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It has been obtained in /1,2/ within the continuum trans-poly-
acetylene, (CH )I , model that a charge of a kink excitation differs
from an integer value Q- 0,t8 by the amount 5& =t %@ , where €
i3 the electron charge and % characterizes a finite-band correc-
tion T Z=A/2£° , A;,.iﬁ the gap parameter and z‘l:a is the band
half-width). Thig result was interpreted in as a difficulty of
a continuum theory and was attributed with the local failure of the
completeness relation. It is of interest to study this problem using
the finite-band scheme/B/ that conserves the basic properties of a
discrete model and correctly includes the finite-~band correstions.
We perform all calculations up to an order of Oﬁ/l,) where [, is
a chain length, neglecting the terms of an order of 0[(“/&)’1_]
where @ 1is the lattice constant and fs is the width of excita-
tion. We assume also that the polymer is sufficiently long L»fs .

We start from the stationary equations for the one-particle
electronic states in the form

E A, (@) = - (% 1%“%) ~(€,‘-[Ak(x)>f’)k(m), (1a)
By B @) = i 3—50"? - (6 inN@) A&,

where another representation for thes eleotronic wave functions Ak(i)
and BL(:K), as compared to /3/, is used; Ak(.’t) and B (x) are slowly
varying functions of X , €|¢=Z{°5H’IL’H ,Ak(t)=Af’-)kaa, 74,5’1{-6051«1 ’
’”E’Jﬂoa' The wave vector k (-{I/ms k ¢ ﬂl'/m) is measured rela-
tive to{‘Wiﬂ) .

A pelf-consisten condition is obtained in the form

D) = - ﬁ%qél(Al(m)Bk(m)- B oA @)oska, @

where K and J are the parameters of a discrete trans- (CH)x
model , and tho sum is over the energy levels below the Fermi le-
vel; 5 labelg an eleotronic spin. The wave funotiono aro normalized

acoording to rdx (A B ol') =4
*Nh
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Consider now two types of solutions of (1,2) ¢

(a) In the case of uniform dimerization AX)=N,=COMt  the
solutions of (1,2) are plane waves of the form QXP(-U‘E) : Bk=
(/V,,L).f/" , Ak =B, (-Gp{'Ak)/Ek, where M,=2 and ‘EL:i’kth’; . The
local electronic density in the valence band is .P,‘=4/L .

(b) The kink solution involves an inhomogeneous dimerization
in the form A@)=1A‘,‘{anhlz,x . The corresponding electron spectrum
contains a localized state with energy E=0 lying precisely at the
middle of the gap. It follows from (1) that two possibilities arize:
1) E)(il‘-) =0 and (2) A(I‘)-'-O which correspond to the kink (K)
and antikink (K) states, respectively.

Let us cornsider the case (1). From (1b) one obtains that

A(x) = N‘,JZCh ko , where ko = Ao/.u'F =1/¢s and N, = ‘{("“Zt)dh(['/lfs) .

The valence band electronic states are y
. ) v 1/a
and /V9 =Z[E$‘(D;/Lkoﬁaj/ﬁq' « The electron energy séectrum in the

valencde (conduction) band is -similar to that of the dimerized state
Eq,= 3‘J€L+ﬁ$ . However, the continuum states suffer a phase shift
6(q\=~aﬂcfg'(ﬁe,/e1). The allowed values of k and 4 are connected
by *Ll.:%[."d‘(‘n.

The local electronic density in the pre?ence c')f a ki_;}k deil‘or—
mation ig found to be in the valence band f)k (:L)= 171t j&'h L,:x_q—

4 2t n%
+ kEﬁL‘ * 0(}:45' ’ —L_‘) whereas for the discrete level
o '(x) = _%mh‘k,x . The total change in the local density
[4
is obtained in the form

BP(x) = (VI ) o) + “)

where I= (A‘i/koLE;‘) s Vo ( =0,I,L) is an occupation number of a
discrete level at £=0; V=4 ; AM:V(Z"‘{:J) defines the change
in the number of states in the valence band. We can see from (4)
that O (1) consists of the inhomogeneous part and the homogeneous
"background”. It was proposed in /5 that the homogeneous background
would be compensated by the removal of exactly one state from the
valence band (AN= '1). The direct calculation shows, however, that
for the kink excitatimn I, = J,i -1 *0(2") . Thus, the full compen-
sation does not occur as .much as the finite-band correction is
present. As a result, we conclude that a single kink: cannot be crea-
ted in the trams- (CW)y chain. It is remarkable that for an enti-
kink state one obtains Ig =%* - 0(5\"1) so that in the sum
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we derive J +]; =4 . At AN =-2 ‘the background charge is fully com-
pensated. Thus, the soliton kinks in the undoped trans- (Cﬂ)i
chain mugt be created from the ground state only in thé form of
KK pairs. The kinks have charges QKK_ *ie and spins O;‘ini/}l .
In the sum one obtains @, + @ =0 and G+ 0x =0 . This result
aprees with a topological requirement as well as with Kramer's
theorem, Note that an analogous situation has arisen in analysing
the continuum states in the diatomic polymer mo‘de1/6/ (see,
/7/).
In the discrete model /4/ the local compensation sum rule for
both the dlmerlzed and soliton stateshas been defined in the form
fj) )dE ann(ﬁ.‘)dE *\CPO n)\ As immediately follows from this re-
lation, one kink with charge @ =U can be formed as opposed to the
statement of Kramers theorem. According to our analysis, the abeve

also

mentioned equality takes place, strictly speaking, only for the
( KK ) pair.

