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Aniline and several aniline derivatives were electropolymerized with two different elec-
trolysis modes: potential-sweep electrolysis and constant-current electrolysis. The vol-
tammetric and chronopotentiometric responses during electropolymerization led to two
polymerization mechanisms: radical-coupling polymerization and incorporation-oxidation
polymerization. The latter polymerization proceeds as follows: ® During the initial
stage a seed polymer with a low molecular weight is electrodeposited on the electrode sur-
face. (@ The seed polymer is electro-oxidized and cation radicals are generated in the
seed polymer. (@ The cation radicals oxidize dissolved monomers and incorporate the
oxidized monomers. This polymerization was found to give highly conductive polyani-
lines. On the basis of the fact that the incorporation-oxidation polymerization obeyed
Faraday’s law, the electron number of the polymerization reaction of aniline was analyzed
coulometrically. The determined number implied that the polymeric backbone consisted
mainly of benzenoid structures, and that 2.77 anions were doped per an aniline unit.

Keywords : electropolymerization mechanism; incorporation-oxidation polymerization;
polyaniline; coulometry; unit structure.
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Fig. 1 Cyclic voltammograms of 1.0M HCI

aqueous solution containing 0.5 M aniline at 100 mV
-1
s

Numbers in the figure indicate the number of poten-
tial cycle.
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Fig. 2 Cyclic voltammograms of 1.0M HCI
aqueous solution containing 0.5M o-phenyl-
enediamine at 100 mV s~

Numbers in the figure indicate the number of poten-
tial cycle.
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Fig. 3 Transient of electrode potential during the
constant current electrolyses of 1.0 M HCI aqueous
solutions of 0.5 M aniline ( ) and o-pheny-
lenediamine ( ............ )

Current density: 1.0 mA cm 2
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Fig. 4 Schematic depiction of incorporation-oxida-
tion polymer growth
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Table 1 Electrical conductivity of four typical

polyanilines
Polyanilines Conductivity/S cm ™!
Polyaniline 10
Poly(N-methylaniline) 0.11
Poly(o-phenylenediamine) 53X107*
Poly (p-aminodiphenylamine) 2.6X1077

0.9

[£3)
o
2]
g
>
~
) 2
0.5;-
04
0.3:llll ||||| Lisisan EYE ITRRETEETE R RN UR N Lesssntasn
0 10 20 30 40 50
t/min
Fig. 5 Chronopotentiograms of a 1.0M HCI

aqueous solution containing 0.5 M N-methylaniline
10mA om™? ( ) and 5.0mAcm 2
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Table 2 Electron number for the electropolymer-
ization of aniline

Comsumed Deposited

Passed amount amount Electron
cha(r:ge/ of aniline(B)/  of aniline(D)/ nurr;zber/
mmol mmol
750 4.77 3.50 2.16
1500 9.05 6.35 2.32
3000 16.97 12.43 2.37
4500 19.97 18.15 2.52
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