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CHAPTER 11

THEORETICAL CONSIDERATION AND LITERATURE REVIEW

In order to understand about conductive polymer,

a suitable startipe ™ an for GG

eration is band theory
which is the essga for discussion of
conduction in thesis prepared
polymers by chef solution. thus,
effect of oxida ~E1 s significant in
this study. conductivity was

described in sectiOn

[1 24]

ﬂ‘IJEI’J‘VIEWIﬁWEI'm‘i

For $1mp11c1ty , We assume that , one atom
QAN TN TINE Y
ﬂhan the second atom is brought up, it overlaps the first
one and forms a bonding orbital and an antibonding orbital,
Scheme 2.1 (b). The third is brought up and overlaps its
nearest neighbour (and only siightly its next-nearest) and

from these three orbitals three molecular orbitals are
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formed as show in Scheme 2.1 (c). The fourth atom leads to
the formation of a fourth molecular orbital, and at this
stage we can see that the general effect of bringing up
successive atoms is slightly to spread the range of energies
covered by the orbitals, and also to fill in the range with

orbital energies. When N atoms have been slotted on to the

line there are bitals covering a band of

finite width. § y large, the orbital

energies are pad form a virtually

continuous band tually continuous band

“Wu‘hﬁh‘
“a
consists of N 4 '~ ta s,the lowest-energy

orbitals in e uBad brikafr pantly bonding, and the

highest-energy

fal

(1]

Scheme 2.1 The formation of a band of N orbitals by the

successive addition of atoms to a line
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The band formed from s-orbitals is called the
s-band. If the atoms carry p-orbitals, the same procedure
may be followed, and the band of molecular orbitals is
called the p-band, Scheme 2.2 . If the atomic p-levels
lies higher than the atomic s-level , the p-band lies higher

than the s-band, unless it is so broad (strong overlap) that

the bands overlap.
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2.1.2 Metal, semiconductor and insulator [24]

Energy band diagrams may be used to
illustrate the differences between matals,semiconductors and
insulators. In metals the electrons completely fill the

valence band. The higher energy conduction band is empty at

absolute zero. This is & scheme 2.3(a). There is no

Acnnﬂuct ion bands for
d

metals, above abSe [EE=zerp, clEQrrons at the top of the

energy gap between

L energy and move

highest
into the low pduction bands. A

substantial fr n be excited into

singly occupi n\k at relatively low

temperature. Suc gfgctrofs Wcontribute to the

| W " ;

electrical conductivi¥ aly and the substance is

called a condugto ,
., =

.; sem - oT & fsulators, shown in

Scheme 2 nce band is completely
filled ﬂﬂw iﬂﬂm i’ﬂ I\lﬂ and the next
hiﬂ: vaggjlarge},
theﬂmxtt mnm}'{ﬁtmn m m into an

empty conduction band and the material is an insulator.
If there is only a small energy gap, the material is an
intrinsic semiconductor, electrons being excited rather
easily into the conduction band. If the gap is wide but

impurity atoms are added , it may be possible to establish
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level within the gap that facilitate the movement of
electrons into the conduction band. These latter systems

are known as impurity semiconductors , or extrinsic

semiconductors. [1]

Mo
gap

Incrensing encrgy

{ ZEnergy—teveis—in-vaienesbaic
u"f
iF |

Scheme 2.3 Thefrelationship of jenergy gaps in the three

ﬂ ummmw El']ﬂ’a'

Most technologically important semiconductors
are the extrinsic type in which the charge carrier
production is determined by trace amounts of impurities
or by lattice imperfections . However, with the addition of

an impurity (between about 0.1% to less than 1 ppm), the
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charge carrier type, its concentration and the conductivity

of the sample can be cuntroliad.'

