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The electrochemical behaviour of platinized platinum electrodes prepared by different methods was 
studied in the H-adatoms and O-adatoms electroadsorption-electrodesorption potential range in 
1 M HC104 at 30 ~ C. Porous platinized platinum electrodes of different degrees of platinization 
prepared at a constant potential show an anomalous voltammetric behaviour. The magnitude of the 
anomalous effect depends on the electroplating conditions and it becomes more remarkable at the 
lowest voltammetric sweep rate. The anomalous behaviour is explained on the basis of absorption 
of hydrogen into the porous structure and its influence on the different stages of the hydrogen 
electrode reaction. The absorption of  hydrogen occurs either during electroplating and/or during the 
potentiodynamic stabilization of the porous electrode. 

1. Introduction 

The structural characteristics of platinum elec- 
trocatalysts have a considerable influence on the 
kinetics and mechanism of different electro- 
chemical reactions [1-4]. Thus, freshly platin- 
ized platinum has a specific activity for methanol 
electro-oxidation lower than that of smooth 
platinum due to the effects of a disordered sur- 
face structure on the reaction rate [5]. It has also 
been demonstrated that the potential of plat- 
inizing significantly affects the structure and, 
consequently, the adsorptive and electrocata- 
lytic properties of platinized platinum electrodes 
[1, 5-9]. In this respect platinum electrodeposits 
obtained potentiostatically in the neighbour- 
hood of the reversible hydrogen electrode poten- 
tial absorb large quantities of hydrogen and 
exhibit an anomalous voltammetric behaviour. 
The anomalous behaviour has been the subject 
of different interpretations which are at present 
still a matter of discussion [5, 6, 8]. 

The present work refers to the electrochemical 
behaviour of platinized platinum electrodes 
prepared by different methods in acid solutions. 
The correlation between the voltammetric 

behaviour and the corresponding electrode 
structure is presented. 

2. Experimental details 

Platinum wire electrodes of area ~ 0.12 cra 2 
previously electropolished [t 0] were platinized at 
a controlled potential, Ed, in 2% chloroplatinic 
acid in 1 M HC1, using a separate compartment 
electrolysis cell. The value of E~ given in the text 
is referred to the reference hydrogen electrode 
(RHE) in 1 M HC1. Each freshly platinized 
platinum electrode was repeatedly rinsed with 
triply distilled water and stored in such water for 
24 h before use. Afterwards, the electrode was 
stabilized by means of triangular potential cycl- 
ing at a potential sweep rate, v, of 0.4Vs -~ 
between 0.04 and 1.50V in 1 M HC104 at 30~ 
using a conventional three-electrode compart- 
ment Pyrex glass cell. The working electrode 
potential was measured against a RHE in the 
same electrolyte solution. 

The surfaces of the platinum electrodeposits 
were examined by both conventional and scan- 
ning electron microscopy. 
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3.  R e s u l t s  

3.1. Degree of platinization 

The degree of platinization, w, is defined as 

w = m/A (1) 

where m is the mass of electrodeposited platinum 
and A the initial true electrode area. The latter 
was evaluated through the H-adatom monotayer 
charge resulting from conventional voltam- 
mograms run at 0 .4Vs -t between 0.04 and 
1.40V [11, 12]. The degree of  platinization was 
determined by coulometry assuming a faradaic 
efficiency of 95% for Ed > 0.05 V and 80-90% 
for Ed < 0.05V [7, 13, 14]. The values of  w 
were confirmed, within 5%, through the direct 
measurement of  the thickness of electro- 
deposited platinum for micrographs of  electrode 
cross-sections. 

