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Underpotential deposition of Cu on P{001): Interface structure and the influence
of adsorbed bromide
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Using in situ x-ray diffraction, we studied the underpotential depositibii?D) of copper onto a PP01)
electrode both in pure perchloric acid and in the presence of bromide anions. In pure perchloric acid, the Cu is
deposited in pseudomorph{1X 1) islands. In the presence of bromide anions, the strong Pt-Br interaction
significantly broadens the potential range of Cu UPD. We propose that Br remains in the interface region
throughout the UPD process, at first in a disordered Cu-Br phase and then, at more negative potential, forming
a c(2x2) closed-packed monolayer on top of the complgpéd<1) Cu monolayer. The structures are
compared to those found during Cu UPD ont@lRf), and explained in terms of the metal-halide interactions
and the Pt surface atomic geometf$0163-182@08)06120-7

[. INTRODUCTION development parallels the advances made in UHV studies of
metal deposition onto metal substrates, i.e., by molecular-
The underpotential depositiqyPD) of a metal onto an- beam epitaxy and other vacuum deposition techniques. The
other metal substrate corresponds to the electrochemical adiotivation to develop thin metal films with known atomic
sorption, often of one monolayer, that occurs at electrodstructures had led to the discovery of a rich variety of physi-
potentials positive of the Nernst potential below which bulkcal phenomena, such as surface intermixing and allo¥ing,
metal adsorption occurs.Numerous experiments have dealloying** and adsorbate-induced reconstructionFor
shown that the UPD layer can dramatically alter the chemicasimple nonalloying systems, the growth mode is dependent
and electronic properties of the interf&c&he UPD layer is on the surface and interface energies, and typically corre-
also the first stage of bulk metal deposition, and its structuresponds to one of three cases; layer-by-layer grawitirrank
therefore, can strongly influence the structure of the bulkver der Merve growth layer-by-layer growth followed by
deposit. Early studies of UPD using polycrystalline islanding(Stranski-Krastanov growjhor pure island growth
substrate’s® have, more recently, been extended to single{Volmer-Weber growth'® Attempts to tune the growth
crystal substrates, which not only allows the role of surfacenode in both homoepitaxial and heteroepitaxial systems has
atomic structure to be explored, but also permits a study oélso led to the use of “surfactants,” i.e., the presence of
the interface structures by diffraction-based techniques, suciinother atomic species on the surface to promote a particular
as low-energy electron diffractiof. EED) and surface x-ray growth mode"’
scattering* Many of these studies were performed using em- In our recent experiments, we have performed a system-
ersion methods, whereby the structure formed in an electraatic study of the UPD of Cu and Pb onto (Pt1)
chemical cell was transferred into an UHV environment, sosubstrates**® This was motivated, in part, by the impor-
that standard surface science probes, such as LEED and Atance of Pt as a catalyst, but also because of the ability to
ger electron spectroscopy could be appfidd.the past de- prepare clean ordered Pt surfaces by the technique of flame
cade, a number of experimental probes, which can study thannealing. This allows fast transfer of the Pt crystal into the
electrochemical interfaci situ, have been developed, most electrochemical cell, thus reducing the risk of contamination
notably scanning tunneling microscopySTM) and and eliminating the need for UHV surface preparafioBy
synchrotron-based x-ray techniques, adsorption spectrosembining x-ray scattering and rotating ring disk electrode
copy, and surface x-ray diffractidt’’ These studies have (RRDE) experiments, we were able to propose a detailed
revealed the importance of studying the electrochemical inmechanism for Cu UPD onto @t1). In particular, we
terfacein situ, where the electrolyte and the strong electricshowed that halide anions in soluti¢gither chloride or bro-
fields at the interface are intact. mide), which form a complete monolayer at positive poten-
As researchers have become more proficient in the use éls, remain on the surface throughout Cu UPD, first in an
the in situ technigues, a wide range of bimetallic systemsincommensurate ¥4 Cu-halide bilayer structure, and then,
have been studied; some examples are Cuiki)(® at a more negative potential, on top of a pseudomorphic
TlAg(hkl),® Pb/Ag(hkl),*® and Cu/Pthkl).***? This has 1x1 Cu monolayet? For contrast we also studied Pb UPD
led to a greater understanding of the physics determining thento P{111).2° In pure perchloric acid, Pb UPD followed a
structure of the UPD layer, in particular with regards to themonolayer island growth mode until, at a threshold coverage,
role of the electrode potential and of various other adsorbing compact Xv3 rectangular structure was formed, as previ-
species that can be present in solution. In some ways, thisusly reported by Adziet al?* The presence of bromide
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anions in solution had a dramatic influence on the Pb UPIzontrol for the duration of the x-ray experiment. All poten-
proces$® Rather than splitting the deposition into a two- tials were measured against a Pd/H reference electrode, but
stage process, as observed for Cu UPD, the nature of there quoted versus a saturated calomel electrode for compari-
Pb-Br interaction led to the slow formation of @2x2) son with previous work.
structure at the P111) surface which was difficult to stabi-
lize under equilibrium conditions.

