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The correlation between electrical properties
and structure of substituted polyacetylenes
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Boris Kidri¢ Institute of Chemistry, Ljubljana, Yugoslavia

SUMMARY

The electrical conductivity of polyphenylacetylenes and
polyhalophenylacetylenes was measured in dependence on the
temperature and on the type of catalyst used for polymeriza-
tion. The electrical conductivity increased with increasing
temperature. The energy gap was calculated from the tempera-
ture dependence on the electrical conductivity; it decreased
with increasing number of conjugated double bonds in the
polymer chain and with the regularity of structure of the
polymer. The number of double bonds, cyclization and configu-
rations were determined by 1H and 13C-NMR. In polyphenylacety-
lenes only aliphatic carbons deriving from cyclohexadiene units
were found, but no such units were found in polyhalophenyla-
cetylenes. By UV-vis measurement the number of conjugated
double bonds in segments was estimated. The synthesized poly-
mers were amorphous. Thelr molecular weight was between 2000
and 74.000.

INTRODUCTION

The electrical properties of conductive polymers depend on
many factors, mostly on conjugation and on crystallinity. The
energy barrier (gap) consists of the energy of transition of
electrons in the polymer chain and of the energy of electrons
motion from chain to chain. The first depends on the energy
differences of orbitals of the valent and conductive bands,
while the second depends on the configuration of the chains and
their packing in crystal (1). Only polymers with sterically
regulated side groups and chain configuration can crystallize,
but most of them have random configurations and therefore are
amorphous materials.

In this work the influence of phenyl and halogen substitu-
tion of polyacetylenes on the polymer properties, on the energy
gap and on the conductivity using UV-vis, NMR, X-ray and con-
ductivity measurement were investigated.
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EXPERIMENTAL

Materials: Phenylacetylene was a product of Merck. All re-
agents used in this work were of p.a. grade. Halophenylacety-
lenes were synthesized using butyllithium and corresponding
halogenes as reagents (2).

Polymerization: Polyphenylacetylenes (PPA 1-3), polychlorophe-
nylacetylene (PClPA) ,polybromophenylacetylene (PBrPA) and
polyiodophenylacetylene (PIPA) were synthesized with coordina-
tion catalysts Ti(OBu)4-Al(Et)3, MoCls~PhsSn and WClg-PhgSn.
Dry CClg and toluene in argon atmosphere were used as sol-
vents. After polymerization the polymers were precipitated
twice from CClg using methanolic solutions of HCl (3-7). All
polymerization parameters and properties of the polymers are
given in Table 1.

Measurements: Molecular weight distribution of polymers was
measured using a Perkin Elmer GPC with PL columns with pore
size 1-108 and 5:10~8m.THF was used as solvent. The polysty-
rene standards were used for columns calibration. X-ray dif-
fractograms were recorded on a Philips PV-1710 Cu-Ka diffrac-
tometer. NMR spectra were recorded using a Varian supraconduct-
ing 300 MHz spectrometer.CDCl3 was used as solvent; all signals
are given on the TMS as reference standard. UV-vis spectra
were recorded in CCly using a Varian spectrometer. For electri-
cal measurements the samples were pressed in pellets. The
measurements were run in dry argon atmosphere in the tempera-
ture range between 294 and 400 K.

RESULTS AND DISCUSSION

The average molecular weights of the substituted polyacety-
lenes are between 22000 and 74000 for polyphenylacetylenes and
between 2000 and 25000 for polyhalophenylacetylenes (Table 1).

The influence of the increasing size of halogen atoms on the
decreasing of the molecular weight is evident and is due to
sterical hindrances of halogen on the coordinative catalyst
system.

The amount of olefinic and aliphatic carbons in the substi-
tuted polyacetylenes was measured by lH and 13C-NMR using the
method of Perces and Rinaldi (8,9). The results are given in
Table 2.

