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3.3 Conducting Polymer-Polyaniline(PANI):

PANT 1s the oxidanve polymenie product ol amhine under acidie conditions
and has been known since 1862 as amiline black 2], Surville et al [3] in 1968 reported

proton exchange and redex properties wath the mfluence of water on the conduchivity of

PANT In 1911 Mecoy and Moore [4] had suzgested clectrical conduction m oreane

actds However, mterest m PANI was generated only after the fundamental discovery n

1977 that 1odine doped polvacetvlene has a metalhie conducuvity. PANI as 2 chemieal

substance has been known for long nme [5-6]

1 I & o3 I}I . - e
At the beginning of the 20" century orgimnie chemists beean ivvesidinn ke

construction of anilme black and 1ts mtermediate products 7). Wills Tauer and co-

workers n 1907 and 1909 1cearded anilime black as o cight-nuclens cham compound

having mdanune structure J1ie 31
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Fio. 3.1 Indivmine Structure
Howeser i 197012 Green and Woodbead [8] were able to report vanois constitutiona!
aspects of amhine polvmenizatuon The conclusions of theri study were as follows
~ “There are o qumond stazes deoved from the parent compound
leucocmeraldime
- The mmmum molecular wereht of these prmary oxidation ol amtines

are i accordance with an eight-nucleads strocture
The converston of emeraldine mto merambine constmes one atom ol oaveen

 The comveiston of emeraidme o pesngiantline CoNImes. iwo onts o

ONVICT

. The conveistwon of merambine nto permemthine consumes one atom us
ONYOCH

~ The reductien of emeraldine o icucoenictaldine consames lowr atoms o

hvdrocen

~ the reduction of meathne 1o leacoemeraldime  consumes six atoms of

hydrogen

_ Ihe reducuon of pemgranihne 1o leucoemeraldine consumes cicht atoins ol

hivdrogen

alnir i TTTH [Py agal acrds
These authors carned out oxidative polviienzation sttdies using mneral i ds

. : T | » - .
aed oxrdints sucn as persalphate aichromate and chlorate and deiermined i oxvdation

. 3 i my LAY L . R T | II '”I!;

cate of cach constituent by redox Gron using 10 They alse extended thenr studic

mATY

. - dorevaovie

on the oselatve polvmerization of o- and p- chlozeambine and v-amsidine ane Tep ited
il g L]
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vhaat dimethvlambine rearanned vnatiachea uncal It ENPCT NG condi
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This tsgcied researcit micrest e arzaiic matenials 1 the hope that
i : : J4 15 Jevices
wide new and/ wd electrieal. masnenic, vote mateqzl or device:
tiese would provide new and? or improved electrica mag i
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Ihe hope was based on electronie structie and the combmatuon of metal hike or

senmiconducting character with the processibnliny and Hexibihity of classical polyniers and.

above all, the case with which structural modhification can be carried out via svntheuce

OF 2inie L‘ht‘llltﬁll? nlclhndu[uglu:; Among the conductmg polvmers, PANI has been the

most widely studied as, a exclusive member tor the conducting polymer tanuly for the

followme reasons

- l=asy synthesis

# It s the only conducung polymer whose clectronie structure and electrical
properuces can reversibly be controlled by both oxidation and protonation.

» It has mieresting elecuochenncal behaviow

> It shows environment stability

L.

~  Lasce of non-redox doping by protomie acids
3.4 Structure of Polyaniline:

The  protonaton and  deprotonabon and  vanous  other  physico-chenncal
properties ai PANI can be sd 1o be due 1o the presence ot the -NH- group “The eeneral

structure of PANIT can be shown above m kg 32

Figure 3.2-General structure of PANI | 1]

Green and Woodhead [5] were the tust to depret PANI as a chain ol amline
molecules coupled head-to-tml at the para posinon of the aromatie nng They have pro-
posed a hnear octamene structure tor PANT Polyamiline iy preal phenviene based poly-
mer. has a chemically lexible =NTE- croup m the polvmer chain Nanked by phenvl rings
on cither sides The diversity in phvsicochemical properties of PANT i traced to the -
NH-- !:’.HHTP Out of several possible oxidation states. the 560 % oxidized ceraldime salt

state shows clectrical conductivity [8-9]
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I combmation with comparable results obtamed with other simular polvmers such

as PPy and PTh, PANT have caused a rapid mcrease m expermental mvestizations into

the mechamsm and kinetic ol the formauon, molecula stucture electro-optical and

behevable application [ 11)]

Table 3.1, : Raman assienments of PANI] 1]

g —
Frequencies (em )

1160-1180

12301255
1317-1338
1470 1490
15151520
lrlﬁxt}" -
T1600- 1620

— = ————

3.5 Conductivity of PANI:

=

= . £ = 4

| (=N stretching
(-N" suctching
C=N stietchmg

N--T1 bending

(=C stretchimg

Assionnments l

1 h.tmill-‘u;l__:

—— o ——

R s e —
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C stretehing

As mentoned below. PANID exists m three oxidation states (leucoemeraldine,

emeraldine and permgranifine forms) that difter in chenmieal and physical properties [ 12]

