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Selective Functionalization of Gold Microstructures with
Ferrocenyl Derivatives via Reaction with Thiols or Disulfides:
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Abstract: Auger eleciron spectroscopy and clectrochemist
sclectively the Au microelectrodes (~2 um X 90 um X 0.1 um) on
of chemisorption of thiol (-SH) or disulfide (~SS-) grou
Immersion of Au clectrodes into solutions containing (1
merapioundecanoylferrocene (1), or bis(lO—(fcrrooenylcarbonyl
<duut une monoluyer of 3 reversibly redox active ferrocene
han that for 11 or 111 (which both h
that from 1 or 111,

solutions of i1, replacement of | by |1 occu
for Auger ciement mapping of organic

< reiiable image of the distribution of molecules on the surface.

We report the selective derivatization of Au microeicctrode
arrays using redox active molecules that have thiol or disulfide
funcuional groups. The resulting microstructures have been
characterized by Auger clectron spectrescopy (AES) and ¢yclic
voltammetry, This paper includes the details of our methodology
for high latcral resolution AES imaging of monolayer-derivatized
microstructures. We have previously reported such results without
fully detailing the procedures cmployed.'3

The formation and structure of molecular monolayers on Ay
derived from alkane thiols and disulfides have been extensively
studied on macrostructures, =12 including a recent report of ar-
tachment of clectroactive groups 1o Au via reaction with thiol
sroups.’? Our work focuses on the sclective derivatization of Au
on an insuiating SiWN, substrate (Scheme D. Previously, we have
shown such selective chemisiry for alkanethiols' 2nd have shown
that redox uctive isonitriles can be bound to Pt microstructures.?
Our im is 10 combine microfabrication and coordination chem.
istry 10 rationatly functionalize surfaces. Here we show the se-
lective functivnalization of Ay on SiyN, with molecules I-111,

Sy s s @?WV\M,.

Fe
Iz

IIz

This selective adsorption ailows derivatization of Au with redox
reagenis having different redox potentials. Molecules I-11] al|
sclectively functionalize the Au, but the resulting structures from
Hor I are far more rugged than the structure from I. Use of
| allows investigation of its replacement from a surface, owing
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Massachuseits 02138. Received Au

ps on Au relative to their
-mcrcapxod.é-dilhiahepunyl)octamclhylferroccne ", 1.

reagent.

ave the same £, vaiues). The
Loss of | takes place with a fy;20f ~2 hat 298
material derived from i1 or 111 occurs on the same ume scale. When
rs cleanly and at a rate that is
monolayers at high lateral resoluti
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ry show that ferrocenyl thiols or disulfides can be used to modify

a SiyN, substrate. The Auger technique shows the selectivity
physisorpuion on SiyN, 10 be at least 100:].

)decyi] disuifide (111) yields modified Ay elecirodes showing
Compound | yields an £,y about 550 mV more negative
electroactive layer from | on Au is far more labile than
K in a heaane solution; little or no loss of clectroactive
Au elecirodes modified with | are immersed in hexane
the same as loss of 1 in hexane only. Detailed procedures
on (~0.1 um) are presented, and such maps pive

Scheme 1. Selective Functionaiization of Au Microeiectrodes
ad ann AnR
$SSS  sSs
__/ ,__\ RS+ o RSSA
S

S
10 its relative lability and its more negative £, value compared
10 the £, for reagents Il and 111,

Experimental Section

Chemicals. The [n~Bu,N|PF, was obtained from Aldrich and re-
crysiailized from E:OH. CH,CN was obtained from Omnisolv and
distilled from CaH,.