In this paper we report a study of the role of surface l. RESULTS

symmetry in the Cu UPD process by describing x-ray scat- |n none of our x-ray scattering experiments oft@t) did
tering measurements made during Cu UPD ont0@%, and  \ve observe the vacuum surface reconstrucfioexagonal
comparing the results obta_med with similar measgrementgx 20 superstructuie(Ref. 25 when the sample is in con-
made on Ril11). We describe results of Cu UPD in both act with the electrolyte. We have performed measurements
pure p.erchlonc acid, where ther_e is no strong gdsorpthn. o a number of solutions, e.g., KOH, HCJOand HSO,, but

the anion onto the surface, and in perchloric acid containingyaye always found that the surface is in the unreconstructed
bromide ions, where there is strong adsorption of the anioR x 1 state at all electrode potentidfsThe absence of recon-
onto the surface at all potentials. By combining crystal trun-gyction was confirmed both by the lack of any superlattice
cation rod(CTR) measurements with anomalous scatteringBragg reflections and by the shape of the specular CTR at
techniques, we are able to describe both thg Cu and Br StrUE;ositive potential(where no Cu is adsorbed onto the sur-
tures that are formed on the Pt surface during Cu UPD, sucfycq This was similar to the calculation for an ideally ter-
as their respective coverages, symmetry, and the Pt-Cu andinated 1x 1 Pt surface which is shown by the dashed lines
Cu-Br bond lengths. The results are summarized and comp, Fig. 2. We have never observed the characteristic shape of

pared to those obtained on(P11). the specular CTR associated with the reconstructed
surface'®?’ CV measurements on the (P®1) surface pre-
Il EXPERIMENTAL DETAILS pared by flame annealifyshow features that are consistent

with a significant density of atomic steps. In our x-ray scat-

The Pt00]) crystal(miscut~ 0.18°) was prepared by an- tering experiments, whenever an ordered adlayer superstruc-
nealing in a hydrogen flame and cooling in streaming hydroture on the RD01) surface was observed, the coherent do-
gen before a drop of electrolyte was placed on the surface fanain size was in the range 30—60[Both in this study and
transfer into the x-ray electrochemical cell. The x-ray cellin measurements of other adsorbates on(6@) surface.
was mounted at the center of a four-circle goniometer on\We propose, therefore, that the flame-annealé@0R) sur-
beamline 7-2 at the Stanford Synchrotron Radiation Laboraface consists of flat, defect-free terraces of length 30—60 A
tory. X-ray measurements were performed using a focuseseparated by adatoms, vacancies, or atomic steps. This con-
monochromatic x-ray beam of energy 10 kd%6r some trasts to the flame-annealed(Ptl) surface on which we
measurements the energy was in the range 8.8—9.0 keV, mave observed superstructures with domain sizes of 200—600
the region of the CIK adsorption edge and defined by slits  A.121820The relatively short terrace lengths on(F0) ap-
to be a 0.&0.8-mnt spot at the sample. Diffracted x rays pear to be intrinsic to the hydrogen flame annealing proce-
were measured by a Ge solid-state detector after passirdpre with this crystal face. It should be noted that the mea-
through a Soller slitwhich defined an in-plane resolution of sured miscut of 0.18° would give a significantly larger
~0.005 A1) and a 6-mm horizontal slit 700 mm from the  terrace size,~620 A for monolayer-high steps. The mea-
sample. The crystal was indexed to the surface tetragonalured transverse width of the nonspecular CTR, at low
unit cell which is related to the conventional cubic unit cell gave a coherence length which was equal to the resolution of
by the transformations (1,0,031/2(2,2,0), (0,1,0) the x-ray spectrometer, and this is consistent with the large
=1/2(2-2,0),, and (0,0,1)=(0,0,1).. The spectrometer terrace size. This implies that additional defects or atomic
was aligned using thé0,0,2 and(1,0,1 bulk Bragg reflec- steps are randomly distributed as observed in STM images of
tions. the flame-annealed @01) surface?®

