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The surface stress associated with the underpotential deposition (upd) of bismuth on (111)-textured Au is
examined, using the wafer curvature method, in acidic perchlorate and nitrate supporting electrolyte. The
surface stress is correlated to Bi coverage by independent nanogravimetric measurements using an
electrochemical quartz crystal nanobalance. The mass increase measured in the presence of perchlorate is
consistent with the (2« 2) and p x +/3)-2Bi adlayers reported in the literature. GiCdoes not play a
significant role in the upd process. The complete Bi monolayer causes an overall surface stress change of
about—1.4 N ml. We attribute this compressive stress to the formation efRi bonds which partially

satisfy the bonding requirements of the Au surface atoms, thereby reducing the tensile surface stress inherent
to the clean Au surface. At higher Bi coverage, an additional contribution to the compressive stress is due to
the electrocompression of thp & +/3)-2Bi adlayer. In nitric acid electrolyte, NO coadsorbs with Bi over

the entire upd region but has little fundamental impact on adlayer structure and stress.

Introduction in the incommensurate direction with areal coverage varying
. . ) . with potential from 61% to 67%’ When the reversible potential
Bismuth has become an interesting topic for the electro- for Bj is reached, the bulk deposition of Bi proceeds on this
chemical community in recent years due to its unique electrical, compressedp( x +/3)-2Bi adlayer. For this reason, an under-
physical, and chemical properties. Bismuth thin films have standing of Bi deposition in the upd region may help us better

demonstrated large magnetoresistahdaermoelectric effi-  ynderstand the growth and subsequent properties of bulk thin
ciency? and desirable quantum effeétsAn electrochromic films.

system based on the reversible electrodeposition of bismuth has  any additional in situ probe gaining popularity in electro-

shown promise for electrochemical device applicatiths.  chemistry involves the measurement of surface and growth
Bismuth deposition has also been examined on semiconductorsiress. Several techniques have been developed, most of which
substrate$.” Submonolayers of bismuth on some noble metal gre outiined in a series of review papers by W&k The
surfaces have shown enhanced catalytic activity for a variety simplest and most widely used methods involve the measure-
of electroreduction processes, most notably the two-electronment of the deflection of a flexible cathode, typically in a
reduction of HO, to H;0, often the limiting step in the reduction  girection that is perpendicular to the in-plane stress generated
of O, to H,O in aqueous fuel celfs? For this reason the in the film. Fairly sophisticated methods for tracking this
underpotential deposition (upd) of bismuth on a variety of noble deflection have been developed in the last 20 years. The more
metal substrates has been extensively examined by in situpopular make use of interferomeft§3! capacitance measure-

techniques such as electrochemical voltammetry/coulofitrif ments3 laser beam reflectiof? 37 and scanning tunneling
scanning probe microscofy,/ ! X-ray scattering,"2° quartz microscopy/atomic force microscop§:4°

crystal nanograwmetr%r;‘npedance spectroscop¥z°spectral Surface stress is the reversible work required to elastically
reflectance spectroscopy?>and surface conductiviéf,in order deform a surface. The loss of bonds at a clean metal surface
to better understand the relationship between the structure ofcauses an increased charge density between the remaining
the upd adlayers and the electrocatalytic activity. surface atoms, thereby increasing their attractive interaction and

The upd region of Bi on Au(111) shows several interesting resulting in a tensile stress at the surface. The adsorption of
structural features. At about 0.25 V positive of the bulk species on the surface can also be expected to alter the surface
deposition potential, Bi forms a (R 2) structure, commensurate  stress, since the local interaction of each adsorbate will alter
with the underlying Au surfac®!®17.182Qpen structures of this  the bond strength between neighboring atoms on the surface.
type are unique to electrochemical processing and there is someThis holds as long as the adsorbate changes the density of the
debate as to whether these low-coverage adlayers are stabilizethinding electrons, which is realistic for free-electron and
by the coadsorption of anions or are the result of Coulombic transition metals. Excellent reviews of the subject have appeared
repulsion due to a partial charge remaining on the Bi adatom. in the literaturel42
Electrosorption valencies ranging from 2.6 to 3 have been Surface stress can also be generated as the result of the lattice
reported for this system in the upd regit¥#1-24As the potential misfit between a metal adlayer and the substrate. The sensitivity
is made more negative and the Bi coverage increases, the (2 of surface stress to both ionic and fully discharged adsorbates
2) structure is replaced by a uniaxially commensurate (/3)- makes this measurement particularly relevant for upd studies
2Bi adlayer®13.17.1820Thjs structure can be electrocompressed where both processes tend to occur simultanectsgf/ *For
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4 3 L~1 HNO:; (Alfa Aesar, Environmental Grade Plus). The distilled
water was further purified using an EASY pure UV ultrapure
water system (Barnstead). The electrochemical cell was a single-
compartment Pyrex cell covered by a perfluorethylene cap. A
glass disk was joined to the back of the cell to allow the cell to
A be held and positioned by a standard mirror mount on the optical
bench. The counter electrode was platinum foil placed parallel
to and in the same solution as the working electrode. The
reference electrode was a saturated Hg sulfate electrode (SSE)
that was separated from the working compartment by a Vycor-
tipped bridge filled with either 1 mol t* HNO3 or 1.0 mol

