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A b s t r a c t . 

A t ransductor is a device that transforms the effect o f a physical change l ike 

pressure, temperature, etc. in another k ind o f s ignal , normal ly electric. C o n d u c t i n g 

polymers c ou ld be used for the development o f ionic t r a n s d u c e r s . Because they are able 

to interchange ions w i th e lectrolyt ic solut ions dur ing their redox processes to mainta in 

the electro neutral i ty required in each moment. A n electr ical signal is then transformed 

in an ionical s ignal . In this w o r k a quantitat ive study, combin ing Chronoamperomet ry 

( C A ) and A t o m i c Abso rp t i on Spec t roscopy ( A A S ) , o f the behavior o f PPy/PSS 

composite films for release cat ions in a contro l lable way is done. I f the release o f ions 

from conduc t ing polymers c ou ld be e lectr ical ly control lable , potent ia l appl icat ions l ike 

intelligent interfuses for the release o f drugs or art i f ic ial nerves c ou ld be deve loped. 

Keywords : ionic transductor, conduct ing polymer, release, interfases. arti f icial 

nerves. 

I n t r o d u c t i o n . 

The conduc t ing po lymers have been w ide l y studied dur ing the last 30 years 

because they present potent ia l appl icat ions l ike electrodes for batteries [ i - 3 ] , enzymat ic 

biosensors [4-6], e lectrochromic devices [7,8], etc. 

D u r i n g their redox processes, an ionic interchange process w i th the e lectrolyt ic 

solut ion accompanies the e lectron transfer between the polymer/metal interface to 

maintain the required electroneutral i ty. A conduct ing po lymer l ike po lypyrro le 

electrogenerated in the presence o f smal l cat ions l ike CT , C I C V . . . present an ion dop ing 
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predominant ly dur ing its redox processes [9-12]. The same conduc t ing po lymer 

electro generated in the presence o f polyelectrolytes l ike polyst lrensulfonate [ 13] 

( N a P S S ) show predominant cat ion dop ing [14-19] dur ing its redox processes because 

the polye lectroute became trapped w i th in the po lymer matr ix due to its large size. 

Nevertheless, a l though t w o different systems cou ld be differentiated, there are several 

studies that cortf irm that, generally in a l l the systems, the ionic interchange has a bipolar 

character in w h i c h both cat ions and anions are invo lved [14,20,21]. 

The ionic interchange process has been studied in qual i tat ive and quantitative 

ways too, us ing analyt ical techniques combin ing w i th e lec t rochemica l techniques [8,22¬

29] . 

F o r quantitative studies the E l ec t rochemica l Quar t z C rys ta l M i c r og rav ime t r y 

( E Q C M ) has been the technique most c ommon i y used. Th i s technique fo l lows the to ta l 

mass var iat ion in the po l ymer matr ix dur ing its redox processes and related those 

changes in mass to changes in the frequency o f the quartz crystal . B u t it present a lack 

o f selectivity to differentiate between the contr ibut ion o f different ionic species when 

more than one are invo l ved in the interchange process. A n d , usual ly , it used fi lms w i t h 

thickness be l ow 1 u.m to relate a l l the changes in mass detected to changes i n frequency. 

The Ro ta t ing R i n g - D i s k Vo l t ammet ry is another technique used for quantitat ive 

studies. Bu t this technique employs po lymer ic films w i t h very l o w po lymer i za t i on 

charges (=*20mC). 

Here is p roposed a n e w quantitative analysis for the release o f cat ions from 

PPy/PSS compos i te f i lms w i t h thickness c lose to 1.7um, comb in ing e lec t rochemica l 

techniques l ike Crhonoamperomet ry ( C A ) w i th an analyt ical technique l ike the A t o m i c 

A b s o r p t i o n Spec t roscopy (AAS). The PPy/PSS composi te films where selected for this 

s tudy because its kinet ic mechan ism has been studied in our laboratory and because it 

presents a predominant cat ion exchange. 

Resu l t s a n d d i s c u s s i o n . 

A n aqueous so lut ion 0.1 m o l d m " 3 i n N a P S S and 0.1 m o l d m " 3 i n P y monomer 

was used to electro generate the compos i te films by constant e lectrochemical ox ida t i on 
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at 0 . 8V , into a three electrode ce l l . These electro generat ion condi t ions were selected 

from init ial s tud ies 1 3 . 

