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Molecular gradients of ω-substituted alkanethiols HS(CH2)15X (X:CH3, CH2OH, CO2CH3, CH2CtN)
were prepared on sputtered gold films by using a novel cross-diffusionmethodology. Ellipsometry, contact
angle measurements, infrared spectroscopy, and X-ray photoelectron spectroscopy (XPS) were used to
monitor the coverage, chain conformation and gradient profiles. The XPS analysis were performed with
improved lateral resolutionas compared to our earlier infrared study (Langmuir1995,11,3821)by imaging
a 160 µm wide segment of the gradient surface on the slit of the XPS analyzer and by using a step size
of 0.5mm. The so-obtained gradient profiles are expected to bemore representative of the true composition
profiles and were for the three gradients investigated found to be 5-6 mm, about 2-3 mm shorter than
the correspondingprofiles obtainedby scanning infrared spectroscopy. The coverages (alkyl chaindensities)
were found to be constant for the gradients prepared from thiols with relatively small tail groupsOH, CtN
andCH3, whereas aminor reduction in coverage,≈ 3-4%, was observed in a narrow range for the gradient
containing the CO2CH3-terminated alkanethiol. This change is, however, too small to be detected by
ellipsometry and infrared spectroscopy and supports a model where the gradient assemblies approach the
limiting structure of densely packed all trans polymethylenes.

Introduction
Self-assembled monolayers (SAMs) have been thor-

oughly studied onavariety of solid supports during recent
years because of their interesting structural and chemical
properties. The increasing demands of well-organized,
densely packed, and robust organic surface phases for
applications in areas of technological importance such as,
micro- and nanopatterning,1-4 microelectronics,5,6 bio-
chemical andchemical sensing,7,8 biomaterials,9,10 etc. also
have encouraged scientists and engineers outside the
academicworld to enter the field of self-assembly. So far,
the technologically most interesting SAMs have been
prepared on oxidic materials like SiO2 using substituted
alkoxy-or chlorosilanes.11-13 However, the lackofaccurate

protocols for the generation of functionalized and chemi-
cally more complex surface phases with predefined and
reproducible structures is still a major problem. For
example, the role of interfacial water for controlling the
growth and formation of highly organized alkylsiloxane
assemblies is currently subject to intensive discussions in
the literature.14-16 The more recent synthetic strategies
based on the chemisorption of long-chain organosulfur
compounds display many interesting and promising
features.17-20 In particular, the ability to form so-called
mixed SAMs from binary mixtures of ω-substituted
alkanethiols HS(CH2)nX/HS(CH2)mY on gold,21-24 with
molecular level control over chain conformation, composi-
tion, tail group distribution, and mobility, has attracted
investigators from diverse areas of material sciences and
engineering. Although there is still an active discussion
going on in the literature about the exact mechanism by
which the thiols(thiolates) chemisorb on the gold sur-
face,25,26 as well as about the phase behavior of mixed
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SAM,27,28 they constitute by far themostwell-defined and
flexible organic surface chemistry.
We have recently developed a methodology capable of

increasing the flexibility of mixed SAMs by forming so-
calledmolecular gradients of ω-substituted alkanethiols
ongold.29,30 Thegradients arepreparedby cross-diffusing
two different alkanethiols from opposite ends of a polysac-
charide matrix deposited on top of a gold substrate. The
present gradients display many similarities with the
gradients formedonSi/SiO2bygasor liquidphasediffusion
of chlorosilanes31-42 andthose formedonpolymersbyusing
various types of plasma discharge apparatuses.43-45

