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A, Statement of the problem studied

Polyacetylene has been the center of considerable
attention, because of the novel fundamental physics which
governs its properties and because of its potential useful-
ness in techology as an electronic and electrochemical
material. As an electrochemical active material, (CH)x
electrodes have been used to fabricate high energy density,
high power density electrochemical cells. As an electronic
material, the energy gap and large bandwidth of polyacetylene
are comparable to those of other potentially useful large
scale thin film semiconductors such as amorphous silicon.
Moreover, a variety of simple junction devices made with
(CH)x have been reported. Post-synthesis doping at
room temperature has been demonstrated using both chemical
and electrochemical techniques. This ability to doge
polyacethylene with relative ease after synthesis primarily
arises from the morphology of the polymer, which consists
of microcrystalline fibrils with a high surface area.

Although considerable progress has been made in under-
standing the basic physical properties of this interesting
material,’the absence of experimental results from single
crystal samples has generatea controversy in the interpreta-
tion of the results. As an alternative approach to improv-
ing the crystallinity and sample perfection of polyacetylene
we have monitored its physical properties as a function of
irradiation by high energy C+6 heavy ions.

Through the initial idea of monitoring the chain length

by Raman scattering after particle irradiation, the program
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evolved into detailed studies of the nature of the photo-
excitations in polyacetylene; including luminescence,

photoconductivity and Raman scattering.

B. Summary of most important results

I. Irradiation Studies of Polyacetylene

A study of (CH)x and (CD)x irradiated with high
energy C6+ ions showed the polymer to be remarkably resistant
to radiation damage. Despite the large doses, up to
1014C6+/cm2, no significant structural effects were observed.
On the other hand, a large increase (3~4 orders of magnitude)
were seen in the resistivity upon irradiation for trans,
with (CH)x showing roughly one order of magnitude bigher
increase over (CD)*. The lack of concurrent structural
effects and the high conductivities observed in the films
ddped after irradiation imply the increase in resisti&ity is
due to the compensation of impurities as a function of
increasing dose. A very unusual isotope effect was seen,
where the resistivity of (CD)x decreased (by ~ 1 order of
magnitude) for doses above 1013C6f/cm2. This decrease is
quite remarkable, not only unlike (CH)x’ but unlike any other
organic conductor. Although this behavior is not yet under-
stood in a microscopic model,’it may be due to the different

diffusing rates of hydrogen and deuterium in polyacetylene.

II. Photoexcitation in Polyacetylene

The results of experimental studies of photolumin-
escence and photoconductivity in cis- and trans-(CH)x were
presented. For cis-(CH)x, we found recombination luminescence

in the scattered light spectrum at 1.9 eV, near the interband
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absorption. edge.. The luminescence turns on sharply for

1: excitation energies greater than 2.05 eV, implying a Stokes

- shift of 0.15 ev. Studies of the temperature dependence

(T > 7K) show no loss of luminescence intensity even at

?‘ temperatures as high as 300K. Isomerization of the same

’ sample quenches the luminescence; we find no indication of
luminescence near the interband absorption edge of trans-(CH)

even at temperature as lcw as 7K. These results are dis-

cussed in the context of parallel phototransport studies.

The quenching of the luminescence upon cis-trans isomerization
is concurrent with the appearance of a large photoconducting
response. The photoconductivity in trans-(CH) has a thres-
hold at 1.0 eV, well below the interband absorption edge at
1.5 eV, implying the presence of states deep inside the gap.
The observation of luminescence in gigf(CH)x, but not in
trans-(CH) ; and the observation of photoconductivity in
trans-(CH)_, but not in cis-(CH) provide confirmation of the
proposal that solitons are the photogenerated carriers. In
Eggggf(CH)x, the degenerate ground state leads to free soliton
excitations, absence of band edge luminescence, and photo-
conductivity. In cis-(CH), the non-degenerated ground state
leads to confinement of the photogenerated carriers, absence
of photoconductivity and to the observed photoluminescence.

III. Absolute Raman Scattering Cross-Sections of trans—(CH)x

Measurements of the absolute Raman cross-sections
for trans-(CH)x are reported. The results have been analyzed

to study the contribution of hot luminescence to the inelasticity
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scattered light spectrum. The magnitude and frequency
dependence of the absolute scattering cross sections are con-
sistent with hot luminescence being the dominat process. To
determine the contribution of static resonance effects (iig.
short chains) to the Raman lineshape, we presented sliced
excitation profiles. We found no evidence for the resonance
behavior of short chains.

Iv. Laser Micro-Raman Scattering of Polyacetylene.

The first laser micro-Raman spectra of polyace-
tylene have been observed. Using an ISA Raman microprobe,
the sample is positioned on the stage of a research grade
optical microscope and the exciting radiation is focused to
a 1 to 10 micron spot on the sample. The Raman backscattered
radiation is then collected by the microscope and imaged
into the entrance slits of a standard double monochromator
with photon counting detection. Micro-Raman spectra from free
standing polyacetylene films revealed similar lineshape profiles
as the laser beam was scanned acfoss the surface of the film.
However, changes in the lineshape profile between the front and
back surfaces of the films have been observed. The specialized
features of the micro-Raman technique (allowing examination of
very small areas) has been used to characterize and unambig-

uously identify expitaxial films of oriented (CH)x.
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