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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 theoretical description of the
electron loss spectroscopy (ELS) data. In ELS experiments the inten-
gity of inelastically scattered high energy (~ 50 keV) beam electrons
is measured, which loose the energy ﬁw and the momentum + 47’
Quite general, the loss probability X~ is proportionel to the imagi-
nary part of the inverse of an effective dielectric function (DF).
¥y oc P“bw)'-"]‘m 4/54‘:(('_“)) , where P is the so-called loss
function.

In recent experiments on thin trans-PiA-films by Ritsko/1/ and
/2/ a very unusual behaviour of the I -plasmon peak posi-

tion of 1°(¢L¢A) was found: (i) a nearly linear dispersion law
1

Zscheile
down to low momentae {=Yqc= 1nm™ "ingtead of the usual nearly quad-
ratic one was detected; (ii) an additionael striking feature is the
kink at ¢, and a stronger decrease of the plesmon energy below
this momentum/2 (compare fig.1). The G -plasmons exhibit similar
peculiar behaviour/3 ~

The corresponding theoretical work was meinly focused on the
linear dispersion law. Ritsko/1/ has found nearly the same slope of
the measured dispersion law and of the lower interband transition
edge of e simple tight-binding two-band semiconductor. From an ane-
lysis of the Ehrenreich-Cohen formula Mintmire and White/e/ have ob-
tained a neerly linear dispersion law very close to the result o .
However both epproaches should unamb3%7ously give e quadratic beha-
viour at very low momenta. Besides in the chain density was used
as a fitting parameter that seems unphysical.

A universal linear dependence due to the congideration of ex-
change effects was obtained by March/7/, but the slope differs con-
siderably from the experimental one.

In general, a spatisl dispersion of §£ e‘((q‘bJ) is caused
by the inhomogeneities of the system under consideration. In the
present case the PA-films consist of randomly oriented PA-fibres,
and consequently, there are two scales of inhomogeneity: the usual
atomic one which is roughly characterized by the chain lattice
constant o , and a mesoscopic length like the fibre radius
R¢ (~ 50= 250 A ). The above-mentioned attempts to describe
the ELS data are based only on a microscopic level. However, in our
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opinion, the additional consideration of the mesoscopic structure is
very important for the explanation of these data, especially at low
momenta. Thereby the crucial point is the calculation of the @ -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 gpherical air inclusions (voids) embedded into a nearly
dense network of PA-fibres.

Let us now consider two limiting momentum regions. For 7’?{« 27
the beam electron polarizes the fibres not independent of each other
owing to the strong polarization stray fields of the dielectric in-
homogeneities, Since for our special topology there is no suitable
theory available at present, we calculate the effective DF in a crude
manner in two steps. At first the effective permittivity 6‘1( w ) of
the random fibre network is estimated as an angle average
anigotropic DF

over the
of the PA-monocrystal which has been obtained within
the RPA in a previous paper « This averaging is performed assuming
two limiting cases of the fibre orientation distribution: (i) a sphe-
rical one; i.e.,equal probability of all directions and (ii) a cylin-
drical one, i.e.sequal probability of all directions within the film
plane. Because in the ELS experiments thin films are used (the film-
thickness ¢l < 400 nm) the real distribution is expected to be ellip-
soidal close to the cylindric case, In the second step the effective
DF £¢ff°f the remaining binary mixture of the components £1=£%F»

and 87_= 1 is calculated within the well-known effective medium
approximation (oPa)/®/;

‘F(E 8 )/(ﬁ +2E “)4'(4 F)(” £e”)/(4“25e“c)— 0 5 “4)

where £ x 1/3/22%/ 4enotes the volume fraction of the PA-fibres. The
component £, is given by §&, = L E(qw)y with ( see /5/)

Re Elo )= £+ chrs:-g[ zﬂ(f/_{ffl}k) E(k)]