However, the present approach is more flexible in terms
of combining different chemical functionalities in the
gradient assembly, since it does not rely on having the
supporting substrate as one component of the gradient.
We are also able to prepare gradients from alkanethiols
with different chain lengths, thereby generating an
assemblywith continuously varying characteristics of the
outermost portion of the monolayer, from crystalline-
like(all trans) at the extreme ends to liquidlike (gauche
rich) in the intermediate(gradient) region. Our previous
study by infrared spectroscopy, ellipsometry, and contact
anglemeasurements suggested that the gradient regions
were about 4-8 mm long, depending primarily on the
chain lengthcombinationsused. Thestructuralproperties
of the gradients (polymethylene chain conformation,
density, and layer thickness)were also found to be almost
identical to the corresponding SAMs formed from single
component or binary mixtures of ω-substituted alkane-
thiols.
In this study we report on the characterization of

molecular gradients, prepared fromω-substitutedalkane-
thiols of similar chain lengths on sputtered gold surfaces
using XPS. A series of gradients prepared fromω-substi-
tutedalkanethiolswith the general structureHS(CH2)15X
(X ) CH3, CH2OH, CO2CH3, CH2CtN) are investigated.
The main objective of the study is to determine the true
gradient and alkyl chain density profiles with improved
lateral resolution as compared to our previous scanning
infrared and ellipsometric work.29

Experimental Section
GoldSubstratesandChemicals. Thegold substrateswere

prepared by sputter deposition of 200 nm of gold onto glass or
silicon substrates primed with 1 nm of chromium. The glass
surfaces were precut in different sizes, 4 × 40 mm for XPS,
ellipsometry, and contact angle measurements and 20× 20 mm
for IR. TheHS(CH2)16OHandHS(CH2)15CO2CH3were obtained
fromBIACOREAB,Uppsala, Sweden (a generous gift fromDrs.
S. Löfås and B. Johnsson). The 16-cyanohexadecanethiol (HS-
(CH2)16CtN) compoundwasprepared from16-bromohexadecan-
1-ol by first converting it to 16-cyanohexadecan-1-ol via cyanide
substitution. Tosylationof thehydroxyl functionalgroup followed
by sodiumthioacetate substitutionand thenmildhydrolysiswith
K2CO3 yielded the desired 16-cyanohexadecanethiol, mp 38-39
°C. Finally,HS(CH2)15CH3waspurchased fromFluka,Germany.
All thiols solutions (2 mM) were prepared in ethanol (95%), by
Kemtyl, Stockholm. Other solvents used in this work were of
analytical gradeand thewaterwasobtained fromaMilliQsystem
(18 MΩ) equipped with an organex filter. Sephadex LH-20,
PharmaciaUppsala,Uppsala, Sweden,wasusedas the diffusion
matrix. This matrix was prepared on top of the gold strips by
swelling 3 g of Sephadex LH-20 in 18 g ethanol (95%). After
homogenization and evaporation of excess ethanol, the matrix
(3-5 mm thick) could be used in the cross-diffusion experiment
by injecting the thiol solutions into glass filters placedat opposite
ends of the gold strips. A detailed description of the preparation
procedure is given elsewhere.29 The diffusion process was
interrupted after 48 h, followed by a standard rinsing and
sonication procedure in ethanol and water in order to remove
the Sephadex LH-20.
X-ray Photoelectron Spectroscopy. The XPS measure-

mentswereperformedonaScientaESCA-300spectrometerusing
monochromatized Al KR radiation (1486.6 eV) and a 30 cm
(radius) analyzer with a multichannel detection system.46 The
resolution, as determined from the shape of the Fermi edge of
silver using a 0.8 mm slit and 300 eV pass energy, was
approximately 0.5 eV. All binding energies given here are
referenced against the Au4f7/2 peak at 84.0 eV. The statistical
error of the integrated intensity of the stronger photoelectron
lines (C1s, Au4f7/2) was estimated to be slightly less than (2%,
whereas the low intensity lines (N1s, O1s) were expected to
exhibit a slightly larger error of about (3%.
Ellipsometry. The ellipsometric measurements were per-

formed with an automatic Rudolph Research AutoEl III ellip-
someter. The ellipsometer was equipped with a He-Ne laser (λ
) 632.8 nm) light source and a scanning table (step size of 0.635
mm). The angle of incidence of the laser beam was 70° with
respect to the surfacenormal. A three-layer (parallel slab)model,
Au/SAM/air, based on isotropic optical constants for the organic
layer, NSAM ) n + ik ) 1.50 + i0, was used for the evaluation
of the gradient thickness.
Contact Angle Measurements. The static liquid drop

