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It is well established that the voltammogram 
of polycrystalline platinum in acid electroly- 
te in the potential range corresponding to the 
stability of bulk water depends on the electro- 
de history including the type of perturbation 
applied to the electrode and on the electro- 
lyte composition. Thus, the voltammogram obtain 
ed with polycrystalline platinum in 1 M sulphu-- 
ric acid at 25~ under a repetitive triangula~ 
potential sweep at 0, i V.s -I, exhibits the con 
ventional three regions, namely, the H- and O- 
adatoms electroadsorption/electrodesorption 
and the so-called double layer regions (Fig.l), 
The former region shows a multiplicity of re- 
versible current peaks each pair of conjugated 
current peaks being generally associated with 
the electrochemical response of a determined 
type of single crystal face (1-8). 
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Figure 1 - Stabilized voltammograms (third cy- 

cle) run at 0,i V.s -I in 1M sulphu- 
ric acid at 25~ 6--) after 5 s cy 
cling at 2000 V.s -I between 0,4 and 
1.6 V; ( .... ) polycrystalline pla- 
tinum electrode. 
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potential perturbation 

When such an electrode is perturbed with a 
very fast repetitive triangular potential 
sweep at v = 2000 V,s -I between Es = 0.4 V and 
E u = 1.6 V during 5 s, the voltarmmogram run 
immediately afterwards at 0.i Vos -I is much 
more similar to that of a Pt(lll) single crys- 
tal surface after it has been cycled at a rela 
tively low v (e,g, 0.I V.s -I) a few times -- 
through the anodic oxide region (2,3,5-8) (Fi~ 
I). 

On the other hand, when the potential per- 
turbation conditions are changed to 104 V,s -I 
in the 0.04 V to 1.5 V range during 5 min, the 
following voltammogram run at 0.i V,s -I in the 
H-adatom potential range approaches closely 
the characteristics described in the literatu- 
re for Pt(100) single crystal surface (1,3-5, 
7,8) (Fig, 2), The electrochemical characteris 
tics of the resulting platinum surface remain 
unchanged after 2 h cycling between 0.04 V and 
1,5 V at 0.i V,s -I, except for a small surface 
reconstruction, 

4O 

-~2o 

o 
U 

-20 

-40 

r j 

; I 

0 O,4 68 t~ t6 

Potential/V 

Figure 2 - Stabilized voltammograms (third cy- 
cle) run at 0.I V.s-i in 1M sulphu 
ric acid at 25~ (-~) after 5 min 
cycling at 104 V,s-l; ( .... ) poly- 
crystalline platinum electrode, 

The surface structures achieved after the 
potential perturbation at high v are stable 
for at least four weeks by keeping the electro 
de in contact with distilled water. The poly- 
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crystalline structure is recovered after etch- 
ing the electrode in aqua regia. 

The above described experiments were made 
with a low resistance designed electrochemical 
cell consisting of a polycrystalline platinum 
wire working electrode (ca, 0.15 cm 2 geometric 
area) concentrically surrounded by a large 
area platinum counterelectrode (ca. 50 cm2), 
The potential of the working electrode was 
measured against a hydrogen reference electro- 
de in the same acid electrolyte solution. The 
shape of the triangular potential signal was 
increasingly distorted accordingly to v and 
the shift from linearity at (Es + Eu)/2 was ca. 
i0 percent at 104 V.s -I, 

The voltar~nograms run at 0.I V.s -I imply no 
charge increase above that corresponding to 
the monolayer of adsorbed either H or 0 atoms, 
at least for the platinum surface obtained 
after cycling at 104 V,s -I during 5 min, How- 
ever, for the surface resulting after cycling 
at 2000 V,s -I when the duration of the poten- 
tial perturbation extends to 30 s, then a char,- 
ge increase is noticed which is probably relat- 
ed to surface roughening. 

