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Letters

SAMs on Gold Derived from the Direct Adsorption of
Alkanethioacetates Are Inferior to Those Derived from the Direct

Adsorption of Alkanethiols

Mathilde I. Béthencourt, La-ongnuan Srisombat, Pawilai Chinwangso, and T. Randall Lee*

Department of Chemistry, UniVersity of Houston, 4800 Calhoun Rd, Houston, Texas 77204-5003

ReceiVed September 27, 2008. ReVised Manuscript ReceiVed NoVember 23, 2008

Self-assembled monolayers (SAMs) on gold derived from the direct adsorption of thioacetic acid S-decyl ester
(C10SAc) and thioacetic acid S-octadecyl ester (C18SAc) were compared to the corresponding SAMs derived from
the analogous adsorption n-decanethiol (C10SH) and n-octadecanethiol (C18SH). All SAMs were characterized using
ellipsometry, contact angle goniometry, polarization modulation infrared reflection absorption spectroscopy (PM-
IRRAS), and X-ray photoelectron spectroscopy (XPS). The comparison revealed that the SAMs generated from the
thioacetates are not as densely packed and well ordered as the SAMs generated from the thiols. Furthermore, studies
of the kinetics of adsorption found that the thioacetates adsorb more slowly than the corresponding thiols.

Introduction

With advances in society comes a growing need for a reduction
in the size and energy needs of devices, especially in the emerging
fields of nanoelectronics and nanomedicine.1 Thus, control over
the nature of the surfaces of devices becomes an issue of prime
importance in many technologies.2,3 What better strategy to follow
than that of nature?1 In vivo, molecules self-assemble to form
diverse complex structures that exhibit important mechanical
properties (e.g., collagen in skin and bone) or produce energy
or matter (e.g., photosynthesis or DNA replication). As mimics
of self-assembly in nature, self-assembled monolayers (SAMs)
have been widely used over the past two decades4 to control
surface properties in a variety of technologies ranging from cell

adhesion5,6 and molecular sensing7,8 to electronic devices9,10

and surface science.11,12 Because the technique of self-assembly
involves the spontaneous organization of molecules into sem-
icrystalline assemblies, the use of SAMs offers distinct advantages
over the competing technique of Langmuir-Blodgett deposi-
tion,13 which typically requires problematic trial-and-error
processes. Furthermore, because the formation of SAMs involves
the adsorption of a surfactant-like molecule on a solid surface,
different combinations of adsorbate/substrate (e.g., phosphines
on platinum or palladium,14-16 silanes on silicon,17,18 siloxanes
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on glass,18,19 and thiols on gold, copper, or silver20-22) can be
used depending on the application of interest.

Of all known types of SAMs, the thiol/gold combination has
experienced the greatest popularity, especially in academia. This
preference has been driven by a number of factors. First, thiols
have a strong, specific affinity toward gold.23 Second, the inertness
of gold24 makes it a convenient substrate (unlike glass or silicon,
where the quality of the SAMs is affected by the degree of
humidity25 and content of oxygen26 in the air). Finally, the
judicious use of organic synthetic transformations allows the
fabrication of a wide range of surfaces by introducing selected
functional groups along the molecular axis and/or at the ω
terminus.27,28

Nevertheless, as researchers explore the use of SAMs in systems
that require increasingly complex functionality, the reactivity of
the thiol group has become a growing concern in certain synthetic
preparations. For example, when a neighboring functional group
is thiol-sensitive, various unwanted side reactions can occur (e.g.,
intramolecular cyclization or intermolecular polymer formation).
One strategy that circumvents these side reactions is the use of
a protecting group for the thiol moiety. Free thiols can be protected
as a thioether (S-benzyl derivative) or a thioester (S-acetyl or
S-benzoyl derivative) or may be oxidized to a symmetrical
disulfide.29 Previous research has demonstrated that high-quality
SAMs can be formed from disulfides;30,31 however, the assembly
process is slower than that observed with thiols, and the properties
of the resulting films can differ from those of thiol-derived SAMs.
Alternative strategies include the in situ generation of free thiols
in the assembly solution by the deprotection of functional groups
(e.g., upon treatment with acid or base).32-34 This strategy,
however, requires all other functional groups within the adsorbate
molecule to withstand acidic or basic conditions. Interestingly,
two reports have indicated that S-acetyl-protected species can be
used directly (i.e., without deprotection) to generate SAMs on
gold.32,35 Although the quality of the SAMs produced by this
direct adsorption was not thoroughly investigated, both studies
found that high adsorbate concentrations and long immersion

times were required to achieve monolayer coverages comparable
to those obtained when using the corresponding thiols.