A f t e r e lectrogenerat ion, the films were reduced by a potent ia l step from -0.1 V to 

- 0 . 8V (po lar izat ion t ime o f 10s was kept) i n 0 . I M electrolyte ( N a N 0 3 , K N 0 3 o r 

M g f N C h h ) aqueous solut ions. Theoret ica l ly cat ions should be stored inside the films. 

A f te r this the f i lms were washed w i t h water and put into a 0 . 0 5 M N a N 0 3 

aqueous so lu t ion , except the compos i te f i lms reduced in a 0 . 1 M N a N 0 3 that were put i n 

0 . 0 I M K i C O j aqueous so lut ion . F i lms were leave in these so lut ions w i thout a current 

flux. These aqueous solut ions were analyzed by A A S . 

Compos i t e films were again reduced by a potent ia l step from - 0 . 1 V to - 0 . 8 V 

(po lar izat ion t ime o f 10s was kept ) i n 0 . 1 M electrolyte ( N a N 0 3 , K N 0 3 o r M g ( N 0 3 ) 2 ) 

aqueous solut ions. A n d after this they were washed w i t h water and put into a 0 . 0 5 M 

N a M 0 3 aqueous so lut ion, except the compos i te films reduced in a 0 . 1 M N a N 0 3 that 

were put in 0 . 0 1 M K 2 C 0 j aqueous so lut ion . Where they were ox id i zed by a potent ia l 

step from - 0 . 8 V to - 0 . 1 V (po lar izat ion time o f 10s was kept). Theoret ica l ly cat ions are 

released f rom the compos i te films. These so lut ions were analyzed by A A S 

The reduct ion and the ox ida t i on steps are repeated different number o f t imes to 

accumulate different quantit ies o f cat ions dur ing the ox ida t i on processes in the aqueous 

solut ions where these processes are made. 

F r o m the ox idat ion charges the theoret ical quantit ies o f cat ions released (eq. 1) 

cou ld be obtained i f w e assume that a l l the ox ida t i on charge is invo l ved in the release 

process. The analysis by A A S o f the aqueous solut ions where the ox ida t i on steps are 

made should g ive the exper imental quantit ies o f cat ions released. 

V Q o x . (mC ) x ^ — x A t o m i c mass o f cat ions x 1 0 6 x — i — = — c a t ' o n 

^ nF V(mTj m l 

E q u a t i o n 1.- Theoretical relation between the oxidation charge and the quantity 

of cations releasedfrom the PPy/PSS composite films employed. 

The figure 1 shows the evo lu t i on o f the theoret ical and the exper imenta l 

quantities o f s o d i u m cat ions released when different ox ida t i on steps are accumulated in 

different 0.01 M K 2 C 0 3 aqueous so lut ions. A s can be when different numbers o f 

ox ida t i on processes are accumulated , the quantity o f cat ions released is increased. F o r 
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the case o f s o d i u m ca l i ons both theoret ical and exper imental quantit ies are similar. Th is 

involves that the transport o f s o d i u m cations through the compos i t e films should be very 

fast so the par t ic ipat ion o f anions in the interchange process shou ld be despicable. 
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F igure 1.- Evolution of the theoretical and experimental quantities oj sodium 

cations released during different number of oxidation processes done (different quantity 

of oxidation charges accumulated) in different O.01M K2CO3 aqueous solutions. 

Figures 2 and 3 present results similar as figure 1 for po tass ium and magnes ium 

cations. A g a i n is s h o w n that exists a quantitat ive relation between the ox ida t i on charges 

accumulated dur ing different numbers o f ox ida t i on processes and the quantit ies o f 

cations released. B u t in these cases the experimental quantit ies are lower than the 

theoret ical ones. S o the transport o f potass ium and magnes ium cat ions through the 

PPy/PSS compos i te films shou ld not be as rapid as the transport o f s od ium cat ion. N o t 

al l the theoret ica l quantit ies are released. A n anion flux from the aqueous solut ions 

inside the films must be p roduced to mainta in the electro neutrality required. 
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Figure 2.- Evolution of the theoretical and experimental quantities of potassium 

cations released during different number of oxidation processes done (different quantity 

of oxidation charges accumulated) in different 0.05MNaNOs aqueous solutions. 
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Figure 3 . - Evolution of the theoretical and experimental quantities of magnesium 

cations released during different number of oxidation processes done (different quantity 

of oxidation charges accumulated) in different 0.05M NaNOs aqueous solutions. 
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Experimental. 