The electrolyte solution consisted of pyrolytically triply
distilled water, 0.1-M HCIQ (EM Science, Suprapurand :
10 3-M Cu?* (from CuO Adrich, Puratronic To study the A. CuUPDin 0.1-M HCIO,
effect of bromide anions on the UPD process, 0.01-M KBr Changes in the surface structure were monitored during
(Baker, Ultrey was added to the electrolyte. The purity of Cu UPD by measuring the scattered intensity at a particular
the electrolytes and the cleanliness of th€0B1) sample reciprocal-lattice point as the electrode potential was
after flame annealing were carefully checked by mountingscanned. Such a measurement,(80,0.1, an anti-Bragg
the electrode in a rotating-ring-disk configuration and per{osition on the non-specular (1,0,CTR is shown in Fig.
forming electrochemical measuremeftdhese were in ex- 1(a). Figure Ib) shows a similar measurement for solution
cellent agreement with previous resifit€*In the x-ray cell,  containing 102-M KBr, and this will be discussed in Sec.
immediately after mounting in the x-ray goniometer and be-ll B. The potential range in Fig. (& was chosen to avoid
ing put under potential control, the measured cyclic voltam-the region of bulk Cu depositionE(< —0.2 V) and the re-
metry (CV) contained all of the main features observed ingion of surface oxidation and roughening>*0.45 V). The
the electrochemical cell, although with time these featuresesult clearly shows the one-step process that corresponds to
became distorted as the electrolyte made contact with th€u deposition(the hysteresis between the anodic and ca-
polycrystalline back and sides of the crystal. After the initialthodic sweeps being caused by the kinetics of adsorption
cycling, the electrode potential was transferred to computewhich depends on the sweep rate, in this case 2 mniden-
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FIG. 1. (a) The measured x-ray intensity €t,0,0.1 as a func- 103k L ]
tion of the electrode potential in solution containing 1.0 2.0 3.0
0.1-M HCIO,+103M Cu?*. The solid and dashed lines are for the I (units of ¢*)

anodic and cathodic sweep directions, respectiviilg sweep rate
is 2 mV/9. (b) The measured x-ray intensity €it,0,0.2 in a solu-

tion containing 0.1-M HCIQ+10 M Cu?* +10™2-M KBr. FIG. 2. The crystal truncation rodsCTR’Ss) measured at an

electrode potential of-0.13 V (triangles and 0.14 V(squaresin

tical results to that of Fig. (&) were obtained at0,0,1.03, a 0.1-M HCIO,+103-M Cu?*. The dashed lines are calculations for
o ! an ideally terminated F201) surface, and the solid lines are the

position on the specular CTR which is insensitive to theb ¢ fits to the dat ding to the structural model described i
in-plane order of the Cu adlayer. The exact matching be: eestelxtsa(rJId tﬁe aaiaﬁg?ér;nlgstgd ir??a'gjlz Ll"a model described in
tween the specular and nonspecular CTR results implies th}ﬂ P '

the adsorbed Cu is ordered in commensurate Pt sites, prob- . . N
ably the fourfold hollow site, as this would cause the ob-note that the intensity changes shown in Fig)land the

served decrease &,0,0.0. Holding the electrode potential data in Fig. 2 indicate that at positive potential the CTR data
at —013V. the ne'gétive potential limit, we searched for Were similar to that of the ideal11 surface(dashed lines in