3.2. Influence Of Ed on the voltammetric 
characteristics of stabilized platinized platinum 
electrodes 

The voltammograms run at 4 x 10-3Vs -1 
between 0.04 and 1.5 V with stabilized platinized 
platinum electrodes, obtained for a constant w, 
in 1 M HC104 depend markedly on Ed (Fig. 1). 
These voltammograms are usually denoted as 
either normal or anomalous depending whether 
the ratio between the voltammetric electroreduc- 
tion charge of  the O-containing monolayer, Qo, 
and the saturation H-electroadsorption voltam- 
metric charge, QS, is equal to or lower than 2, 
respectively. The charge corresponding to the 
saturation hydrogen coverage is evaluated by 
integrating the charge passed to 0.05V and 
dividing this integral by the fractional hydrogen 
coverage at 0.05V, i.e. 0.88 [3, 11, 12]. For  
conventional smooth platinum electrodes the 
Qo/Q s ratio is 2 when the anodic scan extends 
up to 1.4 V, whereas for platinized platinum the 
anodic switching potential which corresponds to 
Qo/Q s = 2 lies between 1.4V and 1.5V [3, 15]. 
In the present case, this potential limit was set at 
1.5V. 

The voltammograms depicted in Fig. 1, and 
especially in Fig. lb and c, show a remarkable 
change as compared to the conventional voltam- 
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Fig. 1. Vol tammograms at 4 x 1 0 - 3 V s  -I in 1M HC104, 
30 ~ C, for stabilized platinized plat inum electrodes prepared 
with w = 10mgcm -2 at different Ed. (a) Ea = 0.20V; (b) 
E a = 0.06V; (c) Ea = -0.02V. 

mograms for low platinized platinum electrodes 
(Fig. 2a), particularly in the potential range of 
the reactions related to the hydrogen electrode. 
Thus, the Qo/Q s ratio derived from the voltam- 
mograms of Fig. 1 is lower than 2. Further- 
more, the voltammogram run with a platinized 
platinum electrode prepared at Ed = --0.02V 
(Fig. lc) exhibits a large base anodic current 
which shifts the voltammogram over the line of 
zero current. At a constant w, the Qo/Q s ratio 
derived from voltammograms run at 4 x 10 -3 
V s-1 decreases as E d decreases (Fig. 3). 
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Fig. 2. Voltammograms at 4 x 10 -3 V S  - 1  in i M H C 1 0 4 ,  
30 ~ C, for stabilized platinized platinum electrodes prepared 
at E a = 0.08 V with different w. (a) w = 0.20mgcm-2;  (b) 
w = 4.6mgcm-Z; (c) w = 12mgcm -2. 

3.3.  Influence o f  w and v on the voltammetric 
characteristics o f  stabilized platinized platinum 
electrodes 

Platinized platinum electrodes obtained at a 
constant E d = 0 .08V exhibit an anomalous  
voltammetric behaviour at low v which increases 
accordingly to w, particularly when the latter is 
greater than 0 . 5 m g c m  -2. Thus, the voltam- 
mograms depicted in Fig. 2b and c show a con- 
siderable departure o f  the normal Qo/Q s ratio 
(Fig. 2a). The Ed range related to the net tran- 
sition from normal to anomalous  behaviour 
becomes more positive on increasing w (Fig. 3). 

At constant Ea and w, the anomalous  effect 
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Fig. 3. Dependence of  the Qo/Q s ratio on Ea derived from 
voltammograms at 4 x 10 3 Vs-~ in 1M HC104, 30~ for 
stabilized platinized platinum electrodes prepared with 
different w. e ,  w = 0 .5mgcm-e ;  O, w = 10mgcm-2;  •, 
w = 30mgcm -2. 
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Fig. 4. Voltammograms at different v in 1 M HCIO4, 30 ~ C, 
for stabilized platinized platinum electrodes prepared at 
E d = --0.02V with w = 8 m g c m  -a. (a) v = 4 x 10 3 
Vs I ;(b)  v = 4  x 10 2Vs  1;(c) v = 4  x 10-1Vs -1. 
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Fig. 5. Dependence  of  the Qo/Q s ra t io  on  E a der ived  f rom 
v o l t a m m o g r a m s  at  different  v, in  1 M H C I O  4, 30~  for 
s tabi l ized p la t in ized  p l a t i n u m  elect rodes  p repa red  wi th  
w = 1 0 m g c m  -2. e ,  v = 4 x 1 0 - 3 V s  1; o ,  v = 4 • 
1 0 - 2 V s  I ; i , v  = 4 • 1 0 - 1 V s  -1. 

decreases as v increases. This result is also valid 
even at Ed < 0 V, that is, at potential values 
where plat inum and hydrogen are co-deposited 
(Figs 4 and 5). 

