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Preliminary note 
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There is a great interest in modifying the properties of  solid electrodes to 
achieve their best performance under definite operating conditions. In this 
sense, at present the preparation, stabilization and reproducibili ty in the 
electrochemical response of  solid electrode surfaces are subjects of special 
at tention [ 1--4] .  A recent contr ibution in this respect that  polycrystalline 
platinum electrodes immersed in acid electrolytes after being subjected to a 
fast repetitive triangular potential  scanning under carefully selected potential 
perturbation conditions show remarkable changes in the potent iodynamic 
I/E profiles at v = 0.1 V s -I corresponding to the H- and O-adatom electro- 
adsorption/electrodesorption potential  region with respect to those of  the 
initial polycrystalline material [ 5].  These results suggested that  the same 
changes in the electrochemical response of  platinum electrodes could be 
achieved by means of  a fast repetitive square wave potential signal covering 
the potential  range of  the H- and O-adatom electroadsorption/electrodesorp- 
tion. 

When a polycrystalline platinum electrode immersed in 1 M H2 SO4 at 25 ° C, 
which has been previously electropolished with ac (50 Hz; 10--20 V) in a 
slightly acid (HC1) saturated CaC12 solution, is subjected to a repetitive square 
wave potential signal (RSWPS) between 0.70 and 1.40 V (vs. RHE) at 0.5 kHz 
during 3 min, the voltammogram run immediately afterwards by applying a 
symmetrical triangular potential  scan (RTPS) at 0.1 V s -1 , in the 0.04--1.50 V 
range (Fig. 1), approaches closely the characteristics of  a Pt (111) single crystal 
surface after it has been cycled at a low potential  sweep rate a few times 
through the anodic oxide region (Type-I electrode) [6--12] .  Thus, the corre- 
sponding voltammogram shows the reversible conjugated current peaks of  H- 
adatom electroadsorption/electrodesorption at ca. 0.11 V, a relative increase 
in height of  the second broad anodic current peak associated with the O-elec- 
t roadsorption and a shift of  the potential of  the O-electrodesorption current 
peak towards more negative values than those found in comparable voltam- 
mograms for polycrystalline platinum. An appreciable increase in the electrode 
active area, as measured through either the H-adatom monolayer  charge or the 
O-monolayer electroreduction charge, is also observed. 
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Fig. 1. Stabilized voltammograms (third cycle) run at 0.1 V s-' in 1 M H 2 SO, at 25 ° C. 
(-- ----)  Electropolished polycrystalline platinum electrode; ( ) after 3 rain RSWPS at 
0.5 kHz between 0.70 and 1.40 V. 
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Fig. 2. Stabilized voltammograms (third cycle) run at 0.1 V s -1 in 1 M H2SO . at 25 ° C. 
(----  --) Electropolished polycrystalline platinum electrode; ( ) after 20 rain RSWPS 
at 0.5 kHz between 0.20 and 1.00 V. 

