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Self-assembly (SA) of organic monolayers onto gold surfaces has been known to be influenced by the
surface conditions prior to monolayer adsorption. A new procedure is introduced for obtaining clean,
reproducible Au surfaces, appropriate for monolayer self-assembly. The two-step procedure involves (i)
exposure of the Au surface to UV/ozone (or O2 plasma) treatment and (ii) immersion in pure ethanol. The
organic contaminants present on the (aged) gold surface are oxidized in the first step to volatile products
such as carbon dioxide and water, followed by the second step where gold oxide, formed on the Au surface
during the UV/ozone treatment, is reduced (to Au) by reaction of the oxidized gold with ethanol (the most
frequently used solvent for SA of alkanethiols). It is shown by scanning force microscopy (SFM)
measurements that gold oxide which is not reduced prior to monolayer SA is encapsulated by the closely
packed alkanethiol monolayer adsorbed onto the gold oxide. This enables convenient imaging of the
(otherwiseunstable) gold oxide on the surface. Theefficiency of thepretreatmentprocedure is demonstrated
by complete removal of an octadecanethiol (C18SH)monolayer (a simulated stubborn contamination) from
a gold surface using the above procedure, followed by reconstitution of a similar monolayer. Ellipsometry,
contact-angle measurements, and grazing-incidence FTIR spectroscopy show that the removed and the
reconstitutedC18SHmonolayersare indistinguishable. The formationofahighdensity of small depressions
in such pretreated Au surfaces, as well as in aged (unpretreated) Au surfaces, is shown by STM imaging
and discussed in light of similar morphologies induced by alkanethiol self-assembly.

Introduction

Properties of gold surfaces have been the subject of
considerable work.1 Hence, the issue of whether a clean
gold surface is hydrophilic or hydrophobic has been the
focus of considerable controversy in the literature.2-4

Although it is widely accepted that clean gold is hydro-
philic, Bernet and Zisman2 as well as Smith4 were able
to “wet” the gold surface (advancing contact angle, θwater
) 0°) only after careful and tedious cleaning processes.
Notably, Smith cleaned the gold surface and measured
thewater contact angle in anultrahigh-vacuumchamber.
The reason is that the high surface free energy of gold is
reduced by adsorption of organic molecules from the
environment; hence, complete wetting of gold cannot be
achieved under ambient conditions, as derived from the
early work of Trapnell5 and later of Smith.4 Trapnell
indicates that the heat of adsorption of C2H2 and C2H4 on
Au is approximately 20 kcal/mol and that that of CO is
8 kcal/mol. By comparisonwith energies associated with
chemisorption of alkanethiols on Au (ca. 40 kcal/mol6 ),
one might expect a certain influence of preadsorbed
molecules on the self-assembly (SA) process of thiols on
Au. Bain et al.7 performedXPSmeasurements on freshly
evaporatedAusurfaces exposed to laboratoryatmosphere

for severalminutes. Thesemeasurements confirmed the
presence of a carbon- and oxygen-containing contaminant
layer of approximately6-Å thick,whichexplains thewater
contact angles (advancing) of 30°-70° measured by Bain
et al., as well as by our group, on freshly evaporated gold
surfaces.
The importance of the cleanliness of the gold surface

has been recognized by many groups working in the field
of SAmonolayers; hence, inmost of the published studies
a certain procedure of surface pretreatment is used. Yet,
one can identify in the literature numerous different
procedures for the same purpose. Most of the cleaning
procedures involveAu surface oxidation: electrochemical
oxidation,8 introduction into strongoxidizingsolutions,9-11

a combinationof the two,12,13 or exposure to reactiveoxygen
species formed by either UV irradiation or oxygen
plasma.14,15 For single-crystal Au surfaces, surface pre-
treatment is usually carried out inultrahighvacuum.The
present work concerns oxidative surface treatment of
evaporated gold under ambient conditions.
Cleaning surfaces by exposure to UV/ozone has been