Onlv the green pu otomated emeraldine has conductivity on a seniconductor level of the

order of 107§ cm-1, many

orders of magmiude higher than that ol common polymers

- g - 3
* g : ; ' v als (= S em-1) Protonated PANI
(<10 "¢ ¢m-1) but lower than that ol typrcal metals ( 10" S cm-1)

converls o a non-conducting cmeraldime base when

treated with alkah solutions (g
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Fieure 3.3: Emeraldine salt is protonated in the alkaline medium to emeraldine
hase. A-is arbitrary ion, e.g., chloride
12

The conductivity of PANT can be changed by doping, and spans aovery wide range (<10
to 1078 em-1) dependme on the level of dopme [14] The chanaes in physicochemical
properties of PANI occurring m response to vanious external stimul are used in vanous
apphications, ¢ 2 sensors and actuators 1 Other uses are based on the combimation
of electrical properties tvpical of senmconductors with matenials properties characteristic
ol polymers, ike the development ol “plastic - microelectronics, electrochromie devices
The establishment of the physical properties off PANI retlectinge the condiions of
picparation 1s thus of fundamental importinee |16] Polvambine (PANI) and poly
(ethvlene dioxytihwophene) (PEDT) have o much higher conductivity and  stabiluy.
combined with a low absorption as compane 1o alkoxy-substituted polythiophenes s
postulated that. this s due 1o the fact that the doping process m these materls 15
diftferent, mvolving no shits m absorpuon peaks and leading 1o |nu—ll}.‘m_1_1 near IR
absorption bands at less than 0 6¢eV [17) Dunine the course off polvmenzanon reaction.

these cations ol mtermediate stabihiv: dimerize and further radical couplimge reaction

leads to the formation of green PANIT | 18]
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3.9 PANI doping:

The PANT must be doped 1t associated to clectiome conducting polviners The

werm “doping” s employed here by analogy with semiconductors ke sihcon o
oermanium i which atoms like phosphorous or boron are itroduced  Conducting
polvmer dopmg consists 10 nsert mto  the  polvmer electon acceptor molecules

(oxidanion) or clectron donor molecules (reduction)  The obtinned polvimer s then

considered as a p-ivpe or n-type one, respectively
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conducting polyiner because ol it conducting

T
mechanesm o mduced either e
r b Coxd: ‘
by the oxidation of (he poivieucoemeraldine base or by the
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Fizure 3.12:-Doping mechanisms of I'ANI

J3.9.1 Oxidative doping:

— = y

pni}'lcu:ﬂcmcmldinc base

R
5CI
y

paly:mtrnldlm: salt

Fionre 3.13 (2) Oxidative doping with Ci;

ough chemical or electrochenucal processes

The oxubiive dopmg 1s realized thr ] I =
. s SNOAVIE T FIE 3
ltom the 1otally reduced form ol I f‘kNI pnhiLmULmmedmc base s sh ,
it " . i
. . g s | 315
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mdicates a way of polymer synthesis  Polvleucoemeraldime base s prepared by reduction
of polyemeraldine salt with phenylhvdrazine or hvdrazine solutions by dipping tor 5 or 6
mn [39] The chenucal oxidative doping s run either wath a chlonme or a less toxie odime
agents m o carbon tetrachlonde solution. or with (NO) (PPFe) . FeCl; or SnCly orgame

solutions, or with oxvgen or hydrogen peroxide m an aqueous acidic solution  The
Fire 3.13 (a) and also with

=
L

followimg examples ilustrare the oxidative doping with Cl-

HO5 man acidie soluton HA (Fig 3 13(b))

‘@;HH—QMF}* +oov HyO, + 8y A
! !l

polyleucocmeraldine base

‘@-N}t—@iﬁ}!% + By H,0
=/ s/,

polyemeraldine salt

IFicure 3.13 (b) Doping with 11,0, in an acidic solution HA:

In the latter case the nature of the counter-ton A (CH . SOy . HPOy ) s controlled.

When Cls is considered both as the oxidant and the dopant, H:0s only oxidizes PANI
doped with the acidic solution Although chenneal dopmg s a stranghtforward and well-
orgamzed process. but the control of the doping level o s difficult. Electrochemical
doping solves this problem since the doping level s determined by the voliage apphied

between the conducting polvmer and the counter Electrode [H40] The electrochenical

doping of polylcucoemeraldine base can be written as Fag, 5.4-F

o —
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polyemeraldine salt

Ficure 3.14: Electrochemical doping of polvleucoemeraldine
Lhe counter-tons A ol the electrolvuie solution are mserted m the polvmer backbone
3.9.2 Acidic dopine:
The acidhe dopmg s a exceptional doping case. where no chanee of the number of
ciectrons assoctated wath the polvmer backbone occurs The acidic doping consists 1o

et the emeraldime base sath a strong acid (HCL HLSOG) that mduces the protonation ot

the e sies 1o :ave the polvemeraldime salt through o mechamism illustrated

Fie 315,
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Fisure 3.153: Mechanim of acidic doping
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