
 1.0 Introduction 

 
Mini Briefing 

Until the 1970s, all carbon-based (organic) polymers were 
generally considered to be electrically non-conducting. A 
major use of these materials was electrical insulation. 
However, major developments in synthetic polymer tech-
nology over the last 20 years has seen the emergence of 
electrical conductivity as a valued property in polymers. 
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Polymers are long-chain molecules consisting of many re-
peat units to make a solid material. The type of polymeri-
sation process and starting molecule used can lead to an 
almost unlimited variety of polymeric materials (e.g. ther-
moplastics, rubbers etc). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Polymers are normally electrical insulators but, 
to enable their use in electronic applications, 
conductive fillers such as silver have been 
added to polymer formulations to increase their 
electrical conductivity. 

A relatively new development in electrically 
conductive or semi conductive plastics is that 
of intrinsically conductive polymers (ICPs), 
which, due to their structure, will conduct elec-
tricity without the need for metal (or carbon) 
fillers. It is these materials which are mainly 
used in the technology of electrical polymers. 

The properties of ICPs have ensured the pros-
pect of their use in electronics applications. Po-
tential applications for such materials include 
flexible plastic screens for televisions and 
computers, also for capacitors in mobile tele-
phones and transducers in analytical equip-
ment. 

 
One of the key reasons for the widespread use of syn-
thetic polymers is the ease with which they can be proc-
essed into virtually any shape or form. Another advantage 
is that modifying their chemical structure can control their 
properties. Recent developments in polymer chemistry 
have resulted in polymers that can conduct electricity, 
opening new frontiers in electronics and polymers science. 
Materials are now available that combine novel electronic 
properties with ease of processing. Furthermore, their 
properties can be modified by chemical modification to 
give desired features.  
 
1.1 Competing Technologies 

Electrically conductive polymers can be divided into two 
groups, depending on the type of charge transport by the 
carriers responsible for it – ionically conductive and elec-
tronically conductive. An example of an ionically conduc-
tive polymer is poly (ethylene oxide) or PEO which con-
tains lithium perchlorate (LiClO4). It is used as a solid-state 
electrolyte in batteries, the lithium-polymer system being 
the first true solid-state battery. 

 
 
 
 
 
 
   

The class of electronically conductive polymers can be fur-
ther divided into filled and intrinsically conductive polymers 
(ICPs). Filled systems are rendered electrically conductive 
by the incorporation of highly conductive metals (usually 
silver) into the polymer. Such materials are frequently 
used in the production of electrically conductive adhesives 
for attaching chips in the manufacture of printed circuit 
boards. 
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 Intrinsically constructive polymers do not incorporate any 

conductive additives. ICPs as they are known, gain their 
electrical conductivity through a property known as ‘conju-
gation’. Conjugation means that the polymer molecules 
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have alternating double and single bonds and this pro-
vides a pathway for free-electron charge carriers. 
 
Conjugated polymers can be ‘doped’. Doping in polymers 
is carried out with oxidising or reducing agents that re-
move or add electrons to the polymer. This oxidation or 
reduction changes the electronic structure to one that will 
conduct electricity. The addition of even very small 
amounts (parts per million) of dopants can cause a major 
change in the bulk material’s properties. In the case of 
ICPs, conjugated polymers are doped with atoms that do-
nate negative or positive charges enabling current to travel 
down the polymer chain. 
 
For the purposes of this report, only ICPs will be consid-
ered. It is important to understand that conductive poly-
mers of the types described above are much more electri-
cally conductive than conventional polymers but much less 
conductive than metals such as copper and silver. The 
conductivity of polymers is characterised by low-charge 
carrier mobility, which is a measure of how easily an elec-
tric charge moves. This characteristic limits the speed of 
response on for example, a transistor, making such a de-
vice somewhat inefficient. 
 
1.2 ICP Materials 

Inherently conductive polymers were accidentally discov-
ered in the 1970s by a Japanese chemist when excess 
catalyst was added to a batch of polyacetylene. When the 
resulting silvery film was doped with various oxidising 
agents in later work in American laboratories, the material 
was found to have become conductive and this resulted in 
the development of a number of other conductive poly-
mers. 
 
