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CATALYTIC AND ELECTROCATALYTIC
ACTIVITY OF Pt-Ru/C ELECTRODE FOR
HYDROGEN OXIDATION IN ALKALINE
AND ACID AQUEOUS ELECTROLYTES:
EMSI AND EPOC EFFECTS

The kinetics of the oxidation of H- on PtRu/C gas-diffusion electrode was studied
by interfacing the electrode with aqueous electrolytes at different pH values. The
conducting electrolytes were KOH and HCIO, aqueous solutions with different
concentrations. It is shown that the nature of the aqueous electrolyte plays the
role of an active catalyst support for the PtRu/C electrode which drastically af-
fects its catalytic properties. During the aforementioned interaction, termed elec-
trochemical metal support interaction (EMSI), the electrochemical potential of the
electrons at the catalyst Fermi level is equalised with the electrochemical poten-
tial of the solvated electron in the aqueous electrolyte. The electrochemical expe-
riments carried out at various pH values showed that the electrochemical promo-
tion catalysis (EPOC) /s more intense when the catalyst-electrode is interfaced
with electrolytes with high pH values where the OH ionic conduction prevails. It
was concluded that similar to the solid state electrochemical systems EPOC pro-
ceeds through the formation of a polar adsorbed promoting layer of OHZ;,
electrochemically supplied by the OH species, at the three phase boundaries of

Electrochemical promotion of catalysis (EPOC)
interfaces the concepts of catalysis and electroche-
mistry and has shed light on the mechanism of pro-
motion effects in catalysis and the role of ionic sup-
ports for the enhancement of the rate and selectivity
of catalytic processes [1]. The central idea behind this
remarkable electrochemical effect is the electro-
chemically induced migration of ionic species from the
solid electrolyte onto the supported metal catalyst-
electrode and the formation of an effective double layer
generated at the gas exposed metal surface, capable
to affect the electronic state of the catalytic surface
and thus its catalytic properties.

EPOC was observed in liquid electrolytes too,
though the number of relevant studies is much less
compared to the vast number of publications on solid
state electrolytes. Anastasijevic¢ et al. [2] were the first
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the gas exposed gas diffusion catalyst-electrode surface.
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who demonstrated the non faradaic behaviour of
hydrogen evolution reaction during the electroche-
mical oxidation of aldehydes on Ib metals at room
temperature. In the case of a copper electrode, they
have achieved a current efficiency of 260 %. Neo-
phytides et al. found that positive current application
enhances the catalytic rate of H, oxidation on Pt-gra-
phite electrodes immersed in alkaline media with Fa-
radaic efficiency A values up to 10 while a five-fold
enhancement in the catalytic reaction rate was ob-
served [3,4]. The production of ammonium polysulfide
can be achieved electrochemically in a cell that
comprises a smooth nickel-steel plate as the anode, a
metal-grid made of nickel coated with carbon particles
as the cathode and aqueous ammonium sulfide
solution as the electrolyte [5]. The measured A value
was up to 4.4. The hydrogenation reaction of maleic
acid catalysed by platinized platinum [6] constitutes
the first demonstration of EPOC effect in acidic
electrolyte. The promotion effect, which occurred only
in a perchloric acid solution, is enhanced with the
catalysts potential increase and A value tends to
infinity. The authors mentioned the absence of a pro-
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motion effect in sulfuric and chloride acid, which can
be associated to the strongly adsorbed anions of
HSO, ,and CI” at the interface.

In the present study, the electrochemical pro-
motion of the catalytic hydrogen oxidation was studied
on PtRu/C gas diffusion electrodes typically used in
fuel cells. The main advantage of such type of
electrodes is their ability to form a three phase boun-
dary between the catalyst particles, the electrolyte
and the gaseous reactants. In this respect the inter-
face has many similarities with the three phase boun-
daries of the solid state electrochemical systems. The
current work focuses on the role of pH of the
electrolyte on the open circuit catalytic and EPOC
behaviour of the H, oxidation reaction thus discussing
and introducing the term of electrochemical metal
support interactions (EMSI) in catalysis.

EXPERIMENTAL

The experimental setup includes the flow gas
system, the electrochemical/catalytic reactor connec-
ted to an electrochemical interface (potentiostat/gal-
vanostat) and the analysis unit composed of a gas
chromatograph. Detailed description of the experi-
mental setup and of the electrochemical/catalytic re-
actor is given in reference [4]. The reactants and pro-
ducts gas samples were analysed by a Varian CP-
-3380 gas chromatograph (GC) equipped with a pack-
ed carbosieve column (6 ftx1/8") for the analysis of H,
and O,.

