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The area of conducting polymers has been the subject of a great deal of discussion in the literature over the 
last 15 years. Polyacetylene is the material that has received the most attention during this period with 
strenuous efforts being made to produce a soluble copolymer containing polyacetylene segments. This paper 
is an overview of the synthetic techniques that have been used in order to try and produce these materials, 
which are both highly conducting and soluble in common organic solvents. Special emphasis has been placed 
upon the work which has led to the development of new catalyst systems and the work that has combined 
previously well characterized catalyst systems to produce novel materials. 
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I N T R O D U C T I O N  

Organic compounds have conductivities which are 
typically many orders of magnitude less than those of 
metals. The polymeric sub-group is at the lower end of 
this conductivity range and polytetraflourethylene is one 
of the best insulating materials known. In most polymeric 
materials it is difficult to observe any electronic 
conductivity whatsoever. However, there is a special class 
of polymers that have a conjugated n-electron backbone 
and exhibit special electronic properties. Polyacetylene is 
the simplest member of this class. It is therefore studied 
most often and serves as a prototype for other conducting 
polymers. 

Simplistically polyacetylene can be regarded as a long 
chain of carbon atoms separated by alternating single and 
double bonds (Figure 1). The first studies on acetylene 
polymerization were reported in 1866 by Berthelot ~'2. 
The first extensive investigations into the polymerization 
of acetylene to high molecular weights, using 
Zeigler/Natta catalysts, were not performed until 1958 by 
Natta  and coworkers 3. Since then there have been many 
reports on the synthesis, structure and doping of 
polyacetylene 4-6. The class of polymer to which 
polyacetylene belongs exhibits 'metallic' like conductivity 
when doped with materials such as iodine. This group of 
polymers has been the focus of considerable attention in 
recent years because of their electrical and electronic 
propertiesT-~ 5. 

Polyacetylene that was produced in the early synthesis 
was in the form of a grey or black semi-crystalline powder 
that was insoluble in any solvent and decomposed before 
melting. It is difficult to prepare specimens from these 
powdered samples for the measurement of physical 
properties. It was not until Shirakawa and coworkers in 
197414 produced thin films of polyacetylene that the 
physical properties of the material could be studied to any 
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great extent. Both the cis- and trans- forms of 
polyacetylene may be prepared as these shiney, flexible, 
polycrystalline semi-conducting films. Shortly after 
Shirakawa's discovery Macdiarmid and Heeger 15 
described the results of doping these films with both 'p' 
and 'n' type dopants, and showed that polymers 
possessing a wide range of conductivities could be 
created, ranging from insulator (10-10 ohm - 1 cm - 1) to 
semi-conductor to metal (103 ohm-  ~ cm -  ~), depending 
on the nature and amount of dopant incorporated as 
shown in Figure 2. This disclosure sparked off an 
immense effort to discover more about doped 
polyacetylene, both with regard to the mechanism of its 
conductivity and its possible applications 16-~8. 

At this stage in the development of these materials there 
was great hope that polymeric materials exhibiting this 
kind of conductivity could begin to replace metals in 
industries such as electronics. Unfortunately the 
infusibility, instability and insolubility of polyacetylene 
has impeded both the scientific characterization and the 
development of practical applications for this material. 
For  this reason there has been considerable research 
aimed at circumventing these difficulties. To date two 
main approaches have been used to achieve this end; the 
blending of polyacetylene with other polymers and the 
synthesis of block and graft copolymers containing 
polyacetylene segments, based on the assumption that the 
soluble part of these materials would solubilize the 
previously insoluble polyacetylene. 

Of these two approaches the block and graft 
copolymers have provided materials that are both soluble 
and highly conducting. It is the purpose of this review to 
outline the preparation and properties of these materials. 

BLOCK COPOLYMERS CONTAINING 
POLYACETYLENE 

The initial driving force for the production of copolymers 
containing polyacetylene was to use them to provide the 
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Figure 1 
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Figure 2 Comparison of the electrical conductivity of metals, semi- 
conductors and insulators; d, doped materials 

means to begin to characterize polyacetylene and to 
provide information such as molecular weight, molecular 
weight distribution and steric homogeneity. For these 
reasons Wegner and coworkers 19 copolymerized acety- 
lene with a number of 1-alkylnes using the Shirakawa 
catalyst ~4. It was found that with increasing comonomer 
content of the feed solution the fraction of the copolymer 
that was soluble in toluene increased. These soluble 
copolymers had average molecular weights within the 
range 500-1500. 