known16 and used for Au surface treatment prior to SA.14
It is also known that gold surfaces oxidize upon exposure
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to ozone.15,17,18 Gold oxide is a strong oxidant which is
inherentlyunstableanddecomposes spontaneouslyunder
ambient conditions,most probably by oxidation of organic
air contaminants, to form gold metal. Of special interest
here is the fact that gold oxide is reduced by ethanol
oxidation.15 Still,whenn-alkanethiols are self-assembled
from ethanol onto oxidized Au surfaces, the oxide is
stabilized upon formation of the alkanethiol monolayer.
A layer of oxide is encapsulated under the closely packed
alkanethiol monolayer, thus preventing chemical and
electrochemical reduction of the oxide. Contact angles
(CAs) and ellipsometric parameters of alkanethiol mono-
layers adsorbed ontoAu surfaceswere shown to be highly
sensitive to the presence of gold oxide under the mono-
layer.15 Furthermore, as demonstrated below, the en-
capsulation allows convenient detection of gold oxide in
air by scanning force microscopy (SFM).
We present here a simple, effective and highly repro-

ducible procedure for gold surface preparation for various
possible applications. The first step involves exposure of
the Au surface to UV/ozone (or O2 plasma) treatment,
effecting oxidative removal of organic contamination as
well as oxidation of the Au surface itself. This is followed
by immersion in ethanol, whereupon the gold oxide is
reduced to metallic Au by reaction with ethanol, which is
oxidized to acetaldehyde.19 The effectiveness of the
procedure is tested bySAof octadecanethiol (C18SH) onto
variouscontaminated/treatedevaporatedAusurfaces.The
morphology of treated Au, as well as that of encapsulated
gold oxide, is investigated by scanning probe microscopy.

Experimental Section
Materials. Octadecanethiol (C18SH) (Sigma, AR) was puri-

fied by recrystallization from ethanol (Merck, AR). Chloroform
(Biolab, AR), bicyclohexyl (BCH) (Aldrich, AR), and hexadecane
(HD) (Sigma, AR) were passed through a column of activated
basic alumina (Alumina B, Akt. 1, ICN). Water was triply
distilled. Ethanol (Merck,AR)wasusedas received. Gasesused
were argon (99.996%), oxygen (99.5%), and dry purified air.
Sample Preparation. {111} textured gold films were

prepared in a cryogenically pumped resistive evaporator. Gold
layers (1000 Å, 99.99%) were evaporated from a tungsten boat
at 4×10-6 Torr at a deposition rate of 1Å/s onto glassmicroscope
cover slides (unless otherwise specified) and subsequently
annealed in air at 250 °C for 180 min. The samples in Figure
5 only were similarly prepared by evaporation of 1000 Å of gold
onto freshly cleaved mica and were then annealed in the same
way.
UV/OzoneplusEthanolCleaningofGoldSurfaces. Gold

surfaceswere exposed for 10min to radiation froma low-pressure
quartz-mercury vapor lamp, which generates UV emission in
the 254- and 185-nm range. The ozone is produced upon
absorption of the 185-nmemission by atmospheric oxygen,while
the organic moieties are exited and dissociated by the 254-nm
radiation. The exited organicmolecules reactwith ozone to form
volatile products such as water and carbon dioxide. A UVOCS,
Inc.modelT10×10/OES/Eultraviolet ozone cleaning systemwas
used. Immediately following the oxidation step the gold-coated
sampleswere immersed in pure ethanol for 20minwith stirring.
Monolayer Self-Assembly. C18SH monolayers were pre-

paredby immersion of the gold sample in a1mMC18SHsolution
in ethanol for 24 h.
Ellipsometry. Measurements were carried out before and

immediately after monolayer adsorption. The refractive index
used to calculate monolayer thickness was nf ) 1.5, kf ) 0.20 A
Rudolph Research Auto-EL IV ellipsometer with a monochro-

