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The influence of underpotential Pb- and Tl-adsorbates at rotating disc silver single crystal surfaces (1 1 1), 
(1 00), and (1 10) on the kinetics of 'outer-sphere' and 'inner-sphere' redox reactions was studied in 
0-5 M NaC104 and 0.5 M Na2SO4 solutions (2 < pH < 4) containing Fe 3+, Ce 4+ or NOg ions. While the 
reduction of Fe 3+ and Ce 4+ under limiting diffusion conditions was not affected by the metal adsorbates, 
a strong inhibition effect correlated to the degree of Pb- or Tl-adsorbate coverages was observed in the 
case of the reduction process in the presence of NO; ions. The results are interpreted in terms of a strong 
chemical interaction between the reactant or a reaction intermediate and the silver substrate, taking into 
account the previously proposed superlattice structures of the metal adsorbates, depending on the 
orientation of the silver single crystal surfaces and on the underpotential range. 

1. I n t r o d u c t i o n  

The underpotential deposition of lead and 
thallium on silver (1 11), (10 0), and (1 10) 
oriented single crystal surfaces has been studied 
extensively with respect to their thermodynamic 
and kinetic properties [1-17]. 

In the system Ag (1 11)/Pb 2+ the experimental 
saturation coverage values, f's, correspond to the 
formation of one close-packed Pb-monolayer 
Ag (1 1 1)-3(2 x 2)Pb, [3-8, 12-16]. However, 
in the system Ag(111)/T1 § two close-packed T1- 
monolayers are formed [3-6, 9-15].  In the case 
of incomplete formation of the first layer on the 
Ag(111) substrate, a slow structural transform- 
ation has been observed starting presumably from 
adsorbate superlattices of lower density, e.g. the 
honeycomb structure Ag (1 1 1)-2(2 x 2)Pb or T1 
[7, 9, 10]. From the slightly but significantly dif- 
ferent Fs-values , and the different peak structures 
of the voltammograms as well as from the dif- 
ferent shapes of the equilibrium isotherms depend- 
ing on the substrate orientation, it has been con- 
cluded that the saturation coverages on Ag (10 0) 
and Ag (1 10) faces are better explained by assum- 

ing two layers of c(2 x 2)Pb and three layers of 
c(2 x 2)T1 superlattice structures [5-7, 9]. 

Kinetic studies in the systems Ag (h k l)/Pb 2+ 
and Ag (h k I)/T1 + have shown that the adsorption 
processes are controlled by charge transfer and/or 
bulk diffusion [3, 4, 10]. The dominance of a 
first-order phase transformation, i.e. two-dimen- 
sional nucleation and growth [11-15], could not 
be confirmed [3, 4, 10]. 

The true state of charge of the adsorbed 
particles is not revealed by electrochemical charge 
and coverage measurements. The electrosorption 
valency 3  ̀= F-I(3q/OI')E merely describes the 
interdependence of metal and non-metal adsorp- 
tion processes. In the systems Ag (h k l)/Pb 2+, 
ClOg, and Ag (h k I)/T1 +, ClO~ or SO~-, ideal 
charge-coverage stoichiometry 3' = z for Pb and T1 
(where z is the metal ion charge number) has been 
found, ruling out any non-metal cosorption 
phenomena [7-9].  The charge distribution in the 
adsorption state and the distance between the 
adsorbed particles depend on the vertical inter- 
action adsorbate-substrate and the lateral inter- 
action adsorbate-adsorbate. From thermodynamic 
data, a strong lateral interaction in both systems 
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can be derived [3-5 ,7-16]  indicating a highly 
discharged state of the adsorbate. Moreover, a 
correlation between thermodynamic data and the 
difference of electronegativity between substrate 
and adsorbate supports the presumption of a 
highly discharged metal adsorbate in the under- 
potential range [17, 18]. Since A• = [Xs --Xad[ 
< 0"3 and 7/z = 1 in both systems, a covalent 
bond formation between the substrate and the 
adsorbate can be assumed according to Pauling 
[17-19]. Therefore, Pb- and Tl-submonolayers on 
silver substrates might be considered as covalent 
bound catalysts or inhibitors for electrochemical 
reactions. 

Generally, the effects of surface layers on the 
kinetics of electrochemical processes arise from 
the following phenomena [18]: 

(a) a chemical interaction between the reactant, 
or an intermediate and a covalent bound 
adsorbate, 

(b) a geometrical blocking effect of the metal 
adsorbate especially at active sites of the substrate 
surface, 

(c) an electrostatic interaction between the 
reactant or an intermediate and a charged 
adsorbate, 

(d) electronic effects in the case of thicker 
layers with low electronic conductivity. 