The first attempt to produce an electrically conducting 
copolymer containing polyacetylene was made by Chien 
and coworkers in 19812°. The synthetic techniques used 

were similar to those pioneered by Shirakawa 14. A 
concentrated solution of A1Eta/Ti(OBu)4 in toluene was 
shaken in a flask so that the walls became coated. A 
gaseous mixture of acetylene and methyl acetylene was 
admitted and a copolymer film formed instantly both on 
the walls of the flask and on the surface of the catalyst 
solution. The composition of the film was determined by 
the composition of the gaseous mixture admitted. Doping 
with iodine or arsenic pentafluoride caused the 
copolymer fdms to become conductive, reaching a 
maximum value of 45 ohm -1 cm -a for a copolymer 
containing 55% polyacetylene doPed with arsenic 
pentafluoride. The electrical conductivity of the 
copolymers decreases with increasing methyl acetylene 
content zt. This was probably due to steric interactions 
which reduce planarity and rc orbital overlap. The 
copolymers showed different physical characteristics 
compared to those of homo-polyacetylene. They showed 
no fibrillar morphology and swelled in toluene and 
pentane, were highly elastic when wet, though they are 
insoluble and did not exhibit melting behaviour. 

'Soluble' copolymers of ahigh molecular weight were 
synthesized by two groups of workers at roughly the same 
time. Baker and Bates 2z'2a prepared graft copolymers 
containing polyacetylene with either polyisoprene or 
polystyrene as the solubilizing block. The polyacetylene 
retains the electrical and spectroscopic properties of the 
homo-polymer, but it is claimed that now it is isolated 
from other polyacetylene chains in solution, effectively 
removing the chain-chain and interfibril perturbations of 
the single chain properties of polyacetylene. However, in 
recent years some workers have published evidence for 
aggregation in solution 49. 

The starting point for production of the copolymer was 
a carrier polymer (either polyisoprene or polystyrene) 
which is nearly monodisperse, with a number average 
molecular weight of 2 × 105, that had been modified by 
oxidation to contain electrophilic sites. The electrophilic 
sites were epoxides introduced without chain scission by 
m-chloroperbenzoic acid. Acetylene was polymerized 
using a Ti(O Bu)4/A1Et 3 catalyst in toluene solution of the 
carrier polymer. The graft step is believed to be a result of 
nucleophilic attack of a growing polyacetylene chain on 
the electrophilic site on the carrier polymer. 

In later work 24 the term 'solubilized polyacetylene' 
refers to polyacetylene copolymers which are able to pass 
through filters with pores sizes as small as 0.2 #m and 
which are not readily separated from the carrier homo- 
polymer by centrifugation. The oligomers were prepared 
by a room temperature polymerization of acetylene in the 
presence of acetone. The polymerization reaction was 
initiated by the addition of A1Eta and was quenched 
quickly. These low molecular weight polymers are soluble 
in most organic solvents. To simulate these conditions 
15-50 graft sites which were either ketones or epoxides 
were produced on a carrier polymer chain, so that when 
acetylene polymerization took place the polyene chain 
became attached to the carrier polymer. The ketone or 
epoxide sites were able to react in the same way as acetone 
to produce oligomeric polyacetylene, which in this case 
was pendant to the backbone polymer chain. 

The most difficult characterization question is the 
microscopic state of the solubilized polyacetylene. Small 
amorphous aggregates, micro crystals or single chains are 
all possible states for the system. A recent light scattering 
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study 25 found the persistance length of the polyacetylene 
block was approximately 350 A, while the hydrodynamic 
radius of the entire polymer was approximately 1050 A. 
This suggests that the sample consists of aggregates of 
graft copolymer in solution although the arrangements of 
the polyacetylene segments within the aggregates has yet 
to be determined. The arrangements have been described 
as 'worm like' in thin films of the copolymer 47. 

