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Faceting of platinum with preferred orientation can easily be produced by 
applying, during a certain time, a potential, cycling at a frequency greater than 0.5 
kHz, to a polycrystalline electrode in acid solution within the potential range of the 
unde~otential decomposition of water j1,2]. Sy adequately ch~~ng the potential 
limits, the frequency and the duration of the periodic perturbation applied to the 
electrode, different platinum surfaces are produced whose voltammetric behaviour 
approaches that reported from initially single crystal platinum surfaces under 
definite perturbation conditions [3]. Each type of faceted surface with preferred 
orientation exhibits well-defined forms in SEM microphotographs [4]. 

These early results suggest that faceted platinum surfaces with preferred orienta- 
tion can also be produced by square wave potential-modulated dc electrodeposition. 
The application of ac signals superimposed on a stationary dc potential was already 
studied to increase the yield and modify the characteristics of metal electrodeposits 
through relaxation of the diffusional boundary layer associated with the electro- 
chemical reactions ]5,6]. 

Runs were made with polyc~stalline platinum wires (Johnson Matthey Chem. 
Co) of 0.5 mm diameter and with an apparent area between 0.12 and 1 cm’, polished 
mechanically beforehand with a suspension in water of fine grade alumina powder 
(0.5 pm). The polished polycrystalline electrodes were platinum electroplated in an 
aqueous solution containing 2% H,PtCl, and 4% HCI, prepared from AR chemicals 
and triply distilled water. The platinum was electrodeposited by applying a square 
wave signal reaching from the lower (E,) to the upper (E,) potential limits at a 
frequency f during a time t. The average potential, (E, f E,)/2, was negative with 
respect to the potential of the Pt/Pt(IV) redox couple ( EoPI,Ptl,vj = 0.760 V (vs. 
SHE)). The different perturbation parameters were selected within a certain range, 
yielding optimum faceting characteristics of the electrodeposits. The degree of 
preferred-orientation platinum el~trodeposition was followed voitammetric~ly 
through the response of the el~troadso~tion/el~trodeso~tion of H adatoms in 
H,SO, solutions of different concentration at 25OC. The electrode potentials are 
given with respect to the standard hydrogen electrode. 

For E,, = 1.30 V, E, = -0.20 V, f= 2.5 kHz and t = 20 min, the SEM micropho- 
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Fig. 1. Voltammogram run in 1 M H,SO, at 0.2 V/s and SEM microphotographs of platinum 
electrodeposits made at E, =1.30 V, E, = -0.20 V, f= 2.5 kHZ and t = 20 min, 25’C. The bars 

represent 10 pm. Apparent electrode area: 8 X lo-* cm’. 
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tographs of platinum electrodeposits correspond to well-defined isolated crystallites 
on the polycrystalline platinum substrate (Fig. 1). Under these conditions, no 
alterations are apparent in the substrate. The voltammogram of the test reaction 
(Fig. 1) in 1 1cp H,SO, at 0.2 V/s is clearly different from that of the original 
polyc~stalline electrode, as the new electrode surface exhibits a considerable in- 
crease in the reversible weak H electroadsorption/eIectrodesorption processes occur- 
ring at ca. 0.165 V. The electrochemical spectrum depicted in Fig. 1 approaches that 
reported in the literature for a Pt (111) single crystal electrode with an induced 
surface disorder resulting from a few potential cyclings covering the potential range 
of H and 0 adatom electroadso~tion/electr~eso~tion 17-91. In this case, by 
taking a monolayer charge for H adatoms in the Pt (111) single crystal equal to 235 
PC/cm’, a roughness factor of 5.0 is obtained. 

A similar voltammetric response results when E, = 1.25 V, E, = -0.15 V, f= 1 
kHz and t = 10 min. In this case, SEM pictures show that the surface of the 
electrode is covered with a large number of faceted crystallites (Fig. 2). The 
corr~ponding volt~ogr~ run in 0.5 M H2S04 (Fig. 2) shows current peaks 
steeper than those seen in Fig. 1. On the other hand, the electrochemical spectrum 
depends remarkably on the electrolyte concentration (Fig. 2). In this case the 
estimated roughness factor is 6.3. Thus, in 0.005 M H,S04 there is a net splitting of 
the voltammogram on the positive sweep into at least four current peaks, as well as a 
splitting of the voltammogram on the negative sweep into at least three current 
peaks. These results indicate the influence of anion concentration on HSO; adsorp- 

tion and the competition between the adsorbed anions and adsorbed hydrogen 
atoms, as already reported for various single crystal noble metal electrodes [lo-131. 

The substrate becomes completely covered with electrodeposited platinum when 



425 

1’ 
-150- f ) 1 

0 Q2 Q4 Q6 

Fig. 2. Voltammogram run at 0.05 V/s ((- - -) 0.5 M H,SO,; (- ) 0.005 A4 H,SO,) and SEM 
microphotograph of a platinum electrodeposit made at E, = 1.30 V, Et = - 0.15 V, S = 1 kHz and t = 10 
min, 2W.Z. The bar represents 1 pm. Apparent electrode area: 1.96X 10e3 cm2. 

E,, = 1.15 V; E, = -0.15 V, I= 1.0 kHz and t = 10 min (Fig. 3). In this case, the 
electrodeposit exhibits a clear faceting, but the electrochemical response of the test 
reaction is different from those described before {Fig. 3). Thus, the voltammogram 
run in 0.5 M H,SO, shows that the relative contribution of H adatom electroad- 
sorption/electrodesorption current peaks at ea. 0.35 V, usually assigned to strongly 
adsorbed H adatoms, becomes greater than in the runs described previously. These 
current peaks are seen clearly with Pt (100) single crystal electrodes in acid solutions 
[7-91. Both the relative distribution of current peaks and their peak potential values 
are, in these cases, very sensitive to the composition of the electrolyte. Considering 
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Fig. 3. Vohammogram run at 0.05 V/s ({-- - -) 0.5 &i HrSO,; (- ) 0.005 M HaSO,) and SEM 
mjcrophoto~~p~ of a platinum electrodeposit made at E, = 1.15 V, Et = -0.15 V, f = 1 kHz and r = 10 
mitt, 25T. The bar represents 1 pm, Apparent electrode area: 1.%x 10m3 cm*. 
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that the H adatom monolayer charger of the Pt (100) single crystal is 208 PC/cm*, 
the roughness factor resulting for the electrodeposited platinum electrode is 3.8. 

In any case, for E, = -0.15 V and I= 1 kHz, preferred-orientation platinum 
faceting is accomplished, provided that E, is greater than 1.25 V and that (E, + 

En)/2 is comprised within the potential range of the underpotential oxidation of 
water, yielding adsorbed OH species [14J. Otherwise, when E, is lower than 1.25 V, 
the electrochemical behaviour of the electroplated platinum surface is similar to that 
of a galvanostatically formed platinized platinum electrode [15]. 

The electrochemical responses of the faceted platinum surfaces are probably 
determined by the relative densities of the (100) and (111) surface planes at the 
stepped surfaces resulting from the square wave modulated electrodeposition of 
platinum, The voltammet~c response of the stepped surface depends on the distribu- 
tion and relative densities of the different planes [16]. 

The present results suggest it is worthwhile to consider the square wave mod- 
ulated electrodeposition of metals as a promising technique for combining the 
growth of electrodeposits with preferred surface orientation (faceting) and the 
increase in the active area of noble metal electrocatalysts. 
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