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— Pliability
— Lightweight strength
— Cheap cost of production

— Good electrical insulation

Insulator in electricity cable



Ziegler-Natta

=\\\\\\\\

Acetylene Polyacetylene

100-fold excess of the Ziegler-Natta catalyst

(By mistake)

Silvery trans-polyacetylene film

( a conductor )



Copper coloured

10-19~10-° Scm-1
cis-Polyacetylene

toluene

_ Ti(Obu),
U=C Et,Al

Acetylene n-hexadecane

D e e N G

trans-Polyacetylene
Silver coloured

10-5~104 Scm-’

T, lio, £l Sriirzicvvel cnel 9, likeda, J Polyirl. Scl., Palyen. Crignr. 2. 12, 14-20 (1974)




Alan MacDiarmid, Alan Heeger

Explosive inorganic polymer: Poly(sulphur nitride)
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The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in
Chemistry for 2000 jointly to

Alan J. Heeger
University of California at Santa Barbara, USA,

Alan G. MacDiarmid
University of Pennsylvania, Philadelphia, USA,

Hideki Shirakawa
University of Tsukuba, Japan
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® Light weight
® Flexible

® Easy Process
® Cheap

® \/ersatile



Polypharaphenylene

i
ans-polyacetylene ,1r EE

Polythiophene Polypharaphenylene-

vinylene

Polycarbazole

yisothianaphthene




CONDUCTIVITY (ohm-cm) -1

METALS -~

SEMI-

CONDUCTORS |

INSULATORS -

_ COPPER
SILVER
GOLD

» TRANS-

:

TIN
LEAD)d
BISMUTH

GERMANIUM

SILICON =

POLYACETYLENE =

BORON -

SODA-LIME GLASS _|

CIS-POLYACETYLENE _|

FUSED QUARTZ _|
POLYVINYL CHLORIDE -
WHITE PHOSPHORUS +

POLYETHYLENE =

SULFUR _|

TEFLON =

¥ POLYPHENYLENE,
POLYPYRROLE

¥ POLY(PHENYLENE SULFIDE)

DOPED
POLYACETYLENES

DOPED
POLYMERS




Polyacetylene

Polypyrrole

Polythiophene

Poly(3-alkylthio-
phene)

Polyphenylene
sulfide

Polyphenylene-
vinylene

Polythienylene-
vinylene

Polyhenylene

Polyisothiana-
phthene

Ployazulene

Polyluran

Polyaniline

Approxlmate

= conductivity
Doping matertals Ciimen

per cm)
12. Br:, Li, Na, AsFs

BF:, ClOr tosylate®

BF7, CIO7,
tosytate® FeCL

BF;, C107 FeClr 1000-10,000*

AsFs 500

AsF;
ASF;

AsFs, Li, K

BFy, CI07

BFy, ClO7

BF«, CIO7

HCl

a Conductivity of oriented polymer b p-Methylphenylsulfonate.




® Antistatic Coatings

® Cable Shielding

® Electrodes, Sensors

® Rechargeable Batteries

® Electrochromic Smart-Windows
® Flexible Light-Emitting Diodes
® Field-Effect Transistor

® Flexible Solar Cells
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@ Static Dissipation
® EMI Shielding
® Radar-absorption

® Highly efficient microwave absorption



Polythiophene

Polypyrrole

Polyaniline

Polyisothianaphthene

Undoped

red

yellow-green

blue

blue

Doped

blue

blue-black

green

light-yellow



ITO
Conducting polymer

Glass i I } L[

Polymer electrolyte




Metal (Ca ~ Mg ~ Al...)