To provide a more comprehensive description of this relatively
unexplored system, this letter provides a systematic investigation
of SAMs generated by the direct adsorption of alkanethioacetates
on gold. Specifically, we prepare SAMs from
CH3(CH2)9S(CdO)CH3 (C10SAc) and CH3(CH2)17S(CdO)CH3

(C18SAc) and compare these SAMs to those prepared from the
corresponding n-alkanethiols, CH3(CH2)9SH (C10SH) and
CH3(CH2)17SH (C18SH). In these studies, we thoroughly
characterize these short- and long-chain SAMs, respectively, by
ellipsometry, contact angle goniometry, polarization modulation
infrared reflection absorption spectroscopy (PM-IRRAS), and
X-ray photoelectron spectroscopy (XPS). Furthermore, we use
ellipsometry to monitor and compare the kinetics of growth of
all of the SAMs.

Experimental Section
Synthesis of Alkanethioacetates. The targeted n-alkanethio-

acetates (C10SAc and C18SAc) were synthesized in one step from
the corresponding 1-bromoalkanes.36 The final products were
characterized by NMR spectroscopy in CDCl3 using a QE-300
spectrometer (300 MHz 1H). The starting materials (1-bromodecane
and 1-bromooctadecane) as well as the corresponding n-alkanethiols
(C10SH and C18SH) were purchased from Aldrich Chemical Co.
and used without modification.

Thioacetic Acid S-Decyl Ester (C10SAc). Potassium thioacetate
(3.1 g, 27 mmol) was dissolved in ethanol (30 mL), and the mixture
was degassed by bubbling with argon for 30 min. An aliquot of
1-bromodecane (2.0 g, 9.0 mmol) was dissolved in 10 mL of ethanol
and added to the mixture, which was then refluxed for 6 h. The
ethanol was evaporated under vacuum, and the residue was dispersed
in water (20 mL) and extracted with diethyl ether (3 × 10 mL). The
organic layer was then dried over anhydrous magnesium sulfate,
filtered, and evaporated under vacuum. The resulting pale-yellow
residue was purified by column chromatography on silica gel (1%
diethyl ether in hexanes) to afford the pure C10 thioacetate in 71%
yield (1.4 g, 6.4 mmol). 1H NMR: δ 2.86 (t, J ) 7.5 Hz, 2 H), 2.32
(s, 3 H), 1.56 (m, 2 H), 1.25 (br s, 14 H), 0.87 (t, J ) 6.6 Hz, 3
H).

Thioacetic Acid S-Octadecyl Ester (C18SAc). This compound
was prepared via the strategy used to prepare C10SAc but utilized
1-bromooctadecane (2.0 g, 6.0 mmol) as the starting material and
a correspondingly adjusted proportion of potassium thioacetate (2.1
g, 18 mmol), which gave the pure C18 thioacetate in 77% yield (1.5
g, 4.6 mmol). 1H NMR: δ 2.86 (t, J ) 6.9 Hz, 2 H), 2.32 (s, 3 H),
1.55 (m, 4 H), 1.25 (br s, 32 H), 0.88 (t, J ) 6.6 Hz, 3 H).

Because the presence of trace amounts of thiol impurities might
compromise the conclusions of this study, we used 1H NMR
spectroscopy, thin-layer chromatography (TLC), and Ellman’s
reagent37 to establish that there were no detectable thiol impurities
in the alkanethioacetate samples. Perhaps even more convincing
evidence that the thioacetate species rather than thiol impurities are
the active species in SAM formation is provided by the XPS data
(vide infra), where the SAMs derived from the thioacetates show
a markedly greater content of oxygen than those derived from the
thiols.