The type of surface restructuring achieved 
during these experiments depends on Es E u and 
v. The results show that there is a frequency 
threshold for producing definite changes in 
the electrochemical response of polycrystalline 
platinum, which is ca. 0.5 kHz, This figure 
coincides with that of the repetitive square 
wave potential sweep which was able to produce 
a preferential orientation of grains at poly- 
crystalline platinum electrodes (9) and its 
reciprocal was associated with the half life 
time of electroadsorbed OH species on platinum 
Produced in the initial underpotential electro 
oxidation of water. Furthermore, similar chan-~ 
ges in the electrochemical response of polycry~ 
talline platinum as those described in the pre- 
sent communication were also achieved by apply- 
ing to the electrode in acid electrolyte other 
very fast periodic potential perturbations such 
as either a.repetitive square wave or a sinusoi- 
dal signal within the H- and O-adatom electro- 
adsorption/electrodesorption potential range 
(i0). Therefore, the metal surface modification 
promoted by the very fast potential perturba- 
tions should be related to the occurrence of 
the initial reversible underpotential electro- 
oxidation of water. When the probable rate cons- 
tants of the various stages involved in the O- 
electroadsorption are considered (Ii) it is con 
cluded that at frequencies greater than 0,5 kH~, 
either (O)Pt electroformation or ageing effects 
of the O-adsorbed monolayer can be ignored, The 
latter processes are relevant when relatively 
slow repetitive triangular potential sweeps are 
applied to platinum electrodes in acid electro- 

lyte into the region of oxide formation. In 
this case, when single crystal electrodes are 
used, it results in oriented but atomically 
stepped surfaces (12), Further studies on the 
optical and electrocatalytic properties of 
these electrodes as well as the mechanism in- 
volved in the modification of their electro~ 
chemical response are in progress, 

Acknowledgement~ 
INIFTA is sponsored by the University Nacio 

hal de La Plata, the Consejo Nacional de Inves 
tigaciones Cientlficas y Tgcnicas and the Comi 
si6n de Investigaciones Cientlficas (Provincia 
de Buenos Aires), 

REFERENCES 

i, Y,G. Will, J,Electrochem. Soc., 112~ 451 
(1965). 

2, P,N, Ross~ Jr,~ J,Electroanal,Chem., 76, 
139 (1977), 

3, A,T, Hubbard, R,~I, Ishikawa and J, Kate- 
karu, J.Electroanal. Chem,~ 86, 289 (1978). 

4, E. Yeager~ W~E, O'Grady, M,YTC, Woo and 
P, Hagans, J,Electrochem. Soc,, 125, 348 
(1978), 

5. K, Yamamoto, D,M, Kolb, R, Kotz and G. 
Lehmpfuhl, J,Electroanal,Chem,~ 96 , 233 
(1979), 

6, J, Clavilier, R, Faur~, G, Guinet and R. 
Durand, J,Electroanal,Chem,, iO~, 205 
(1980). 

7. P,N. Ross, Jr,~ Surf,Sci,,  102, 463 (1981). 
8, F.E, Woodward, C,L, Scortichini and C.N, 

Reilley, J.Electroanal.Chem,, 151, 109 
(1983), 
A,C. Chialvo~ W,E. Triaca and A.J. Arvia~ 
J.Electroanal,Chem,, !J6,, 93 (1983), 
J,C, Canullo, W,E, Triaca and A,J, Arvia, 
J,Electroanal,Chem, (in press), 
J,O, Zerbino, N,R, de Tacconi, A.J. Ca!an- 
dra and A,J, Atria, J,Electrochem. Soc,, 
724, 475 (1977), 
F,T. Wagner and P,N, Ross, Jr., J.Electro- 
anal,Chem,, 150, 141 (1983), 

9~ 

10, 

11. 

12. 

Manuscript submitted January i, 1984; re- 
vised manuscript received August 27, 1984. 

INIFTA assisted in meeting the publication 
costs of this article. 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 163.10.34.236Downloaded on 2019-09-26 to IP 

http://ecsdl.org/site/terms_use



