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Polyacetylene (PA) is one of the most studied quasi-1D-systems. 
Nevertheless , there are many unsolved problems even for undoped PA. 
Such an outstanding problem is the theor etical description of the 

electron loss s pectroscopy (ELS) da ta. In ELS experiments the i nten­

s i t y of inelas tically scattered high energy (N 50 keV) beam electrons 

is measured, which loose the energy 1i Wand the momentum oft C('. 
Quite general. , the loss probabilit y a is proportional to the imagi­

nary part of the inverse of an effective dielectric function (DF) . 

a oc p (q)w) =.J..... 1/!etf (~'W ) , where 1> is the so-called loss 
func t i on. 

I n r ecent experiments on thin trans- PA-films by Ritsko/ 1/ and 

Zscheile/2/ a very unusual behaviour of the 1r - plasmon peak posi ­
tion of l' ('I, w) wa s f ound : (i) a nearly linear dispersion l aw 

- 1down to l ow momenta q= q, '~ 1I1 WJ instead of the usua l nearly quad­

rat i c one was detected ; (ii ) an additional striking feature is the 
kink at q c and a stronger decrease of the plasmon energy below 
this momentuu/ 2/ ( compare fig. 1 ) . The G - plasmons exhibit similar 
peculiar behaviour/ )/. 

The corresponding theoretical work was mainly focused on the 
linear dispersion law. Ritsko/ 1/ has found nearly the same Rlope of 
the measured dispersion law and of the lower interband transition 

edge of a simple tight-binding two-band semiconductor. From an ana­

lysis of the Ehrenrei ch- Cohen formula Nii ntmire and Whi te/6/ ha ve ob­
tained a nearly linear dispersion law very c lose to t h e r esult of/l . 

However both approaches should unambi~ouslY give a quadra tic beha­
viour at ver y low momenta. Besides in l / the cha in density was used 
as a fitting parameter tha t seems unphysical. 

A uni versal linear dependence due to the conoiderat i on of ex­
change ef f e c ts was obtained by Marcr/7/ . but t he slope differs con­
siderably from the experiment a l one. 

I n general, a spatial dispers ion of f ~r( ( I:{, W) is caused 
by the inhomogeneities of the s y stem under considerat ion. I n the 
present case the PA-films consist of randomly oriented PA- fibres, 

and consequently, there are t wo Bcales of i nhomogeneity : the usual 

a tomic one Which is roughly characterized by the chain lat t ice 

cOIlB t ant a , and a mesoscopic length like the f ibre radius 
'R f (oj 50 !. 250 A ). The above~entioned a ttempts t o describe 
the ELS da ta are based only on a microscopic l evel. However, in our 
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opinion, the additional consideration of the mesoscopic structure is 

very important for the explanation of these data, espe cially a t low 

momenta. Thereby the crucial point is the calculation of the q -de­

pendent effective DF for the present real fibre structure. A view of 
the microphotographs of typical PA-films (see, e.g.(4/) suggests a 
topology of spherical air inclusions (voids) embedded i nto a nearly 

dense network of PA-fibres. 

Let us now consider tvw limi ting momentum regions. For 9T?;~ 21'1 
the beam electron polarizes the fibres not independent of ea ch other 
owing to the strong polarization stray fields of the dielectric in­

homogeneities. Since for our special topology there is no suitable 
theory avail.able at present, we calculate the effective DF in a crude 

manner in two steps. At first the effective permittivity ~ ( UJ ) of 
I'l 	 , 

the random fibre network is estimated as an angle average over the 

anisotropic DF of the PA-monocrystal which has been obtained within 
t he RPA in a previous paper/ 5/. This averaging is performed assuming 

two limit i ng cases of th~ fibre orientation d~stribution: (i) a sphe ­

r ical one, i . e.,equal probability of all directions and (ii ) a cylin­
drical one, i. e •• equal probability of all directions wi thin the film 
plane. Becau,se in the EJ,S eJqleriments thin films are used (the film­

thickness d. ~ 400 run) the real distribution is expected to be ellip­

soidal close t o the cylindric case. In the second step the effect i ve 

DF E~tf of the remaining binary mixture of the components E, =Ets.(f.)) 
and £ = 1 is calculated within the well-known effective medium 
approXim~ion (CPA/8 /: 

f(£1-£erf)/(e 1"'2E"'H) + (1-f)(1-£ei( )/(1+-2 f~/f) = 0) (1) 

where f ~ 1/3/2 ,6/ denotes the volume fraction of the PA-fibres. The 
component £1 is given by £1=<'£.(0,1<))>" with (.see/ S /) 

"R e E.(o,w) = £00+ CC~:6[yz.n(~~(1;W2?,-k) -E(lo: ~) 
(2 )I "frey!. l.e - - 3r,(-l L) _1.1 1"1/1­

