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INCLUSION OF METALLIC AGGREGATES I N  ORGANIC CONDUCTING 

POLYMERS. A NEW CATALYTIC SYSTEM FOR THE H' REDUCTION. 

* 
G. TOURILLON and F. GARNIER 

Labora to i re  de Photochimie S o l a i r e ,  2-8, Rue H e n r i  Dunant 

94320 THIAIS. 

A b s t r a c t  : Among t h e  well-known o r g a n i c  conduct ing polymers ,  

p l y t h i o p h e n e  and its d e r i v a t i v e s  have been shown t o  be remarkably 

s t a b l e  i n  both t h e i r  conduct ing and i n s u l a t i n g  s ta tes .  Furthermore,  

t h e y  can be r e v e r s i b l y  cyc led  between t h e s e  two states i n  w a t e r .  The 

use  of  metals complexes an ions  as e lectrolyte  allows t h e  doping o f  

polythiophene w i t h  meta l  d e r i v a t i v e s .  T h e i r  f u r t h e r  e l e c t r o c h e m i c a l  

r e d u c t i o n  l e a d s  t o  t h e  format ion  o f  metall ic a g g r e g a t e s  i n  t h e  po- 

lymer . Thus, Ag and P t  c l u s t e r s  have been inc luded  i n  p o l y  3 methyl- 

th iophene  : i-Ag c l u s t e r s  are mainly l o c a t e d  a long  t h e  polymer f i b e r s  

and ensure  t h e  c o n d u c t i v i t y  o f  t h i s  charged polymer, even i n  t h e  

c a t h o d i c  range cor respondin t  o t  i ts n e u t r a l  s t a t e ; i i - P t  c lu s t e r s  are 

l o c a t e d  near t h e  s u r f a c e  o f  t h e  polymer; i i i - t h u s  system shows a very  

h i g h  c a t a l y t i c  a c t i v i t y  f o r  t h e  pro ton  r e d u c t i o n  i n  a c i d i c  medium 

( p H  = 0 ,  V = -0 .4  V/SCE and J 

a p l a t i n i z e d  e l e c t r o d e ) .  A remarkable s t a b i l i t y  i s  o b t a i n e d ,  more 

t h a n  170 hours  (20 min  w i t h  p o l y p y r r o l e ) .  

-2 
2001nAcm-~ i n s t e a d  of 130mAcm w i t h  

INTRODUCTION 

A l o t  o f  work has  been devoted t o  t h e  physico-chemical pro- 

p e r t i e s  of  metall ic c l u s t e r s  o r  a g g r e g a t e s ,  owing t o  t h e i r  i n t e re s -  

t i n g  a p p l i c a t i o n s  i n  t h e  f i e l d  of  c a t a l y s i s ' .  The major problem 

encountered concerns t h e  m i g r a t i o n  and t h e  a g g r e g a t i o n  o f  t h e  h i g h l y  

d i s p e r s e d  phase ,  which lowers t h e  c a t a l y t i c  a c t i v i t y L .  A par t ia l  
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306 G. TOURILLON AND F. GARNIER 

answer has been given by the use of polymeric matrix instead of 

mineral support’. Another way t o  decrease t h i s  aggregation process 

involves the use of graf ted electro-active f i lms,  which combine the  

two features of ca t a ly t i c  and electro-active sites . In  t h i s  regard,  

the inclusion of RuOa5 or of phthalocyanines6 i n  polypyrrole, an 

organic conducting polymer , allowed t h e  reduction of 0 

These new systems however possess low c a t a l y t i c  yield and poor 

4 

i n t o  H202. 
2 

s t a b i l i t y .  

W e  have recently shown t h e  ln t e re s t ing  propert ies  of p l y -  

and the poss ib i l i t y  t o  dope them i n  water’ make 

thiophene and its derivatives as electro-active polymers7. Their 

high s t a b i l i t y  

them goods candidates fo r  t he  obtention of new c a t a l y t i c  systems. 

