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Polypyrrole Patterns Formed During 
Electropolymerization of Pyrrole at Gold 

Surfaces in Potassium Chloride Electrolyte 
Solutions 

SANG-EUN BAEa, SE-HWAN PAEKb, YOUNG-SANG KIMa and 
CHI-WOO LEEa 

aDivision of Natural Sciences, College of Sciences and Technology, Korea 
University, Jochiwon, Choongnam 339-700, Korea and bGraduate School of 

Biotechnology, Korea University, Seoul 136701, Korea 

Electropolymerization of pyrrole in the aqueous electrolyte solutions of potassium chloride 
was investigated by means of chronoamperometric, in situ electrochemical quartz crystal 
oscillator and optical microscopic methods. Polypyrrole patterns of one dot, two dots and 
three dots of triangle were successfully formed at gold electrode surfaces in aqueous solu- 
tions of pyrrole and were confirmed ex situ by optical microscopy. Further development of 
the technique and possible applications are discussed. 
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e l m h e m i d  polynwi3ation offers the possibility of in-siru f d o n  
We have been irdffested in investigating changes in n i ~ l o g i c a l  

paperty of poIypymle dunng e l m h e n i d  pwh,[6.71 In sim 
electrocternid quartz crystal oscillator (EQCO) mhod could be 
successfuly apphed to d t o r  film developed at tk interface between the 
electrode and electrolyte solutions, dm polywnole gmv h o m g e n ~ - ~ ~ l y  
on the substrate electrode. In potasslum chloride electrolyte solution, 
bvmer, polyppole did not grow -ly on gold elemde 
surface. It follow that EQ(30 wds not applicable to p b e  the 
viscoelasticity of film p v m  over the h l e  surface of electrode. We 
investigatedthephemnrnonof- pwth  of polywlTole and 
wre able to am101 the elecwchenm 'cal p H n h  of pdywrrole to produce 

polyWrrole patterns on gold electrode surfice in the iqucous electrolyte 
solutions of potassin chlaide. 

All chemicals used in this wrk were of the best quality available from 
Aldrich and vme used without fipther purification except W l e ,  d ich  
wds purified by distilling lnda reduced p s s m  to ploduce mldess liquid 
Solutions wre made up with MiI1i-Q grade w. 

Pblypymle wds p v m  by weeping the potential apphed to the 

electrode h 0 to + 900 rnV versus potarsim chloride sanaated calm1 
electrode (SCE) in solutim of 0.2 M pyrrole and 0.1 M potassium 

chloride unless described Okwise.  All the exp imem rn performed 
lnda argon atnnqhe at 23 (+2) C. An electrochemical &-up of three 

electrode cell wds the same as tefare.'6*" 

REsuL'IsANDDIscussION 

aec.l.ease in resonant f k q m c y  with little change in remnant resistance 
obsaved above + 800 mV when potemal wds d h 0 to + 900 
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FIGURE 1 Chronoamperometric curves (a) and changes in 
resonant frequency (b) and resonant resistance (c) observed 
during electropolymerization of pyrrole at 0.65 V vs. SCE. 

mV V~ASLLS SCE in the aqueous solution of 0.2 M pyrrole, 0.1 M potassium 
chloride, ad 0.03 M phosphate @H 7), because electropolynlenzed V l e  
w s  deposited on the elemode surface. Voltamrpgram sirmltaneously 
rec~rded agreed with those reported in the ~iteranrre.~~.~~ AS the n m t m  of 
potential cycles increased the potential * the resonant frequency dlqx 
demasai indicating that the electropolynlRiTation is easier at the mface 

of polyWrrole than that of bare goid electruck. 

ElectmcMcally grown polyWrrole films \hffe uhmgemm in color 
as wll as in thi- w i m  they w r e  m w d  helecaochenm '4 cells 
ad inspected visually ; in the one part of the gold electrode surface, little 
film - farrred in the second scm film with blue color ad in the third 
thick film with black color. The deposition of polywrrole w s  strongly 
dependent on the shape ad location of counter electrode, potential lnposed 

ad the cotlcenhiition of pyrrole ad s q p o r h g  electrolyte. 
After som e-tal trials v.e found the conditions v h z  a reliable 

growth of polypymle film can be made elecaochenm 'ally. Figure 1 h w  
the ch-c cwes  (a) and changes in resonant frequency (b) 

ad resonant resistance (c) observed dunng the three different experhens 

of e i e c m p o l ~ o n  of pyrrole at + 0.65 V versus SCE in the aqueous 
solution of 0.2 M pyrrole, 0.1 M potassium chloride, ad 0.03 M phosphate 
at pH 7. In all three c- c CUIves haw similar 
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