N.m.r. spectroscopy is a powerful tool for determining 
the micro structure and state of a polymer in solution. 
Baker and Bates failed to detect a 13 C n.m.r, signal from 
solutions of the solubilized polyacetylene. This result is of 
no real surprise because previous nm.r .  experiments 26 on 
styrene~butadiene block copolymers in hexane (a poor 
solvent for polystyrene) have revealed that the styrene 
portion of the copolymers escapes detection because of 
the restricted motion of the chains. In the same way the 
polyacetylene segments in the solubilized polyacetylene 
may have restricted motion within the aggregate resulting 
in an extremely broad signal. A dried sample of the 
solubilized polyacetylene was examined by solid state 
n.m.r, and a signal attributable to trans- 
polyacetylene 27-29 was observed at 138 ppm relative to 
SiMe4, in addition to the spectrum for the carrier 
polymer. Since the polyacetylene content in the dried 
samples is only a few per cent and this is present in 
isolated domains within an insulating matrix it is not 
surprising that the oxidation of the samples with typical 
doping agents, such as the halogens, did not lead to an 
increase in bulk conductivity. 

At around the same time Wnek and coworkers 
published a series of papers connected with the synthesis 
of other copolymers 3°-36. Two synthetic routes were 
devised. The first was the use of doped polyacetylene as a 
macromolecular initiator for the synthesis of graft 
copolymers and the second was the use of a transformation 
reaction as a route to block copolymer synthesis. 

The graft copolymer was synthesized by immersing a 
polyacetylene film in a 1M solution of sodium 
naphthalide in tetrahydrofuran (THF). The washed and 
dried films had compositions in the range 
(CHNao.2_0.25)x and conductivities in the range 5-  
50 o h m -  1 cm-  1. Exposure of these films to either liquid 
styrene or gaseous ethylene oxide resulted in 
polymerization. It is thought that the primary reaction of 
the n-type polyacetylene and ethylene oxide is 
presumably attack of a carbanion on a methylene 
carbon resulting in ring opening and oxyanion formation. 
This is then followed by successive monomer additions 
(Figure 3). 

These polyacetylene/polyethylene oxide materials 
could be doped with iodine to give conductivities of the 
order of 1 ohm -1 cm -1. This relatively low value is 
probably due to two factors: polyethylene oxide is an 
insulator compared with iodine doped polyacetylene and 
the polyethylene oxide grafts break up the conjugation in 
the polyacetylene backbone, which is expected to reduce 
intra-chain hole mobility. Characterization of these 
materials is by no means complete. 

The synthesis of the block copolymer was achieved by 
using a transformation reaction. 'Living' polystyryl- 
lithium was first prepared by conventional anionic 
techniques using n-butyl lithium as the initiator in T H F  at 
-78°C.  At this stage an anionic to Ziegler/Natta 
transformation reaction 37 was used to produce an active 
catalyst for acetylene polymerization. In this case a 
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catalytically active titanium based species was generated 
by the alkylation of Ti(OBu)4 with polystyryl-lithium 
(Figure 4). 

G.p.c. was used to show that the polystyryl-lithium 
initially had a number average molecular weight of 
around 28 000 and after reaction with acetylene this had 
increased to 72000. This was attributed to block 
copolymer formation. During the reaction it was noted 
that when the styrene block length was increased, the time 
taken for observable precipitation in the reaction medium 
to occur also increases, even when additional solvent was 
added to counteract viscosity effects. For  example, when 
the polystyryl-lithium had a number average molecular 
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weight of 32 000 it took 15 minutes before precipitation 
took place; when the number average molecular weight 
was increased to 42000 it took 36 minutes for 
precipitation to occur. 

Later studies centred on radio labelling experiments in 
which polystyryl-lithium enriched with 14C at the n- 
butyl terminus was used to alkylate Ti(OBu)4. Acetylene 
was polymerized until particulate precipitation was 
observed, at which stage the reaction was terminated by 
the addition of tritiated methanol (MeOT). The product 
was purified and then counted. A control was carried out 
in which 14C enriched polystyryl-lithium was terminated 
with MeOT to obtain a reference 14C/3H ratio. Block 
copolymer formation should result in a 14C/3H ratio 
similar to that of the control. The results given do not 
provide definite proof of block formation, though the 
products do contain significant quantities of 14C. 