According to the above-mentioned properties 
of the Pb- and Tl-adsorbates it is clear that only 
points (a) and (b) have to be taken into account. 

The kinetics of outer-sphere electron charge 
transfer reactions, which take place at the outer 
Helmholtz plane, should not be influenced 
markedly by metal adsorbates. In agreement, the 
rates of the redox reactions Fe2+/Fe 3§ and Ti3+/ 
Ti 4+ on Au and Pt electrodes were only slightly 
changed by Ag-, Pb-, Cd-, Bi-, TI-, Cu-, Se-, and Te- 
layers [20-22]. 

On the contrary, strong chemical interactions 
should be observed in the case of inner-sphere 
electron charge transfer reactions which involve 
the formation or breaking of chemical bonds 
(electrosorption) of reactants or intermediates or, 
in the case of metal ion charge transfer processes. 
Indeed, this expectation had been partly confirmed 
by a series of papers dealing with the catalytic effect 
of metal adsorbates on different organic redox pro- 
cesses [23-30] as well as on the oxygen reduction 
[31 ] and the hydrogen evolution reactions [32-36]. 

All the previous work was carried out on poly- 
crystalline substrates, and thus ignored the specific 
influence of the metal adsorbate structure in the 
underpotential range. The aim of this work is to 
investigate the influence of well-defined Pb- and 
Tl-adsorbates at silver single crystal surfaces on 
redox processes such as the reduction of Fe 3+, 
Ce 4+, and NO~ ions. 

The redox reactions 

Fe 2+ ~ Fe 3+ + e- 
and 

Ce 3+ ~ Ce 4+ q- e- 

are simple outer-sphere electron charge transfer 
processes [37-42]. 

However, the reduction mechanism of NO~ 
is very complicated and has not yet been com- 
pletely elucidated [37, 43]. At platinum elec- 
trodes, in strong acid solutions containing NOFF 
and a high concentration of NO~ ions, a rate deter- 
mining heterogeneous chemical reaction 

H + + HN02~  NO + + H20 (1) 

followed by the fast chemical steps 

NO + + NO~ -~ N204 (2) 

N204 # 2 NO2 (3) 

and a slow charge transfer process 

2(H § + NO2 + e- ~ HNO2) (4) 

has been assumed [37, 43]. Reaction 1 causes a 
cathodic limiting current density which is indepen- 
dent of stirring. Reaction 1 followed by the 
electrochemical step 

2(NO + + e- ~NO)  (5) 

and an autocatalytic reaction 

2NO + H § + NO~ + I-I20 ~ 3HNO2 (6) 

was proposed by other authors [44-46]. The 
adsorption of reaction intermediates at the elec- 
trode surface was also taken into consideration 
[43, 47]. 

In weaker acid solutions a primary hydrogen 
evolution step has been assumed [43]. 

H § + e- -~ Haas (7) 

HN03 + 2Haa s ~ HNOz + H20 (8) 

From differential capacitance-potential measure- 
ments in the system Ag (111) and Ag (10 0)/x M 
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NaNO3(10 -3 < x  < 10 -2)  it was concluded 
that an adsorption of  NO~ ions takes place at the 
Ag(1 0(3) face only [48]. In the presence of  
0.05 M Na2SO4 a limiting current density on 
Ag (10 0) has been observed which was attributed 
to the reduction of  NO~ ions. Consequently, the 
reduction of  N O ;  seems to be an inner-sphere 
redox reaction. 

2. Experimental 

Cyclic voltammetric measurements were carried 
out on silver single crystal* surfaces of  the 
orientations (1 1 1), (10 0) and (1 1 0) using the 
rotating disc technique. The voltage sweep rate 
was held constant I dE~dr{ = I0 mV s -t.  

The experimental details such as cell device, 
pretreatment of  the single crystal surfaces and the 
electronic equipment used have been reported else- 
where [4, 6]. Electrolyte solutions were prepared 
from suprapure "t or p.a. t grade reagents and bi- 
distilled water. The solutions were deaerated by 
purified nitrogen (02 < 2 ppm). The geometric 
areas of  the silver single crystal surfaces were 
about 0.75 cm 2. A Hg/Hg:SO4, Na2SO4 (satd) 
electrode served as a reference electrode. All 
potentials given in this paper are referred to the 
NHE. The experiments were carried out at 
T = 298 K. 

