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Ordered Binary lonic Adlayers on a Au(110) Electrode: Coadsorption of Alkali Metal
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Alkali metal cations are found, using X-ray diffraction, to coadsorb with iodide ions on a Au(110) electrode
surface at potentials positive of the onset of the Au(110) reconstruction and negative of the formation of
iodine monolayers. The adlayer exhibitc@ x p) in-plane diffraction pattern withp depending on the

cation species and concentration. For the Csl adlgyer, 45 independent of potential and the 'Cd~

spacing is close to that in bulk Csl. In KI, Nal, and Lil solutiopsncreases with increasing potential. As

a result, the coverages of both the cation and anion species decrease with increasing potential. For the anion,
the slope of the potential-dependent coverage is opposite of its behavior in the absence of cation coadsorption.
This unusual behavior is attributed to the net positive charge within the adlayer due to the partial discharge
of chemisorbed iodides. Details of the diffraction features suggest the existence of antiphase domains and
relaxation at domain walls.

I. Introduction of the onset of halide adsorption has been demonstrated. A (4
. . ] x 4) LEED pattern for a Csl adlayer has been reported for the

~ The atomic structure and phase behavior of setitéctrolyte Au(111) electrode emersed from a Csl solution at potentials

interfaces is fundamentally important to our understanding of negative of—0.4 V12 but has not been confirmed by aity

the microscopic basis of electrochemical phenomena. New iy, techniques. One possible reason is that the ordering is

situ structural probes, such as, surface X-ray scattering (SXS), jnqyced by the crystallization of Csl in the emersion process.

scanning tnneling microscopy (STM), and _atomic. force Recently, Gao et al. obtained atomically resolved STM images
microscopy, can provide detailed structural information at for a cesium-iodide coadsorbed adlayer on Au(L70)They
electrode-electrolyte interf{;\ces on an atomic.scale. Mos.t of suggested a Csstoichiometry for the adlayer. Here we report
the adlayer structural stuqhes hz_ave been carried out for hlg_hly in situ SXS results for the cation-dependent adlayer structures
discharged storbates, mcl_uc_img undeér Spotentlal deposnedon Au(110) in Csl, KI, Nal, and Lil solutions. On the basis of
glisg?sirgr?i:‘ﬁ:l arfl'[?;l ;:r?:f f egxc'ﬂrz ﬁg dh:r!?ar? dir;l;;hg??hzti?rﬁ;ur ethe match between the physical properties and observed lattice
of atomic adlayers and its effect on electrochemical processes.?érrlrjﬁt\lljvr;f_gréz(:e%d:z’rl]?éséglsyggw?heit;‘f’ilt th';?ghq]oertwﬂgrc;/dgss
Little is known, however, about the ordering of binary ionic . : .
adlayers on single-crystal electrode surfaceg y Au(110). The characteristic structure and phase behavior of
) binary ionic adlayers have been revealed by detailed structural

lon gdsorptlon on elgctrodes has been extensively StUOIIedanalysis and systematic studies of concentration effects.
theoretically and experimentally as the central component of

the electrochemical double-layer models. In a molecular model ) ]
for anion adsorption at an electrode/electrolyte interface, ad- /. Experimental Section
sorbed anions are partially solvated, i.e., the dipoles of the
solvent molecules at the surface are oriented toward the negativ
charge of the ad-anioi¥$% In concentrated electrolytes, the
lateral Coulombic repulsion between the ad-anions is likely ) .
counterbalanced by cation coadsorption. This possibility has sputtering an_d ann_eallng '2 vacuum, the sample was traqsferred
long been recognized but excluded from most molecular models ©© an X-ray diffraction celt? Solutions were made from h.'gh'
used to describe the properties of the inner layer of the electrical PUTIYY Nal, Kl, Csl, and KF from Aldrich and water purified

double layer, in part, because of the lack of reliable experimental PY means of a Milli-Q system (Millipore Inc.). After being
data® deoxygenated with 99.999%Mgas, the solution was injected

into the X-ray cell. A thin-layer solution (3620 um) was
maintained between the electrode surface and the polypropylene
X-ray window. All electrode potentials are referenced to a Ag/
AgCI(3 M KCI) electrode. X-ray measurements were carried

e In situ SXS measurements were carried out using a Au(110)
disk crystal (10 mm diameter by 3 mm) which was oriented
within 0.2° from the 1100 crystallographic planes. After