mated tungsten-halogen light source was used, at an angle of
incidence Φ ) 70° and a wavelength λ ) 632.8 nm. The same
three points were measured on the bare and the monolayer-
covered slide. The thickness of the film is calculated from the
change in the ellipsometric parameters∆andΨmeasuredbefore
and after film deposition.21 In the case of nonabsorbing organic
layers suchasn-alkanethiolmonolayers, themostnotable change
associated with film deposition is in the value of ∆, which
decreases as a result of film formation.
Contact-Angle (CA) Measurements. Contact angles (ad-

vancing and receding) of H2O, BCH, and HD were measured
immediately (<10 min) after removal of the slides from the
adsorptionsolution. Threemeasurementsatdifferent spotswere
carried out with each solvent, using a Rame-Hart NRL Model
100 contact-angle goniometer.
Electrochemical Stripping of Gold Oxide. Following

exposure of the Au surface to UV/ozone treatment, the gold-
coated glass slidewasmounted as aworking electrode in a three-
electrodecell containing0.1MH2SO4. Thegoldoxidewasreduced
by applying a potential scan from +1.025 to +0.200 V (vs SCE)
at 0.1 V/s, and the charge was calculated by integration of the
oxide reduction peak. A home-computerized electrochemical
systemwas used, comprising a Zenith 486 computer functioning
as a wave-form generator as well as a data acquisition system,
connected through a A/D + D/A converter to an analog poten-
tiostat (Department of Chemistry, Technion, Haifa). The
software for thecomputerizedelectrochemical systemwaswritten
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Figure1. Cyclic voltammetry in 0.1MH2SO4 for a gold-coated
glass slide subjected to UV/ozone treatment for 10 min (scan
rate, 0.1 V/s; electrode area, 1.75 cm2).

Figure2. Grazing-incidenceFTIR (GI-FTIR) spectra: C18SH
monolayer on gold, as in Table 2, row 3 (full line); reconstituted
C18SH monolayer on gold, as in Table 2, row 5 (dashed line).
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by the Laboratory Computers Unit, Weizmann Institute of
Science.
Grazing Incidence Fourier Transform Infrared Spec-

troscopy (GI-FTIR). The spectra were obtained using a
nitrogen-purged Bruker IFS66 FTIR spectrometer operating in
the reflection mode with the incident beam at an angle of 80°,
focused on the samplewith a f/4.5 lens. A liquid-nitrogen-cooled
mercury cadmium telluride (MCT) detector was used. Spectra
were taken at 2-cm-1 resolution. The instrument was pro-
grammed to run 150 scans with the reference (gold substrate
treated by UV/ozone) and then 150 scans with the sample,
collecting altogether 10 such cycles.
Scanning Force Microscopy (SFM). SFM imaging was

performed at room temperature in air using a Nanoscope IIIa
microscope (Digital Instruments, Inc.). The samples were
scanned in the contact mode using a commercial Si3N4 tip
attached to a cantilever with a spring constant of 0.38 N/m.
Images were acquired at the minimum force allowed by the
feedback sensitivity to minimize possible damage to the sample
by the tip.
Scanning Tunneling Microscopy (STM). STM imaging

was performed at room temperature in air using a Nanoscope

Figure 3. SFM images (2-µm scan) taken in air in the contact
mode: (a) gold surface pretreated by theUV/ozoneplus ethanol
dip procedure and then coated with a C18SH monolayer (z-
range, 29 nm); (b) similar to part a, but skipping the ethanol
dip (z-range, 53 nm).

Figure 4. STM images (0.1-µm scan) taken in air: (a) freshly
evaporated, annealed gold; (b) similar to part a, afterUV/ozone
plus ethanol dip treatment; (c) similar to part a, aged 6months
in laboratory atmosphere.
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IIIa microscope (Digital Instruments, Inc.). The samples were
scanned in the constant current mode using a Pt/Ir tip. Low
current (15 pA) and high bias (1 V) were applied to prevent the
tip from contacting and damaging the sample.