contact angles withMilliQwater at the very extreme ends of the
gradients were measured in a laboratory atmosphere. The
contactangleapparatuswasequippedwithavideocamerasystem
developed at our laboratory. At least three droplets were
measured directly on the screen of the video monitor, and
averaged to represent the correct contact angles within (2°.
InfraredSpectroscopy. The infrared reflection-absorption

spectroscopy (IRAS) experimentswere performedwith aBruker
IFS113vFT-IRspectrometer attached toan in-house customized
UHV system equipped with a manual sample scanning and
manipulation system. The infrared beam, polarized parallel to
the plane of incidence, was aligned at an angle of incidence of
82°with respect to the surface normal and focused on the sample
surface using f/16 optics.47 A narrow band MCT detector was
used todetect the light, and1000consecutive scanswereaveraged
at 4 cm-1 resolution before Fourier transformation.

Results and Discussion
Table 1 summarizes the ellipsometric, infrared, and

contact angle measurements of the three different gra-
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dients investigated in this study. A more detailed
examination and interpretation of the ellipsometric,
infrared, and contact angle data provided in Table 1 can
be found in our previous study.29
Ellipsometry. The ellipsometric thickness obtained

from the gradient experiments are all in good agreement
with the thicknesses observed for the corresponding single
component or mixed monolayers. For example, the HS-
(CH2)16OH/HS(CH2)15CH3(OH/CH3) gradient displays
nearly the same thickness variation as the mixed (HS-
(CH2)16OH)f /(HS(CH2)15CH3)1-f monolayers on gold, i.e.,
from 21 ( 1 Å (f ) 1) to 19 ( 1 Å (f ) 0).47,48 All gradient
profiles showamonotonic change in thicknesswhengoing
from one extreme side (e.g. OH) via the gradient region
into the other extreme side (e.g. CH3) supporting the
generallyacceptedpicture ofhighly organizedanddensely
packedalkyl chains. However, ellipsometry alone, in this
particular case, is not sensitive enough to identify the
exactpositionof thegradient regionand its lengthbecause
of the minor variation in chain length of the investigated
diffusion pairs. The molecules used must possess more
pronounced differences in either chain length or “bulki-
ness” of the tail group in order to create a sufficiently
large change(contrast) in the measured thickness.29
Spectroscopical techniques are more sensitive to the
compositional variations along the substrate surface as
will be shown below.
Contact Angle Measurements. The static contact

angleswithwater (ΘH2O), also correspondwell to reported
values on single component monolayers. Note, however,
that the present study only reports ΘH2O values at the
very far (extreme) sides of the gradient assembly. A study
on thewettability behavior of the gradients are underway
and will be published separately.
Infrared Measurements. The frequencies and full

widths at half-maximum (FWHM) of the asymmetric (d-)
and symmetric (d+) methylene stretching modes are also
given for two of the gradients in Table 1 since they can
provide valuable information about the polymethylene
chain conformation.49-52 The d- and d+ frequencies are
all very close to those reported for the corresponding single
componentandmixedmonolayers.For example,Engquist
et al. reported d- values between 2917.7 and 2919.3 cm-1

for mixed (HS(CH2)15OH)f /(HS(CH2)15CH3)1-f (0 < f < 1)
monolayers 47 and at 2919 cm-1 for a pure HS(CH2)15-
CO2CH3 monolayer.53 Thus, the intra chain structure of
the gradients approaches the limiting case of conforma-