(l-Mercapto-J.Milhi:hepunyl)ocumethyl!mocen (I} was syn.
thesized according 10 literature procedures. '

11-(Thioacetyl)undecanoylilerrocene, | 1-Bromoundecanoyi ferrocene!®
(6.53 g, 15 mmol) was combined with NaOMe (1.08 g, 20 mmol) and
thiolacetie acid (2.06 g, 27 mmol) in 60 mL of MeOH and refluxed for
18 h. The mixture was concentrated and purified by chromatography
(silica, 3% acetone/hexanes) to yield the desired product as a reddish

E: Hickman, J. J; Wrighton,-M. S.: Whitesides, G. M.
on, D.C.) 1989, 245, 845-847,
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orange solid (5.50 ¢, 12.5 mmol. ¥5% yield): mp $5-56 *C. '1{ NMR
(CLCHI S 376 (1L s = 211y, 2 HL 447 (1, /= 2HZ 2 HY. 417 (5. §
), 2%& (1.7 = 7 42 2 H), 267 (1. J = 7 Hz, 2 1), 230 (s. ) H), 1.6$
(m 21 L& (m. 2 H) 13=1.4 (m, 12 H). Anal. Caled (found) for
Cyl1,,FeO,8: C, 64.98 (64.50); H, 7.53 (7.61); Fe. 13.04 (12.50); S,
7.4X% (7.%9),

V1-Mercaproundecanoyiferrocene (11). 11-(Thicacetyl)undecanoyl-
ferrocene (S.04 ¢ 1108 mmol) was combined with 30 mL of degassed
abwluic F1OH and S mL of concentrated HCl and refluxed for 2 h. The
solution wax concentrated. and 1] was obtained by chramaiography
(silica, $F acetone/hexanes) in 61% yield (2.76 g 7.1 mmol): mp 57~58
*Ci'H NMR (CDC1) 84.76 (1) = 2 H2. 2 H). 447 (L J= 2 Hy 2
HLSI7 (.S H)L 267 1,/ = 7 He. 2 H). 2.50(g. /= 7 Hz. 2 H), 1.65
(M2 00, L6 (m, 200, 131 (1, ) = 7 Hz. 1 H), 1.3~1.4 (m. 12 H).
Anul. Caled (found) for Cy,HiFeOS: C, 65.28 (65.38); H. 7.83 (7.62);
Fe, 1438 (14.16): S, %.30 (8.39).

Bis) 10-(ferrncenyicarbonyl)decyl] disulfide (1. 11-Mereapto-
vndozinoytlerracene (0.56 g, 1.45 mmol) was dissoived in absolute E10H
and tiried with an E1OH/I4 solution until 8 brown color persined. The
solution was concentraied, and 1) was obtained by chrosmatography
{aiica, 24 sectone/hexane followed by 5% accione/hexames) in 75%
yicld (0.42 ¢, 0.54 mmol): mp 64-65 *C: ' NMR (CDQ1,) §4.76 (1,
J= 202 4 1)L 347 (t.J = 2 Hy & H)YL 417 (s, I0H) 267 (1. /=7
Ha 3 1) 2.66 (1, / = 7 Hz, 4 H). 1.65 (m, 8 H), 1.3~1.4 (m, 24 H).
Anal. Caicd (found) for CaHyuFe,0.8,: C. 6545 (63.91); H, 7.5%
(7.43).