Jill c(O,") = L2: <os w ~"' - y (1-"'}J f .. """) 


o otherwise 
where .h=(i_yL)VL , and G is the angle between q and the chain 

direction. fl and E denote the complete elliptic integrals of the 
' L 1 1/ ' ( 1/:Lthird and second kind, respectively, and C=(Ze1t ..Il)IIl/~.): til.)~t.... (~t.). 

where u;lf'~ means the plasma frequency of the cor r esponding quasi-1D­
metal • .il..a=38.21A3 

is the volume of the PA unit cell and 4t,,%10 eV 
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denotes the width of t he whole .Tt' -band which is used as the scaling 

energy of our problem w =T1. w/'+t.c., , and y= E, /4to ~ D.1~ 
where ES ~ 1.4 e V denotes the Peie:rls gap. From these parameters 
we obtain C ~ 0. 45 for trans- FA.. The background isot ropic permi tt i ­
vi t ,Y E.J. i s taken to be approximat ely e qual to the high frequency 
dielec t ri c constant g oo = 2 .;. ). (The calculations have been perfor­
med with e, cp = 2 . 5). 'fhe corresponding loss func tions are shown in 
fig. 2 to the left . A comparison with the loss f unc t ion of a PA-lllono­
crystal fo r q parallel to the chain directl.on (to the right) shows 
a remarkable broadening and a down shift of the peak position. The 
ca l culated half-wl.dth ( ~ 1.6 e V) and the peak position ( ~ ).1 e V) 
are i n fairly good agreement with the dat a of/2/ (~ 1.9 eY and 
2.9 - ) eY). 

I n t he shor l -wavelength limit qR; » 21T the f i lm beha ves as 
a mixture of independent f ibres because t he polarization stray 
f ields are weak, and the i nvers e effect i ve DF is given by a volume 
and angle average of the inverse ra.ndom DF (compw:'e, e. g . ~9/ 

_1 - ~ 1<
£etf(~)W) =f t <f: W»e ... ( 'I -f)t; (3) 

Thus we obta in 

l' (q) t.;): - J V\1 { 1 (~J w) ~ r(-Jm £ - (~jJ W) >8 , t:H (4) 

This approximation plotted in fi g. ) is in good agreement with the 

measured loss functio n ( i p~ er t of fig.) wi t h resp ect to the peak 

position,the magni tude of the maximum as well as to t he shape of the 
spectra. The devi at ions a t high frequenci es ~w~ reV are due to 
transitions negl e cted in our two- band model . The 1r - plasmon disper­
sion law obtaine d from e q. (4) i s plot t ed in fig.l for 9~ l{, =l'rr IR 
In agreement wi th Ri t sko/ 1/ we ha ve found nearly the same s lope a s 

f 

the l ower interband transition edge . 

To get an estimate of the dispersion l aw f or t he intermediate 
moment um region q"'l{c ,we extrapolat e the shor t-wavelength re­

ult up t o '1 =' 1e and interpola te l i nearl y between q = 0 and 9= Q,. 
I n t his manner we obtained a kink in the di spers ion l aw like the ex­
perimental one (se e fig . l ). This r esult suggests that the ELS dat a 
are consider a bl y influenced by the me Boscopic structure of the PA­

fi1mB. The s trong quasilinear behaviour appr oa ching qc from above 
may be exp l ained presumably due the increasing f a ilure of eq . (4) and 
a crossover to an approximation l i ke eq . (2) for ~ = O. The deriva­
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Fig. ). Calculated loss function above the kink in the 11' ­

plasmon disper sion l aw for different wav" vectors q 
(in uni t s of tlln- 1) : full curves-assuming cylindrical 
fibre orientation dis tribution, dashed one-f or s pherical 
distri bution. In the inBert the data of Ritsko/ 1/ are 
shown. 

tion of an improved expr ess i on of t he effective DP f or the i ntermedi­

ate moment um region q ~ qc; requires a more det ai led information 
abou t the morphol ogy of the PA films. To check our appr oxima tions, it 
would be of great interes t t o vary the i npu t parameters , the f i bre 
radius and t he volume f r actidt, of PA, e. g ., by changing the t echniqu es 
of prepara tion. Ano t her cons e qu ence of our av eraging procedure is 
t ha t in agre ement with the ELS da t a the thr eshold of the loss f unc­
tion 1>('t)W) (1. e., it s low-energy ons et at W = Y ) does not depend 
on q . Furthermore , the s lope J P/d.w near thi s p Oint decreases 
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with increasing q • Thus, in contrast to the statements of/ 1,2/ 

the mentioned peculiarities of the ELS data can be explained , at 
least , in a qualitative manner without excitonic effects. However, 

we cannot exclude that exci tons ha ve t o be taken into accolmt in des­
cribing some details of t he loss function. 