The intrinsic catalytic reaction rate was obtained
at H, conversions below 20 %, while mass transfer
limitations were avoided by maintaining the total flow
rate in the range from 200 to 300 ml min™.

The working electrodes are commercially avai-
lable gas diffusion electrodes provided by E-Tek. The
catalyst contains 30 wt. % platinum and ruthenium
supported on Vulcan XC 72 at metal atomic ratio 1:1.
The total metal loading on the gas diffusion electrode
is up to 5.0 g m™. The total active surface area of the
PtRu metal particles was measured by H,
chemisorption experiments by the use a Quantachro-
me Autosorb 1 and it was found 10.6 m?* g™'. The total
H, uptake on the gas diffusion electrode corresponds
to 0.22 umol cm? The working electrode was
mounted on a plexiglas holder which permitted the
exposure of the one side of the electrode to the ga-
seous H,/O,/He reaction mixture while the catalytic
side was interfaced with the electrolyte. The reaction
mixture was introduced in the gas exposed side of the
electrode-holder assembly by means of a glass tube.
It was thereafter flowing through the porous electrode
and sparged through the solution toward the reactor’s
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exit. The geometric area of the electrode exposed to
the electrolyte was 4.9 cm® The counter electrode
was a platinum wire (0.5 mm in diameter), while the
hydrogen reference electrode, immersed in the same
working solution, is connected via the Luggin capillary
to the working electrode.

The pH of the working electrolyte was varied by
controlling the KOH and HCIO, concentrations in the
aqueous solutions. All measurements were performed
at room temperature.

All the electrochemical measurements were car-
ried out using EG&G Princeton potensiostat/galva-
nostat, model 263A. Electrochemical impedance spec-
troscopy was performed using the potensiostat com-
bined with a frequency response analyzer EG&G
Princeton 1025. The a.c. frequency range was from
350 Hz to 2.0 mHz either at open circuit or imposed
potentials. The potential amplitude was 10-20 mV.
Before each measurement the electrode remained
polarized for almost 5 min.

RESULTS AND DISCUSSION

Kinetic measurements under various
pH electrolytic solutions

The behavior of the H, oxidation reaction on
PtRu/C gas diffusion electrode was studied at room
temperature and constant H, partial pressure (m, =
= 1.0 kPa) with respect to O, partial pressure (po,).
The electrode was immersed in KOH/HCIO,4 aqueous
solutions under various pH values ranging between 2
and 13. It must be mentioned that due to the slow hy-
dration of the gas diffusion electrode the catalytic rate
was attenuated until a steady state value is reached.
The experimental data are presented in Fig. 1. As it is
evidently shown, the electrolyte affects significantly
the kinetics and the catalytic reaction rate of the H,
oxidation reaction. The lower reaction rates are ob-
served when the electrode/catalyst is immersed in
alkaline solutions while the highest catalytic activity is
achieved with acidic solutions (pH 2). Beyond the en-
hancement in the catalyst activity, it is worth noticing
that the location of the maximum in the catalytic rate
is shifted towards higher po, values. In addition, for
the case of alkaline solutions, the rate is almost zero
at po, values higher than 2.0 kPa. The volcano shape
of the kinetic curves of Fig. 1 denotes the competitive
adsorption of H, and O, on the catalytic surface [4].
The negative reaction rate order, and in some cases
the almost zero reaction rate at high po, values, is due
to the increased coverage of oxidic species (O,
OH,4) thus obstructing the adsorption of H, by
blocking a significant portion of the surface sites.
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Fig. 1. Effect of po, on the rate of H, oxidation under open
circuit at various pH values.

The kinetic behavior of the electrode immersed
in millipore water and in a neutralized KOH/HCIO,
solution (pH 6.5) are located in between the graphs
representing the alkaline (pH 9 and 13) and acidic
(pH 2 and 4) solutions exhibiting equal maximum re-
action rates. This is a strong indication that the con-
centration of K" and CIO, at the electrode/electrolyte
interface does not affect the catalytic process.