Electroda and Surface Modification. The microeiectrode experiments
were carricd out on arrays of eight individually addressable parafle! Ay
nucrociecirades (~ 2 um wide, ~90 ym long, ~0.1 um thick) separaied
from cach orher by ~ 1.4 um on a flat SiyN,<oated Si subsirate.® The
icads connecting the microclectrodes 10 macroscopic bonding pads were
encupsulated beneath an additional luyer of SiyN.. Macroeicctrodes
cunsisied of 2000 A of Au (99.999%.) evaporaied onto 100-mm diametcr
St walers coured with a 100-A adhesion layer of Cr. The Au-coated
wifers were cul o approvimately | em X 4 em picces. Contact for
clecirochieniical experiments was made by using alligator dlips. Both the
macroclecirodes and microclectrode arroys were cleaned by first soni-
csung for ~ 10 min in cach of the three soivenis in the order of increasing
palariy (hewne, aceione, and CH,0OH). The somcation was followed
by 4 plasma trestment in a Harnick PDC-23G plasma cdancr: the
clcctrodes were treated for 3 min i o Nowing O, plasma. 0.3 Torr at
medium power (30 W and | min in g flowing H, plaama. 0.5 Torr at
low puwer (30 W), The prelrcatmient procedure used 10 chean the Ay
results in repeaducible derivatization with I-11 for macroelectrades. For
microacievirades, however., jexs reproducibility is found. owing 10 dilfi-
culien in removing residual photoresist from the microfabrication process.
fmmediniely vpon removal from the pi cleaner, ch des were
unmersed in a deoaygensied | mM solution of I, 1L oc 115 in the ap-
hropriaie solvent [heaane for I, ictrahydrofuran (THF) for 11, and 20:1
heaane/E1OH for 111] for approximately 24 h. After derivauzation, the
clevtrodes were rinsed with CH,CN and charaqierized by elecxrochemical
methods and surface SPUCITONCOpY.

Electrochemical Methods. Elcctrochemica) were care
ricd vut with a Pine Instruments Mode! RDE-4 bipotentiostat. Voliam.
melric 1races were recorded by using 3 Kipp and Zonen Medd 8D 91
XY recorder. Linaur sweep cyclic voltammetry was performed in
CH,CN/0.1 M [-Bu,NIPF, a1 258 or 298 K in Ar-purged solutions.
Pl guusze was uscd as a2 counter tlecirode and oxidized Ag wire a5 a
yuaserelerence. The elevirodes were then rinsed with CH,CN and
plaved in the appropriate deoxygensied soiution or prepared for surface
ELETIZNIS

Auger Eleciron Spectroscopy. Auger eleciron spectroscopy (AES) was
donc by using a PHJ 660 scanning Auger microprobe. Sampics were
Srounded 1o copper 1ape with Ag paint. and the 1ape was affixed 10 the
*PeCItomeler stage wilh metal screws, Obtaining Auger clecuran spectral
duta for molecular monolayers, particularly element maps at Sigh Lateral
rexolution (~0.1 wm). proved 10 be difficult. Conditions mecessary 1o
analysc molecular munolayens by AES at high lateral revalwtion are
proxenicd in the reulis section (vide infra).

Results and Discussion

a. Blectrochemical Behavior of Au Macro- and Micreehectrodes
Modified by Reaction with I-11]. Reaction of I, 1. or 111 with
Au surfaces results in the persisient attachment of reversably redox
active molecules. The presence of redox active molecubes can be
established by lincar sweep cyclic voltammetry in CHyCN/0.1

(16) Kittleaen, G. P.; White, H. S.; Wrighion, M. S. J. Am. Chem. Soc.
1984, 104, 7)89-7196.
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Figure 1. Cyclic volammeiry (500 mV/si in CH,CN/O.I M [p-
Bu,NJPF, a1 258 K) of eight Au microcicctrodes derivatized with o |
mM solution of 1 in hexane for 24 h.
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Figure 2. Cyelic voltammeiry of cight Au microclecirodes derivatized
with 3 | mM soluiion of 111 1 20:1 hexanc/E1OH for 4% h.

M [n-Bu,N]PF,. Figures | and 2 show data for Au microciectrode
arrays modified by reaction with | and 111, respectively. Mofiu-
fication of Au microcicctrodes with 11 gives a response indistin-
guishable from that found for 111 with respecl 1o coverage apd
£, for the surface-confined redox molecule. Qualitative studies
show, however, that 11 reaets more rapidly than l1l, consistent
with earlier studics concerning the relative reactivity of thiols and
disulfides toward Au.!” Elecirochemical behavior of Au ma-
crociectrodes is the same as that for Au microciectrodes and

{17) Bsin, C. D.; Whitssides, G. M. Lengmuir 1989, S, 723-727.
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consistent with revensible clactrochemistry found for Fe(CHy)\SH
or FcCO,(CH,),,SH (Fc = ferrocenyl) bonded 1o Au macro-
clecirodes.”’ The clectrochemical response in Figures | and 2
shows a somewhat larger charging current than might be expected.
The larper charging current is attributed to capacitance associated
with the Si\N, encapsulating layer over 1he leads used to address
the microcicctrodes.

