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ABSTRACT:

Surfaces functionalized with a self-assembled monolayer (SAM) formed from a mixture of two alkylsilanes with different chain
lengths have been designed to simultaneously improve the liquid crystal (LC) wettability and promote homeotropic anchoring of
the LC. Most chemically functionalized surfaces (e.g., long alkyl chain SAMs) that promote homeotropic alignment of LC possess
low surface energy and result in poor LCwettability, inhibiting LC infiltration intomicrostructured surfaces and sometimes resulting
in LC dewetting from the surface. However, a surface modified with a mixed SAM of octadecyltriethoxysilane (C18) and
ethyltriethoxysilane (C2) exhibited very low LC contact angle while providing homeotropic anchoring. Ellipsometry was used to
correlate the bulk concentration of C18 in the deposition solution to the surface coverage of C18 in themixedmonolayer; these bulk
and surface concentrations were found to be equal within experimental uncertainty. The LC contact angle was found to depend
nonmonotically with the surface coverage density, with a minimum (14.4 ( 0.1�) at a C18 surface coverage of 0.26 ( 0.08.
Homeotropic LC anchoring was achieved at a C18 surface coverage of g0.11 ( 0.04, in the regime where a minimum in the LC
contact angle was observed. The practical application of this approach to surface modification was demonstrated using a micropillar
array sensor substrate. When the array was functionalized with a conventional C18 SAM, the LC did not infiltrate the array and
exhibited a contact angle of 47.4 ( 0.5�. However, the LC material successfully infiltrated and wetted the same microstructured
substrate when functionalized with a C18/C2 mixed SAM, while still exhibiting the desired homeotropic anchoring.
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’ INTRODUCTION

Liquid crystal (LC)-based sensors show promise in many
applications, including the detection of infectious disease bio-
markers,1�3 environmental pollutants,1,4,5 harmful gases,1,4�6 and
protein reactions.7 For LC sensors to function properly, a number
of critical parameters must be carefully controlled, including the
LC film thickness, the LC orientation, and substrate surface
energy. In typical LC display applications, the LC film thickness
is determined by the spacing between two solid surfaces. In
sensors, however, the LC film is often supported on a single
substrate and is in contact with a vapor or liquid phase that
contains the target or analyte species. Therefore, the LC film
thickness is more difficult to control. In many cases, this control is
achieved by containing the LC within a microstructured environ-
ment where capillary interactions can be exploited to maintain a
uniform and stable film. A simple example of this, appropriate for

prototype applications, involves an electronmicroscopy grid.8 The
holes within such a grid can be filled with LC, and to a first
approximation, the LC layers adopt a thickness equal to the height
of the grid. A more robust and reproducible approach involves
stabilizing a continuous LC film in amicrostructured environment,
e.g., an array of cylindrical micropillars on a glass substrate.5,9 In
this scenario, an LC material infiltrates the entire array, filling the
space between the micropillars, and capillary forces stabilize the
LC film at a thickness equal to the height of the micropillars.

In virtually all LC applications, a specific LC orientation must
be defined at one or more interfaces. Examples include home-
otropic anchoring, where the long axes of the LC molecules are
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oriented in the surface normal direction, or planar anchoring,
where the LC long axes lie in the surface plane. A number of
standard surface modification approaches have been developed
and are used to control LC surface anchoring on planar surfaces
for various applications.10�14 Microstructured substrates used
for sensor applications need to fulfill an additional requirement,
however, because the LC material must infiltrate the substrate,
maintain a uniform thickness, and remain stable. In particular, if
the balance of interfacial free energies is such that the contact
angle of the LC on the alignment layer is too large, the LC
material may not spontaneously infiltrate the microstructured
environment or it may dewet during use. Thus, there is a need for
chemical functionalization technologies that can be used to
modify the surfaces of microstructured environments and that
spontaneously promote LC wetting of these environments.