(2)
m Lo lm—=a e g =
= cos @ w v i (1-0t
Jm E(0,w) = 207 [@=y*)r-a )J fw yesgA,
- 0 otherwise
where A= (1-y%) h' , and B8 is the angle between é’ and the chain

direction. Il and E denote the complete elliptic 1ntegrals of the
third and second kind, respectively, and C=(2e7 )@y )= (fw )6 /et Y,
where Wy, means the plasma frequency of the corresponding quasgi-1D-
metal. Q. =38, Z?A is the volume of the PA unit cell and 4t, %10 eV



denotes the width of ihe whole T -band which is used as the scaling
energy of our problem o_u"-'ﬁw/"i'tg sy and Y= E,/lfto ~ 0.15
where E, & 1.4 eV denotes the Peierls gap. lFrom these parameters

we obtain C 2% 0.45 for trans~PA., The background isotropic permitti-
vity gi is taken 1o be approximately equal to the high frequency
dielectric constant &£ o, = 2 = 3. (The calculations have been perfor-
med with &4 = 2.5). The corresponding loss functions are shown in
fig.2 to the left, A comparison with the loss function of & PA-mono-
crystal for 6’ parallel to the chain direction (to the right) shows
a remarkable broadening and & down shift of the pesk position, The
calculated half-width ( % 1.6 eV) and the peak position ( 22 3.1 eV)
ere in fairly good agreement with the data of = (=~ 1.9 eV and

2.9 - 3 eV).

In the short-wavelength limit qu‘ >> 2T the film behaves as
e mixture of independent fibres because the polarization stray
fields are weak, and the inverse effective DF is given by a volume
and angle average of the inverse random DF (compare,e.g.{gl)

5;;(‘1,@ = f <é'<47‘,w>>9 + (1-{')&,’_1 ] (3)

Thus we obtain

- s -
PLg, @)= - Im Ee:-;(‘”“’ 2 fEImE (4w, )

This approximation plotted in fig.3 is in good agreement with the
measured loss function (insert of fig.3) with respect to the peak
position, the magnitude of the maximum as well as to the shape of the
spectra. The deviations at high frequencies W, FeV are due to
transitions neglected in our two-band model. The 7N -plasmon disper-
sion law obtained from eq. (4) is plotted in fig.1 for ?%‘]‘=ZTT/R4; 3

In agreement with Ritsko 1/ we have found nearly the same slope as
the lower interbend transition edge.

To get an estimate of the dispersion law for the intermediate
momentum region 9~ ¢, , we extrapolate the short-wavelength re-
sult up to 9="9¢ and interpolate linearly between q = 0 and 9=9c -
In this manner we obtained & kink in the dispersion law like the ex-
perimental one (see fig.1). This result suggests that the ELS data
are considerably influenced by the mesoscopic structure of the PA-
films. The strong quasilinear behaviour approaching gc from above
may be expleined presumably due the increasing failure of eq.(4) and
a crossover to an approximation like eq.(2) for 9 = 0., The derive-
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Fige. 3. Caleculated loss function above the kink in the T -
plasmon dispersion law for different wave vectors q
(in units of nnf1): full curves-assuming cylindrical
fibre orientation distribution, dashed one-for spherical
distribution. In the insert the data of Ritsko/1/ are
shown.

tion of an improved expression of the effective DF for the intermedi-
ate momentum region q5 gc¢ reguires a more detailed information
about the morphology of the PA films. To check our approximations, it
would be of great interest to vary the input parameters, the fibre
radius and the volume fraction of PA, e.g.,by changing the techniques
of preparation. Another consequence of our agveraging procedure is
that in agreement with the ELS data the threshold of the loas func-
tion P(qW) (i.e.,its low-energy onset at @ =Y ) does not depend
on q « Furthermore, the slope dP/dw near this point 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 mamner without excitonic effects. However,

we cannot exclude that excitons have to be taken into account in des-
cribing some details of the loss function.
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B 0GvegMHEeHHOM MHCTUTYTE AACSPHEX MCCNEAOBaHWA Hauan
BuxoauTh cbophux "Hpamxue coobwyenun OHAH"™, B Hew
OyayT nOMEMaTbLCA CTaThM, COAEPKANME OPUrMHANBHHE HayuHse,
HAYUHO-TEXHUYECKHE, METOAMMECKME W NPUKNAAHWE PesynsTaTH,
Tpebyoume cpounow nybnukauymm. Byayum vacten ''Coobuenmii
OMAK'", crtaTtem, sBoweguve B cOOPHMK, MMENT, KaK W apyrue
u3nanun OMAW, cratyc oduumanbHux nyGnuxaywi .

COopHux '""Kpatkwe coobuyenmun OMAH'' Gyper suxoauThb
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 Communications
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.

Accelerators.

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 Communications will be issued regularly.
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