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The formation and structure of alkyltrichlorosilanes on several types of SrTiO; substrates have been
studied. The silanes adsorb spontaneously from a hexadecane solution and form monolayers on all the
substrates used. Characterization has been performed by atomic force microscopy, wettability, angle

resolved X-ray photoelectron spectroscopy,

reflection absorption infrared spectroscopy, and

spectroscopic ellipsometry. It was found that highly ordered and densely packed monolayers were
formed below a certain temperature. © 1997 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Self-assembled monolayers' (SAMs) have been investi-
gated extensively during the past few years. Most
attention has been directed towards the formation and
the final structure of simple alkanethiols on gold. It was
found that highly organized monolayers can be grown.
During the spontaneous adsorption, the molecules bind
to the substrate via a gold—sulfur bond, with tilted
chains (~30°) to maximize the van der Waals interaction
between neighbouring chains. A variety of tailgroups
can be exposed to the surface, offering possibilities to
selectively tailor surface properties such as, e.g., wett-
ability, friction and optical response!. Despite all the
progress made in the thiol system, increasing effort has
been put to a more general class of SAMs: alkylsilox-
anes on oxidic substrates such as SiO,!, but also mica®?,
ZnSe and AU have been investigated. The resulting
films are more general because the substrate specific
binding mechanism is absent, resulting in substrate-
independent final structures.

In this study, strontium titanate (SrTiO;, STO) has
been investigated as an alternative substrate material for
the growth of self-assembled monolayers. Perovskite
materials, like STO, have found an increased interest due
to a number of new applications in, for example, the
growth of superconducting high critical temperature
(HTc) materials®®. They possesse a high dielectric
constant at room temperature, making them interesting
for application in high storage capacitors. Furthermore,
these substrates have been used as photocatalysts for the
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decomposition of H,O. Similar materials, such as
barium titanate and lead zirconate titanate, show
ferroelectricity, piezoelectricity, etc.®. A further attrac-
tive property of this substrate is that one can system-
atically vary the conductivity of the substrate by doping
it with Nb (STO:Nb). The used Nb-doped crystal
(doping level is 0.5wt%) is semi-conducting and permits
imaging of its surface by STM.

SrTiO; is a crystal with the cubic perovskite ABO;
structure. The cubic unit cell (a=3.9A) contains layers
of, alternately, SrO and TiO,, stacked in the c-direction.
The (001) surface, which is the most commonly used
surface, is known to be terminated almost exclusively
with either SrO or TiO,. The (110) surface, on the other
hand, possesses, alternately, rows of SrO and TiO, in the
plane of the surface. Finally, the lesser-known STO(103)
or (305) face is known to roughen considerably (long
triangular and 5-10 nm high ridges are formed, with one
of the facets made of the (101) plane) if annealed above
1050°C. This latter surface is used to test the influence of
roughness of the substrate on the properties of the
resulting monolayers.

EXPERIMENTAL

General

Octadecyltrichlorosilane (OTS, 95%), dodecanetri-
chlorosilane (DTS, 98%), n-hexadecane (HD, 99+ %),
chloroform, acetone, ethanol, phosphoric acid (all p.a.
quality) were obtained from Aldrich and used as
received. SrTiO; substrates of different orientations
were obtained from ESCETE, Enschede, The Nether-
lands. Some of the substrates were annealed before-
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hand at 1050°C (heating and cooling rate +5°Cmin~")
for at least 20h. The substrates were further cleaned
by sonicating in a sequence of solvents (chloroform,
acetone, alcohol) several times and dipped in a diluted
phosphoric acid (1:500 H,0) solution for Imin and
placed in the silanating solution. For each adsorption,
the solution was freshly prepared by solving 1mM
alkyltrichlorosilane (OTS or DTS) in hexadecane. The
deposition parameters are controlled as well as
possible, i.e. the adsorption takes place in an excicator
to minimize the influence of environmental humidity
(relative humidity is then reduced to 20-40%) and the
temperature is controlled at ~20°C*. Adsorption times
were kept between 2 and 12h, although no difference
in film quality was found for these extremes. To
remove physisorbed and/or complexed HD, the mono-
layer was sonicated for several minutes in chloroform
and ethanol.

