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Many physica1 properties oe trans-po1yacety1ene (PA) can 
qualitatively be exp1ained with considerab1e succes~ by the 
we11-known Su-Schrieffer-Heeger (SSH)-rnode1 / 11 and its conti ­
nuum versions / 2•31 • In order to get an improved quantitative 
description of real PA there are two main 1ines of genera1iza­
tion. At first, by ca1culating various quantities one tries to 
take into account a more rea1istic e1ectron band structure 
beyond the s í.mp Le tight-binding (TB)-picture 14-61 • A more 
rea1istic phonon spectrum in connection with the modified e1ec­

91 tron-phonon-interacting is a1so of interest / 7 - • Second1y, 
there are many attempts to inc1ude some essentia1 features of 
the e1ectron-eJ.ectron-interact ion (see, e. g! 10 - 161 ). 

The new e1ectron 10ss data of Fink and Leising / 171 for high­
1y oriented nonfibrous PA 1181 yie1d an important physica1 in­
formation on a new leveI in comparison with the resu1ts repor­
ted from more or 1ess oriented Shirakawa fi1ms which consist 
of PA-fibres and air inc1usions. Thus, a 10t of new theoretica1 
concepts can be checked now with high accuracy. In 1171 some de­
viations from our simp1e RPA-TB-theory for the die1ectric func­
tion (q.w)/191 are estab1ished. In this 1etter we want to con­
sider on1y one from them, name1y, the unexpected dispersion of 
the Lowe r rr-rr"'-interband transition edge (IBTE) at high trans­
ferred momenta q ~ 1.2 Â-l ? Beyond a criticaI branching point 
q ~O-) = arccos « 1 _ y)/(l + y)) (y _ E /4 t ... 0.14 + 0.15 denotes 
the Peier1s gap in units of the who~e :-rr* -band width) pre­
dicted by our RPA-TB-theory a stronger sp1itting of the 10wer 
IBTE is seen in the imaginary part of the die1ectric function 
obtained fron the 10as data (s.f~gs. 1,2). Due to the near1y 
ID-band structure the 10wer IBTE gives evidence to strong peaks 
in [m( (q,w) (square-root-singu1arities in our RPA-theory). The 
question being raised in 1171 is what kind of the above menti ­
oned effects that are neg1ected in the SSH-mode1 are responsi­
b1e for the deviations from the simp1e RPA-TB-picture. It is 
the aim of the present paper to show, that the discrepancy dis­
appear~ if additiona1 hopping processes to next-nearest neigh­
hours are taken into account in a SSH-1ike mode1. 

Therefore, we start with the Hami1tonian in the site repre­
sentation 
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. ~ Fig. 1. Absorption region due to interband transitions
 
in the energy-momentum plarlE. The interband transition
 
edges and singularities of·the joint density of states
 
{full lines} for next-nearest neighbour hopping integral
 
t 2 ::: ± O.l*t o • The TB-resuZ-t (i :«, t 2 =·O} (dotted Z-i­

nee ) and the experimental points of /17/ {circels} are
 
shown for comparison. TPansitions near the line startiJ~
 
at w z: 1 and q z: O and ending at y i: O. 15 and qa = 1T
 

are strongly suppressed by the matri~·eZ-ement W(q.k)

in eq, (14) ', 

where both the first terms describe, .the kinetic ener­
gy of therr -electrons and the third term, the change in the
elastic energy (a·-binding energy) due to the dimerization pat­
tern un = (-l)n u . The hopping integraIs can be expanded to first 
order about the undimerized state: 

tn+f,n = te - af(un+f- u n); f = 1•••• 
(2) 

From the symmetry conserved by the dimerization we have ar = o 
for f = 2m, m = 1, .... Usually, the quantity t 1 in eq. (2) is 
depoted by to • The Hamiltonian (I) can easily be rewritten in 
the k -representation by a Fourier t r ans f orm 

c+ c v+ v , c+ c v+ v
H=l (k(c k c k -c k c k) -(k(ckc + ck ck)+

k k 

( 3)c+ v v+ c 
+ ~k (c k C k + c k c k ) • 

where 

(k = I 2 t 2m + 1 cos (2m + 1) k a , (4)m:aO 

(~x I 2t 2m cos 2mka. 
m=1 (5) 

