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EUECTROCHEMICALLY ADSOKBED Pb ON Ag (111) STUDIED WITH GRAZING-IHCISEHCE X-RAY SCATTERING 
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UaTaam - Nous presentons las etudes, par la dlsparslon da rayons-X d'lncldanca rasee, da 
devolution da couchaa da ploab aur argent (111) depoaees electrochiaiqueaenc an 
foneeion du potantial eleccrochiaique. Las aeaures ont etait faltaa avac das couches 
adaorbees an concact avac la solution dans una callula achanctllon apaclaleaent 
praparaa. Las scructutas da ploab observees sonc an foncelon du potancial at domains 
applique d'una couch* aonoaoleculalre disproportion!* raaulcanc d'un depAe aous-
pocanelal A un ansaabla polycristsllin da ploab orient* au haaard resultant das 
poeanciala da depot plus baa. Cas premieres axpariaantationa daaonerant l'abilica das 
aaauraa da la diffractions das rayons-X In situ da dacaralnar las seructuras rasultanc 
du depot electrochlaique. 

Abstract • Crazing-Incidence x-ray scattering studias of cha evolution of 
olaccrochoaically dapoalcad layars of load on silver (111) as a function of appllad 
alactrechaalcal pocantlal ara praaancad. Maaauraaanes vara aada with tha adsorbad 
layara in concact with solution In a specially daalgnad aaapla call. Tha obsarvad laad 
struccuraa ara a function of Cha appllad potantial and range froa an incoaaansuraca 
aonolayar, rasulting froa undarpocancial dapoalclon, Co randoaly oriented 
polycryacallina bulk laad, resulting froa lower deposition potantial*. Thosa aarly 
axparlaanca daaonacraca cha ability of in situ x-ray diffraction aeasuraaants to 
dacaraina scruccuraa aasoclatad with alacerochaaical dapoaiclon. 

1 - IlTtflMCTIPJ 

Tha alactrochaalcal daposltlon of Pb on Ag (111) (and ralatad systema lika Tl and Bi on Ag) 
occurs in two distinct stagas, am lllustratad In Fig. 1. I*ad lona froa cha alaccrolyca 
adsorb en a Ag alactrod* at pocandala positive of Cha NarnaC potantial at which Pb2* ions ara 
raducad Co form bulk Pb /l/. Tha tanas undarpotantlal daposlcion (UPD) and bulk daposition 
rafar to chaaa two stagas of Pb dapoalclon, reapecelvely. A variaty of ax situ and in situ 
tachnlquaa hava baan usad Co draw lnfarancas about cha nacura of scruccuras rasulting froa UPD 
of Pb on Ag (111) (aaa raf. /2/). Froa Chasa studias It was thought that UPD rasultad in 
formation of a close-packed haxagonal aonolayar of Pb on Cha Ag alaccroda. Until recently, 
howavar, no dlract structural aaaauraaants had baan aada of long ranga ordar In tho ovsrl*yer, 
or its oriantaclon wlch raapacc Co cha substrata. Gracing-lncidanca x-ray scattering (CIS) 
tachniquoa allow thoaa aaaauraaencs to ba aada. This papar summarizes rasults of an initial 
sarias of CIS axpariaants following cha alaccrochaalcal dapoalclon of Pb on Ag (111) as a 
function of applied pocantlal /2-5/. Tha collective rasults of chaaa experiments reveal how 
the initial scagea of electrochemical growth of this syscea proceed. Details of background, 
experimental procedures, and discussion not preaanced here can be found in refs. /2-5/. 

2 - «»MTi«wrrAT. Mmmn« 

Flat, single crystal Ag substrate electrodes were formed by evaporation onto mica. The 
electrolyte used for Che experiments described here was 0.5 M sodium acetate, 0.1 M acetic 
acid and 5.0 x 10" J M load acacaca. Electrochemical potentials are referenced to a Ag/AgCl 
electrode. 