When the crystal lattice is disturbed by the
addition of impurities or even by irregularity in the

lattice arrangement, isolated centers are generated. Some

centers can contributeselects J"’b the conduction band of
the material. Suchms | I ‘ &d donors or donor
centers. If the - s e electrons , the
material 1is . If the centers
remove electrons T i —chi=m) 9‘ ' a;', they are called

e

e valence band and

These vacancies
behave as positive
are called holes. -rednminant charge

carriers, a p-type semig

P

o ‘ar in that they

conduct curre w;thout hav:ng a pat ially empty or

i oG THY PS8 G v o

be explalng& well by sxmpl? band thsnry For example, simple
o) AR F WA R B L
electrcns or holes, in polyvacetylene and polypyrrole are
spinless. To explain some of the electronic phenomena in
these organic polymers, concepts from physics that are new
for chemists , including solitons , polarons and bipolarons,
have been applied to conducting polymers since the early

1980s.
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2.1.4 Charge storage

The conductivity of organic polymers is

drastically increased by doping. This increasing was

explained by the following :

ATEES appe

[26-27]

the interaction
of a polymer'unf' .w:t--rs leads to the
formation of " elj ighest occupied
electronic leve band (VB) and
lowest unoccupied le pand (CB). The width
of the forbidden bﬁnd CT—pa =; \Eg ), between the VB and

CB determln;,‘ ;:}'“rtiES of the

-

LY
material. For 9& @ polymers we have

discussed so fa "¢ the band gap 13 larger fhan 1.5 eV so that

oo 1 REMFIINT
QAN TR T 889 e

abserveﬂ upon doping organic polymers was thought to result
from the formation of unfilled electronic bands. It was
simply assumed upon p-iype Or n-type doping, electrons were
respectively, removed from the top of the VB or add to the
bottom of the CB, in analogy to the mechanism of generation

of charge carriers in doped inorganic semiconductors. This
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assumption was however quickly challenged by the discovery
that polypyrrole can display conductivity which does not
seem to be associated with unpaired electrons but rather

with spinless charge carriers.

In_prganic molecule, it is usually

the case that equili n the ionized state is

different from thal if the e.g2., the geometry

f 1 rrole omes quinoid-like i
of polypy " WOOIE=LIkE

the inoized sta l in the ionization

process  of ally depicted in

Scheme 2.4 . A like ionization

process costs anjfeg S ESed I @ zeometry relaxation

then takes place | a relaxation energy

Ere] Wwas gained back going from the ground

state to ¢t e mm A A e R e e A i 50 be of in the

AY J

;i ecule is first

distorted in thggmund stat&, in such a way that the

wicte FURE) G BTG e rnie

state. '11115 costs a gistrotiong(elastic) Epergy Egj

sl AR IUUBITRYIAL, o

molecule, this distortion leads to an upward shift ag of

: =9
following way.-q;
|

the  Thighest occupied molecular orbital (HOMO) and a
downward shift of the lowest unoccupied molecular orbital
(LuMO), as illustrated in Scheme 2.5 . If we then proceed

to the ionization of the distorted molecule, it requires an

energy Eip_4-
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lonized
Siate

Scheme 2.4 SPgies involved in a
sfess . Eip-y is the
Ere],the relaxation
ofized state, Eg4jg. the
to be paid in the ground
: {iulacule adopts the
el onized state, and

'| , r-i

- IP...d, the ionization ene¥gy of the distorted

ﬂuﬁ%WUw§Wans
ma\aﬂsmwwwqwr s

energetically favorable to have a geometry relaxation in
the ionized state when the quantity Ejp_y - Epp-4 (which
actually corresponds to a€ as can be inferred from
Scheme 2.5) is larger than the distortion energy Egqjg. or in

other words, when the reduction, a¢ ,in ionization energy
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upon distortion is larger than the energy Eq;jg required to

make that distortion.