The most extensively studied conductive polymer systems 
to date are these based on the following (Figure 1): 

 polyaniline 
 polythiophene 
 polypyrrole 

• polyacetylene 

Polyaniline (PANI) was the first ICP to achieve unlimited 
worldwide commercial availability. The aniline monomer is 
relatively inexpensive and the polymerisation reaction to 
form polyaniline is straightforward and gives high yield. In 
addition, the conductive form of polyaniline has very good 
chemical stability and offers a reasonably high level of 
electrical conductivity. Several different ring and nitrogen - 
substituted derivatives of polyaniline can be readily syn-
thesised and each of these derivatives can, in principle, be 

doped to give further ICPs. An example of a commercially 
available polyaniline material is ‘ORMECON’ (see p.3) 
from the German company Zipperling Kessler and Co. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Structures of conducting polymers 
 
 
Following a major problem with static-discharge damage 
to a large quantity of photographic film made by AGFA in 
the late 1980s, the parent company, BAYER AG, devel-
oped an antistatic agent based on the ICP polythiophene 
which solved the problem. The material is now marketed 
under the trade name BAYTRON, described by the manu-
facturer as having high conductivity, high transparency, 
high stability and offering easy processing (see p.3). 
 
Polypyrrole and polythiopene differ notably from polyace-
tylene in that they may be synthesised directly in the 
doped form and also that they are stable in air. Their elec-
trical conductivities are (relatively) low but sufficient for 
many practical purposes. 
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2.3 Properties of ICPs  
In addition to the above mentioned examples of conju-
gated polymers, there are also conductive polymers called 
charge-transport polymers, an example of which is doped 
poly (vinyl carbozole) or PVK. With these polymers, con-
duction takes place by transfer of charge. 

The properties of ICPs depend to a great extent on the na-
ture of the excess charge and its size. The positive or 
negative excess charge can be introduced into the poly-
mer system with conjugated double bonds by chemical or 
electrochemical oxidation/reduction following the polym-
erisation reaction. The properties, therefore, can be 
greatly influenced by the degree of oxidation or reduction 
applied to the original polymer. 

 
 
2.0 Commercially Available ICPs 

Many of the intrinsically conductive polymers so far syn-
thesised are the products of university and industrial re-
search laboratories. There are not many commercially 
available materials. The two mentioned above, however – 
Baytron and ORMECON – can be purchased commer-
cially. 

 
ICPs exhibit a unique combination of properties, including 
the following: 

 electrical conductivity 
 ability to store an electric charge 
 ability to exchange ions 

  
2.1 Baytron The values of conductivity of ICP spread across a very 

wide range and usually increase with an increase in tem-
perature. Typical values are given in Figure 2, where it can 
be seen that the conductivity of some conductive polymers 
approaches that of copper metal. 

Baytron in chemical terms, is poly (3,4-
ethylenedioxythiophene), or PEDT for short, and is a con-
ductive polymer produced by Bayer. It exhibits high elec-
trical conductivity high optical transparency, good stability 
and is easy to process. 

 
 

  
Plastics (especially films) and glass can be coated with a 
conductive, transparent and durable PEDT layer. It can be 
applied by using Baytron P, which is an aqueous polymer 
dispersion, or by direct (in-situ) polymerisation of the 
monomer Baytron M. Typical applications for Baytron 
coatings are as antistatic and static-dissipating coatings 
on glass surfaces and to produce transparent, conductive 
coatings on glass (e.g. monitors, television screens). 

 
 
 
 
 
 
 
 

  
2.2 ORMECON ‘Organic Metal’  

 
The term ‘organic metal’ and the name Ormecon are trade 
marks of the company Ormecon International. Ormecon is 
a polyaniline (PANI) and is claimed to be the first polymer 
of its kind to achieve unlimited worldwide commercial 
availability.  

 
 
 
 
 

  
Ormecon is insoluble and unmouldable but is provided in 
the form of a dispersion containing 10-nanometre primary 
Ormecon particles. The processing of conductive poly-
mers such as polyaniline in the nano-scale region requires 
complex technology. Ormecon have developed an inte-
grated three-level technology to produce conductive coat-
ings on a variety of materials for a number of different ap-
plications such as antistatic and corrosion-protection films. 

Figure 2. Conductivity of polymers and metals.1 
 

 
Pure ICPs usually cannot be processed as normal ther-
moplastics, if doped. However, some ICPs produced by 
special techniques are soluble in certain solvents, usually 
when not doped. Some chemical conversions, for example 
introducing certain side groups into the polymer, can how-
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ever, produce materials which are soluble in solvents even 
in their conductive state. 
 
One particular problem evident in a number of ICPs is the 
lack of stability under certain environmental conditions, 
particularly increased temperature. This leads to reduction 
in conductivity and in deterioration in the mechanical 
properties of film-forming products during use or in storage 
for prolonged periods of time  if moisture is present. 
 
2.4 Methods of Production 

The preparation of ICPs normally involves a two-stage 
process. First, the monomer is converted into a polymer 
with conjugated double bonds; and then the excess 
charge (positive or negative) is introduced using a doping 
technique. It is possible in some cases to introduce the 
excess charge during the polymerisation process to obtain 
a one-stage process.  
 