To start with, cyclic voltammograms in the 
systems Ag (h k l)/Pb 2§ and Ag (h k I)/T1 § free of  
redox couples were recorded in order to verify the 
characteristic peak structures as a criterion for the 
quality of  surface preparation. The reducible sub- 
stances were added after attaining a reproducible 
voltammogram. 

3. Results 

The charge transfer controlled Fe3+-reduction can- 
not be investigated in the system Ag (h k l)/x M 
H + + y  M Fe3+ (10 -4 < y  < 10 -2)  since at 
potentials E a  < 500 mV this reaction is bulk dif- 
fusion controlled [42] and at more positive poten- 
tials the anodic oxidation of  the silver surface 
occurs. On the other hand, the underpotential 

* Materials Research. 
t Merck. 
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Fig. 1. System: Ag(111)/0-5 M Na2SO 4 + 10 -s M 
HC104 + 7 X 10-4M T12SO 4 +yM Fe2(SO4) 3. (a)y = 0, 
(b)y = 6 X 10-4;T = 298K, IdE/dtl = 10mVs -~. 

range ~t of  Pb- and Tl-adsorption on Ag (h k l) is 
situated at more negative potentials than the 
potential region of  the charge transfer controlled 
Fe3+-reduction. Therefore, only a geometrical 
blocking effect of  adsorbed Pb or T1 on the bulk 
diffusion controlled Fe3+-reduction should be 
detectable. However, such a blocking effect seems 
to be improbable in the case of  an electron con- 
ducting metal adsorbate and an outer-sphere 
electron charge transfer reaction under limiting 
diffusion conditions. 

This prediction was confirmed experimentally 
as can be seen from Fig. 1. The cyclic voltam- 
mogram in the presence of  T1 § and Fe 3+ only 
represents a simple superposition of  both  the T1- 
adsorption and desorption on the Ag (1 1 1) sub- 
strate characterized by the sorption peaks AI -A*  
and DI -D*  and the limiting diffusion current den- 
sity of  the Fe3+-reduction. The same results were 
obtained in the cases of  Ag (10 0) and Ag (1 10) 
substrate orientations, as well as for Pb instead of  
Tl-adsorption. Similar behaviour was found in the 
case of  Ce4*-ion reduction. 

$ The underpotential range is defined by AE = 
E --EMe/MeZ+ , where EMe/MeZ+ is the equilibrium poten-  
tial given by the Nernst equation for Pb/Pb ~§ and T1/T1 § 
respectively. The ~xE values amount to about 200 mV and 
400 mV for Pb and TI adsorption, respectively [ 3-16]. 
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Fig. 2. System: Ag (h k l)/0-5 M NaC104 + 5 X 10 -3 M 
HC104 + 0"1M NaNO 3. pH = 2-4, T=  298K, IdE/dtl = 
10 mV s -1 ; rotation frequency 25 Hz. 

The present investigations concerning NOff-ion 
reduction were carried out in the systems 

Ag (hk l ) /0 .5  M NaC104 + 0.1 M NaNO3 

+ x M HCI04 + y M Pb (C104)2 (I) 

Ag (hkl ) /0"5 M Na2S04 + 0.1 M NAN03 

+ x M HC104 + y  M T12SO4 (II) 

in the range pH 2-4.  
Figs. 2 and 3 show current density-potential 

curves in both systems, free of  lead and thallium 
ions. In both cases, the charge transfer controlled 
part o f  the polarization curves depends strongly 
on the orientation of  the silver substrate and is 
shifted towards more negative potentials in the 
sequence Ag (10 0), Ag (1 1 1), and Ag (1 10). The 
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Fig. 3. System: Ag(hkl)/0.5 M Na2SO 4 + 10 -3 M 
HC104 + 0.1M NaNO3 ;pH = 3.7, T=  298K, 
[dE/dtl = 10 mV s -1 ; rotation frequency 25 Hz. 
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Fig. 4. System: Ag (10 0)/0.5 M NaC104 + x M HC104 + 
0.1M NaNO 3. pH = 2.61 (1), 2.22 (2), 1.94 (3), 1.74 (4); 
T = 298 K, I dE~dr1 = 10 mV s -1 ; rotation frequency 
25 Hz. 

shift amounts to about 20 mV between Ag (10 0) 
and Ag (1 1 1) and about 200 mV between 
Ag (1 1 1) and Ag (1 10), respectively. 