The aforementioned experimental evidence
(Fig. 1) indicates that the parameter responsible for
the effect of the electrolyte on the kinetics of the H,
oxidation reaction is the concentration of the H*
(H;0") and OH" in the acidic and alkaline solutions,
respectively. This is rational since these ionic species
do not interact with the catalyst/electrode surface only
through the structure of the electrochemical double
layer (as it is the case of the counterions K* and
ClO,) but also through the following equilibrium
charge transfer reactions:

H;O"+e +S < Hy + H,O (acidic) (1)
OH +S < OH.+e (alkaline) )

where S represents free catalyst’s surface sites. The
relationship between the ions concentrations (g,
Con-) in the solution, their coverage on the electrode
surface (&4, Gon, ) and the equilibrium inner poten-
tial difference ( Ag, ) that is being developed along the
electrode/electrolyte interface can be expressed through
the Butler-Volmer equation:

PFAGe\ 7

RT

)= o G exp(— LDV

) Q)

kH+cH+6'Sexp(—

Kow Bonexp(— =

BFAY, )
RT 4)
(1-p)FAge

RT )

kowc,,, Osexp(-
where gis the symmetry factor for the charge transfer
process and Aw+ and koun- are the rate constants.

The mechanism of the H, oxidation reaction can
be expressed qualitatively according to Langmuir-Hin-
shelwood considerations regarding the equilibrium ad-
sorption of O, and H, and the reaction between O,q
and H,y as the rate limiting step [4]. According to
recent experimental results and theoretical calcula-
tions [7,8], OH,4 formation is favoured through reac-
tion step (5e) indicating the autocatalytic effect of wa-
ter for the hydrogen oxidation reaction especially at
low temperatures.

The catalytic reaction is represented by the fol-
lowing reaction sequence:

YiH, +S < Hag (5a)
% 0,+S < Ou (5b)
Hag + Oaq <> OHag+ S (5¢)
Hag + OHgg <> H,O +2S (5d)
20H,g <> H,0+ O, + S (5€)

Since H, and O, adsorption (reactions (5a) and
(5b) are considered to be in equilibrium the surface
coverages (&4, &) can be expressed in terms of O,
and H, partial pressures (po,, pu,) according to Egs.
(6) and (7):

Oy = KHP%Z@s (6)
O = Kopgzzes 7
O3 = Kw Pryo0s0 (8)

where Ay, Ko and Ky are the equilibrium constants for
the reactions (5a), (5b) and (5e), respectively. By com-
bining and proceeding to algebraic rearrangements of
Egs. (3)-(8), two equations are derived (Egs. (9) and
(10)), which express the effect of partial pressures
and ion concentrations on the equilibrium inner poten-
tial difference (Ag,) of the electrode/electrolyte inter-
face for the acidic and alkaline electrolytes respectti-
vely:

RT . K. C..
Ag, = —[In(—=) + In(—)] 9)
F oKy Ve
o= n Koy in®? 6. P ") (10)
e 2 2
2F T KZ Ky cor
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Ag,, as mentioned above, corresponds to the
thermodynamic equilibrium across the interface and it
is equal to the difference of the inner (Galvani) poten-
tials of the electrode and the solution [9]:

Ade =4 45 =(Gu—gs)+(Pu—¥s) (11)

Thus, the alteration of A¢g, due to variations in
Po, P, Con- and g+, according to Egs. (9) and (10),
directly reflects respective changes in the inner poten-
tials of Eq. (11) and consequently to the surface (gs,
gv) and outer (¥, ¥,) potentials. It is already well
established that the electrochemically induced chan-
ges in the catalyst/electrode work function @ is the
cause of the modification of the catalytic activity upon
polarization of electrode/electrolyte interfaces. Taking
into account that

pe

Pu ===+ Gu (12)

any alteration in the surface potential, gy, corresponds
into the direct change in the workfunction of the elec-
trode. According to Eq. (9), low pH values correspond
to increased H' concentration resulting in positive al-
teration of A¢, and consequently the work function.
This increase can be attributed to the surface dipoles
that are created by the adsorption and electronation
of H' on the electrode surface for the formation of H,q
according to reaction (1).

If similar analysis is applied for the case of OH~
species, and it is evident that the opposite effect is
expected for the PtRu/C electrode interfaces in alka-
line solutions according to Eq. (10). Although the oxy-
gen electrode is not considered as a reversible elec-
trode due to the competitive electron transfer reac-
tions and the development of mixed potential [10], the
conclusions derived by the aforementioned analysis
can be, however, qualitatively valid.

