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Changes in Surface Stress of Gold Electrode during
Underpotential Deposition of Pb
Masahiro Seo* ,z and Makiko Yamazaki

Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

The changes in surface stress of a gold film electrode during underpotential deposition~UPD! of lead in pH 3.0, 0.5 M NaClO4
solution containing 1024 M Pb(ClO4)2 or PbCl2 were measured by a bending beam method to investigate the relation between
surface stress and structural change of the Pb-UPD layer. A maximum in the surface stressvs.potential curve like an electrocap-
illary curve emerged at the onset of the UPD. Moreover, a hump in the surface stressvs.potential curve also emerged in the range
of surface coverage of Pb fromuPb 5 0.4 to 0.8 during the UPD process. The changes in surface stress were plottedvs.cathodic
charge required for Pb-UPD. Two linear and one plateau region appeared in the surface stressvs. the cathodic charge curve. The
plateau region corresponded to the hump in the surface stressvs. potential curve. It was deduced from the comparison with the
scanning tunnel microscopy, atomic force microscopy, and surface X-ray scattering spectroscopy results in the literature that the
plateau region is associated with the change in rotation angle fromR 5 0° to 2.5° of incommensurate hexagonal close-packed Pb
layer. Particularly, it was emphasized that the hump resulted from the release of compressive surface stress due to the change in
rotation angle of the UPD layer.
© 2004 The Electrochemical Society.@DOI: 10.1149/1.1766310# All rights reserved.
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gold
Recent developments of scanning tunneling microscopy~STM!,
tomic force microscopy~AFM!, and surface X-ray scattering sp

roscopy~SXS! have revealed surface structural changes of si
rystal metal electrodes in solution such as surface reconstruc1

owever, explanations for the structural changes are not suffi
rom the viewpoint of surface energetics because of the lac
xperimental data of surface thermodynamics such as surfac
ion, g, surface stress,g, and surface strain,«. In general, surfac
tress and surface strain are tensors. In the case where a sol
rode is isotropic, surface stress and surface strain become sca
he following Shuttleworth equation2 holds between surface stre
, and surface tension,g

g 5 g 1
]g

]«
@1#

oreover, the Gibbs adsorption isotherm for an isotropic solid
rode is given by

dg 5 2qmdE 2 (
i

G idm i 1 ~g 2 g!/d« @2#

hereqm is the surface charge density of the electrode;E, the elec
rode potential;G i , the surface excess ofi th species; andm i , the
hemical potential ofi th species. Lipkowskiet al.3 have pointed ou
hat the contribution of (g 2 g) d« to dg is so negligibly small tha
he values ofdg for an isotropic solid electrode can be obtai
rom a cyclic voltammogram. Seoet al.4,5 found from the measur
ent of changes in surface stress by a bending beam method t

econd term in the right side of Eq. 1,i.e., the difference betweeng
nd g is significantly large in the case where iodide ions are
orbed on gold and hydroxide ions are adsorbed on platinum a
anying a charge transfer. Gokhshtein6 and Haisset al.7 derived the

ollowing equation between derivative of surface stress
urface-charge density and derivative of electrode potential with
ace strain

S ]g

]qm
D

E

5 S ]E

]« D
Q

@3#

hereqm is the surface-charge density andQ is the total charge o
he electrode surface. Haisset al.7 have reported that the change
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urface stress of the Au~111! electrode due to adsorption of elec
yte anions in various acid solutions are proportional to the sur
harge density,qm . Ibach8 suggested from the similarity of the l
ar relation between surface stress and surface coverage ob
xperimentally for adsorption of CO on Ni~100! in high coverag
egime that the changes in surface stress of a solid metal ele
ue to adsorption are attributed to an adsorbate-induced chan

he electronic structure of the substrate surface atoms. Furthe
bach8 claimed that the changes in surface stress are not a
roportional to the surface-charge density. Schmickler and L9

alculated the contribution of a metal side to surface stress
urface tension within the jellium model for a solid metal elect
nd indicated the strong dependences of surface stress on ads
nergy and adsorbate interactions, supporting the results by
t al.7

Underpotential deposition~UPD! of foreign metal atoms on
oble metal electrode is one of the interesting subjects in relat
urface energetics since the structural changes of an adlaye
een often observed for many UPD systems10-17 by SXS and STM
owever, there are few studies of the changes in surface stres

ng the UPD process.18 In this study, the changes in surface stres
gold electrode during Pb-UPD were measured by a bending
ethod to investigate the relation between surface stress a

tructural change of Pb-UPD layer. Moreover, the kinetics o
tructural changes of Pb-UPD layer was discussed from the ch

n surface stress.