The yield of block copolymer is only about 2-5 %. This 
may be because the solvent used was THF which can 
compete with acetylene for coordination with the active 
site. As yet diblock films which have been cast from 
'apparently soluble' systems have been found to be non- 
conducting, probably because an insulating layer of 
polystyrene surrounds the polyacetylene domains. 

Block copolymers of polystyrene/polyacetylene, 
polyisoprene/polyacetylene and polyethylene/polyacety- 
lene have been synthesized by Aldiss 38-42 using similar 
synthetic techniques to those already mentioned. The 
anionic section of the polymer was prepared using the 
normal conditions of n-butyl-lithium initiation in toluene. 
The chain length of this part of the polymer can easily be 
controlled. An equimolar quantity of Ti(OBu)4 based on 
the lithium concentration is then added to the living 
polymer. When acetylene gas is admitted copolymers are 
formed as gels on the surface of the catalyst solution or as 
soluble materials in the reaction medium. 

The length of the solubilizing block plays an important 
part in determining the properties of the copolymers. 
Short anionic chains produce copolymer films that are 
conducting. Medium length anionic chains produce 
soluble conducting copolymers and long anionic chains 
produce soluble insulating copolymers. In the case of the 
polyisoprene copolymers, soluble materials, where the 
content of polyene is below 10 % w/w, are insulating. In 
the 10-20%w/w range the soluble materials exhibit 
conductivities in the range 1-10ohm -1 cm -a. Above 
20% w/w, insoluble materials are obtained, increasing 
conductivities are observed with an increasing relative 
amount of doped polyene. For the polystyrene 
copolymers lower amounts of polyene are required in 
order to obtain soluble material. In this case the amount 
of non-active component (ps) is predominant and 
therefore insulating materials are obtained. In the range 
of insoluble polystyrene copolymers, the conductivity 
varies drastically with composition, in a manner similar 
to that of filled polymers (conducting composites). The 
morphology of the copolymers is also very dependent 
upon the content of the solubilizing block with the 
morphology becoming less fibrillar with increasing 
content of the insulating polymer. 

Kminek and coworkers 43,44 have produced a 
copolymer containing polyacetylene and polymethyl 
methacrylate. The polyacetylene was produced by 
standard Shirakawa techniques from which a charge 
transfer complex of the form [Nao.057(CH)x ] was 

prepared by reacting the polyacetylene with sodium 
dihydronaphthalide. This charge transfer complex was 
then used as an initiator for the anionic polymerization of 
methyl methacrylate. By these means a soluble form of 
polyacetylene was produced but only when the molar 
ratio MMA:(CH)x>I.5. G.p.c. data shows that the 
copolymer possesses a broad molecular weight 
distribution. This is probably due to the considerable 
chain transfer and auto termination that occurs when 
methyl methacrylate is polymerized with organo-sodium 
compounds. 

This soluble form of polyacetylene exhibits 
photoelectric behaviour and, from the absorbtion spectra 
threshold, the energy gap (Eg) was estimated at 1.6 eV. A 
disadvantage of the system is the limitation of the charge 
carrier transport by the methyl methacrylate barriers 
which could be overcome by doping. 

Soluble graft copolymers were also synthesized by 
Bolognesi and coworkers 4s-5° by grafting polyenic 
chains onto a soluble polymer matrix. Two methods of 
preparation were used based upon the technique of 
preparing catalytic sites on a polymeric backbone 
followed by subsequent polymerization of a newly added 
monomer. 

The first method involves a reaction between the 
catalytic system Ti(OBu)JA1Et 3 and the vinyl side 
groups of the polymer carrier in which a titanium atom is 
bound to a matrix. A polyenic chain grows on this newly 
formed Ti~C bond via successive insertions of acetylene 
(Figure 5). The carrier polymers are either polybutadiene 
or polyisoprene. It should be noted that it is the quantity 
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Figure 5 Reaction between Ti(OBu)JAIEt 3 and a vinyl side group 
followed by acetylene polymerization 
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of titanium in  the reaction mixture that dictates the 
number of sites activated. 