L~1 HCIO,4, depending on the working electrolyte. The potentials
reported are with respect to the bulk deposition of Bi, which in
this electrolyte occurs at0.465 V/SSE. Prior to making a
measurement, the electrolyte was purged with nitrogen. A
nitrogen purge above the electrolyte was continued during a

measurement. Potential control was maintained using an EG&G

example, both Brunt and Seo have examined the surface stressg - . i
changes associated with the upd of Pb on Au(111) and observe(% rinceton Applied Research Corp. (PARC) modgl 2173 poten
iostat/galvanostat that was controlled by a Macintosh Power

Y P 9 9 We examined the changes in surface stress of the Au

monolayer changes fronf @o 2.5°.4546The compressive stress . ) ; ) .
. antilever in response to changes in surface chemistry in the

generated as the result of electrocompression also compare . : . .
upd region for bismuth on gold. Since the Au electrode is on

favoraply to that expecteql from the reported striff . .. the side away from the laser, compressive stress displaces the
In this paper, we examine the surface stress associated Wlthcantilever toward the laser while tensile stress displaces the
the upd of Bi onto (111)-textured Au cantilever electrodes from P

both perchloric acid and nitric acid electrolyte. To correlate the cantilever away from the laser. The relationship between the
P . . yie. -~ surface stress and the radius of curvature of the cantilever is
stress development with the Bi coverage, we separately examine_ .

the process using an electrochemical quartz crystal nanobalanc&' " by Stoney’s equatich
(EQNB).
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Figure 1. The laser path: 1, HeNe laser; 2, beam splitter; 3,
electrochemical cell; 4, position-sensitive detector.
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Experimental Section 6(1—v)R @

A schematic of the components of the in situ stress measure-
ment apparatus is shown in Figure 1. The light source was a 1
mW helium—neon laser (JDS Uniphase, model 1108P). (Certain
trade names are mentioned for experimental information only,
in no case does it imply a recommendation or endorsement by
NIST.) A beam splitter (50% reflected, 50% transmitted) was

whereEs, vs, andts are Young’s modulus, Poisson ratio, and
thickness of the glass substrate, respectively Risdhe radius

of curvature of the cantilever. Equation 2 is Stoney’s equation
in terms of the PSD output

2
placed in the path of the beam to direct the laser to the back of 9 = Bl Nairhea )
the cantilever working electrode and yet allow the beam reflected 6(1 — v92Ln,Dygq

from the cantilever to reach the position sensitive detector (PSD).
The incident and reflected beams were initially coincident. A wheredpsgis the vertical coordinate of the reflected laser beam
duo-lateral PSD with dimensions 20 mrm 20 mm (DLS-20 onto the PSDD,qis the distance of the PSD from the electrode,
from UTD Sensors Inc.) was used to measure the position of andL is the length of electrode submerged into the electrolyte
the reflected beam. The four photocurrents from the PSD weredown to where the laser strikes the electrode. Since the
amplified, measured by a National Instrument A/D card, and electrochemical cell is filled with electrolyte, a correction must
transferred to a Macintosh Power PC computer. The signals werebe made to account for the difference in the refractive index
converted into vertical and horizontal positions on the PSD. The between the electrolyte inside the ceil (= 1.33) and the air
stress calculation utilized only the vertical position of the laser. outside the cell i = 1.0). During a measurement® is

