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Abstract 

The oxidative addition and reductive elimination 
of the iodo ligand has been compared at smooth 
polycrystalline gold, platinum and iridium surfaces in 
aqueous solutions. On these three metals, the iodo 
species undergoes spontaneous oxidative chemisorp- 
tion to form a close-packed monolayer of zero-valent 
iodine, the saturation coverage of which is limited by 
the van der Waals radius of the iodine atom; this 
oxidative addition process is further manifested by 
evolution of hydrogen gas from proton reduction. 
Elimination of iodine from these surfaces can be 
achieved by its reduction back to the anion either by 
application of sufficiently negative potentials or by 
exposure to ample amounts of hydrogen gas. On Pt 
and Ir, the reductive desorption of iodine is coupled 
with reductive chemisorption of hydrogen; conse- 
quently, the reaction is a twoelectron, pHdependent 
process. A plot of EIIZ, the potential at which the 
iodine coverage is decreased to half its maximum 
value, against pH yields information concerning the 
redox potential of the I~ads)/I-~ads) couple in the 
surfacecoordinated state. On Au, where dissociative 
chemisorption of hydrogen does not occur, the 
iodine-stripping process is a pHindependent , one- 
electron reaction. The difference in the redox 
potentials [Eorc~, - EoI,,] for the &,,,/I-(*, and 
I,,,,/I-caq, redox couples was found to be -0.90 V 
on Au, -0.76 V on l’t, and -0.72 V on Ir. These 
values imply that the ratio of the formation constants 
for surface coordination of the iodine and iodide 
species (Kr,r/Kf,r-) is 2 X 10% on Au, 1 X 10% on 
I’t and 2 X 1O25 on Ir. 9 

Introduction 

A review of the copious literature in surface 
science in the light of traditional concepts of coordi- 
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nation chemistry suggests that the interaction of 
inorganic and organic compounds with transition 
metal surfaces has several commonalities with the 
bonding of such ligands with metal centers in homo- 
geneous or metalcluster complexes [ 11. The 
analogies are most striking under conditions, such as 
in aqueous electrochemistry, where the metal surface 
is initially covered by weakly-coordinating electrolyte 
or solvent molecules which are readily displaced by 
stronglycoordinating reagents [2]. We have recently 
initiated studies of the interaction of surface-active 
and reversibly electroactive moieties with noble-metal 
electrocatalysts. Our interest in these systems is based 
on the fact that chemisorption-induced changes in the 
redox properties of these compounds yield important 
information concerning the coordination/organo- 
metallic chemistry of the electrode surface. For 
example, the alteration in the redox potential of a 
reversibly electroactive species is a measure of the 
surface-coordination formation constant of the 
oxidized state relative to the reduced form; such 
behavior is dependent upon the electrode material. 
The case of the surface coordination of the iodo 
ligand at noble-metal electrodes provides an interest- 
ing study since this material is strongly surface-&tive 
and the properties of the iodine/iodide redox couple 
in the solvated state are well-known. profound 
changes in the redox chemistry of the iodine/iodide 
couple brought about by the surface-coordination 
process are expected. 

The chemisorption of iodide/iodine onto poly- 
crystalline and single crystal Pt electrodes has been 
studied [3]; it has now been established that aquebus 
iodide or gaseous hydrogen iodide undergoes 
oxidative chemisorption to form a close-packed layer 
of zero-valent iodine accompanied by evolution of 
hydrogen gas. We recently studied the desorption of 
this zero-valent iodine from smooth polycrystalline 
F’t electrodes in protic [4] and aprotic [5] solvents. 
The two major findings are: (i) the redox potential 
for the 1,) /I-(&, couple in the chemisorbed state is 
nearly 800 mV negative of that for the unadsorbed 
couple; and (ii) the cathodic stripping of iodine from 
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Pt in aqueous media is always coupled with hydrogen 
chemisorption. In the present study, we examine and 
compare the oxidative addition and reductive elimina- 
tion of the iodo ligand at polycrystalline Au, Pt , and 
Ir surfaces in aqueous electrolyte; variations in the 
surface-coordination chemistry of this ligand are 
anticipated because the subject electrodes have 
different propensities towards dissociative chemi- 
sorption of hydrogen, and are also likely to show 
different reactivities towards the iodo species. 

