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The development of electrocatalysts with optimal performance implies the ra- 
tional handling of both the active surface area with the greatest accessibility for 
reactants and the energy distribution of active sites. This requires firstly the 
production of electrodes of large active surface area with negligible mass transport 
and ohmic polarization, and secondly the development of a particular crystallo- 
graphic orientation. For the case of platinum it is possible to accomplish an increase 
in active surface area either through a two-stage procedure, namely, by forming a 
thick oxide layer under fast periodic potential signals covering relatively large 
potential windows, followed by a complete electroreduction scan [l], or through a 
single-stage procedure by applying a potential cycling at an intermediate frequency 
in a rather small potential window [2]. Both procedures yield an increase in the 
active surface area without appreciable faceting. Conversely, preferred crystallo- 
graphic orientations are brought about through fast potential cycling covering only 
a relatively narrow potential window [2,3]. In this case the process implies practi- 
cally no change in surface roughness. The development of either a large active 
surface area or a preferred crystallographic orientation has also been achieved 
independently for other metals (gold, rhodium, silver and copper) [4-81. At this 
stage, it was considered of the utmost importance to attempt a procedure through 
which the two effects could combine in such a way that the active surface area 
would increase and the development of preferred crystallographic orientation take 
place together under controlled conditions. This would offer a method for electrode 
surface modification particularly interesting for application to electrodes on a 
technical scale. 
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This communication reports, for the first time, preliminary data concerning an 
electrochemical procedure involving the simultaneous increase in active surface area 
and development of either (lOO)- or (Ill)-type preferred oriented platinum surfaces. 

Runs were made in 1 M H,SO, at 25 o C with both polycrystalline platinum 
(Johnson Matthey Chem. Co.) wires and spheres as working electrodes (0.01-0.1 
cm2 geometric area). The latter were prepared by melting platinum wires of 0.5 mm 
diameter using a hydrogen + oxygen flame. The potential of the working electrode 
was measured against a RHE in the same acid solution. A large-area platinum 
counterelectrode surrounding the working electrode concentrically was used. The 
electrochemical cell and instrumentation have been described elsewhere [3]. 

Prior to each experiment the working electrode was potential cycled at 0.3 V/s 
between 0.04 V and 1.50 V during 15 min to attain a stabilized voltammogram. 
After the pretreatment, the working electrode was firstly subjected to a relatively 
low-frequency ( fi) repetitive square-wave potential signal (RSWPS) between lower 
(E,) and upper (E,) potential limits immediately followed by a second RSWPS at a 
higher frequency ( f2) between the same potential limits. The low-frequency RSWPS 
applied during the time t, is mainly associated with the increase in active surface 
area, whereas the fast RSWPS applied during the time t, is responsible for the 
preferred crystallographic orientation. 

The increase in active surface area together with the development of the (100)~type 
preferred oriented platinum surface can be obtained under the following conditions: 
E, = 0 V, E, = 1.4 V, fi = 25 Hz, t, = 5 h, f2 = 4 kHz, t, = 5 h. The comparison 
between the voltammogram at 0.3 V/s of the untreated specimen and that of the 
surface resulting after the combined RSWPS shows a substantial increase in the 
H-adatom voltammetric charge (relative surface area increase about 10) and a 
predominant current contribution of strongly bound H-adatoms, as one should 
expect for the development of the (lOO)-type preferred crystallographic orientation 
[9-141 (Fig. la). Independent experiments made for the sake of comparison show 
that, at low-frequency RSWPS, the increase in active surface area with a minor 
development of the (lOO)-type preferred crystallographic orientation becomes the 
predominant fact (Fig. lb), whereas at high-frequency RSWPS the main effect is the 
development of the (100)~type preferred crystallographic orientation with a negligi- 
ble increase in active surface area (Fig. lc). 

Similar experiments were performed to obtain the increase in active surface area 
together with the (Ill)-type preferred crystallographic orientation. In this case, 
when the platinum working electrode is subjected to a combined RSWPS treatment 
with the following characteristics: E, = 0.70 V, E,, = 1.35 V, fi = 1.2 kHz, t, = 4.5 
h, f2 = 6 kHz, t, = 4 h, the voltammogram run immediately afterwards at 0.3 V/s in 
the 0.04 V-1.50 V range shows a remarkable increase in the voltammetric charge 
related to both the H-adatom and the 0-adatom monolayers, as compared to that of 
the blank (relative surface area increase about lo), and significant changes in the H- 
and 0-adatom current peaks in the direction expected for the development of the 
(Ill)-type preferred crystallographic orientation [9,11,15-171 (Fig. 2a). In addition, 
independent experiments show that for exclusively low-frequency RSWPS treat- 
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Fig. 1. Voltammograms run at 0.3 V/s in 1 M H,SO, at 25OC. (- - -) Untreated platinum 

electrodes (blanks). ( -) (a) After a combined RSWPS treatment (E, = 0 V, E, = 1.4 V, /, = 25 Hz, 
rl = 5 h, ji = 4kHz, t2 = 5 h). (b) After a single RSWPS treatment (E, = 0 V, E, = 1.4 V, f = 25 Hz, 

t = 5 h). (c) After a single RSWPS treatment (IT, = 0 V, E, =1.4 V, f = 4 kHz, t = 5 h). The 
potential/time programs applied to the electrodes are also depicted for each figure. 

ment, the predominant effect corresponds to the increase in active surface area (Fig. 
2b), whereas for high-frequency RSWPS treatment the development of the (Ill)-type 
preferred crystallographic orientation is the major effect (Fig. 2~). This conclusion is 
supported by crystallographic evidence [18] showing that the application of RSWPS 
of characteristics close to those used in the present case to a single crystal platinum 
sphere produces the disappearance of [llO] and [NO] poles and the development of 
symmetric grooves which connect the [ill] poles. 

Otherwise, it should be noticed that other combinations of periodic potential 
perturbations, including changes in the symmetry of the RSWPS, also become 
useful for the achievement of large active surface areas with different preferred 



v ‘I 

-6 I I , TlnK , 6 
0 04 0.8 l-2 16 

Potential/V 

Fig. 2. Voices run at 0.3 V/s in 1 M H,SO.+ at 25OC. (- - -) Untreated platinum 
electrodes (blanks). (- ) (a) After a combiied RSWPS treatment (E, = 0.70 V, E, = 1.35 V, fI = 1.2 
kHz, fI = 4.5 h, fi = 6 kHz, tz = 4 h). (b) After a single RSWPS treatment (E, = 0.70 V, E, = 1.35 V, 
f=1.2kHz,t==4.5h).(c)AfterasingleRSWP!Streatment(E,= 0.7OV, Eu=1.35V, f_cikHz, t=4 

h). The potential/time programs applied to the electrodes are also depicted for each figure. 

c~s~o~ap~c orientations. The voltammetric behaviour of the resulting electrode 
surfaces resembles that of large active area platinum electrodes in the absence of 
pores [ 191. 

The overall process, related to the increase in the active surface area, is mainly 
concerned with either a redistribution of surface metal atoms brought about by 
forming and breaking Pt-0 bonds [ZO] or platirrum el~~~lution/el~- 
trodeposition during cycling [Zl] or the electroreduction of a hydrous O-containing 
surface layer produced on platinum {1’7], whereas the electrochemical faceting with 
preferred crystallographic orientation occurs through fast OH-species electroadsorp 
tion/electrodesorption cycles coupled to selective electrodissolution of the base 
metal and electrodeposition of soluble platinum species [3,7] assisted through the 
build-up of a pulsating ~fusion~ layer [22,23]. 
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