tionally ordered all trans alkyl chains of similar quality
as mixed alkanethiolate SAMs. The upward shift of the
d- mode (≈1 cm-1) as compared to the very best single
component SAMs may indicate a partial disordering of
the alkyl chains. However, since the shift is very small,
we feel that it is reasonable to assume that the confor-
mationally disordered (gauche) components are prefer-
entially localized at the outermost portion of the mono-
layers. The full width of half maximum (FWHM) of the
d- and d+ modes are larger in the gradient spectra,
typically 4 and 2 cm-1, respectively, as compared to the
corresponding modes in the spectra of the very best
alkanethiolate SAMs supporting what already has been
said about a slight increase in the population of gauche
conformers in the gradient assemblies.
Altogether the ellipsometric, IR, and contact angle

measurements suggest that the gradient assemblies
consist of dense and highly organized polymethylene
chains of almost the same internal structure and quality
as thesingle componentormixedmonolayers. Adrawback
with the infrared and ellipsometric analyses is, however,
that the spot sizes typically fall in the millimeter range.
Such large spots will effectively smear out the gradient
profiles and make them to look longer than they actually
are. In this paper we address this issue in detail by
performingXPSexperimentswith substantially improved
lateral resolution.
X-ray Photoelectron Spectroscopy. X-ray photo-

electron spectroscopy is utilized to study the lateral
composition and coverage (density) of the gradients. The
experimental geometry used is schematically illustrated
in Figure 1. The photoelectrons are analyzed at a take-
off angle (TOA) of 90° with respect to the plane of the
surface. A 160 µmwide and 4 mm long (the width of the
gold substrate) area is imaged on the entrance slit of the
hemispherical analyzer, and the step size between each
analyzed area is 0.5 mm. This step size is chosen to
minimize the exposure time of the X-ray radiation on the
monolayer prior to analysis because recent studies have
shownthat thegold-thiolatebond is sensitive toprolonged
exposure to X-ray radiation.26
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Table 1. Ellipsometric, Wetting, and Infrared Data of the Molecular Gradients

gradient

ROH/R′CH3
a ROH/RCtN R′CO2CH3/R′CH3

monolayer property OH CH3 OH CtN CO2CH3 CH3

thickness (Å) 21.5 ( 1 19.5 ( 1 21.5 ( 1 21.0 ( 1 21.5 ( 1 19 ( 1
contact angle ΘH2O (deg) <8 112 <8 62 69 112
CH2 modes: d-, d+ (cm-1

) 2919, 2851 c 2919, 2850
fwhm: d-, d+ (cm-1) 16,11b c 16, 12

a R)SH(CH2)16; R′ )SH(CH2)15. b Typical values reported in the literature for crystalline alkanethiols and bulkn-alkanes are as follows.
d-, 10-13 cm-1; d+ 7-10 cm-1.18,54 c Data not available.

Figure 1. Experimental geometry used for obtaining the XPS
gradient profiles. A 160 µm× 4mm large area of the substrate
is imaged on the entrance slit of the XPS analyzer. The step
size was 0.5 mm, and the take off angle (TOA), defined as the
angle between the plane of the gold substrate and the analyzer
slit, was 90°.
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Figure 2 shows stacked plots of the C1s and O1s core
level XPS spectra for the HS(CH2)15CO2CH3 /HS(CH2)15-
CH3 (CO2CH3/CH3) gradient as a function of position. The
C1s spectra, Figure 2a, display three well-resolved peaks
at 284.8, 286.8 and 289.3 eV, respectively. The 284.8 eV
peak is due to the methylene -CH2-carbons in the alkyl
chain. The two chemically shifted peaks at 286.8 and
289.3 eVare attributed to the-OCH3andCdO(carbonyl)
carbons of the tail group, respectively. Two additional,
less well-resolved, peaks originating from the tail group
are also observed in the curve fitting analysis at 285.4
and287.8 eV. Thebinding energies aswell as the relative
intensities of the C1s peaks are in good agreement with
the corresponding peaks of the single component HS-
(CH2)15CO2CH3andHS(CH2)15CH3SAMssuggesting that
the gradient assembly is free fromorganic contamination.
It should be emphasized, however, that the diffusion
matrix, Sephadex, adhered quite strongly to the (CO2-
CH3/CH3) gradient. Itwas therefore, necessary todevelop
a special cleaning protocol for this gradient to ensure that
noSephadexwas left on thesurface. This cleaningprotocol
includes the standard procedure, i.e., extensive rinsing in
ethanol and water followed by ultrasonication for 5 min
in ethanol and water, plus sequential ultrasonication for
5 min in each of the following solvents: carbon tetra-
chloride, acetone, 2-propanol, andwater. Figure2b shows
the evolution of the two O1s peaks as we move along the
gradient. The peak at 532.5 eV is attributed to the
CdO(carbonyl) oxygen and he peak at 534.0 eV to the
single bonded -OCH3 oxygen. Also seen in Figure 2b is
a small peak near 532.5 eV which becomes clearly visible
when moving into the far CH3 side of the gradient (pos f
0 mm). This peak is most likely due to adsorbed water,
and it appears on all gradients, though with different
intensities depending on the surface energy (cos ΘH2O) as
well as on the number of cleaning cycles with water used
for removing the Sephadex matrix. The large number of
cleaning steps employed to remove Sephadex from the
gradient surface may explain the presence of this peak.
The water O1s peak is also present on the methyl ester
side of the gradient as revealed by the deviation from the