Experimental 

Smooth polycrystalhne iridium, platinum and gold 
thin-layer electrodes were utilized in the present 
study. Thin-layer cells are suitable for surface electro- 
chemical studies due to (i) the absence of diffusional 
mass transport to and from the cell which, combined 
with (ii) extremely small cell volumes helps to mini- 
mize surface contamination and (iii) enables isolation 
(for subsequent characterization) of species generated 
from surface reactions, and (iv) large area-to-volume 
ratios which ensure magnification of surface processes 
relative to those in solution. The fabrication of the 
thin-layer electrochemical cells [6] and the prepara- 
tion of the smooth polycrystalline electrodes [7-V] 
were as described in the literature. 

In between experimental trials, the electrodes were 
cleaned by sequential electrochemical oxidation (at 
> 1.2 V) and reduction (at < -0.2) in 1 M HzS04 
[7-V] ; surface cleanliness was verified by cyclic 
voltammetry in the same molar sulfuric acid solution. 
All potentials are referenced against the Ag/AgCl 
(1 M Cl-) electrode. Experiments were carried out 
in 1 M HzS04 (taken as pH 0), 1 M NaC104 buffered 
at pH 7 with NaOH/NaH2P04 [lo], 1 M NaC!104 
buffered at pH 10 with Na&Os/NaHCOs [lo], and 
in 1 M NaOH (taken as pH 14); the aqueous solutions 
were prepared using pyrolytically triply-distilled 
water [ll]. 

Coordination of the iodo ligand onto the Ir, Pt 
and Au surfaces was accomplished simply by expos- 
ing the clean electrode with 1 mM NaI for 180 
seconds at the same pH at which the reductive 
elimination experiments were to be performed. 
Excess (unadsorbed) iodide was removed by rinsing 
the thin-layer cell with pure supporting electrolyte; 
such rinsing does not remove the surface-coordinated 
iodine. The absolute surface coverage of iodine was 
determined by thin-layer coulometry in 1 M HzS04 
(regardless of the pH at which the iodine pretreat- 
ment was carried out) using two reactions attribut- 
able to the surface iodine: 

(i) Anodic oxidation of chemisorbed iodine. This 
method is based on the fact that the total quantity of 
chemisorbed iodine is directly proportional to the 
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Fig. 1. Thin-layer cyclic current-potential curves for clean 
(solid curve) and iodine-pretreated (dashed curve) smooth 
polycrystalline gold in 1 M HsS04. The peak numbers are as 
discussed in the text. Volume of thin-layer cell, V = 3.06 ~1; 
electrode surface area, A = 1.07 cm2; sweep rare = 3 mV/s; 
T= 298 K. 
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Fig. 2. Thin-layer cyclic current-potential curves for clean 
(solid curve) and iodinepretreated (dashed curve) smooth 
polycrystalline platinum in 1 M HsSO,+. The peak numbers 
are as discussed in the text. Volume of thin-layer cell, V= 
3.86 ~1; electrode surface area, A = 1.04 cm*; sv#eep rate = 3 
mV/s; T = 298 K. 

measured charge for anodic oxidation of adsorbed 
iodine to aqueous 10, [cf. peak 1 in Figs. 1 (Au) 
and 2 (Pt), peak 3 in Fig. 3 (Ir)] 

I(&) t 3&o - Io3@&- t 6H* t se- (1) 