Experimental

Preparation of the gold electrode and electrolytes.—One side
f a thin glass plate~thickness, ts 5 150mm; width, 5.0 mm

ength, 60 mm; Young’s modulus,Es 5 70.9 GPa; Poisson’s rat

s 5 0.23) was precoated with a titanium film at a thickness o
m for a good adhesion by evaporation, and then a gold film w

hickness of 220 nm was evaporated on the glass plate. The
lm thus prepared on the thin glass plate was mainly oriented
111! plane and used as a working electrode.

The electrolyte used in this experiment was 0.5 M NaClO4 solu-
ion with or without 1024 M PbCl2 or 1024 M Pb(ClO4)2 , the pH
f which was adjusted to 3.0 by adding 1023 M HClO4 . This elec

rolyte was prepared from guaranteed reagent grade chemica
ltrapure water supplied through a super Millipore Milli Q fi
ystem. Before introduction to the electrochemical cell, the ele

yte was deaerated with ultrapure argon gas in solution reserv

Measurements of changes in surface stress of the

lectrode.—The principle and apparatus of a bending beam method
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or measurement of changes in surface stress of a solid ele
ere described elsewhere.4,5,19 A laser beam of He-Ne was irrad
ted perpendicular to the glass plate side of the working elec
hich was placed into an electrochemical cell with an optical
ow. The irradiated beam also passed the liquid-air interface th

he optical window at a normal incidence angle. The reflected
as directed toward a position-sensitive photodetector~PSD,
amamatsu, Inc., S1300! located at a distance ofW 5 0.60 m from

he working electrode. The distance between the solution leve
eflection point of the laser beam,L, was 40 mm. The changes in
utput signals of the PSD were converted into the changes in

ion, Da, of the reflected beam on the PSD.
The changes in reflection angle,Dw, of the laser beam due

ending of the glass plate caused by the changes in surface str
iven by

Dw 5 Da/nsW @5#

herens is the refractive index of the solution. The term ofns in Eq.
has not been so far taken into consideration for most of the s
n changes in stress by using a bending beam method. As cl
y Láng and Seo,19 the insertion ofns into Eq. 5 is indispensab
ecause the reflected beam is refractive at the solution/air inte
therwise, the omission ofns would produce 20-30% errors in t

nal calculation ofDg. The changes in reciprocal to the curvat
adius of bending of the glass plate,D(1/R), are directly related t
he changes in reflection angle,Dw, as follows

D~1/R! 5 Dw/2L @6#

n the case where the thickness of the metal film electrode,t f , is
ufficiently less than that of the glass plate,ts, the changes in su
ace stress,Dg, can be calculated by using Stoney’s equation.20

Dg 5 @Ests
2/6~1 2 vs!#D~1/R! @7#

A gold plate was used as the counter electrode. The elec
otential was measured with an Ag/AgCl electrode in a satu
Cl solution and referred to the standard hydrogen electrode~SHE!.
he cyclic voltammogram~CV! was measured at a potential sw
ate of 5 mV s21 in the potential region between20.24 and 0.8 V
SHE! and simultaneously the dc output signals of the PSD
ecorded on a personal computer. The anodic limit was chosen

to avoid the onset of the surface oxygenation reaction on
hile the cathodic limit was chosen at20.24 V, corresponding

he equilibrium potential of Pb/Pb21(1024 M). The potential ste
rom 0.8 V to a certain potential in the UPD region was also
ormed to follow the transient of the surface stress. The tempe
f solution in the electrochemical cell was kept at 25°C.