In the :eneral case the full compensation of the background
Charge may be obtained if we take into account the change in the
density of states due to the chain relaxation. In the ground
state of a dimerized trans- (C\‘\)x chain with an odd number of
atoms has been investigated. This chain ‘always contains one unpaired

I - electron at the end (CH) ?roup. It is assumed ‘that & chain has
a free boundary. It weS shown in that kink excitation occured in
the ground state configuration of such a chain. On this basgis the
interpretation of a remarkably high value of unpaired spins in the
tran's - (CH)::

Let us consider a continuum model of a chain with one unpaired

chain was given.

& -electron. Since the boundary is suggested to be free,we admit in
the general case that the length L’ of the dimerized chain can
differ from the length L  of the chain with a kink. In this case
the allowed values of k and Q, are connected by

kL =g¢L~ 6g) .

(5)
Using (5) we can rewirité (4) in the form
Aj’ = Apl) - W (al/1) |
) (6)
where BL = L’L . Thus, the compensation of the homogeneous
background takes place if AL= - za « It means that the creation

of a single kink in the odd-membered dimerized trans — (CH): chain

4

should be accompanied by the change in the chain length by the
value AL . One obtains that exactly one .state is removed from the
valence band in this case ( AN=-1 ). For the antikink we
derive AL =2a .
The total enersy of the dimerized chain containing one unpaired

“J —electron increas®.sby the value Ejr = .ZAO needed to create
an electron-hole pair by this electron. We determine now the eneryy
of the chain with the single kink as compared to the dimerized state

ES=ZE1—ZEL+ Eut |

where Eﬂok T ,u[j dx(ﬁ fanhk,x) IdIAoJ KJ( A *0(27

Taking into account (5) we can rewrlte the electronlc energy in the

28y 265 (10)- %L) ] e S

Performing the integration in (8), we obtain

]+ °AL[\;U 1
9)

where K(m) E.(W\) are the complete elllptlc integrals
of the first and second kind, respectively,6 M ’1( Z » It stands
to reason that for the KK pair the value of AL is
AL=aL, v alg=0Q ana LE* = (“Bofam*)[E(w) - (1-m )K(m)]
in accordance with the result of 3/
Using the value of AL for a single soliton, one obtains

- ) () ) o,
(10)

At 22«1 ( m ") we derive that ES = No . Since

Es < Em , one obtains that the kink always occurs in the gro-
und state configuration. The unpaired J -electron occupies the disc-
rete level with [ =0 and has a local charge Qx = ge and
spin 6k =4/‘2, . Note that Kramer’s theorem is also valid in this
case.

(7)

(8)

5

E =

sﬂé;

,—nif[a(m)— (#-nt)K

We conclude that the local compensation sum rule defined in/4/
is destroyed in the order of 0(2///)’ and should be rewrittem for a

5 .



single soliton in the form

‘Z dEkj’:m(Ek) =‘Z qu'J),fﬂ(gQ ¥ M‘o(ﬂ\i

or using (5)

0. s o . y L .L
f [fnn(E)”fhn(EﬂdE =- I\d)o(“ﬂ + (A AL) ’
~oa : (11)
where AL=* 20 for a kink (antikink), respectively.

Thushe investigation performed in the finite-band continuum
trang<(CH), model shows that in the chain where all U -electrons
are paired the KK pair is created as lower-lying cxcitation without
the contradiction with Kramer’s theorem. However, each kink carries
a local non-integral charge which is fully compensated in the pair.
In the chain with an unpaired J -electron the single kink occurs
in the ground state configurations in conformity with the result of
/8/. The nonintegral charge of this Kink is compensated due to the
change of the chain length.
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KHHKM c HeueJIOUHCIIEHHHIM 3apsamoM

B TpaHC-IronvManeTHuIIeHe

B XOHeuHO30OHHNY KOHTHHYAIIbHOM MOLeJjid TpaHC—-IojHalleThrRe-—
Ha yCTaHOBJIEHO HapylleHHe JIOKaJIbHOH KOMII€HCAuUuW npaBHiIa
cyMM. B pesynpTaTe HH3KOJIEXaHHMH BO3OYXOEeHHAMU IOjIUMepa
OOJDKHBI ObBITh KHHK—aHTHKHHKOBBIE TIEZpbl, I'le KaxXObl KHHK HMeeT
Hellesbi JNOKaNbHBIHA 3apsil. B OuMepHs3oBAHHOM IlelIoYKe ¢ OLHHM
HeCcrapeHHbM TI—3JIeKTPOHOM GOpPMHPYyeTCsi KMHK B OCHOBHOM CO—
CTOsSTHHH. B 3TOM ciiyyae IOKanbHBIM 3apsan KHHKAa KOMIEeHCHpyeT-—

{Cs HU3MeHeHHeM [OJIHHBI IeIIO4YKH.

PaGora BeIONHeHa B JlaBopaTOpPHH TeopeTHUYeCKOH (GH3IHUKH
OHUsIH.

INpenpiit O6benHHEHHOTO MHCTUTYTA ANEePHbIX UccnenoBanuii. [ly6una 1987
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{ Kinks with Non-Integral Charge

in Trans-Polyacetylene

The violation of a local compensation sum rule in the
finite-band continuum model of trans-polyacetylene is es—
tablished. As a result, the low—lying excitations of the
polymer should be kink-antikink pairs where each kink has
a non-integral local charge. In the dimerized chain with
one unpaired m-electron the single kink is formed in the
ground state configuration. In this case the local charge |
of a kink is compensated due to the change of a chain
length.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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