3.4. Changes in the voltammetric characteristics 
of platinized platinum electrodes during the 
potentiodynamic stabilization 

The initial vol tammogram run at 4 x 10-3V s-  
with a relatively thin (w = 0.5 m g c m  2 ) ,  freshly 
platinized plat inum electrode prepared at Ed = 
- 0 . 0 2 V ,  shows clearly the H-ada toms  and 
O-adatoms electroadsorption-electrodesorption 
current peaks, although the O-electrodesorption 
current peak appears sharper and located at a 
potential lower than that usually found in con- 
ventional vol tammograms (Fig. 6). The vol- 
t ammograms recorded at 4 x 10 -3 V s - '  after 
45 rain and 4 h, respectively, of  repetitive poten- 
tial cycling at 0.4 V s-  l between 0.04 and 1.50 V 
show a progressive decrease in current, indicat- 
ing a decrease in the real electrode area by sinter- 
ing and recrystallization and an appreciable 
distortion of  the overall vol tammogram,  par- 
ticularly in the H-ada tom potential region. 

For  freshly platinized platinum electrodes 
obtained at Ea = 0.08V with different w, the 
Qo/Q s ratio derived from vol tammograms run 
at 4 x 10-3 V s-  ~ decreases as the time of poten- 
t iodynamic stabilization (t) at 0.4V s ~ increases 
(Fig. 7). Qualitatively similar dependences a r e  
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Fig. 6. V o l t a m m o g r a m s  at  4 x l0  -3 Vs  - t  in l t~  HC104,  
30 ~ C, for a freshly p la t in ized  p l a t i n u m  elec t rode  p repa red  a t  
Ea = - - 0 . 0 2 V  wi th  w = 0.5 m g c m  -2 at  different  t imes,  t, 
o f  p o t e n t i o d y n a m i c  s tabi l iza t ion.  - - ,  t = 0; - - - ,  t = 
45min ;  . . . . .  , t  = 4h .  

found for electrodes platinized at different Ea 
and constant w (Fig. 8). In both cases the Qo/Q s 
ratio attains a constant value after a time rang- 
ing between 2 and 4 h, depending on E d and w. 
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Fig. 7. Dependence  of  the Qo/Q s ra t io  on  t der ived f rom 
v o l t a m m o g r a m s  at  4 x 10 3 V s - t  in 1 M HC104,  30 ~ C, for 
freshly p la t in ized  p l a t i n u m  elect rodes  p repa red  at  E~ = 
0 .08V wi th  different  w. 1, w = 0 . 1 4 m g c m - 2 ;  2, w -  
0 . 7 0 m g c m - 2 ;  3, w = 2 . 3 m g c r n - ~ ;  4, w = 6 m g c m  2; 
5, w = 1 5 m g c m - 2 ;  6, w = 4 0 m g c m  -2. 
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Fig. 8. Dependence of the Qo/Q s ratio on t derived from 
vo[tammograms at 4 • 10 -3 Vs -~ in I M HC|O4, 30~ for 
freshly platinized platinum electrodes prepared at different 
E d with w = 0.5mgcm -~ (e) and w = 12mgcm -2 (o). 1, 
E a = 0.20V; 2 and 2', Ea = 0.15V; 3, E a = 0.06V; 4, 
E d = 0.02V;5, E a = 0V;6and6%E d = --0.02V. 

3.5. Kinetic relationships derived from 
potentiodynamic and stationary 
current-potential measurements 

For  platinized pla t inum electrodes which exhibit 
anomalous  vol tammetr ic  behaviour,  E/log i 
plots can be made  with data  taken f rom the 
cathodic  por t ion  o f  stabilized vo l t ammograms  
run at different v by extending the lower switch- 
ing potential  down to - 0 . 0 5  V (Fig. 9). In the 
0.30 to 0 .05V range, reasonably straight lines 
with slopes decreasing f rom 0.145 V per decade 
to 0.115 V per decade are found  as v changes 
f r o m 4  x I O - 2 V s  -1 to 1 x 1 0 - 3 V s  -1 respec- 
tively. At  0 . 4 V s  -~ no  definite Tafel line is 

observed. On the other hand,  the s tat ionary 
current -potent ia l  measurements  yield linear 
Tafel relationships with a c o m m o n  slope equal 
to the 2.3 (RT/2F)  ratio in the 0.05 V to - 0.10 V 
range (Fig. 9). Fur thermore ,  this is consistent 
with the fact that  at potentials lower than 0 V the 
E/log i plots derived f rom the potent iodynamic  
runs at the lowest v tend to attain the slope 
corresponding to the s ta t ionary Tafel line. 