According to the analysis presented above (Egs.
(1)-(12)), the effect of electrolyte on the catalytic pro-
perties of the PtRu surface can be realized through
the electrochemical equilibrium reaction at the cata-
lyst-electrode/electrolyte interface by specifically-re-
acting ionic species in the solution (like OH™ and H*),
which can interact with the electrode surface through
the charge transfer reactions (1) and (2). Though these
equilibrium charge transfer reactions do not partici-
pate kinetically in the net reaction rate of the catalytic
reaction of H, oxidation, they can, however, modify
the surface potential and work function and thus the
catalytic properties of the PtRu surface.

The electrochemical equilibrium at the catalyst-
-electrode/solution interface demands the electroche-
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mical potential of the electrons at the metal and in the
solution to be equal [10,11]:

t6(M) = 124(S) (13)

This electronic interaction between the aqueous
(alkaline or acidic) electrolyte or the solid electrolytes
(0% conductors) [12] with the metal particles and the
equalization of their Fermi levels can be considered
as an equilibrium process which is substantiated through
an equilibrium charge transfer electrochemical reac-
tion which takes place at the three phase boundaries.
In this respect, this type of metal support interactions
can be termed as electrochemical metal support inter-
actions (EMSI).

Electrochemical promotion experiments

Typical electrochemical promotion kinetic ex-
periments were carried out by interfacing a PtRu/C gas
diffusion electrode with 0.10 M KOH aqueous solution
at open circuit and at two constantly applied electro-
de/catalyst potentials as depicted in Fig. 2.

3.5 T T g T T T
(@) P, =1kPa
Pt-Ru/C
0.1M KOH

r”xloé/mol S

A,p

p, = 1kPa
Pt-RWC ]
0.10 M KOH ]
E =125V

rhe

0 | 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

P, / kPa

Fig. 2. Effect of po, (a) on the rate of H, oxiaation under open
circuit and closed circuit at fixed catalyst potential and (b) on the
faradaic efficiency, A, and the rate enhancement ratio, p. The
electrode is immersed in 0.70 M KOH.



D. LABOU and S. G. NEOPHYTIDES: CATALYTIC AND ELECTROCATALYTIC ACTIVITY.....

CI&CEQ 14 (2) 145-152 (2008)

The_Faradaic efficiency (Fig. 2a) is defined by:

P (14)
(112F)

and it correlates the change in the catalytic reaction
rate of the gas phase O (Ar,) consumption to the elec-
trochemical supply of OH™ (/2F) onto the catalyst/elec-
trode surface. As it is well known, the effect of the
electrochemical promotion appears for A # 1. The rate
enhancement ratio (Fig. 2b) is defined by:

p=— (15)
o

and it quantifies the promotional effect in the catalytic
activity. The parameters A and p reported in refe-
rence [4] were found around 10 and 3, respectively,
1.e., significantly below the values shown in Fig. 2b.
The high rate enhancement values, p = 35, were ob-
tained at high po, values, where the open circuit cata-
Iytic rate is almost zero. In fact, the application of po-
sitive potential induces the activation of an almost non-
-active catalyst, thus achieving the aforementioned
high enhancement ratios. It must be mentioned that
the complete deactivation of the electrode at high po,
values is characteristic feature of PtRu/C but not Pt/C
[3]. This can be attributed to the effect of Ru which is
known to induce the formation of OH,y species at
electrode potentials around 200 mV negative than on
Pt [13]. This indicates that oxidic species (04, OH,q)
have high affinity for the PtRu surface so that high
coverage is being developed, thus resulting in the in-
hibition of the reaction rate at high po, values. Under
the potentiostatic imposition of 200 mV, which is
below the open circuit values shown in Fig. 2a, the re-
action rate decreases especially in the negative order
branch of the kinetic curve. The electrochemically in-
duced changes in the catalytic activity were attributed
to the induced alterations in the catalyst work function
upon polarization of the electrode/electrolyte interface
[4]. Thus, positive polarization of the interface causes
the increase of the PtRu surface work function, which
results in the decrease of the bond strength of O, with
the catalyst surface according to the theoretical as-
pects of the electrochemical promotion in catalysis. In
this respect, the reactivity of O,4 is considerably in-
creased and the reaction rate consequently. In order
to get a deeper insight into the origin of surface pola-
rization and the spillover species that induce these
changes in the catalytic activity in aqueous electrolyte
interfaces, we carried out kinetic and electrochemical
promotion experiments at various pH values.

