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The nickel cathode undergoes significant deactivation at 1 0 0 m A c m  -2 in 30wt  % K O H  at 70~ 
containing K O H  metallic impurities. The time dependence of  the potential reveals two distinct 
regions: the first due to hydrogen absorption,  while the Tafel parameters,  charge transfer resi'stance 
and double-layer capacitance remain fairly constant; the second due to the electrodeposition of  metallic 
impurities as manifested by SEM pictures, E D X  analysis and cyclic vol tammograms.  The resulting 
deactivation is due mainly to the increase in the Tafel slope, al though the electrode impedance reveals 
a significant increase in electrode roughness. The hydrogen discharge at 100 mA cm -2 in 30 wt % K O H  
containing 4 mM sodium molybdate  largely attenuates the deactivation process owing to hydrogen 
absorpt ion and the deposition of  impurities. The in situ activation is ascribed to the formation of  a 
spongy molybdenum-base  deposit  on the nickel cathode during the first day of  water electrolysis. 

1. Introduction 

In a strongly alkaline solution at 70~ the nickel 
electrode undergoes significant deactivation during 
hydrogen discharge in constant current or constant 
potential mode [1]. Reactivation is observed when a 
certain amount of sodium molybdate is dissolved in 
the electrolytic solution and the applied cathodic over- 
potential is high with respect to the hydrogen 
evolution reaction (HER) [1, 2]. This in situ activation 
is attributed to the electrodeposition of metallic 
molybdenum on the nickel surface during hydrogen 
evolution at high current densities, e.g. 100 mA cm -2. 

Several authors have studied the physicochemical 
properties of molybdate and its ability to modify the 
surfaces of electrodes. It has been demonstrated that 
among various molybdate species such as monomer 
MoO42-, monoprotonated and diprotonated mono- 
mers and isopolymolybdates, monomer MoO ]- alone 
is present in alkaline solutions whereas a mixture of 
these species prevails in acid solution [3]. Cathodic 
polarization of acid molybdate solutions produces 
molybdenum-modified electrodes, thereby promoting 
the catalytic activity of electrochemical oxidation of 
methanol [4]. Methanol oxidation is thought to be 
catalysed by the strongly adsorbed redox couple 
Mo(IV)/Mo(III). Meanwhile, passivation coatings of 
Mo(V) and Mo(IV) species have been developed by 
cathodic reduction of sodium molybdate solutions 
between pH 1 and 13 [5]. For the HER in particular, 
activation of graphite cathodes by electroreduction 
of molybdate in alkaline solutions has already been 
reported [6]. Compared to graphite, molybdenized 
graphite shows a 200mV improvement in its over- 
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potential at 250mAcro -2. This is ascribed to (i) the 
reduction of molybdate in an adherent brown molyb- 
denum oxide [6-8] and (ii) further reduction of this 
oxide by atomic hydrogen, since cathodic preparation 
of metallic molybdenum was indirect. 

An electrocatalytic effect is induced when sodium 
molybdate and tris-ethylenediamine cobalt (III) 
chloride are mixed at about 10 -2 M [7, 8]. This effect 
is attributed to a Mo-Co synergic codeposit which 
appears to be active as long as the cathodic current 
flows; dissolution is observed finmediately after inter- 
ruption of the electrolysis. In situ activation depends 
on the electrode matrial and the resulting Co-Mo-Ni 
and Co-Mo-Fe cathodes are shown to be the most 
active. The authors point out that codeposition of Mo 
and Co promotes the reduction of molybdate. In situ 
activation reaches maximum activity after two days at 
300mAcm -2, after which the applied potential 
remains constant for two months [7]. 

Furthermore, in situ electrodeposition of nickel on 
vitreous carbon has already been achieved for the 
electrocatalytic hydrogenation of organic molecules 
in acidic media [9]. The hemispherical nickel centres 
obtained showed Tafel parameters for the HER 
comparable to those of smooth nickel. A significant 
improvement is observed for the HER when the in situ 
activation of various electrode materials is carried out 
with iso- and heteropolyanions of tungsten (VI) or 
monotungstate WO]- [10, 11]: the exchange current 
density reaches 3 to 5 mAcm -2 on the modified elec- 
trode. Hydrogen evolution and the reduction of the 
tungsten salt are both obtained at constant applied 
cathodic potential. 