The P P y / P S S compos i t e films were prepared f rom aqueous so lut ions conta in ing 

pyrro le monomer and the s o d i u m salt o f polyst irensulfonate. The monomer (Jansen) 

was dist i l led at 59°C and reduced pressure ( 50mmHg ) . A f te r d ist i l lat ion it was stored at 

l o w temperature (4°C) i n dark before used. The po ly electro lite ( A l d r i ch , 1 2 % N a 

content) and all o ther chemica ls (reagent grade) were used as received. The solvent 

(water) used in a l l experiences was obta ined from a M i l l i Q Reagent Wa t e r Sys tem feed 

by a Null ] R 0 4 Water Pur i f i ca t i on System. 

A p la t inum sheet w i th a surface area o f 1 c m 2 was used as w o r k i n g electrode, and 

a stainless steel hav ing 3 c m 2 o f surface area was used as counter electrode. A g / A g C l 

( K C ! 3 M ) e lectrode ( C r i s o n Instruments) was used as reference electrode. 

A l l the exper iments were per formed under n i t rogen atmosphere and at r o o m 

temperature. The p H was turned to neutra l values. 

A 4504 M P S Sar tor ius U l t ramicroba lance (10" 7 g prec is ion) was used to evaluate 

the weight o f the compos i te po l ymer i c films electrogenerated. 

A M 2 7 3 potenciostat-galvanostat connected to a P C compute r and dr i ven by 

means o f M 2 7 3 software f r om EQ&G was used for the e lec t rochemica l processes 

invo lved (po lymer izat ion, e lec t rochemica l con t ro l ( C V ) and potent ia l steps ( C A ) to 

ox id i ze and reduce the compos i t e films). 

A G B C A v a n t a £ A b s o r p t i o n Spectrometer ( G B C Scienti f ic Equ ipment P t y 

L td . ) connected to a P C compute r and dr iven by means o f G B C software was used to 

detect the amount o f cat ions released from the compos i te f i lms dur ing the ox ida t i on 

steps. 

The a tomic absorp t i on spectroscopy ( A A S ) is an analyt ical technique that 

permits a direct analysis o f elements in solut ions independently o f h o w they are 

combin ing . The base o f this technique is that the majority o f free atoms in the 

c ommon l y used flames are i n the g round state. A light source can be used to excite 

these free atoms. The decrease in energy (absorption) is then measured. U s i n g the 

Lamber t -Beer [aw (eq. 1) the concentrat ion o f free atoms in the flame can be 

determined. 
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Abs. =log|0 — = K x C x L where: 

In = Incident intensity in the flame from the light source. 

I = Transmit ted intensity (amount not absorbed). 

C = Concent ra t i on o f sample (mole/I). 

K = molar absorpt iv i ty (l/mole cm) . 

L = Pa th length. 

Equa t i on 1.- Lambert-Beer law. 

Final Comments. 

The propert ies o f po lymer ic compos i te films o f PPy/PSS to act as storehouses o f 

different cations was evaluated. Dif ferent quantit ies o f cat ions were accumulated inside 

the films dur ing the successive reduct ion processes done in presence o f each o f the 

cations studied. The appl icat ion o f a different number o f ox ida t i on steps invo lved the 

e lectrochemical ly contro l led released o f different quantities o f cat ions. Quant i tat ive 

relations between the summat ion o f ox ida t i on charges accumulated and the 

concentrat ion o f cat ions detected in so lut ion by A A S were obtained. The results 

obtained for the three cations studied show that a l though cat ions shou ld be released 

during ox ida t i on processes the par t ic ipat ion o f anions in the interchange process shou ld 

be necessary to maintain the electroneutral i ty required. 

Acknowledgement. 

The authors thank Basque Government , D i p u t a c i 6 n F o r a l de G u i p i i z c o a , 

Univers idad de l Pais V a s c o and G r u p o espanoi de E l e c t roqu im ica for financial support . 