It is often desirable tomaintain homeotropic LC orientation at
a solid�LC interface for sensor applications.3,7,8,15 On a con-
ventional planar glass surface, this is typically achieved using
surfaces functionalized with a self-assembled monolayer (SAM)
composed of long chain alkylsilanes.11,13 The deposition of an
alkylsilane SAM involves spontaneous adsorption from a liquid
or vapor phase and an assembly driven by island growth,16,17 that
is stabilized by covalent Si�O�Si linkages among silanemoieties
as well as between silane moieties and surface silanol groups.18,19

These SAM alignment layers are convenient and appropriate for
many LC sensor substrates. However, surfaces functionalized
with long chain alkylsilane SAMs possess low surface energy
and LC materials (and hydrocarbon liquids in general) typically
exhibit moderately high contact angles, making these surfaces
inappropriate to support a uniform LC film.

The relationship between LC alignment and the wettability
of various monolayer compositions has been extensively
studied.10,11,20�22 Historically, a relationship was proposed that
allowed one to predict the orientation of liquid crystals on a
given substrate based on the governing relationship that home-
otropic LC orientation can be achieved only on substrates
where the LC surface tension (γLC) is greater than a critical
surface tension of the substrate (γC) (i.e., high contact
angle).11,22 Such a relationship suggests that it would be
difficult, if not impossible, to design surfaces that both are
wettable by the LC and also induce homeotropic anchoring.
Despite reports that directly confirm this relationship,22 others
have shown that it is not universal.20,21 Exceptions to the “rule”
often involve situations where strong local directional interac-
tions are dominant. For example, carboxylic acid terminated
SAMs functionalized with certain metal salts promote home-
otropic orientation and a low LC contact angle of nitrile-
containing LCs.9,23 In this case, the homeotropic orientation
is attributed to a specific coordination interaction between the
nitrile group of the LC and the metal center. Another example
involves glass surfaces functionalized with amine-terminated
SAMs. Despite the fact that they exhibit increased γC over other
substrates (e.g., functionalized with long chain alkyl silanes)24

typically used for homeotropic alignment, amine-terminated
SAMs are used to induce homeotropic LC alignment,6,12,14,15

apparently due to strong localized dipole�dipole interactions
between the polar LC molecules and the surface amine.12 Low
LC contact angles have not been reported, however, on amine-
terminated glass surfaces.

To date, these specialized examples of LC alignment layers
that induce high homeotropic anchoring energy and a low LC
contact angle have only been prepared via thiol chemistry on

metal surfaces. We were unable to find a published example of a
surface functionalization strategy that can be applied to an oxide
material, using silane chemistry. In fact, most high energy
surfaces possessing low LC contact angles have been found to
yield low pretilt angles,10,11,25,26 i.e., promote planar or tilted LC
alignment.

LC alignment on oxide surfaces functionalized with silanes is
of significant technological importance, not only for LC sensor
applications but also in the display industry. The utilization of
functionalized oxides (e.g., glass, indium tin oxide) allows for
improved transmittance over metal surfaces (e.g., gold), which is
relevant in the design of LC displays. Metal substrates also
require additional processing steps to deposit a thin metal film
onto a supporting substrate,5,23 while oxide substrates can be
functionalized using simple deposition procedures.13 Further-
more, LC sensor applications may be sensitive to the presence of
ions,3 and the use of an oxide substrate, over a metallic substrate,
can reduce the risk of ionic contamination affecting the sensor
response. Therefore, our aim was to develop a SAM that
promotes homeotropic anchoring and LC wetting on a func-
tionalized oxide substrate via silane chemistry.

Studies have suggested that homeotropic anchoring can
sometimes be achieved by less than complete coverage of long
alkyl chains.3,27,28We postulated, therefore, that high energy (i.e.,
LC wettable) surfaces, promoting homeotropic alignment, might
be achieved by functionalizing surfaces with mixed SAMs where
the surface density of long chains was diminished via mixing with
a second component that would serve to reduce the LC contact
angle. This strategy allows for the design of SAMs with simple
surface chemistry to achieve tunable surface properties. In this
report, results from a systematic study of various mixtures of long
and short chain alkylsilanes are presented.