The present investigation is devoted to the deacti- 
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vation process of a nickel cathode and its in situ 
activation by sodium molybdate at low hydrogen 
overpotentials and a current density of 100 mAcm -2. 
Measurements of  the time dependence of  the poten- 
tial, Tafel lines and impedance, cyclic voltammetry 
and surface analysis were performed in 30 wt % K O H  
at 70 ~ C, that is the operating conditions of the experi- 
mental electrolysis plant located on the IREQ site in 
Varennes [12]. 

2. E x p e r i m e n t a l  

The electrochemical measurements were performed at 
70~ in 30wt % KOH containing KOH impurities 
such as iron (0.5ppm) and nickel (0.6ppm) [1]; the 
electrolyte solution was not purified so that one could 
obtain, as closely as possible, the composition of the 
electrolyte prevailing in the experimental electrolysis 
plant. The electrochemical methods, the chemicals 
and the cell are described in detail elsewhere [1, 2]. The 
working electrode was controlled by a 1286 Solartron 
Electrochemical Interface and the impedance was 
measured at 100 mA cm -2 with a 1250 Solartron Fre- 
quency Analyser. Each impedance plot ranged from 
10 Hz to 65 kHz using 16 frequencies per decade. 

The working electrode consisted of  a vertical nickel 
wire (Mt. Res. Corp. 99.99%) 0.05cm in diameter, 
polished with alumina paste (1 #m) prior to the elec- 
trochemical experiments. All potentials are given with 
respect to the Hg/HgO/1 M K O H  reference electrode 
at 23 ~ C. The measured value of the reversible poten- 
tial for the hydrogen reaction in 30 wt % KOH, 70 ~ C 
was - 0 . 9 6 0 V  with respect to this electrode. E-i  
curves were obtained by a standard galvanodynamic 
technique at a sweep rate of  0 .2mAcm 2 s-1 in the 
direction of decreasing current values from 100 to 
1 mA cm -2 after the working electrode had been held 
at 100mAcm -2 for a given time. 

3. R e s u l t s  an d  d i s c u s s i o n  

3.1. Constant applied potential mode 

In situ activation of  a nickel cathode depends on the 
concentration of  sodium molybdate [2] and on the 
applied cathodic potential (Fig. la). This process is 
well illustrated by the time dependence of the current 
density difference (AI) between polarizations with and 
without molybdate (Fig. lb) at the same potential. 

Before in situ activation occurs, all electrodes under 
polarization undergo a deactivation in 30 wt % K O H  
in the presence of 4mM sodium molybdate at 70 ~ C. 
The reactivation rate and magnitude are dependent on 
the applied potential. The steady state is reached 
in times ranging from 10 4 to 4 x 104 S. The small 
increase in Ala t  -- 1.4 V after 10 4 S is related to a slight 
in situ activation resulting from a deposition of iron in 
the absence of  sodium molybdate. 

The nickel cathode becomes strongly deactivated 
after several days at -1.5VHg/Hg O in 30wt % K O H  
free of dissolved molybdate. After 3 days, the hydro- 
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Fig. 1. Time dependence of the current density with 4mM dissolved 
sodium molybdate and current density difference (AI) with and 
without dissolved sodium molybdate at (a) - 1.3, (b) - 1.4 and (c) 
- 1.5V for nickel cathode in 3 0 w t %  KOH at 70~ 

gen overpotential at 250mAcro -2 (t/250) calculated 
from the Tafel slope b = 145mV and the exchange 
current density i0 = 0.09mAcro -2 is 500mV while 
the electrode surface is covered by an iron-rich 
deposit. After 3 days of electrolysis under the same 
experimental conditions (except that 4 mM of  molyb- 
date is present in the alkaline solution), b = 123 mV 
and i0 = 3.28 mAcro -2 and t1250 is reduced to 231 inV. 
The resulting electrode surface is covered entirely with 
a spongy film of molybdenum, iron and copper. 

