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ROLE OF LONG CONJUGATED SEGMENTS IN THE ELECTRICAL PROPERTY
OF TRANS-POLYACETYLENE
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Raman spectra and electric conductivity of trans-polyacetylene
and doped polyacetylene have been studied. A linear relationship
holds between contents of long conjugated segments in pristine films
and values of conductivity at their maximally iodine-doped states.
At the early and intermediate doping stages an apparent correlation
exists between contents of doped long segments and conductivity.
Enrichment of long conjugated segments is essential to the improve-
ment of the electrical property of trans-polyacetylene.

It may be taken as a matter of course that close packing of long conjugated
segments in pristine trans-polyacetylene is important for realization of high elec-
tric conductivity at the doped state. Since a break in conjugation of any kind
(twisting of the polymer chain, saturation of a double bond by cross linking or
branching etc.) in a pristine polymer necessarily disturbs the traveling of elec-
trons within that polymer when doped, fewer breaks of conjugation are considered to
be desirable. For an efficient intermolecular electron transfer, close contact of
at least parts (conductive parts) of neighboring polymers throughout the film seems
to be indispensable. However, relationships between composition (especially the
content of long conjugated segments) and electrical property have not been fully
investigated yet.1'3) In the present paper we have studied the Raman spectra of
trans-polyacetylene isomerized under various temperature-time conditions and their
conductivities at maximally iodine-doped state (Opzx). Resonance Raman spectra of
these films with 457.9 nm excitation exhibit the vq and v3 bands each of which is
composed of two peaks due to segments of long and short conjugations at lower and
higher frequencies, respectively (Fig. 1).4‘10) Hence, by taking ratio (to be
called R4 and Ry for vq and V3, respectively) of the intensity of lower frequency
peak (Ij, for vy in Fig. 1) vs. the sum of the intensities of two peaks (IL + Ig) a
value closely related to the proportion of long conjugated segments is obtained and
it becomes possible to compare the composition of a polymer film with its oOp,y- At
the early stage of doping, uneven decreases in intensities of the Raman bands are
noticed (Fig. 2). This is because the doping does not take place uniformly and
only the undoped segments contribute to the resonance Raman bands at the frequen-
cies. It is expected that the doped segments give Raman bands at different frequen-

cies (owing to a drastic structural change on doping) with significantly decreased
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Fig. 1. Raman spectra of two extreme Fig. 2. Raman spectra of pristine and
trans-(CH)y films obtained by differ- iodine-doped trans-(CH), (457.9 nm excita-
ent isomerization conditions from the tion, 80 K).
same cis-(CH), film (457.9 nm excita- a, as-isomerized film (190 °C, 15 min) and
tion, 80 K). b, after iodine doping [0 = 0.5 Scm‘1,
a, shiny side and b, dull side of a (CHIg gq1)y] of the film. ¢, as-isomer-

film (isomerization condition; 190 °C, ized film (230 °C, 180 min) and 4, after

15 min). ¢, shiny side and d, dull iodine doping [0 = 1 Scm‘1, (CHIO.Oéz)x]'

side of another film (230 °C, 180 min). The spectra are normalized to the
intensity of the 987 cm~! band of BaSOy4.

intensities due to the absence of strong absorption in the wavelength region of the
exciting laser light (off resonant condition). Accordingly, decreases in intensi-
ties (normalized to that of a standard band) of the Raman bands due to doping gives
information on correlations between the contents of doped long and short segments
and conductivity. The results are also reported.

Cis-rich polyacetylene films [92% cis, called cis-(CH)y hereafter] were syn-
thesized following the procedure described earlier at -78 °C using Ti(OC4H9)4—
Al(CyHg) g as catalyst.11) Trans-(CH)y films were obtained by thermal isomerization
from cis-(CH)y under vacuum or in nitrogen (99.9995%) atmosphere at several temper-
atures in the range of 120-230 °C. These trans-(CH), films were doped with iodine
by exposing them to the iodine vapor. Electric conductivities and the Raman
spectra with 457.9 nm and 632.8 nm excitation were measured at several iodine con-
centrations. In the Raman study a transparent single crystal plate (150 um thick)
of BaSO, was pressed against the sample film and the spectra of BaSO, and the
sample were recorded simultaneously in the back scattering geometry. The Raman
intensities of the samples were corrected to that of the SO42'
band at 987 cm”! of BaSO4.