The cesium ion, as the largest and the least hydrated alkali
metal ion, is believed to be the most readily adsorbed cation,
and for this reason it has attracted the most attention in

experimental studies of cation coadsorption. Surface concentra . : -
tions of Cs, CI-, Br-, and I have been determined ke situ out at room temperature with focused monochromatic radiation

X-ray photoelectron spectroscopy as a function of emersion (A =1.51 A) at the National Synchrotron Light Source beamline

potential from cesium halide on polycrystalline gold filisA X22B usin_g a four circle diffractometer. A 3-mrad Soller slif[
significant increase of Csadsorption in the potential region ~ Was used in front of the detector to reduce the diffuse scattering

background. A rectangular coordinate system was constructed
T Denartment of Avolied Science by takinga = 2.885 A andb = 4.078 A within the surface
t Degartmem of pﬁ?sicsl ' plane, anc: = 2.885 A normal to the surface. The scattering
€ Abstract published ilAdvance ACS Abstractdarch 15, 1996. vector Q equals Ha*, Kb*, Lc*) where a* = ¢* = 2n/a =

0022-3654/96/20100-6672$12.00/0 © 1996 American Chemical Society
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Figure 1. Linear sweep voltammogram for Au(110) in 0.01 M K. E 2r
Sweep rate 5 mV/s. E or
, . -2
2.178 A1 b* = 27/b = 1.540 A L. The relationship between o
the cubic vector,K; k, I)c, and the rectangular vectdd (K, L) - :
is given by the transformationsi=-H + L, k=H + L, and 6.

-0.6 -0.3 0 0.3

| =K. Forexample, (2,2, @)= (0,0, 2), (0, 2, ®)= (1, 0, 1), Epg/aget (V)

and (1, 1, 1)= (0, 1, 1). Since all of the in-plane diffraction

measurements were carried outat 0.1, we will abbreviate ~ Figure 2. Linear sweep voltammograms for Au(110) in 0.01 M KI
(H, K, 0.1) as H, K) (a) and Csl (b) solutions. Sweep rate 20 mV/s.

. . (a) Diffraction Pattern
Ill. Results and Discussion

The electrochemical conditions for the ionic adlayer formation (@ °
are depicted in Figure 1 by the linear sweep voltammetry curve o o
for Au(100) in 0.01 M KI solution. The pair of peaks near ) . .
—0.6 V signal the formation (lifting) of the Au(lx 3) & o o
reconstructiof!* as the iodide coverage drops below (rises dd .
above) a critical value. At-0.34 V the pair of sharp and @ o o

reversible peaks are associated with the formation and the
dissolution of the fully discharged iodine monolayer. Such
peaks have also been observed at about the same potential on
Au(100) and Au(111) surfaces. Above0.3 V, several com-
mensurate, uniaxially commensurate, and incommensurate
iodine monolayers have been observed in the different potential
regions on the three gold surfacs. All these iodine adlayer
structures have a hexagonal or quasi-hexagonal symmetry and
are independent of the cation species as expected for neutral
adatoms in an incommensurate or uniaxially commensurate
lattice. Furthermore, the electrosorption valence measured at
the potentials positive 0f-0.3 V on Au(111) indicates the