e
<« Light-emitting
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® Strong luminescence of MEH-PPV is quenched by a factor in excess of 103
® | uminescence decay time: ¢ ,: 550ps < <60ps
® ESR: triplet-triplet absorption signal (1.35 ev) disappear

strong spin:1/2 signal

Enhance the charge carrier generation

Prevent charge recombination

Quantum yield of photo-induced charge generation~100 %



Al
«—Fullerence

Conducting polymer




PV elements on flexible ITO coated PET (6 x 6 cm)
MDMO-PPV/PCBM
Q~2%



Disadvantages

® Rigid
® Infusible
® Insoluble

® Poly(alkyl-sbstituted aniline)
® Doped with long alkyl chain acids
® Blended with polymers



ReIV(2IkyiEstistittied aniline)

J Nangleinzer coriforrrieition)

J Lavwer eryselllinity

J Lo conleltigiviny




[DEPEdWIthNEURCHGRElIZECNEIGIORICACIA

S|O3 3

O

V)

R

CHs
R = CHs H,C l
0O Ci2H2s

® Soluble in a variety of common organic solvents, such
as m-cresol, xylene, chloroform

® Good conductivity

(. Ceo izl Syriingiic Mgtel 48 I (1992)



Elecironimicrographsioirextracted PANIECSARVIVIATpelyisiendsHilmsinitially
contaimine diifierent concentmation (inmwit7o)eirthe PANIECSATComplex:

(@) 28.0%, (b) 16.2%, () 3.7%, (d) 1.9%, () 0.96%, (f) 0.48% PANI-CSA
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Polveiline Callefels
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Corrosion inhibitor
Antistatic coating
Conducting adhesive

Flexible transparent conducting electrode






W

Cu-~ Ag -~ Au ~ Pd=

TiO,/Ag/TiIO,
B1,0,/Au/BI,0;

In,O5(Sn) ~ ZnO(Al)

7o

Polypyrrole
Polythiopene derivatives

B | g &

Polyethyleneglycol/LiCIO,

In,O,/polyester resin

ER=IERT e
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nm)
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T > 1.0
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Display 1, 58 (1995)
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, o ow o | ITORCE | 18 %%
=~ W 7 [E
(nm) (Y%o@550nm)
5 310-350 75
7 230-270 80
14 150-190 85
25 90-130 82
30 70-90 80
80 40-60 83
150 20-30 86

Display 1, 42 (1995)




.38 5

B R Cell 1.95mm 1.35mm | 1.35mm | 0.95mm
i 0.7mm 0.4mm 0.4mm 0.2mm
£ Cell 4.60 3.70 2.19 1.69
1 4.30 3.49 1.8¢ 1.3g
el 8:1 8:1
FEFER 250ms 250ms
o 240 C, 95%RH™ =40 C, 95%RH™
1000 i -J- p=* 1000 7% -] p=
o S ol -20~70°C -20~70 °C
A= N -30~80 °C -30~80 °C
wt ot 4 (4p $) 1 £0

A B YR Sk i
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Insulating film (top coat)

Hard Coat Polarizer
Gas Barrier Polymer Substrate
% A
ITO
Gas Barrier
Hard Coat

Alignment Layer

Liquid Crystal Seal agent
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Sputtering

SPET A |005-01| E7A
PR K =T K Sol-gel

PRk
it % 1 | Wet Coat / UV

Hard Coat 5-10 g~
ITO% ¥ 1= | (nano tech)

.

i A 12
. Extrusion
Plastic 200-400 | Support :
Flow-casting
: . Sputtering / EB PVD
Gas Barrier 2.5 e 2

Sol-gel / nano tech.