The limiting current densities are independent 
of  the substrate orientation (Figs. 2 and 3) and of  
the NO~ ion bulk concentration. However, they 
strongly depend on the pH-value of  the electrolyte 
as can be seen from Fig. 4 and by comparing Figs. 
2 and 3. A linear relation between log him and pH 
with a slope o f ( a  log h i r n / a p H ) a i r  "~ 1 is 
observed. Furthermore, the limiting current 
densities are functions of  the angular velocity co 
of  the rotating disc as shown in Figs. 5 and 6. The 
linearity between ilim and co ~/2 indicates a rate- 
determining bulk diffusion process. The experi- 
mental ilim values are about one order of  magni- 
tude lower than would be expected for NO~ 
diffusion. On the other hand, their observed pH- 
dependence as well as the calculated mutual 
diffusion coefficients o f  about D i = 6 x 10 -s 
cm -2 s -~ in system I and Di = 3.6 x 10 -s cm -2 s -x 
in system II indicate a dominant transport of  
protons [49].  In contrast to this, NO~ ions could 
be detected analytically in the electrolyte solution 
after extended polarization. 

Cyclic voltammograms in the presence of  lead 
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Fig. 5. System: Ag (10 0)/0-5 M NaCIO 4 + 5 • 10 -3 M 
HClO+ + O.1MNaNO3. ldE/dtl= lOmVs-t;(  ) 
rotation frequency = 12.5 Hz (1), 25 Hz (2), 50 Hz (3); 
( . . . .  -) without NaNO3, rotation frequency 25 Hz, 
T =  298K. 

ions in system I are given in Fig. 7 for Ag (1 1 1) 
and in Fig. 8 for Ag (10 0) surfaces. The current 
density-potential curves in the absence of NO~ 
ions show the well-known peak structure of the 
underpotential lead deposition depending on the 

~-2 

--= -I 

I 6 io 
-3 ~/s -I12 

-2 

-I 

-6oo -soo - ,oo  -30o -2oo -+6o - - o  
EHImV 

Fig. 6. System: Ag (10  0)/0.5 M Na2SO 4 + 10 -3 M 
HC]O 4 + 0 .1M NaNO 3. I dE /d t l  = 1 0 m V s  - I ,  T =  2 9 8 K ;  
( + ) rotation frequency = 12.5 Hz (1), 25 Hz (2), 
50 Hz (3);( . . . .  -) without NaNO3, rotation frequency 
25 Hz. 
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Fig. 7. System: Ag(11 1)/0.5 M NaC104 + 5 • 10 -3 M 
HC10, + 5 • 10-4 M Pb (C10+)~ + y M NaNO3;( ) 
y = 0 ; (  . . . . .  ) y = 0 . 1 ; T = 2 9 8 K ,  l d E / d t l = 1 0 m V s  -1, 
rotation frequency 25 Hz. 

substrate orientation [4, 5,8, 12-16]. It can be 
seen that the reduction process occurring in the 
presence of NO~ ions is strongly influenced by the 
underpotential lead deposition. 

On the Ag (1 1 1) face, the reduction current 
decreases at the lead potential peak A2 and 
vanishes after completing the Pb-monolayer in 
peak A3 (Fig. 7). In the anodic sweep, the reduc- 
tion process starts again after a partial desorption 
of the Pb-monolayer in peak D2. 

On the Ag (10  0) face, the reduct ion current  
decreases at the lead potential peak A1 and 
vanishes after passing the peak A2 (Fig. 8). In the 
anodic sweep an increase of the reduction current 
takes place at the lead desorption peak D2. 

Figs. 9 and 10 show the characteristic voltam- 
mograms for the thallium underpotential deposition 
on Ag (1 1 1) and Ag (10  0) faces, respectively, in 
the absence of NO~ ions as well as the influence of 
the Tl-adsorbates on the reduction process in the 
presence of  NO~ ions in system II. 

Corresponding to the effect of lead adsorption 
on Ag (1 1 1) (Fig. 7) the current  densi ty  o f  the 
reduction process vanishes after completing the 
first Tl -monolayer  on Ag (1 1 1) in peak A3 (Fig. 9). 
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Fig. 8. System: Ag (10 0)/0.5 M NaC104 + 5 • 10 -3 M 
HC104 + 5 X 10-4 M Pb (C104)2 + y M NaNO3;( ) 
y = 0 ; (  . . . . .  ) y = 0 - 1 ; T = 2 9 8 K ,  ldE/dt l=10mVs -1, 
rotation frequency 25 Hz. 