Complt_ate dls_ch_arge of iodidésAt potgr_ltlals negative of the_ Figure 3. (a) In-plane diffraction pattern observed from the Au(110)
formation of iodine monolayer and positive of the reconstruction 4 actrode at-0.52 V in 0.01 M Csl. Solid and open circles represent

lifting potential, significant amounts of iodides are adsorbed in  the reflections from the Au(110) substrate and the adsorbates, respec-
a basically ionic fornt® This can be inferred from the high tively. (b and c) Real space structure models which can give rise to
double-layer capacitance in this potential regibnSince the the observed diffraction pattern in a. The diameters of the circles with
iodide surface oxidation occurs at about the same potential on“~" and “+” signs are respectively proportional to the diameters of
the three low-index gold surfaces, the potential window of ionic trz‘esgs(d}i\gz A) and Cs (3.62 A) relative to the diameter of gold atom
adsorption is the largest for (110) surface because it has the( ' )

most negative potential of zero charge.

Cyclic voltammograms, obtained respectively in 0.01 M KI facts suggest that the phase transition at higher potentials is
and Csl solutions are shown in Figure 2. In order to avoid associated with not only iodide adsorption but also cation
complications associated with the gold surface reconstruction, desorption. Between the dashed lines ar@3 V no ordered
the low potential limit is set at-0.6 V compared with the-0.78 adlayer structure is observed. The current peaks in this potential
V limit in Figure 1. A comparison between the curves in Figure region can be associated with the transitions between the binary
2 shows a pronounced difference in the potential region betweenionic adlayer and the fully discharged iodine monolayer.

—0.5 and—0.3 V and this is where ionic adsorption occurs. Figure 3a shows the in-plane diffraction pattern observed for
Our X-ray diffraction results (discussed below) show that well- the Au(110) surface at potentials betwee0.56 and—0.36 V
ordered ionic adlayers form between the potential limits marked in 0.01 M Csl solution. In addition to the integer reflections
by the dotted and the dashed vertical lines in Figure 2. In both of the Au(110) substrate (solid circles), a centered rectangular
solutions, at the same negative potential limit, the ordered diffraction pattern (open circles) is observed and attributed to
adlayers disappear and the surface reconstruction of the Au-the C§—I~ adlayer. The base vectors are indexed ¥yQ)
(110) substrate occurs. This phase transition is mainly con- and (0%/4) and all observed diffraction peaks occur @2, 3/
trolled by the iodide desorption. The positive potential limit, 4) wherem + n = even. This diffraction pattern corresponds
however, differs in these two solutions. In either solution, both to a centered (2 43) unit cell in real space. The proposed
correspond to a significant increase of anodic current. TheseCsl-(2 x 43) adlayer model is shown in Figure 3b. The high-

®
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order commensuration along th@lldirection is illustrated in 3000
the figure; however, it does not give rise to the diffraction
features of the (2x 4) surface unit cell since there are no
diffraction peaks at the (8,) and (0%,) positions. We did not
determine the registry of the adlayer with respect to the
underlying gold layers. Howevem situ STM images have
shown that the all the adatoms are located between the rows of d
Au atoms in thd10direction and that every “brighter” spot is 1 e

followed by two “weaker” spots along tH81direction? This 0.74 0.79 0.84

leads to the adlayer registry for a Csl adlayer as shown in Figure K (units of b)

3b in which the “brighter” spots are assigned to the adsorbate, Figure 4. K scans ati = 0.5 from thec(2 x p) phase of KI (open
Cs' or I, on the bridging sites assuming that the tunneling symbols) and Csl (solid circles) on Au(110) in 0.01 M solutions. Solid

current is mainly determined by tredisplacement. lines are the fits to Lorentzian line shape.

