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Electrochemical Behavior of Chemically
Prepared Ring-Substituted Polyanilines

Da Lizong ~ Wu Huihuang
(Dept. of Chem., Xiamen Univ., Xiamen 361005)

Polyaniline ( PAn) has been known as a promising conducting polymer for technologica ap-
plications. In research work elecrochemically syntheszed PAn has been frequently used snce elec-
tropolymerization is convenient to prepare the polymer film with controllable thickness or doping
on eectrodes. However , the processbility of elecrosyntheszed PAn is too poor to produce large
area devices because of itsinslubility and infushbility. Recently , therefore, chemica polymeriza
1-3] egecialy suitably derivatized ring-substituted (e.
g.akyl or akoxy) polyanilines have been syntheszed ,and their gopreciable solubility in common
organic lvents enable the preparation of film on industrial scale by casting . Moreover , emulson
polymerization reduces the amount of water in Pan, being useful for nonaqueeous battery system.
Although the physca and mechanistic properties of chemically prepared PAn ,such as tendle
properties, visoelagticity and electrical conductivity , have been investigated , there are few stud-
ieson ther electrochemical properties . In this paper ,the electrochemica behavior of three chemi-
caly synthesed ring-substituted polyanilines, poly-o-toluidine (POT) ,poly-2 ,5 dimethoxyaniline
(PDM An) ,and poly-m-chloroaniline (PCIAn) are compared , and the effectsof substutients are
di scussed.

1 Experimantal

The polymers were obtained by chemical oxidation with potassum persulfate as oxidant in
the lution containing dium dodecylsulphate, al regents were A. R grades and used as re-
celved. The procedure for preparation of POT ,PDMAnN and PCIAn will be given e sswhere in de-
tail.

The molecular weight of polymer was measured by Waters 208 GPC, and IR and NMR(*H)
experiments were carried out by a Nicolet FT- IR gectrometer and a Varian Unityplus500 NMR
sectrometer. The characteristic gpectroscopic data for the polymer products are asfollows. POT :
3359 (N—H) ,2916,1 305 (—CHg3) ,1598,1494 (Ar- H) ,1565cm’ 1(Ar =N-) 9 =2.1
2.30 =6.4 7.2. PDMAN: 3335 (N- H), 2924 (- CHg), 2859, 1218 (Ar-O-CHs) ,

tion has attracted a cons derable attention!
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1523,1032 (Ar) ,1592cm *(Ar=N-) ;0 =6.2 8.60 =3.7 4.2 . PCAN: 3294 (N -
H) ,3065,1572,1508 (Ar) ,779 cm *( Ar-d) ;0 =6.2 7.7.

All the eectrochemical experiments were carried out usng CHI660 eectrochemical instru
ment (CH company, USA) in a conventiona three- electrode cell. The auxiliary electrode was a
platinum foil and the reference dectrode was a saturated caome eectrode ( SCE) . Polyaniline
membrane e ectrodes were prepared by casting the DM Fsol ution of regpective polymer on platium
base dectrodes,and the thickness of membrane was controlled by the amount of casting solution.

2 Resultsand Discussion
Ceneradly gpeaking, polyaniline has
three oxidation states! , i.e. fully reduced,
intermediately (or partialy) oxidized and
fully oxidized , their exisence degpends on
the nature of polymer ,the potentias gpplied
as well as the compostion of solution. Fig.1
shows the cyclic voltammograms of Pt elec
trodes coated with POT, PDMAnNn and
PCIAn in 1 mol/L H»SO, slution regec
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tively  indicating that the substituents a- 0 0.3 0.6 0.9
tached to phenyl ring have great influence on E/V

the electrochemistry of polymers. In the case
of POT (curve a) , the oxidation and reduc
tion preceed by two steps, thefirst oxidation
processat  0.32 V where the emeradine
sdt appears and corregpondingly the conductivity increases, the second oxidation process near
0.55 V where pernigraniline form appears and then conductivity decreases gradualy. These results
are in agreement with that observed by Fujita et a'® for elecrosyntheszed POT dectrodesin 1
mol/L HC . Andrade et al!®! reported the voltammograms of elecrosyntheszed POT eectrodesin
1.5mol/L H,SO4+ 1.5 mol/L HCO,, an anodic peak found near 0.3 V , but the upper limit of
scanning potentia was controlled lower than 0.5 V. This anodic peak should corregpond to the
first oxidation process. For PDMAnN(curve b ) , only one anodic peak diplaysat 0.06 V ,imply-
ing that the intermediately oxidized state is unstable. Lastly, no redox peak gppears on the
voltammogram for PCIAn ( curvec).