The absolute coverage of the surfacecoordinated 
iodine Fr (mol cm-*) is given by 
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Clean and l-coated Ir: pH 0 
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Fig. 3. Thin-layer cyclic current-potehtial curves for clean 
(solid curve) and iodine-pretreated (dashed curve) poly- 
crystalline iridium in 1 M HzS04. The peak numbers are as 
discussed in the text. Volume of thin-layer cell, V = 3.74 pL; 
electrode surface area, A = 1.40 cm2; weep rate = 2 mV/s; 
T= 298 K. 

l-1 = (f? - f&x,d5FA (2) 
where Q is the total charge for oxidation of both 
iodine and metal surface, Qb is the background charge 
for oxidation of the metal surface in the absence of 
chemisorbed iodine, F is the Faraday, and A is the 
surface area (1.04 cm* for Pt , 1.07 cm* for Au, and 
1.40 cm* for Ir) determined by underpotential 
hydrogen deposition [7] or by iodine chemisorption 
[8]. The use of an n value of 5 in eqn. (1) implies 
that iodine is zero-valent in the chemisorbed state. 

(ii) Iodate reduction The amount of chemisorbed 
iodine is also directly proportional to the measured 
electrolytic charge for reduction of aqueous 10, 
[obtained in method (i) above] to aqueous I2 

I&,, + 6H+ + se- -+ l/212,, + 3H20 (3) 

From this reaction [cf. peak 4 in Figs. 1 (Au) and 3 
(Ir), peak 3 in Fig. 2 (I%)], the iodine coverage is 
given by 

II = (Q - Q&vxi.m-/SF’ (4) 

where Q is the total reductive charge, and Qb is the 
background charge obtained in the absence of chemi- 
sorbed iodine. This method is limited to thin-layer 
electrodes. 

It will be emphasized that, in eqn. (3), the use of 
an n value of 5 is independent of the chemisorption 
valency of iodine; hence, if iodine is indeed zero- 
valent in the chemisorbed state, then the following 
equality must hold 

NQ - QbXed.Io,I = I(Q - Q&x.Ii (9 

Results 

The strong surface coordination of iodine at gold, 
platinum and iridium surfaces is established by the 
data presented in Figs. 1 to 3. These figures show 
current-potential curves for clean and iodine- 
pretreated Au (Fig. l), Pt (Fig. 2) and Ir (Fig. 3) 
electrodes in 1 M HaSO4; the curves for the I-coated 
surfaces were obtained in the absence of bulk (un- 
adsorbed) iodine/iodide species. For the clean elec- 
trodes, the general features of the voltammetric 
curves are as follows. (i) The reversible peaks ob- 
served at negative potentials are due to the reversible 
proton/hydrogen redox reaction. On Au (Fig. l), 
only the hydrogen evolution reaction (2H+,, + 
2e- ++ HZ@)] is observed since dissociative chemi- 
sorption does not occur on this material. On Pt 
(Fig. 2) and Ir (Fig. 3), underpotential deposition 
peaks [H+(,, + e- ff HCti,] are observed prior to the 
hydrogen evolution reaction, reflecting the propen- 
sity of these metals to chemisorb hydrogen disso- 
ciatively; the hydrogen chemisorption peaks are 
dependent upon the crystallographic orientation of 
the electrode surface [9,12,13] and in some 
instances may be used to measure the active surface 
area of the platinum-group metals [7]. (ii) The 
irreversible peaks found at the more positive poten- 
tials are due to oxidation of the metal surface. The 
nature of these surface oxides depends upon the 
potential and pH of the solution; the thickness of the 
oxide layer, for example, increases as the potential is 
made more positive [9]. At more positive potentials, 
evolution of oxygen gas from electrolysis of the 
solvent occurs. On Au and Pt , the metal oxide surface 
may be reduced back to the metal at about 0.7 V; 
surface oxide reduction on Ir, however, cannot be 
achieved unless potentials close to the hydrogen 
evolution reaction are applied 191. The morphology 
of the current-potential curves, especially in the 
hydrogen and oxygen regions, is critical in evaluating 
surface cleanliness [7]. 