L\ k = m: o 4a 2m + 1 U sín (2m + 1) k a. 
(6) 

~ Fig. 2. The eame as in figo 1 fo"!' t2 = ± O.OS'" to and 
y = 0.14. !lhe experimental- data of Fink and Leising /17/ 
are indicated by squ.ares. 
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The Hami1tonian (3) is diagona1ized in the standard way resu1t­
ing in 

c 17/2 dkaW(q, k ) 2e 2a2 
c c v v (7) JmE" (q,úl) = -- Jm f _------_-----=-..;:=-~ c =-- .. 0,35-0.45., (14)H = 2 E k n k - Ek .nk •	 

E C(k+q)_E v(k)_2w_io(qa)2	 tonok -17/2 

The n~'v are fermion number operators. The new band energies where 00 is the volume of the PA-unit ce11 (in the simp1ified 
are defined as picture of equiva1ent chains). The first mentioned number cor-

c ,- v , ­ responds to the data of /17/ 4t = 12.8 eV and the second oneE k=-~k + E k ; E k=-~k-Ek' (8)	 o 
to the often used va1ue 4t o = 10 eV. Besides, in eg.(15) d í.merr­
sion1ess notation has been introduced rn = 1iw/4t o ;E c,v= E c.v /2t •E = (~2 :2 ) 1

12 11	 o 
k k + °k	 The 10wer IBTE (and other singu1arities of E" (q,w)) is determi­(9) 

ned by the minimum (extremum) (with respect to k) of the expres­
Genera11y, the indices c,v mean condition or va1ence band, res­ sion 
pective1y. The formu1ae for the new wave functions exhibit the - 1 2t 2 2 2 
usual SSH-structure ú) = "2(Sn (k + q) + Sn (k ) + --(sin (k + q)a - sin ka)) , (15)

to
 
'Pc c.. (~) v
 2. 2 Y2 • 

k == a k X k - 1slgn o k {3k X k ' ( lO)	 where SI! (x) == (1 - ( 1 - y ) sm x) • The r e sul.t i ng transcendental 
equation exhibi ts for q "~ q ~2-) or q ~ q ~2+) two real solutions 
and otherwise four (s. figo 3). The corresponding interband 

\TI V v.. (7 ) f-1. c 
T = a X-I srgn o k f-' k X k "	 ( 11 ) k k k 

1.8' KaOn1y the diagona1ization coefficients are slight'ly changed	 _.... ..- .A 

1.6~f21 - 121

a =	 (12) 1.'["2 (1 + ~k/Ek)]k t2 
1t - Y2{3' = [- (l - ~ / E )]k 2 k k •	 (13} 08 
0.6 

Thereby the X k 
C

' vare expressed by the Wannier functions QI. 

(s.(3.I3) in /1/). The terms with hopping integra1s for even .02 
number neighbours break the e1ectron-ho1e symmetry. This is 

-0.2 ~~~_CH~' '~-..i.li'~~+~~~~-41'\;;: --. I_C''''.5' '.2".... ~ qaI ':a qua1itative1y new effect beyond the TB-picture (e.g., as has 
O t'=

been mentioned by Kive1son and Wu/ 5/ the creation energy of -0.1. 
1opposite charged solitons is sp1itted due to such terms). The 

·0.6 
terms with hopping integra1s for odd number neighbours deter­

-0.8mine the gap energy. The main effect is a1ready inc1uded in the 
TB-picture. Therefore, we may restrict ourse1ves to the con­ -1 

sideration of the inf1uence of the next-nearest neighbour-hop­ -t 
-1.1.ping terms on1y because the sma11 contributions of the higher 
_16~ítl2terms yie1d no qua1itative1y new resu1ts. Besides, the order 

of the neg1ected anharmon í c terms in the O'"-binding ener gy is ~:I 
expected to be comparab1e. For t 2 < O and t rn = O for m 2. 3 the 