On the  o the r  hand ,  when  the  p re t r ea t ed  polycrys ta l l ine  p la t inum elec- 
t rode  is subjec ted  to  a RSWPS of  larger ampl i tude ,  e.g., 0.8 V, be tween  0.20 
and 1.00 V at  0.5 kHz dur ing 20 min,  the  fo l lowing v o l t a m m o g r a m  run  at  
0.1 V s -1 be tween  0.04 and 1.50 V (Fig. 2) approaches  closely tha t  dep ic ted  
in the  l i tera ture  as the  e lec t rochemica l  response  of  the  Pt  (100)  single crystal  
surface (Type-I I  e lec t rode)  [ 7 , 8 , 1 0 - - 1 3 ] .  Thus ,  the  v o l t a m m o g r a m  exhibi ts  the  
con juga ted  cur ren t  peaks o f  the  H-ada tom e l e c t r o a d s o r p t i o n / e l e c t r o d e s o r p t i o n  
at ca. 0 .25 V, which render  the  greatest  cu r ren t  co n t r i b u t i o n  in the  H-ada tom 
po ten t ia l  range, a relat ive increase o f  the  first  b road  anodic  cu r ren t  peak  
re la ted to  the  O-e lec t roadsorp t ion ,  and a shif t  o f  the  po ten t ia l  o f  the  O-elec- 
t r o de so r p t i on  cu r ren t  peak  towards  a po ten t i a l  value slightly m o re  posi t ive 
than  tha t  observed in the  conven t iona l  v o l t a m m o g r a m  for  po lycrys ta l l ine  
p la t inum.  In this case, when  the  start ing surface is po lycrys ta l l ine  p la t inum,  
no  appreciable  change in the  e lec t rode  active area is no t iced .  The  e l ec t rochem-  
ical character is t ics  of  the  resul t ing p la t inum surface remain  pract ica l ly  un- 
c h a n g e d ,  e x c e p t  for  an appa ren t  minor  surface r econs t ruc t i on  a f te r  2 h RTPS 
be tween  0 .04 and 1.50 V at  0.1 V s -1 . 
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The polycrystalline platinum electrochemical response can be recovered by 
etching both Type-I and Type-II electrodes in aqua regia followed by  a slight 
electropolishing. 

By properly adjusting the potential  preturbation parameters the RSWPS 
technique also provides a direct interconversion from a Type-I electrode into 
a Type-II electrode and vice versa. Thus, when a Type-I electrode is subjected 
to RSWPS between 0.40 and 1.20 V at 0.5 kHz during 30 min, the conversion 
to a Type-II electrode is accomplished (Fig. 3). In this case, there is an appre- 
ciable reduction in the electrode active area. Correspondingly, the H-adatom 
monolayer  charge ratio resulting from the RTPS voltammograms is ca. 1.4. This 
figure is close to the value of  1.2 which has been reported for the H-adatom 
monolayer  charge ratio between the (111) and (100) platinum single crystals [14] 
(QI~ nt)  = 0.243 mC/cm 2 and QI~ °°) = 0.208 mC/cm 2 ). 
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Fig. 3. Stabil ized vo l tammograms  (third cycle)  run at 0.1 V s -1 in 1 M H 2 SO4 at 25°C 
( - - - -  --) after applying to a polycrysta l l ine  p la t inum electrode 5 rain RSWPS at 0.5 kHz 
be tween  0.7 and 1.4 V; ( ) af ter  applying to  a Type-I  e lect rode 30 rain RSWPS at 0.5 
kHz be tween  0.40 V and 1.20 V. 

The preparation of  both  Type-I and Type-II platinum electrodes was carried 
out  in a low resistance designed electrochemical cell consisting of  a polycrystal- 
line platinum wire working electrode (ca. 0.17 cm 2 geometric area) concen- 
trically surrounded by a large area platinum counter  electrode (ca. 50 cm 2 ). The 
potential of  the working electrode was measured against a hydrogen reference 
electrode in the same acid electrolyte solution. 

The transient current measured during the application of  each half-cycle 
of  the RSWPS reveals a considerable capacitive current component  which is 
apparently related to the modification in the electrochemical response of 
the platinum surface at low potential  sweep rates. Furthermore,  the type  of  
the electrode pretreatment  required for the efficient application of  the RSWPS 
technique suggests that  a sort of "softening" of  the polycrystalline surface 
assists the modification of  its electrochemical response promoted  by the 
RSWPS. 

The discovery reported in this preliminary communicat ion may be relevant 
for the development of metallic surfaces of  potential  interest in electrocatal- 
ysis. Both Type-I and Type-II platinum electrodes exhibit sharply different 
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v o l t a m m e t r i c  r e sponse  to  t he  e l e c t r o o x i d a t i o n  e i ther  in acid or  base e l ec t ro ly t e  
of  c a rbon  m o n o x i d e ,  r educed  c a r b o n  d ioxide ,  f o rmic  acid, m e t h a n o l ,  e thy l ene  
glycol  and  to  the  u p d  o f  meta ls .  The  co r r e spond ing  results  will be  p resen ted  
in the  near  fu tu re .  
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