Scanning probe microscopies (SPM )

A Digital Instruments Nanoscope IIla was utilized
to image the topography of the surface. Most of the
images were made using the tapping mode of the
atomic force microscope (AFM), but all results were
confirmed by contact mode AFM and STM (for
STO:Nb). Care was taken to avoid contact forces
above several nanoNewtons (nN). Immediately after
engagement of the cantilever, the contact force was
minimized and amounted to less than 5aN. If such
forces were used in the contact mode, the topogra-
phy exactly resembled that of the tapping mode
images.

Wetting

Contact angle measurements were carried out on a
home-built system. Drops of a fixed volume (5ul)
were placed at several places on the substrate. First,
the sessile drop was captured by a CCD camera and
recorded on a videorecorder. The volume of the
drop was slowly increased, and the advancing angle
was measured at the instant the drop started
moving. This was done several times at several
places on the sample to obtain some statistics. The
same was done for decreasing volume of the drop
(receding contact angle). Two different probe liquids

Table 1 Contact angles for different faces of ST0*<

were used: water (H,O), a polar liquid with high
surface tension and n-hexadecane, a nonpolar liquid
with low surface tension. The error in the measure-
ment of the contact angle is estimated to be 1° for
the water contact angles, and 0.5° for hexadecane,
but sample-to-sample variations and variations on
the sample itself are larger. Estimations (from the
standard deviations) of these variations are shown in
parentheses in Table 1.

ARXPS

A Kratos XSAM 800 spectrometer was used for
angular resolved XPS measurements. The base pres-
sure of the system is 4x 10~ '°Torr. Monochromatic X-
rays are generated by a Mg source (K,=1254.6eV),
directed towards the surface where the beam generates
photoelectrons from the core levels (s, p), and detected
by a hemispherical electron energy analyser. Pass
energies used for survey scans are 50eV, whereas for
the high resolution scans 20eV were used. The spectra
were background-subtracted and fitted by a home-built
computer program. All fits are made with 100%
Gaussians. To determine the thickness of the mono-
molecular film, spectra were not only taken at zero
take off angle ¢, but also at other angles (10, 20, 30,
and 50° away from the surface normal).

RAIRS

Reflection absorption infrared spectroscopy
(RAIRS) was performed on a BioRad FTS-60A
spectrometer. An infrared lightsource, radiating con-
tinuously between 500-4000cm ™!, is reflected at near
grazing incidence (88° off the surface normal) and
detected by an MCT detector. In general, the full
spectral range is recorded with 4cm™' resolution and
between 500 and 1000 scans are co-added and
averaged to obtain a good signal-to-noise ratio. The
spectrum of the reference substrate is recorded first
and later subtracted from the derivatized sample. The
sample stage compartment is purged by nitrogen to
minimize the amount of H,O from the sample
compartment. Although the compartment is purged,
some regions of interest were masked by the presence
of traces of H,O (especially between 1300 and
1500cm™").

93“20 orHZO aaHD erHD 6“20 6HD
OTS/STO(001) 116 (1.3) 103 41 (3.4) 38 021 0.02
OTS/STO(001)* 113 (1.4) 103 44 (3.4) 38 0.16 0.07
OTS/STO(110) 115(1.5) 103 44 (1.4) 34 0.22 0.11
OTS/ST0(103) 119 (2.2) 104 40 (1.6) <10 0.25
OTS/STO:Nb(001) 114 (1.9) 103 41 (4.9) 33 0.16 0.09

“0, = advancing CA, 0, =receding CA, H,O = water, HD = n-hexadecane
b5 =hysteresis, defined as cosf,—cosf,

“Value between parentheses is estimation of error based on standard deviation

“Substrate annealed (at 1050°C) prior to adsorption
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SE

Spectroscopic ellipsometry was performed on a
home-built rotating polarizer (P,,.SA at 67Hz) spec-
trometer. A Xe lightsource was used to produce a
beam with 3mm diameter, ranging in energy from 1.5
to 4.5eV (850-250nm). The angle of incidence is set
close to Brewster’s angle for SrTiO; (~70°), where the
ellipsometric parameters A and ¥ are most sensitive to
changes. The system was designed for growth studies
of sputter-deposited YBa,Cu3Os, on SrTiO; substrates
in UHV (base pressure p~10~"Torr). To minimize the
pollution of (especially unsilanized) samples, all
samples were measured in a vacuum. The Fourier
coefficients of the incident beam are measured and can
be related to the more convenient ellipsometric
parameters.

