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Anchoring and orientational wetting of nematic liquid crystals on self-assembled monolayer
substrates: An evanescent wave ellipsometric study
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An evanescent wave ellipsometric technique is used to study the orientational wetting,def 4
alkylcyanobiphenyls {CB,n=5-9) at the interface with a series of self-assembled monolayers. Brewster
angle measurements are interpreted in terms of a global orientational wetting phase dibgram) ( where
T denotes temperatura,is the alkyl chain length, ant, is the cosine of the contact angle of water with the
monolayer. At temperatures below the isotropic-nematic phase transition tempdrgtun anchoring tran-
sition from planar to homeotropic alignment occurs as the surface of the monolayer is made more hydrophobic.
Homeotropic anchoring of the nematic directoiTat Ty is associated with complete orientational wetting on
approaching the isotropic-nematic phase boundary from temperatures BQovehe anchoring-wetting tran-
sition shifts to less hydrophobic surfacesremicreases|S1063-651X99)12002-6

PACS numbegps): 61.30-v, 64.70.Md, 68.45.Gd

. INTRODUCTION used a series of'44-alkylcyanobiphenylsr(CB’s, wheren

] _ _is the number of carbon atoms in the alkyl chaim traverse

In the absence of external fields, the director of a nematign orientational wetting transition on a single surface. Evans
fluid N has no preferred orientation and thus fluctuatess; g, [9] have explored orientational phase behavior as a
throughout spac¢l]. Surface treatments have been devel-fynction of the surface field,, for two values ofn (5CB
oped which pin the director paralléplanar anchoringor  5n4 8CB. We now report a more wide ranging study, for the
perpendicularthomeotropic anchoringto the surface. An-  garies ofnCB's from n=5 to 9, on the same set of self-
choring is a mesoscopic phenomena, with the surface typligsembled monolayé8AM) substrates. The surface fidig
cally influencing the director orientation for some tenguof 55 controlled as in Ref9], by varying thew-functional
into the nematic fluid. Traditionally, surface anchoring is i”‘group of the long-chain alkylthiol SAM’'§10—13. The im-
duced by a variety of surface coatings and by rubbing t9,5rtance of these monolayer substrates lies in the ability to
induce directional anisotropy in the case of planar alignmenicqnro| the chemical composition of the outer surface of the
However, the relationship between mesoscopic alignmenfyonojayer, in a well-defined and robust manner. Here we
and microscopic interactions is poorly understood. Statistical,se standard alkylthiols, HS(GH.X, chemisorbed onto
mechanics treats anchoring as a class of wetting phenome%m films, varying the surface functional grodpfrom hy-
[2,3]. Interactions that lead to complete wetting by ”ematicdrophilic (X=COOH,OH) to hydrophobicX=CH,). The
fluid at the substrate-isotropic interface might well be ex-thio] HS(CH,),0CH,SCH,(CF,)sCFs, [14] was used to
pected to induce a specific anchoring of the nematic directolenerate a fluorinated hydrophobic surface. In all cases the

The important order parameter associated with this class (ﬁ“pha’uc chains were |ong enough to form ordered Crysta|-
wetting is not the density of the adsorbed film, but rather theine monolayers.

orientation of the adsorbed molecules: so-called orientational To measure the orientational order in the interfacial re-
wetting. Discontinuous jumps in the amount of adsorbedyion we have developed a Brewster-angle evanescent-wave
phase are also possible, known as first-order prewetting tramllipsometric techniqug9]. Ellipsometric techniques have
sitions[2,3]. become an established research method for studying wetting
Phenomenological theories of anchoring relate the quasphenomena at solid-fluid interfacg®,15,16. In our experi-
macroscopic alignment to the free energy cost per unit arements the interfacial orientational order parameter that we
of bending the director, but little is known about the micro- measure is an integrated orientational adsorption lying within
scopic mechanisms involvdd—6]. In this paper we experi- the range of an evanescent field generated at the substrate-
mentally investigate the control of anchoring phenomena byluid interface. Since the evanescent field decays exponen-
variation of the intermolecular forces arising from a singletially into the liquid crystal phasépenetration depth-50
monolayer. In addition, we explore the correlation betweemm for our systems this technique is more sensitive to
anchoring and orientational wetting. From theory, these pheehanges occurring near the surface, as opposed to fluctua-
nomena lie in a three-dimensional phase space composed tdns in the bulk, and is therefore especially useful for inves-
temperaturel and a second bulk thermodynamic field suchtigating wetting phenomena. Moreover, since the light does
as molecular shape, which in our experiments define a not traverse the fluid sample, we can study wetting by
surface of bulk isotropic-nematic phase transitions, togetheppaque and birefringent fluids. The specific order parameter
with a substrate fieldh;. Variation of molecular geometry that we measure is the position of the Brewster angle, de-
(such as molecular lengtlis possible using a homologous fined as being the angle with respect to the surface normal at
series of liquid crystal molecules. Shen and co-work&8]  which the real part of the ellipticity is zefd 7]. Numerical
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temperature controlled sample cell, allows lightx (
=633 nm) incident through a prism to suffer a total internal
reflection at its lower surface, at which the gold SAM layers
are formed, generating an evanescent wave to interact with
the liquid below. The external angle resolution is G,08-
plying a sensitivity of better than 16 for measurements of
the real and imaginary parts of the ellipticii®2]. Tempera-
ture is controlled to an accuracy of 0.01 K using a Peltier
heater. Further details and diagrams are given in [2gf.