Part of the significance of the data in Figures | and 2 is the
demonstration of the clectrode-to-clectrode reproducibility of
coverage of clectroactive material. Each of the eight individually
addressuble microclectrodes shows nearly the same amount of
electroactive matcrial for a given derivatizing reagent, based on
the integral of the current-potential curve corresponding to the
Farsdaic current for uridation and reduction of the ferrocene
centers. In Figure | the cight microclectrodes derivatized with
| show an average coverage of (3.1 = 0.3) X 107'® moi/cm?,
wheses the data for 11 in Figure 2 show somewhat larger average
coverage of (4.6 = 0.2) X 107 mol/cm3. The electrode-to-
electrode variation is modest, but it should be emphasized that
the pretreatment of microclectrode arrays does not always suc-
cosslully remove residual photoresist from the microfabrication.
Superior reproducibility is found for Au macroeiectrodes. com-
parcd 10 microclectrodes. with respect 10 consistency of coverage
of redox active material. The larger coverage of redox material
from i1 or i1l compared to that (rom [ is a general finding 2nd
is expected on the busis of steric considerations. However, the
layer un Au [rom the long-chain moleculcs 11 or 111 might dissoive
some zdditional !f or 111, thereby giving some additional clec-
troactive material nol bound by a Au=S interaction.’  Such
Sehavior is less likely for molecuiar layers from I, owing to the
short chain. The absolute coverage of a close-packed monolayer
of long-chain aikyi thiol on (111)Au crysials is estimated 10 be
7.7 % 109 mol/cm?? Other workers have found that ferrocenyi
afkyl thiols give a monolayer coverage of ~4.5 X 1079 mol/em®."?
in cluse avcord with our data for surfaces derivatized with {1 or
HI

The cyclic voltammetry of Au ciecirodes derivatized with [,
1. or 11 in CH,CN/O.1 M [2-Bu,N]PF at 298 K shows per-
sistent attachment of the ferrocenyi-based reagents. Repetitive
cycling between the reduced and oxidized forms of the moiecules
rexults in little or no loss of electroactive material on the time scale
of 1 h. but long-term changes do occur (vide infra). The durability
of electrodes modificd with 1. 11, or 111 is sufficiently great that
routine clecirochemical characierization is possible. The £,
valucs, taken 10 be the average position of the anodic and cathodic
waves, are +0.2, +0.8, and +0.8 V vs Ag quasi-reference for
surface-confincd ferrocenyl centers derived from 1, 11, and Il
respectively. The more negative valuc of £, for | is consistent
with the presence of the cight eiectron-releasing Me groups on
the cyclopentadicnyl rings. For clecirodes modified with I, the
anodic and cathodic peaks have different shapes (Figure 1),
consistent with changes in the structure of the clectroactive
monolayer film upon oxidation. 1n contrast, the cyclic voltam-
metry waves for 1] and 111 are more symmetrical, consisient with
smaller changes in monolayer film structure upon oxidation. The
differences between clectrodes modified with 1 vs 11 or 111 could
be due to the imporiance of chain—chain intcractions in main-
taining a constant monolayer film structure. The peak-to-pesk
scparation in the cyclic voitammograms at 500 mV /s is <60 mV
and close to 0 mV at 100 mV/s. The peak currents are pro-
portivnal 1o sweep rate up o at least | V/s, in accord with fast
ciectron transfer from the bound molecules to the cicctrodes.
Though detailed comparisons have not been made. the cyclic
voltammctry response in ayucous clectrolyte (pH 0-10) of Au
clectrodes modified with 11 or 111 is qualitatively the same (shape
and position) as that in CH,CN/0.1 M [n-Bu N]PF,. We con-
clude that reagents (=111 all represent viable reagents for the
functionalization of Au clectrodes with well-behaved, ferrocene-
based redox systems.