Preparation of SAMs. Ethanolic solutions of the thiols and
thioacetates (both 1 mM) were prepared in vials previously cleaned
with piranha solution (7:3 concentrated H2SO4/30% H2O2). Caution!
Piranha solution reacts Violently with organic materials and should
be handled carefully. The bottles were then rinsed successively with
deionized water and absolute ethanol and then dried in an oven at
100 °C. Gold surfaces were prepared by the thermal evaporation of
chromium (ca. 100 Å) onto ethanol-washed silicon wafers, followed
by the evaporation of gold (ca. 1000 Å). The resulting gold-coated
wafers were cut into slides (ca. 1 × 3 cm2), washed with absolute
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ethanol, and blown dry with nitrogen before being dipped into the
respective adsorbate solutions. The nature/structure of the resultant
monolayer was characterized after an immersion time of 48 h unless
otherwise indicated (e.g., kinetics studies).

Measurements of Ellipsometric Thickness. The thicknesses of
the monolayers were obtained with a Rudolf Research Auto EL III
ellipsometer equipped with a He-Ne laser operating at 632.8 nm
and oriented at a 70° angle of incidence. To determine the thicknesses,
we assumed a refractive index of 1.45 for all of the films. For each
type of film, data were collected and averaged from measurements
on 10 distinct slides using 3 separate spots per slide. The thicknesses
of the individual SAMs were reproducible to within (2 Å over all
measurements.

Kinetics Study. We monitored the kinetics of adsorption of
C10SH, C10SAc, C18SH, and C18SAc by measuring the ellip-
sometric thickness as a function of adsorption time. For a given set
of data, the average values of the ellipsometric thickness for at least
four measurements were within (2 Å of the values reported. Each
slide was monitored sequentially (1) upon dipping for ∼1 s, (2) at
regular intervals over 2 h, (3) after 1 day, and (4) after 2 days.

X-ray Photoelectron Spectroscopy (XPS). A PHI 5700 X-ray
photoelectron spectrometer equipped with a monochromatic Al KR
X-ray source (hν ) 1486.7 eV) incident at 90° relative to the axis
of a hemispherical energy analyzer was employed to obtain X-ray
photoelectron spectra of the SAMs at a photoelectron takeoff angle
of 45° from the surface and a pass energy of 23.5 eV. The binding
energies were calibrated relative to the Au 4f7/2 peak at 84.0 eV.
XPS spectra were curve fitted, and the intensities measured as peak
areas were calculated using Phi Multipak V 5.0A from Physical
Electronics.

Polarization Modulation Infrared Reflection Absorption
Spectroscopy (PM-IRRAS). PM-IRRAS data were acquired using
a Nicolet MAGNA-IR 860 Fourier transform spectrometer equipped
with a liquid-nitrogen-cooled MCT detector and a Hinds Instruments
PEM-90 photoelastic modulator (37 kHz). Infrared light was reflected
from the sample at an angle of incidence of 80°. The final spectra
were averaged from 64 scans at a spectral resolution of 4 cm-1.

Contact Angle Measurements. Contact angles were measured
with a Ramé-Hart model 100 contact angle goniometer. The
contacting liquids, hexadecane (HD) and water (H2O), were of the
highest purity available commercially. They were dispensed and
withdrawn using a Matrix Technologies micro-Electrapette 25.
Contact angles were collected and averaged from measurements on
four distinct slides using three separate drops per slide.

Results and Discussion

Ellipsometric Thicknesses. Ellipsometric measurements based
on the value of the refractive index over a defined area are routinely
employed to measure the nanoscale thickness of organic
films.38-40 Whereas SAMs derived from C18SH are known to
be densely packed and semicrystalline, those derived from C10SH
are slightly disordered with gauche defects, particularly near the
chain termini.20 In initial studies, we prepared SAMs from a
short-chain and a long-chain thioacetate (C10SAc and C18SAc,
respectively) and compared their ellipsometric thicknesses to
those of SAMs derived from the corresponding thiols (C10SH
and C18SH, respectively). After two days of equilibration in the

assembly solution (a sufficient duration for the thiol systems to
reach equilibrium),41 we measured the ellipsometric thicknesses
of the SAMs (Table 1).

The data in Table 1 demonstrate that the monolayers formed
by thiols and thioacetates are indistinguishable within experi-
mental error. We note, however, that the average thicknesses of
the SAMs formed from the thioacetates were reproducibly smaller
by ∼2 Å when compared to those of their thiol counterparts (i.e.,
the experimental precision is likely to be better than the estimated
error of(2 Å). Several hypotheses can be proposed to rationalize
this apparent difference in the film thickness. For example, the
presence of thioacetate moieties might affect the refractive index
of the monolayers either intrinsically or by influencing the packing
and/or tilt of the monolayers.42 It is also possible that the
adsorption of the thioacetate moieties is less efficient or kinetically
slower than that of the corresponding thiols. To gain insight into
these issues, we first examined the kinetics of adsorption.