: : - ; Fig. 2. Given that the changes in the x-ray data, which are
superlattice diffraction peaks by scanning along ¢h@®,0 ; ) . :
and(1,1,0 directions, al =0.1, and then repeated the mea- fully reversible with potential, correlate with the Cu UPD

surement after stepping the electrode potential to 0.19 V, jugﬁa(tjqres .tW.h'Ch are \;vterlll tk?r?wn fror(rj] fyC“C voIta_rtr)mettrl(;h
before the onset of complete Cu desorption from the surfacg HdI€s, 1L 1S apparent that the x-ray data are sensitive to the

In both cases we observed no additional diffraction peak epositiqn of Cu, ar)d not simply roughen_ing_ of the Pt sur-
other than those from the (01) surface, and so we con- ace. This was confirmed by varying the incident x-ray en-

: : ; . ergy in the region of the CK adsorption edge. At positions
@(1X oo
gl\lljedr?a;r;?t Cu is deposited into @(1x1) pseudomorphic on the CTR’s where the Cu contribution to the scattered

In the absence of superlattice reflections, structural inforlntenSIty was relatively large, i.e., midway between the

mation about the Cu adlayer can be obtained by modelin OI?ragg reflections, the scattered intensity showed t_he ex-
the CTR data. The data rr%easured—eﬁ.lS V for tze (0,0) g pected energy dependence across th&K@dge. A detailed
and (1,0,) CTR’s are shown in Fig. 2. To model the d,at,a we set of measurements in which this technique is further ex-
included a partial coveragé., of Cu adatoms in fourfold ploited is presented in Sec. Il B.

. . According to a hard-sphere model and using the metallic
hollow sites on the PB01) surface lattice, and allowed the radii of Pt(1.39 A) and Cu(1.28 A, a vertical spacing of

coverage, the surface normal spactfige,, and the Debye- ) g1 2 ¢ o\ adsorbed into a [@01) fourfold hollow site is

Waller-type roughnes®, o, of the Cu layer to vanyfull SR .
details of the scattering equations are described in Refs. ﬁ)alculated. This is in excellent agreement with the value we

and 31. The best fit is shown by the solid lines in Fig. 2

23?1%?3%30 y:rr:issstrg?ttl;?paasrﬁ& T:Ztrs “3\522 :c?xggtz,? tIr;eThel'he Pt surface roughness was fixed at the value determined at posi-
9n . B tive potential(where no Cu is adsorbed onto the surfafrem a

value determined by fits to nonspecular CTR data measure ngle parameter fit to the nonspecular CTR

at 0.4 V, where no Cu is adsorbed onto the electrode surface i

TABLE I. Parameters used to calculate the solid lines in Fig. 2.

(i.e., fitted with a single paramejeiThe dashed lines in Fig. Electrode potential

2 are a calculation of the scattering from an ideally termi- —013V 1019V
nated P{001) lattice. Clearly, the simple structural model we

use is capable of describing the data. Also listed in Table by, 0.1+0.05 A 0.1:£0.05 A
are the parameters derived from a fit to similar data measureg-, (per Pt surface atom 0.8+0.1 0.18-0.1

at 0.19 V. These data and best fit are also shown in Fig. Zp,.c, 1.84+0.07 A 1.88-0.09 A
which confirms that the kinetic measurements in Fig) &re o, 0.10+0.1 A 0.15-0.1 A

repeated under steady-state or equilibrium conditions. We
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obtained from our fit to the CTR data. It appears, therefore, h W PBragy
that Cu grows as X 1 pseudomorphic islands on the®2) O PUCTR)
surface and reaches a coverage of 0.80 ML-&t13 V. By 2 o