Scheme 2.5 evels for organic

mid-state electronic

ofry of the ground state

geometry of the first

a polyme f, or any solid, a

) .uﬂ; 7'@ N ﬂijm me—
RIS TR AT T T

the process, no geometry relaxation (lattice distortion)
takes place on the chain. Second, the positive charge on the
chain is delocalized over the whole polymer chain. Third,
the presence of a hole (unfilled level) on the top of the VB
leads, as discussed above, to the appearance of a metallic

character. This situation corresponds to the initial
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assumption made about the conduction mechanism in doped
organic polymers. However, in an organic polymer chain,
it can be energetically favorable to localize the charge
that appears on the chain and to have, around the charge,
a local distortion (relaxation of the lattice). This process

causes the presence of localized electronic states in the

all u / shift, a€ , of the HOMO and
downward shift _of UM ﬁE 6(b). Considering the
case of oxidatioasi . e rad.0f an electron from the

chain, the ed by an amount &%,

ﬂ‘lJEl’J‘VIEWl?WﬁJ']ﬂ

Scheme @.6 Band structure of a pc- ymeric chain in the case of

AN NI ATIN BTR Y

(b) the formation of a polaron

If ag is larger than the energy Eyjg necessary to distort
the lattice around the charge, this charge localization
process is favorable relative to the band process. It was

then formed what condensed matter physicists call a polaron.
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In chemical terminology, the polaron is just a radical ion
(spin 1/2) associated with a lattic distortion and the
presence of localized electronic state in the gap referred
to as polaron state. The quantity a€ - BEyjs (= Epgp)
corresponds to the polaron binding energy. Calculation
(based on Huckel theory with bond compressibility) has

V)

in all the organie.fonjugatetsfod¥mners. The polaron binding

indicated that pels don is energetically favorable

energy is 0.12 must be stressed that

in the cass VB remains full and
the CB emp - metallic character

since the Mbcalized in the gap,

Scheme 2.6 (kb

Unpaired
electro

ﬂUU?WﬂﬂﬁWUﬂﬂi

RIB TR AT N B

over some polymer segment is called a polaron

If another electron is now removed
from the already oxidized polymer containing the polaron [1]
two things can happen : This electron could come from

either a different segment of the polymer chain, thus
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creating another independent polaron, or from the first
polaron level (remove the wunpaired electron) to create a
special dication, which solid-state physicists call a
bipolaron. A bipolaron is defined as a pair of like charges
associated with a strong local lattice distortion. The

formation of a bipolaron implies that energy gained by the

interaction with larger than the Coulomb
repulsion between “Bhe | arne iif same sign confined in
the same locat iGue#ME two| positave charges of the bipolaron

are not indeg

‘ Lebp

A

| — o A o i e i

|
.H

A1l ET"“TWW“S’WW?TT i

(a) two arons ; {h] one b aron
Qmmnimummmaﬂ
electron structure
corresponding to the presence of two polarons and that of
one bipolaron is depicted in Scheme 2.8 . Since the lattice
relaxation around two charges is stronger than around only
one charge, Egjg for the bipolaron is further away from the

band edges than for a polaron.
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In the comparison of the creating
of a bipolaron relative to that of two polarons , the
calculations for polyacetylene, polypyrrole indicate that
the distortion energy Ejjg to form one bipolaron is roughly
equal to that of forming two polarons. On the other hand,

the decrease in ionization energy is much more important

in the bipolaron case pi ') than for two polarons
is the reason why one

.t 3 rle than two polarons

k
imilar charge 0 e pmi \xx‘, .
7 /AN

sulsion between two
er is also largely

(counterion) with

opposite binding energy

[=( ag biP)- E4/200) igidii¢8lated fo'be larger than that of
(aaonis, + 25

two polarons by abo 045 & ¥ polypyrrole.