Eectrochemical impedance gpectroscopy (EIS) has been an important technique for study of
conducting polymers. Fig. 2 are the ac impedance diagrams (Nyquist plot) for the three polymers
at different potentias, the changes of impedance with potentias are relative to the voltammo-
gramsin Fig.1l. For example, the Nyquist plot of POT at - 0.2 V diglays a section of hemi-cy-

FHg. 1 Voltammograms of Pt eectrodes coated with
POT (a) , PDMAnN (b) ,PAAN (c) in 1 mol
/ L H2S04 lution. Scan rate 50 mV/ s.
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cde, from which the sum of olution resstance and polymer film resstance is estimated as 1 x 10°
ohm, predicting the polymer is in less electroactive state, on the contrary , the Nyquist plot of
POT at 0.2 V exhibits the electron tranger occurring at the polymer electrode. Smilar anadyss
can be donefor the other two polymer electrodes. The phydca interpretation of ac impedance dia-
grams depends greatly on the choice of effective circuit. Vorotynsev et a!”! proposed a model for
the dectrodes coated with eectroactive polymer films which takesinto account both diff uson mi-
gration of ionic and dectronic charge carriers indde the film and charge-transer across metal/
polymer and polymer / dectrolyte interfaces. By following their model and fitting the experi
-menta data with Marquardt-L evenberg agorithm , the parameters such as electron diff uson coef-
ficient in thefilm, D.,can be obtained. In preliminary work we found the values of De decrease
in the order of POT, PDMAnN and PCIAN.
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Fig.2 Nyquist representation of the ac impedancefor Pt eectrodes coated with POT (a) , PDMAnR (b)
and PAAN (c) in 1 mol/L H,SO, lution

ac frequecy : 0.05

1x10° Hz, dectrode potentid : (A) - 0.2V, (B) 0.2V

The effects of substituentson electrochemical properties of polyanilines can be explained by
either electronic effect or steric effect . Both alkyl and akoxy are eectron-donating substituents,
whereas C is dectron-withdrawing. Several authors conddered the polyanilines with eectron
withdrawing substituents asinsulators® !, The protonation is essentia to induce a conduction in
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polyanlines, and strong eectron-withdrawing
groups in polyanlines render this protonation R R=0CH,
difficult. The sructure of PDMAnN is hardly ‘;

possble to be planar due to steric hindrance by N ﬁ“ RﬁN_]-m
two methoxy groups, one of which is at ortho R
position with regect to -NH-group (see Fig. R E‘HQ—N R
3) , this may be the reason why its intermedi- " R
ately oxidized stateis unstable . It should be al-
© pointed that substituents can influence the F9-3 Structureof PMDAn
polymerization reaction, and lead to the dgnifi- (R=CHs0)
cant difference in molecular weight of each poly-
mer. According to measurement of molecular weight ,the number of unit in a PCIAn chain was
found about 13 , smaller than that in POT and PDMAnN . Short chain length impliesthe easy in-
terception of eectron trander in PCIAn matrix. In principle the redox potentials of substituted
polymers can be correlated by Hammett law , for thispurpose, however , more substitued polyani-
lines must be investigated.

The dectroactivities of polymers manifest them-
svesin the reaction of redox gecies on their coated
dectrodes Fig. 4 depicts the cyclic voltammograms in

0.5mol/L Kz[Fe(CN)g], obvioudy the reduction of
ferricyanide ion is dependent on the nature of polymer .

I/ mA

The eectrontrander reactions between conducting
polymers and redox ionsin eectrolytes may take place at

the polymer / eectrolyte slution interface, or in the

polymer film , or at the substrate electrode. Thecurvec  — 40
in Fig.4 indicates that PCIAn is not only insulating but
also impenetrable for ferricyanide ion 0 that the reduc

tion current is negligible. On theother hand, thereduc  Fig. 4 Voltammograms of Pt eectrodes

tion currents at POT and PDMAnN elctrodes are larger coated with POT (curve a),

snce these polymers are eectroactive in the potentia re- PDMAn (b) , PAAN(c) in 0.5

gion for ferricyanide reduction. From the voltammo- mol/L Ks[Fe(CN)s]  scan rate
50 mV/s

gram of a bare platinum eectrode in 0. 5 mol/L
Ks[ Fe(CN) ] , an anodic peak for ferrocyanide oxidation was found at 0.45 V. Therefore, the
difference of curve a with curve b can be attributed to that PDMAnN isininsulating state at more
postive potentias.

In concluson, substituentsplay an important role in tuning electric or electrochemical prop-
ertiesof polyanilines. For different technological applications we need to develop the polymers
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with either high or low conductivity , therefore it is worthy to deeply study the effects of sub-
gituentson properties of polymers, the futher investigations are in progress.
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