The second preparation is based on the formation of 
carbanions on the carrier polymer and is a three step 
reaction (Figure 6). Initially there is a reaction of s-butyl- 
lithium with cis-l,4-polybutadiene in dry cyclohexane. 
The presence of tetramethylene diamine (TMDA) 
favours the formation of carbanions in the allylic 
positions of the polymer matrix. Secondly, there is an 
exchange reaction between Ti(OBu)4 and the polymeric 
lithiated compound to obtain a Ti-C bond on the 
polymer backbone. The Ti0v) atoms bonded to the 
polymer are reduced to Ti(nI) species. Acetylene is then 
polymerized to produce a copolymer which is dark blue. 
Upon doping with iodine the copolymer has a 
conductivity of 1.4 x 10-3 ohm-1 cm-1. Once again the 
conductivity depends directly on the quantity of polyene 
in the copolymer and the copolymer can be regarded as 
conductive spheres (polyacetylene microdomains) 
embedded in a dielectric medium (polybutadiene areas). 
Light scattering experiments from the solubilized 
polyacetylene provide further evidence for aggregation in 
solution, with a radius of gyration of 20nm for the 
polyacetylene segment (cf. 6-7 nm for a higher molecular 
weight polybutadiene). 

One of the most novel attempts to produce a 
copolymer containing polyacetylene was undertaken by 
McCarthy and Dias 51'52. In their work they viewed 
poly(1,3-butadiene) {CH2-CH2-CH=CH}, as an 
alternating copolymer of acetylene and ethylene and as 
the enthalpically least stable isomer of poly(acetylene-co- 
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ethylene) [(CH2CH2)-(CH=CH)r]. Their aim was to 
achieve a positional isomerization of the double bond 
producing a more blocky poly(acetylene-co-ethylene). It 
was found that this could be achieved by using base 
catalysis in THF/DMSO solution. The mechanism for 
this isomerization is thought to be as shown in Figure 7. 
The progress of the isomerization was followed by i.r. and 
u.v. spectroscopy. The final product has a conductivity of 
5 x 10 -7 ohm -1 cm -1. This low value can again be 
attributed to the ~0resence of an insulating layer, in this 
case polyethylene. The materials formed using potassium 
tert-butoxide as a catalyst, contain lengths of conjugation 
of approximately 10 double bonds. The conjugation 
length is found not be be a function of the temperature but 
is a function of the strength of the base used. 

A similar modification technique was used by Tolbert 
and coworkers 53 on the random copolymer of acetylene 
and butadiene that was produced using the synthetic 
techniques developed by Furukawa in 197354. The 
random copolymers were produced by passing a gas 
mixture (23 % acetylene, 77 % butadiene) into a solution 
of nickel naphthenate/diethyl aluminium chloride in 
toluene. The purified polymer is either a yellow viscous 
liquid or waxy polymer. This random copolymer can be 
readily deprotonated with alkyl-lithium to produce an 
anionic polymer with the expected spectroscopic 

~ ' E )  K~) 

-d-%" 
K-2"I" J K 2 

® %J'T K3 
O K 

( 

K-4 T 

\ 

) \  

K 

t 

Figure 7 Base catalysed 
copolymer 

isomerization of acetylene/butadiene 

POLYMER, 1989, Vol 30, February 199 



Synthesis of copolymers." J. A. Stowell et al. 

H H 

BASE/D 20 

H H H H 

D H H H 

Figure 8 Base catalysed isomerization of poly 1,3-butadiene 

characteristics. Reprotonation with D20 generates a 
modified neutral polymer in which double bonds have 
been brought into conjugation (Figure 8). 

Chien and Babu produced acetylene and carbon 
monoxide copolymers 55 using the Ti(OBu)4/AlEt a 
catalyst and a gaseous monomer feed. These copolymers 
are completely amorphous with their back bone re 
conjugation frequently interrupted by > C=O units. 

The thermal degradation of vinyl chloride/acetylene 
copolymers has been studied by Braun and 
coworkers 56'57. They show that all copolymers are less 
stable than the component homo-polymer segments. The 
studies were aimed mainly at elucidating the mechanism 
of degradation and the nature of the inherent instability of 
the copolymers. 