) type doping, the

bipolaron lalnl in the gap 1is empty*?xully occupied); see

Schemeﬂ ﬁ’ﬂ ﬁqw Jwg,,fﬂ s The presence

of bip@larons on ymﬂr chains resul the possibility
Q wr}aﬁlﬂﬂ Wﬂﬂﬂdﬁ WW Ernsn ion :
f r p-type doping, such as polypyrrole, from the VB to the
lower bipolaron level and from the VB to the upper bipolaron
level. In the case of polarons, a third absorption is
possible below the gap, corresponding to an optical

transition between the two polaron levels (Scheme 2.8 (a)).
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Trans-polyacetylene is unique so far
among conducting polymers because it possesses a degenerate
ground state, i.e., two geometric structures corresponding
exactly to the same total energy (Scheme 2.9). The two
structures differ from one another by the exchange of the

carbon-carbon single and double bonds. Experimentally , the

degree of bond length.

between the lengh :L,,‘ #Tud® and a double bond) is

~0.08 OA.

Total Energy

)
.|I
LS

9"

Scheme 2.9 Total energy curve for an infinite trans-

polyacetylene
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In polyacetylene , which has a
degenerate ground state ( two equivalent resonance forms ),
the bipolaron dissociates into two independent cations,
which are spinless also and are called solitons . Solitons
do not form in polymers with non-degenerate ground state,
such as polypyrrole, polythiophene. These polymers are

called non-degenerates eir resonance forms are not

identical if theygares

Scheme 2.10 Illustration of resonance forms :

(a) in polyacetylene (b) in polypyrrole
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Scheme 2.11 The_ T of _bwWo iharged solitons on a

the degeneracy, the

two charg e : -‘\ Bipolaron in trans-
polyacetylen ca —radl Y4B >_\;! rated (Scheme 2.11).
This process 1 ror3 -f"~" Hére is no increase in

distortion energy ~-::--;'-= ha charges separate, since the

geometric S

- he two charges has

the same % ffutture on the other

b |
|
B

T
charges. Unlike trans Bélyacetylene, systems

such ﬂﬂé?ww%"w? ,Lﬁis a non-degenerate

ground YIstate since the1r grnun te currespc:-nds to a

AR GAIE L CURELLLN L.

l ke. A quinoid-like resonance structure can be envisioned

sides of

but has a higher total energy (Scheme 2.12). The guinoid
structure has a larger electron affinity than the aromatic
structure. This explains why, on doping, the chain geometry
in these compounds relaxes locally around the charges toward

the quinoid structure [25].
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Scheme 2.12 Asem#tio-sgréund=stat quinoid-like

Electroni

ies [28-30]

5 ons or bipolaron
; .\d
:I [ lfl ‘r

descraptinn of the

can be obsé al absorption data.

A consiste “tlectrical transport

‘“’“‘“""ﬂ"‘u‘ﬁl ANBITTIE TR orie

pruble in the undEﬁ?tand1ng of these materlals Band
YRADPTR HA VIR o
show that polarons and h1polarﬂns are formed upon doping and
the current carriers could be explained by relating charge
carriers to doubly charged spinless bipolarons. The
localized deformation associated with a polaron or bipolaron
consists of lengthening the double bonds and shortening the

single bonds.
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Yakushi, K. et al. [30] recorded the
optical spectra of polypyrrole at various stage of
oxidation, From the as-grown highly oxidized to the almost
neutral polypyrrole (Scheme 2.13). At low levels of
oxidation (lower curve, Figure 2.13), there is a strong

absorption maximum at 3.2 eV, associated with the interband

- ion. Withiy ;"BF region, there are three
additional features 0. @ 2.1 eV. As the level
e . ) :
of oxidation ; - | th&middle 1.4 eV absorption

disappears, weakens and shifts

to higher e sample (upper curve,

Scheme 2.1 sorption bands are

present at# interband transition

appears as a sl

tg interpret these
3. theoretical study of
'l

experimentad! results

the energeﬂs of polaron and big solaron formation on

palypﬂﬁ Ecltujrv] W?mm‘ﬂat evolutinn upon

oxidat@gn. The result 1is the evolution
IR RNIBI AT -
la1ned in terms of initial polaron formation and then
bipolaron formation on the polypyrrole chains. From the ESR
measurements, the theoretical studies of the absorption
spectra indicate that bipolarons are the spinless charge
carriers in the highly conducting regime of doped