(18) Bunding Lee, K. A.: Mowry, R.: McLennan, G.: Finkles, H. O. /.
Elecirvanol. Chem. 1988, 246, 217-224. ’
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Figure 3. Scanning clectron micrograph (SEM) and scanning Auger
clement maps of Au, S. and Si for 3 Au microelectrode armay derivatized
with |. The device is the same onc characierized by the cyclic voltam-
metry in Figure |.

b. Proof of Selective Binding of =111 to Au vs SiyN,: Auger
Electron Spectroscopy. Auger ciectron spectroscopy (AES) has
proven 10 be a useful technique for characterization of eiectrodes
modified with moiccular materiais.’*  We have used AES 1o
esiablish that molecules 1-111 bind sclectively to the Au mi-
croclectrodes and not to the SiyN, substrate, as shown in Scheme
I. This result is expected, on the basis of our carlier demonstration
of such sclective binding of simpic alkancthiols on Au vs Si,N,.!
From quantitative AES studics on the Au and SiyN, after de-
rivatization with I, 11, or 111 we find that the selectively for the
Au is at least 100 to 1.

One panicularly compciling analytical method is to record the
relative concentration of suifur over the surface of the microc-
lectrode array. So-calied Auger element maps reveal the location
of surface-confined moiecuics relative to the Au microstructures.
Figure 3 shows a map for S. Si. and Au along with a scanning
clectron micrograph of 2 Au microclectrode array derivatized with
1. The brighter regions in 3 given map correspond 1o higher
concentrations of the element assayed. The important conclusion
is that the S shows high concentration in the same region where
Au is detecied and S is not detectable in the region where Si (from
SiyN,) is detected. We thus conclude that 1 reacts selectively with
Au surfaces and not with the SiyN,.

(19) (a) Hubbard, A. T. Chem. Rev. 1988, 88, 613656, (b) Bruce. J. A
Wrighton, M. S. J. Am. Chem. Soc. 1982, 104, 14=32. (c) Bruce, J. AL
Wrighton, M. S. J. Eleciroanal. Chem. 1981, 122, 93-102.
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Figure 4. Auger scans (90250 eV) of 3 Au microciecirode surface
denvanzed with CHy(CH,);»SH (1op). ciean Au (middie}. and a clean
SiyN, surface (botiom). Note different vertical scales for the Au and
SiyN.. P, and P, arc the points used in mapping S (¢f. Figure 3 and 1ex1).

Auger clement mapping at high lateral resolutien for organic
monolayers is difficult. owing 10 low signal, 10 ¢~ beam-induced
degradation (rom high beam current densities and high voltages,
and 1o drift of the instrument during the time (~2=¢ h} required
1o map a ~30 X 30 um region 2t ~0.1-um resolution. The
surface speciroscopy is also complicaled by surface charging of
the insulating substrate. Surface charging is 2 prablem common
in Auger electron microscopy. and we have minimized this problem
by tilting the sumplc such that the ¢~ beam makes an angie of
40~60% with the plane of the surface.® Sample degradation has
been minimized by use of low beam currents (0.1-5 nA) with beam
vohages of 8=10 kV. Low beam voltages minimize damage, but
the higher values heip 10 overcome surface charging. Although
€xaCt parameters used vary somewhat from sampie to sample. at
high lateral resolution the beam diameter is aiways ~ 100 nm.
This diameter results in 2 large beam current density: ~ =65
A/em®. The actual dose 10 a given sampie area obviously depends
on the time 10 acquire an adequate signal-to-noise ratio. To obtain
our clement maps, the ~30 X 30 um region to be investigated
wus typically sanned in a line-by-line fashion taking 170 equally
spuaced data points per line. Generally, 170 lines were scanned.
giving a 10tal of 28900 pixels in the map. The time 10 obtain good
signal-to-noise maps for elements unique 1o the organic monolayer
(c.g.. S) varied. but 1ypically recording the entire map required
2-4 h. Thus. the residence time for each pixel of the map is
0.25-0.5s. The conditions used thus mean that each pixel of the
map could huve received a dose of as much 35 2 X 107 mol of °
clectrons. while each pixcl would have at most ~8 X 1072 mol
of a molecular monolayer from I, 11, or 111, Clearly. equivalent
Avuger signal-to-noise ratios for routine analysis of molccular
monolayers on macroscopic surfaces will involve quatitatively less
dose per molecule than needed for our high lateral resolution
mapping. The viability of our methodology has been established
by demonstration of sample-10-sample repeatability.