The cantilever was a borosilicate glass slide (D 263, Schott) determined frontlysq using eq 2. In the configuration used for
measuring 60 mmx 3 mm x 0.108 mm. The glass had a these experiments, this apparatus can resolve surface stresses
Young's modulus of 72.% 10° N m~2 and a Poisson ratio of ~ on the order of 16 N m~%. A more detailed description of the
0.208, as specified by the vendor. Onto one side of this substrateoptical bench and stress measurement can be found in ref 49.
a 4 nm thick adhesion layer of titanium and a 250 nm film of Mass changes during Bi upd were monitored by means of
gold were vapor deposited by electron-beam evaporation. Thethe EQNB. The measuring apparatus was a RQCM from
glass-metal interface provided the reflective surface for the laser Maxtek, Inc., also the manufacturer of the quartz crystals used.
beam. Prior to use, the electrodes were cleaned in piranhaThey were polished 2.54 cm AT cut blanks, onto which first Ti
solution (3:1 volume mixture of p504:H,0,). The Au elec- and then Au was evaporated. Their resonance frequency was 5
trodes had a strong (111) crystallographic orientation. The 200 MHz. The Au deposit had a strong (111) crystallographic
reflection was not apparent #—26 X-ray scans and rocking  orientation, and rocking curves of the 111 reflection generally
curves of the 111 reflection generally yielded a full-width half- yielded a fwhm on the order of’3The EQNB as well as the
maximum (fwhm) on the order of°2 EG&G 273 potentiostatgalvanostat were driven by Labview

Two electrolytes were examined: 10 mmotiBi,0s (J.T. software on a Macintosh Power PC computer.
Baker) in 1.0 mol 1 HCIO, (Sigma-Aldrich, 99.999%) and The cell in which the Au-covered quartz crystal was the
0.10 mol Lt Bi(NOg3)3 (Sigma-Aldrich, 99.999%) in 1.0 mol  working electrode had a separated compartment for the counter
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Figure 2. Potentiodynamic scan and mass changes on (111)-texturedFigure 3. Potentiodynamic scan (10 mV/s) and surface stress on (111)-
Au in 1.0 mol/L HCIG, (dashed line) and 10 mmol/L BDs + 1.0 textured Au in 10 mmol/L BiOs; + 1.0 mol/L HCIQ..
mol/L HCIO, (solid line). Sweep rate= 1 mV/s. Solid points are mass
changes obtained potentiostatically. is calculated to be 1.3. On this basis it is possible to estimate
. the degree of Bi coverage after the first and second gravimetric
electrode and a SSE reference electrode connected via &yen a5 well as immediately prior to bulk deposition. After the
Luggin—Haber capillary. The cell had a magnetic stirrer, and .t step, about 0.14 monolayers (ML) of Bi is deposited, with
N2 could be bubbled in the main compartment to speed UP regnect to the Au(111) surface. This means that the @-Bi
deaeration or gou_ld flow above the solution, maintaining a small gcture is not fully formed after the first gravimetric step. After
overpressure inside the cell. Most measurements consisted 0fq second step, about 0.54 ML is formed, somewhat less than
potennodyn_amlc sweeps, but occasionally, potentiostatic or yho 0 61 ML associated with the uncompresged (v/3)-2Bi
galvanostatic measurements were performed. The Maxtek, 'nc'*adlayer. Immediately prior to bulk Bi deposition, the Bi adlayer
RQCM measures both the respnant frequency and the resistancey apout 0.72 ML, which is consistent with the 0.67 ML coverage
Ry of the equivalent resonant circui, in all upd measurements  oh51teq for the fully compresseg (& +/3)-2Bi structuret?52
changed very little, confirming that no significant roughemng_ Scanning probe and X-ray scattering measurements have
of the electrode surface tOOK, place. EQNB measurements iNgpq\yn that the (2x 2)-Bi structure is stable in the potential
the pure acids were also cgrrled out, to de.termlne the voltagerange 0f+0.19 to+0.28 V/BEH0,13.17.18 24y hich places it well
range where anion adsorption and desorption occurred. into the second voltammetric peak that is centered-@126
V/Bi3*0, The broad peak centered-80.35 V/BiF™° has been
attributed to a disordered adlay®as well as a variety of one-
Perchloric Acid. Figure 2 shows both the voltammetric and dimensional phases, i.e., decoration of steps and defects, which
gravimetric response of the Au-covered quartz electrode for the appear in relatively high quantitf.Our gravimetric results in
Bi upd region in both 1 mol £ HCIO4 and 1 mol -2 HCIO,4 perchlorate indicate that the (® 2)-Bi structure is not fully
containing 10 mmol E* Bi®*. In addition to the potentiody-  formed after the completion of the first voltammetric peak. The
namic curves, gravimetric results from stepwise potentiostatic data also suggest that thex +/3)-2Bi structure begins to form
measurements are shown. The agreement is excellent. Potenprior to the completion of the second voltammetric peak but is
tiodynamic scans at different sweep rates {00 mV s1) have not fully formed at the completion of the second voltammetric
also been performed, with practically identical results. Anion peak. The electrocompression region, where the Bi adlayer
desorption is the dominant feature as the potential approacheauniaxially compresses along the incommensurate direction,
0.40 V from more positive values. The gravimetric response in resulting in a coverage increase from 0.61 to 0.67 ML, is well-
the absence of Bt shows that CIQ~ desorption is essentially ~ supported by our data. The fact that our measured mass increases
complete prior to Bi upd. Since the potential of zero charge are generally consistent with the reported coverages for the
(pzc) for Au(111) in 1.0 mol £ HCIO, is +0.38 V/B#*/0,50 various Bi adlayers suggests that GiOdoes not play a
perchlorate desorption is expected in this potential range. significant role in the upd process.
Bismuth upd occurs in three steps that were identified by  The surface stress response for Bi upd is shown in Figure 3
changes in slope of the gravimetric curve. These steps roughlyand consists of three distinct features. In the potential range of
correspond to the current peaks in the voltammetry. The location +0.65 to+0.30 V/Bf*/0 the surface stress moves in the tensile
of these voltammetric peaks is very similar to that reported by (positive) direction from a value arbitrarily chosen as zero. The
others in HCIQ.81321|n the first gravimetric step, from 0.40  stress response reflects the desorption of,Cltom the gold