A c k now 1 e d g G men t s: 

We t hank S.A.Brazovskij (Moscow) Wid Prof . G. Lehmann (Dresden) 
for stimulating and useful discussions. Further thanks are to 

H. Zscheile and U. Dahms (Berlin) informing us about their ELS data 
and fruitful discussions. 

Ref ere n c e s 

1. 	 J.J.Ritsko, Phys. Rev. ~~, 2 192 (1982) ; 

J.J.Ritsko, .E. J.lilele , A.J.Heeger . A.G. MacDiamid and M. Ozaki , 
Phys.Rev.Lett. 44 . 1351 (1980). 

2. 	H. Zscheile, R.Grttndler, U. Dahms , J.Fr6hner and G.LehmWlll, phys. 

stat.sol. (b) ill, K 161 (1984) . 

3. 	 U.Dahms, private communication, to be published in phys . stat.sol. 

4. 	S.K.Tripathy, M.Rubner, T. Dnma, J.Georger and P.Cukor, J. de Phys. 
ColI. C) 44 37 (1983) and further references in this volume. 

5. 	S.L.Drechsler and M.Bobeth, subwitted to phys.stat.sol.(b); JINR, 

E17-85-236, Dubna . (1985). 

6. 	 J . W. Mintmire and C.T. White, Phys . Rev. B27, 1447 (1983) . 

7. 	N.H. March, Physics Lett. 108A 7 (1985). 

8. 	I.Webman, J.Jortner and M.H.Cohen, Phys.Rev. ~l2., 5712 (1977). 

9. 	 G.Diener and F.¥Aseberg, Int.Journ. Solids Structures f, 173{1976~ 

Received by Publishing Department 
on June 20, 1985. 

6 

B 06~eAHHeHHOM MHCTHTYTe RAepHYX HccneAoBa HHH Ha4al'l 
BYXOAMTb c60pHHK "KpamKUe coo6U1eHUR OHllH". B HeM 
6YAYT nO~aTbCft CTaTbM, cOAep.~Me opMrMHanbHwe HaY~Hwe, 
HaY~Ho-TexHM~eCKMe. MeTOAM~eCKMe H npMKnaAHWe pe3ynbTaTw, 
Tpe6y~e cpo~~ ny6nHKa~MM. 6YAY~H ~acTbD "C~eHMH 
0111111", CTaTbM, BOIIIeAWMe B c60pHHK, HMeDT, KaK M APyrMe 
H3AaHMR 0111111, CTaTYC ocpHII.Man bHWX ny61'1HKall.~. 

C60pHMK "KpaTKMe co~eHMA OK"H" 6YAeT BWXOAMTb 
perynApHO. 

The Joint Institute for Nuclear Research begins publi­
shing a collection of papers entitled JINR Rapid Communi­
cations which is a section of the JINR Conmunications 
and is intended for the accelerated publication of impor­
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Acce1 era tors. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 
Being a part of the JINR Communications, the articles 

of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Cormrunicaticms will be issued regularly. 
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~peKcnep rn.-n., Bo6eT M. El7-85-475 
0 "-nnasMoHax B nonHaqeTHneHe 

ITpH yqeTe MesocKon~ecKH HeOAHOPOAHOH CTPYKTYPhl TpaHc­
nonHaqeTHneHHhlX nneHOK AaHO Ka~eCTBeHHOe OUHCaHHe cneKTPOB 
noTepb 6hlCTphlX sneKTpOHOB npH HHSKHX SHeprHHX ,$. 7 sB .ITpH 
STOM HCUOnb3YJOTCH .pesynbTaTbl BbJtl:HCneHHH AnH llPOAOnbHOH AH­
sneKTp~eCKOH ~YHKQHH B paMKax Cy-illpH~epa-XHrepa. B ~acT­
HOCTH, YAanOCb 06bHCHHTb HSMepeHHYJO KBaSHnHHeHHOCTn AHCnep­
CHOHHOrO COOTHOmeHHH H HSnOM npH Manb~ HMllYnbCaX. 

Pa6oTa BhlnOnHeHa B na6opaTOpHH TeopeT~eCKOH ~HSHKH ORHM 

RpenpHHT 0(5'b~HeHHOro HHcCTHTYT& RAePHWX HCCneAOB&HHA. JlyC5Ba 1985 

Drechsler S.-L., Bobeth M. El7-85-475 
On TT-Plasmons in Polyacetylene 

Taking into account the mesoscopic heterogeneous struc­
ture of transpolyacetylene films the electron-loss spectro­
scopy data at low energies ~ . 7 eV are qualitatively descri­
bed by using the RPA-result for the longitudinal dielectric 
function calculated within the Su-Schrieffer-Heeger model. 
In particular, the observed unusual quasilinearity of the 
dispersion law and the kink at low momenta may be explained. 

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