We thus report  here the electro-chemical conditions allowing the 

inclusionof Ag and P t  aggregates i n  poly 3 methyl thiophene, PMeT, 

together with the  analysis  of t h e i r  c a t a l y t i c  propert ies  toward t h e  

H reduction i n t o  H 

8 

+ 
2 ‘  

I I. EXPERIMENTAL 

The g ra f t ing  of the polymer on Au electrode involves the  oxi- 

dation of the monomer, 3 methyl thiophene 5.10-lM a t  + 1.35V/SCE i n  

CH3CN-N(Bu) S O  CF 

fi lm can be varied from 50A t o  several  mm by the  control  of the 

e l ec t ro lys i s  t i m e .  The modified electrode is  then r insed,  dr ied and 

catho d i ca l ly  polarized fo r  the inclusion of metal l ic  aggregates. 

A f i r s t  polar izat ion of t he  f i lm a t  +0.3V/SCE i n  H20-AgC10q 10-lM 

medium leads t o  t-he inclusion of Ag aggregates. This Ag modified 

electrode is  then polarized a t  -0.3V/SCE i n  H20-K2PtCl4 5.10 

which leads t o  the inclusion of Pt clusters .  This Ag - P t  modified 

electrode has then been immersed i n  an acidic medium (pH = 0 ; 
H 0-HCI) and i ts  electrochemical cha rac t e r i s t i c s  (J = f(V) ; 

J = f ( t )  a t  V = -0.4V/SCE) have been determined. 

-1 7 5.10 M . The thickness of t he  doped conducting 4 3 3  0 

-2 M 
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A NEW CATALYTIC SYSTEM FOR THE H+ REDUCTION 307 

The morphology of t h i s  Ag and P t  loaded PMeT has been s tudied 

by SEM and T E M  techniques (JEOL 120C a and JSM 50A). 

111. RESULTS AND DISCUSSION. 

The morphology of these Ag and P t  loaded PMeT has been r ea l i zed  

on thick polymer deposits.  

The SEM p h t u r e  of (PMeT-Ag-Pt), with 80% Ag and 50% P t  (poly- 

m e r  weight % )  , c l e a r l y  shows t h a t  t h e  Ag aggregates are  mainly 

located along the polymers f ibe r s  (Fig.  1 )  and the  P t  aggregates 

a re  deposited on the  PMeT surface.  

Fig. 1 : SEM picture  of Ag 

aggregates included i n  PMeT by 

mult is tep procedure (X 10 000) 

The s i z e  and the  homogeneity of t he  d i s t t i b u t i o n  of t he  Ag 

aggregates i n  t h e  polymer can be control led by the electro-chemical 

procedure used fo r  the inclusion : 

- I f  the Ag aggregates a re  included i n  the polymeric matrix i n  

a s ingle  electrochemical s t e p ,  they appear broadly d i s t r ibu ted  and 

t h e i r  s i ze s  l ies  i n  t h e  range 300 A-several pm, b ig  Ag p a r t i c l e s  

being in t e rca l a t ed  between the polymer f i b e r s  Fig. 2 .  

0 

Fig. 2 : SEM p ic tu re  of A g  

aggregates included by a s ing le  

procedure-large p a r t i c l e s  of 

several  um are included between 

the  f i b e r s  ( x  3000) .  
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308 G. TOURILLON AND F. GARNIER 

- Incont ras t ,  t h e  aggregates a re  homogeneously loca l ized  along 
0 

t h e  polymer f i b e r s  with smaller s i z e s  (20-200A) i f  t h e  same amount 

of Ag is  included i n  t he  polymer by a slower mul t i s t ep  procedure 

(Fig.  3 ) .  

Fig. 3 : TEM p ic tu re s  of Ag 

aggregates i n  PMeT (mul t i s tep  

procedure ; p a r t i c l e s  s i z e  : 
0 

20-200A). 