Light yellow polymer films were obtained from the 
plasma polymerization of F-propene and acetylene gas 
mixturesS 8. The films formed were examined by elemental 
analysis and i.r. spectroscopy. Their chemical 
compositions depended on the composition of the 
original gaseous mixture. The gas permeability 
coefficients of these plasma films were determined for 
oxygen and nitrogen. 

The novel catalyst system WC16/H20 was used by 
Diets and coworkers 59 to produce acetylene/phenylace- 
tylene copolymers. Both the physical and electrical 
properties of the copolymers were shown to vary with 
monomer content. The copolymers become wholly 
soluble in dichloromethane when containing greater 
than 40% of phenylacetylene. The conductivity of 
the iodine doped copolymer of this composition 
was 1.4 x 10-4ohm -x cm 1. This rose to 
5 x 10-1 ohm- 1 cm- 1 for the insoluble copolymer 
containing 78 % acetylene. None of the materials studied 
was stable in air for any length of time. The degradation 
process itself was found to be a two stage phenomenon 
involving a primary loss of iodine involved in charge 
transfer followed by an oxidation of the polyene 
backbone. 

A novel Luttinger type cobalt catalyst system was used 
by Vincent and coworkers 6° to produce soluble 
polyacetylen$-polyisoprene copolymers (Figure 9). It is 
thought that the polyacetylene segment has a molecular 
weight of 1200. The low temperature nature of the 
reaction resulted in an all cis-polyacetylene portion of the 
copolymer, though appreciable isomerization to the 
trans- isomer was observed over a period of 23 h at room 
temperature. As yet the electrical properties of this 
material have not been determined. 

CONCLUSIONS 

Although this relatively new area of polyacetylene 
chemistry has not produced a totally soluble and 
processable copolymer containing polyacetylene it has 
gone a long way towards that goal. There is little doubt 
that it is the problems associated with the control of the 
molecular weight of the polyacetylene segments that has 
yet to be overcome. This means that there is a real need to 
develop a new catalyst system that is active towards 
acetylene polymerization. The Ziegler catalyst which has 
been predominantly used up to this time appears to 
provide little control over the molecular weight of the 
acetylene block, and invariably leads to insoluble 
polymers. 

It is noticeable that unlike vinyl polymers which have 
been investigated and manufactured in large quantities, 
the polymerization of acetylenes has not been the subject 
of much study because of the difficulty of obtaining high 
molecular weight materials by conventional radical, 
cationic or anionic polymerization. Only a few transition 
metal catalysts are known to polymerize acetylene by 
Ziegler/Natta or metathesis catalysis to yield high 
molecular weight polymers. It is our belief that utilization 
of one of the recently reported 61'61 metathetical type 
catalyst systems could be used to control the acetylene 
polymerization. 

The electrical properties of all the copolymers have 
been shown to depend on the polyene content, which is 
not surprising since it is an inherent property of the 
polyene chain. In order to restrict the polymerization of 
acetylene we have utilized an anionic-to-metathesis 
transformation reaction to produce a catalytic site which 
is much less active to acetylene polymerization 6a. 

The electrical conductivity of the copolymers generally 
is not high enough to make them interesting to the 
electronic industry. This is not surprising because the 
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solubilizing monomer is usually an insulator. With the 
development of new catalyst systems (e.g. anionic to 
Ziegler/Natta transformation reaction) this problem 
could be overcome by using new comonomers such as 
poly-n-vinyl carbazole which is soluble in many organic 
solvents, initiated by anionic polymerization and 
photoconductive. This means a new range of materials 
could be synthesized which may play a leading role in the 
industries of the future. 

9 
10 

11 

12 

13 

14 

15a 

15b 

16 
17 

18 

19 

20 

21 
22 
23 

24 
25 

26 
27 

REFERENCES 

1 Berthelot, M. C.r. Acad. Sci. Paris 1866, 62, 905 
2 Berthelot, M. C.r. Acad. Sci. Paris 1866, 63, 479 
3 Natta, G., Mazzanti, G. and Corradini, P. Atti Accad. nazl. 

Lincei. Rend. class Sci. Fis. Mat. e Nat. r 1958, 25, 3 
4 Saxman, A. M., Leipins, R. and Aldissi, M. Prog. Polym. Sci. 