2000

1000

Intensity (counts/sec)

Alternatively, the brightness pattern of the STM image can 042 ]
be explained by assuming that thg of the tunneling maxima 041l ° 88} m ﬁ'm ]
appearing “brighter” are associated with*Cand the othe?/3 2 oal v 001 MGl
of the spots appearing “weaker” are associated with On 5
the basis of this assumption Gao, Edens, and Weaver proposed 8039y \

a Csb—(2 x 4) adlayer modélas illustrated in Figure 3c. The 0381
absence of the diffraction features characteristic of & (2) 037 ) . X
surface unit cell precludes significant in-plane relaxations. This .
means that all the adatoms have to be equally spaced along the 042F ). 4 001 MK, 009 M KF ]
[01Wirection. In addition, due to the fact thatCand I~ have 0.41¢ o 001 MK 1]
an identical number of electrons, the £slodel shown in Figure $ o4l ool MK
3c is practically undistinguishabt€rom a crystallographic g 039}
perspective-from the Csl model in Figure 3b. However, as ©
discussed in the following, the former model stands out on the hontd (R

i i i 037k . . . ;
basis of physical and chemical arguments. ot o om o om

The CS$—I~ separation calculated from the 2 #/3) unit
cell is 3.96 A, which is very close to the value of 3.95 A in .

S . . Figure 5. Coverage of iodide as a function of potential in 0.01 M
bulk CS.I' This fact shows that the.adlayer. structgre _IS mainly Csl, KI, and Nal solutions (a) and in the solutions containing different
determined by the adatofmdatom interaction which is con-  + o1 ¢ and I concentrations (b).
sistent with the lack of in-plane relaxation due to the different
adsorption sites. In contrast, the41~ separation of 3.96 Ain  giffraction intensity profile is centered at 0.75 at all potentials
the Csp model is much too small compared to the diameter of pepyeen—0.56 and—0.36 V. Hence, the Csl adlayer is
iodine ions (4.32 _A)- Buckling has been ruled out as an ncompressible with changing potential and has a constant
explanation since in the model all the iodides are assigned t0 cqyerage over the 0.2 V potential region. In the Kl solution,
the "weaker” spots at the near-hollow sites. Besides the strongpoyever, the diffraction peak shifts to larger values in ke
electrostatic repulsion between the charged iodides, a 3.96 Agcans with decreasing potential. Therefore, the lattice constant
nearest-neighbor separation between two iodides is also 100gj9ng thek direction decreases and the coverage of the adlayer

Erg/nger ()

small for neutral iodine to be plausible. increases with decreasing potential. The same trend is also
The (2 x “3) unit cell of the Csl ionic adlayer has lattice observed in Nal and Lil solutions. Since there is one iodide
constants 5.77 and 5.55 A along tf®0and [010directions, and one cation per unit cell, the iodide coverage is obtained