When a clean Au, Pt or Ir electrode is exposed to 
aqueous iodide, a rapid negative shift of the ‘rest’ or 
equilibrium potential towards the hydrogen evolution 
region is always observed; this negative potential shift 
signifies the occurrence of an oxidative chemisorption 
process [2]. The general features of the voltammetric 
curves for the iodinecoated electrodes in 1 M H2SO4 
are as follows. (i) The presence of surface iodine com- 
pletely blocks hydrogen chemisorption on Pt (Fig. 2) 
and Ir (Fig. 3), and retards the hydrogen evolution 
reaction, most notably on Au (Fig. 1). (ii) The oxida- 
tion of the metal surface is also retarded by chemi- 
sorbed iodine; retardation is least on Au for which 
clean-surface oxidation is itself delayed relative to Ir 
and Pt. (iii) No iodine/iodide redox peaks are ob- 
served at about 0.4 V, the region where the bulk 
(unadsorbed) 21-(,,, t 2e- * 12, reaction occurs; 
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this result arises because coordination alters the redox 
potential of the iodine/iodide couple in the surface- 
bound state. (iii) A large anodic peak [peak 3 in 
Fig. 1 (Au) and 2 (I%), peak 4 in Fig. 3 (Ir)] is 
observed at E > 1 .l V; the charge under this peak is 
due to the anodic oxidation of chemisorbed iodine to 
aqueous iodate accompanied by oxidation of the 
metal surface itself [cf: eqns. (I) and (2)]. (iv) 
Reversal of the potential scan following anodic 
oxidation yields a cathodic peak [peak 4 in Figs. 1 
(Au) and 3 (Ir), peak 3 in Fig. 2 (Pt)] attributable to 
reduction of the aqueous iodate to aqueous iodine 
[cf eqns. (3) and (4)]. It is interesting to note that 
the iodate reduction peaks at Ir and Pt appear before 
surfaceoxide reduction, while that at Au emerges 
only after oxide reduction. Peak 5 in Fig. 3 (Ir) is 
due to reduction of aqueous iodine to aqueous 
iodide; this occurs on Ir but not on the other two 
electrodes because, at these potentials, the Ir surface 
is still covered with hydrous oxides which block 
iodine chemisorption. 

Figures 4 to 6 show thin-layer voltammetric 
curves for clean and iodine-pretreated Au at pH 7 
(Fig. 4), Ir at pH 10 (Fig. 5) and Pt at pH 14 (Fig. 6); 
as before, experiments with the Icoated surfaces 
were performed in the absence of unadsorbed (bulk) 
iodide/iodine species. Important features to be noted 
in these three Figures are as follows. (i) On Au, two 
reversible peaks are observed on the iodinecoated 
surface which do not appear on the clean electrode; 
the potentials at which these peaks appear are inde- 
pendent of pH as was noted by experiments at pH 10. 
The peaks are clearly associated with the surface- 
coordinated iodine; since the rest potential for the 
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Fig. 4. Thin-layer cyclic voltammetric curves in the hydrogen 
region for a clean (solid curve) and iodine-pretreated (dotted 
curve) gold electrode in 1 M NaC104 phosphate-buffered at 
pH 7. Experimental conditions were as in Fig. 1. 
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Fig. 5. Thin-layer cyclic voltammetric curves in the hydrogen 
region for a clean (solid curve) and iodine-pretreated (dotted 
curve) iridium electrode in 1 M NaC104 carbonate-buffered 
at pH 10. Experimental conditions were as in Fig. 3. 
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Fig. 6. Thin-layer cyclic voltammetric curves in the hydrogen 
region for a clean (solid curve) and iodine-pretreated (dotted 
curve) platinum electrode in 1 M NaOH (taken as pH 14). 
Experimental conditions were as in Fig. 2. 