Results and Discussion

Cyclic voltammogram and surface stress vs. electrode pote
urve.—Figure 1a and b show the CV and the surface strevs.
lectrode potential (Dg vs. E!curve measured at a potential sw
ate of 5 mV s21 for the gold electrode in pH 3.0, 0.5 M NaCl4
olution with 1024 M Pb(ClO4)2 . The surface stress,Dg, was re
erred to zero at the anodic limit of 0.8 V. The sign of chang
urface stress to the tensile direction was taken to be positi
s usually defined. The blankDg vs. Ecurve measured in pH 3.
.5 M NaClO4 solution without Pb21 is also shown in Fig. 1

or comparison. This blank curve was shifted to positive
g 5 0.4 J m22 to avoid the overlapping of both curves. The bl
g vs. Ecurve changes monotonously in both cathodic and an
otential sweeps while theDg vs. Ecurve in the presence of Pb21

as maxima at about 0.2 V and humps at about20.05 V in both
athodic and anodic potential sweeps. These maxima and h
orrespond to the cathodic and anodic current peaks in the C
ig. 1a associated with underpotential deposition and desorpt

b. The main cathodic and anodic current peaks at about20.05 V in b
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he CV of Fig. 1a are consistent with those observed for the si
rystal gold~111! electrode in the same electrolyte solution,21 indi-
ating that the evaporated gold thin-film electrode used in thi
eriments is mainly oriented to the~111! plane. In the cathod
otential sweep from the anodic limit, the increase inDg down to
.2 V responds to the decrease in positive surface charge den
esorption of perchlorate ion from the electrode surface, where
ecrease inDg at potentials lower than 0.2 V is brought about
PD of Pb. The humps at about20.05 V in theDg vs. Ecurve of
ig. 1b may be associated with the structural change of the
hase as discussed later.

Figure 2a and b show the CV and the surface stressvs.electrode
otential (Dg vs. E!curve measured at a potential sweep rate
V s21 for the gold electrode in pH 3.0, 0.5 M NaClO4 solution
ith 1024 M PbCl2 . There are no significant differences betw
ig. 1 and 2, except for thatD(Dg) between 0.2 V and anodic lim

0.8 V! in Fig. 2b is larger by 0.2 J m22 than that in Fig. 1b. Th
ifference may result from the strong specific adsorption of chl

on as compared to perchlorate ion in the potential region bet
.2 and 0.8 V. Although there is some hysteresis in CV and thDg
s. Ecurve between cathodic and anodic potential sweeps in F
nd 2, in this paper the discussion is focused on the results ob

n the cathodic potential sweep in which Pb-UPD proceeds.

Relation between surface stress,Dg, and cathodic charg
ensity,Dqc.—Figures 3 and 4 show the relation between sur
tress,Dg, and cathodic charge density,Dqc for the gold electrode
n pH 3.0, 0.5 M NaClO4 solutions with 1024 M Pb(ClO4)2 and
bCl2 , respectively. In Fig. 3 and 4, the surface stress,Dg, was
btained in the cathodic potential sweep from the anodic limit w

he cathodic charge density,Dqc , was obtained with integration
he corresponding CV, referred to zero at the anodic limit. The
hodic charge density,Dqc , thus defined is different from the s
ace charge density,DsM , which is obtained with integration of C
rom the potential of zero charge~pzc!. The pzc can be determin

igure 1. ~a! CV and ~b! surface stressvs. electrode potential (Dg vs. E
urve measured at a potential sweep rate of 5 mV s21 for the gold electrod
n pH 3.0, 0.5 M NaClO4 solution with 1024 M Pb(ClO4)2 .
y capacitance or impedance measurement. As pointed out by Seo
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t al. for Cu-UPD on Au22 and by Conwayet al. for Pb-UPD on
u,23 the pzc likely shifts with surface coverage of the metal

om. Therefore, it seems difficult to determine the pzc during
PD on Au. However, if the CV has no significant hysteresi
nodic and cathodic directions, the relative change ofDqc would not
eviate from that ofDsM except for the opposite sign~positive or
egative!of charge. In Fig. 3 and 4, the sign ofDqc was taken to b
egative. Here, by the above reasons, we deal only with the re
hange inDqc in place of surface charge density,DsM . The Eq. 3
ay be applicable to discuss the relation betweenDg andDqc . It is

igure 2. ~a! CV and ~b! surface stressvs. electrode potential (Dg vs. E!
urve measured at a potential sweep rate of 5 mV s21 for the gold electrod
n pH 3.0, 0.5 M NaClO4 solution with 1024 M PbCl2 .

igure 3. Relation between surface stress,Dg, and cathodic charge dens
qc , ~or surface coverage of Pb,uPb) for the gold electrode in pH 3.0, 0.5

24
 taClO4 solution with 10 M Pb(ClO4)2 .