Results

to 0.27 V, the mass gainmis about 90+ 10 ng cn72. In the surface. This is consistent with Ibach’s surface-induced charge
second step, from 0.27 to 0.20 Xm is 2504 50 ng cn?, redistribution model where electron acceptors such as adsorbed
while the third step which approaches bulk bismuth deposition, anions cause compressive stress since they reduce the electron
entails an additionahm of 90 + 10 ng cnT2. density in the surfac& As the potential approaches the pzc

The roughness factor of the Au-covered quartz electrode wasfrom the positive direction, Cl) is desorbed and its compres-
determined by carrying out potentiodynamic sweeps up to 1.50 sive contribution to the surface stress is diminished. Haiss has
V/Bi3+0 and measuring the charge necessary for the completeobserved a linear correlation between surface stress and surface
reduction of the Au oxide. A charge of 56020 uC cm 2 was charge for a variety of anions on &8.
measured in perchloric acid. Since the theoretical value for Au-  In the potential range 0f£0.30 to+0.20 V/B#*/°, where the
(111) is 222uC cn1? per electron, assuming that one oxygen (2 x 2)-Bi adlayer is formed, the surface stress moves in the
is adsorbed for each surface atom of Auhe roughness factor  compressive direction. It is interesting to note that the stress
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0.2 ] . . ] ] . . examples where the opposite is true, namely, Cu on Au(®t?).
However, elasticity theory is in fairly good agreement with
o ] experimental observations in predicting the level of compressive
o2 b ] stress when the misfit is negative (large adsortztEyom the
— misfit of the lattice constants, one can calculate the stress that
2 04 [ ] arises from the elastic deformation of the deposit when it grows
8 o6 pseudomorphically on the substrate
% (s) —
g -08f ] 77 =Y 111fm%111© 3)
=
2 at . where Y'(111) is the biaxial modulus of the adsorbate (111)
surfaced11)is the thickness of one monolayegy is the misfit,
121 ] andO® is the coverage in monolayers. Since Bi does not grow
4 b , , , , , , , pseudomorphically on Au when the coverage exceeds 25%, we
0 01 02 03 04 05 06 07 can only use eq 3 as an upper bound for the stress in the Bi
Bismuth Coverage [ML] adlayer. Bismuth has a rhombohedral crystal structure which

Figure 4. Surface stress as a function of Bi coverage in monolayers means that it does nc,)t have a natura,”y occurring C'Ose'pac,ked

on (111)-textured Au in 10 mmol/L BDs; + 1.0 mol/L HCIQ.. (111) surface. For this reason we will use the polycrystalline
biaxial modulus of 47.7x 10°®° N m~2. Assuming an atomic

maximum occurs well into the upd region, near the completion radius for Bi of 0.17 nm, which results in a misfit 6f0.18, a

of the first voltammetric peak. At more negative potentials where dq11) of 0.34 nm, and a coverage of 0.67 ML (for the

the adlayer transforms to thp & +/3)-2Bi structure, the stress v 3)-2Bi adlayer), eq 3 gives a surface stress-af95 N 7.