By comparison, after 3 days at -1.3VHgmg o in 
30 wt % K O H  containing 4 mM of molybdate, b = 
173mV, i0 = 1.57mAcm -2 and r/250 is 379mV. The 
electrode is partially covered with a dispersed deposit 
composed of iron, copper and zinc, accounting for 
the high exchange current density. The absence of 
deposited molybdenum at - 1 . 3 V  is supported by 
cyclic voltammetry performed at a sweep rate of 
10mVs 1 after 3 days at - -  1.3VHg/HgO, whereas after 
3 days at  -1.5Vlfg/l_ig O the cyclic voltammogram 
reveals that 4 C cm 2 of molybdenum is deposited. In 
summary, in situ activation by molybdate occurs only 
for potentials cathodic or equal to - 1.3 V, and its rate 
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and magnitude are strongly dependent on the poten- 
tial. An applied potential dependence of  in situ acti- 
vation was also observed for the cobalt cathode under 
the same experimental conditions [13]. 

3.2. Deactivation and in situ activation at constant 

current density 

A deactivation is reported at constant current and 
could be assimilated to a potential shift toward more 
cathodic potentials [1]. From the time and potential 
dependences of the activity shown in Fig. 1, it can be 
anticipated that the galvanostatic in situ activation 
process at 100mA cm 2 will begin between - 1.3 and 
-1.4VHg/Hg o and after 103 to 105S of electrolysis. As 
a matter of  fact, this behaviour was observed for 
nickel cathodes at 37 ~ C in 30 wt % KOH containing 
3 ppm iron [14]. 

The time dependence of  the potential of  the smooth 
nickel cathode at 250mAcm -2 at 70~ in 30wt % 
KOH containing only K O H  metallic impurities such 
as iron (0.5ppm) clearly reveals that a deactivation 
process occurs, as manifest by two distinct regions 
labelled I and H in Fig. 2, curve a. In addition, the 
absence of  deposited impurities on the electrode in 
region I was shown by cyclic voltammetry performed 
at a sweep rate of  10mVs-~(Table I). Only region I 
was observed in a previous work on nickel at 37~ 
[15], possibly because the galvanostatic experiment 
was performed for only 5 x 104 s. 

Permeation measurements have revealed that hydro- 
gen absorption and fl-hydride formation are respon- 
sible for this first increase in cathode potential [16]. In 
agreement with this statement, and by analogy with 
potentiostatic deactivation, which also occurs in two 
distinct regions [11, the process ofgalvanostatic deacti- 
vation in region I is ascribed to hydrogen penetration 
in the metal lattice. 

Table 1. Parameters variation during galvanostatic deactivation at 
lOOmAcm 2 

Time b ,l..,,< e*.. 
(S) (lO s A c m  -2 ) ( m P )  (raP) ( m V )  (mCcm -2) 

102 4.6 102 304 340 0 
103 2.7 99.7 344 356 0 
104 4.8 1 I6 404 385 0 
5.0 x 104 14 133 434 380 i 
7.5 x 104 25 166 454 432 2.5 
105 10 140 484 420 26w 
2.4 x 105 7.5 182 529 569 30w 

* Obtained by current density sweep from 100 to 1 mAcro -2 at a 
rate of 0.2 mAcm z s- ~. 
t Experimental value of the potential minus the reversible hydrogen 
electrode potential and ohmic drop (6 mV). 

Charge of the anodic peak at -0 .5  V determined by cyclic volt- 
ammetry at 10mVs -1 between -1 .3  and +0.7VHgmg o and 
attributed to iron oxidation. 
w An additional anodic peak is observed at -0 .26 V (Q ~ I0 mC 
cm-2). 

Region II is associated with the electrodeposition of 
an iron-rich deposit on the nickel electrode (Table I, 
Fig. 3) in agreement with tile second potentiostatic 
deactivation region for which such an iron deposit was 
also observed [1]. Experiments carried out for l0 s s at 
250 mA cn+1-2 and 37 ~ C exhibit a monotonic deactiva- 
tion of  the nickel cathode in the presence of  0.03 ppm 
dissolved iron [14]. With 3~ dissolved iron, 
deactivation is followed by reactivation beginning 
during iron electrodeposition at ~ 5000 s of  polariz- 
ation and having approximately the same magnitude 
as the deactivation process. For  0 .5ppm dissolved 
iron, the potential-time curve (curve a, Fig. 1) is inter- 
mediate to those mentioned above. The transition 
between regions I and II at ~ 104 s may therefore be 
correlated with the start of  iron electrodeposition, 
whereas additional metallic deposition seems to be 
responsible for further deactivation. 
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Fig. 2. Time dependence of the cathode potential at 
100mAcm -2 with ( - - - )  and without ( ) 4mM 
sodium molybdate for a nickel cathode in 30wt% 
KOH. 