A sample cell was designed to allow electrochemical depositions to be made with the sample 
installed and aligned on the dlffraccometer, and x-ray measurements to be made with tha 
deposited layers in contact with cha electrolyte. The cell is shown in Fig. 2. The body of 
the cell is made of Kel-F*. which, together wlch a 13 j< polypropylene window, encloses the 
electrolytic solution. Various electrode and solution ports are made in the body of the cell. 
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Figure 1. Voltammogram (b) and adsorption isotherm (a) for tha electrochemical deposition of 
Pb on Ag (111) show two distinct stages of deposition. An UPD Monolayer of Pb results fro* 
deposition at roughly -0.4 V potential, while bulk Pb deposition proceeds for potentials less 
than roughly -0.SS V. 

Tha Ag substrate electrode Is positionad above ehe body of the cell to allow grazing-Incidence 
x-ray measurements of tha Ag-electrolyte interface. Changes In tha electrochemical potential 
(to deposit or reaove Pb) ware aade with tha electrolyte under enough hydrostatic pressure to 
stretch tha polypropylene window and allow a relatively large bath of electrolyte to surround 
the electrode. Than, withdrawal of much electrolyte froa tha call caused the window to 
conform to tha electrode surface, thus minimizing absorption losaea and measurement of 
unwanted scattering from tha electrolyte. In this configuration capillary action provides a 
thin (1-10 M) layer of electrolyte between the electrode and window so that the freshly 
deposited Pb remains in contact with solution during diffraction measurements. 

X-ray measurements ware made on several different occasions at the Stanford Synchrotron 
Radiation Laboratory using a conventional Huber 4-clrcle dlffractometer at two different 
beamllnes, each with a SI (111) double crystal monochromator. Radiation from the 8-pole 
wlggler beamllna 7-2 was monochromatlzed to provide 8.0*8 keV radiation, while that from the 
54-pole wlggler beamllne 6-3 was monochromatlzed to provide 10.000 keV radiation. After 
aligning the Ag substrata normal parallel to tha 4 axis of tha dlffractometer and 
determination of the substrate orientation, three types of scans ware performed to collect 
data; rod scans, radial scans, and rocking scans. 

3 - RESULTS AMP niSCMSTOH 

Diffraction from three distinct structures was obsarvad in thasa experiments, 
intensity features are discussed in turn, starting from the substrata. 

These different 

Diffracted intensity from tha Ag (111) substrate In the wet electrochemical cell reveals 
expected Ag peaks in expected positions. Observed substrate diffraction features are shown as 
open circles in Fig. 3, and consist of tha bulk In-plane (202) and symmetry-related 
reflections. Also seen from the Ag substrate Is tha crystal truncation rod labeled 1/3(422) 
and symmetry-related features. Each of these sets of features exhibits 6-fold symmetry, and 
their positions ara in agreement with tha accepted value of tha Ag lattice constant. 

Lead overlayer structures deposited In the UPD range exhibit sharp in-plane diffraction peaks 
consisting of two equivalent sets of 6-fold features symmetrically disposed about the Ag 
features as indicated in Fig. 3. This pattern Is interpreted as resulting from a monolayer 
coverage of hexagonal close-packed Pb atoms which are incommensurate with the Ag (111) 
substrata. This 2-dlmensional Pb ovarlayer consists of 2 sets of equivalent domains, each 
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Flgura 2. Electrochemical call: (A) Ag (111) alactroda, (I) Ag/AgCl reference alactroda, (C) 
Pt countar alactroda, (D) polypropylene window, (E) O-ring holding polypropylene to call, (F) 
axtarnal alactrlcal connection to tha working electrode, (G) electrolyte inlet, (H) 
electrolyte outlet. The lnaet deflnea the angle* used in the gracing-incidence scattering 
experlaents: a and ( are gracing incident and take-off angle* with reapect to tha sample 
surface, 21 the scattering angle, and 4 the saaple aciauthal angle. 

rotated 4.5* about the 6-fold axis of the Ag substrata. Flgura 4 shows an a scan along a (10) 
rod of the Fb monolayer as well as 4 and f-21 scans through this feature. Using 2-
dimensional indexing, both Pb (10) and (11) features were observed, #-2# scans of these Pb 
spots provide* a lower limit on the domain sice of these Pb domains of ISO A. The significant 
background Intensity result* from Compton and diffusa elastic scattering from the 
polypropylene window and electrolyte. 