Electrochemical promotion with varying pH

The electrochemical promotion effect of the
PtRu/C catalyst-electrode was tested by interfacing

the catalyst-electrode with aqueous solutions with va-
rying pH. Figure 3 depicts the variation of the faradaic
efficiency, 4, and the rate enhancement ratio, p, with
increasing po, in various solutions with pH values ran-
ging between 9 and 4. Electrochemical promotion is
more intense in alkaline solution while in acidic solu-
tion (pH 2) there is almost no promotional effect in the
catalytic reaction rate. This can be attributed to the
significantly lower polarization resistance of the acidic
interface, which is by an order of magnitude less than
the corresponding polarization resistance in alkaline
solution, as depicted by the ac impedance spectra in
Fig. 4. In order to correlate polarization resistance, A,
to the Tafel slope, b, it is convenient to write the linea-
rized Butler-Volmer equation for an anodic reaction as
follows:

S (16)
of I oan,F 1 23
60 T T T T T T T T
L PtRB/C =—pH 9
50 |- Py = 1 kPa —~»— pH 6.5 T
L Erhe =900 mV o pH4
40 -
30 -
- I
20 + -
L e ® 1
10 - v .
L vy
of i
L 1 1 1 n 1 " 1 "
0.0 0.5 1.0 1.5 2.0 2.5
p, /kPa
(a)
8
T T T T
—=—pHI
) —e—pH 6.5
- —»—pH4 A
o 4t .
2 = -
n 1 n 1 L 1 n 1 n
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p, /kPa

(b)

Fig. 3. Effect of po, on the Faradaic efficiency, A, (a) and the
rate enhancement ratio p of H, oxidation under 0.90 V
forpH 9, 6.5 and 4.
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where a,, is the anodic transfer coefficient and 6 (V
dec™) is the Tafel slope [14]. The ratio 97/6/ has di-
mensions of resistance and represents the polariza-
tion resistance, A, of the interface. This is evaluated
directly from the high and low frequency intersects of
the Nyquist ac impedance plots. Figure 5 shows the
linear plot of A}, vs. 1//and its slope corresponds to
the Tafel slope, 6 (Eq.(16)). The calculated Tafel slo-
pes are 118 and 10 mV dec™ for the alkaline (pH 9)
and acidic (pH 2) solutions, respectively. The former
Tafel slope of 118mV dec™ is usual for the hydrogen
oxidation reaction on Pt in alkaline solutions [15,16],
while the latter low Tafel slope obtained for the case
of the acidic solution indicates the small polarization

50

losses of the electrode/acidic solution interface. Lee
et al. have reported Tafel slope value for the electro-
catalytic hydrogen oxidation on PtRu/C gas diffusion
electrodes interfaced with a proton conducting Nafion
polymer electrolyte (19 mV dec™), which is in the same
range as the aforementioned value (10 mV dec™) [17].
Conway et a/. suggested that low Tafel slopes (29 mV
dec”) could arise when the electrode kinetics of H,
oxidation reaction is determined by the H, dissocia-
tion processes [15]. In the light of the this conside-
ration the large interfacial region achieved by the gas
diffusion electrodes may result to even faster charge
transfer reactions in comparison to the catalytic disso-
ciation of H, on the electrode surface.

pH9 (a) 1 5
40 _p”v:l.04kPa i [ p}[‘z T T T T T T T T T T T T T
P, ! kPa 4 p,=1.01kPa ®)
30 - i PO
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Fig. 4. Complex impedance spectra (Nyquist plots) for H, oxidation on the gas diffusion electrode
immersed in electrolyte with (a) pH 9 and (b) pH 2 at open circuit.
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Fig. 5. The dependence of the polarization resistance, R,, with the reciprocal of current, 1/i, when
the electrode interface solution with (a) pH 9 and (b) pH 2.

It is well established through EPOC literature
that the electrochemical modification of catalytic acti-
vity is induced at highly polarizable electrode/electro-
lyte interfaces irrespective of the used electrolyte. The
polarizability of the interface was shown to be directly
related to the modification of the electronic properties
of the catalyst surface. Although the interfacial struc-
ture in the case of aqueous electrolytes looks different
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from the solid state electrode/electrolyte interface, the
use of gas diffusion electrode structures, however, al-
lows the development of three phase boundaries, which
exhibits similarities to the corresponding three phase
boundary of the solid state interface. This is confined
at the coexistence of gas-exposed catalyst surface,
onto which the catalytic oxidation of H, takes place,
and the electrolyte-exposed catalyst-electrode surface
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through which the charge transfer reactions are sub-
stantiated [4].