RESULTS AND DISCUSSION

Scanning probe microscopies (SPM )

The topography of the as-cleaned substrates is
studied to correlate their roughness to the final
monolayer structure. All substrates were atomically
flat with RMS roughnesses less than 2A. No steps
could be observed, only a vague grain-like structure
with some variations in height of 1.9A. If STO(001)
substrates were annealed at T>1050°C beforehand,
steps appeared at regular distances. Since the step-
heights are a single unit cell, 3.9A, this is strongly
indicative of a single terminating plane, in contrast to
the as-cleaned substrates. Kawasaki found for SrTiO;
that TiO, is the stable terminating plane’.

The first experiments on self-assembly on all
surfaces of STO were done in a normal laboratory
environment (7~25°C, humidity~75%), resulting in
films with reasonable wetting characteristics, but
showing a high island density on the surface. As seen
later, ellipsometry confirmed the formation of films
with thicknesses d larger than 4nm. These ‘islands’
have a random shape and size. All islands have a
discrete height of ~5.3nm high, indicating the forma-
tion of adventitious double layers, so-called lamellae,
on top of a monomolecular film. Sometimes, even a
second lamellar structure is formed on top of the first
(the fourth and fifth layer of OTS). An example is
shown in Figures la and c. Since only the first layer is
chemisorbed onto the surface via the siloxane linkages,
these extra lamellae are physisorbed onto the first
layer. Although these lamellae are stable in the usual
solvents (even ultrasonicated), they can be removed
easily by rubbing with a paper tissue.

If a monolayer is adsorbed on the substrate and the
adsorption conditions have been controlled carefully
enough (7~20°C, humidity~20-40%), almost no
texture can be seen on the surface, indicating homo-
geneous growth of the monomolecular layer; see
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Figure 1 (a) 2x2um AFM image (tapping mode) of the surface of
OTS on SrTiO3:Nb(001), showing lamellae with discrete (~5.3nm)
heights (the marker has a length of 250nm); (b) 1xlum AFM
(contact mode) of the surface of an OTS monomolecular layer on
SrTiO5(001), with almost no islands (the marker has a length of
250nm); (c) line scan along the line shown in (a)

Figure 1b. Measurements on the thickness of the film
by ellipsometry show that such films are approxi-
mately 2.2-2.4nm thick, confirming the growth of a
single molecular layer.

Wettability

To check the cleaning procedure, as described in the
experimental section, contact angles (CAs) were
measured after each consecutive step in this procedure.
Before cleaning, the CA of water is, depending on the
‘history’ of the substrate, approximately 70°. The
solvent cleaning results in a decrease to approximately
43° whereas, upon the final phosphoric acid dip, the
CA drops to <25° rendering a hydrophilic (i.e. a
hydroxylated) surface. If the substrate was immersed
in pure n-hexadecane (HD) the CA again increases up
to 45°. If monolayers are formed by immersion of the
substrate in the 1mM solution of OTS in HD, the CA
significantly increases to >110°,

In Table 1, the CA data have been summarized for
monolayers of OTS on the four different substrates of
STO wused in this study. Typical values for the
advancing water CA are 115+2°, whereas the HD CAs
fall in the range 4242°. Such CAs indicate the
formation of a methyl-terminated surface'®. Our
results are comparable with data for the OTS
monolayers on SiO,*7® although the values for the
HD CAs are somewhat smaller than observed for
OTS/Si0,. The observed hysteresis in the water CA is
larger than for comparable thiols on gold® (5~0.1-
0.15), but it is known that for buried polar groups the
observed hysteresis increases. Other reports for OTS
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observe comparable hysteresis values® (5~0.2-0.25).
First attempts, however, at an adsorption temperature
of ~25°C resulted in comparable advancing CA, with
much higher hysteresis (6~0.35). The higher hysteresis
is due to the formation of lamellae.

It was found that hexadecane (HD) provided a
better means of determining the extent of ordening at
the surface: better films gave significantly higher CAs,
whereas the water CA was consistently high (> 115°).
Measurements, performed in an early stage where the
temperature during adsorption was not controlled at
all, yielded lower quality films and low HD CAs
(6,<40°). If, however, such a monolayer film was
annealed at 150°C, the water CA did not change, but
an increase in both the final film quality and the HD
CA was found (0, from 36 to 43° and 0, from 26 to
37°). Removal of HD molecules incorporated in the
monolayer and lamellac on top of the monolayer can
be responsible for such an increase. The HD CA is
relatively low for a rough substrate as STO(103) and
the receding CA even vanishes on this substrate.