3.6. Correlation between voltammetric 
behaviour and structure of stabilized platinized 
platinum electrodes 

The observat ion by conventional  microscopy of  
the surface o f  a platinized pla t inum electrode 
prepared at Ed = 0 .08V with a low w, e.g. 
0 . 2 m g c m  - : ,  shows an uneven distribution o f  
the electrodeposit  and uncovered base metal 
zones (Fig. 10a). In this case the electrode 
exhibits a normal  vol tammetr ic  behaviour  
(Fig. 2a). As w increases, the electrode surface 
becomes totally covered with a porous  electro- 
deposit  (Fig. 10b) and, correspondingly,  an 
anomalous  vol tammetr ic  response is obserw~d 
(Fig. 2b). Fur thermore ,  for large values o f  w, the 
porous  electrodeposit presents cracks and fissures 
(Fig. 10c). In these cases, the anomalous  vol- 
tammetr ic  behaviour  is appreciably enhanced 
(Fig. 2c). 

SEM pho tographs  o f  platinized pla t inum 
electrodes prepared at Ed > 0 .10V and w = 
10 m g c m  -2 show a fine grained structure (Fig. 
l 1). After the potent iodynamic  stabilization 
these electrodes exhibit sealing o f  cracks and 
fissures and a more  uniform surface (Fig. I lb), 
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Fig. 11. SEM patterns of the surface ofa platinized platinum 
electrode prepared at E d = 0.15V with w = 10mgcm -2 
before (a) and after (b) the potentiodynamie stabilization. 
(a) x 1300; (b) x 650. 

Fig. I0. Photographs of surfaces of stabilized platinized 
platinum electrodes prepared at E d = 0.08 V with different 
w. (a) w = 0.20mgcm 2; (b) w = 4.6mgcm 2; (c) w = 
12mgcm -2. x 130. 

and  cor responding ly ,  a n o r m a l  vo l t ammet r i c  
behav iou r  is a p p r o a c h e d  (Fig.  la) .  On the o ther  
hand ,  freshly p la t in ized  p l a t i n u m  elect rodes  
p r e p a r e d  at  Ed < 0 V with a relat ively large w, 
have a g lobu la r  depos i t  wi th  cracks  and  fissures 
appa ren t ly  p r o d u c e d  by  in ternal  stresses (Fig.  

12a). In  this case a smoo the r  surface results  after  
the p o t e n t i o d y n a m i c  s tab i l iza t ion  (Fig.  12b). In  
all cases these highly po rous  s t ructures  exhibi t  a 
clear anomalous  vol tammetr ic  response (Fig. lc). 
A S E M  pa t t e rn  o f  a cross-sect ion o f  a p la t in ized 
p l a t i num elec t rode  p repa red  at  Ea = - 0 . 0 2 V  
and  w = 3 0 m g c m  -2 reveals  a sponge- l ike  

s t ructure  (Fig.  13). 

4. Discussion 

4.1. General remarks 

In  ear l ier  papers  [5, 7-9], the a n o m a l o u s  vo l tam-  
metr ic  behav iou r  o f  p la t in ized  p l a t i num elec- 
t rodes  at  low potent ia l  sweep rates was explained 
pr inc ipa l ly  by  t ak ing  into account  the depen-  
dence o f  their  hyd rogen  and  oxygen adsorp t ive  
proper t ies  ei ther  on the depos i t ion  po ten t ia l  or  
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Fig. 12. SEM patterns of the surface ofa  platinized platinum 
electrode prepared at E d = - 0 . 0 2 V  with w = 10mgem 2 
before (a) and after (b) the potentiodynamic stabilization. 
x 325. 