’MATERIALS AND METHODS

Mixed Monolayer Deposition. Self-assembled monolayers of
alkylsilanes were prepared according to published procedures13 mod-
ified for mixed monolayers. Soda lime glass microscope slides (Corning
Inc.) were cleaned sequentially with 2% aqueous micro-90, deionized
water (18.2 MΩ), and piranha solution [30% aqueous H2O2 (Fisher
Scientific) and concentrated H2SO4 (Fisher Scientific) 1:3, v/v] at
80 �C for 1 h. (Warning: piranha solution reacts strongly with organic
compounds and should be handled with extreme caution; do not store in
closed container.) After piranha cleaning, the microscope slides were
rinsed with deionized water and dried under a stream of ultrapure N2.
A deposition solution of n-butylamine (Fisher Scientific) and alkylsi-
lanes was prepared in toluene (Fisher Scientific) at 1:3:200 volumetric
ratio, respectively. The alkylsilanes, octadecyltriethoxysilane (C18), and
ethyltriethoxysilane (C2) (Gelest Inc.) were mixed at varying ratios
(vC18/vC2 = 0, 0.06, 0.11, 0.22, 0.33, 0.44, 0.66, 0.88, 1.00). The
deposition solution was warmed to 60 �C; clean and dry microscope
slides were first rinsed with toluene and then submerged in the warm
deposition solution. The slides were incubated in the deposition solution
for 1 h at 60 �C. Upon removal, the slides were rinsed with toluene, dried
under a stream of ultrapure N2, and stored at room temperature in a
vacuum desiccator.
Contact Angle Measurements. Contact angles (θC) were

measured on three substrates at three random locations, for each mole
fraction of C18 tested, using the static sessile drop method with a
custom-built contact angle goniometer. The variability between samples
was found not to be significantly different from the variability within a
given sample, and the error in the contact angle is reported as the
standard error. Water contact angles were measured by adding a∼1 μL
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drop of water to the surface dispensed from a syringe positioned directly
above the surface. The drop was imaged immediately, to prevent
evaporation, and imaging software (First Ten Angstroms, Inc.) was
used to extract the contact angle for θC > 15�. For θC < 15�, ImageJ
(NIH Freeware) was used to manually determine the contact angle due
to poor fits from the image analysis software at these low contact angles.
A LC mixture, E7 (a mixture of three cyanobiphenyls and a cyanoter-
phenyl, Merck KGaA), was used to measure the LC contact angle, and a
hydrocarbon oil viscosity standard, N26 (a mixture of poly alpha olefins,
Cannon Instrument Co.), was used to measure the contact angle of an
isotropic oil. A micropipet (Eppendorf) was used to add a 0.2�0.5 μL
drop of E7 or N26 onto the surface. The drop was imaged within 10 s of
contact with the surface, and the contact angle was determined using
imaging software (θC > 15�) or ImageJ (θC < 15�).
Polarized Light Microscopy. LC orientations on surfaces func-

tionalized with different SAM compositions were determined by obser-
ving LC optical cells using an Olympus microscope (model BH2-UMA)
modified for transmission mode. LC cells were prepared by pairing two
identically functionalized surfaces facing each other to form a ∼5�10
μm thick cavity between them. The cavity was then filled with E7, via
capillary action, in between two SAMs prepared from the same deposi-
tion solution. LC orientations were determined by imaging the optical
cells between crossed polarizers. Homeotropic orientation was char-
acterized by the lack of light transmission upon a complete 360� rotation
of the sample, while birefringence due to tilted or planar LC orientation
resulted in light transmission when the optical cell was imaged between
crossed polarizers.