Then, the formation of the second Tl-monolayer 
in peak A* is not influenced by the totally 
inhibited reduction process as can be seen by a 
comparison of the voltammograms in the absence 
and in the presence of NO~ ions in system II. 
Anodically, the reduction current occurs already 
at a partial desorption of the Tl-monolayer in 
peak D3. 

On the Ag (10 0) face a complete inhibition of 
the reduction process is observed after passing the 
peak A2 (Fig. 10). At more negative potentials, the 
voltammogram of the Tl-adsorption at peak A3 is 
the same as in the absence of NO~ ions in system 
II. As soon as T1 is anodically desorbed at peak D2, 
the reduction reaction starts again. 

A variation in the metal ion bulk concentration 
causes a Nernstian shift of the underpotential 
metal deposition range. However, it was observed 
that the inhibition of the reduction process is 
strongly correlated only to the characteristic peaks 
of the cyclic voltammograms of the underpotential 
metal deposits. This means that the degree of the 
surface coverage of the adsorbed metal ions deter- 
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Fig. 9. System: Ag(1 1 1)/0.5 M N%SO4 + 10 -3 M 
HC104 + 10-; M TI~ SO4 + Y M NaNO3 ( ) y = 0 ,  
( . . . .  -)y = 0-1; T= 298K, IdE/dtl = 10mVs -1, 
rotation frequency 25 Hz. 
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Fig.  10. S y s t e m :  Ag  ( 1 0  0 ) /0 -5  M N a 2 S O  4 + 10 -3 M 
HC104  + 5 X 1 0 - 4  M T12SO4 + y M  N a N O 3 ; (  ) 
y = 0 ; (  . . . .  - ) y  = 0 - 0 1 ; T =  2 9 8 K ,  IdE/dtl = 1 0 m V s  -1 ,  
r o t a t i o n  f r e q u e n c y  25 Hz .  
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mines the extent of the inhibition effect on the 
reduction process. 

The reduction process on the Ag (1 10) face 
occurs at relatively negative potentials (Figs. 2 and 
3). Under the experimental conditions used, the 
underpotential Pb- and Tl-deposits are formed at 
more positive potentials causing a complete 
inhibition effect o f  the reduction process. 
Evidently, a superposition of both processes, the 
reduction and the underpotential metal deposition, 
is only available by increasing the NO~ bulk con- 
centration and by decreasing the metal ion bulk 
concentration, where the latter has to be changed 
by several orders of magnitude. However, the 
underpotential metal deposition process at very 
low metal ion bulk concentration becomes 
strongly diffusion controlled. In this case, an 
exact correlation between the degree of the metal 
ion coverage and the inhibition effect has not been 
realized experimentally. 

Measurements in the systems I and II in the 
absence of metal ions (y  = 0) using lead and 
thallium electrodes instead of silver single crystals 
showed a reduction current corresponding to a 
hydrogen evolution reaction, at very negative 
potentials (EH < -- 500 mV). 

4. Discussion 

The results show that Pb- and Tl-coverages on 
Ag (h k l) in the underpotential range do not 
influence the outer-sphere Fe 3§ and Ce 4§ reduc- 
tions under limiting diffusion conditions. The 
limiting diffusion current density of such processes 
can be influenced only by a geometrical blocking 
effect due to an extremely high degree of coverage 
of indifferent and non-electronic conducting 
material. In this case, a decrease of the limiting 
diffusion current density on the rotating disc can 
be expected only if the mean distance between the 
single parts of the uncovered area (pores) becomes 
comparable with the thickness of the diffusion 
layer. 

In contrast to this, a strong inhibition effect of 
the underpotential metal adsorbates has been 
found on the reduction process occurring in the 
presence of NO~ ions. Obviously, there exists a 
strong correlation between the inhibition effect 
and the surface coverage of the metal adsorbates. 

In the case of the Ag (1 1 1) substrate, the 

reduction process is totally inhibited after the first 
close-packed Pb- or Tl-monolayer Ag (1 1 1)- 
3 (2 x 2) Me in peak A3 is formed. However, the 
reduction current is only reduced at lower 
coverages of the metal adsorbates. This can be 
easily interpreted by the previously assumed 
superlattice structures of lower density [ 13-16], 
e.g. Ag(1 1 1)-(2 x 2)Me and Ag(1 1 1)- 
2(2 x 2)Me, which still allow a contact between 
the reactant or a reaction intermediate and the 
Ag-substrate. The anodic sweeps of the voltam- 
mograms show that the reduction does not start 
before the close-packed metal adsorbate is 
partially desorbed. 