Results and Discussion

Gold Surface Pretreatment. A gold-coated glass
slide, postannealed in air, was kept for 4 months in a
nonhermetically closed glass vial in laboratory atmo-
sphere. The surfacewas then cleanedusing the following
two-step procedure: (i) exposure to UV/ozone treatment
for 10 min and (ii) immersion in ethanol for 20 min.
Ellipsometry and water CAs were measured before
treatment and after each pretreatment step; the results
are presented in Table 1. When ∆ of the treated surface
is compared with ∆ prior to treatment (Table 1), it is
evident that the two-stage procedure reduced the amount
of contamination on the surface (see Experimental Sec-
tion). Yet, advancingwaterCAsmeasured on the treated
surface indicate the existence of some organic contamina-

tions following the overall procedure. It canbe reasonably
assumed that the original organic layer on thegold surface
was effectively removed by the UV/ozone treatment;
however, the surface was contaminated again, to a much
lesser extent, upon exposure of the cleaned surface to
ethanol and ambient conditions. The thickness of the
initial contamination layer canbeestimated fromthedata
in Table 1 using the pretreated surface ellipsometric
parameters (as the substrate), those of the surface before
cleaning (as the covered surface), and a film refractive
index (nf)1.5,kf)0). The thickness of the contamination
layer is found to be approximately 10 Å.
Following the first pretreatment step (Table 1, row 2),

∆ is decreased while the surface becomes completely
wettedbywater. This is somewhat surprising considering
the effective removal of organic contaminations by the
UV/ozone, expected to result in an increase in ∆. Fur-
thermore, as discussed above, Smith4 demonstrated that
gold surfaces cannot be completelywetted bywater under
ambient conditions. Therefore, the complete wetting
(Table 1, row 2) indicates a change in the chemical nature
of the gold surface, attributed to formation of gold oxide
upon exposure to UV/ozone. A similar trend in the
ellipsometric parameters was observed in a previous
study15 where ∆ was shown to decrease as a result of Au
surface oxidation by O2 plasma. It was also shown that
gold oxide can be quantitatively detected by measuring
the charge passed during voltammetric reduction of the
oxide.15 Figure 1 shows a voltammogram used for
measuring theamount of gold oxide formeduponexposure
of a gold-coated electrode to UV/ozone treatment. The
charge measured, 215 µC/cm2, indicates that the surface
is only partially oxidized under these conditions.22 These
results are in agreement with the work of King,18 who
detected gold oxide on surfaces treated by UV irradiation
using XPS measurements. It is therefore clear that the
complete wetting of the Au surface following UV/ozone
treatment (Table 1, row 2) is due not only to removal of
organic contaminants butmainly to the presence of a gold
oxide layer on the surface.
Alkanethiol Self-Assembly. The theoretical thick-

ness of a C18SH monolayer on a {111} gold surface,
comprising fully extended alkyl chains tilted 30° from the
surface normal,23 is 22 Å. The ellipsometric thickness of
a C18SHmonolayer adsorbed onto freshly evaporated or
UV/ozone-plus-ethanol-treated Au surfaces is 18-19 Å
(Table 2, rows 1-3). As argued by Bain et al.,7 this
consistent difference can be associated with a contamina-
tion layer formed after cleaning the gold at ambient
conditions. This layer is removed upon alkanethiol SA
but is measured by the ellipsometer prior to SA. This

(22) Oesch, U.; Janata, J. Electrochim. Acta 1983, 28, 1237.
(23) Reference 20, pp 292-293.

Figure 5. STM images (0.07-µmscan) taken in air: (a) freshly
evaporated, annealed gold (on mica), kept 18 months in a
vacuum; (b) similar to part a, kept 18 months in laboratory
atmosphere.

