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Control of Growth Pattern of Conductive Polymers
Using Electrolysis Polymerization

Masayuki OKADA, Kazuya TADA, and Mitsuyoshi ONODA

Department of Electrical Engineering and Computer Sciences, Graduate School of Engineering, University of Hyogo,
2167 Shosha, Himeji, Hyogo 671-2280, Japan

A feature growth pattern of the conjugated polymer synthesis by the electrolysis polymerization method was examined. The
growth pattern relates deeply to the coupling reaction of the radical cation and the deprotonation reaction following it, and
changes suddenly by the kind and the concentration of the supporting electrolyte and the solvent used. That is, when the
electrophilic substitution coupling reaction becomes predominant, three-dimensional growth pattern is observed and when the
radical coupling reaction becomes predominant, two dimension growth pattern is observed. In addition, the growth pattern can be
comparatively easily controlled by changing the value of the polymerization constant current, and it is considered that the
indicator that the molecular communication research and development with the neuron type devices that used conjugated
polymers was obtained. .

Keywords : conductive polymers, polypyrrole, poly(3,4-ethylenedioxythiophene), electrolysis polymerization, control of growth morphology,
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Fig. 1 Newron type conducting polymer (polypyrrole, PPy) of fractal

pattern like obtained from electrochemical polymerization technique.
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Fig. 2. Electrolysis cell with needle — plane electrode constitution.
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Fig. 3. Electrochemical polymerization reaction.
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Fig. 4. Control of PPy growth morphology based on Py concentration (I).
applied current : DC 0.1 mA , monomer : pyrrole ,
propylene carbonate / 0.01 mol/l (n-Bu),p-TS, volume : 10 m/, (stepl) :
Py 0.01 mol/{ : , (step2) : Py 0.1 mol/l.
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Fig. 5. Control of PPy growth morphology based on Py concentration (II).
applied current : DC 0.1 mA , monomer : Pyrrole
propylene carbonate / 0.01 mol/! (n-Bu)p-TS, volume : 10 m/, (stepl) : Py
0.1 mol// :, (step2) : Py 0.01 mol/l.
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Fig. 6. Appearance of PPy growth (amount of passage charge 10 C).

(a) (b) (c) : PPy grew on a dish bottom , (d) (e) (f) :PPy grew on a dish
bottom and in polymerization liquid.
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Fig. 7. Control of PPy growth morphology based on Py concentration (III).

applied current : DC 1 mA , monomer : Py, acetonitrile / 0.01 mol//

(n-Bu)p-TS, volume : 10 m/, (stepl) : Py 0.1 mol// : , (step2) : Py 5 mol/l,

(step3) : Py 0.1 mol// : , (step4) : Py 5 mol/l.
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Fig. 8. Control of PPy growth morphology based on applied current (I).
Py : 5 mol/l, acetonitrile / 0.01 mol/{ (n-Bu)yp-TS, volume : 10
mi, (stepl) : DC 3 mA, (step2) : DC 1 mA, (step3) : DC 5 mA, (a) (b)
(c) : PPy after polymerization.
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Fig. 9. Control of PPy growth morphology based on applied current (II).
Py : 5 mol/l, acetonitrile / 0.01 mol/l (n-Bu)yp-TS, volume : 10 m/,
(stepl) : DC 3 mA, (step2) : DC 1 mA, (step3) : DC 5 mA, (stepd) : DC
1 mA.
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Fig. 10. Control of PPy growth morphology based on applied current (III).
Py : 5 mol/!, acetonitrile / 0.01 mol// (n-Bu)yp-TS, volume : 10 m/,
(stepl) : DC 1 mA, (step2) : DC 5 mA, (step3) : DC 1 mA, (step4) : DC 5
mA.
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Fig. 11. Appearance of PPy growth.
applied voltage : DC 12 V , Py : 5 mol/l , acetonitrile / 0.01 mol//
(n-Bu)yp-TS , volume : 10 m/, (a) (b) : polymerization time 80 min.



BRMHEMME F20EE15
J. Soc. Elect. Mat. Eng. Vol.20, No.1 2011

B Smol/l, FIFBARE % (n-Bu)p-TS, 0.01mol/l #&¢r CH,CN
P L LIcBAARERAWT, #t—EREERIC 12V 08
FEZEMLTEA L, AE» G, BEEMER S EE
SEimic PPy BNEE L, BHEA L L biZhe ICHIRITKR
ELTWD, 5 HRBLESHRZY h6xfmEARERICH
Mo TEIERD PPy 28 dish DERICI > THRE L, £&8
ISR ORI EL =T,

—%, B 11 IR LT PPy FROBIE L RFICERESE
MEEE L-ERER 21074, BEAMCE > TREL
7= PPy 1340 36 &Iz L, h & IZIERFICESR
SBHMRECLLZENSID, TORLEEAMZH#RET D
LB 3 HBICHERITRRICED Lz, BERICERELE
%b PPy IHEA SN TEY, BEICHEL TWiWES AR
BLTWD, £, [ 11 (b)DBEEFORRT b, dish [EF
#{ED PPy IEMRIZEWVWHD Y, BEZILREDLIICL
THEBICEEL, BEICRTHELZEEZLND,

:ll.rr!\ dat s

36 min

Current (mA)

0 30 60 90
time (min)
H 12, BABHROMEILEL

Fig. 12. Relation between polymerization current and time.
applied voltage : DC 12 V | acetonitrile / 0.01 mol// (n-Bu)yp-T8S,
volume : 10 m/, Py : 5 mol
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Fig. 13. Relation between current and time.
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Fig. 14. Model chart that explains behavior of polymerization
current observed in polymerization process of PPy
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