expected1:1 relative intensity ratio for the532.5and533.9
peaks. Thewater peak in the first spectrum (pos) 0mm)
is therefore subtracted fromall spectra, pos> 0mm, prior
to integration and calculation of the gradient profiles; see
below. To subtract a constant factor from all spectra is
of course questionable and must be regarded as a first-
order approximation, since a CO2CH3 surface (intermedi-
ate surface energy) is expected to be more prone to keep
a thin layer of water than a hydrophobic (low energy)
surface.48
The normalized C1s and O1s integrated intensities,

determined after a proper base-line correction and curve-
fitting procedure, are plotted in Figure 3 to represent the
gradient profiles. As expected, the O1s (b) and C1s ([)
peak intensities, the latter based on the sum of the
individual peak intensities of the four chemically shifted
peaks (285.4, 286.8, 287.8 and289.3 eV) followverynicely
the same trend. Both profiles indicate that the gradient
region is about 5 mm long. Also shown in Figure 3 is the
profile obtained from scanning infrared spectroscopy (+),
by integrating the CdO stretching band near 1746 cm-1

(replotted fromFigure6a, ref 29). Theprofilesdetermined
fromthe twomethodsaredifferent. The IR-profile display
a smoother, less steep, change with position along the
gradient, and the corresponding length determined by IR
is approximately 8 mm. This difference in length is
actually not unexpected since the spot size used in the IR
setup is at least 1 order of magnitude larger that the one
used in the presentXPSexperiments. Thus, our previous
hypothesis that the IR measurements most likely over-
estimate the gradient lengths 29 is clearly confirmed by
the present XPS results. We therefore conclude that the
5 mm obtained here should be regarded as a more
representative value of the true length of the CO2CH3/
CH3 gradient. It should also be emphasized that XPS, in
general, is a more reliable method than IR for composi-
tional analyses, since not only the composition but also
the molecular orientation with respect to the metal sur-
face will contribute to the intensity in the IRAS spec-
trum.18
Another important property for the stability and future

application of the gradient assemblies is the coverage and
the packing density of the alkyl chains. We have in this
study used the total C1s intensity as a measure of the

Figure 2. Stacked plots of the (a) C1s (282-292 eV) and (b)
O1s (528-538 eV) peaks obtained from the HS(CH2)15CO2CH3
/HS(CH2)15CH3 gradient assembly.