Fig. 13. SEM patterns of the cross-section of a freshly 
platinized platinum electrode prepared at E d = --0.02V 
with w = 30mgcm -2. x 1300. 

on the electrodeposit thickness. The present 
results suggest that the anomalous voltammetric 
behaviour of platinized platinum is mainly 
determined by the formation of porous struc- 
tured electrodeposits and their properties for 
absorption of hydrogen. This explains why the 
potential sweep rate used in the voltammetric 
runs, or the value of current density in galvan- 
ostatic charging curves, plays a fundamental 
role in the appearance of anomalous behaviour. 

Platinum absorbs hydrogen from the gaseous 
phase to a very low level [3, 16]. Experiments on 
hydrogen permeation through a platinum (1 0 0) 
single crystal have shown that the solubility at 
1 atm and 25 ~ C is in the order of one hydrogen 
atom for every 10 ~ platinum atoms [16]. How- 
ever, a greater hydrogen absorption from the gas 
phase into the ordered stepped surface of 
platinum was detected [17]. Recently it was 
found that hydrogen could be trapped in micro- 
and macro-defects and open surfaces of platinum 
leading to effective values of solubility signifi- 
cantly higher (e.g. 200 times higher) than those 
of the 'true' solubility [18]. 

On the other hand, reported results on hydro- 
gen absorption on bright platinum electrodes 
from the solution phase in the H-adatom region, 
e.g. in the 0-0 .4V range, are not coincident 
although it is accepted that, in this case, tile 
absorption of hydrogen on bright platinum 
requires a high hydrogen overpotential which 
is not normally reached in the H-adatom 
adsorption-desorption region [3]. Otherwise, 
platinized platinum electrodes can absorb 
anomalously large quantities of hydrogen 
depending on the electrodeposition potential. 
Thus, the electrodes prepared by electrodeposi- 
tion at negative potentials with respect to the 
RHE exhibit a Qo/QSu ratio comprised between 
0.3 and 0.6 [7, 8]. In this case, mass spectral 
analysis confirms that such deposits absorb an 
amount of hydrogen which considerably exceeds 
a monolayer of H-adatoms [t9]. Furthermore, 
platinum electrodeposited at negative potentials 
also yields anomalous hydrogen adsorption 
isotherms [5]. These effects were attributed to the 
presence of a defect structure produced by the 
occlusion and removal of hydrogen co-deposited 
during platinizing [5, 8]. 

The present results demonstrate that even in 
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the absence of hydrogen co-deposition during 
platinizing, e.g. carrying out the electrodeposi- 
tion at Ea > 0V, providing that a porous 
structure is formed, the potentiodynamic cycl- 
ing of freshly platinized platinum electrodes in 
the H- and O-adatoms electroadsorption- 
electrodesorption region, particularly at low v, 
promotes a gradual penetration of hydrogen 
into the metal lattice, probably through H- 
adatom. Furthermore, the penetration of hydro- 
gen is favoured in freshly prepared electrodes 
due to the presence of cracks and fissures. As 
these defects are gradually removed, either spon- 
taneously because these electrodes are thermo- 
dynamically unstable or by the occurrence of the 
electrochemical reactions during the poten- 
tiodynamic stabilization, the electrode surface 
becomes smoother, the active area is progres- 
sively decreased and the processes with the par- 
ticipation of occluded hydrogen achieve the con- 
dition corresponding to that of the stationary 
anomalous voltammetric response. At smooth 
platinum electrodes where the hydrogen elec- 
trode equilibrium 

H2(sol ) = 2H(ads) = 2H+(sol) + 2e (2) 

is established at the metal surface-solution 
interface, the surface properties of the metal 
catalyst become very important. However, in the 
case of porous platinized platinum electrodes 
their bulk properties are also relevant and 
different processes involving occluded hydrogen, 
either as H-adatom, hydrogen ion or molecular 
hydrogen, should perturb the equilibrium 
expressed by Equation 2. In this case the time- 
dependent characteristics of the different reac- 
tions involved in Equation 2, which are specific 
to platinized platinum electrodes, are shown 
through their electrochemical response when sub- 
jected to non-stationary electrical perturbations. 

On the basis of these ideas the anomalous 
voltammetric behaviour of platinized platinum 
electrodes prepared either at Ed < 0V or 
Ed > 0 V can be further discussed. 