A microstructured substrate consisting of a hexagonal array (10 μm
edge to edge spacing) of 5 μm tall cylindrical polymer micropillars
(diameter D = 10 μm) on aluminum silicate glass was used to test the
ability of E7 to spread on a micropillar array. While the use of different
glass substrates for silane deposition has the potential to lead to a varying
degree of SAM quality due to differences in the coverage of exposed
hydroxyls, the use of appropriate sample preparation procedures (i.e.,
piranha, UV�ozone) results in a similar coverage of exposed hydroxyls
and therefore SAM quality. SAMs were deposited onto two different
samples of the micropillar array using two different deposition solutions
(vC18/vC2 = 1.0, 0.44), following a 1 h UV�ozone exposure. A 0.2 μL
drop of E7 was added at the edge of the micropillars array and a
combination of contact angle goniometry and polarized light micro-
scopy was used to determine if the LC infiltrated the micropillars array
and to characterize the LC anchoring if infiltration was successful.
Ellipsometry. A variable angle spectroscopic ellipsometer (J. A.

Woollam Co., Inc.) was used to measure the thickness of the SAMs
under study. A mixed monolayer was deposited onto silicon (100)
wafers (WRS Materials) at varying ratios of C18 according to a
procedure modified from that described above. The thickness of native
SiO2 (oxide) layer present on the silicon wafer was measured directly
after the piranha cleaning step for each sample. Due to the time required
for measurement of the oxide layer, there was a lag time between piranha
cleaning and monolayer deposition of about 2 h, which can result in
some contamination of the silicon wafers. To reduce the risk of
contamination affecting the SAM deposition, the substrates were
cleaned prior to SAM deposition using a 1 h UV�ozone exposure.
For all measurements, the ellipsometry model assumed a 1 mm thick Si
layer (n = 3.875�0.023i), and the change in phase (Δ) and amplitude
(Ψ) at varying angles of incidence (60�80�, 5� increments) and
wavelengths (500�900 nm, 100 nm increments) was measured to
calculate the thickness of oxide and SAM assuming equal refractive
indices (n = 1.46) for the SAM layer and the oxide layer. An average
apparent oxide layer thickness taken across all the samples tested was
measured (14.6( 0.4 Å) and was subtracted from measurements of the
combined SAM and oxide layer to determine the SAM layer thickness.
We note that contamination of the “clean” surfaces can result in an

overestimate of the apparent silicon oxide layer thickness, affecting the
absolute values of the SAM thickness. The relative thickness values of
different SAMs, however, are relatively insensitive to these concerns.
Uncertainties due to fitting of the ellipsometric model were consistently
less than the experimental error due to variability within each sample,
and the error in the film thickness is reported as the standard error due to
variability between measurements (n = 3).
Determination of Surface Fractions. The monolayer thickness

is known to be very sensitive to deposition conditions,18 leading to some
inconsistency in the ellipsometric thicknesses reported in the
literature.18,19,29�31 Furthermore, the absolute thickness values are
sensitive to errors in the determination of the silicon oxide layer and
the specific choice of dielectric constants. Thus, these absolute thickness
values determined by ellipsometry should be interpreted with care. The
ellipsometric thicknesses for pure C2 and pure C18 monolayers
prepared using the protocol described above was measured to be 7.0
( 0.4 and 17.5 ( 0.4 Å, respectively (Figure 1a), in reasonable
agreement with the values reported in the literature.19 Importantly,
since the monolayers were all prepared and characterized under the
same conditions, these measurements allow the relative change in the
monolayer thickness as a function of the mole fraction of C18 in the
deposition solution (χC18) to be sufficient for deriving a relationship
between the C18 surface coverage (χC18