Unit Hard Coat
Thickness oum 100-200
Water Absorption % <0.2
Water VVapor Permeability g/m?-day <0.15
O, Permeability cc/mz?-day <0.1
Refractive Index ~ 1.5
Retardation nm <15
Birefringence nm <10
Haze % <0.5
Total Light Transmittance (at 550nm) % > 90
Glass Transition Temp. 0 > 150
Coefficient of Linear Expansion ppm/K <50
Pencil Hardness > 3H
Surface Roughness nm <10
Methanol @)
Ethanol O
Chemical Resistance Acetone O
MEK O
Toluene O




y g £ a& 7 a1
ki PC PAR PES
b A C 150 130 160 180
FPE % e ppm/K <50 65 60 50
Z 13:.%%3 ppm/iE. & < Pixel size/20 100/130 100/150 100/200
Zow LR Nm <10 <10 <10 <10
% K & % > 90 0 90 87
A E B nm <15 <15 <15 10
%3 cc/m2-atm-day 15 15 15 -
LY+ g/m2-day 0.1 0.1 0.1 0.1
Alkaline @) O O O
Acid O AN AN O
foeh 22 Acetone O YA\ & JAN
Butylacetate O YAN @ YAN
Alcohol O O O O

O =good , A = poor , <> = only contact




AGFA’s Orgacon™
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Spectral Transmission : Orgacon Vers




Brightnass Cdim2

Lifetime of EL lamps printad on Orgacon Film ; Blue-green
Phosphor;
Carbon back electrode; 60C/90%RH




- this involves polymers
added to the system adsorbing onto the particle
surface and causing repulsion.

This approach was used to produce stable
dispersions, and improving the processability.

Conducting polymer core Adsorbed stabilizer layer



Strongly anchored to the particle surface for
preventing desorption or surface migration of the
polymer during interparticle collision

High surface coverage

Sufficient anchored layer thickness to the
minimum potential energy G, ., ~0.

The loops and tails of the anchored polymer
should be associated with a good solvent
environment in order to optimize the layer
thickness.



Water soluble polymers
Tallor-made polymers
Particulate stabilizers

Surfactants



Carboxymethylcellulose
Ethy(hydroxyethyl)cellulose
Hydroxypropylcellulose
Methycellulose
Polyacrylamide

Poly(acrylic acid)
Poly(ethylene oxide)
Poly(methy vinyl ether)
Poly(styrenesulfonic acid)
Poly(vinyl alcohol)
Poly(N-vinylpyrrolidone)
Poly(vinyl alcohol-co-vinyl acetate)

Protein



Polyaniline dispersion particles stabilized
with hydroxypropylcellulose.
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Graft copolymers
Block copolymers

Reactive polymers



Add oxidant Add Aniline Polyaniline

Activation of pendant  n situ polymerization particle sors

aniline graft sites

NH> NH,

Polyelectrolyte stabilizer containing
reactive pendant aniline groups

Polyaniline particles using reactive polyelectrolyte
stabilizers.
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Stabilizer overlayer

Aniline oligomers

Colloidal silica



Silica

Manganese(IV) oxide
Zirconium dioxide
Titanium dioxide

Polymer latexes



Polyaniline Particles Stabilized with
Nanocolloidal Silica.
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Sodium dodecyl sulfate
Dodecylbenzenesulfonic acid

AOT



Colloidal polyaniline particles prepared in the
presence of dodecylbenzenesulfonic acid

Fai it B
PR [ ‘:4

R
e

J. Paolyrrl. Meier,



The particle shape and morphology of polyaniline may
be affected by several factors ---

® Stabilizer

Needle-shape polyaniline Spherical polyaniline
particles (stabilizer: PVA) particles (stabilizer: NaPSS)

Anrell Crignn. 99 ((L997) LIS80



® Stabilizer

Needle-shape polyaniline particles Rice-grain polyaniline particles using
using poly(ethylene oxide), a graft copolymer stabilizer based
M=300000, as stabilizer. on poly(ethylene oxide).

Crignn. Conrlencin, (¢



® Oxidant

TEM Micrographs

Rice-grain shaped PANI Spherical PANI colloids, using
colloids, using KIO; as oxidant (NH,),S,0gas oxidant

J. Collgiel [piideizige Sdf -




® Temperature

The morphology of polyaniline particles may be different by
changing the polymerization temperature of aniline.