Icoated surface at pH 7 was about 0.3 V, the 
cathodic peaks are attributable to the (coverage- 
dependent) reduction of the chemisorbed iodine. 
(ii) A reversible redox peak is also noted on Icoated 
Ir which is not observed on the clean surface; like- 
wise, this peak is attributable to the redox of chemi- 
sorbed iodine. (iii) Reversible redox peaks are also 
noted on I-coated Pt; these peaks are pHdependent, 
as established by experiments at pH 10, and have 
been demonstrated to arise from the reductive 
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Fig. 7. Superimposed plots of the cathodic current (left Fig. 9. Superimposed plots of the cathodic current (left 
ordinate) and absolute iodine surface coverage (right ordinate) and absolute iodine surface coverage (right 
ordinate) in the hydrogen region for an iodine-pretreated ordinate) in the hydrogen region for an iodine-pretreated 
gokl electrode in 1 M NaC104 buffered at pH 10. Experi- iridium electrode in 1 M NaC104 buffered at pH 10. Experi- 
mental conditions were as in Fig. 1. mental conditions were as in Fig. 3. 
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Fig. 8. Superimposed plots of the cathodic current (left 
ordinate) and absolute iodine surface coverage (right 
ordinate) in the hydrogen region for an iodine-pretreated 
platinum electrode in 1 M NaC104 buffered at pH 10. Experi- 
mental conditions were as in Fig. 2. 

desorption of iodine coupled with the reductive 
chemisorption of hydrogen [4]. 

Figures 7 to 9 provide evidence that the cathodic 
peaks exhibited by the pretreated surfaces are due to 
reductive elimination or desorption of surface- 
coordinated iodine. In these figures, cathodic current 
(left ordinate) and iodine surface coverage (right 
ordinate) are plotted simultaneously as functions of 

I- 

I on Au vs. pH and Potential 

Fig. 10. Absolute surface packing density of iodine on poly- 
crystalline gold as a function of potential in 1 M H2SO4 
(taken as pH 0), 1 M NaC104 buffered at pH 7, and 1 M 
NaC104 buffered at pH 10. The solid lines interconnect the 
data points and do not represent any theoretical fit. Experi- 
mental conditions were as in Fig. 1. 

the applied electrode potential at Au (Fig. 7), FY 
(Fig. 8) and Ir (Fig. 9). The decrease in iodine pack- 
ing density is clearly correlated with the emergence of 
the reduction peak. 

Plots of the absolute packing density of iodine I’r 
as functions of applied potential and pH are given in 
Figs. 10 to 12. It will be pointed out that I’r values 
at pH 0 could not be obtained at potentials more 
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I on Pt vs. pH and Potential 
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Fig. 13. Fractional surface coverage of iodine on polycrys- 

(taken as pH O), 1 M NaC104 buffered at pH 7, 1 M NaC104 
talline gold (closed circles), platinum (closed triangles), 

buffered at pH 10, and 1 M NaOH (taken as pH 14). The 
and iridium (closed rectangles) as a function of potential in 

solid lines interconnect the data points and do not represent 
1 M NaC104 buffered at pH 10. The solid lines interconnect 

any theoretical fit. Experimental conditions were as in Fig. 1. 
the data points and do not represent any theoretical fit. 
Experimental conditions were as in Figs. 10 to 12. 
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Fig. 12. Absolute surface packing density of iodine on poly- 
crystalline iridium as a function of potential in 1 M HzS04 
(taken as pH 0), 1 M NaC104 buffered at pH 7, and 1 M 
NaC104 buffered at pH 10. The solid lines interconnect the 
data points and do not represent any theoretical fit. Experi- 
mental conditions were as in Fig. 1. 

negative than shown in these figures because of 
extensive hydrogen gas evolution inside the thin-layer 
cell. The rI versus E curves for Pt and Ir exhibit 
pronounced pHdependence, whereas the rr versus E 
plot for Au is unaffected by solution pH; these results 
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are of course not unexpected in view of the above- 
mentioned findings that the redox peaks in Figs. 4 to 
6 are pHdependent at pretreated Pt and Ir but not 
at Icoated Au. It is interesting to note that the maxi- 
mum iodine coverage at Ir is also pHdependent. The 
latter observation is most probably due to the ten- 
dency of the Ir surface to form and retain surface 
hydrousoxides [9]; that is, competitive surface 
coordination of the hydroxo ligand at pH > 7 lowers 
the surface coverage of iodine. 