4.2. The behavior of platinized platinum 
electrodes prepared at Ed < 0 V 

Platinized platinum electrodes prepared at 
E~ < 0 V contain a certai'n amount of hydrogen 

occluded in the metal lattice which was co- 
deposited during the platinizing procedure. 
During the potentiodynamic cycling in the posi- 
tive potential direction at low v, as the occluded 
hydrogen is electro-oxidized the local concentra- 
tion of hydrogen ions within the pores is 
increased and, accordingly, the reversible hydro- 
gen electrode potential shifts towards values 
more positive than that of the standard hydro- 
gen electrode. Therefore, during the potential 
scan in the negative potential direction the 
faradaic discharge of hydrogen takes place. The 
occurrence of these reactions is confirmed in the 
voltammogram depicted in Fig. lc where the 
anodic oxidation of molecular hydrogen shifts 
the whole voltammogram over the base line 
corresponding to the zero current. On the 
other hand, a fraction of both H-adatoms and 
molecular hydrogen formed during the cathodic 
sweep may enter into the pores or cracks at the 
electrode surface feeding back the generation of 
hydrogen ions during the potentiodynamic cycl- 
ing. The change of the local concentration of 
hydrogen ions with the pores during the poten- 
tiodynamic stabilization also produces a shift of 
the potential of the oxygen electroadsorption- 
electrodesorption peaks towards more positive 
values (Fig. 6). Furthermore, it was recently 
demonstrated through calibrated porosimetry 
that a large fraction of micropores smaller than 
10 & exist in relatively thick platinized platinum 
electrodes prepared by electrodeposition at 
Ed = --0.05 V, namely under conditions com- 
parable to those employed in the present work 
[20]. As this pore size is comparable to the thick- 
ness of the electric double layer in moderate 
concentrated solutions, this stressed the possibil- 
ity of changes in the properties of the solution in 
the small pores which may have a significant 
influence on the specific catalytic activity of the 
electrode material [20]. 

4.3. The behaviour of platinized platinum 
electrodes prepared at Ed > 0 V 

In this case, no hydrogen is co-deposited during 
the platinizing procedure. However, for electro- 
deposits having a porous structure, as in the case 
of electrodeposits with a relatively large w, a 
fraction of the H-adatoms formed during the 
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voltammetric cathodic half-cycle at low v 
between 0.4 and 0.04V may enter and recom- 
bine into the porous structure without being 
oxidized in the subsequent anodic half-cycle. 
Furthermore, as a certain fraction of the 
occluded hydrogen is voltammetrically oxidized, 
the local concentration of hydrogen ions within 
the pores should increase and again during the 
cathodic half-cycle hydrogen is discharged at 
positive potentials feeding back the whole 
process. As a result of the electrochemical reac- 
tions, the different rates of diffusion of hydrogen 
ions, surface H-adatoms and molecular hydro- 
gen within the porous structure, together with 
sintering and recrystallization effects, there is a 
net accumulation of hydrogen in the bulk 
porous structure which is directly related to the 
stationary anomalous effect, particularly at 
low v. 

The formation of hydrogen at potentials more 
positive than the reversible hydrogen potential 
has also been reported for PTFE-bonded 
platinum black fuel cell electrode in 85% ortho- 
phosphoric acid under nitrogen at 150~ [21]. 
In this case the effect was attributed to the 
formation of hydrogen at very low partial 
pressure, due to the porous electrode structure 
permitting a very rapid diffusion of hydrogen 
away from the electrode surface. However, the 
discussion of the present results also applies to 
the porous structure of the PTFE-bonded plati- 
num electrode. 

4.4. Influence of  the potential sweep rate on the 
magnitude of  the anomalous effect 

The dependence of the voltammetric response of 
pladnized platinum electrodes on the potential 
sweep rate (Fig. 4), which had already been 
noted in a previous paper [5], can be also 
explained on the basis of the preceding dis- 
cussion. Thus, at a relatively high v, e.g. 
0.4Vs 1, the H-adatoms formed during the 
cathodic half-cycle are immediately consumed in 
the subsequent anodic half-cycle discarding any 
appreciable hydrogen penetration into the 
porous structure. Likewise, any contribution of 
occluded hydrogen co-deposited during platiniz- 
ing is neglibible. Hence a normal voltammetric 
response is approached at high v which is mainly 

determined by the processes taking place in the 
external metal surface-solution interface. At low 
v, e.g. 4 x 10-3Vs  -1, the quasi-equilibrium of 
the H-adatom electrodeposition reaction is per- 
turbed by the penetration and recombination of 
H-adatoms and the absorbed hydrogen electro- 
oxidation. In this case the anomalous vol- 
tammetric behaviour is then observed. 