continues in the compressive direction although the slope, with Since the ¢ x +/3)-2Bi adlayer is uniaxially incommensurate,

respect to the potential, decreases somewhat. When the potentigPne would expect it to have a significantly lower stress from

scan is reversed, the stress response of the return sweep follow#at of a pseudomorphic layer of equal coverage.

a path similar to that of the forward scan, a|th0ugh some The elastic contribution of eleCtrocompreSSion of the Bi

hysteresis is present. The overall upd process is quite reversibleddlayer to the compressive stress can also be estimated. In the

and our results are consistent with reports in the literature that Potential range of 0.190.01 \(/Bi3+’°, the Bi atomic distance
no alloy formation between Au and Bi is obsenéd.11.22 in the incommensurate direction decreases from 0.471 to 0.447

nm!7 which decreases the Bi nearest neighbor distance from
0.342 to 0.334 nm. If we apply Hooke’s law, treating the Bi
monolayer as a free-standing elastic film, then the streain
relationship is given by

Figure 4 summarizes the gravimetric and surface stress
response for Bi adlayer formation in HCJ@vhere the gravi-
metric data are converted from mass to monolayer coverage
with respect to the Au(111l) surface. The surface stress was
arbitrarily set to zero at the potential where the mass increase o= —eYd 4)
begins at about 0.4 V. At very low coverage, the surface stress
moves in the tensile direction before becoming compressive for \\here Y is the biaxial modulus and is the film thicknes$?
the remainder of adlayer formation. At intermediate coverage, Using the change in the Bi spacing reported by CHeme can
the stress change is essentially linear and then increases rath&fy|cylate a strain of 0.023. With the polycrystalline modulus
significantly at a coverage of 0.6 ML. Interestingly, this anq monolayer thickness used above, eq 4 gives a stress value
corresponds to the coverage where electrocompression isys —g 37 N nrl. This value is about half of that observed in
reported to begid’ The complete bismuth_adlayer Causes an the electrocompression region (6:6.7 ML) in Figure 4.
overall stress change of aboufl.4 N n7* with respect to the It is interesting to note that the stress response for Bi on (111)-
maximum at 0.1 ML. textured Au is nearly identical in shape and somewhat higher

There are several possible contributions to the compressivein magnitude than that reported for Pb on Au(111) in HCA€¥6
stress generated during Bi adlayer formation. The first involves On the basis of the discussion above, the stress response for Pb
the Bi—Au bond and its impact on the surface stress of the Au. and Bi on Au(111) should be similar. The A®b bond being
Experiment&*>>as well as semiempric&land first-principle®’ energetically favorable (130 kJ m@) should decrease the
calculations indicate that the clean Au(111) surface has a tensilecharge density on the Au and induce a compressive stress. In
stress of about 2 N . As mentioned previously, this is due  addition, Pb will add an elastic contribution to the compressive
to the increased charge density between the surface atoms dustress since it forms a close-packed incommensurate adlayer
to loss of bonding partners. The ABi bond is fairly strong,  which also undergoes an electrocompression strain of 0.02.
of the order of 290 kJ mol. The addition of Bi to the surface Similar to Bi on Au, the Pb ad|ayer can be expected to generate
partially satisfies the bonding requirements of the Au surface a compressive stress.
atoms, decreasing the charge density and reducing the tensile This raises an interesting point in regards to stress develop-
surface stress. One would expect that in the absence-eBBi ment in upd-generated mono|ayers_ We have discussed two
interactions, the adlayer-induced surface stress would increase:ontributions to the stress. The first involves the formation of
linearly with coveragé! metallic bonds and its impact on the charge density and surface

As the Bi coverage increases, stresses within the adlayer carstress of the substrate. Since upd is at least partially driven by
contribute to cantilever deflection. Attempts to quantify the stress the free energy of dissimilar bonding, one would always expect
associated with heteroepitaxial metal on metal growth using this contribution to be negative, i.e., generate compressive stress.
continuum elasticity theory and using the difference between The second contribution involves the elastic state of the adlayer.
the bulk lattice parameters to determine a misfit strain yield This can be either positive or negative, depending on the adlayer
mixed result$8 When the misfit is positive (small adsorbate), structure and lattice misfit. If the adlayer is pseudomorphic with
elasticity theory predicts a tensile stress, yet there are severalthe substrate and the misfit is negative (large adsorbate), both
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Figure 5. Potentiodynamic scan and mass changes on (111)-textured Figure 6. Potentiodynamic scan (10 mV/s) and surface stress on (111)-
Au in 1 mol/L HNO; (dashed line) and 0.1 mol/L Bi(Ng + 1 mol/L textured Au in 0.1 mol/L Bi(N@)z + 1 mol/L HNOs.
HNO; (solid line). Sweep rate= 10 mV/s.