stepping the electrode potential more negatively, it may be
possible to complete the Cu monolayer. At 0.19 V, a poten-
tial where the Cu is partially desorbed, we obtained a cover-
age of 0.18 ML. At this potential we were unable to observe : - o
any superlattice diffraction pattern, for example, from a
c(2X2) structure. Our results are in good agreement with
the ex situLEED study by Aberdanet al.3 in which it was

also suggested that Cu was deposited mtbx 1) pseudo-
morphic islands. We can find no evidence of #@Xx2)
structure that was proposed in Ref. 23 to be formed in the
first stages of Cu deposition. The sharp change in intensity at
(1,0,0.2 [Fig. 1(a)] indicates that Cu deposition occurs as
pseudomorphic island growth and is not a two-step process.

B. Cu UPD in 0.1-M HCIO,4+0.01-M KBr

In a previous publication we described RRDE and x-ray
scattering measurements of bromide adsorption or(faD®Bt
in 0.1-M HCIO,.% Briefly, the results showed that bromide A9 (degrees)
adsorption began at an electrode potentiat-6£0.25 V, and FIG. 3. A representation of the in-plane scattering measured at
reached a coveraghy, of ~0.42 ML at 0.5 V. Althoughwe 513\ in solution containing 0.1-M HCI-10"3-M Cu2*
were unable to detect any in-plane superlattice peaks corre:1g-2.\ kgr. The solid circles correspond to the measutd@
sponding to long-range order in the Br adlayer, CTR meas ) reflections and the squares to the location of bulk Pt CTR’s

surements implied that Br formed a strong covalent bonding pt Bragg reflections. The lower figures show scans through the
with the Pt substrate, and was probably present in a mixturgicated reciprocal lattice points &) (%,%,0.1), (b) (0,1,0.2,

of short-range ordered structures which covered @0t and(c) (£,2,0.1). Ineach case the solid lines are fits of a Lorent-
surface. This conclusion was also suggested on the basis ghn line shape to the data.
STM results?®

The effect of bromide adsorbed onto the surface on the Cgponded to an incommensurate Cu-Br bilayef At
UPD process is illustrated in Fig.(d), which shows the —0.13V, however, we observed peaks at reciprocal-lattice
measured x-ray intensity &t,0,0.0 as a function of the positions which could be indexed tacé2< 2) structure. The
electrode potential. Comparison with Figalindicates that in-plane scattering in reciprocal space is represented in Fig.
the adsorbed bromide broadens the potential range of C8, together with some rocking scans at the various
deposition, but there is no evidence of a stagewise depositioieciprocal-lattice points that are indicatéa (3,3,0.1), (b)
process. This contrasts with results obtained on tiigl®x  (0,1,0.3, and(c) (3,5,0.1). Nopeaks were observed at any
surface(see Fig. 1 of Ref. 12 where two distinct steps in Cu reciprocal-lattice points with higher symmetry than e
UPD were observed, the first corresponding to formation of a<2) structure, such as those expected for cév2
Cu-Br bilayer with Cu bonded to Pt and Br in the topmost X 2v2)R45° structuré®® which also gives rise to Bragg re-
atomic layer. There is a larger hysteresis in the x-ray intenflections at the positions defined by g x 2) unit cell. As
sity at(1,0,0.1 in the presence of adsorbed Br, indicative of can be seen from Fig. 3, all of the measuc¢@x 2) reflec-
the slower kinetics of ordering of Cu adatoms into thetions were relatively broad compared to the peaklz®,0.1
pseudomorphic structure. This effect may arise from theon the Pt CTR and, from Lorentzian fits to the désalid
stronger Pt-Br interaction on thé01) surface, which in- lines in Fig. 3, a domain size in the range 30-60 A for the
duces competition between Cu and Br for the Pt adsorptior(2X 2) structure was calculatéd As mentioned earlier, we
sites, and broadens the potential range of Cu UPD. believe that 30-60 A is the range of terrace sizes on the