The Pt  aggregates more d i f f i c u l t  t o  analyze due t o  t h e i r  lower 

concentration, a r e  e s s e n t i a l l y  located near t h e  polymer sur face .  

These r e s u l t s  show t h a t  a d i f f e r e n t  r o l e  can be a t t r i b u t e d  t o  these  

t w o  meta l l ic  aggregates : 

- t h e  P t  one, exe r t  a c a t a l y t i c  r o l e  a t  t h e  polymer-electrolyte 

medium in t e r f ace ,  

- on the  o ther  hand, Ag may assist t h e  bulk conductivity,  t h e  

more homoaeneously it i s  d i s t r ibu ted  along t h e  polymer f i b e r s .  

These hypothesis have been confirmed by t h e  study of t h e  e l e c t r o  

chemical proton reduction process i n  a c i d i c  medium ( p H  = 0 ) .  Fig.  4 

Fig. 4: J-’Vcurve obtained i n  

ac id i c  medium (pH = 0 ,  H20-HC1) 

a t  SOmv/pi sweep rate 
0 - : Au-PMeT (1700A) or Pt- 

PMeT (1700& 

- - : nacked P t  e lec t rode  
.-.-.-. . Au+leT (1700~)-Ag(80%) 

- P t ( 5 0 % g  D
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A NEW CATALYTIC SYSTEM FOR THE H' REDUCTION 309 

shows t h e  J - V  curves  f o r  s e v e r a l  modif ied Au electrodes : 

- w i t h  a nacked Au e l e c t r o d e ,  t h e  c u r r e n t  d e n s i t y  remains l o w  

i n  a l l  t h e  c a t h o d i c  range ,  0 t o  -0.5V/SCE (Fig.  4a);with a h A u  elec- 

t r o d e  coated w i t h  e i t h e r  undoped PMeT, or Ag loaded PMeT, [PMeT-Ag], 

J remains i n  t h e  same l o w  i n t e n s i t y  range (F ig .  4 b ) .  - 
- with  P t  aggrega tes  i n  t h e  same [PMeT-Aglelectrode, FMeT-Ag-Ptl 

t h e  J-Vcurve i s  similar t o  t h a t  o b t a i n e d  on a p l a t i n i z e d  Au e l e c t r o d e  

( F i g .  4 c ) .  A v e r y  s h a r p  i n c r e a s e  a t  -0.2V/SCE, due t o  t h e  H+ r e d u c t i o n  

i n t o  HZ and an anodic  peak corresponding t o  t h e  back r e a c t i o n  when 

t h e  p o t e n t i a l  i s  reversed .  

The i n f l u e n c e  o f  t h e  Ag and P t  concent ra t ions ,and  o f  t h e  f i l m  

t h i c k n e s s  on t h e  J v a l u e s  , when t h e  Au PMeT e l e c t r o d e  is p o l a r i z e d  

a t  -0.4V/SCE i n  H 0-HC1, pH = 0 has been i n v e s t i g a t e d  : 
c -  3 

2 0 

- when f o r  a c o n s t a n t  Ag c o n c e n t r a t i o n  i n  a 1700 A t h i c k  PMeT 

f i l m ,  t h e  amount of inc luded  P t  i s  v a r i e d ,  J f i r s t l y  i n c r e a s e s  and 

reaches  a p l a t e a u  : P t  c o n t e n t  = 8.10 g , i n s t e a d  o f  3.10 g f o r  a 

p l a t i n i z e d  rAg-Au] e l e c t r o d e .  This  d i f f e r e n c e  should  correspond t o  

a decrease  i n  t h e  P t  aggrega tes  s i z e .  

-6 -6 

- Same J v a r i a t i o n s  are observed when d i f f e r e n t  Ag amounts f o r  

a c o n s t a n t  P t  v a l u e  a r e  inc luded  i n  t h e  same 1700 A t h i c k  f i l m .  

