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Abstract: This report concerns an in-situ scanning tunneling microscopy study of the initial stages in the
formation of a Au—Cd alloy on the Au(111) herringbone reconstruction. Although Au—Cd nanoclusters of
alloy have been observed in sulfate electrolyte by this group, alloy “nanowires” were observed to form
preferentially in the hcp regions between the sets of “soliton” walls of the reconstruction only in the presence
of chloride. The nanowires were formed at —0.55 V versus 3 M Ag/AgCl, corresponding to Cd underpotential
deposition (upd). Upd is electrodeposition at a potential prior to that needed to deposit the bulk element.

Introduction vacuumi314 and in ambierdf and aqueous solutiof. The
morphology of the Au walls has been shown to depend strongly

The formation and characterization of nanostructures is a 4 . o -
on annealing and cooling conditions in the case of Au(200).

central theme in materials research. Of particular interest is the
use of nanometer scale templates to direct synthesis. Such efforts It has been observed that FeNi,*2° and Cé* deposit
include the patterning of SAMs with contact printihg,and initially at elbows in the soliton walls of the Au(111) recon-
the use of track etched membrafegnodized aluminum struction. Strain induced by lattice dislocations at these elbows
membrane$;® and surface assembled micelle-like structdies. was initially proposed to account for this nucleati§n?!
This report concerns the use of the Au(111) herringbone however, recently, a place exchange mechanism has been
reconstruction as a template for the electrodeposition of arrayssuggested in the case of Ni electrodeposifib®b and Ru
of Au—Cd alloy nanostructures. The formation of arrays of electrodeposits on Au have been found to decorate the fcc
nanoparticles and wires of compound semiconductors is sug-regions of the reconstruction with 2 nm randomized clustets.
gested. That is, formation of compounds such as CdTe, CdSe, cq is known to alloy with Au at potentials prior to bulk Cd
and CdS, by the subsequent deposition of chalcogenides, usingyenositior?5.26 in the upd regior®” It has also been proposed
electrochemical atomic layer epitaxy (EC-ALE)Y, may be 4t cd upd on Au(100) occurs via a process wherein a thin
possible. . i alloy “skin”, encompassing the first few substrate atomic layers,
The herringbone reconstruction lowers the surface free energy;g jitially formed: its thickness is directly related to the distance

via a u_nlaX|aI compression, resultmg_ln 23 surface A“u a_tom’:s, from the pzc. Further alloying with Au occurs at a considerably
occupying the space of 22, and forming an array of “soliton slower pace as Cd atoms diffuse into the B#IDiffusion
walls (characterized by surface atoms sitting in bridge sites on

the second Au layer). The walls separate thinner hcp regions
from wider fcc regiond!12The herringbone reconstruction has , ‘ _
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Figure 1. Cyclic voltammogram of a Au(111) single crystal in 0.20 mM Cgée&l1 mM HCI (pH 3). Scan rate= 0.005 V/s.

coefficients for the two processes seemed to indicate a transitionand scanning head, was isolated from ambient by fitting a Plexiglas

from a turnover to a solid-state diffusion mechanism. hat on top of the microscope, and maintaining a positive pressure of
The importance of electrolyte coadsorption in Cd elec- high purity Ar on the system. All potentials were referencea t3 M__
trodeposition has been clearly shown by Gewirth é8&.Cd gz/grgoc(tjlerseference electrode (BAS), and Au wires served as auxiliary

electrodeposition from solutions containing sulfate, chloride,
acetate, and perchlorate has been studied in this group. AlloyResults and Discussion
formation has also been observed in sulfate-containing solutions,
although the influence of the soliton walls on AGd alloy
morphology was most pronounced in chloride-containing elec-
trolyte. Chloride ions have been shown to increase the mobility
of surface Au atontd and to promote the alloying of Cu with

The voltammetry for a Au(111) crystal in 0.2 mM Cg@ind
1 mM HCI is shown in Figure 1. Peak R1-0.25 V)
corresponds to Cd upd. The corresponding coverage from
coulometry (17Q:C/cn?) was 0.3 monolayers (ML), neglecting

AU possible anion effects. Peak R2 {0.56 V) is a shoulder on
’ R3, where both R2 and R3 correspond to formation of a-Au
Experimental Section Cd alloy. On the reverse scan, oxidation peaks were numbered

. . to correlate with the reduction features. Cd deposition at
For cyclic voltammetry, a 99.999% pure Au(11l) single crystal . . . .
(MaTecK GmbH) was used. The substrates for in-situ STM were poteptlals negative 0f0.8 V resulted !n bulk Cd d.epOSItIO?ﬁ. .
composed of gold evaporated onto borosilicate glass slides. The Au-CYclic voltammograms to successively negative potentials
(111) single crystal and Au on glass substrates were cleaned in hot(Potential window opening) indicated that the anodic dissolution
nitric acid for 30 min and were then annealed in a hydrogen flame for Of Cd from the alloy was kinetically slow and was observed
7 min. This procedure routinely yielded large atomically flat terraces along with upd stripping at 0.20 V.
on which the gold herringbone reconstruction was visible. The image in Figure 2a was obtained-&9.4 V, after Cd
Cd deposition solutions were composed of 0.20 mM GdEL.0 upd, and clearly shows the soliton walls of the Au reconstruc-
mM HCI, prepared with ultrapure water (8.1 MQ) and analytical tion; that is, Cd upd does not lift the reconstruction. This is
grade reagents. In-situ scanning tunneling microscopy (STM) studies ,qusual for a system where one element is chemisorbed on a
were carried out in constant current mode (height mode), using a ro.qnstrycted surface. An arrow marks a defect in the soliton