Doping of conjugated polymers is achieved by a chemical, 
electrochemical or photochemical route. The doping reac-
tions are characterised by a charge transfer from the 
dopant to the polymer or vice-versa. Doping agents 
(dopants) are either strong oxidising or reducing agents 
and the conductivity of the resultant polymer varies with 
the amount of dopant used.  
 
Step-growth condensation polymerisation is a common 
method of chemical synthesis. Polyaniline, polypara-
phenylene and polythiophene (and its derivatives) are 
usually produced by this method. A widely used method 
for the synthesis of polyacetylene is the Ziegler-Natta po-
lymerisation of acetylene.  
 
A number of polymers (e.g. polypyrrole, polyaniline and 
polythiophene) have been synthesised using electro-
chemical oxidative methods. For this, the oxidation reac-
tion is brought about by anodically polymerising the 
monomer onto the electrode surface using a suitable sol-
vent/electrolyte medium. The polymer film forms and 
grows by the oxidation reaction. The film can usually be 
undoped by reversing the flow of current.  
 
An advantage of electrochemical polymerisation over 
chemical methods is that the doped polymer is directly 
coated, in film form, onto the electrode surface from which 
self- supporting films can then by peeled off. 
 
Photochemical synthesis methods for producing ICPs are 
known but do not appear to be commonly used although 

they have been used for the polymerisation of pyrrole and 
some thiophene derivatives. The advantage of photo-
chemical polymerisation is that, like electrochemical meth-
ods, it is possible to produce thin, quality polymer films on 
specialised solid surfaces (e.g. conductive indium-tin-
oxide-plated glass). 
 
Conjugated polymers are of special interest because of a 
unique combination of mechanical and electrical proper-
ties. Most conjugated polymers tend to be insoluble and 
infusible because of their chemical structure. Because of 
this, an important area of research into the synthesis of 
ICPs is to develop materials that are soluble or fusible in 
common solvents, thus allowing easier processing of the 
conductive polymers into useful products. 
 
 
3.0 Applications 

For many applications, ICPs are in competition with com-
mercially available systems of long standing, particularly in 
the case of polymers loaded with metal particles or carbon 
fillers. The ICPs therefore need to be superior to conven-
tional filled polymers with respect to the following parame-
ters:  
 
 price 
 ease of recycling at end of life 
 ease of processing 
 environmental friendliness 
 lifetime. 

 
At this point in time, ICPs are not easy to process and the 
presence of air or certain environmental conditions will in-
terfere with long-term applications (particularly at elevated 
temperatures) involving the use of these materials. 
 
Notwithstanding the above, there are applications involv-
ing the use of ICPs that show promise when production 
and/or reliability problems have been overcome. 
 
3.1 TV and Computer Screens 

One of the most exciting developments is the use of con-
ductive polymers to produce flat, flexible plastic screens 
for televisions and computers. This work evolved from the 
discovery that conductive polymers such as poly 
(phenylene vinylene) emit light when sandwiched between 
oppositely charged electrodes, thus enabling flat-panel 
display designs to be made. The company associated 
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closely with this technology at the present time is Cam-
bridge Display Technology (CDT). 
 
3.2 Printable Electronics 

An advantage of printing using ICPs is the potential for 
mass production and patterning. The potential is great and 
includes defining the shape of light-emitting company lo-
gos and contacts for pixellated displays. Some methods of 
printing would be suited to rapid prototyping or allow mass 
production. 
 
The previously mentioned miniature televisions screens 
were made by ink-jet printing of polymers onto polysilicon 
thin-film transistors. The prototype is yellow/green. CDT, in 
conjunction with a Japanese company (Seiko-Epson), is 
trying to produce a full-colour display. 
 
It is expected that the use of printing for the fabrication of 
polymer electronic circuits will increase significantly. In-
creases in speed are highly likely, for example with litho-
graphic printing which, if it can be modified to print poly-
mer electronic devices, would allow the manufacture of 
electronics at very high speed and low cost. 
 
3.3 Sensors 

Another emerging application for conductive polymer ma-
terials is in the field of sensors for scientific analytical 
equipment, including chemical sensors and biosensors. 
Chemical transducers made from ICPs such as polyaniline 
or polythiophene, are being investigated for use as sen-
sors for measuring electrical conductivity in chemical for-
mulations and hence deducing the precise composition. 
For a small change in redox composition, a large and 
rapid change in electrical conductivity can occur. 
 
3.4 Flexible Electronics 

The possibility of building flexible electronic circuits is an 
exciting and attractive prospect and could be achieved by 
depositing conductive polymer layers on suitable flexible 
substrates. The use of flexible electronics could be con-
sidered in applications where electronic displays are 
curved in nature, for example in car dashboards. For some 
applications, once fitted, the shape of a display would not 
be altered but by using flexible displays, this would be a 
desirable attribute. An added advantage is that such dis-
plays could be stored by folding, rolling etc. when not re-
quired. Phillips has demonstrated flexible electronic tags 

and elsewhere flexible light-emitting polymer devices for 
novel lighting applications are also being developed. 
 