The relative ease by which complete reductive 
elimination of iodine occurs at the three subject 
electrode surfaces can be appraised from the data in 
Fig. 13. This figure displays a plot of the fractional 
coverage of iodine 0r (defined as I’r/rr,,,) at Au, 
pt and Ir against electrode potential at a single pH, 
10. It can be seen that complete desorption of iodine 
at Au takes place over a 600 mV region whereas 
removal of iodine at Ir and Pt is completed within a 
span of only 350 mV. Evidently, the propensity for 
Pt and Ir to chemisorb hydrogen facilitates the 
cathodic stripping of iodine from the electrode 
surface. In this context, it may be mentioned that the 
potential range at which desorption of iodine at F’t in 
anhydrous acetonitrile also occurs, is over a 600 mV 
region [5]; the impossibility of hydrogen electro- 
sorption from aprotic media likewise retards com- 
plete removal of iodine. 

The redox potential for the surface-coordinated 
iodine/iodide couple at Au can be determined 
directly from the redox peaks in Fig. 4 or the L’r 
versus E curves in Fig. 10. Similar direct measure- 
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E(l/S)-vs-pH: I on Au, Pt 81 Ir 
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Fig. 14. Plot of Ellz, the potential at which the surface 
coverage of iodine on gold (closed rectangles), platinum 
(closed triangles), or iridium (closed circles) electrodes is 
at half-maximum, against solution pH. The values in this 
plot were generated from the data in Figs. 10 to 12 as 
described in the text. The solid lines represent the linear 
least-squares fit (correlation coefficients Z-0.99). 

ments at Ir and Pt are not possible because of the pH- 
dependence of the reductive elimination process at 
these surfaces. The pHdependence may be factored 
out if the potential El,* zt which I’, = OSFr max 
(where I?r max is the true maximum value obta’med 
at pH 0) is plotted against pH. Based upon the data 
in Figs. 10 to 12, El,;verms pH plots for Au, Pt and 
Ir are shown in Fig. 14; as discussed in detail in the 
next section, the intercept obtained by linear least- 
squares analysis of the data shown in Fig. 14 yields 
the pHindependent redox potential for the surface- 
coordinated iodine/iodide couple. 

Discussion 

Earlier work on the interaction of gaseous or 
aqueous hydrogen iodide with polycrystalline and 
single crystal Pt electrodes [3] have demonstrated 
that zero-valent iodine is the species which binds to 
the surface. The present results show that the same 
zero-valent species is also formed at polycrystalline 
Au and Ir. Oxidative chemisorption of the iodo 
ligand from aqueous media onto a gold surface, 
where dissociative adsorption of hydrogen is not a 
favorable process, probably occurs according to the 
following reaction 

I-W + H+, - 1~s) + 1/2Hz,, (6) 

On Pt and Ir, where dissociative chemisorption of 
hydrogen is a facile reaction, the oxidative addition 
probably takes place as 

1-w + H+, - I(aas) + &as) - 

I,, +1/2H2,, (7) 

The rapid shift of the rest potential towards the 
hydrogen evolution region which occurs upon 
exposure of these noble-metal surfaces to aqueous 
iodide attests to the formation of H,*, and/or 
HZ@.. Since the hydrogen gas produced remains 
inside the thin-layer cell, it can be reoxidized electro- 
chemically to H+o,sj ; the faradaic charge measured 
for such oxidation is consistent with the stoichiom- 
etry shown in eqns. (6) and (7) [2a]. 