T h i s  behavior  can be i n t e r p r e t e d  by a n  enhancement o f  t h e  conduct ing 

p r o p e r t i e s  of  PMeT. 

- For t h e  opt imized Ag ' concent ra t ion  (80% polymer weight )  and 

P t  c o n t e n t  ( 5 0 % ) ,  t h e  J v a r i a t i o n s  w i t h  t h e  t h i c k n e s s  02 bha fiilms 

I s  shown i n  Fig. 5 : when d <  500 A ,  J is lower t h a n  t h a t  observed 

4 J(m*.cmq 

Fig. 5 : Inf luence  of the f i l m  

t h i c k n e s s  d on J. 

----_ : Au-Pt-Ag electrode 

1 - .  . AueMeT-Ag-Pt 
80 

a. 
rm am nm urn nrn lam 

d l i l  
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310 0. TOURILLON AND F. GARNIER 

f o r  a [Au-Ag-Ptl e lec t rode  and can be due t o  an inhomogeneous d is -  

t r i b u t i o n  of me ta l l i c  aggregates. But , when d > 600 A ,  J increases 
-2 + and reaches a value of 2OOmAcm : H reduction y ie ld  higher,  by more 

than 50%, than on [Au-Ag-Pt] e lec t rode  (130mA~m-~). 

The s t a b i l i t y  of t h i s  c a t a l y t i c  system has a l so  been t e s t e d  and 

compared t o  the  corresponding one derived from polypyrrole [ PP-Ag-Pt] 

and a l so  t o  a p l a t in i zed  Ag coated Au e lec t rode  [Ag-Pt]. Fig. 6 

0 

rn -------------I--- Fig. 6 : S t a b i l i t y  of J with t i m e  

@H = 0 ; V = -0.4V/SCE) 
- .  . ~ c k e d  P t  e lec t rode  - --- : Au+MeT-Ag-Pt] e lec t rode  

1M 

10 -- : Au- [PPAg-Pt] e lec t rode  

-- CD 

o i o a z o a a '  3 4  s 8  i a  
c 

shows the  evolution of J with t h e  po la r i za t ion  time : 

- With thebg-Ptlsystem, J continuously decreases,  due t o  the  

- With t h e t p  -Ag-Pg system, J r ap id ly  decreases , which is 

migration and aggregation of t h e  P t  c l u s t e r s  o n  t he  surface.  

accompanied by a change of t he  polymer co lor  from brown t o  yellow. 

After 25mn, J suddenly f a l l s ,  due t o  t h e  peeling of t h e  

- Incont ras t ,  the[PMeT-Ag-Pd system is very s t a b l e ,  J 

remaining constant even a f t e r  a 170 h cathodic po la r i za t ion  run. 

polymer. 

I V  CONCLUSION 

I n  conclusion, we have shown t h a t  Ag and P t  aggregates can he 

electrochemically incorporated i n  an organic conducting polymer 

l i k e  PMeT..The Ag aggregates, which are located along the  polymer 

f i b e r s ,  a s s i s t  t h e  e l ec t ron ic  conduction i n  t h e  polymer. The P t  
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A NEW CATALYTIC SYSTEM FOR THE H' REDUCI'ION 31 1 

aggrega tes ,  mainly loca ted  near  t h e  s u r f a c e ,  

c a t a l y t i c  a c t i v i t y .  The FMeT-Ag-Pt] system is 

reduct ion  with c u r r e n t  d e n s i t y  of 200mAcm , 
t h a n  t h a t  observed on[Au-Ag-Ptlelectrode. 

-2 

show an  enhanced 

ab le  t o  ca t a lyze  t h e  H+ 

which is  50% higher  

A remarkable s t a b i l i t y  with time has  been obta ined  under pola-  

r i z a t i o n ,  which r evea l s  t h a t  PMeT is not  a f f e c t e d  by not ive  H2 and 

t h a t  P t  c l u s t e r s  do not  mivrate  and aqFregate. 
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