3.5 Smart Structures 

Smart materials are defined as materials that respond to 
stimuli and environmental changes and then activate their 
functions according to those changes. A smart structure is 
a system that incorporates particular functions of sensing 
and actuation to perform smart actions in an ingenious 
manner. 
 
Conducting polymers have been considered for use in 
smart structures, for example in smart skis which do not 
vibrate in use, achieved by generating a force opposite to 
that caused by the vibration. Other applications for smart 
structures are active suspension systems on cars and 
automatic damping of buildings (e.g. in earthquake-prone 
situations). Much development work will be required be-
fore the use of conductive polymers will become a reality 
in any of these applications. 
 
3.6 Rechargeable Batteries  

A highly promising application for ICPs is in the manufac-
ture of lightweight, rechargeable batteries. Some proto-
types are comparable to, or better than, nickel-cadmium 
cells currently available. Polypyrrole-lithium cells operate 
by the oxidation/reduction of the polymer molecule and will 
last as long as a typical secondary battery cell. 
 
3.7 Electromechanical Applications 

Conducting polymers can be used directly to convert elec-
trical energy into mechanical energy. This is caused 
through large size changes that occur during the dop-
ing/dedoping of many ICPs. 
 
The above are just some of the applications for which in-
trinsically conductive polymers are being developed. It is 
likely that when technical problems are overcome regard-
ing longevity and methods of manufacture, these materials 
will be used for a multitude of different applications. 
 
 
4.0 Conclusions 

Traditionally, carbon-based (i.e. organic) polymers have 
been considered to be electrical insulators. Such polymers 
could be given a degree of conductivity by the addition of 
quantities of a conductive additive, usually carbon, nickel 
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or silver. All this changed in the 1970s with the discovery 
of inherently conductive polymers (ICPs), which, as the 
name suggests, conduct electricity in their normal state. A 
Nobel prize was awarded to the inventors of ICPs, such 
was the importance of the discovery. 

Tele: 0208 6892166 
Fax: 0208 6843106 
Email: Via website 
Web: www.phillips.co.uk 
 

 A major developer of technologies based on organic light 
emitting diodes (OLEDs) ICPs are electrically-conductive polymers in which the 

conductivity arises from the presence of conjugated car-
bon-carbon bonds. These conjugated polymers possess 
interesting and useful properties due to their delocalised 
electron systems. The outcome is a material that com-
bines the electrical properties of a semiconductor or a 
metal with the useful mechanical or other physical proper-
ties and processing advantages of a polymer. 

 
 
University Of Durham 
Centre For Molecular and Nanoscale Electronics 
South Road 
Durham 
DH1 3LE 

  
The use of ICPs is being investigated for practical applica-
tions in electronic and optoelectronic devices and although 
stability and processing problems still have to be over-
come for worldwide acceptance, the potential for these 
materials is immense.  

Tele: 0191 3364 2400 
Fax: 0191 334 4792 
Email: Via website 
Web: www.dur.ac.uk 
 

  
 Max Planck Institute for Polymer Research 
5.0 Organisations and Universities Involved in 

Polymer Electronics Technology 
Ackermannweg 10 
55128 Mainz 
Germany 

The following is a listing of organisations and universities 
involved in ICP technology; it is not intended as an ex-
haustive list. 

 
Tele: (+49) 6131 3790 
Fax: (+49) 6131 379 100 

 Email: Via website 
Cambridge Display Technologies (CDT) Ltd.  Web: www.mpip-mainz.mpg.de 
Greenwich HOUSE  
Madingley Rise  
Madingley Road  
Cambridge, CB3 OTX  
  
Tel:  01223 723555  
Fax: 01223 723556  
Email:  info@cdtltd.co.uk                                                            

1 Source: Popular Plastics & Packaging Journal, Plastindia 2003. 

Regional Research Laboratory Thiruvanathapuram. Origin: Poly-

mers to the Year 2000 & Beyond, Herbert Naarmann 

Web: www.cdtltd.co.uk 
 
CDT is the leading developer of technologies based on 
polymer light emitting diodes (PLEDs) 

 
Whilst the advice and information in this publication 
is believed to be true and accurate at the time of 
publication, neither the author nor the publisher as-
sume any legal responsibility or liability for any er-
ror or omission that may have been made. 
 
 
 
Comments on this publication are welcomed. 
Please send them to: 
 
enquiries@primetechnologywatch.org.uk 

 
 
Phillips Electronics UK Limited 
The Phillips Centre 
420-430 London Road 
Croydon 
Surrey 
CR9 3QR 
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