ARXPS

The XPS survey scans were taken at a perpendicular
take-off angle ¢=0°. The as-cleaned substrates only
show the elements of SrTiO; plus a small and broad
carbon contamination peak. The binding energy of the
C 1s peak indicates ‘pure’ carbon. No Si is present on
these substrates. If an OTS film is measured, the
intensity (as measured by the peak intensity and area)
of the Sr, Ti and O decreases dramatically, whereas
the C 1s contribution increases significantly. Si appears
in all spectra and a small Nb peak only in the STO:Nb
spectra. Monolayer films with shorter chains and/or
lower quality (as judged by RAIRS and SE) show a
lower atomic concentration of C, and higher concen-
trations of elements from the substrate. The Si
concentration, however, remains almost unchanged.

High resolution scans (summarized in Table 2) were
taken at ¢=0°. They show the expected binding
energies (BE) for the elements of SITiOs’. It is seen
for all monolayer films that the C Is peak becomes
much narrower than for bare substrates. This is true
for all monomolecular films measured (including films
that show degraded properties, due to adsorption
above ~25°C). Due to the adsorption, a Si 2p peak
appears in the spectra at 102.5eV (see Figure 2a),

indicating the formation of Si,0,'®. This is consistent
with the formation of a siloxane network.

The oxygen region around 530eV is very interesting
because it shows a complex envelope function. How-
ever, fitting of this envelope function is not very
accurate. From the reference substrates (unsilanized
STO), it is clear that more than one oxygen species is
present on the surface: at first sight, two peaks are
present. The sharp lower BE peak (at ~530.leV)
belongs to the titanate oxygen®, whereas the broader
high BE peak (at ~531.4eV) can be assigned to the
oxygen in the hydroxylated topmost layer of the
surface. This is confirmed by ARXPS: the titanate
oxygen peak is decreased for higher take-off angles,
whereas the hydroxyl oxygen peak increases, indicating
its origin from the topmost layer (see Figure 2b).
However, fitting with two peaks is not very satisfac-
tory since it yields quite large uncertainties (as
compared to the other peaks). The error decreases if a
third oxygen species is introduced, but these results
cannot be interpreted consistently. For the derivatized
samples, the high BE peak is attributed to the
formation of a siloxane network (binding to the
substrate and neighbouring chains).

From the @-dependent attenuation of the photoelec-
trons in an overlayer, one can determine the thickness
of the overlayer'', even in the case of a layered
substrate. The decrease in intensity /(¢) of elements
from the substrate (e.g. the Sr 3d peak), as a function
of take-off angle, can be related to the thickness of a
homogeneous overlayer according to:

l(M) - (1 _L)

Glo))  wp cosp

where N(@) = K@)/ I0)|iops G(@)=H@)/IO)}sus, d is the
thickness of the overlayer and 4, is the attenuation
length of photoelectrons at the kinetic energy KE
(= K,— BE) of the specific photoelectrons. The attenua-
tion length can be interpolated from measurements by
Laibinis et al.'? for n-alkanethiols on Cu, Ag and Au.
The calculations were performed for both Ti 2p and Sr
3d peaks; it was found that for good quality
monolayers, as judged by the infrared measurements
and AFM, the thicknesses determined by the attenua-
tion of the Sr photoelectrons is in the range 2.2-
2.5nm. For Ti 2p photoelectrons, much thinner films
(~1.3-1.9nm) are found. The values found for Sr

Table 2 Results of the peak fitting for the high resolution XPS measurements™”

Sample Si 2p Sr3d52 Sr3d3/2 ASr3d Tizp1/2 Ti2p32 ATi2p OIs Ols*
Ref. STO(001) 132.5(0.9) 134.3(0.9) 1.8 285.0 (1.8) 459.0(1.0) 464.7(1.1) 5.7 530.0 (0.8) 531.4(2.2)
OTS/STO(001) 102.5(1.3)  132.5(0.9) 134.2(1.0) 1.7 285.0(1.2) 459.0(1.1) 464.7(12) 5.7 530.2 (0.8) 531.8 (2.4)
OTS/STO:Nb(001) 102.6 (1.4) 285.0 (1.2) 459.2(1.2) 464.7(19) 5.5 530.2 (0.8) 531.7(2.5)
DTS/STO(001) 102.5(1.3)  132.4(1.0) 1342(1.0) 1.8 285.0 (1.3) 459.0 (1.1) 464.6(1.4) 5.6 530.1 (0.8) 531.4(2.2)

“Referenced to Cls @ 285.0eV, FWHM of fits are indicated between parentheses

%A is the splitting between the two Ti peaks or two Sr peaks
‘Ol s is fitted as two singlets
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Figure 2 High resolution XPS spectra of (a) the Si 2p region for a
monolayer of OTS on STO(001) and (b) the O 1s region at ¢ =0°
and ¢ =50° of an unmodified STO(001) substrate and of a monolayer
of OTS on a STO(001) substrate (at ¢ =0°)

agree well with the ellipsometry thickness determina-
tion for the same films.