Mapping S on Au is further complicated by the overlap of a
Au peak with the strongest peak for S. Figure 4 shows the Auvger
spectra of the Si)N, and Au regions of an array derivatized with
| and includes the spectrum for the Au after it was cleaned with

(20) Briggs. D.: Sesh, M. P. Procricel Surfoce Anolvsis by Auger and
Xeruy Phoioriectiron Speciroscopy, Wiley: New York, 1983; P 234-2)5.
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Figure 5. Cyclic voltammetry (CH,CN/0.1 M (a-Bu,N]CIO,: 500
mV/s) of a2 Au electrode derivatized with | (ief1) and then expased 10
a | mM solution of 1l in hexane for 1.25 h (middle) and the same
clectrode afier 3.25 h in a hexane solution of U (right). At 19 h, Il has
compictely replaced | on the surface.

an Ar ion beam to remove the S-containing molecule. The pro-
ccdure used in mapping S is to first record the counts at the energy
corresponding 1o the S peak, P, in Figure 4, for each pixel of 2
line. The counts on the high-cnergy side of the S peak at an energy
chosen 1o correspond 10 a maximum in the Au spectrum, P, in
Figure 4, are then recorded for each pixel of the line. P, and P,
in the spectrum for clean Au correspond 10 maxima for the in-
terfering Au peaks. P, for clean Au is always lower than P,. |t
is imporiant to notc that the comparison of P, and P, is made
after baseine correction. Accordingly, when P, > Py, we conclude
S to be present for a given pixel, and the brightness in the map
is proportional to P,/P,. The SiyN, surface has no interfering
Auger signals, and detection (or lack) of S is unambiguous. The
important point is that by sclecting P, 10 be at the maximum of
a Au pezk that is larger than the interfering Au peak at P, we
@n unambiguously detect S on Au by concluding S 10 be present
to the extent P, exceeds P,. If anything, our procedures under-
estimaie the amount of S on Au. Thus. the element maps shown
in Figure 3, and those acquired eariier! for alkanethiols on
Au/Si)N,, are reliable images of the distribution of S<containing
moiecules over the surface.

It is significant that our Auger mapping technique represents
a way 10 obtain elemental composition of a moiecular monolayer
on a surface at very high lateral resolution (~0.] um). In
principle, secondary ion mass spectrometry (SIMS) could vieid
similar resolution, but such experiments have not vet been reporied.
X-ray photoelectron speciroscopy (XPS) could likewise be
workable, in principie, but technigues to focus an X-ray beam to
small spot sizes arc still being developed. Scanning Ramaun
micrascopy and FTIR microscopy, important tools for establishing
molecular structure on surfaces, are limited in lateral resolution
by the wavelength of light. Thus, the Auger mapping technique
stands as an important method for determining surface distribution
of molecular reagents.

¢ Reactivity of Surfaces Functionalized with I or II. As noted
above, Au ciectrodes funcrionalized with I, 11, or 111 yield durable,
reversible redox sysiems. The durability of electrodes derivatized
with | was, however, much less than that of electrodes derivatized
with 1l or [1]. We have carried out some preliminary studies of
exchange chemistry with | and !l to begin to establish factors
controliing rates and equilibrium positions in such sysiems.