We held the electrode potential at 0.43, 0.12, andlame-annealed F301) surface in between atomic steps and
—0.13V, in each case allowing enough time for the systendefects. No dependence of the measured domain size on the
to reach an equilibrium state, and then searched for in-plangotential sweep rate was observed. T{&x 2) diffraction
scattering peaks. The search consisted of scans along tpattern was, however, only formed if the electrode potential
high-symmetry, in-plane Pt reciprocal-lattice directiond at was held in the region below 0.12 V and, even then, only if
=0.1, and rotational scans at positions where incommensuhe potential was approached from a more negative potential.
rate adlayers would be expected to give scattered intensitypnce formed, the(2X2) structure was stable at negative
e.g., atQ=|100g, andQ=|100¢,. In agreement with our potential, until the onset of bulk Cu deposition.
previous work, we found no peaks at 0.43 V, where only Br  In our previous study of Cu UPD onto (B11), we used
is adsorbed onto the surfateln addition, no peaks were anomalous scattering techniques to show that tkid 4truc-
found at 0.12 V, an intermediate potential where, on theture observed in the first stage of Cu deposition contained
Pt(111) surface under identical conditions, we observed aoth Cu and Br in the unit celf This was determined by
structure with approximately ¥4 symmetry that corre- measuring the integrated intensities of the 41 superlattice

Intensity (arb. units)
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reflections, as the incident x-ray energy was tuned close to
the CuK adsorption edg€8979 e\j. Systematic changes in
the measured intensities were used to derive a structural
model. Given that thec(2X2) diffraction pattern in this
study was obtained at 0.13 V, a potential where a signifi-
cant amount of Cu is adsorbed onto the surface, we per-
formed similar measurements at sevdralalues along the

(3,3,1) and (,3,1) rods (the intensity along these rods
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showed a gradual decrease as a functioh @fithough their

exact form was complicated by adsorption of x rays by the z
trapped electrolyte at low-values. Measurements of the 5 10"
integrated intensities at 8779 and 200 eV below thekCu —g
adsorption edge, and 8974 and 5 eV below the Cu edge, were 3 1¢?
performed, but showed absolutelp dependencen the in- §
cident x-ray energy. Given that the dispersion corrections to ﬁ 1031

the Cu atomic form factor change significantly over this en-
ergy range® this result implies that no Cu is contained in the
c(2X2) unit cell. It seems likely, therefore, that thg2
X 2) structure consists of an ordered Br lattice which is
formed on top of a pseudomorphic Cu layer. FIG. 4. (Lower panels the measured CTR’s at an electrode
The intensity distribution of the(2x2) reflections was potential of —0.13V in 0.1-M HCIQ+10"3M Cu** +10 %M
very simple, showing aQ-dependent decrease that wasKBr, where thec(2X2) structure is presentUpper panelsthe
slightly more rapid than calculated for a perfect Structure,ratio between CTR data sets taken with incident x-ray photon ener-
presumably due to disorder. To obtain more detailed strucgies of 8779 and 8974 eV, i.6.g770ev/ | ge74ev- The solid lines are
tural information, we again used CTR measurements, as ifesults of a simultaneous fit to all of the data according to the
Sec. II, modifying the scattering equations to include(a structural quel w_hich is schematically illustrated in Fig. 5, and the
x?2) Br adlayer on top of g(1x1) pseudomorphic Cu Parameters listed in Table Il.
monolayer and allowing the respective coverages, surface. . o ) ) o )
normal spacings, and roughnesses to vary in order to fit thiility of adsorptlon_lnto twofold bridge sites, this is unl_lkely
data. The CTR’s passing through the bulk Pt Bragg reflecbecause of the derived bond lengtkse Table D| Also, Fig.
tions include contributions to the scattering both from the Cf Shows the measured (1)LCTR together with calculated
and Br adlayers and the Pt lattice. In modeling of CTR data’frofIIeS using the parameters in Table Il for the Cu-Br over-
there is always some question as to the uniqueness of tH@Yer structure being adsorbed at Pt twofold bridge sites
model that is used for the starting point for structural refine-(dashed lingand fourfold hollow sitegsolid line). Clearly,
ment. To further test the model, we measured the cTR$his supports the assignment of the.fourfold h'ollow site.
with incident x-ray energies of 8779 and 8974 eV, and si- Although the presence of Br anions considerably slows
multaneously refined the structural parameters to fit both th&he kinetics of ordering, at negative potentiat@.13 V) a
raw CTR data setmeasured at 10 keVand the intensity complete pseudomorphia(1x1) Cu monolayer is formed
ratio | g770 ev/l go7a ey This method increases the sensitivity N the P{001) surface. When this monolayer is completed,
of the fitting procedure to the Cu layer as changes in the C§' forms ac(2X2) overlayer on top of the Cu monolayer.
atomic form factor are known from calculations of the dis- The Cu-Br spacing implies that, as was the case for the Pt-Br
persion correction® We previously used this method to de- bond for Br adsorption onto f01),™ the metal-halide bond
termine accurately the Cu coverage during Cu UPD ontdS covalent in nature. The near-neighbor spacing in the Br
Pt(111) in the presence of sulfate anio¥fs. adlayer is 3.92 A, which is similar to the near-neighbor spac-