RAIRS

In Figure 3, the results for the C-H stretching region
(2700-3100cm™") is presented for a monolayer of OTS
on STO(001) and STO(110). The other two substrates
[i.e. STO(103) and STO:Nb(001)] are not included
since these two spectra are intrinsically more difficult
to interpret because of the dielectric function of the
substrate'> ', In the shown spectra, the CH, stretch-
ing modes at ~2850 and ~2917cm™" are clearly visible
(see Table 3). The positions of the peaks indicate the
presence of a crystalline environment for the alkane
chain”®% !5, The apparent absence of the methyl
vibrations at 2870 and 2962cm™! is due to the optical
nature of the substrate and not to the lack of any
order at the chain ends'*'5. Opposite to metals (with
high absorption), the electric field on the surface of
oxidic substrates also has a parallel component that
can result in an increase in reflectivity and conse-

0.0002

Absorbance (a.u.)

T T T 1
3100 3000 2900 2800 2700
Wavenumbers (cm™)
Figure 3 Reflective absorption infrared spectra of (a) a monolayer

of OTS on a SrTiO3(110) substrate and (b) a monolayer of OTS on a
SrTiO5(001) substrate

Table 3 Assignment of vibrational modes of alkyl chains®

Approximate peak frequencies (cm™')

Mode assignment? Bulk crystalline Liquid OTS-STO
alkane® alkane’

CH3, asym., str., op (ra) 2962

CH3, asym., str., ip (tb) 2952 ~2957 ~2956

CH2, asym., str., (d—) 2915 2928 2917

CH3, sym,, str., (r+) 2870

CH2, sym., str., (d+) 2846 2856 2850

“Based on data reported 7previously for hexadecane and octadecane
L)olycrystalline material'

Abbreviations: asym. = asymmetric, sym. =symmetric, str. = stretch,
op=out of plane, ip=in plane

quently in negative absorption peaks. The resulting
complex absorption spectrum is the superposition of
vibrational modes both perpendicular and parallel to
the interface (positive and negative absorption peaks,
respectively) and, therefore, certain expected peaks are
cancelled out. However, peak intensities of the CH,
stretching modes are comparable to the intensities of
OTS on the native oxide of silicon”'>. The methyl
antisymmetric C-H stretching peak at 2956cm™~' is
also observed in infrared transmission spectra of OTS
on Si0," %2,

The fact that there are only small differences in the
spectra for the (001) and (110) faces of STO indicates
that films of comparable quality can be formed. A
geometric argument on the packing of OTS molecules,
based on the position of hydroxyl groups on the
surface, can be made. Assuming that the hydroxyl
species are bonded exclusively to either Sr or Ti and
each alkyl chain is bonded to one hydroxyl, each chain
would occupy an area of ~15A2 on (001) surfaces. On
(110) surfaces, on the other hand, an area of ~21A2
per chain is available, which closely resembles the
optimum area for an alkyl chain'. These data, there-
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fore, indicate formation of not only a few anchoring
bonds (i.e. Si-O—(Ti,Sr) bonds), but considerable
cross-linking between neighbouring chains, since the
films under investigation are stable up to 150°C.
Furthermore, no differences are found for monolayers
of OTS on as-cleaned and annealed STO(001) sub-
strates. It is thus likely that the quality of the
monolayer does not depend on the surface termination
of the substrate.