polypyrrole.
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Optical Densily

ahsorption spectrum of

pA doping level from

bottom curve (almost neutEal polypyrrole)to top

ﬂuﬁWUﬂ‘fwﬂ”‘Tﬁ‘i
ARIAIN O ST e g gy o

laron and bipolaron formation on polypyrrole chains are
performed using tight-binding Huckel theory with & bond
compressibility and bond-order-bond lengths relationships .
A polaron is formed when the increase in v plus é energy due
to the lattice deformation is more than that compensated by

a lowering in ionization energy,the difference corresponding
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to the polaron binding energy. When a single positive
charge on the chain , polypyrrole obtain the formation
of a polaron with a 0.12 eV binding energy, which difference
between the 0.49 eV decrease in ionization energy and
the 0.37 eV 1 plus ¢ energy needed for the change in

geometry. The presence of a polaron on the chain introduces

two localized ele ‘ : in the gap: a singly
occupied bonding™Spoias : 49 eV above the valence
ibonding polaron state,
odge, Scheme 2.14 (a).
ted for the three
transitions gerged. W nd ¥t gap in very slightly
oxidized po

me 2.13). The first

absorption elated to a transition

from the VB f polaron state; the peak at

-
()

1.4 eV igh

_{irnn the bonding to

the antibodding po! B the peak at 2.1 eV

: . I
cnrrespunds!ﬂtu a transition from thel VB to the antibonding

pﬂlarﬂ ﬂE’ ﬁ('ﬂ gqﬂjﬁ Wmﬁ 'transit ions to

the pe@k in the absnrpt1nn spectrum should not necessarily
Q%W ﬁﬂmﬂ ﬁpﬁrﬁgﬁﬂ dTa ﬁva limited
pectral range. Nevertheless, the semiquantitative agreement
between calculation and data is quite satisfactory. It must
be stressed that the sum of the first two peak energies
exactly corresponds to the peak energy for the third

transition, as it should be within a one-electron model.
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0.53
| 1
_ \ 0.79
! 3.16eV __t_LE-‘lEe‘ul’
—t— Lo o5 |

s

Scheme 2.14 ic "RETH ute\diagrans for a polypyrrole

Note tha .L-!’_f, ‘Hf’ at the location of

the antibone 'ng polaron state is f:‘ her away from the CB

edg Wﬂ ﬂﬁfrnm the VB edge.
This aqrmmetrm m:atmn arises because the difference

W@rmmmﬁmwm St

fhe fourth transition, from the bonding polaron state to
the CB, should be observed at 3.2 eV. This energy value
unfortunately corresponds to the disorder-broadened edge of

the band-gap transition.
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At higher oxidation levels, polaron
state starts interacting. The calculations indicated that
two polarons, as they approach each other, become unstable
with respect to the pairing of their spins and a doubly
charged spinless bipolaron is formed (Scheme 2.14(b)). The

geometry relaxation is stronger than in the polaron case

(i.e., the geometsiNS ,/v J the bipolaron is more
quinoid-like -on), so that the empty
bipolaron ele tanware 0.75 eV above the
VB edge and O«#%S S the\CB edge "(Seheme 2.14(b)). The
bipolaron bi ans that a bipolaron
is favored o 69-2%0.12)eV. Very
importantly, tdie | _\ in contrast to the
polaron case, 1€ resul ,only two transitions
within the ga hus the emptiness of the

bonding stafe tor the loss of the

middle 1. rrﬁTng from slightly

ey
|
i

{ ]
oxidized to ”J-hly oxidized polypyrrolé

ﬂum'ﬂﬂ W&l’lﬂ?fw & Al
RIBNILRTTINA ﬁr

S@heme 2.15 . The overlap between the bipolaron states
leads to the formation of two~0.4 eV (0.43 and 0.39 eV,
respectively) wide bipolaron ﬁands in the gap. The bandgap
has widened from 3.16 eV in the neutral state to 3.56 eV