CTR data taken with the potential held-a0.13 V, where  ing of Eg adsorbed onto P11 at positive electrode
the c(2x2) structure was present, is shown in the lowerPotential™ The Br coverage on the pseudomorphic Cu

panels of Fig. 4. Comparison of these data with Fig. 2 show&honolayer is nearly identical to the coverage measured on
that the increased thickness of the adsorbed structure leads to

the oscillation in between the bulk Bragg reflectidttss is TABLE II. Structural parame.ters to the fit to the data in Fig. 4.
most noticeable in betwedn=0 andl=2 on the specular The coveraged, and 0, , are with respect to a full copper mono-
CTR). The top panels in Fig. 4 show the ratio data setd@Yer (one Cu atom per surface Pt atbmnd a full c(2x2) Br
5770 o/ | 8974 o1 Which clearly indicates the sensitivity of the 2d1ayer(0.5 Br atoms per surface Pt athm

CTR measurements to the Cu adlayer. The solid lines in Fig.

0,0,0

(1,0,0

4 correspond to the results of a simultaneous fit to these data ch 1 isof 00'0056 A
sets in which the Cu coveragé,, Pt-Cu spacingpi.cy, PtCu OO
coverage of Br in &(2X2) adlayer, i.e., two Br atoms per TCu 0.13= 0.05 A
c(2X2) unit cell fg,, Cu-Br spacingc,.g;, and the Cu and Ol c(2x2)] 0.9+ 0.1
Br roughnesses were varied. The results are listed in Table Il. ~ d_, g, 1.79+ 0.08 A
A schematic of the structure is shown in Fig. 5. Although Oar 03+ 02A

measurement of the (1|),CTR does not rule out the possi-
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growth on Pt001) was observed in UHV deposition studigs
and in anex situLEED study of Cu UPD?

When bromide is adsorbed onto(®Q1) in the solution
free of C#', no structure with long-range order is
observed®* in contrast to the ordered hexagonal incom-
mensurate structures observed ofLP1).3*°The size of the
Br adatoms(they are completely dischargeyl the symme-
tries of the orbitals participating in the covalent bond, and
the differences in both the symmetries and corrugation of the
two substrates, are all contributing factors. Preferential ad-
sorption at step sites may also be responsible for the short-
range order in the Br adlayer.