Surface coordination of zero-valent iodine is also 
supported by the finding that the electrolytic charge 
for oxidation of chemisorbed iodine to aqueous 
iodate [509(12) PC/cm2 at Au, 501(15) IrC/crn’ at 
Ir] is identical to that for reduction of aqueous 
iodate to aqueous iodine [505(12) &/cm2 at Au, 
504(15) /..K/cm’ at Ir]; this means that the n value 
for the 1,) to IOs&, oxidation is 5, identical to 
that for the IOs-c*a to 12cas) reduction [cf: eqn. (S)]. 
The observation that removal of iodine from the 
surface requires application of reductive potentials 
(Figs. 7 to 9) further establishes the existence of zero- 
valent surface-bound iodine. 

The inability of the gold electrode to dissociatively 
chemisorb hydrogen serves to simplify the reductive 
elimination of iodine from this surface; the reaction is 
a pH-independent , single-electron process 

I(h) + e- f--, 1-e~ t--, 1%~ (8) 

for which the average (coverage-independent) redox 
potential E”r(adsj may be taken as the intercept 
(-0.50 V) of the El,? versus pH plot for the Icoated 
Au surface, Fig. 14. The validity of reaction (8), 
which is reversible as evidenced by the voltammetric 
curve in Fig. 4, may be tested from the data in Figs. 4 
and 7 by application of Faraday’s law of the form 

(Q - Q&red= flAr1 (9) 

where (Q - Qbhti is the electrolytic charge under 
the two (baseline-corrected) cathodic peaks for the 
I-pretreated Au electrode, IZ is the number of elec- 
trons involved in the reductive elimination of iodine, 
and Fr is the amount of iodine removed during the 
reduction process. Substituting the experimental data 

KQ - Qdr,ti = lOO(10) PC; Ir = 1.04 nmol cmm2; 
A = 1.07 cm”] in eqn. (9) gives n = 0.9 f 0.1, con- 
sistent with reaction (8). 

The reductive elimination of iodine at Pt and Ir 
surfaces, on the other hand, is a function of pH. 
Previous analysis of coulometric and voltammetric 
data indicated that the reductive desorption of iodine 
at Pt is pHdependent because iodine removal is 
accompanied by hydrogen chemisorption according 

to [41 

I(,&) + H+(,,) +2e_c-,%w + ITas) (10) 
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Evidently, reaction (7) also occurs on polycrystalline 
Ir; its reversibility is manifested by the reversibility 
of the corresponding voltammetric curves in Figs. 
5 and 6. 

Although reaction (10) is complicated by proton 
reduction, it is possible to obtain an estimate of 
Eon,,,, the pHindependent redox potential of the 
ICa&I-(*, couple [reaction (S)] at Pt and Ir by 
adopting the following approach. The reversibility of 
reaction (10) allows the formulation of its Nernst 
equation as follows 

E = K - 0.0296 pH 

where the constant K is given by 

(11) 

K = @&is> + E=‘~(ads) 

- 0.0296 log [“I-(,,)aH(~)/aI(~~)l (12) 

and ai represents the activity of the tih species. 
EOH@&j is the standard potential for the reaction 

H+, + e- - H(d) (13) 

Equation (11) states that, if E1,2 is plotted against 
pH, a straight line with a slope of -0.0296 and an 
intercept of K will be obtained; such plots are given 
in Fig. 14. (It is important to mention that, in gener- 
ating the data for Fig. 14 from Figs. 10 to 12, the 
following procedures were employed. (i) The I’,,,, 
value used to define I’r/I’r,max was the true maximum 
value obtained at pH 0; as will be seen in the deriva- 
tion of eqn. (15) below, this is required if the 
intercept K is to be interpreted correctly. (ii) The 
data points for pH 0 (1 M HzS04) were obtained by 
a straight-line extrapolation of the last two or three 
measured values at the extreme negative potentials.) 
Linear least-squares analysis of the E,,, versus pH 
data for Pt and Ir yielded the following parameters: 
For Pt, slope = -0.028 and K = -0.35; for Ir, slope = 
-0.029 and K = -0.33. The slopes obtained are in 
excellent agreement with the predicted value of 
-0.0296 indicating that reaction (10) does indeed 
occur at these two surfaces. 