The micrograph shows the particles formed in dispersion
polymerization of aniline hydrochloride at different temperatures.
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0°C. 207C. 40C

Polyanier 40 (L999) 2457



® [emplate

Sun et al. found that the polymerization of aniline in a
solution of poly(styrene sulfonic acid) yielded the
globular structure while in the presence of poly(acrylic
acid) it resulted in distinct coral-like morphology
attributed to the template control in polymerization.

TEM of PSSA-PANI complex SEM of PAA-PANI complex




® Solvent

Chattopadhyay found that the morphology of PANI
particles stabilized with cellulose ethers was controlled
by the composition of ethanol/water mixture.

Py

.*“

TEM of ethyl(hydroxyethyl)cellulose TEM of ethyl(hydroxyethyl)cellulose
stabilized PANI dispersions prepared stabilized PANI dispersions prepared
in water in 70% ethanol.

)




® Concentration of stabilizer and monomer

TEM of hydroxypropylcellulose (HPC)
stabilized PANI particles prepared

in 80% ethanol (HPC=1 g/cm3
Aniline=0.5 g/cm3)

TEM of hydroxypropylcellulose (HPC)
stabilized PANI particles prepared

in 80% ethanol (HPC=0.5 g/cm?3
Aniline=0.75 g/cm?3)

Polyan. et 50 (2001) 588



® Nediators

The rate of aniline polymerization can be efficiently increased at
fixed temperature by introducing small amounts of mediators
during the polymerization of aniline, and the morphology of
polyaniline particles may be different.

The micrograph shows the particles formed in dispersion
polymerization of aniline hydrochloride by addition of different
concentration of mediators.
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No mediators 2x104 M p-phenylenediamine 2x1072 M p-phenylenediamine

dihydrochloride dihydrochloride

Polyaner 240 ((L999)) 24




Monomer

v

Oxidant

Sterically- \

stabilized PS latex
particles

e
womer: § N7 L€

NH»

Oxidant: FeCl;, (NH,),S,04, Fe(tosylate),



High Tg latexes: polystyrene - poly(methyl methacrylate) -
poly(styrene-co-styrene sulfonate)...

These composite particles exhibit rigid, non-deformable
properties, and can be readily synthesized with narrow
size distributions over a wide size range (50nm—10 m)

Low Tg latexes: polyurethane - poly(vinyl acetate) - alkyd
resin -~ poly(butyl methacrylate)...

These composite particles exhibit remarkably good film
formation properties.



Poly(ethylene oxide) - Poly(vinyl alcohol) -
Poly(N-vinyl pyrrolidone) - PDMAEMA-PMMA -
poly(vinyl acetate) - Methyl cellulose...

FeCl; ~ (NH,),S,0Og4 ~ Fe(tosylate), ~ H,O,
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SEVINMICIOgaPRRS CINeeI/ANNINESCOELEC
PEI1Y/SLYIERENELEXES

Uncoated PS latexes




SENSMICregIapNS G pely/pYiilicle-coated
PoIy/Shy/rEner|atexes

Polypyrrole/PS=6.1% Polypyrrole/PS=25.1%

J. Mletier. Crierr 7 (L997) 1859
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©Colloidal particles have been coated and
stabilized by the direct adsorption of polymers
from solution onto their surface.

®The polymers used are charged (i.e.,
polyelectrolytes) and their stabilizing influence
arises from both electrostatic and steric effects.

®lt is possible to coat colloids with uniform single-
and multilayers of polyelectrolytes.



— Polyanion

T
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L I+

Poly(styrene sulfonate)
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1. Polyanion

+ Polycation
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Poly(allylamine hydrochloride)

&
_r"a___

Schematic of layer-by-layer process.




Ram et al have reported the PSS/PANI layer-by-layer films deposited
on glass substrates, and discussed their physical properties.

It was shown that when the pH of the solution is lying between 5 to 6,
it was possible to control the film deposition because PANI is not
sufficiently charged to the deposited on the polyanion PSS surface.