284 J. -Y. HUOT AND L. BROSSARD 

Fig. 3. SEM pictures after various times at 100 mA c m  - 2  for a nickel cathode in 30 wt % KOH free solution molybdate, 70 ~ C: (a) 7.5 x 
104, (b) 105, (c) 1.6 x 105, and (d) 2.4 x 105 s. EDX analysis (at%) of the surface: (a) Ni 97.9, Fe 2.1; (b) Ni 92.5, Fe 3.4, Cu 4.1; (c) Ni 
90.3, Fe 4.l, Cu 2.3, Zn 3.3; (d) Ni 89.0, Fe 5.9, Cu 3.5, Zn 1.6. 

In the absence of  sodium molybdate,  the amount  
of  metallic impurities deposited on the Ni cathode 
(Fig. 3) increases with time in region I I  while the 
electrode potential for the H E R  shifts with time in the 
cathode direction (Fig. 2). The transition between 
galvanostatic deactivation regions I and II  was asso- 
ciated with the beginning of metal deposition on the 
surface and is characterized by an increase in the Tafel 
slope. Region H may be associated with the growth of  
a dispersed weakly active metallic deposit. 

The time dependence of  the cathode potential at 
100 mA cm -2 in the presence of 4 mM Na2Mog2H20 
(Fig. 2, curve b) reveals that an in situ activation 
process starts at 100 s. The E against log t relationship 
shows that the deactivation process in region I is 

largely attenuated and that it is followed by a large 
reaction process which completely hides region II. 

The time dependence of the electrode potential is 
also influenced by metallic components other than 
molybdenum which are simultaneously deposited on 
the nickel cathode during electrolysis (Fig. 4). Cyclic 
voltammetry (Table 2) and X-ray microanalysis 
(Fig. 4) indicate that in situ electrodeposition starts 
after 104 s, the potential being close to - 1.33 VHgmgO, 
which corresponds to the onset of  in situ activation 
(Fig. 2). These time and potential thresholds are in 
agreement with those anticipated from analysis of the 
potential dependence of the reactivation process 
presented in the previous section. Because the active 
molybdenum coating was found to be unstable, it is 
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Fig. 4. SEM pictures after various times at 100 mA cm-2 for a nickel cathode in 30 wt % KOH containing 4 mM sodium molybdate, 70 ~ C: 
(a) 7.5 • 10 4, (b) 5 • 10 4, (C) 10 5 and (d) 2.4 • 105 s. EDX analysis (at%) of the surface: (a) Ni 99.5, Mo 0.5; (b) Ni 95.1, Mo 2.6, Fe 
1.1, Cu 1.2; (c) Ni 76.6, Mo 12.2, Fe 9.3, Cu 1.9; (d) Ni 53.8, Mo 23.9, Fe 19.9, Cu 2.4. 

interesting to note that the current deposit is sufficiently 
stable to be studied in situ by cyclic voltammetry or ex  

situ by SEM and EDX, following interruption of the 
electrolysis. This stabilization of  the Mo-base deposit 
may be attributed to alloying with Fe, Cu, Zn and 
perhaps the Ni substrate. 

In the presence of sodium molybdate, the electrode 
potential and the Tafel parameters are substantially 
different from those obtained in the absence of dis- 
solved sodium molybdate. For  instance, metallic 
elements are detectable on the surface for t = 104s 
(Fig. 4, Table 2) while i0 and b are significantly larger, 
al! any time, in the presence of dissolved molybdate. 
Significant modifications in the surface morphologies 
and composition (Fig. 4) are observed between 10 4 

and 2.4 • 105 s, whereas the electrode potential 
and corresponding Tafel parameters (Table 2) remain 
unchanged. 

The time dependence of the electrocatalytic activity 
(Figs 1, 2) suggests that the final state of  the surface 
corresponds to an active metallic form of  Mo with 
mixed metals arising from the indirect reduction of  
deposited intermediate oxides by the adsorbed atomic 
hydrogen during the intense hydrogen discharge [7]. 

