1 resonance conditions with the c60 

level should be exatnined beyond approximation (7) which requires more rigorous 

analysis. The discrete set of egs. (6) has been studied recently 26 by numeric 

computational method. 

Asurning tll >> g, which couesponds to the formation of large radius polaroris in a single 

chain case 21-22, with ttie extension I ~ ,  - 2tii/ g, we can tratistkr from n tliscrete sct of 

equations (6) to continual ones by substitution 

Cnn, - +(Dm(X).S"o > S ( x ) ,  1111+ x ,  ,t>>a <>>a 

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

equations of tlie type: 

N 
(-t,d / r1x2 -2gla~(x)12p(x)- c V r n n . q x ) q  ( S )  = L*(.Y) (8)  

m' 

'lhe set of equations (8) can be solved exactly following the method of24. Below we will 

annlisc cases of N-2 (for which wc point tlie new solution, that is missed in 24, but which 

is imporlaiit lor tlie exmine of dynamic stabilily problem, ) and the new case of N=3 

chains and study the question of the dynamic stability of the difIerent types of polarons, 

i.e. of lhe correspondence between rnalhernatical formal solulions of (8) and physically 

allowed equilibtiuin states,since this questione is important for the study of various 

physical pi ocesses, and interchain mobility in particular. 

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

po~aron sojution 21-22: 

( D , , ( x ) =  ~ ~ S P C ~ ~ , ~ , ~ ~ = K ~ ~ ~ , , . F = - ~ ~ ~ . C L '  =-g71(4t,,); E =  -Eo = - t , l p 2 / 3  (9) 

where F measures the inverse spatial extension of P, F is its electronic energy level (below 

conduclion band for 1'-, or above the top of the valence band as in our actual case for 

I' I .), while E is flie groutid stale enera ,  which for our case of coupled chains can be 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 369 

extxessed as: 

wlicre hunciion A(x) rcp csents tlic displaccmcnl ficltl of 1' in cacli chain, and sccoiid 

term in ( I  0) describes the elastic energy of defonnation and is derived fiom discrete U in 

(2). It has been shown thet at x= 0,the lowest "solitonic" solutions ofthe set (8), centered 

at x=O can be found in the fotru: 

( I  1-a) 

( I .  1-b) 

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

When N-2, thee types of 1' solutions exist: two syinnietiic ones: SPt, SP- and one 

a&sgtrunetric AP, two ol which SPt arid A P  have been found in 24. We point here to a 

third one, called sr'- (odd solution) for which 

@ 1 ( x ) = - @ 7 ( x  ), k / p = 1 / 2, XI = X) = 0 ,  E / E, = - 1 / 4, (12) 

arid thus do not depend on y = V,,, / g, We will use all solutions later to atialise the 

question of local polaron-plionoti modes: 

3.2, nree.  chains 

Let now malise in rnore detail the case of three cliins, as inore realistic for a 3-D structure 

of CPs. Integrating eq. (8) over the infhitesurial hteival containing the otigin x=0, we 

obtain: 
3 N=3 

(a;(-0)- @), (+O) )E/ /  = vc a), .(O) (G(J-0) - @), (+O))l,, = vcam,(0) (1 3 )  
m-l ni-1 

which leads aner substituting eq (1 1 ) to ( 1  3) to 
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370 A.A. ZAKHIDOV ET AL. 

3 

oP(l1)gives: c (1 - taIlll(kYrn ) = 11 / k 
,n- 1 

FoUowing the i t d i o d  of 24 n c  can Iind the Cotlowing soldions 25 01’ the set ( 8 )  at N-3: 

1) Polarori solution (SI’) syiinietric over all three chains at y = 0, for wich we get: 

(16) 
1 9Y 1 k 1  

-=  - I 31’, 
/ I  3 k 1 I Y y  9 

x,,, = - arctan ] I ( - - - ) ,  I? I = - - - 3y - 27y2 

2) Polaioriic solution symmetric over two chains (SP2),at y = 0, with 

tanh(liu,) - 1, laiilfkx,) -- tanh(hx,) - 0 (17) 

3 )  I’-solulioii conceatiatetl mainly on one chain AP, ibr which at y -- 0, one hms: 

taiih(kx,) = 0, tanti( is , )  -- tanli(k~,) 1 (18) 

