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ÅPolymers are typically utilized in electrical and 
electronic applications as insulators,where advantage 
is taken of their very high resistivity

ÅTypical properties of polymeric materials:

ïStrength, flexibility, elasticity, stability, mouldability, ease of 
handling, etc.

ÅCombining properties of polymers with electric 
conductance or semiconductanceopen many 
perspectives
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Polymers



ÅOLED displays

ÅOrganic electronics 

ïPrinted electronics

ïFlexible electronics

ïTransparent

1
7

/0
1

/2
0

1
0

3
C

o
n

d
u

ct
iv

e
 P

o
ly

m
e

rs

Current commercial applications
based on conjugated polymers or oligomers

Printed Memory
from PolyIC

άMaximusέ YŜȅōƻŀǊŘ
Each key OLED displaySumsungάIceTouchέ atо tƭŀȅŜǊ

Transparent OLED

Flexible lighting 



Photovoltaic Devices (Solar Cells)

Electrochromicmaterials

Antistatic Coating of Polymers and Glass

Artificial Muscles and Actuators

Batteries and Supercapacitors

Corrosion protection

Electrorheological materials
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Wide range of applications
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Nobel prize in Chemistry 2000
άŦƻǊ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŜƭŜŎǘǊƛŎŀƭƭȅ ŎƻƴŘǳŎǘƛǾŜ ǇƻƭȅƳŜǊǎέ

Alan J. Heeger Alan G. MacDiarmid Hideki Shirakawa

J. Chem. Soc. Chem. Comm. 1977, 578

Some reports on conductivity of organic conjugated oligomers and polymers were presented before that
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The Discovery

H. Shirakawafound efficient 
synthesis of all cis- and 
trans-polyacetylene films

all-cis-polyacetylene
copper colored

all-trans-polyacetylene
silver colored

They met in Japan, started collaborating and found that:

Conductivity of oxidized by I2όάŘƻǇŜŘέύ trans-polyacetylene 
increased ten million times!

But he did not investigate 
conductivity

Physicist A. Heegerand chemist 
A. MacDiarmidcollaborated to 
study the metallic properties of 
polythiazyl(SN)x
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Variety of Conjugated Polymers

Polyacetylene
(PA)

Polythiophene
(PT)

Polypyrrole
(PPy)

Polyfluorenes
(PF)

Poly(p-phenylenevinylene)

(PPV)
Poly(3,4-ethylenedioxythiophene)

(PEDOT)

Polyaniline
(PANI)

Poly(p-phenylene)

(PPP)
Poly(p-phenyleneethynylene)

(PPE)

Only main backbones of conjugated 
polymers are presented 

Different substitutions and 
copolymers were prepared



ÅIntrinsically Conducting Polymers(ICP) ς
conjugated polymers 

ÅOther types:

ïConducting Polymer Composites

Åphysical mixture of a nonconductive
polymer and a conductingmaterial
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Types of conducting polymers

ïRedoxpolymers ïIonicallyconducting polymers
(Polymer electrolyte)

ÅHybrid materials are also known

poly(ethylene oxide) : Na+BPh4
-



Electrical DC Conductivity
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Electrical conductivity ςmaterial's ability to conduct an 
electric current

The conductivityůis defined as the ratio of the current 
density J to the electric field strength E (Ohmôs law)

J =ůE

SI units of ů : siemensper metreό{ϊƳ-1)
= reciprocal of ohm per metre (ʍ-1ϊƳ-1)
= mho per metre (ᴜϊƳ-1)

Units of J:amperes per square metreό!ϊƳ-2)
Units of E:volts per metre (Vm-1)

1 m

Consider a cube with edge of 1 m
and apply voltage 1 Vbetween two 
of its opposite planes. Then a current 
of 1 Awill flow if cube material has a 

conductivityof ů= 1{ϊƳ-1

A