in the 33 % doped, 0.4 eV larger than in the undoped case.
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This is due to the fact that the bipolaron states coming in
the gap are taken from the VB and CB edges. This band
structure supports the fact that, upon application of an
electric field, the spinless bipolarons (which carry two
charges) could become mobile at high dopant concentration,

where the Coulomb attraction with the counterions is

largely screened. T "“3,‘ of #o pechanism would be highly

unusual in the'wselSe = Ands are either totally

filled or enpt¥™ (asi€houn i the™Bamd structure in Scheme
2.15) and that gfmol] polarons, electron, transport

the current.

TN 11
9 .

QIR SR TR THEIGE 2

of two broad bipolaron bands in the gap
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In summary, conduction by polarons
and bipolaron is now thought to be the dominant mechanism
of charge transport in polymers. These concepts also explain
very well the optical absorption changes seen in these

polymers with doping, which its data demonstrate that

polarons combine to

in the gap in the

_ar
However,it should f"' asize hat these models were

device assuming idea ,;Q;L“_

27BN

The actual structures of

most cond fi‘ & doped and undoped

state, are“duk that certain polymers
| .

"uber of defects-

have a large

AULINININYINT

2.2 g;_ﬂgugL_tgnu_rQLthsﬂu_t.m
qma\mmumwmaﬂ

' Recently, polypyrrole which obtained from chemical
polymerization in solution, can exhibit very high electrical
conductivities when a suitable solvent is selected and the
oxidation potential of the solution is controlled. Oxidation
potentials of oxidant solution were measured using saturated

calomel electrodes (SCE) as standards. A platinum wire was
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used as a working electrode. To investigate this process
further, Machida et al. [12] attempted to find a single
measure which affects the electrical conductivity of the
synthesized polymers. They have observed that the oxidation
potential of the solution plays an important role in the

polymerization process and the conductivity of the

synthesized pnlypyrrole_v‘x" ilibrium state the

oxidation potential _;ﬂ weNernst s equation

[32] as . -
E = ‘ﬁ:ﬂ_ , \\\5;5\ {2.1}

Where Agy s'of the oxidant

(FeClq) and cte £~ sectively. During this
. fr‘F" |

reaction, the FeClj ~:?=?1=? on decreases while the
FeCl, cuncentrrf;;u_g________;;_____ﬂ gt don rate is not
so rapid , thl-;". ae a series of

II l'lj

iF | “
1 e , 4a quas1stat1c process to which

oo FIAL B REHIFIH TG

the r::-mdatma'lpntentml mik decrease during the prur.:ess

o RO BHR T U IN AR o

FeCl, ta 3.5M FeCly 1in methanol solution, step by step,

equilibrium step,

and measured the oxidation potential of the solution for
each step. The results are shown in Figure 2.1 , where the
filled circles show the exponential values and the open
circles show theoretical values calculated by equation {2.1}.

In this caculation, the experimental temperature was
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T= 273 K, n=1 and Eg= 420 mV (versus SCE). The initial ratio
Aox/Areq for FeCl3/FeCly is calculated to be about 4000,
which means that almost only FeCls exists in the solution
initially. This Figure shows good agreement between the

theoretical and experimental values.

600

550

SCE (mV)

500

450

Potential VS.