σ ) and χC18.
An expression was derived (see Supporting Information) relating

χC18
σ to χC18 from the measured film thickness, using a model involving

Figure 1. Mixed Monolayer Film Thickness: (a) Ellipsometric thick-
ness of a C2/C18 mixed monolayer with varying χC18; (b) Calculated
C18 surface coverage with varying χC18. The symbols represent experi-
mental data, and the lines represent a fit to models described in the text.
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differential apparent surface affinities of the C2 and C18 silanes. The
mixed monolayer film thickness (h) is expressed as a weighted average
based on the relative surface concentrations of C18 and C2 and the
thicknesses of the pure C18 and C2 monolayers:

h ¼ χC18ðhC18 � hC2Þ
χC18ð1� nÞ þ n

þ hC2 ð1Þ

where hC18 is the thickness of a C18 monolayer, hC2 is the thickness of a
C2 monolayer, and n is the ratio of the surface affinity of C2 to that of
C18. The experimental data was fit to eq 1 (Figure 1a), and it was found
that n = 1.0 ( 0.3 (see Supporting Information for more details).
Furthermore, an analytical equation for determining χC18

σ from χC18 was
obtained:

χσC18 ¼ χC18
nð1� χC18Þ þ χC18

ð2Þ

Figure 1b shows this dependence of χC18
σ on χC18 illustrating that C2

becomes incorporated into the mixed SAM with the same apparent
affinity as C18. The error in the measured values increases with
increasing χC18 due to the propagation of error completed in the
calculation of χC18

σ .

’RESULTS AND DISCUSSION

Liquid Crystal Anchoring on Mixed SAMs. Since surfaces
functionalized with C2 and C18 SAMs induce planar and

homeotropic LC anchoring, respectively,32 and a similar long
chain/short chain (i.e., DMOAP/MAP) mixed monolayer has
been shown to decrease the planar anchoring strength with
increasing DMOAP mole fraction,33 we hypothesized that an
LC anchoring transition would be observed as a function of
χC18. This was indeed observed, as shown in Figure 2.
Figures 2a and 2i show images consistent with the expected
planar and homeotropic anchoring for C2 and C18 function-
alized surfaces, respectively. Figure 2b�h shows the transition
from tilted to homeotropic LC orientation with increasing
χC18. The transition was found to occur between χC18 = 0.05
(where the anchoring was tilted) and χC18 = 0.11 where
(weak) homeotropic orientation was observed.
The LC anchoring transition was observed to occur at a χC18

σ of
long chain hydrocarbons well below complete coverage (0.05 (
0.02 e χC18

σ e 0.11 ( 0.04). While the precise mechanism of
homeotropic alignment on surfaces treated with a long chain SAM
is not known, previous reports suggest the importance of LC
infiltration into the nm-scale SAM environment. For example,
second harmonic generation studies on an 8CB film supported on
aDMOAP functionalized surface demonstrated that LCmolecules
can infiltrate the fluid DMOAP monolayer environment.34

Furthermore, LC alignment studies on a mixed monolayer of
alkanethiols on gold demonstrated that homeotropic alignment
was not induced by a purely long alkyl chain monolayer, while

Figure 2. LC Anchoring Transition: Polarized microscopy images demonstrating the LC orientation at varying χC18. The surface coverage of C18
(χC18

σ ), shown on the top of each image, was calculated from a model fit to ellipsometric measurements of the monolayer thickness (see main text). All
scale bars are 100 μm.

Figure 3. Mixed Monolayer Structure: (a) Molecular structure of the
E7mixture used with 51%: n1 = 1, RdC, n2 = 2; 25%: n1 = 2, RdC, n2 =
2; 16%: n1 = 3, RdO, n2 = 2; 8%: n1 = 1, RdC, n2 = 3; (b�d) Schematic
illustration of the SAM�LC interface at different surface coverage of
C18 (b) =1.0, (c)g0.11 (homeotropic), and (d)e0.05 (planar/tilted).