In the solution containing CGii and Br, at potentials
positive of ~0.4 V, the Pt surface is covered with adsorbed

deos Br to the same coverage as in the solution free of'ClAs
e the electrode potential is swept negatively from 0.4 V, there
- is a increasing thermodynamic driving force for Cu cations
to displace the adsorbed Br from the Pt adsorption sites.
FIG. 5. Top and side view representations of the propag@d ~ While the details of charge transfer and Cu-Br place ex-
X 2) structure observed at0.13 V. The open circles are Pt sub- change remain unknown, it is established that qa P this
strate atoms, the shaded circles are Cu atoms, and the black circlgsa two-stage process with the formation of a Cu-Br bilayer
are Br atoms which form the(2x2) structure. The side view intermediate phase. On(B02), in the intermediate potential
indicates the surface normal spacings listed in Table Il that argange(0.1-0.4 \J of submonolayer Cu coverage, we could
derived from the CTR measurements shown in Fig. 4. determine only that a mixture of Cu and Br atoms is present
on the Pt001) surface in a disordered structure. Presumably
the Pt surface at positive potential, and implies that close tehe strong affinity of adsorbates for the Pt fourfold hollow
a full Br mOﬂOlayer remains on the electrode surface duringsite prevents the formation of a |0ng-range ordered bi|ayer
Cu UPD. It is interesting that the bromide Iayer forms aphase[for examp|e, 6(001) p|ane of Cu()Br] as adsorbate
structure with long-range order on the Cu monolayer and NOkobility is reduced on th€001) substrate.

on the Pt001) surface in a solution free of Cii. As with P{111), we propose that the Br remains adsorbed
on the electrode throughout the deposition process, having
IV. DISCUSSION essentially the same coveragmssibly even slightly higher

on the Cu monolayer as on the Cu-fre€0Rtl) surface(at

In pure perchloric acid, Cu is deposited pEl X 1) is-  positive potentials In contrast to the Pt11) surface, how-
lands on the RO01) surface. The islands probably nucleate ever, where no ordered Br structures on top of the Cu mono-
at step edges. Due to the size of the Cu adatom, adsorption ger were observed, the Br forms a commensurate overlayer
step edges can occur at the overcoordinated fourfold hollowtrycture, ac(2x 2)-Br adlattice on thep(1x 1)-Cu lattice
Pt sites, which then nucleates growth as a pseudomorphigig. 5). The simplest explanation we can offer for this dif-
adlayer due to the mobility of the Cu adatom on the Pt terference in ordering can be seen in the structural models of
race and the Cu-Cu interaction. A similar mechanism of Cq:ig. 5. The fourfold hollow sites are deepgy ~0.1 A) in

the (001)p(1X1)-Cu structure than the threefold hollow
g ' R ' ' E sites in the P(111)p(1x 1)-Cu structure, meaning that the
3 /AN ] Br adatoms would sit in deeper potential wells on the
7 (001)p(1X1)-Cu surface. This favors the formation of a

101 E e 9 commensurate(2X 2) phase. In addition to the surface cor-

1 : ] rugation factor, there are also differences in Pt-Cu-Br chemi-
cal bonding between the two symmetries that may be even
more important. The effective radii of Cu and Br in the struc-
107 F ¢ e ture in Fig. 5 can be calculated from the interplanar spacings

g ) in Table II, 1.24 and 1.35 A, respectively. Since the covalent
radius of Br is 1.14 A, and the atomic radius of bulk Cu is
1.28 A, the experimental radii indicate strong bonding with
: some ionic character, e.g., Cl+Br °. The symmetries of
05 10 15 20 25 30 35 the orbitals participating in this bonding may favor ordering

(41 in the square lattice of th@01) surface, and not the hexago-
v nal lattice of the(111) surface.
FIG. 6. The (1,1) CTR measured at 0.13 V, where thes(2 Finally, we note that our results have interesting conse-
X 2) structure was present. The dashed line and solid line are cagfuences for the metal multilayer growth regime, in particular
culated from the parameters in Table Il for the Cuddex2)  with regard to the presence of the adsorbed Br adlayer. The
structure, being anchored at Pt twofold bridge sites and Pt fourfolpresence of other adsorbing species in the solution, and the
hollow sites, respectively. fact that these species are influenced by the strong electric

Intensity (arb. units)

—— hollow site

103 bridge site
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field at the interface, are the major differences between UH\thange$! Further experiments are in progress to study the
studies of metal deposition and electrodeposition. Themultilayer growth mechanism.
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