Table 1. Variations in the Ellipsometric Parameters and
Advancing Water Contact Angles (CAs) of a Gold Surface

at the Various Stages of UV/Ozone plus Ethanol Dip
Treatment

pretreatment step ∆ (deg) Ψ (deg)
water CAa

(deg)

1 annealed in air; then kept
in a vial for 4 months

109.26 43.73 90

2 subjected to UV irradiation
in air for 10 min (step 1)

108.80 43.78 <10

3 dipped in ethanol
for 20 min (step 2)

110.52 43.96 70

a CAmeasurements were carried out on slides treated similarly
to those used for the ellipsometric measurements.
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allowsus to roughly estimate the thickness of the initially
adsorbed contamination layer as ca. 3-4 Å.
Table 2, row 2 shows CAs and ellipsometric results for

aC18SHmonolayerSAonanaged/pretreatedAusurface.
When these results are compared with the results for
similar monolayers adsorbed onto either freshly evapo-
rated Au (Table 2, row 1) or Au pretreated 1 day after
evaporation (Table 2, row 3), it is evident that the three
monolayers are of similar quality (within experimental
error), displaying ellipsometry andwettability properties
usually attributed to high-quality monolayers. Similar
results were obtained with Au surfaces pretreated after
air exposure for various periods of time (from hours to
months), illustrating the efficiency and reproducibility of
the new pretreatment procedure. This may be compared
with aC18SHmonolayer SA on an aged but untreatedAu
surface (Table 2, row 7), where the results indicate a poor
monolayer quality.
To furtherdemonstrate thevalidityof thenewprocedure

an experimentwas carried outwhere aC18SHmonolayer
was used to simulate a substantial contamination layer.
A gold-covered slide was pretreated as above, followed by
SA of a C18SH monolayer. The monolayer was charac-
terized by ellipsometry,CAmeasurements, andGI-FTIR.
The results in Table 2, row 3 (CAs and ellipsometry) and
Table 3 and Figure 2 (GI-FTIR) indicate that the C18SH
monolayer is densely packed and crystalline-likewith the
alkyl chains in an all-trans conformation.7,24 Following
characterization, the C18SH monolayer was removed by
UV/ozone oxidation followed by immersion in ethanol for
20min. Thevalues inTable2, row4showthat thestrongly
adsorbed, highly organized C18SH monolayer is readily
removed by UV/ozone, as also shown by Worley and
Linton25 using XPS measurements. C18SH was then
readsorbed onto the cleaned Au surface, and the read-
sorbed monolayer was characterized using the same
characterization techniques. It is clear from theCAs and
ellipsometric values (Table 2, rows 3 and 5) and the GI-
FTIR results (Table 3 and Figure 2) that the original and
the readsorbed monolayers are indistinguishable.
Contrary toWorely andLinton’s conclusions, gold oxide

is formed on a Au surface upon exposure of the gold to
UV/ozone treatment (as discussed above). This is highly
significant in the preparation and characterization of SA
monolayers. When the ellipsometry and CAs of a C18SH

monolayer adsorbed onto a Au surface pretreated by UV/
ozoneplusethanoldipare comparedwith thoseof a similar
C18SHmonolayer adsorbed onto aAu surface oxidized by
UV/ozone but not reduced by ethanol prior to SA (Table
2, rows 3 and 6), it is evident that the introduction of the
oxidized sample into ethanol has a marked influence on
the measured monolayer parameters. This agrees well
with our previously published results15 on alkanethiol SA
onto O2 plasma-preoxidized Au surfaces without oxide
removal. It was shown that the unusual ellipsometric
and CA values obtained for the monolayers were due to
the presence of oxidized Au under themonolayer. On the
other hand, when the oxidized Au surface was reduced by
ethanol prior to SA, normal values were always obtained
(as in Table 2, rows 2 and 3).
SFM Imaging of Gold Oxide. The exceedingly