respectively. This is much closer to square than the underlying from the ratio of the unit cell areas of the Au(110) surface and
rectangular gold lattice and is clearly distinct from the quasi- the adlayer which is 1/(8. The coverages obtained in various
hexagonal symmetry of all three uniaxially incommensurate solutions are summarized in Figure 5.
iodine adlayers found at more positive potentiglsFor an In all the solutions studied, the potential window for the ionic
atomic adlayer, hexagonal symmetry is preferred since it gives coadsorption shifts negatively with increasing iodide concentra-
the highest number of the nearest neighbors. Square symmetrytion (Figure 5b compared to Figure 5a), independent of the
on the other hand, is favorable for binal’y ionic adlayers becausecation species and its concentration. This Suggests that the
it allows each ion to surround itself with the maximum number chemisorbed anions play the dominant role in the adsorption
of counterions. Therefore, the quasi-square symmetry of the process. Within the coadsorption potential window, however,
lattice supports the binary ionic adlayer model presented in the cation species and concentration are more important in
Figure 3b. determining the incommensurate adlayer coverage. To dem-
Further support for the proposed Csl ionic adlayer structure onstrate this effect, we show in Figure 5b that the adlayer
has been obtained from the congruence of its lattice structurecoverage at a fixed potential in a mixed solution of 0.1 M K
and phase behavior with other alkali-metal iodide adlayers. The and 0.01 M T (triangles) is the same as that in 0.1 M Kl solution
diffraction patterns observed in KI, Nal, and Lil solutions have (squares). Thus, with the exception of 'Chigher coverages
the same symmetry as that of the Csl adlayer. The unit cell in can be obtained by increasing the cation concentration or
real space is centered rectangular with lattice constants of 2 decreasing the potential. These effects can be understood in
and pb, where p changes with potential and cation species. terms of chemisorbed anions and physisorbed cations in the
Typical K scans through the first-order diffraction afx(1/p) adlayer. The partial discharge of chemisorbed iodides breaks
are shown in Figure 4. The intensity profiles have Lorentzian the charge neutrality of the adlayer. The net positive charge
line shapes as shown by the solid lines. The center of the within the adlayer increases with increasing the coverage,
diffraction peak gives the value offl/ In the Csl solution, the  consistent with higher coverages at more negative potentials.
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The K*—1- separation in the adlayer ranges from 3.79 A (at
the most negative potential in 0.1 M solution) to 3.92 A (at the
most positive potential in 0.01 M solution). These values are
significantly larger than the K—I~ separation of 3.525 A in
bulk crystalline KI. Moreover, the Nal coverage as shown in
Figure 5a is lower than the Kl coverage which means that the
cation—iodide separation in the Nal adlayer is larger than that
in the Kl adlayer despite of the fact that Nare smaller than
K*. The Lil coverage (not shown) is nearly the same as that
of Kl although the Li—I~ separation in the bulk crystal is only
3.002 A. These facts indicate that the cations, except for Cs
appear to be larger in the adlayer than in their corresponding
bulk crystals and the difference increases in the orderiofk
Nat < Lit. It is known that the extent of solvation also
increases in the same order for these iBrmjggesting that the
d¢V|atlon of '.[he cationriodide .Separatloln from the pUIk valug Figure 6. Antiphase domains of a Kl adlayer on Au(110) with (right
might be attributed to the partial hydration shell which remains paneny and without (left panel) the lattice displacemengsb, along
on the cations in the adlay&t. This may also be the reason the 10direction.
why these three cations all desorb at about the same potential
(i.e., the same positive potential for the ionic adlayer, cf. Figure diffraction width, given by the inverse size, is calculated to be
5), which is significantly more negative than the potential where 0.0125 A which is about three times wider than the funda-
unhydrated Csions desorb. Alternatively, the commensuration mental peak width. Since the superlattice peak intensity relative
along thel100direction induces a lattice distortion from the to the fundamental peak scales as the product of the structure
square symmetry, which may in turn result in a decrease of factor ratio squared'f) divided by the width ratio (3), the

packing density of the adlayer as compared to an undistortedsuperlattice peak intensity should be a factor of 12 smaller than
square lattice. the fundamental reflections. Thus, the antiphase domain model

We now turn our attention to the detailed structural features for the Kl adlayer alone can account for the absence of
of the KI, Nal, and Lil adlayers. The calculated structure factor SUPerlattice peaks under our experimental conditions. To rule

at (m/2,n/p) for a centered rectangular lattice with one cation ©Ut other kinds of disorder, however, requires reliable data for
(M) and one anion (i) per unit cell is equal to the scattering near the odd-order positions. Detailed analysis

(f-(—1)™f,+), where we have assumed perfect long-range of the data in terms of the domain wall relaxation follows.

order of the two components. Thus, the odd-order reflections , 1 1€ 1€t panel of Figure 6 shows an antiphase domain model

(m + n = odd) are weaker than the even-order ones. Since for the Kl adlayer in which the different domains are shifted
X by exactly a half of a unit cell along both th&0Oand 0101

iodides and cesium cations have the same numberofelectronsd. " Thatis. th i dani interch df
i.e., Z- = Zcs = 54, the structure factor is zero for the odd- A!fECtoNs. Thatis, the calions and anions are interchanged irom

order diffractions, which is consistent with the observation of one doma'” to the next. The mtroduc_tlon of the_se anion- or
the absence of these reflections. Howevér, € fu+) has a cation-rich domain walls leads to a lattice relaxation along the

nonzero value for other alkali metal cations, and the integratedmcommensurate d'feCt'Of? because O.f the SIZ€ and g:har_ge
intensity ratio of odd- and even-order peaks is equalfie difference between tr_le different species. _Th|s relaxation is
fu)/(fi- + fu))2. This yields 0.25, 0.47, and 0.86 for KI, Nal, 'ePresented by a fractionf of the adlayer lattice constarpity

and Lil adlayers, respectively. In our experiments, a peak with as indicated in the right side of Figure 6. As we shall see, these