85

b |
|

i¥

" A TSR, e
Lo o i heoretica
CL RN RIS+ 00 (11

show the experimental values

Figure 2.2 shows the change of oxidation potential
during the polymerization process . Open and filled circles
show the steep change of oxidation potential of 2.5 M and

3.5 M FeCly in methanol solution during polymerization .
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Since the oxidation potential decreased during
polymerization, it is clear that the conductivity of

synthesized polypyrrole depends on polymerization time as

well.
= 600
E
5 550
oy
ui
> 500
=
= (b)
e
= 450 —_—
2
5 (a)
400 | SR—Y
0 -‘ \ s e

Pniyme IZATio fime (min)

A 2

Figure 2.2 Thel A Bfials (vs. SCE)

- ~
of HeCl, Mano!  solutlibns during the

,ﬁﬁﬂﬂiﬂﬂﬂnﬁ
ARTAIA ST UM INEa Y

In general the initial oxidation potential of

FeClj solution before the polymerization process depends
on the selected solvent. Figure 2.3 shows the conductivity
as a function of initial oxidation potential of 2.5 M FeCljy

in various solvents. From this result, it is clear that the
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oxidation potential of the solution plays an important role

in the electrical conductivity of chemically prepared

polypyrrole.

250 i i TR
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L ]
10 11 12 13
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the oxidatign pﬂtent1 of the sn ions was

A ﬁﬁﬂﬁ%ﬂ%’l@%@l 8 H
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2.3 Electrical Conductivity Measurement [33]

After synthesis, the electrical conductivity of
samples were measured, in this work two measurement

techniques were employed:

i) Van der PauW

ii) Four

Detail o -df’fﬂf efjent : described below.

2.3.1
ne technique for
\
measuring conductiVvit} Fo63Y of leS which have constant
thickness but, arbd | shap our, ohmic contacts

are made at|78e iege 2.15) . Then

K ™

applied suita contacts 1 and 2

:“;:?iemtiﬁ o5y m
PANIUNI NN Y

Second, Ip3 applied through contacts 2 and 3

and measured potential different , V4q Thus obtained

Ry = 1Vy11/123
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From these the conductivity of the sample can

be calculated from equation {2.1}

exp(-TRqd &) + exp(-TRod 2 ) = 1 {2.1}

where d

ﬂ‘L!EI’WlHﬂ?WEI']ﬂ’i

Figure 2. -‘-'} Conductivity mgasurement by Van der Pauw method
ARIANNTU UNIINYIAY

In principle, we <can change the current

electrodes around, get Iy9, I3, I34 , I4q and corresponding

potential differents Vag » Va1 » Yyz 5 Vo

respectively. Then calculate 44, 32, 84 and &, from

equation {2.1} as show in table 3.1. Finally obtain more

accurate conductivity, equation {2.2}
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Table 2.1 Various points for applied current

{2.2}

s measurement is

the contact re%}stance between the mea urement electrodes

s o) THHE R AN G romet

painting electrodes direcfly on to the surface af the sample

U ERELGIRTRTTTIER TN

fnlls Suitable paints are silver dispersions or Aquadag

(an aqueous dispersion of colloidal graphite). In this thesis

Aquadag was used.
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The accuracy of conductivity measurement by

van der Pauw method depends on the following condition:

i) size of electrical contact points at edge of the
sample should be very small compared with the circumference

of the sample.

ii) Sample must hape\CoOBSE, nsity , regular mass
and thickness.
iii) Sample

iv} In the ation distance

between each contac Yy the same.

tivity of sample by

Four-point ble and rapid

“d

I~y
|

technique but | accuracy.

1

ﬂﬂﬂﬂ%ﬂﬂﬁ%ﬁﬂ“ﬂﬂ‘““ -

straight ha‘i" exactly thﬂ same separat1nn
s WA D R, ~
cantact between each electrode and sample must be ohmic
contact. In the measurement, current (I) is applied through
contact 1 and 4 and potential different (V) across contact
2 and 3 is measured. Then conductivity of the sample can be

obtained from equation {2.3}
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& = I vln2 {2.3}

dV

Where d isseperation distance between each contacts

Figure 2.5 Conduct our point Probe

me thod

Four-point Probed

i) The size uf the samples must be vet large compared

wer e I SR RIS

ii) THickness of sagple must be very small campared

mamaammwwmn Y

conductivities of polymer (polypyrrole,
polythiophene and poly 3-methylthiophene) in this thesis
were measured by both methods, but only conductivities
obtained by Van der Pauw method which are more reliable

are reported.
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2.4 i atur iew