Figure 4. Contact Angle: The contact angle of several fluids on a C2/C18
mixed monolayer at varying χC18. The surface coverage of C18 (χC18

σ )
shown on the top axis was calculated from a model fit to measurements of
the monolayer thickness as described in the text. (Error bars are omitted as
they are smaller than the size of the symbols used.)
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mixed monolayers did cause homeotropic alignment, a phenom-
enon partially attributed to the fluidity of the top layer of a mixed
monolayer.28We speculate that similar behavior is observed in the
mixed monolayers described here. At sufficiently high C18 cover-
age, the LC molecules infiltrate a fluid top layer and interact with
the alkyl chains cooperatively so that the LC molecules as well as
the alkyl chains align perpendicular to the interface (Figure 3b,c),
resulting in homeotropic LC orientation. However, if the C18
surface coverage is too low, the long alkyl chains will lose their
ordered structure and the LC orientation will be inhomoge-
neous, resulting in tilted/planar LC orientation (Figure 3d). This
mechanism of LC orientation driven by steric interactions can be
applied to a wide range of LC molecules (e.g., non-nitrile contain-
ing LC) as it is not limited to a specific coordination interaction as
is the case with homeotropic alignment on surfaces functionalized
with metal salts.
Contact Angles on Mixed SAMs. As expected, we found that

increased presence of C18 at the interface resulted in system-
atically higher water contact angles as shown in Figure 4.
Consistent with previous studies involving mixed monolayers
of long and short chain alkylsilanes,29,35�37 the contact angles of
both organic liquids exhibited a nonmonotonic dependence of
contact angle on C18 concentration. For example, as χC18 (and
therefore χC18

σ ) decreased from unity (χC18 = 1.0), the E7 contact
angle (open circles in Figure 4) initially decreased from a
maximum of 47.4 ( 0.5� to a minimum of 14.4 ( 0.1� at χC18
= 0.26. At lower concentrations of C18, the LC contact angle
gradually increased with a decrease in χC18

σ to 29.9 ( 0.5� for a
pure C2 monolayer. The isotropic oil, N26, exhibited a similar
nonmonotonic behavior (filled circles in Figure 4), suggesting
that this behavior was not associated with the anisotropic
physical properties of the LC. This is further supported by the
observation that the composition corresponding to the contact

angle minimum does not correspond to an LC anchoring
transition, as observed not only for the C2/C18 mixed mono-
layer (above) but also for either a C1/C18 or C4/C18 mixed
monolayer (see Supporting Information). These series of mixed
monolayers composed of either C1/C18 or C4/C18 also
demonstrated the same qualitative contact angle dependence
on χC18 for the isotropic oil and LC suggesting that, independent
of mixedmonolayer composition, the anisotropic contribution to
the overall surface energy is a relatively small component. Studies
have suggested that the nonmonotonic dependence of contact
angle on coverage may be due to a varying coverage of surface
methyl and methylene groups,29,35�37 while the monotonic
decrease observed for water is due to a relatively small difference
between the water contact angle on purely methyl andmethylene
surfaces.38

Application to Micro-Structured Substrates. To explicitly
demonstrate the ability of mixed monolayers to improve LC
spreading and stability on microstructured substrates, a micro-
pillar array was functionalized with a C18 SAM and a mixed C2/
C18 SAM (χC18 = 0.26). The LC wettability and the LC
orientation were determined on these two substrates by measur-
ing the LC contact angle and imaging the LC film between
crossed polarizers. If the LC infiltrates the micropillar array, the
relevant LC orientation at the SAM�LC interface can be
determined by observing the light transmission in the regions
between the micropillars, since the LC adopts a homeotropic
orientation at the opposing air�LC interface.39 However, the
micropillar surface (which is modified by the silane deposition)
induces homeotropic LC orientation relative to the micropillar
surface (or planar relative to the specimen plane), as illustrated in
Figure 5f. Therefore, birefringence is always observed around the
edges of the micropillar if the LC is able to infiltrate the
micropillar array, making the area around the micropillars visible