The overpotential dependence of  the slope 3I/Olog t 
(Fig. lb) or the activation observed when the potential 
reaches values higher than - 1.3 V (Fig. 2) is tentatively 
explained by the increased hydrogen activity on the 
surface (i.e. hydrogen coverage) as the hydrogen over- 
potential becomes more cathodic. Consequently, the 
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Table 2. Parameter variation during in situ activation at lOOmA 
cm -2 in the presence of 4 mM sodium molybdate 

Time i* b q'~b, qca,c Q~o Qe~ 
(s) (lOSAcm -2) (mV) (mV) (mV) (mCcm-:)  

102 65 160 310 350 0 0 
103 90 178 340 364 0 0 
104 65 178 370 389 < 1 < 1 
5.0 X 104 50 168 370 386 6 2 
105 45 152 369 357 215 10 
2.4 X 105 33 141 360 350 1000 25 

* Obtained by current density sweep from 100 to 1 rnAcm -2 at a 
rate of 0 .2mAcm -2 s -~ . 
t Experimental value of the potential minus the reversible hydrogen 
electrode potential and ohmic drop (6 mV). 

Charge of the anodic peaks determined by cyclic voltammetry at 
10 mV s-  ~ between - 1.3 and + 0.7 VHgmg o and attributed to iron 
and molybdenum oxidation; Ep(Mo) = -- 830 mV; Ep(v~) = -- 470 mV. 

kinetics of the indirect reduction of molybdenum 
oxide(s) could be accelerated at more negative values 
of the applied overpotential. The oxidation state of 
the molybdenum in the deposit is clearly indicated in 
cyclic voltammetry, because its potential peak is the 
same as the potential of the metallic Mo oxidation. 

It is therefore deduced that hydrogen evolution 
takes place on a metallic Mo alloy having a compo- 
sition which changes during water electrolysis. Unfor- 
tunately, the surface stability of the Mo-base deposit 
resulting from the alloying with iron and copper 
makes the deposit less active than other unstable Mo 
deposits [6-8] for the HER. 

3.3. Impedance measurements 

Impedance measurements were performed from 10 Hz 
to 65 kHz at different times during the water electroly- 
sis at 100mAcro -2 in the absence and presence of 
sodium molybdate. In a different set of experiments, it 
was established from the E against log t curve and the 
impedance diagram that the effects of a 1000Hz 
superimposed signal on the HER kinetics are negli- 
gible; the frequency sweep performed after 4 x 104 S 
results in the same diagram, whether this sweep is the 
first or the ninth. 

Under these experimental conditions, a simple RC 
behaviour is observed (Fig. 5). From the experimental 
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impedance diagram Z'-Z", the charge transfer resist- 
ance Rot, the double-layer capacitance Ca~, the ohmic 
resistance Rs, and the depression angle 0 are evaluated 
given as a function of the electrolysis time (Figs 6-8). 

The depression angle remains negligible up to l 0  g S 

at 100mAcm 2 and increases to approximately 
l0 ~ after 105 s in the absence of sodium molybdate 
(Fig. 6). A slightly different trend is observed in the 
presence of molybdate since this angle increases after 
only 3000 s. It was pointed out [17] that the displace- 
ment of the centre of the experimental arc below the 
real axis may be ascribed to an increase in surface 
roughness. For a surface containing pores and defects 
of various shapes, diameters and depths, the charging 
wave reaches different penetration depths at different 
frequencies resulting in a distribution of the time con- 
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stunt [18]. Thus, the angle 0 is related to the width of 
the relaxation time distribution [19]. In the present 
case, the increase in the depression angle is indicative 
of a significant increase in surface roughness during 
hydrogen discharge, as evidenced by the detection of 
a deposit on the electrode (Figs 3 and 4). 

In the case of rough surfaces, direct comparison of 
the apparent Cd~ of the electrode with that of a flat 
electrode will not give a meaningful estimate of the 
,electrochemically active surface area, because the 
apparent Cd~ varies with the frequency. However the 
.Ca~ variation for a given electrode material under 
~dmilar conditions may be used for an estimate of the 
roughness [17] even if the surface composition is 
modified during electrolysis because the electrode 
capacitance is weakly affected by the change in surface 
composition [20]. 