Kinetics of Adsorption. Figure 1 shows the adsorption profiles
of C10SAc, C10SH, C18Ac, and C18SH as monitored by
ellipsometry. Upon dipping in the adsorbate solution for ∼1 s,
both thioacetates show an initial thickness of ∼2 Å, whereas the
thickness of C10SH starts at ∼6 Å and that of C18SH starts at
∼17 Å. After 1 min, the thicknesses of the SAMs formed from
the thiols reach nearly asymptotic values, increasing only by ∼2
Å over the next 48 h. In contrast, the growth appears to be
markedly slower for the thioacetates, particularly for the long-
chain analog. These data are consistent with those in the two
previous reports of thioacetate-based SAMs,32,35 which had
indicated that thioacetates adsorb more slowly35 and less
efficiently32 than the corresponding thiols.

Studies of the kinetics of the growth of thiol-based SAMs on
gold have employed a variety of techniques (e.g., ellipsometry,
contact angle measurements, and XPS),41,43 -45 which collectively
indicate that the adsorption proceeds via two stages: (1) an initial
regime during which the bulk of the monolayer adsorbs rapidly,
followed by (2) a second regime during which the adsorbed
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Table 1. Ellipsometric Thicknesses ((2 Å) of SAMs upon
Equilibration with the Indicated Adsorbate for 48 h

adsorbate thickness (Å)

C10SH 13
C10SAc 11
C18SH 22
C18SAc 20

Figure 1. Ellipsometric thicknesses of the SAMs formed from C10SH,
C10SAc, C18SH, and C18SAc.
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molecules slowly reorganize and migrate to defect sites,
maximizing their interchain van der Waals interactions. The data
in Figure 1 support this two-regime model for the thiols; however,
adsorption of the thioacetates appears to be more complicated.
In particular, the presence of the acetate protecting group markedly
slows the rates of adsorption in both regimes, which might be
taken to indicate that chemisorption of the thioacetate moiety
participates in (or is at least competitive with) the rate-determining
step(s) in monolayer formation. Of relevance, we note that the
analysis of the thioacetate-derived SAMs by XPS (vide infra)
is consistent with a chemisorption process involving the
predominant loss of the acetate groups.

However, the analysis of the film thicknesses near the end of
the fast adsorption regime (t ≈ 10 min) reveals that the SAM
formed from C18SAc is considerably thinner than that formed
from C18SH (∆C18 ≈ 7 Å); in contrast, the SAM formed from
C10SAc is only slightly thinner than that formed from C10SH
(∆C10 ≈ 3 Å). These observations indicate at least two things:
(1) chain length plays a more important role in the kinetics of
the adsorption of thioacetates than it does in the adsorption of
thiols, which is reflected by there being an appreciable value
(i.e., 4 Å) for the difference [∆C18 - ∆C10] and (2) for the
adsorption of thioacetates, chain length plays a more important
role in the slow regime than it does in the fast regime, which is
reflected by greater values for ∆C18 in the slow regime than in
the fast regime. Collectively, these phenomena can be rationalized
on the basis of a relatively polar transition state for the
chemisorption of the thioacetate headgroup compared to that for
the thiol headgroup. In this interpretation, the long alkyl chains
of the C18 adsorbates create a low dielectric environment near
the surface of gold, which raises the barrier to thioacetate
chemisorption, reducing its rate relative to that for thiol
chemisorption.

Analysis by XPS. X-ray photoelectron spectroscopy serves
multiple purposes in the study of SAMs.20 The observed binding
energies depend on the electron density of a specific atom, varying
primarily with the nature of the element considered and
secondarily with the nature of the atoms directly attached to it
(especially their electronegativity). Whereas XPS can be readily
used as an elemental analysis tool, it is also possible in some
cases to determine the connectivity between some atoms and/or
the presence of certain functional groups.46 With XPS, qualitative
analyses of SAMs are routinely possible, but quantitative analyses
are usually restricted to specific cases because of experimental
uncertainties (e.g., in the cases of inhomogeneous SAMs, the
matter-dependent attenuation length of photoelectrons is typically
not known with certainty).47