 address. Redistribution subject to ECS terms155.97.178.73aded on 2014-10-09 to IP 
een from Fig. 3 and 4 that the relation betweenDg andDqc con-
ists of three linear~a!, ~c!, and ~e!, and two plateau~b! and ~d!
omains. In the linear~a! domain, no UPD of Pb but adsorption
erchlorate ions or chloride ions proceeds. The slopes of the
a! domain are21.19 V in Fig. 3 and21.24 V in Fig. 4, respec
ively. According to Haisset al.,7 the slopes derived from the line
elation between changes in surface stress and surface charg
ity for the evaporated gold film electrode in 0.1 M HClO4 and
.1 M HClO4 1 5 3 1023 M CsCl solutions were20.91 V for
lO4

2 and20.67 V for Cl2. The discrepancy in slope between
resent result and Ref. 7 may come from the differences in pot
weep rate, solution pH, electrolyte species, and concentration
lateau~b! domain corresponds to the transition from the anion
orption phase to the Pb-UPD phase. The slopes of the line~c!
omain are 0.55 V in Fig. 3 and 0.36 V in Fig. 4. The differe
etween coadsorption of ClO4

2 and Cl2 with Pb atoms may refle
n the difference in slope of the linear~c! domain. Coadsorption
etal atoms and anion species has been well studied for the U
u on Au~111! in the presence of SO4

22 and Cl2.24,25 Shi et al.25

stimated the surface concentration of Cl2 coadsorbed with copp
toms during Cu-UPD on Au~111! by measuring the CV in perchl
ate solutions with different Cl2 and Cu21 concentrations and usi
he Gibbs adsorption isotherm, and reported that the maximum
ace concentration of coadsorbed Cl2 is about 10% of the conce
ration of Cl2 in the close-packed monolayer of Cl2. The coadsorp
ion of Cl2 may occur during Pb-UPD on Au as well as Cu-U
owever, there have been few studies on coadsorption of C2 for
PD of Pb on Au.23,26Vicenteet al.26 by using a rotating-disk ele

rode found that Cl2 apparently enhances the adsorption of P
u.

The plateau~d! domain coincides with the potential region of
ump inDg vs. Ecurves of Fig. 1b and 2b. The emergence of h

n Dg vs. Ecurve may be associated with the structural chang
urface phase. Therefore, it is suggested that the structural cha
PD phase takes place at the plateau~d! domain. The slopes of th

inear ~e! domain are 0.58 V in Fig. 3 and 0.52 V in Fig. 4, resp
ively. The difference in slope at the linear~e! domain between Fi

and 4 is very small as compared to that at the linear~c! domain
hich may be associated with the structure of Pb-UPD phase

he structural change at the plateau~d! domain.
If the intersection point of two extrapolated lines in the lin

a! and ~c! domains is regarded as onset of Pb-UPD,i.e.,
qc 5 20.94 C m22 in Fig. 3 andDqc 5 21.06 C m22 in Fig. 4,

igure 4. Relation between surface stress,Dg, and cathodic charge dens
qc ~or surface coverage of Pb,uPb) for the gold electrode in pH 3.0, 0.5
aClO4 solution with 1024 M PbCl2 .
he cathodic charges,D(Dqc)m required for completion of the
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rst UPD monolayer at the cathodic limit are23.72 C m22 in
ig. 3 and24.20 C m22 in Fig. 4, respectively. The atomic dens
f an atomically flat Au~111! surface without reconstruction
.383 1019 atom m22. Assuming the sorption valency of P
5 2 and the hexagonal close-packed monolayer of Pb

aking the difference in radius between Pb (r 5 0.175 nm) and A
r 5 0.144 nm) atoms into account, the cathodic charge req
or the completion of the first UPD monolayer on an atomically
u~111! surface isD(Dqc)m 5 3.02 C m22. Therefore, the surfac

oughness of the Au electrode can be estimated by div
D(Dqc)mu 5 3.72 C m22 in Fig. 3 and 4.20 cm22 in Fig. 4 by
(Dqc)m 5 3.02 C m22. The surface roughness thus estimated

he range of 1.2 to 1.4. Furthermore, the surface coverage o

Pb, can be estimated by dividingD(Dqc) by D(Dqc)m required fo
ompletion of the first UPD monolayer. The estimated surface
rage of Pb in the plateau~d! domain ranges fromuPb 5 0.41 to
.83 in Fig. 3 and fromuPb 5 0.47 to 0.83 in Fig. 4, which a
onsistent with the coverage isotherms of the Au(111)/Pb21, ClO4