?he last two solutions can bc aiialiscd by iiiidhg the niinicric solulion of tlie set of eqs.: 

mil( k . ~  ),Sr.ch (Lt 1 = y ( S ~ c l r  (h ) + 2,Stdi ( ~ J J  ) )  P 
k 

Above we have denoted x i  -x, ~ 2 ~ x 3 7 ,  ‘Ihe full etieigy ofthe syslern is  given by: 

Fig3 shows the dependence of full energy E/Eo on the C60-intennediated coupling 

potential y for both cases N-2 arid 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 y the energy of both AP and SP states decrease meaning that polaron is coupled to c60 

by intercliain exchange interactions, and SP gets closer to AP and at y = yc, <yP’ = 

0.603, y,“) = 0.3) the energies coincide and above ‘yc only Sl’ exis1 as a stable polaronic 

stale, which is uniformly spread over chains surrounding CGO. Its size becomes several 

times larger ( - - y / k  ). Note that in N-3 case SP2 and Ap energies coincide at yCl = 

0.304 and both disappear. So above y c(3) =0.3 only SP becotnes favourable and the 

only existing state. Naturally y?’ i ~ c ( z ) ,  meaning that tlie tendency of spreading of P 

around C,jo impuiity increases with larger number of chains coupled with c60. 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 37 1 

It is clear however that at TO Ihe SP is an unphysical solution, althouh foiinally it exist as 

solution of (8) it should not coi-respond to a rnininiuni of the adiabatic potential and 

should correspond to decaying tioncquilibriuiIi.statc ( M y  abovc sonic ys <'yc it may 

become metastable. The question of yS can be stutlicd exaniiriiig the spectriiin 01 local 

vibrations bound to SP 23: the apearence of soft mode Q<O in this specti-um will indicate 

the dynamical instability below ys23. 

- 2.3 Spectrum of local phonons at SP polaron anclpyol)lern of &naniical stability,fSP. 

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

correspond to minima of the W(A) : 

it isnecessary to ruid and examine the spectiurn of' local lattice vibrations around SI' and 

AP. For one-chain P (a1 y = O )  such speclmn, known as MSW-modes 27 7 2* lies below 

the bare phonon frequency O, converging to it. For P in the system of chains coupled 1)y 

regular interchain hoping t,al eveiy site, such speclrum may have a soft mock 2.1 

indicating instability of P. We will follow the tnetotl of 23 '27  below. Consider a srnall 

displacement 6, ( x ,  t )  around the static P deformation field A,,, (x). 'This displacement 

can be viewed as the perturbaton for electronic hainiltoiuan, which wjll generally speaking 

nix vibralions of different chains due to e-ph inlei-action, and lead to the tagranjian for 

the lattice vibrations: 

is the addition to the ground state enera  in the second order of perturbaton theoiy. l'he 

electronic wave function @ is taken in N-component spinot representation, with 4 f m  , 

being its componet a t  m-th chain, and the index n corresponds to eigenfunchw of tlic 

Schrodinger ey: 
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312 A.A.  ZAKHIDOV ET AL 

where the index a = 3,. . . . ,goes over N ortogonal spinors for eveiy N. 
~ r o m  tlie lagratijian (22)  we arrive lo the equation fiir ttie lattice eigeiifiequencies 11: 

L12 5 = L - -- 
0' ' 

where 

wllile piirne means that the teim with n= 0, u=S should be omtiii~cd. 

For N-2 there are two orthogonal solutions of eq,( ): 1 ) Sjmnleiric one with (I': 

where: 

and 2) Asymmelric one = 

(26) 

First of Ujis equatiiis is sniiie 

of local phoiions L211\, uhicli does not depend o n  the ( ' 60  medialed coupliog y. 

Consider Uie second o P  ey. (27) Cor 112. Operating boUi sides by the operalor € 1 ~  - FOS, 

and talirig account the cuinpleteriess vl  llie $el we atlive, alter simple 

tx atisfoniiations to 11ie rollowing associaled Legendr e cquations: (lieie z-p Y, ) 

the one for MSW-niodes atid thus hac the sane speciuni 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 373 

For each value of the y parameter there exiqt a spectrmn or the 5 2 ~  a id  corresponditigly 

of i22k, (k= 1,2,3, eq. (28). The 

1iumeric.itl. sofutions of (28) rue shown in'lable l., from which one can see that at y < Ts 

= 0.19,!20 > I aiiclcc)rcspoticliii~l~~ I{ - 6 i ' -CJ , ~ , , , ( x ) ~ ' i v ,  ~,, , (x)  7 2g1(1,,,,(.v)r20 

becomes imaginary. 'I'his iiieaiis that (he per(urba~icm 112 cxponeniially iticrease with 

tune at this ma l l  y values. meaning that dispIacemeii( field 61 increases, while 62 

decreases, pushing the elcctroiiic density from chaiit 1 to chain 2. 111 other woi-ds at 

y q s  ihe Sl' hecomes dynamically unstable. aiid h-an~lorins into AI'. even though (lie 

formal solution S1' still exist. 

