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chemical phenomena typically produce currentsstaller than

the in-plane current required to achieve, say ~ 500 mV.
However, the voltage noise produced by passing the in-plane
current is some YOsmaller than the in-plane voltage?? so
electrochemical phenomena can be followed and spatial gradients
in electrochemical potential transformed into surface chemical
potential gradients.

The electrochemical desorption of alkanethiols in methanolic
KOH at potentialsV < —0.8 V vs Ag/AgCP30 was used to
establish static gradients in two-dimensional (surface) chemical
potential. A 500 A Au film was contacted by deoxygenated 0.5
M KOH/5 mM octanethiol (OT) in CHOH in a flow-cell

w-functionalized alkanethiols has proven to be a popular system configuration, and cyclic voltammetry was performed to verify

for studies of wetting; ® adhesiorf;” chemical affinity®-1? and
electron transfet®~1% Varying the composition of binary hydro-
philic—hydrophobic self-assembled monolayers (SAMs) can vary
the wetting properties of a surface in a continuous matiiég

the potential of the cathodic stripping and anodic adsorption
waves, cf. Figure 2 OT gradients were formed during 5-min
electrolyses performed with a 15 mV min-plane potential
gradient, as implied by the top and bottom axes in Figure 1. The

fact that has been exploited to distribute surface-active moleculescomposition gradient was then captured by rapidiyl(s)

inhomogeneously under mass-transport coifr81One goal of

removing the substrate and rinsing with pure solvent. The

these experiments is to create surfaces which permit supermo-gradient-coated Au films were re-immersed in 5 mM HSEH
lecular objects to be manipulated under external control, as CO,H (MPA) in CH;OH for ca. 2 min to reassemble a hydrophilic

recently demonstrated at ailiquid interfaces?®
Here we report chemical potential distributions of alkanethiols,

SAM in the bare Au areas exposed by reductive desorption of
OT. A 2-component linear gradient in composition, i.e., OT/MPA,

which can be manipulated in both space and time under active wetting properties, and surface energy was thereby created. The

electrochemical control. In-plane current passed in a thin (5 nm
< d < 80 nm) Au film of resistivity,o(l),%° and cross-sectiom,
produces an in-plane potentiad(x),

VO = Vot [y E2 <ie() @)
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Figure 1. Plot correlating spatial position (top abscissa) and applied ; . ! . . . .
potential (bottom abscissa) along a single 60 mm long Au electrode A200 1000 800 600 400 -200
containing a 2-component counterpropagating gradient of OT and MPA. E/mV vs. Ag/AgClI

The bottom 'panel is a plot of the cyclic voltamm_qgram showing how Figure 2. Surface plasma resonance (SPR) images of the same Au
electrochemical phenomena are mapped onto position along the eI?Ctr()deelectrode in an OT solution with varying potential windows applied. The
surf_ape. The top panel plots the sessile d_r@@ antaa angle vs sp'atlal applied potential for each point along the horizontal axis in each image
posmon (d|ffe_rent sy_mbols represent_r_ephcate trials). The bottom |II_ustra- can be read from the potential directly below it on #&xis of the cyclic

tion schematlcall)_/ gives the composition OT the 2—comp0ne_‘nt gradient as voltammogram, as was done explicitly for the right and left ends of the
a function of position, referenced to the distance (top) axis. bottom image. SPR images were acquired under conditions in which the

transition from the hydrophobic OT to the hydrophilic MPA  resonance (dark areas) corresponds to thiol-covered gold in electrolyte.
provided a mechanism for characterizing the SAM gradient. The physical asperity near the right-hand gasket provides a convenient
Sessile drop water contact angles were measured as a functiorsPatial marker.

of position along the gradient axis, as shown in the top panel of region corresponding to ca:0.7 V = V(x) = —0.8 V, potentials
Figure 1. At the spatial extremes of the film contact angles were j,iormediate between the oxidative adsorption and reductive
indistinguishable from those measured on uniform SAMs of either desorption potentials in the voltammogram at the boftbThe

OT or MPA, and a transition region between one-component OT edges of the SAM-covered areas are defined by the gaskets sealing
and MPA layers was observed at spatial locations correspondingy,o cell, and a prominent asperity near the right-hand gasket
to potentials of-600 mV = V(x) = —1000 mVZ2 Interestingly, hrovides a convenient landmark against which the progress of
the onset of the MPA/OT transition (top panel) appears at a {he translating surface gradient can be measured. The ca. 200
potential nearly 200 mV positive of that observed in the 100 mV/s separation between anodic and cathodic 100 mV/s sweeps
potentiodynamic scan (bottom panel), implying significant Kinetic  efiects poth a kinetic and thermodynamic contribution to thiol
overpotential in the cathodic stripping reaction for OT from the assembly on these Au films. Correspondingly, the attainable

Au on glass substrates_ used here. ) . velocity of the advancing front is a function of these kinetics.
h.AS'de frorrr: the rtfelanvehease of forr;ung g.radlenrt]s,. Wha'g SelS These data suggest that for thin, annealed Au on glass, surface
this approach apart from other gradient-formation technift#és; conditions, and hence boundary advancement, equilibrate with

is the ability to move the gradients in space and time. An example j i iqual potential steps on a subsecond to second time scale
SAM translation is illustrated in Figure 2. The potentiostat was a4 should be even faster for smaller electrode configurations.
set to an initial offset relative to a Ag/AgCl quasi-reference For both static and dynamic gradients surface diffusion, not

electrodé and sufficient current passed to produt¥ ~ 350 evident at the time and length scales probed in these experiments,
mV. Then a brightness contrast image of the OT reg%égns of the \yill limit the ability to produce surface composition gradients of
Au film was obtained using surface plasmon reflectonté{itpp arbitrary form. Another limit is imposed by the width of the

22Tﬁésbff;%lireof;fa?ﬁ;e:e?:Eisn%tén;;%ef "g?;ggg%‘;lﬁéf;ed electrochemical waves and the maximum in-plane electrical
As the otenFt)iaI at the left side of the Al?f)illm approaches the Jradients achievable, estimated to be c& \L@m % Experi-

he p . X X PP A ments to exploit these gradients to control the properties, e.g.
equilibrium desorption potential, a light band, corresponding 0 ghahe and position of supermolecular objects, are currently
the loss of OT in this region, appears at the left side of the image ,,qerway. Finally we note that although the concept has been
along with a gray .,T,I(.:ale transition from black to white, clorre- demonstrated with electrosorption reactions, the spatial potential
szondt;ng to a mi |mhet(_ar-d|men3|on gra%:egt in mlonc_) ayerl radient scheme can in principle be applied to any electrode
adsorbate coverage. The images were recorded at regular intervalgeaction, e.g. electrocatalysis, electron-transfer coupled to light
allowing ca. 2 min following the potential steps for diffusion to absorption/emission, etc.

remove the alkanethiols from the sampling volume of the SPR
measurement. Clearly, removal of SAM progresses from the
cathodic side of the working electrode as expected. The transition
from bare to coated Au appears as a gradient spanning the surfacdA993442N
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