2

ystem obtained by Engelsmannet al.21 According to the SXS stud
f UPD of Pb on Au~111! by Toneyet al.,27 the Pb-UPD layer form
compressive, incommensurate, hexagonal structure and its a
ear-neighbor spacing changes from 0.35 to 0.34 nm as the
roceeds. Even if the lattice constant of the UPD layer change

igure 5. Transients of cathodic current density,i c , and of surface stres
g, by a potential step from 0.8 to20.24 V for the gold electrode in pH 3.
.5 M NaClO4 solution with 1024 M Pb(ClO4)2 .
o compression, the surface coverage of Pb estimated fromD(Dqc) r
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e

ould not provide the considerable errors~at most 6%!. Vicent
t al.26 showed that the cathodic charge during Pb-UPD on A
reased with Cl2 concentration. It should be noted that the valu
D(Dqc)mu in perchlorate solution containing Cl2 ~Fig. 4! is large
y 0.5 C m22 than that ofuD(Dqc)mu in perchlorate solution witho
l2 ~Fig. 3!, which is consistent with the results obtained by Vic
t al.24

STM28 and AFM29 studies showed that on reconstructed Au~111!
urfaces Pb deposition initially takes place at the step edges.
ards, small Pb islands are formed on the terrace, and these
oalesce to form the full monolayer at about20.05 V. It was con
rmed that the Pb island consists of the closed-packed hexa
tructure with an atom-atom spacing of 0.356 0.02 nm. Moreove
he SXS study of UPD of Pb on Au~111! ~Ref.27!indicated that th
b monolayer with compressive, incommensurate hexagonal

ure rotated from the gold substrate@011̄# direction byR 5 2.5° a
he potential lower than20.11 V, but not rotated~i.e., R 5 0°) at
he potential higher than20.08 V. It is deduced from comparison
ur present results with STM, AFM, and SXS results that the in
b deposition at the step edge and followed by formation of s

slands on the terrace take place in the linear~c! domain, while th
oalesce of Pb island proceeds in the plateau~d! domain, accompa
ying the change in rotation angle of the incommensurate hexa
tructure fromR 5 0° to 2.5°, and, eventually, the linear~e! domain

igure 6. Transients of cathodic current density,i c , and of surface stres
g, by a potential step from 0.8 to20.24 V for the gold electrode in pH 3
.5 M NaClO4 solution with 1024 M PbCl2 .
esponds to the formation of the full monolayer withR 5 2.5°.
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The surface stress measurement for the solid/gas interface
s Ni~111!/O, C, or S and Ni~100!/C showed that the changes
urface stress have plateaus in certain surface coverage range30 The
resence of the plateau means the relaxation of surface stress

he reconstruction of the surface at certain surface coverage
as revealed in the solid/gas interface. For example, in case
i~111!/C interface, the change in surface stress to the compre
irection increased with increasing coverage for carbon adsorb
i~111! and took a plateau atu 5 0.4.31 This stress relaxation w
ttributed to the reconstruction of the surface which involves

ormation of a~100!-type surface layer of atoms with carbon at
n the fourfold hollow site as have been revealed by Gardinet al.32

nd by Kinket al.33 The compressive surface stress in this struc
s reduced because of the less dense packing of the surface
n the case of Pb-UPD on Au~111!, however, the situation may
ifferent from the Ni~111!/C system because no reconstruction

he second surface atomic layer consisting of gold atoms
lace in spite of the structural change of the Pb-UPD layer
5 0° to 2.5°. According to Toneyet al.,27 although an averag

ear-neighbor spacing of the incommensurate hexagonal Pb
ayer decreased as Pb-UPD proceeded, the decrease in the a
ear-neighbor spacing was suppressed in the potential region

han 20.1 V at which the structural change in Pb-UPD layer f
5 0° to 2.5° took place. The suppression of the decrease i

igure 7. Transients of cathodic current density,i c , and of surface stres
g, by a potential step from 0.8 to 0.0 V for the gold electrode in pH 3.0
NaClO4 solution with 1024 M PbCl2 .
verage near-neighbor spacing may correspond to the release oo

 address. Redistribution subject to ECS terms155.97.178.73aded on 2014-10-09 to IP 
h

to

s.

-
ge
r

ompressive surface stress. The potential~20.05 V! at which the
ump ofDg appears in the present study may deviate slightly

he potential~20.1 V! at which the structural change in Pb-U
ayer fromR 5 0° to 2.5° takes place, because the pH and con
ration (Pb21 or ClO4

2) of the electrolyte solutions used for exp
ents are different between the present and SXS27 studies.