For N = 3  the otlhogonal set of C D  coiiesponds to a s  of (23)  

)which gives Uie liiiite eveiywhete solutions of 

N v  

4 x  m-1 

with: E , , ~  = - t, /i - t 3y 
2[: s 

J n  this case the equation for the iionrlal modes around SJ' polaron can be derived in the 

f O l l l l [  1: 

(29) 1 2 ' 1 2  + ( - + 3 y )  ---=o 
3 9,s 

[ 1/4 2 (1/3+?Y) 

Solutions of which are given in Table 2. It can be seen that at y < ys(3) = 0.12, the 

SP(3) looses the stabilily. Naturally the value of ~ ~ ( 3 )  is smaller than ys(2) * 

11 is cleat now that there is a wide range ofC60 mediated coupling strength: ys< 
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k\ 7 
0 
1 

2 

3 

A.A. ZAKHIDOV ET AL. 

0.01 0.17 0.19 0.24 0.32 0.4 

33 .4  1.26 1.03 0.70 0.45 0.31 
0.89 0 . 2 2  0.19 0.14 0.09 0.06 

0.36 0.10 0.03 0.07 0.04 0.03 

0.20 0.06 0.05 0.04 0.03 0.02 
a 

G t Y )  Table 1. 

diffrent values of y . Below y = 0,19 the mode sZ,,(y) becomes negative 

The spectrum tzk = 1- __- for local modes of 2 chain-SP polaron 
0 

Table 2. ' the spectolum - 1 - " ~ k ( ~  Tot local phenoti modes around 3-chain 

SP-synunettie polaron at different y .  Below y s  = (412; IZ,,(y) < 0, meaning 
inst ability 

m2 ___. 

0.12 0.17 0.24 0.32 0.40 

-2.08 1 - 0 4  0.49 0.22 0.12 0.08 

0.94 0 .13  0.08 0.04 0.03 0.02 

0.34  0.06 0.04 0.03 0.02 0.01 

9-19  0.03 0.02 0.01 0.006 0.003 

~ 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
31

 1
8 

Fe
br

ua
ry

 2
01

3 



INTERACTION OF SELF-LOCALIZED EXCITATIONS 375 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
31

 1
8 

Fe
br

ua
ry

 2
01

3 



376 A.A. ZAKHIDOV ET AL. 

I 

I 
I 

-3 I - 
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INTERACTION OF SELF-LOCALIZED EXCITATIONS 371 

y yc in which the S1’ state is existing as a inelastable slate, wluch has larger 

energy than i\p, but can exist as a equilihiiurti excitation, i.e. can be cleated I))i 

light or what is impoi-tarit for the problem of triohility, can be an iriteririediate 

state in the interchain hoping process, wluch is shown schenutically at 1;ig $. 1’1 

traveling along chain 1 meets the segment of chain close lo C ~ O ,  in which at  -p 

p it can be ti-ansformed into SP, with whicli it is nearly resonant at y -2 ys, (as 

one can see fioni Fig 3 ) .  So 1’1 tr~liSfO~lUS to SP, and spreads over ctiains 

sunouridirig C ~ O .  Since this state i s  inetastable it can ti  arisfioiri (by turirieliiig 

through the harrier wluch separates them, or by the1 tual escitation over it ) into 

either AI-’ or 1’2, with lower energy on chain 2, ( if e.g. esternal electric field is 

applied tioiniallj. across the chains ). To become fiee AP need another- 

transfrmiation iiito P2 wtiicli again rieeds either electric field, oi tliennal 

excitation, Init the triicioscopics of this processcs i s  beyond our consideralion 

\\That is i inpoi  farit fi oni picsent analysisis. that ihc exislance of the uiteiinediate 

state shoiild sfrongly ctiliaticc all the lioppitig pi occsscs. 
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