These ionic species would strongly adsorb on
the catalytic surface, forming strong and stable dipo-
les with the catalytic surface thus inducing significant
alterations in the work function (A@y,) of the surface
equal to the changes of the electrochemical polari-
zation potential of the electrode/electrolyte interface
(A KyRr) according to Eq. (17):

eAVWR = Ady (17)

On the basis of the aforementioned considera-
tions the origin of the electrochemical promotion is
directly connected to the formation of strong ionic di-
poles (chemisorbed ionic species) on the gas-expo-
sed catalytic surface, which are supplied electroche-
mically through the electrochemical interface and spill
over on the gas-exposed catalytic surface. One of the
main prerequisites for the electrochemical promotion
in catalysis is the reduced reactivity of the strongly
adsorbed promoting ionic species with the reaction in-
termediates. Thus, the promoting ionic species can
be potentially created through reaction (2), which is
describing the overall prevailing electrochemical pro-
cess in alkaline solutions. In this respect, the following
reaction scheme can be realized upon application of
positive current:

OH +S — OHJ +e (18a)
OHZ; — OHag (18b)

Thus, the supply of OH™ will initially result in the
formation of OHZ; (reaction (18a)), which can be con-
sidered as an intermediate that forms polar bond with
the catalytic surface, inducing the strong polarization
of the catalyst surface. The lifetime of this species
must be long enough so that it can be diffused (spill
over) on the gas exposed catalytic surface. Further on
we can consider its transformation into normally ad-
sorbed OH,4 species (reaction (18b)), which readily
react on the Pt surface towards the formation of H,O
and adsorbed O,g.

However, in the case of acidic solution the pre-
vailing charge transfer reaction is the oxidation of ad-
sorbed H,q species for the production of H" at the
three phase boundaries, which is transferred from the
electrode to the solution:

Hag —> H +e” (19)

where the polarization of the catalyst-electrode sur-
face due to the spill over of adsorbed ionic species is
considered negligible.

Though the EMSI effect is related to the electro-
chemical equilibrium charge transfer reactions between

the metal catalyst particles and the ionic support,
EPOC in catalysis is substantiated through the for-
mation of the so-called active double layer on the gas-ex-
posed catalytic surface. This was thoroughly investi-
gated and concluded by several electrochemical pro-
motion studies in catalysis, which involved mainly so-
lid state catalyst-electrode/electrolyte interfaces, e.g.
P/YSZ [1]. In the present case the gas diffusion
catalyst-electrode is partly covered by the aqueous
electrolyte, facing the inner Helmholtz plane, while
significant portion of the electrode is exposed to the
gas phase H,/O, reaction mixture where the catalytic
oxidation of H, takes place. The concept of the three
phase boundaries can be realized in the present case
at the boundaries where the electrode meets both the
gas phase and the aqueous electrolyte. The promo-
tional effect on the catalytic activity can be realized
only through the formation of promoting species onto
the gas exposed catalytic surface. In this respect as
mentioned above the OHJ; species which is created
by the charge transfer reaction (19a) at the electro-
de/electrolyte interface can thereafter diffuse onto the
gas exposed catalyst-electrode thus inducing signify-
cant changes on surface potential and work function.
According to the electrochemical promotion theory,
this causes significant modifications on the bonding
strength and adsorption energies of the reacting spe-
cies thus affecting the reactivity between them.

CONCLUSIONS

The oxidation rate of H, on PtRu/C catalyst-elec-
trode can be significantly affected either by controlling
the pH of the aqueous electrolyte or by electrochemi-
cally polarizing the electrolyte/electrode interface.

In the first case the effect termed electrochemi-
cal metal support interaction (EMSI) can be conside-
red as a general metal support interaction phenome-
non, which is operable when the catalyst support has
ion-conducting properties and when it is substantiated
through the establishment of equilibrium charge trans-
fer reaction at the catalyst/support interface.

In the second case, the well-known electroche-
mical promotion experiments, carried out at various
pH values, showed that the electrochemical promotion
of the catalytic activity is more intense when catalyst-
-electrode is interfaced to electrolytes with high pH
values, where the OH™ conduction prevails. It was con-
cluded that, similar to the solid state electrochemical
systems, the non-Faradaic electrochemical modifica-
tion of the catalytic activity proceeds through the for-
mation of a polar adsorbed promoting layer of OHZ, ,
electrochemically supplied by the OH™ species, at the
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three-phase boundaries of the gas-exposed gas diffu-
sion catalyst-electrode surface.
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