The polymers are mostly 4in trans configuration. In all
polyphenylacetylene samnples some cyclohexadiene units were
found. Their dquantity depends on the polymerization conditions
and on the type of catalyst. There were no cyclohexadiene units
in polyhalophenylacetylenes. No signals of other aliphatic

\ |
—?H or -?— groups were found. From the amount of cyclohexadiene

units in the polymer chains, the ratio between the double and
single bonds was calculated. The ratios are given in Table 2.
Due to the sterical hindrances of the side groups and to non-
planar chain configuration, the number of conjugated double
bonds in the individual polymer segments is equal or smaller
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than the number of double bonds. The relation between the
number of conjugated double bonds and UV~vis absorption (10),
was confirmed.With increasing number of conjugated double
bonds the lowest energy @->m* transition is shifted to higher
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Figure 1. UV-vis spectra of polyphenylacetylenes and polyhalo-
phenylacetylenes

wavelength values. In Fig. 1 the UV-vis spectra of polypheny-
lacetylenes and of polyhalophenylacetylenes while 1in Table 2
the Jpayx and *=g (UV-vis cut off) values are given. For PPA-3
with WClg-PhgSn as catalyst, the conjugation was the highest
and the broad signal of w~>7* transition shifted to 572 nm.
Between the PPA samples the lowest conjugation was found in
PPA-1 with the highest content of cyclohexadiene units which
breaks conjugations of the double bonds in the chain. Between
PPA-2 and PPA-3 there is a discrepance in the ratios of
double and single bonds and the conjugation. From the litera-
ture (8,9) it is known that, when PPA is synthesized with
wolfram catalyst, trans structure is produced only. Under the
selected conditions for polymerizations of PPA-2 16.4% of cis
isomer was formed. The lower conjugation in PPA-2 as compared
to the conjugation of PPA-3 is, probably, due to steric repul-
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sions between the phenyl groups and the hydrogen atoms.

Due to smaller number of conjugated double bonds in the seg-
ments UV-vis absorption maxima of polyhalophenylacetylenes are
at a lower wavelength values as compared to PPA samples. The
halogen atoms cause additional sterical hindrances, which
twist the chain to non planar confiquration.As a result the
wavelength of w~->7* transition is shifted to lower values.
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Figure 2. Dependence of the electrical conductivity on the in-

verse temperature for polyphenylacetylenes and poly-
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The regularity in structure for all investigated samples in
solid state was measured by X-ray diffraction. Materials
with A20/20<0.2 are crystals, (420 is the width of the peak on
half height and 20 is the diffraction angle) (11). It was found
that all our samples were amorphous (Tab. 2). The crystallinity
of PPA is prevented by the presence of cyclohexadiene units
and of both isomers (cis-trans) in the polymers. Due to the
halogen atoms and to the phenyl side groups, which sterically
prevent the formation of regular planar or helical chain con-
formations and thus the crystallization of polymers, the
polyhalophenylacetylenes are even more disordered.

All these effects contribute to the electrical conductivity
and to the energy gap. Since the electrical conductivity in-
creases with increasing temperature all investigated samples
can be classificated as semiconductors.

The energy gaps of the synthesized polymers were calculated
from the dependence of the conductivity on the temperature
(Fig. 2), using equation

6=co,e~Eg/2kT

where o represents the conductivity at a given temperature.

The slope of the straight line in the diagram 1lne versus 1/T
103 corresponds to the Eg/2k. The calculated Eg and conductivi-
ties of individual polymers are given in Table 2. The lowest
Eg has PPA-3, which has the highest conjugation in the chain
and some regularity in the polymer structure as compared to
other samples.At the same time PPA-3 has the highest conductiv-
ity.

Compared to polyacetylene , the energy gaps of the substi-
tuted polyacetylenes are higher and conductivities lower, due
to smaller conjugation in the polymer chain and to amorphous
structure, although it was expected that resonate and charge
contribution of the benzene rings and of the halogen atoms
should decrease Eg and increase the conductivity.

CONCLUSIONS

The electrical properties of the substituted polyacetylenes
depend on the conjugation and on the regularity in polymer
structure.

The conjugation 1is lower as compared to polyacetylene, due
to cyclohexadiene units, configurations and large substituents.
The structure was amorphous. Therefore, the energy gaps were
higher and the conductivity lower as compared to polyacetylene.
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