Figure 2 shows the XPS spectra of the carbon (C 1s), sulfur
(S 2p), and oxygen (O 1s) regions for SAMs derived from C10SH,
C10SAc, C18SH, and C18SAc. All spectra show the presence
of carbon, sulfur, and oxygen in addition to the underlying gold
substrate, thus demonstrating that the material detected by
ellipsometry corresponds to the thiols/thioacetate rather than some
adventitious material. To interpret more quantitatively the spectra
obtained, we calculated the ratio of signal intensities separately
for C 1s, S 2p, and O 1s versus that for Au 4f7/2 for each of the
four adsorbates (Table 2). We assign the C 1s photoelectron
peak centered at 284 eV to the carbon atoms in the alkyl
chains.48,49 No evidence was found in the C 1s spectrum to

corroborate the presence of the thioacetate group at the surface:
according to the literature,48,49 the carbonyl should give rise to
a carbon signal in the range of 287-289 eV. Although no oxidized
carbon species were observed in any of the C 1s spectra, we
cannot fully rule out the presence of thioacetate because the
carbonyl moiety would likely be positioned near the gold surface,
which would lead to the attenuation of the signal by the overlying
material.

We assign the photoelectron peaks with binding energies of
162 and 163 eV to the doublet S 2p3/2-S 2p1/2, respectively, for
sulfur bonded to gold.48,50 An examination of the S 2p region
of an XPS spectrum of SAMs on gold is particularly informative
for two reasons. First, the presence of unbound sulfur associated
with either the incomplete attachment of the adsorbates or the
formation of a multilayer can be confirmed by the observation
of a corresponding signal at 164 eV.48,50 Second, the potential
oxidation of sulfur to sulfate or sulfonate species can also be
evaluated.51 An analysis of the SAMs generated from both thiols
and thioacetates indicates that all of the sulfur atoms are bound
to the surface of gold and no oxidized sulfur species are present
(Figure 2). Furthermore, the data in Table 2 show that
measurements of the S 2p/Au 4f7/2 ratios for the SAMs derived
from both of the thioacetates and both of the thiols gave 0.05
and 0.07, respectively, confirming that the packing density of the
thiol-derived SAMs is greater than that for the thioacetate-derived
SAMs (vide supra).

Importantly, the O 1s photoelectron peak with a binding energy
of 532 eV is clearly present for both thioacetate-derived SAMs
but barely noticeable for the thiol-derived SAMs. The O 1s/Au
4f7/2 ratios confirm this observation, showing an oxygen content
that is 3 times greater in the monolayers derived from the
thioacetates than in those derived from the thiols. Considering
that these films were prepared and characterized using identical
procedures (gold substrates, immersion times, air exposure times,
and irradiation times), the presence of oxygen in the thioacetate
spectra cannot be attributed to adventitious contaminants.
Moreover, the presence of only trace amounts of oxygen in the
thiol-derived spectra confirms the overall integrity of the system,
including the high quality of the gold substrates. Therefore, the
small but clearly detectable oxygen signal in the thioacetate-
derived spectra can be attributed to the adsorbates. The true
nature of the oxygen-containing functional groups, however,
remains unknown (O 1s binding energies are not sufficiently
sensitive to allow detailed interpretation), but we have ruled out
the possibility of oxidized sulfur (vide supra).

Turning our attention back to the C 1s region, we note that
the C 1s signal in Figure 2 is shifted to lower binding energy
for both thioacetate adsorbates by 0.5 eV with respect to the
binding energy of the corresponding thiol adsorbates. During
X-ray irradiation, the positive charges generated by photoelectron
emission cannot be easily dissipated through alkanethiolate SAMs
because they are well-packed and therefore act as insulators.52

Loosely packed SAMs, however, are relatively poor insulators;
consequently, the C 1s binding energy will shift to lower
energies.53,54 Correspondingly, the shifts in binding energy in
Figure 2 can thus be interpreted to indicate that the packing
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densities of the SAMs generated from C10SAc and C18SAc are
lower than those generated from C10SH and C18SH. Moreover,
such a shift in C 1s binding energy can be used to provide
information regarding the orientation of the alkyl chains in SAMs.
Wöll and coworkers55 reported a diminution of the C 1s binding
energy (1 eV) for alkane monolayers oriented parallel to the

surface. Thus, the 0.5 eV shift to lower binding energy for C 1s
peaks suggests loose packing and/or more highly tilted alkyl
chains on average for the SAMs derived from thioacetates
compared to those derived from normal alkanethiols.