M 3 Te resa Co r t e s wants to thanks I C E T E X in C o l o m b i a too. 



- 286 -

References . 

1. - T . M o m m a , K . N i sh imura , T . O s a k a . . . , J. Eleclrochem. Soc., 141 (1994) , 
2326 . 

2. - T. Sh i rmdzu, A . Ohtan i , T . l y o d a , K . H o n d a , J. Chem. Soc, Chem. Comm., 

1415 (1986) . 

3. - T . Sh im idzu , A . Ohtan i , T . l y o d a , K . H o n d a , J. Chem. Soc., Chem. Comm., 

327 (1987) . 

4. - M . U m a n a , J . Wal l e r , Anal. Chem., 58 (1986) , 2979 . 

5. - D . Compagnone , G . Feder ic i , Electroanal., 7 (\2) (1995) , 1151 . 

6. - P . N . Bart le t t , Y . As t i e r , Chem. Comm., 2 (2000) , 105. 

7. - K . H y o d o , Electrochim. Acta, 39 (1994) , 265 . 

8. - T . F . Ote ro , S. A . Cheng , D . A l o n s o , F . Hue r t a , J. Phys. Chem.(B), 104 

(2000) , 10528. 

9. - K . N a o i , M . L i e n , W . S m y r l , J. Eleclrochem. Soc, 138(2) (1991) , 440 -445 . 

10. - X . Ren , P. G . P i c k u p , J. Phys. Chem., 97 (1993) , 5356 -5362 . 

11. - C . S. C . B o s e , S. B a s a k , K . Rajeshwar, J. Phys. Chem., 96 (1992) . 9899¬

9906. 

12. - H . Y a n g , J . K w a k , J. Phys. Chem., 101 (1997) , 4656 -4661 . 

13. - T . F . Ote ro , J . M . Sansifiena, J. Electroanal. Chem., 412 (1996) , 109. 

14. - M . L i e n , W . Smyr l , . / . Electroanal. Chem., 309 (1991) , 333-340 . 

15. - C . M . E l l i o t t , A . B . K o p e l o v e , J. Phys. Chem., 95 (1991) , 1743-1747. 

16. - C . K . Bake r , Y - J . Q i u , J . R. Reyno lds , J. Phys. Chem., 95 (1991) . 4 4 4 6 -

• 4452 . 
17. - C . Barbero , M . C . M i r o n , R. Kâtz, O . Haas , J. Electroanal. Chem., 4 3 7 

0997), 191-198. 

18. - H . Y a n g , J . K w a k , J. Phys. Chem., 101 (1997) , 7 7 4 - 7 8 1 . 

19. - H . Y a n g , J . K w a k , J. Phys. Chem., 102 (1998) , 1982-1988. 

20 . - J. Car rasco , T . F . O t e ro , E . B r i l l a s , M . M o n t i l l a , J. Electroanal. Chem., 418 
(1996) , 115. 

21 . - J. Car rasco , T . F . O t e ro , E . B r i l l a s , M . M o n t i l l a , J. Electroanal. Chem., 418 
(1996) , 123. 

22 . - C . M . E l l i o t , A . B . K o p e l o v e , W . J . A lbery , Z . C h e n , J. Phys. Chem., 95 

(1991) , 1743. 

2 3 . - X . R en , P . G . P i c k u p , Electrochim. Acta, 41 (11/12) (1996) , 1877. 

24. - Y . L i , S. D o n g , J. Chem. Soc, Chem. Commun., (1992) . 

25 . - M . Hepe l , Electrochim. Acta, 41 (1) (1996) , 63 . 

- 287 -

26 . - K . K o n t t u r i , L M u r t o a k i , P. Pentt i , G . Sundho lm , Synthetic Metals, 92 
(1998) . 179. 

27. - P . G . P i c k u p , R. A . Osteryoung , J. Eectroanal. Chem., 195 (1985) , 2 7 1 . 

28. - H . Sh inohara , J . K o j i m a , M . A i z a w a , J. Eectroanal. Chem., 266 (1989) , 
297 . 

29 . - C . A . Salzer, C . M . E l l i o t , Anal. Chem., 71 (1999) , 3677 . 