effective stabilization of gold oxide achieved upon SA of
an alkanethiol monolayer onto the oxide allows one to
detect and image the inherentlyunstable gold oxideunder
ambient conditions. Figure 3a presents a SFM image of
a gold surface cleaned by the UV/ozone plus ethanol dip
procedure followed by SA of a C18SHmonolayer. Figure
3b shows a SFM image of a similar system, where the
ethanol dip was skipped and thus the gold oxide was not
reduced prior tomonolayer SA. The bright spots (with an
average elevation of 4.6 nm) observed in Figure 3b, which
areabsent inFigure3a,areattributed togoldoxidepresent
under the monolayer. The oxide coverage and average
height correlate well with the extent of oxidation.26
(Careful examination of the image in Figure 3b reveals
the typical morphology of the rudimental reduced gold
surface.) Note that gold oxide is rapidly reduced by
ethanol;15 hence, it is evident that the oxide observed in
Figure 3b is isolated from its surrounding by a C18SH
monolayer.26 The image in Figure 3b indicates that the
UV/ozone oxidation forms a discontinuous oxide layer.
Note that while organic contaminations are effectively
removed from the Au surface during the pretreatment
procedure, the surface is only partially oxidized by the
UV/ozone. This conclusion is supported by the electro-
chemical measurement (Figure 1), where the amount of
oxide reduced cathodically suggested that the surface is
only partially oxidized upon exposure to UV/ozone for 10
min. It is noteworthy that discontinuous oxide layers
similar to those shown in Figure 3b were observed by
in-situ STM during the initial stage of electrochemical
formation of gold oxide.27,28
Morphological Changes in the Gold Surface.

Although the overall structural features of Au surfaces
pretreated by UV/ozone plus ethanol dip (Figure 3a) are
similar to those of untreated Au surfaces immediately
following evaporation/annealing, it is instructive to ex-

(24) Nuzzo, R. G.; Dubois, L. H.; Allara, D. A. J. Am. Chem. Soc.
1990, 112, 558.

(25) Worley, C. G.; Linton, R. W. J. Vac. Sci. Technol. A 1995, 13,
2281.
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1291.
(28) Nichols, R. J.; Magnussen, O.M.; Hotlos, J.; Twomey, T.; Behm,

R. J.; Kolb, D. M. J. Electroanal. Chem. 1990, 290, 21.

Table 2. Contact Angles (Advancing and Receding) and Ellipsometric Thicknesses of C18SH Monolayers

contact Angle (deg)

H2O BCH HD

monolayer system ellips thickness (Å) adv rec adv rec adv rec

1 C18SH, on freshly evaporated Au (no pretreatment) 19.3 ( 0.6 110 109 53 52 47 46
2 C18SH, on 4-month-aged Au pretreated by UV/ozone plus ethanol dip 18.8 ( 1.0 107 105 53 52 46 45
3 C18SH, on 1-day-old Au pretreated by UV/ozone plus ethanol dip 18.2 ( 0.2 110 108 53 52 46 46
4 (3), after monolayer removal by UV/ozone plus ethanol dip - 70 50 <10 <10 <10 <10
5 (4), after C18SH readsorption 19.0 ( 0.5 109 108 53 52 46 46
6 C18SH, on Au pretreated by UV/ozone (no ethanol dip) 31.6 ( 1.7 112 106 46 30 39 32
7 C18SH, on 3-week-aged Au (no pretreatment) 17.0 ( 3.3 105 90 50 43 42 35

Table 3. GI-FTIR Characterization of C18SH
Monolayers on Gold Surfaces

CH2 CH3

system νs νa νa(ip) νs(FR) νs(FR)

sample 3 in Table 2 2850 2919 2963 2935 2877
sample 5 in Table 2 2850 2919 2964 2935 2877
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amine the morphology in more detail using the STM. A
freshly evaporatedAusurface annealedat 250 °Cexhibits
atomically flat terraces of approximately 100 nm in
diameter (Figure 4a). The image of a similar Au surface
after UV/ozone plus ethanol dip treatment is shown in
Figure 4b, and the image of anuntreatedAu surface, kept
under ambient conditions for about 6 months, is shown
inFigure 4c. It is clear that both the oxidation-reduction
treatmentand the longexposure to laboratoryatmosphere
induce formation of a dense population of depressions in
the Au terraces, mostly one- to two-atoms deep. In both
cases the depression size (from a few nanometers to a few
tens of nanometers) as well as the shape of the terraces
(from deeply indented lacelike (Figure 4b) to relatively
smooth (Figure 4c)) varies from one sample to another.
To verify that the depressions seen in Figure 4c are