On the Ag (10 O) substrate, the reduction 
process is totally inhibited only by the complete 
formation of two metal adsorbate layers corres- 
ponding to the peaks A1 and A2 assuming a super- 
lattice structure Ag(10 0)-c(2 x 2) Me-e(2 x 2)Me 
[5-7 ,9] .  It is proposed that the second layer is 
situated on top of the first one filling up the 
uncovered adsorption sites of the silver substrate 
which are not occupied by the first layer. Corres- 
pondingly, a reduction current is observed in the 
anodic sweep as soon as the second layer is 
desorbed partially in peak D2. 

The observed inhibition effect of metal 
adsorbates on the reduction process in the 
presence of NO~ ions can be interpreted assuming 
a strong chemical interaction between the reactant, 
or a reaction intermediate and the silver substrate 
only. In other words, the exchange current density 
of the reduction process depends on the nature of 
the substrate. 

The type of specifically adsorbed species partici- 
pating in the measured reduction process is not 
yet clear. First of all, the observed limiting dif- 
fusion current densities (Figs. 2-6) can be attri- 
buted to a dominant proton transport process. 
Moreover, the charge transfer controlled reduc- 
tion process cannot be unequivocally correlated 
with a direct discharge of NO; ion as was done 
recently under similar experimental conditions 
[48]. It has been found that the charge transfer 
controlled part of the polarization curve is shifted 
to more negative potentials with decreasing NO~ 
ion concentration in the electrolyte, whereas the 
limiting diffusion current density remains 
unchanged. A reasonable assumption would be to 
regard the charge transfer controlled reduction 
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process as being caused by a rate-determining 
hydrogen evolution reaction. However, this 
process takes place on Ag (h k l) surfaces in 
systems I and II in the absence of NO~ ions only 
at much more negative potentials (Figs. 5 and 6). 
Therefore, the charge transfer controlled process 
in the presence of NO~ ions might be ascribed to 
a hydrogen evolution reaction being strongly 
catalysed by NO~ ions and/or to the discharge 
of an intermediate within the (still unclear) 
NOff reduction process under the experimental 
conditions used. 

In the former case, the acceleration of the 
hydrogen formation requires proton donation. 
Specifically adsorbed NO~ ions as well as reduc- 
tion products, e.g. NO~ ions or nitrogen oxide 
species, may act as such proton donors 

Xaas + H + ~ (XH+)aas (9) 

(XH+)aas + e-  ~ Xaa s + Had s. (10) 

An electrocatalytic effect appears if Reaction 
10 is faster than the direct discharge of protons. 
The well-known catalytic hydrogen waves in 
polarography are explained by the same effect 

[371. 
In the latter case, the discharge of an adsorbed 

intermediate within the NO~ reduction process 
would require not only a valency change of the 
nitrogen involved in the unknown species Xads 
but also the participation of protons in this 
reaction step, since the bulk diffusion of protons 
becomes the rate-determining step at higher over- 
voltages. The formation of NO~ ions has been 
observed experimentally. Therefore, either a direct 
discharge of adsorbed NO~ ions or an indirect 
reduction of NO~ ions by primarily formed Hads, 
corresponding to Equations 7 and 8, might 
occur. 

Experiments under hydrogen atmospheres as 
well as in the presence of both NO; and NO~ ions 
did not show significant differences in comparison 
with the described behaviour. Therefore, the 
mechanism of the reduction process must be 
elucidated by further experiments. The fact 
remains that the reduction process is an inner- 
sphere reaction, which can be strongly influenced 
by metal adsorbates in the underpotential range 
as has been demonstrated. 

5. Conclusions 

The experimental results show that an inner-sphere 
redox reaction is strongly influenced by the under- 
potential metal adsorption on a foreign metal sub- 
strate. The definite correlation found between the 
metal adsorbate coverage and the degree of inhi- 
bition effect confirms the presumption that 
ordered metal adsorbate structures depending on 
the substrate orientation and on the underpoten- 
tial range are formed. If the chemical interaction 
between the reactant and the substrate is much 
higher than that between the reactant and the 
metal adsorbate, a complete inhibition of the 
redox process appears as soon as the substrate is 
completely covered with the metal adsorbate. The 
assumed superlattice structures of underpotential 
metal adsorbates on Ag (h k l) faces are in agree- 
ment with the experimental results. 
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