There are more than 300 reports concerning
the synthesis of polypyrrole by electrochemical
polymerization and their electrical, morphological and

mechanical properties. On the other hand the chemical

polymerization of this polgmér} is more conveninent and

economical, and can be large quartity of
polypvrrole is not

In 1977, D] synthesized

*1 f \\ ‘dants such as

\ idic conditions.

polypyrrole by

'- d

The product was morgs :_ t\ alogen treatment,

it had a conductivity WESEppro¥itiage 1y 10> scm.”!
In :ugf:l ,h"*l polypyrrole
by chemical oxi Btion of Pyr etha -water solution

cuntainiﬂg ﬁﬂ uct _was highly
conduct ing ﬁﬂ ﬂ ﬂﬂiﬁ jalys is was
YNGR LPTVE el (1)
(C4H3NElg 210p,30)x With zero or nmble amount of
iron. Nature of oxygen in the obtained poymer was not clear.

It might originate from the solution wused for the

polymerization. The absence of iron and the presence of



71

chlorine seemed to postulate the following equation for the

oxidative polymerization.

4 C4H5N + 9 FﬁCIS.ﬂ}fzﬂ'—*{C4H3N}4 Cl + 38 HC1 + FEC]E.I'I.Hzo

In 1986, Kang et al. [35] reported a chemical

method for the simultaneons) \”/ igrization and doping with

halogen such as Brg rheleieamical conduct ivity of

e

the polypyrrole-I,  COMBEeX WaS HotHe order of 10 Sem™l,
while that of the g about one order

of less magnitude e stable in the

atmosphere.

In 1988 , | ynthesized [20]
polypyrrole powder EHE Ciea \ Wwith pyrrole in an
agueous solutiacg : er-te g-phase system. The

pressed powder y fY' | approximately

27*1(]'3 Scm salts were

synthesized ﬁﬁl uc lymer that
had the ﬂ‘ ﬁﬂﬁmtﬁ nndu-:txnh
as tham ﬁiﬁ’dﬂss of
the Qnszder e di ferenc;imm reductmn potentials of

the metal ions, the nature of the anions of the transition

metal salt had no effect on the reaction.
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In 1989, Machida et al. [14] prepared polypyvrrole
by chemical polymerization in FeClj solution , wusing
methanol as a solvent. They found that the oxidation
potential of the solution strongly affected the
polymerization process and conductivity. Polypyrrole could

exhibit electrical conductivity as high as 200 sem. !

[36] prepared

polypyrrole ( doped ‘ -xide in agueous

solution at 0O ° conductivity of

approximately 60

In 1991 prepared 3,4-

disubstituted pol al oxidation with

FeClj. They found of alkyl chains at 4-

position of pyEro g affs luctavity. A longer

chain gave a A% Ef'Jther hand, the

H |
length of alkyl «hains of ester group at

i position did not

) V) Wﬂ‘mw NI
N RIS I TN Sl

betwe polypyrrole chain and doping anion.

proved that there were strong interaction between the
polymer matrix and doping anions. The strength of this
interaction can easily be modified by changing the content
of water moecules in the polymer. All results suggested that

strong deformation was caused by the hyvdrogen bonding.
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The preparation of polythiophene and its derivatives
had also been reported by using either electrochemical or
chemical synthetic method. Similarly the polypyrrole, at the
present time the chemical polymerization method was rare

used comparing to electrochemical method.

In 1983 Chung polythiophene by

chemicalpreparation The resulting
polymer has Snic conductivity

{ 10~% sem™1)

H}Rz d polythiophene
and poly-substit J_T,1f- W‘u‘ electrochemical
method , the polyp¥Fry ' with Cl0,~ ) had
a conductivity of -2 sem~! . Poly
{3—m¢thylthiaph~ye] ) had a

conductivity

mmhua:m‘ﬁil W e o
AT S AT TRY
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