When the pH value of the solution was controlled from 2.7 to 3.5,
PANI was sufficiently charged and the uniform deposition took place.

(1) Polyanion (3) Polycation
(2) Wash (4)Wash

Poly(styrene sulfonate) (PSS) M,,=70000

Polyaniline M, =25000—~30000



Polveation Adsorplion ‘. “

) Polvanion
(2) Adsorption

Schematic illustration of the LbL process for forming
polyelectrolyte multilayers on particles. The scheme is
shown for negatively charged particles.

AV lVater:




We can adopt the layer by layer colloid templating
strategy to synthesis the PANI coated PS core shell

latexes.
(1) PSS (3) Aniline,(NH,),S,0;,
(2) Wash O—~5 7, 24 hr

Cationic PS latexes

Poly(styrene sulfonate) (PSS)

Polyaniline



The thickness of the polymer coating can be fine
turned by altering the number of layers
deposited and the solution conditions from which
the polymers are adsorbed.

Multicomposite polymer films can be assembled
through choice of a large variety of polymers.

Colloids of different sizes, shapes and
composition can be employed as templates since
polyelectrolytes self-assemble onto numerous
surface.



e Core: polystyrene

By emulsifier-free emulsion polymerization method.

® O - @

Core (PS) Shell (PANI) Core-shell latex




Styrene

300rpm , 24hr

70.0£0.5C

+

CH3 CHj
NS Ly d e
HoNT | [ RH
2 CH3 CH3 2
AIBA

’+ Cationic PS

+

—+

latex particles



SV miCrosapi O Callenic PRINSICAC A

Near-monodisperse
spherical particles
morphology
observed for the
uncoated PS latex.




Prepaiabonrei PSYRPANINCere=Shell
ISEILEXES

Adsorption off anionic surfactants

SDS

Cationic R
PS latex SRR
[e—>
)

Head group=SO;




Preparauen o ES/PANINCore=Shell
[EELEXES

In situ polymerization of aniline

L (NH,),S,04
NH; 0~5°C,24 hr.

Aniline Polyaniline-coated
polystyrene “core-
shell’particles

Bilayer surfactant stabilized PS latex
particles



SEVIEmIcregiaphreif PS/PANINatEexes
(Without SDS)




Green supernatant
containing polyaniline.

. . Centrifuge ’
10 minutes
. .
o
o [
[
®

Sedimented mixture of
light green and white
cationic PS particles



—~
-
O

~~
o
(-
>

©
~-
>

—®—C_H _OSO Na

127 25

—e—C,_H OSOsNa/Latex

127 25

—m— CMC=6.2410E-07mol/cm®
—@— CMC=1.0757E-06mol/cm’

e — Y

2.0x10°  4.0x10°  6.0x10°  8.0x10°  1.0x10°

C(mol/cm®)




3.50E-010

1 | —#— Data (Exp.)
3.00E-010 4 | —®— Data (Langmuir)

[ c=2-9451E-10mol/cm’
2.50E-010

2.00E-010 -

(\IA
S
(&)
=
o
£

N
-

1.50E-010

1.00E-010

500E'011 | T | T | T | T | T |
1.0x107 2.0x107 3.0x10”7 4.0x10” 5.0x107 6.0x107 7.0x107 8.0x10”

C (mol/icm®)




SENImIciegraphi e RS/EANIFCere=-shelNalexes
(C5ps<CMC)




PlheiegraphieiRS/EANIFcore=ShEll
jalexes

Sedimented green
core-shell particles




SEVIimicregrapnieiBS/RANIFCore=shellNatexes

(Cqps>CMC)




Green supernatant

Centrifuge containing PANI.