Films that were adsorbed on STO at temperatures
larger than approximately 25°C show a more liquid-
like behaviour with the CH, stretching modes located
at 2853 and 2923cm™!, respectively. Only lately has
the temperature during adsorption been recognized as
an important parameter in the self-assembly of
alkyltrichlorosilanes®. In several reports*’, it has
been found that a critical temperature 7. exists,
above which no dense high quality films can be
formed. Our observation that films of lower quality
(less order and less densely packed, as judged by
ellipsometry) are formed if the temperature of the
adsorption solution is above approximately 25°C is in
good agreement with the range given by Parikh et
al” (24+4°C) for the formation of OTS monolayers
on Si0,. The temperature dependence of, e.g., the
position of the stretching modes and the thickness of
the OTS monolayer on STO is not studied in more
detail, but we have found that an adsorption
temperature of approximately 20°C yields highly
ordered and densely packed monolayers.

SE

The usual procedure to determine the thickness of
an overlayer on a substrate is to obtain a reference
spectrum of the substrate (or of a multiple stack of
layers on a substrate), followed by the measurement
of the film on the same or an equivalent substrate.
The usual problem in ellipsometric studies is to relate
the two measured quantities to three unknown
variables of the overlayer (the complex dielectric
function and the thickness d of the overlayer). In the
case of simple alkyl chains, one can assume that the
refractive index is constant over the complete energy
range and is equal to 1.45%% and that the absorption
of the hydrocarbon chain can be neglected. Conclud-
ing, the two measured parameters should be sufficient
to determine the thickness of the monolayer in this
case.

The most straightforward procedure to analyze the
data is to calculate an (pseudo-) optical function for
the substrate from its spectrum. Using this optical
function, one can calculate the response of a (mono-
layer) film as a function of thickness, using an
isotropic and homogeneous three-layer structure. By
comparison with the measured spectrum, linear regres-
sion analysis is used to minimize the unbiased
estimator of a least-square deviation to find the

optimum thickness for each energy. The accuracy of
the individual fits can be estimated by calculating the
90% confidence limits'®. To obtain the best overall fit,
we have calculated an error function o,y (defined as
S E8(A) + 6(¥)?, with A=A uc—Ameas and ¥ =
Weatc— Ymeas) Over all energies, using the previously
found thicknesses. Furthermore, to estimate errors in
alignment, the system is aligned several times and the
measured A and ¥ for each of the independent
measurements are compared to each other. It is found
that typical alignment errors for A and ¥ are smaller
than 0.5°, resulting in relatively small thickness
variations.

In Figure 4, the calculated thickness, as a function
of the energy, is shown for a single monolayer of OTS
on STO (@) and a lamellar structure of OTS on
STO:Nb(001). The ellipsometry measurements shown
are done on the same films for which the topography
is shown in Figure I. The error bars shown are
calculated according to the 90% confidence limits. In
the inset, o, for both films is shown for all
independent determined thicknesses. Below 1.7 and
above 4.0eV, the errors in thickness are large due to
the low reflectance at these energies, and around 3.0eV
the angle of incidence is aligned to be Brewster’s angle,
where small errors in & result in large errors in the
thickness. For the first film, an overall minimum in
Ot 18 present at 2.43nm, which we will assume to be
the thickness of the monolayer®, whereas the second
film displays a larger thickness (d=4.55nm), due to
extra bilayers (). Between 1.7 and 4.0eV, a relatively
uniform thickness is found for both samples, with very
small errors per energy. Decreased thicknesses were
found for films that were rubbed to remove the
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Figure 4 Calculated thickness as function of the energy of a
monolayer of OTS on a SrTi05(001) surface (@) and the lamellar
structures of OTS on SrTiO;:Nb(001) (). In the inset, the summed
error oo over all energies as function of the thickness is shown for
both fits. It is assumed that the minimum in the curve yields the
thickness of the monolayer. The topography of the films used are
shown in Figures 1a and b, respectively
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adventitious lamellae (d=2.2-2.4nm), which indicates
the growth of less densely packed monolayers.

CONCLUSION

We have studied the formation of alkylsiloxane
monolayers on different faces of SrTiO; substrates and
characterized the resulting layers by AFM, wettability,
ARXPS, RAIRS and SE. Densely packed, highly
ordered monolayers are formed if the temperature
during adsorption is controlled below a critical
temperature (approximately 25°C), and if high humid-
ity (>50%) is avoided. Few differences in coverage,
chain environment and final thicknesses exist between
SrTiO3(001), (110) and Nb-doped SrTiO;(001),
although these substrates have different terminating
planes. This is an indication that there is no
commensurate overlayer on all surfaces, as is the case
for the thiols on gold. An intrinsically rough substrate
such as SrTi03(103) yields monolayers with somewhat
lower quality, but still yields reasonably packed layers.
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