The variation of the charge transfer resistance 
t Fig. 7) and double layer capacitance (Fig. 8) with 
time in the absence of molybdate follows the same 
trend as that for the consumed-charge against log t 
curve. The trend for Ret means that the HER is prac- 
tically unaffected for times shorter than 5 x 104 S and 
that a significant deactivation occurs after this time, as 
shown by the variation in the potential against time 
(Fig. 2, curve a). This is in agreement with the slight 
time dependence of the Tafel parameters in region I 
(r ~< 5.0 • 104s) (Table I). For the polished nickel 
cathodes, the Rr value at 100mAcm -2 is similar to 
that previously reported at high cathodic overpoten- 
tials [21]. Except during long periods of electrolysis, 
tlae charge transfer resistance is not affected by the 
presence of molybdate in 30 wt % KOH, as supported 
by the calculated overpotentials (Tables 1 and 2). For 
times exceeding 10Ss at 100mAcm -2, Rot remains 
relatively constant in the presence of molybdate 
whereas the observed and calculated overpotentials 
decrease slightly; this is attributed to an in situ 
activation. 

The Cd~-time curve (Fig. 8) indicates that region I of 
the deactivation process in the absence of molybdate 
is not related to a decrease in initial surface area. 
Moreover, the formation of a larger surface area 
is supported when metallic impurities are deposited 
on the nickel cathode during the early stages of 
the deactivation process in region II (Fig. 4). This 
means that the second deactivation process is due 
essentially to the deposition of an alloy that is less 
active than the smooth nickel. The magnitude of Ca1 
for the freshly polished nickel cathode at 100 mA cm -2 
is similar to that observed between 300 and 400mV 
cathodic overpotential under similar experimental 
conditions [2t]. 

For platinum cathodes in 1 M HCI, pronounced 
time effects were reported for Cd,. and Rot during the 
first hour of potentiostatic deactivation [22]. The 
increase in Rct and decrease in Cd~ were associated with 
the bubble formation and detachment mechanism. In 
the present cases, no such effect can be obse, rved 
because of the relative constancy of the ohmic resist- 
ance, R~ = 0.06 _+ 0.01 f2cm 2, during both steps of 
the deactivation process. In addition, the time con- 
stant of the relaxation process associated with the 
bubble layer on nickel cathodes [23] is such that 
this phenomena is largely completed before the first 
impedance measurement at 100 s. 

The presence of sodium motybdate results in a large 
Cdl value (Fig. 8) during hydrogen discharge at 
100mAcro --2, suggesting the rapid formation of a 
rough molybdenum-base deposit which modifies the 
HER mechanism without substantially changing the 
kinetic rate of the charge transfer. 

This is supported by the large Tafel slope and 
exchange current density for HER (Table 2) - in spite 
of the physical complexity of the is parameter -~ by 
the depression angle 0 and, subsequently, by the SEM 
pictures and EDX analyss. The Ca~ difference with and 
without molybdate (Fig. 8) starts to increase after 
104 s, indicating a significant change in the surface 
electrode composition and mostly its morphology. 
The latter effect is well supported by the SEM pictures 
(Figs 3 and 4). 

4.  C o n c l u s i o n  

The nickel cathode undergoes a significant deacti- 
vation process at 100mAcro -2 fn 30wt% KOH at 
70~ containing KOH metallic impurities, as mani- 
fested by the time dependence of the potential in two 
distinct regions. Region I shows a total increase of 
120mV in the cathode overpotential, which is attri- 
buted to hydrogen penetration in the nickel lattice, 
whereas the Tafel parameters, charge transfer resist- 
ance and double-layer capacitance vary only sligh@. 
Region II is attributed to the electrodeposition of 
metallic impurities, as revealed by SEM pictures, 
EDX analysis and cyclic voltammograms. The result- 
ing deactivation by the metallic deposit is mainly due 
to the increase in the Tafel slope. Although the elec- 
trode impedance reveals a significant increase in elec- 
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trode roughness, the exchange current density remains 
fairly constant. 

The hydrogen discharge at 100 mAcm -2 in 30 wt % 
KOH containing 4ram sodium molybdate largely 
attenuates the deactivation process owing to the 
hydrogen absorption, eliminates region II associated 
with the deposition of impurities and results in a very 
slight time dependence of the potential. This in situ 
activation is ascribed to the formation of a spongy 
molbdenum-base deposit on the nickel cathode during 
the first day of water electrolysis. The Tafel parameters 
and the charge transfer resistance are in agreement 
with the small variation in cathode overpotential, 
whereas the electrocatalytic activity of this deposit is 
related mostly to its roughness, as suggested by the 
time variation of the double-layer capacitance. 
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