formed as a result of Au surface atoms reacting with air
contaminants, the following experiment was carried out:
Freshly prepared evaporated/annealed Au samples from
the same evaporation lotwere subjected to three different
treatments and examined after 18 months. (i) Each
sample in the first group was sealed and kept under
vacuum lower than10-5 Torr. Nodepressionswere found
on the Au surface of these samples (Figure 5a). (ii) Each
sample in the second group was sealed under absolute
ethanol;herevery fewdepressionswere found (not shown).
(iii) Each sample in the third group was kept under
ambient conditions. A multitude of depressions fill the
Au terraces (Figure 5b), similar to those seen in Figure
4c. Interestingly, samples kept under vacuum (Figure
5a) are indistinguishable from freshly evaporated/an-
nealed samples (Figure 4a), indicating that no significant
elastic strain is present in theAu layer. This implies that
depressions formed on Au surfaces kept under ambient
conditions are not related to contraction of the topmost
layer during the reconstruction process. The similarity
of Figures 4c and 5b also eliminates the possible effect of
the underlying substrate (glass vs mica).
These results provide strong evidence for the contami-

nation origin of the depressions. Also of interest is the
reported depression formation in Au terraces found in
freshly evaporatedAu surfaces annealed at 400 °C.29 This
may be explained by assuming that the contamination-
induced depression formation has a thermal activation
barrier.
Especially relevant to the present work is the reported

observation that alkanethiol monolayer assembly onto
freshly evaporated/annealed (at 250 °C)Au surfaces leads
to depression formation,30-32 namely to the same kind of
morphology changes observed upon exposure of the Au

surface to prolonged ambient contamination or to UV/
ozone plus ethanol dip treatment. It seems reasonable to
assume that Au atoms are similarly removed from the
surface as a result of interaction with either the sulfur in
alkanethiols, air contaminants, orUV/ozoneplus ethanol.
This may provide an explanation for the fact noted above
that C18SH monolayers assembled on the two types of
surfaces presented inFigure 4a andb show identicalCAs,
ellipsometric thicknesses, and GI-FTIR spectra. It can
therefore be concluded that whether one assembles the
alkanethiol onto freshly evaporatedAu or ontoUV/ozone-
plus-ethanol-dip-treated Au, the resultant fine structure
of the Au surface and hence themonolayer properties are
essentially the same.

Summary
A simple and effective pretreatment procedure for

reproducible gold surface preparationwas introducedand
employed in thepreparation of self-assembledalkanethiol
monolayers. Themethod includes two steps: (i) removal
of organic contaminations by exposure of the Au surface
to UV/ozone for 10 min and (ii) removal of the resulting
gold oxide layer by immersion in ethanol for 20 min. The
significance of the second (oxide reduction) step was
demonstrated by contact angle (CA) and ellipsometric
measurements. It should be noted that similar results
are obtainedwhenstep1 (UV/ozone treatment) is replaced
with mild O2 plasma treatment,15 followed by step 2.
The effectiveness of the pretreatment procedure was

demonstrated by the complete removal of a compact
C18SHmonolayer using the above procedure, followed by
readsorption of a similar monolayer. The original and
the reconstitutedmonolayerswere indistinguishablewith
respect to ellipsometry, CAs, and grazing-incidence FTIR
characterization.
STM imaging revealed a high density of small depres-

sions on theAu surface, resulting from theUV/ozone plus
ethanol dip treatment. This, however, seemsnot to affect
monolayer properties when compared with similar mono-
layers adsorbed onto freshly evaporated, untreated Au,
evidentlydue to the fact that a similar surfacemorphology
is known to be generated by the SA process itself. It was
also shown that similar depressions are formedas a result
of exposure of a gold surface to randomair contamination.
Effective stabilization of gold oxide is achieved when

an alkanethiol monolayer is adsorbed onto the oxidized
surface (with no ethanol dip). This can be exploited for
obtaining SFM images of the (inherently unstable) gold
oxide layer in laboratory air.
Although the emphasis in this work is on the use of the

above procedure for monolayer SA, it may prove effective
forvariousotherapplications requiringclean, reproducible
gold surfaces.
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