4.5. The Tafel plots for the hydrogen electrode 
reactions 

The dependence of the voltammetric cathodic 
Tafel slopes on the potential sweep rate is con- 
sistent with the preceding discussion. Thus at 
high v, e.g. 0.4Vs 1, no single E- log  i relation- 
ship is found at potentials more positive than the 
reversible hydrogen electrode potential as the 
current is mainly pseudocapacitive. At lower v, 
e.g. 4 x 10-3Vs -~ and at potentials more 
positive than ~ 0.05 V, the non-stationary Tafel 
slope approaches the 2.3 (2RT/F) ratio. In this 
case the rate of diffusion of H-adatoms into the 
pores appears faster than that of the proper 
H-adatom electroadsorption reaction, so the 
H-adatom surface coverage becomes negligible. 
Thus, the H-adatom penetration process acts by 
depolarizing the hydrogen discharge reaction. 
On the other hand, as the negative potential- 
going scan attains potentials sufficiently nega- 
tive, the rate of the proper electrochemical reac- 
tion exceeds that of the H-adatom diffusion into 
the pores. Hence, at the electrode surface the 
equilibrium concentration of H-adatom builds 
up and the overall hydrogen discharge reaction 
tends to follow preferentially the stationary 
reaction pathway, involving the H-adatom 
recombination reaction as rate determining step 
yielding molecular hydrogen as final reaction 
product. 

This trend is clearly appreciated in the cathodic 
E- log  i plot made from the voltammogram run 
at 1 x 10-3Vs  -1, where at potential values 
more negative than the reversible hydrogen elec- 
trode potential a Tafel slope equal to the 2.3 
(RT/2F) ratio is approached. The same Tafel 
slope value arises from the stationary current-  
potential measurements since the overall hydro- 
gen discharge reaction is interpreted through 
a slow H-adatom recombination step with a 
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negligible pa r t i c ipa t ion  o f  H - a d a t o m  diffusion 
[22]. 

5. Conclusions 

These results  d e m o n s t r a t e  the influence o f  the 
p o r o u s  s t ructure  o f  p la t in ized  p l a t i n u m  elec- 
t rodes  on the a p p e a r a n c e  o f  the a n o m a l o u s  vol- 
t ammet r i c  behaviour .  The  abso rp t i on  o f  rela- 
tively large quant i t ies  o f  hydrogen  into the 
po rous  me ta l  s t ructure  ei ther  by  co -depos i t ion  
dur ing  p la t in iz ing  or  p r o d u c e d  by  vo l t ammet r i c  
scanning changes  the  compos i t i on  o f  the electro- 
lyte so lu t ion  in the smal l  pores  and  also affects 
the local  pH.  These  changes  cause an  a p p a r e n t  
depo la r i za t i on  main ly  assoc ia ted  with the 
ini t ial  stage o f  the hyd rogen  e lec t rode  reac- 
t ion dur ing  the vo l t ammet r i c  measurements .  
This  reac t ion  is coup led  to  H - a d a t o m  diffusion, 
H - a d a t o m  r ecombina t i on  yie lding molecu la r  
hydrogen ,  p r o t o n  diffusion and  molecu la r  
hyd rogen  diffusion in so lu t ion  wi thin  the po rous  
s tructure.  

The  present  results  mus t  be taken  into 
account  in de te rmin ing  the real  surface a rea  o f  
po rous  p l a t i n u m  elect rodes  e i ther  f rom the 
hyd rogen  e l ec t roso rp t ion  or  the oxygen m o n o -  
layer  e lec t roreduc t ion  charge  [3], as the interface 
o f  the  a n o m a l o u s  effect eventual ly  m a y  lead to 
mis leading  results.  
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