Figure 5. Sensor Wetting: LC droplets in contact with modified micropillar arrays. (a) Polarized light image (top-view) of a C18-functionalized array.
The region above the dotted line shows the macroscopic LC droplet. (b) Side-view image of a C18-functionalized array. (c) Polarized light image (top-
view) of a C18/C2-functionalized array (χC18 = 0.26). The region above the dotted line shows the macroscopic LC droplet. (d) Side-view image of a
C18/C2-modified array (χC18 = 0.26). (e) The outlined region from part (c) enlarged 4.25� to illustrate the birefringence around the pillars and LC
orientation in between the pillars. (f) A schematic illustrating the LCorientation when homeotropic orientation is induced on the SAM in between pillars
(not to scale).
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as small arcs when the sample is viewed between crossed
polarizers.5 However, if the LC does not infiltrate the micropillar
array, themicropillars are not visible because they are surrounded
by air, an isotropic medium. Thus, the presence of birefringent
arcs is a signature characteristic of the presence of LC in the array.
We found that, for a micropillar array functionalized with a

C18 monolayer, the LC did not infiltrate the array. Figure 5a
shows a polarized microscopic image of a LC drop on the C18
functionalized array. In this image, the LC drop is visible as a
semicircle at the top of the image (outlined by the area above the
dashed line), demonstrating the expected birefringence due to
the thickness and curvature of the LC drop, which covers the tops
of the micropillars in this region. However, the micropillars
outside of the LC drop are not visible, since the LC did not
infiltrate the array. Furthermore, a relatively large contact angle
on the micropillar array functionalized with pure C18 was
directly observed as shown in Figure 5b. In this image, the
micropillar array is to the right of the drop, and a monolayer on
planar glass is to the left of the drop. It is seen that the contact
angle on the micropillar array is similar to that on the glass,
indicating that the interfacial energy causes the LC drop to bead
on the array and prevents infiltration among the micropillars.
On the other hand, when the micropillar array was function-

alized with an appropriate mixed C2/C18 SAM (χC18 = 0.26),
the interfacial surface energy promotes low LC contact angle and
spontaneous infiltration of LC among the micropillars. High
birefringence was observed in the area occupied by the actual
bulk LC drop (Figure 5c) since the drop covers the top of the
micropillars (again, outlined by the area above the dashed line).
In contrast to the array functionalized with the C18 monolayer,
however, the micropillars outside the bulk LC drop were visible,
surrounded by small arcs (Figure 5c,e), less bright than in the
bulk LC drop, indicating that a thin LC layer successfully
infiltrated the micropillar array. Homeotropic orientation was
maintained in the areas between the micropillars as evidenced by
the dark appearance of the area between the micropillars, in
agreement with the observation in LC cells. Further verification
that the LC infiltrated the micropillar array is shown in Figure 5d.
A side view of the LC drop was captured on the mixedmonolayer
micropillar array. The interfacial energy promotes spontaneous
spreading of the LC droplet with a very small contact angle that is
difficult to measure, providing direct evidence for improved LC
wetting in the post array.

’CONCLUSIONS

Surface functionalization with a mixed monolayer composed
of long and short chain alkylsilanes provided a robust strategy for
controlling surface properties that are critical to LC sensor
applications. The LC contact angle was reduced from 47.4� (
0.5� on a purely C18 monolayer to 14.4�( 0.1�when the surface
coverage density drops to χC18

σ = 0.26. Nonmonotonic behavior
of the LC contact angle with respect to χC18

σ was observed and
attributed to the isotropic contribution of the surface energy. A
LC anchoring transition from planar to homeotropic LC orienta-
tion was observed for a C2/C18 mixed monolayer with χC18

σ g
0.11 ( 0.04, allowing for the design of a mixed monolayer that
minimized the LC contact angle while maintaining homeotropic
orientation. A surface functionalized with a mixed SAM was
designed that allowed for homeotropic LC orientation with good
LC wetting at χC18

σ = 0.26 ( 0.09 and was used to directly

demonstrate the improved LC infiltration into a microstructured
substrate illustrating the practical value of this approach.
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