The packing densities can also be evaluated by determining
the ratio of C 1s intensity to Au 4f7/2 intensity.56 In the case of
thioacetates C10SAc and C18SAc (Table 2), we calculated the
ratios of C 1s/Au 4f7/2 to be 1.1 and 2.1, respectively, which are
smaller than those calculated for thiols C10SH and C18SH (1.4
and 3.1, respectively). This comparison suggests that the packing

(55) Himmel, H. J.; Wöll, C.; Gerlach, R.; Polanski, G.; Rubahn, H. G. Langmuir
1997, 13, 602.

(56) Liedberg, B.; Wirde, M.; Tao, Y.-T.; Tengvall, P.; Gelius, U. Langmuir
1997, 13, 5329.

Figure 2. XPS spectra of C 1s, S 2p, and O 1s regions of SAMs generated from C10SH, C10SAc, C18SH, and C18SAc.

Table 2. Ratio of XPS Signal Intensities of C 1s, S 2p, and O 1s
vs Au 4f7/2 for the Indicated Adsorbates

adsorbate C 1s/Au 4f7/2 S 2p/Au 4f7/2 O 1s/Au 4f7/2

C10SH 1.4 0.069 0.037
C10SAc 1.1 0.057 0.100
C18SH 3.1 0.065 0.033
C18SAc 2.1 0.045 0.110

Letters Langmuir, Vol. 25, No. 3, 2009 1269

http://pubs.acs.org/action/showImage?doi=10.1021/la803179q&iName=master.img-001.png&w=401&h=527


densities are considerably lower for thioacetate-derived SAMs
than for thiol-derived SAMs. In summary, the XPS data are
consistent with the ellipsometry data, which together indicate
that SAMs generated from thioacetates are less densely packed
than those generated from thiols. This conclusion is further
supported by the PM-IRRAS data, which are presented in the
following section.

Analysis by PM-IRRAS. To evaluate the coverage and
packing of SAMs generated from the thioacetates and the
corresponding thiols, we collected their surface IR spectra. Figure
3 shows the C-H stretching regions of the PM-IRRAS spectra
for the SAMs generated from C10SH, C10SAc, C18SH, and
C18SAc. The C-H stretching region of hydrocarbon SAMs is
strongly influenced by the conformation of the alkyl chains and
their environment.57,58 Specifically, the frequency and width of
the methylene antisymmetric (νas

CH2) and methylene symmetric
(νas

CH2) bands are sensitive to the conformational order of the
alkyl chains.59 Correspondingly, Figure 3 shows that νas

CH2 and
νs

CH2 appear at 2919 and 2948 cm-1 for C10SH and at 2918 and
2948 cm-1 for C18SH, which is consistent with both thiol-derived

SAMs having “crystalline” conformational order.60,61 These bands
are broadened and shifted to higher wavenumber for both
thioacetate-derived SAMs, appearing at 2922 and 2950 cm-1 for
C10SAc and at 2921 and 2950 cm-1 for C18SAc. These
observations indicate a more liquidlike conformational order for
the latter SAMs.57-61

The spectra in Figure 3 also show a substantial decrease in
the intensity of the methyl bands in the thioacetate-derived SAMs
compared to those in the thiol-derived SAMs. In surface infrared
spectra, only the component of the dynamic dipole polarized in
the direction normal to the surface plane is detected.62 For SAMs
on gold with trans-extended alkyl chains containing an even
number of carbon atoms, the methyl stretching mode is nearly
perpendicular to the surface; consequently, its intensity is typically
strong like those in the reflectance spectra of C10SH and C18SH
in Figure 3. In contrast, the intensity of this band is diminished
in the SAMs derived from the thioacetates. This reduction in
intensity can be attributed to the diminished conformational order
of thioacetate-based SAMs, which can plausibly lead to a
reduction in the number of methyl groups oriented perpendicular
to the surface. This difference is less noticeable for the C18
analogs than the C10 analogs as a result of the additional van
der Waals interactions that stabilize the C18 SAMs, enhancing
their crystallinity as a whole.41