In the UPD monolayer, the Pb-Pb nearest-neighbor distance Is smaller than In bulk Pb, and this 
distance depends sensitively on the applied electrochemical potential at which the UPO is hald 
after deposition. All UPO depositions were made at -0.4 V, and the potential was then 
decreased. Potentials between roughly -0.4 V and -0.55 V result in a linearly decreasing 
naarest-neighbor distance with potential. This behavior corresponds to Increasing compression 
of the Pb monolayer with potential, with value* of compression ranging from 1.4 % to 2.8 % 
compared to the nearest-neighbor distance in bulk Pb. Because the Pb adatoma are in 
equilibrium with Pb in solution, the isothermal 2-dimenslonal compressibility of the monolayer 
can bo calculated and is 0.9 A*/eV /4/. For potentials more negative than about -0.55 V, 
deposition of additional Pb onto the UPD monolayer occur*. The ordered UPD monolayer remains 
unchanged during the initial stages of bulk Pb deposition since the chemical potential is 
pinned at the bulk value. The rotated domain structure of the UPO monolayer, including the 
rotation angle, are Independent of the potential. 

To study the growth of subsequently deposited Pb, bulk Pb was deposited at constant potential 
following tha initial deposition of the UPO monolayer /5/. The amount of Pb deposited was 
determined from the integral of the electrochemical currant and if given in equivalent 
monolayers, i.e. the amount which would exist in one uniform close-packed monolayer. 
Subsequent growth does not occur epltaxlally onto tha UPD layer because of the large 
compression. After deposition of about 5 equivalent monolayers, the initial UPD monolayer 
features disappear as enough bulk Pb Is present to induce reconstruction of the UPD layer. 
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Flgura 3. Obaarvad Ag (opan elrelaa) and Fb (cloaad clrclaa) tntanatty projaetad onto a plana 
through tha origin of raclprocal apaea parallal to tha Ag (111) aubatrata aurfaca. 
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Flguro 4. Intanalty frosi a Fb aonolayar dapoaltad In tha undarpotantlal deposition rsgla*. 
(a) shows a rod scan along tha Fb (10), vhlia (b) and (c) show rocking and radial scans 
through thla foatura. 
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No dlscamabla signal froa bulk Pb was obsarvad until roughly 100 aqulvalant monolayers were 
dapositad, at which tiaa tha (220) raflaction of Pb was observed at tha expected position for 
unstrained Pb. 4 scans revealed no preferred orientation of this bulk Pb with respect to 
direction in the Ag substrate plane. 

4 - 2M1ABX 

These results show that grazing-incidence x-ray scattering techniques can follow in situ 
growth of electrocheaically deposited overlayers on single crystal substrates. For the case 
of Pb on Ag (111) reported here, the first monolayer of lead shows well-ordered, 
incommensurate domains of closa-packed Pb atoas with a specific rotation angle with respect to 
the substrate and a potential-dependent coapression. These phenomena are not specific to the 
Pb on Ag electrochemical system reported on hare; experiments are underway which show that 
they are exhibited by other systems, e.g. Pb on Au (111) and Tl on Ag (111) /6/. Tha study of 
well-ordered overlayers on wall-ordered substrates is facilitated by easily observed Bragg 
features. Electrochemical growth which proceeds via less well-ordered structures will be more 
difficult to study with this technique because of tha significant background scattering froa 
the electrochemical call. 
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