10% of the peak intensity of thé/4, 1/p) peak should be visible displacements will give rise to a small shift and a broadening

o of the diffraction peaks along the displacement direction. It
gfjg/é?gegopt?ksag%ggegg ?r?]?gﬁ(g; l-gzg_?:ﬁgegcgrg;:hgf ?heshould be made clear that these displacements do not give rise

. - to the incommensurability of the adlayers since the domains
binary components in these three adlayers. . .
. themselves are incommensurate with the substrate. A closed-
_The loss of perfect long-range order can be modeled with o solution has been obtained by Fenter and Lu for the
either “chen_ucal disorder” or antlphase.domalns. Both give rise itfraction intensity profiles from a surface with randomly
to superlattice (odd-order) peaks which are broader than the isgributed domain wall® The calculated intensity profile has

fundamental (even-order) peaks. By chemical disorder we 4| grentzian line shape along the displacement direction where
mean that there is a finite probability that the different chemical e fyl-width half-maximum (FWHM) is given by

species within a unit cell are interchanged, and this gives rise

to nearest neighbors of the same species randomly distributed 1 ., 92 +1
throughout the surface. In the antiphase domain model (de- W=£COS 2— 20 (1)

scribed below and shown in Figure 6) the interchanges are
confined to the domain walls which run along the commensurate \yherep is determined by the domain wall density, and the
direction. The strain associated with the interchanges is thusdisplacementg

limited to the incommensurate direction and can be accom-

modated by relaxations. Such an anisotropic domain wall model ;2 = (1 — 1)? + 32 + (—1)™"2y(1 — y) cos(2mna)  (2)

is supported by the observation of anisotropic peak widths at

the even-order positions. As we demonstrate below, the Herem andn are the indices of the diffraction peak at/2,n/
relaxation at the domain walls gives rise to peak broadening p). A key feature is that the peak width oscillates with
along the incommensurate direction at the even-order positionsincreasingn along the displacement direction with a period of
which depend on the wave vector. From the analysis of the 1/a.

widths for KI we speculate that the length of the antiphase In Figure 7, the scattering intensity profiles along tke
domains is on average 80 A. The corresponding superlatticedirection are shown through the three lowest-order diffraction
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Figure 7. K scans through three low-order diffractions of the ionic é))(ci(r)cr:Tl]:sl? ;\ﬁj ;S(lzwz/:o(; (p))llfs SigﬁST%%sslthirgnspea roadening(
adlayers at-0.55 V in 0.01 M Csl (trianges) and KI (circles) solutions. ' '
After Iine.ar backgrounql spbtraction, peak intensities are normalized
to the unity and the solid lines show the fits to Lorentzian line shape. gy rther analysis of the data proceeds with finding pairg of

The FWHM of each peak obtained from the fits are given in the units . . . -
of b*. anda which give the measured peak broadening values within
40.0002 and+0.0006b* for the (Y2,1/p) and é/,,2/p) peaks,

peaks from the Csl (triangles) and the Kl (circles) adlayers at respectively. The results are plotted in Figure 8 in whichythe

—0.55 V. The peak intensities have been normalized to unity ando are respectively converted to the average domain length

to facilitate a comparison of the peak widths. Note that the and the nearest-neighbor separation at the domain vlls,

two K scans througiK = 2/p have different widths in both  The domain length (cf. Figure 6) is equal to [ y)/y]pb.2°

solutions as shown in the middle and bottom panels of Figure The D, is calculated from the geometric relatiob,2 = a2 +