Wettabilities of the SAMs. Contact angle goniometry is a
sensitive tool for evaluating the composition, packing, and overall
organization of organic thin films.20 Contact angle measurements
are used routinely to characterize the surface properties of a new
coating or for quality purposes to ensure the reproducibility of
a process.63 Details such as the orientation of a terminal group
can sometimes be inferred from the analysis of contact angle
data.64-66 This high degree of sensitivity can, however, lead to
drawbacks: for example, inconsistent contact angle data have
appeared early in the literature, mirroring differences in the
topography of the underlying gold rather than surface properties
inherent to the organic layer.67 Perhaps the most reliable way to
interpret the quality of SAMs is to collect the contact angles
using different types of contacting liquids and compare the data
for each new system to those obtained using a well-characterized
family of adsorbates. In our case, we compared SAMs generated
from the alkanethioacetates to those generated from the corre-
sponding normal alkanethiols. Table 3 shows that contact angles
for both contacting liquids are lower for the alkanethioacetate-
derived SAMs than for the alkanethiol-derived SAMs. Hexa-
decane (HD) is a nonpolar aprotic contacting liquid commonly
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Figure 3. Surface infrared spectra (PM-IRRAS) of SAMs generated
from C10SH, C10SAc, C18SH, and C18SAc.

Table 3. Advancing Contact Anglesa and Hysteresisb for
Hexadecane (HD) and Water on the Indicated SAMs

adsorbate HD water

C10SH 52 (6) 113 (5)
C10SAc 38 (8) 108 (8)
C18SH 52 (5) 114 (6)
C18SAc 34 (8) 110 (9)

a Advancing contact angle, θa ( 1° b Hysteresis, ∆θ ) θa - θr
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used to probe purely dispersive interactions at organic interfaces.20

For the SAMs derived from both alkanethiols, the contact angle
of hexadecane was 52°; this value is common for SAMs presenting
methyl groups at the interface, thus indicating good quality of
the overall system.20 For the SAMs derived from both alkaneth-
ioacetates, however, the contact angle of hexadecane was lower
by about 15°. Because hexadecane is known to wet interfacial
methylene groups more than it wets interfacial methyl groups,68,69

the data in Table 3 are consistent with the presence of methylene
groups at the interface of alkanethioacetate-derived SAMs. Similar
contact angle data have been observed for other loosely packed
hydrocarbon SAMs on gold.49,53

We also found that the contact angles of water are only slightly
lower for the alkanethioacetate SAMs than for the alkanethiol
SAMs. Indeed, water is less sensitive than hexadecane toward
small structural differences at the interfaces of hydrocarbon
films.61,69 Furthermore, the fact that we observed only a small
difference in the contact of water suggests that no polar acetate
groups are present at or close to the interface of SAMs derived
from alkanethioacetates. As a whole, the wettability data are
consistent with the other analytical tools, which indicate that
SAMs on gold derived from alkanethioacetates are less ordered
(less densely packed) than those derived from the corresponding
alkanethiols.

Finally, we note that the hysteresis (defined by the difference
between the advancing and receding contact angles) is slightly
higher for the thioacetate-derived SAMs than for the thiol-derived

SAMs but still less than 10°. For the latter SAMs, values of
hysteresis ofe10° are typically interpreted to indicate relatively
smooth interfaces possessing a homogeneous distribution of
functional groups. Whereas the same interpretation appears to
hold true for the SAMs derived from alkanethioacetates, the
slightly enhanced values of hysteresis might reflect a reduction
in the smoothness/homogeneity when compared to SAMs derived
from alkanethiols.

Conclusions

Our investigation of the direct adsorption of n-alkanethio-
acetates on gold has revealed that the SAMs generated by this
approach are less densely packed and less ordered than SAMs
generated likewise from analogous n-alkanethiols. Furthermore,
the slightly elevated oxygen content in the thioacetate-derived
SAMs suggests the entrapment of trace amounts of acetate moiety
in these films. Like alkanethiols, alkanethioacetates attach to
gold as surface thiolates, but the adsorption is markedly slower
than that of alkanethiols. We attribute this relatively slow
adsorption rate to an enhanced barrier to chemisorption of the
thioacetate headgroup compared to that of the thiol headgroup,
where the former reaction proceeds via a relatively polar transition
state. As a whole, these studies confirm that alkanethioacetates
can be used to generate SAMs on gold as long as rapid adsorption,
dense packing, and crystalline order are not priorities.
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