Figure 3. XPS intensity profiles obtained from the stacked
plotsof theHS(CH2)15CO2CH3/HS(CH2)15CH3gradient inFigure
2: (b) O1s intensity; ([) C1s(ester), obtained from the sum of
the peak intensities of the four chemically shifted C1s peaks;
(]) total C1s intensity (282-292 ev); (s) semiempirical total
C1s intensity; (+) infraredCdOgradient profile, replotted from
data from Figure 6a, in ref 29. The lines through (b) and (+)
should only be regarded as guide lines for the eye. The error
bars show the estimated statistical errors in the integrated
intensities. A special cleaning procedure involving carbon
tetrachloride, acetone, and 2-propanol was used for this
gradient.
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variation in coverage(density) along the gradient. The
so-obtained profile is compared with the semiempirical
profile derived from the actual gradient profile (b) and
estimated attenuation factors of the heteroatoms in the
various tail groups.55 The expression for the attenuated
intensity of theC1sphotoelectrons fromtheall transalkyl
chains tilting with an angle τ from the surface normal is
given by

whereN is the total number of non-hydrogen atoms in the
molecule. Io is the C1s intensity recorded from one
unattenuated layer of -CH2- units at TOA ) 90°. Θ is
the actual TOA used. ∆xn(τ) is the distance between two
neighboring layers n and n + 1, except for ∆xN(τ), which
is by definition set to zero since there is no attenuating
layer above layer N. The heteroatoms of the tail groups
are also included in the sum in the exponent. Generally,
the attenuation lengths λn should vary with layer density
and atomic species within each layer, but here a constant
λ has been used, even for the end group heteroatoms. The
value of λ, in our case35Å, is calculated fromtheempirical
parametrization given by Laibinis et al.56 The layer
distances are chosen from a generally accepted model
where the alkyl chains tilt at τ ) 29°, giving ∆xn(29°) )
1.10 Å for n < N.
The total integrated C1s intensity (282-292 eV) is

plotted in Figure 3 (]) together with the semiempirical
profile for the total C1s intensity, the fat solid line. The
experimental profile agrees well with the theoretical one
at the extreme CH3 and CO2CH3 sides of the assembly,
but deviates slightly between 5 and 6 mm, close to the
onset of the gradient region. This decrease may in part
be due to inaccurate modeling of the various factors
influencing theattenuationof thephotoelectrons. Another
plausible explanation is that the alkyl chains are less
densely packed in this particular part of the gradient
region. A lower density, surface coverage, will inevitably
perturb the alkyl chain conformation near an empty spot
and thus increase the population of gauche conformers.
Our previous infrared results29 do not provide any
supporting evidence for an increased conformational
disordering of the alkyl chains, the d- frequency remain
constant throughout the entire gradient region. Nor can
we observe any drop in the ellipsometric thickness in the
gradient region. Thus, XPS seems to be a far more
sensitive technique than both ellipsometry and IR for
monitoring the variation in surface coverage (density).
However, thedecrease in surface coverage is still expected
to be fairly small. The deviation from the theoretical
profile between 5 and 6 mm ≈ 3-4% would mean that
about one of 25-33 thiols is missing, a reduction which
in a first-order approximation is expected to correspond
to about 0.65-0.85 Å in the ellipsometric thickness
(1/33-1/25 of the film thickness), i.e., a change within the
error limits of the ellipsometric analysis. It is more
difficult to foresee how a 3-4% reduction in coverage will
influence, for example, the d- mode frequency and line
shape. Wemerely conclude that the effect must be fairly
small since no shift can be seen in the IR spectra recorded
along the gradient.29

Figure 4 shows the gradient profile for the (OH/CH3)
gradient. The integrated intensity of the O1s peak at
532.6 eV is used to generate the profile (b). Also plotted
in Figure 4 is the gradient profile from scanning infrared
spectroscopyobtainedby integrating the r-, νas(CH3),mode
near2964cm-1 (+). Again,we findasmootherappearance
of the profile obtained by IR. The IR experiments also
overestimate the length of the gradient, 7-8 mm, as
compared to the 5.5-6mm obtained with XPS. The total
C1s intensity (282-292 eV) display amonotonic decrease
when moving from the CH3- towards the OH side (]).
This behavior is consistent with a gradual increase in the
attenuation of the C1s photoelectrons by the terminal
hydroxyl group. However, no evidence whatsoever can
be found for a decreasing coverage in the gradient region.
Similarly, the N1s (b) profile of the (OH/CN) gradient