600 T T T T T T

contributions will be negative and the stress will be compressive. 500 1°

However, when the misfit is positive (small adsorbate), then
the sign of the stress depends on the relative contributions of 400 |

-4 04

w
the bonding and the elastic components. In the case of Cu on_, 1 gs
Au(111), the Cu-Au bond strength (235 kJ nmol) makes a g 300p 1° 2
larger contribution than the-11.4% misfit and a compressive 2 102 g
stress is generatég*® g ¢ 2

Nitric Acid. Figure 5 shows voltammetry and EQNB data 100 | 1° 3
for 1.0 mol L= HNOs with and without B#* in solution. The 1 06
Bi-free background data show that anion desorption is essentially ol
complete prior to Bi upd. Since the pzc for Au(111) in 1.0 mol K 1
L~ HNO;3 is +0.3 V/Bi#™0, nitrate desorption is expected in -100 : s : : ' : -1

0 01 02 03 04 05 06 07

this potential rangé* The voltammetry in pure acid also shows

a small anodic peak at0.3 V; however there is no mass change - 2 M N d surt . (111)-textured Au in 10
H H i : o H igure /. ass change and surface stress on -lexture uin

associated with this peak, suggesting that it is not associated | o\, “oi 5 "2 ™1 5 oL HCIO, (solid lines) and 0.1 mol/L Bi-

with nitrate adsorption. When Bi is present, location of the (NO)s + 1 mol/L HNO (dashed lines)

voltammetric peaks is very similar to that reported previously '

in H'\.IO.3 electrolyte}“' Qualitatively, the upd results in nitrate ._region. The presence of NOalso alters the stress transient.
are similar to those in perchlorate; however the three gravimetric Nitrate causes a larger tensile stress when it desorbs from the
steps tend to have greater mass. The values are-14), 280 Au surface and a larger compressive stress when it readsorbs

5 . >
+ 40, and 90t 10 ng cn1, respectively. Taking into account onto the Bi surface. These results are consistent with adsorbate-
a roughness factor of 1.3 for the Au electrode, the mass Change%nduced stress behavior reported in the literaftir@

converted to monolayer equivalents are 0.22, 0.67, and 0.81

ML of Bi, respectively. A possible explanation for the difference  ~,cjusions

between perchlorate and nitrate is that, due to a negative shifting

of the pzc, the more strongly adsorbed nitrate ion is readsorbed We present a gravimetric and surface stress examination of

onto the Bi adlayer, similar to that which has been reported for Bi upd on (111)-textured Au in acidic perchlorate and nitrate

sulfate on upd C§24449 supporting electrolyte. The complete Bi monolayer causes an
The surface stress response for Bi upd in 1.0 nidIHNOs overall surface stress change of abedt4 N n 1. We attribute

is shown in Figure 6. The stress response is very similar to that this compressive stress to two factors: (1) the formation ef Bi

observed in HCIQwhere a stress maximum separates the anion Au bonds which partially satisfy the bonding requirements of

desorption region from Bi adlayer formation. As in perchlorate, the Au surface atoms, decreasing the charge density and

the stress maximum occurs well into the upd region, near the reducing the tensile surface stress inherent to the clean Au

completion of the first voltammetric peak. The full Bi monolayer ~surface; (2) electrocompression of tigex +/3)-2Bi adlayer in

results in a compressive surface stress of about 1.7 N Tine the incommensurate direction. GfOdoes not play a significant

stress response of the return sweep follows a path similar torole in the upd process, whereas NQ@oadsorbs with Bi over

that of the forward scan, again with some hysteresis present.the entire upd region but has little fundamental impact on adlayer
Figure 7 summarizes the gravimetric and surface stressstructure and stress.

response for Bi upd in both HClGand HNGQ. Although the

shapes of the curves are similar, there are significant differences Acknowledgment. The authors gratefully acknowledge the

that can be attributed to the presence ofs:NGBince Bi has a technical contributions of Jonathon Guyer and Carlos Beau-

more negative pzc than Au, one might expect:N@ readsorb champ.
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