Compositions of long and short conjugated segments depend significantly on the

symmetric stretching

conditions of isomerization as is reflected in the intensity patterns of the v, and
v3 Raman bands. Figure 1 illustrates two extremes of the Raman spectra of trans-
(CH)y films obtained by different isomerization conditions from the same original
cis film. Since the low and high frequency peaks of the two bands arise from the

long and short segments as described above, it is apparent that the content of long
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segment is rich and poor in the polyacetylenes which give Figs. 1a and b, respec-
tively. We call the former 'good film' and the latter 'bad film', hereafter. It
is noticed that even in the good film the content of long segments is poor on the
dull back surface (Fig. 1c). (The surface of the side which has been in contact
with the wall of a polymerization flask is shiny while that of the other side is
dull.)

spectral pattern of the shiny side.

It has turned out that the electrical property is closely related to the
Accordingly, the Raman spectra of shiny side
are taken account of in the following discussion.

The Rq and Ry values of thick trans-(CH)y films (ca. 135 um) isomerized under
various temperature-time conditions are in the ranges of 0.38-0.56 and 0.39-0.58,
respectively. The best film (the film with the maximum R values) is obtained under
a condition, 190 °C-15 min. The amount of long segments in the worst film is about
60% of that in the best film.
the two films in intensity of the 1455 cm-1 peak with the 632.8 nm excitation. The

Approximately linear re-

This can be estimated from the difference between

values of op,, are plotted against Ry and R3 in Fig 3.
lationships between O,y and Ri's are apparent. It is interesting to note that the
iodine contents of the films at maximum doping are not much different from one an-
other (e.g., 22.4% for the best film and 24.5% for the worst one) while the values

vary from 190 (for the best film) to 11 scm~! (for the worst one). Accord-

of Opax
ingly, a considerable amount of dopant is not contributing efficiently to the
electric conductivity in the bad films.

Figure 2 shows the Raman spectra of a good and a bad films at their pristine
states (Figs. 2a and c) and slightly doped states (Figs. 2b and d). The reason for
the intensity decreases on doping is described above. Figures 2a and b look simi-
lar to each other except the overall intensity. This implies that the good films
are doped uniformly, which may seem anomalous since ionization potential is ex-
pected to be lower for the longer polyene than for the shorter one and the longer
polyene to be doped more easily. However, the present observation reflects rather

the nature of the segments on the surface than the intrinsic property of pure
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a, relation between Op Fig. 4. Relations between ¢ and AI's.

and Rq. b, relation between Abscissas in a, b, ¢, and d are AI's of vy
(457.9 nm), v3 (457.9 nm), vq (632.8 nm), and v;

®; v, (1455 cm™') and v,

o and Rj.

max
(632.8 nm), respectively.
(1063 cm‘1) due to long segments in good films and
m; Vq
(1498 cm™') and v3 (1124 cm™') due to short seg-
ments in good films and O; the corresponding ones

0; the corresponding ones in bad films.

in bad films,
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isolated polyenes. Presumably, the short segments of polyacetylene are less stable
than the corresponding isolated polyenes due to possible strain on both ends of the
segments. Figures 2c and d are different in the intensity patterns in addition to
the overall intensity. A straightforward interpretation is that the short segments
on the surface of the bad film are less stable and can be doped more easily than
the long segments.

Figure 4 shows the relations between conductivity (o) and the difference in
corrected intensity of each Raman peak at the pristine and doped states [AI =
I(pristine) - I(doped)]. The latter is directly related to the amount of doped
segments at the relevant region of the film. As shown in Figs. 4a-d, good correla-
tions exist between conductivity and the AI's of long segments irrespective of the
quality of the films, viz., the data points of long segments in good and bad films
lie on the same line. On the other hand, no such correlations are noticed between
0 and the AI's of short segments (Figs. 4a and b). If we assume that the doped
short segments play the dominant role in electric conduction, we immediately become
confronted with difficulties in explaining the reason why the doped short segments
in good films conduct much more efficiently than those in bad films in spite of
less content of short segments in the good films than in the bad films. Rather,
the present observations seem to indicate that the doped long segments play the
major role in electric conduction. Existence of short segments itself leads to
possible disruption of regqular close packing of polymers which is important in
inter-polymer conduction. For this reason the conductivity of the worst film is
extremely low although the content of long segments is still about 60% of that in
the best film. Presumably, shortage in the amount of long segments and the defi-
ciency of their regular close packing at the pristine state and inefficient contri-
bution to the conductivity from the short segments at the doped state are all
responsible for the low electric conductivity of the bad films. Coversely, en-
richment of long conjugated segments and their appropriate packing are essential to

the improvement of the electrical property of trans-polyacetylene.
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