At E = El,,, if determination of E1,Z is based upon 
the true I’r,max value at pH 0, half of the electrode 
surface is occupied by iodine and the other half is 
covered by hydrogen [3]. That is, Br = 0.5 and 0r.r E 

rH/rH. mBx = 0.5; the ratio ar.r(~j/ar(tid,j thus 
becomes unity. Under these conditions, the intercept 
may be written as 

KE,,, = &ad,> + EO~(adsj + 0.0296~1 (15) 

where p1 = -log a 17~s) = -log GI-(~~), GI-c~~) being 
the solution concentration of the desorbed iodide. At 
E 1,2, the solution concentration of the desorbed 
iodide which remains inside the thin-layer cell is 
given by 

GI-CBs, = 0.511,,,AiV (16) 

where V is the volume of the thin-layer cell (3.86 and 
3.74 ~.cl for the Pt and Ir thin-layer cells, respectively). 
E"H(d, is known to be dependent upon the crystal- 
lographic orientation of the electrode surface [9, 12, 
131. E',(,, is therefore not a unique value for a 
polycrystalline surface. For the present purpose of 
estimating E",,,, Eon is simply taken as the 
potential at which err ~0.5; from Figs. 2 and 3, 
E’r.r,,, is seen to be approximately -0.1 V for both 
Pt and Ir. Substitution of the empirical data in 
eqn. (15) gives E",,, % -0.36 V for Pt and x 
-0.32 V for Ir. Since EoIt,,, for Au is about -0.50 
V, the trend in E",,,, values is thus Au < Pt < Ir. 

The -Cc&, values obtained here indicate that, 
upon surface coordination, the redox potential of the 
iodine/iodide couple is shifted in the negative direc- 
tion by about 0.90 V on Au, 0.76 V on Pt, and 0.72 
V on Ir. These chemisorption-induced redox potential 
shifts can be used to estimate the ratio of the forma- 
tion constants for surface coordination of iodine and 
iodide 

(16) 

In eqn. (16) Kf.1 and Kf,I- are the respective forma- 
tion constants for surface-coordinated iodine and 
iodide, Eat,,, and Eocadsj are the respective redox 
potentials for the I,,#-~~~, and I,,,,/LCti, 
couples, and AGo, is the energy involved in the 
I WW + 21,) dissociation. Equation (16), which 
does not take into account coveragedependence 
effects, is derived from the following thermodynamic 
cycle 

AG; 

IT 
‘(ads, 4 . 

-llFE 0 

(ads) 

I- 
(ads) 

where AG’r(d) and AGor-(,,, are the free energies 
of surface-coordination or iodine and iodide, respec- 
tively. 

In calculating Kf,JKf,I- from eqn. (16) the 
following values have been employed: E",*, - 
EL0 = -0.90 V for Au, -0.76 V for Pt, -0.72 V 
for Ir, and 2AG” e = the energy required to break the 
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I-I bond in the gas phase, 150 kJ/mol [14]. The 
calculated formation constant ratios are: 2 X lo’* 
on Au, 1 X 10% on Pt, and 2 X1O25 on Ir. These 
exceedingly large values signify overwhelming prefer- 
ence by the subject metals for surface coordination of 
zero-valent iodine over iodide; comparison of the 
K&Kf,I- values indicate that this preferential 
surface coordination decreases as Au > Pt > Ir. 
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