One significant set of results is summarized by the data in
Figures 5and 6. Figure 5 shows the behavior of a Au electrode
first modified with I and then exposed 10 | mM 1l in hexane at
298 K. The cyclic voltammetry indicates loss of the response
stiributed 10 | and growth of a signal for I1. Importantly, the
rate of loss (#); ~2 h) of | is the same for an clectrode expased
to hexane only (Figure 6). For the clectrode first exposed to |
and then exposed to 11, the response is ultimately only that of 11,
showing the same coverage that would be found for an electrode
derivatized initially with only I1. Derivatization of a Au clectrode
with a 1:1 hexane solution of | and 1! yields an electrochemical
response showing mainly (>95%) 1l, even at short {(~1 h) de-
rivatization times. For Au initially derivatized with 11 and then
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Figure 6. Time dependence of the surface coverage of | (@) 3nd I} (a})
for 3 Ay macrocieeirode initiaily derivatized with i1 and placed in 2
hesane/1 mM | solution (top) and for 3 Au macroelecirode initiaily
derivatized with | and exposed 10 hexane/! mM Il (bottom). The botiom
punctabw includes data for an independent experiment showing coverage
of 1 un Au upun cxpusure 1o hexane only (&), Al coverages were
munured by cyclic voltammetry in CH,CN/0.1 M [n-Bu,N]PF, a1 £00
LA

soaked in heaune only, we find some initial loss of coverage. ~4 5
X 107'%10 ~3 X 10°"° mol/em?. but even after 1300 h. additional
105 of' redux aciive muterial doss not oceur. Similarly, if an
cleetrode is lirst dervatized with |1 and then exposed to | mM
lin heaane, there is some initial loss of 11 and a small uptake of
L. but thereafier virwally no changes take place over a period of
at least <00 h (Figure 6).

The experiments summarized by Figure S and 6 show the
surfaces derivatized with | 10 be labile, with a rate of loss of |
unaffecied by the presence of 1l in hexane. That Au surfaces
derivatized with | are most labile than those derivatized with il
(or I11) is certain.

Conclusion

Ferrocenyl thiols and disulfides can be used to modify selectively
the Au microstructures on 3 SiyN, surface. Simple immersion
of a pretreated Au microclectrode array into a solution of |, I1,
or I11 yicids Au clectrodes functionalized with about one mono-
fayer of the ferrocene reagent: no molecular material is detectable
on the SiyN,. Auger clement mapping can be used to obtain the
high lateral resolution necessary to characterize microfabricated
structures modified with a molecular monolayer. The ocla-
methyiferrocenyi system (1) shows a relatively negative £, value
consistent with the ciectron-reieasing nature of the CH, sub-
stituents, With respect 1o persistence of electrochemical response,
ail experiments show 11 or 111 10 yicld more durable modified Au
surfaces than I. The large size of the “head group®of | and the
short tether 1o the Au are likely factors limiting the durability
of Au modified with I, in comparison 10 Au modified with 1l or
1.

We can draw one mechanistic conclusion regarding the surfaces
modified with 1: the repiacement of | by Il appears 10 proceed
by a mechanism involving loss of | followed by uptake of I1, 2
process analogous 1o an Sy substitution mechanism for discrete
coordination complexes. This conclusion is based on the obser-
vation that the rate of loss of | is ynalTected by the presence of
Il. We caution against gencralization of this simple mechanistic
hypothesis, because the loss of 11, for exampie, from the surface
(Figure 6) uppears to be quite different; some material is weakly
bound, whiie the majority is firmly bound. Additional work is
needed to establish faciors governing rates, mechanisms, and
thermodynamics for the coordination and exchange processes of
thiols in solution and thiolates on Au surfaces.
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