Nanoscope Il (Digital Instruments, Santa Barbara, CA). The instrument . . . .
was calibrated by imaging HOPG in air. For all imaging, tips were walls (Figure 2a), which subsequently acts as a nucleation point

formed from polycrystalline tungsten wire (diameter 0.25 mm), for a 3 nmcluster _at—0.50 v .(Flgure Zb)'_ At-0.56 V, the
etched at 12 VAC in frés 1 M KOH. To reduce Faradaic currents at Au—Cd aII_oy was 'maged as _'t formed (Flgure _2C)' .

the tip/electrolyte interface, tips were coated with hot glue gun glue ~ Evidentin Figure 2d is a series of atomically high nanowires,
(Kmart), leaving only the apex exposed. The electrochemical STM cell of varying length, which grew between the sets of soliton walls,
has been described previoudlyThe entire setup, including the cell  preferentially in the hcp regions of the reconstructed surface.
All wires followed +/3 directions of the substrate atoms and

(29) Bondos, J. C.; Gewirth, A. A.; Nuzzo, R. G. Phys. Chem1996 100,

8618620 were thus rotated by 120rom each other, as well as 3tom
(30) Hsieh, S. J.; Gewirth, A. ALangmuir200Q 16, 9501-9512.
(31) Weichers, J.; Twomey, T.; Kolb, D. M.; Behm, RJJElectroanal. Chem. (33) Suggs, D. W.; Bard, A. J1. Am. Chem. Sod.994 116, 10725-10733.
1988 248 451—-460. (34) Michaelis, R.; Zei, M. S.; Zhai, R. S.; Kolb, D. M. Electroanal. Chem.
(32) Moller, F. A.; Magnussen, O. M.; Behm, R. Bhys. Re. B 1995 51, 1992 339 299-310.
2484-2490. (35) Vidu, R.; Hara, SSurf. Sci.200Q 452, 229-238.
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Figure 2. In-situ STM images of reconstructed Au(111), including the growth of a&d surface alloy, in 0.20 mM Cdgt 1 mM HCI at potentials of:
(a,b) —0.50, (c)—0.60, (d)—0.04 V versus Ag/AgCl. Scan size is 3070 nn?.

the rows of Au substrate atoms. Some defects in the surfacethen be electrochemically annealed at potentials positive of 0.10
appear to disturb wire growth, leading to shorter wires or V,37:38resulting in the return of the smooth Au surface, followed
nanodots, still rotated by 120with respect to each other. It by the recurrence of the Au reconstruction (Figure 4).
appears that at a critical distance from the pzc, the amount of In other experiments, involving less negative potential excur-
Cd in the alloy phase increases to a point where these monatomisions (Figure 5a), some of the sets of soliton walls were left
protrusions form. unfilled by the alloy and were still evident during dissolution,

Scanning positively t0—0.234 V (Figure 2d) initiated  suggesting that wire deposition lifted the reconstruction locally.
dealloying, leaving a series of nanoclusters and no evidence ofFollowing oxidative dissolution of the wires, pits remained only
the soliton walls or Au reconstruction. As the wires etched, they
converted into rows of circular alloy nanoclusters. As the Cd (36) Sggtfggélloal; Juang, B. M Lister, T. E.; Stickney, J. Electrochim.
stripped from the alloy clusters, they slowly coalesced into (37) Wu, Y. C.; Pickering, H. W.; Gregory, D. S.; Geh, S.: SakuraiSTirf.
larger, monatomic Au-rich clusters (Figure 3), with pits, Sci. 1991 246 468-476.

.. X L (38) Jerkiewicz, G.; Conway, B. B. Chim. Phys. Phys.-Chim. Bidl991, 88,
characteristic of dealloyingf remaining. The Au surface could 1381-1400.
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Figure 3. STM image of the Au(111) surface after dissolution of the-Au

Cd surface alloy and coalescence of resulting islands. Potentiad.038
V versus Ag/AgCl. Scan size is 70 70 nni

Figure 4. STM image of the return of the Au(111) reconstruction after Figure 5. STM image of the Au(111) surface: (a) After the formation of
electrochemical annealing at 0.170 V versus Ag/AgCl. Scan size is 70  the Au—Cd surface alloy at-0.498 V versus Ag/AgCl. Some of the soliton
70 nn?. walls of the Au reconstruction remain. (b) At0.051 V versus Ag/AgCl,
after stripping the Au-Cd alloy nanowires from the surface. Scan size is
70 x 70 nn?.

where the wires existed (Figure 5b), indicating that the pits result

from the dissolution of the alloy phase and not the upd Cd.
structures. From Figure 2, it is evident that the soliton walls

Conclusion and the hcp regions between have on average a higher potential

In conclusion, it appears that the reconstructed Au surface energy than the fcc regions, facilitating alloy nanowire formation.

provides a template for the formation of A«Cd alloy nano- JA0287534
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