is shown inFigure5. It isbasedon the integrated intensity
of the N1s peak at 400.0 eV. Again we estimate the
gradient length to be about 5.5 mm. The total C1s
intensity (]) increases when passing the gradient from
the OH to the CN side. This increasing C1s intensity is
in good agreement with the increase in the total number
of carbon atoms in the OH and CN thiols, respectively.
The semiempirical curve displays the same trend, con-
firming our picture of densely packed assemblies through-
out the gradient region.
The present XPS analyses reveal that the IR overes-

timates the lengths of the gradients a result of which is
of importance for future applications. We believe also

(55) Supplementary material describing the method used for cal-
culating the semiempirical gradientprofiles is available fromtheauthor
upon request.

(56) Laibinis, P. E.; Bain, C. D.; Whitesides, G. M. J. Phys. Chem.
1991, 95, 7017.

Figure4. XPS intensity profiles obtained from theHS(CH2)16-
OH/HS(CH2)15CH3gradient. (b)O1s intensity; (]) experimental
total C1s intensity (282-292 ev); (s) semiempirical total C1s
intensity; (+) infrared gradient profile obtained from the
integrated r- peak intensity. The lines through (b) and (+)
should only be regarded as guide lines for the eye.

Figure5. XPS intensity profiles obtained from theHS(CH2)16-
OH/HS(CH2)16CNgradient. (b)N1s intensity; (]) experimental
total C1s intensity (282-292 ev); (s) semiempirical total C1s
intensity. The lines through (b) should only be regarded as a
guide line for the eye.
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that the gradient assemblies are attractivemodel organic
interfaces, and more detailed investigations concerning
their microscopic wetting properties using water (ice) as
the probing liquid (adsorbate) are currently underway.
Order-disorder gradients prepared from n-alkanethiols
of different chain lengths have also been prepared and
currentlyanalyzedwithscanning liquiddropcontactangle
measurements and IR.

Conclusions
Molecular gradients prepared from ω-substituted al-

kanethiols with approximately the same chain lengths,
15and16methyleneunits, and the followingcombinations
of tail groups CO2CH3/CH3, OH/CH3 and OH/CN, have
beenanalyzedwithX-rayphotoelectron spectroscopy.The
analyses are performed with improved lateral resolution
as compared to our earlier infrared charcterization,29 to
yield the true gradients profiles (lengths). All gradients
are determined to be 5-6 mm long, i.e., about 2-3 mm
shorter than the lengths observedwith scanning infrared
spectroscopy. This shortening was in fact predicted in
our previous infrared study29 and is entirely due to the
smaller spot size used in theXPSanalysis. The coverages
(alkyl chain densities) observed for the OH/CH3 and OH/
CN gradients, as determined from the total C1s intensity
profiles, are consistent with the formation of densely
packed all trans polymethylene chains, an observation in
excellent agreement with infrared and ellipsometric
findings.29 A small ≈ 3-4% reduction in coverage is

observed in the gradient region for the CO2CH3/CH3

gradient. This loss of molecules is, however, too small to
be detected as a change in the ellipsometric thickness as
well as a shift in the frequencies of the methylene
stretching modes in the infrared spectra. A brighter and
smaller spot size for the infrared analysiswould certainly
help addressing the above issues with improved later
resolution.
Finally, the approach used to prepare molecular gra-

dients ofω-substitutedalkanethiols seemsverypromising
for a wide range of applications in surface chemistry and
materials sciences. We have so far only employed thiols
withrelatively simple tail groups. However,morecomplex
thiols are currently investigated and the results will be
published separately. We are also investigating the
possiblities ofusing thealkanethiol gradientsas templates
for the generation and growth of more complex supramo-
lecular architectures and as models for the optimization
of the interfacial properties of biomaterials and biosensor
surfaces.
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