Kinetics of structural change of the Pb-UPD phase evalu
rom the response of surface, stress by a potential step.—Figures 5
nd 6 show the transients of cathodic current density,i c , and o
urface stress,Dg, by a potential step from 0.8 to20.24 V for the
old electrodes in pH 3.0, 0.5 M NaClO4 solutions with
024 M Pb(ClO4)2 and PbCl2 , respectively. Thei c andDg rise rap

dly after the potential step and then decrease gradually. After
g takes a maximum and decreases again, whilei c decreases co

inuously, accompanying an inflection point. The emergences
aximum of Dg and an inflection point ini c , correspond to th

tructural change of the UPD phase fromR 5 0° to 2.5° and th
ompletion of the Pb monolayer withR 5 2.5°, respectively. Afte
assing through the inflection point, however,i c does not drop t
ero. This may result from the reduction of oxygen which rema
lightly in solution in spite of removal of dissolved oxygen by
rapure argon gas. The times required for the emergences of a
um of Dg and an inflection point ini c are shorter in Fig. 6 b
bout 4 s than those in Fig. 5, suggesting that the structural c

igure 8. Transients of cathodic current density,i c , and of surface stres
g, by a potential step from 0.8 to 0.3 V for the gold electrode in pH 3.0
NaClO4 solution with 1024 M PbCl2 .
ff Pb-UPD phase and the completion of the UPD monolayer are
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Downlo
romoted by the presence of the chloride ion. It is known tha
oadsorption of Cl2 and SO4

22 or HSO4
2 take place during Cu-UP

n Au ~111!.24,25 It seems that the coadsorption of anion spe
tabilizes the UPD phase due to the decrease in surface energ
oadsorption of Cl2 during Pb-UPD on Au should promote t
tructural changes of the UPD phase. More quantitative studi
oadsorption of anion species during Pb-UPD on Au, howeve
eeded to understand the kinetics of the structural changes
PD phase and their anion effects. Figures 7 and 8 show the
ients of cathodic current density,i c , and of surface stress,Dg, by
otential steps from 0.8 to 0.0 V and 0.3 V for the gold electrod
H 3, 0.5 M NaClO4 solutions with 1024 M PbCl2 , respectively. A

he potential step from the anodic limit to 0.0 V which is highe
nly 50 mV than the potential~20.05 V! of hump emergence, n
aximum ofDg except for the initial stage and no inflection po
f i c are observed, indicating that any structural changes o
u~111! surface do not proceed at a potential higher than20.05 V.
t the potential step from the anodic limit to 0.3 V, the potentia
hich is prior to the onset of the Pb-UPD,Dg increases rapidly an

hen attains a steady state, indicating that desorption of Cl2 or ClO4
2

roceeds without Pb-UPD. In pH 3.0, 0.5 M NaClO4 solutions with
024 M Pb(ClO4)2 , results similar to Fig. 7 and 8 were obtaine

Conclusions

The surface stress of gold-film electrode during underpote
eposition~UPD! of Pb was measured by a bending beam meth

nvestigate the relation between surface stress and structural c
PD phase. The following conclusions were drawn.

The surface stressvs. potential curve took a maximum at t
otential of the transition from anion adsorption to Pb adsorp
oreover, the hump in the surface stressvs.potential curve emerge

n the range of Pb surface coverage,uPb, from 0.4 to 0.8, indicatin
he structural change of the Pb-UPD layer.

Two linear relations separated with a plateau region held bet
urface stress and cathodic charge during Pb-UPD. The plate
ion corresponded to the hump in the surface stressvs. potentia
urve. It was deduced from the comparison with the STM, A
nd SXS results in the literature that the plateau region is asso
ith the change in rotation angle fromR 5 0° to R 5 2.5° of

ncommensurate hexagonal close-packed Pb layer.
The kinetics of the structural changes of Pb-UPD layer wa

estigated from the response of surface stress by a potentia
rom the anodic limit to the cathodic limit~monolayer deposition!. It
as found that it took 20-30 s for structural changes in the Pb-

ayer. The coadsorption of Cl2 seems to promote the structu

hanges of the UPD phase.
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It was emphasized that the compressive surface stress indu
b-UPD layer was released by the change in rotation angle
5 0° to 2.5° of Pb-UPD layer.
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