7. TheK scan profiles through the (O)/positions are wider (0.5 + o)pb)2 where the plus and minus sign give Big values

than those through the (2f/positions. This is because the . regponding to an expansive and contractive displacements

former is a_Iong the longitudinal dlrect|_on where the spectrometer at the anion- and cation-rich domain walls, respectively. In

260 resolution enters and the latter is partly transverse where Fi 3 h dat int ¢ ir of ¢ d .

the resolution is narrower. To minimize the complications due igure 8, each data point represents a pair of parameters ( omain

to the spectrometer resolution in analyzing theependenk length andDy) that reproduce the measured peak broadening
at (t/2,1/p) shown as circles and &4,2/p) shown as plus signs.

scan widths, only the (2/2 gy peak widths will be used, since s i 4
the (2/2,2p) position is along the same azimuthal direction as From the region where the two symbols overlap in the figure,

is the (1/2,1p) position. we estimate an average domain length of48@0 A, and the
The nearly identical peak widths along tKedirection at ¥/ Dy of 4.36+ 0.06 and 3.38- 0.06 A for the anion- and cation-
»,1/p) and @»,2/p) for the Csl adlayer indicate that there is no rich domains, respectively. The+I~ and K"—K™* separations
significant lattice displacement in the Csl adlayer. The high- are both slightly larger than the values, 4.32 and 3.04 A,
order commensuration probably gives rise to a high energy costrespectively, calculated from the ionic radii. This can be
for lattice displacement which inhibits the formation of antiphase attributed to the additional Coulombic repulsion between the
domains in the Csl adlayer. In contrast, t,2/p) peak is  neighboring ions with the same charge. From the diffraction
much broader than thé/¢, 1/p) peak for the Kl adlayer. This 4¢3 alone, the present model of anion- and cation-rich domain
can be due to the lattice displacements at the domain walls aSyalls is not unique. One alternative model is to replace the
predicted by egs 1 and 2 or due to the inhomogeneous Strainextra row of anions or cations by a row of water molecules
along the incommensurate direction. To distinguish these two . . . '
peak-broadening mechanisms, data on higher order peaks ard 'S M0del gives no net charge at the domain wall.
required. The former mechanism predicts an oscillation of the  Besides the broadening, a shift of the peak position along
peak width with increasind<, while the latter suggests a theK direction is also expected from the displacement at the
monotonous change. Because of the lack of the data on higheryomain walls and this shift varies with the order of the peak.
order diffractions (which are too weak to be measured), we have ., the direction of the shifts, one can determine whether
ignored the contribution of the latter mechanism in the following expansive (anion rich) or contrlactive (cation rich or water)
analysis. In doing so, we can, at least, estimate the maXimumdispIacements are more likel§. Calculation with an 80 A

lattice displacement and domain wall density. With a further ) .
assumption that the X-ray coherence length is the same for bothdomain length and a 4.36 By (a set of parameters obtained
the Csl and Kl adlayers along thédirection (it is true along  from analysis of the peak broadening) gives a shift-6f0039
the H direction since theH widths are the same for both  (01) and—0.0050 §2) b* at (*/2,1/p) and @/2,2/p), respectively.

adlayers), the contribution from the lattice displacement to the A positive shift with the same magnitude is obtained wibgn
peak width is calculated from the difference between the Kl equals to 3.38 A. The peak positions measured/at.(p) and
and Csl peak widths. The excess widths are 0.0037 and 0.0123

b* at (1/,,1/p) and &/,,2/p), respectively.
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(?%/2,2lp) are 0.809+ 0.001 and 1.616+ 0.001, respectively.  (b) Adzic, R. R.; Wang, J.; Vitus, C. M.; Ocko, B. Mburt Sci Lett 1993
These give ameasuréd — 02 value of 000K 0002 (0809 378, (q e 314 R cko 8 1 Pyschem 1004 |
— 1.616/2) which is comparable to the calculated value of gyt sci 1995 335 120. (e) Wang, J. X.; Adzic, R. R.; Magnussen, O.
4+0.0014 (0.0039- 0.0050/2). This result demonstrates that M.; Ocko, B. M. Surf Sci 1995 344, 111.