1985, 11, 57 
5 Chien, J. C. W. 'Polyacetylene: Chemistry, Physics and Material 

Science', Academic Press, London, 1984 
6 Masuda, T. and Higashimura, T. Adv. Polym. Sci. 1987, 81, 

121 
7 Polymer (Special Conference Issue, Speciality Polymers 1986, 

Electroactive Polymers, John's Hopkins University), 1987, 28(4) 
8 Synthetic Metals (Proceedings of the International Conference 

on the Science and Technology of Synthetic Metals, Kyoto, 
Japan, 1986), 1987, 17(1-3), 18(1-3), 19(1-3) 
Streitwolf, H. W. Physica Status Solidi (b) 1985, 127, 11 
Malhotra, B. D., Kumar, N. and Chandra, S. Proy. Polym. Sci. 
1986, 12, 179 
Mort, J. and Pfister, G. (Eds.) 'Electronic Properties of 
Polymers', Wiley, New York, 1982 
Seanor, D. A. (Ed.) 'Electrical Properties of Polymers', 
Academic Press, London, 1982 
Skotheim, T. A. (Ed.) 'Handbook of Conducting Polymers, Vols. 
1 and 2', Marcel Dekker, New York, 1986 
Ito, T., Shirakawa, H. and Ikeda, S. d. P olym. Sci., Polym. Chem. 
Edn. 1974, 12, 11 
Chiang, C., Fincher, C. Jr, Part, Y., Heeger, A., Shirakawa, H., 
Louis, E., Gau, S. and Macdiarmid, A. Phys. Rev. Lett. 1977, 39, 
1098 
Shirakawa, H., Louis, E. J., Macdiarmid, A. G., Chiang, C. K. 
and Heeger, A. J. J. Chem. Soc. Chem. Commun. 1977, 578 
Wegner, G. Makromol. Chem. Macromol. Syrup. 1986, 4, 43 
Baughman, R. H., Bredas, J. L., Chance, R. R., Elsenbaumer, R. L. 
and Shacklette, L. W. Chem. Rev. 1982, 82, 209 
Wnek, G. E. in 'Conductive Polymers' (Ed. R. B. Seymor), 
Polym. Sci. Technol. 15, 183, Plenum Press, New York, 1981 
Enkelman, V., Muller, W. and Wegner, G. Synthetic Metals 
1979/80, 1, 185 
Chien, J. C. W., Wnek, G. E., Karasz, F. E. and Hirsch, J. A. 
Macromolecules 1981, 14,479 
Wnek, G. E. Proc. IUPAC Macromolecules 28 Symp. 1982, 409 
Bates, F. S. and Baker, G. L. Macromolecules 1983, 16, 704 
Baker, G. L. and Bates, F. S. J. Physique 1983, Colloque C3, 44, 
11 
Baker, G. L. and Bates, F. S. Macromolecules 1984, 17, 2619 
Vannice, F. L., Bates, F. S., Baker, G. L., Carroll, P. J. and 
Patterson, (3. D. Macromolecules 1984, 17, 2626 
Spevacek, J. Makromol. Chem., Rapid Commun. 1983, 3, 697 
Maricq, M. M., Waugh, J. S., Macdiarmid, A. G., Shirakawa, H. 
and Heeger, A. J. J. Am. Chem. Soc. 1978, 100, 7729 

Synthesis of copolymers: J. A. Stowell et al. 

28 Mehring, M., Weber, H., Miller, W. and Wegner, G. Solid State 
Commun. 1983, 45, 1079 

29 Gibson, H. W., Pochan, J. M. and Kaplan, S. J. J. Am. Chem. 
Soc. 1981, 103, 4619 

30 (3alvin, M. E. and Wnek, G. E. Polym. Prepr. (Am. Chem. Soc. 
Div. Polym. Chem.) 1983, 24, 14 

31 Dandreaux, G. F., Galvin, M. E. and Wnek, (3. E. J. Physique 
1983, Colloque C3, 44, 135 

32 Dandreaux, G. F., Galvin, M. E. and Wnek, G. E. in 'Polymers 
in Electronics' (Ed. T. Davidson), A.C.S. Syrup. Ser. 1984, 242, 
507 