10 minutes

Sedimented
green core-shell
particles




ViCreaapnsS G ES/RANIFCOMPOSIENALEX:

SEM TEM

PANI/PS=1%
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Vierphelegy Giithercore=ShEellalexes
(Withranionic surfactant C,,H,,0SO;Na)




e ENECHOINIVAreOPpRBPICCHAINNERGLINGI;
ARIGRIC SUIEECIERS

C,,H,:0S0,Na




1% PANI
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Coating polypyrrole on Hematite( ¢ -Fe,0,), silica-modified
hematite, CeO,, CuO etc..

The use of electrochemical or soluble initiators can be
eliminated by utilizing catalytically active cores to effect
polymerization of monomer.

These inorganic cores were coated with polypyrrole by
exposing the cores to the polymerization medium of pyrrole In
an ethanol/water mixture and heating to 100°C.

The polypyrrole coated o -Fe,O; and CeO, particles were found
to be electrically conductive, and the thickness of the polymer
coating can be controlled.



(A) Silica gel coated with polyaniline camphor-sulfonate

Aniline

Camphor-10-sulfonic acid +  Sllicagel

(CSA) (Template)
7 um

(B) Dispersion approach

Aniline . Silica gel , 40Wt.%
colloidal silica
=R Clempiate) (Stabilizer)

7 um 35nm

(NH,),S,0q4
20°C,1hr.

(NH,),S,0q4

20°C,1hr.

PANI coated silica
gel microspheres
+

Macroscopic PANI
precipitate

PANI coated silica gel

microspheres
+

PANI dispersion
particles
(300—500nm)



Eelyaniline=coatea silicargel

(A) (5))

\

Collgjclal

Siliceal

PANT grecigfiziie

Template silica gel microspheres The formation of precipitate is
become coated with an overlayer prevented by the presence of a
of PANI during the polymerization steric stabilizer, small silica

of aniline. PANI precipitate is particles.

produced simultaneously.



SENNmICreghapns ol silica gelNmICrosphERES:

: i |
Template 7 ¢ m silica gel microspheres. The surface of bare silica gel.

Ifogezin) Polyerar Jotrnel 88 (2002) §571




Viichegaphs eipel\/apiineEceated Silicargel

PANI coated silica particle PANI coated silica particle in the
presence of nano-colloidal silica

Ellfggesir) Polyerar Jotrrel 88 (2002) 9871
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Viagneucrancfconaicng EEs@) ~cross=linked
Pelyamiliner parcleshwithircere=shelifstructure

§//////////

-

The PANI coated Fe,O, core shell
particles showed ferromagnetic
and electric properties.

The saturated magnetization
increased with an increase of Fe
content.

The conductivity depends on the
Fe content and the doping degree.

TEM micrograph of PANI/Fe O, Polymer 45 (2002) 2179
composite particles




Trapping the particles in the pores of membranes and
polymerization of a conducting polymer inside the pores.

AU naiopanicles
.

Suppan membane @
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Vacuom Esaragmenl

i1 Ew I Fodd Dssolve Membrane
I i Descdve Membrans {LLES W KCOHD

Suspension of Hollow palyoyviole Suspension of polypyirode-coated
Manocapsulbas Giodd Manopartiches

Schematic diagram of the membrane-based method for
synthesizing gold-core/polymer-shell nanoparticles.

Gold nanoparticles being filtered
into a porous membrane with a
pore size of 200 nm.

Initiator Fe(ClO,); was then
poured into the top of the
membrane and several drops of
the monomer (pyrrole) were
placed underneath the membrane.

Upon diffusion of the monomer
vapor into the membrane, it
contacted the initiator to form
polymer, with deposition
occurring on the surface of the
gold particles.
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In both micrographs the gold nanoparticle is seen in the center as a dark core.

Multilayer composites were also produced by simply replacing the
first monomer with a second and allowing polymerization to proceed.
The thickness is dependent on the polymerization time and can be
varied from 5 to 100 nm.

This method shows promise for the coating of various template

particles with a range of polymers.
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