the peak widths and the peak shifts are both in agreement with  (2) Tao, N. J,; Lindsay, S. MJ. Phys Chem 1992 96, 5213.

the model. However, it is not possible to speculate on the sign  (3) Gao, X.; Weaver, M. . Am Chem Soc 1992 114, 8544.

of the displacements at the domain walls since the uncertainty  (4) Gao, X.; Edens, G. J.; Weaver, M. J.Phys Chem 1994 98,

in 01 — 022 is large. A final note from the analysis is that the 8074 _ _

coverage is well defined by the position of thé,(Lip) peak (5) Gao, X.; Edens, G. J; Liu, F.-C.; Hamelin, A.; Weaver, MJ.J.

. . : . Phys Chem 1994 98, 8086.
because the peak shift due to the domain walls is small relative (6) Ocko, B. M. Watson, G. M.: Wang, J. Phys Chem 1994 98,

to the reciprocal lattice constant (0.0039/0.869.5%). 897.
. (7) (a) Magnussen, O. M.; Ocko, B. M.; Adzic, R. R.; Wang, J. X.
IV. Conclusions Phys Rev. B 1995 51, 5510. (b) Magnussen, O. M.; Ocko, B. M.; Wang,
) ) i ) J. X.; Adzic, R. R.J. Phys. Cheml1996 100, 5500.
The results oin situ X-ray diffraction experiments demon- (8) Wandlowski, Th.; Wang, J. X.: Magnussen, O. M.; Ocko, B.M.

strate the coadsorption of four alkali metal cations with Phys Chem, submitted for publication. Ocko, B. M.; Magnussen, O. M.;
specifically adsorbed iodide anions on Au(110). Although SXS Wang, J. X.; Wandlowski, ThPhys Rev. B, 1996 53, 7654.
does not have element sensitivities, the coadsorption of cations ~ (9) Lamperski, SJ. Electroanal Chem 1994 379, 445.
is clearly manifested by the distinct quasi-square symmetry of = (10) Stern, OZ. Elektrochem1924 30, 508.
the c(2 x p) lattice structure, the unique concentration depen- _ (11) Kolb, D. M.; Rath, D. L.; Wille, R.; Hansen, W. NBer. Bunsen-
d - . . . . _Ges Phys Chem 1983 87, 1108.

ence on both the cation and anion species, and the diffraction (12) Bravo, B. G.; Michelhaugh, S. L.: Soriaga, M. P Villegas, 1.
pattern and features which are consistent with the antiphaseg, o p. W.: Stickney, J. L. Phys Chem 1991 95, 5245. n
domain wall model. The potential dependence of the adlayer (13) \wang, J. X.; Davenport, A. J.; Isaacs, H. S.; Ocko, B.RMys
coverage shows that the lateral electrostatic interactions amongrev. B 1992 46, 10321.
the ad-ions has pronounced effects not only on the symmetry (14) Ocko, B. M.; Helegesen, G.; Schardt, B.; Wang, J.; Hamelin, A.
of the adlayer lattice but also on its cooperative adsorption Phys Rev. Lett 1992 69, 3350. o
behavior. These results support the view that cation coadsorp-préégzat(%)n V\@;‘%cﬂb XE;? Mvaﬁgg'n iée'\rlwl';oorfﬂkowgh C'j\l"c-) “é'lf_”#f”\%a'r?g
. . . ion. ussen, O. M.; wski, Th.; s
tion hgs_to be |r_1cluded in the molecular models for asuccessf_ull X. Manuscript in preparation.
description of ion adsorption on metal electrode surfaces in (1) The word “ionic” used here does not bear any quantitative meaning
concentrated electrolytes. on how much charge remains on the chemisorbed iodides, but is used to

make a clear distinction from the fully discharged iodines at more positive
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