33 Dandreaux, (3. F., Galvin, M. E. and Wnek, G. E. Org. Cot. 
Appl. Polym. SCi. Proc. 1983, 48, 541 

34 (3alvin, M. E. and Wnek, G. E. Polym. Prepr. (Am. Chem. Soc. 
Div. Polym. Chem.) 1984, 25, 229 

35 Galvin, M. E. and Wnek, G. E. Mol. Cryst. Liq. Cryst. 1985,117, 
33 

36 (3alvin, M. E. and Wnek, G. E. Polym. Bull. 1985, 13, 109 
37 Richards, D. H. Br. Polym. J. 1980, 12, 89 
38 Aldissi, M. J. Chem. Soc. Chem. Comm. 1984, 20,1347 
39 Aldissi, M. and Bishop, A. R. Polymer 1985, 26, 622 
40 Aldissi, M. Synthetic Metals 1986, 13, 87 
41 Aldissi, M. and Bishop, A. R. Synthetic Metals 1986, 14, 13 
42 Aldissi, M., Hou, M. and Farrell, J. Synthetic Metals 1987, 17, 

229 
43 Pfleger, J., Kminek, I., Nespuriek, S. and Trekaoval, J. Materials 

Sci. 1984, X, 213 
44 Kminek, I. and Trekaoval, J. Makromol. Chem. Rapid Comm. 

1984, 5, 53 
45 Destri, S., Catellani, M. and Bolognesi, A. Makromol. Chem. 

Rapid Comm. 1984, 5, 353 
46 Bolognesi, A., Catellani, M. and Destri, S. Mol. Cryst. Liq. 

Cryst. 1985, 117, 29 
47 Porzio, W., Bolognesi, A., Catellani, M., Destri, S., Meille, S. V. 

and Pedemonte, E. Mol. Cryst. Liq. Cryst. 1985, 117, 71 
48 Piaggio, P., Bolognesi, A., Catellani, M. and Destri, S. Mol. 

Cryst. Liq. Cryst. 1985, 117, 311 
49 Cuniberti, C., Piaggiao, P., Dellepiane, G., Catellani, M., Piseri, 

L., Porzio, W. and Tubino, R. Makromol. Chem. Rapid Comm. 
1986, 7, 471 

50 Bolognesi, A., Catellani, M., Destri, S. and Porzio, W. Polymer 
1986, 27, 1128 

51 Dias, A. J. and McCarthy, T. J. Polym. Prepr. (Am. Chem. Soc., 
Div. Polym. Chem.) 1985, 26, 162 

52 Dias, A. J. and McCarthy, T. J. Macromolecules 1985, 18, 869 
53 Tolbert, L. M., Schomaker, J. A. and Holler, F. J. Synthetic 

Metals 1986, 15, 195 
54 Furukawa, J., Kobayashi, E. and Kawagoe, T. J. Polym. Sci., 

Polym. Lett. Edn. 1983, 11,573 
55 Chien, J. C. W. and Babu, G. N. J. Chem. Phys. 1985, 82, 441 
56 Braun, D. and Holzer, G. Die Angewandte Makromolekulare 

Chemie 1983, 113, 91 
57 Braun, D., Bohringher, B., Ivan, B~, Kelen, T. and Tudos, F. Eur. 

Polym. J. 1986, 22, 1 
58 Inagaki, N. and Tsutumi, D. Polym. Bull. 1986, 16, 131 
59 Diets, W., Cukor, P., Rubner, M. and Jopson, H. Synthetic 

Metals 1982, 4, 199 
60 Armes, S. P., Vincent, B. and White, J. W. J. Chem. Soc., Chem. 

Comm. 1986, 1525 
61 Theophilou, N., Munardi, A., Aznar, R., Sledz, J., Schue, F. and 

Naarmann, H. Eur. Polym. J. 1987, 23, 15 
62 Amass, A. J., Beevers, M. S., Farren, T. R. and Stowell, J. A. 

Makromol. Chem. Rapid Commun. 1987, 8, 119 
63 Stowell, J. A., Amass, A. J., Beevers, M. S. and Farren, T. R. 

Makromol. Chem. 1987, 188, 1635 

POLYMER, 1989, Vol 30, February 201 