II I Fig.3. The solutions of the transcendental eqautionresults of springborg (eq.(19) in /6/ )are invo1ved in eq.(8). a-;' (q.k)/ak=O uri: th ;;; from eq, (15) versus momentum for t 2 z: -0.05 * toAs an app1ication of the above given theory we consider now and Y =- 0.14. The branching points q(;±) ~hich ocr.ur in fig·2the imaginary part of the die1ectric function (compare 
are shoion too. eq. (3.11) of /19/ ) neg1ecting again local fie1d effects (their 

inf1uence wi11 be discussed in a subsequent paper): 
4 5 
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transition region in the w -q piane is shown in figs.1 and 2 
using different ratios t 2/to .. The branching points q ~2-) and 
q~2+) are shifted now to the interior region. The interband 
transition region is slightly broadened in comparison with the 
TB-case. The largest deviation occurs at qa =17/2. Thus, the 10­ .. ~ , 
wer TB-line is "splitted" at this point by';:; = O,.5(l+Y±2t 2/t o)'
Note that the modified "butterfly-like" absorption region is 
'independent of the s i gn of t 2 . For It21/t~ .. 0.'05 almost a I I 
available at present experimental points lie on the calculated 
curves. This optimal value is nearly one halfof the ratio cal­
culated by Springborg within a LMTO-procedure / 61 . By comparing 
eq.(8) with the 3D-pseudopotential band structure of Grant and ,:1 
Batra 1201 , i t is unclear to what extent the next-neares t 
neighbour hopping alone or hybridizations with other bands 
and/or finite interchain coupling (that results also in an 
electron-hole symmetric breaking) are responsible for the ob­
served enhanced splitting. Also the discrepancy of our estimate ,of t 2 with the result of Springborg may be çonnected with the ,
 

same effects. Furthermore, the magnitude of t 2 depends crucial­ , I
 
ly on the long range tails of the Wannier functions where oscil ­

, '
 

lations are expected. Therefore, under pressure the splitting
 
energy may be changed considerably. Finally keeping in mind,
 
that the above-mentioned splitting of the creation energy for
 
opposite charged solitons (~O. 1 eV) depends on the Coulomb
 
interaction too / 51 ; the obtained ratio t 2/t o should be of in­

terest for the estimate of the former quantity. The photopro­

duction of neutra1 versus charged solitons depends aIs o cri ti ­

cally on the value of I t21/to 121/.
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~peKcnep ID.ll., XaliHeP E., 0CHITOB B.A. El7-86-390 
OrrHcaHHe TpaHc-rronHa~eTHneHa B pacmHpeHHOH Mo~enH 
CHnbHOH CBH3H H yKa3aHHe Ha HanHqHe rrepeKphlTHH BTOpb~ 
coce~eli Ha ocHoBe gHcrrepCHH KpaH Me~30HHoro rrorno~eHHH 

Hccne~oBaHo ~orronHHTenhHoe BnHHHHe HHTerpanoB rrepeKphl­
THH He6rr~alimHx coce~eli B Mo~enH THrra rnrnx. He~aBHO o6Hap~eH­

Hoe rrOBbnneHHoe pac~errneHHe ITHI<oB rrorno~eHHH, o6ycnosneHHoe 
Me~30HHbiMH rr- rr* rrepexo~aMH I rronyqeHHOe H3 HOBb~ ~aHHhlX no Hey­
rrpyrOMY paCCeHHHID 3lleKTPOHOB ~HHKOM H llaH3HHrOM/l7/ /, MO~eT 
6biTb 06bHCHeHO Ha OCHOBe pagyMHOH BMHqHHbi HHTerpana nepeKpbi­
BaHHH Me~y BTOphlMH coce~HMH I t 2 I • 0, 05 t0 • 

Pa6oTa BhlTIOllHeHa B J1a6opaTOPiiH TeopeTHqeCKOH liJH3HKH 
mum. 

llpenpHHt 06benHHeHHoro HHCTHTyta Jl,llepHbiX HCCne,L\OB8HHii. lly6Ha 1986 

Drechsler S.L., Heiner E., Osipov V.A. EI7-86-390 
Trans-Polyacetylene within the Extended Tight-Binding 
Picture and Evidence for Next-Nearest Neighbour 
Hopping from the Dispersion of Interband Transition 
Edges 

The influence of additional non-nearest neighbour hopping 
processes is investigated in a SSH-like model. The enhanced 
splitting of absorption peaks due to rr-rr* interband transi­
tions (deduced from new electron loss data of Fink and Leis­
ing1171)can be explained by a reasonable value of the next-
nearest neighbour hopping integral lt 21 ,. 0.05 t 0 • 

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