To generate the data presented here, two types of planar
sample cells have been used. Both made use of §6{63
glass prism K= 1.85) onto which gold filmgpurity 99.99%,
thickness around 20 nnwere evaporated, using an Edward
306 turbomolecular pumped coating unit at a base pressure
of ~2x10°% mbar. Monolayers were formed by placing
the gold coated prism directly into the relevant alkylthiol

SPR

S S S S S S S S S S A solution (~10 3M in dichloromethangfor around 8 h. The
65 66 67 68 69 70 71 72 73 74 75 . . . .
surfaces were subsequently rinsed with solvent and dried in a
0 stream of filtered nitrogen. The liquid crystal sampleb-
B tained from Merck Ltd. were placed between the prism

FIG. 1. Numerical modeling of the optical properties of a four- SAM substrate and a lower boundary wall, that were sepa-

layer glass-gold-nematic-isotropic 8CB system. The liquid crystafated by two linear spacers but left open to air in the remain-
refractive indices were taken to bg=1.6295 andn, =1.5281, ing direction. Our earlier wor{9] used a nonsymmetric
from Ref.[33]. Solid squares denote the growth of a homeotropi-Sample cell where the far boundary was an untreated glass
cally aligned film at the substrate-isotropic interface, while the operslide and the spacers were 1281 optical fibers. Recent
symbols represent planar adsorbed films, with directors parallemeasurements were done using symmetric sample cells,
(circles and perpendiculasquaresto the beam direction, respec- Where each far boundary was constructed by forming a thin
tively. The angle of incidence lies above the critical angle, so thagold film (thickness~15 nm with 2 nm of Cr for adhesign
the sample is probed by an evanescent wave only. In this regim&n a separate glass slide which was then immersed in the
there is a close linear relation between the Brewster afiglén same SAM solution as the prism. In these cells, polytet-
degreesand the SPR minimum in the-polarized reflectivityfspr  rafluoroethylene spacers of thickness mdn were used to
(in degrees Each in turn varies linearly with the film thickness, for separate the two SAM surfaces. This reduction in sample cell
thin enough films. In particular, with regard to Figs. 3—5 below, thethickness was made to lower our consumption of liquid crys-
linear region for homeotropic growth extends out to films of thick- t3] material. These cells remain much thicker than the pen-
ness 50 A , with a shift of one degree in the Brewster angle gyration depth of the evanescent field, but one cannot rule out
corresponding to a change in thickness of 10435 times the e ctor-fluctuation-mediated interactions between the two
length of an 8CB dime{26], or about 4.5 homeotropic molecular o, qqing \alls of these cells. For this reason we felt it pru-
Iayers. Thl_s calculation assumes a film of perfect alignment, so thedent to use a far boundary with known properties. Compari-
thickness is really a lower bound. . . .

son of data collected in the two types of cells, for identical
modeling of the optical properties of our systems shows thamonolayers and liquids, enables us to judge the significance
this quantity is a direct measure of the thickness of an adef finite size effects. The area of the probe beam
sorbed dielectric film{Fig. 1, caption. In our study, a crucial (~1mn?) was much smaller than the surface area of the
role is played by a 20-nm film of gold to which the mono- cell, so that each sample could be considered to be part of an
layers are bonded. That is, this thin layer of gold has a strongnfinite planar pore, unaffected by distant edge effects.
influence on the optical properties of our systems and, in Measurements were taken at a series of discrete tempera-
particular, ensures that the Brewster andies beyond the  tures, usually starting from approximately one degree above
critical angle. This makesg in our experiments a sensitive T, and cooling the cell through the bulk isotropic to nematic
probe of substrate-liquid interfaces, directly analogou_s thhase transition of the liquid crystal to at least @5below
surface plasmon resonan(@PR) [9,18]. In fact, our numeri-  ha transition. Each temperature was monitored continuously
cal modeling of the optical properties of layered metal-nyi it stabilized, typically for 6 min, at which point a read-
dielectric systems, shows that the Brewster angle varies Ilni—ng was recorded. The samples were then heated, to record

early with the position of the SPR minimufiFig. 1). The  easurements in the opposite direction, as a check on hys-
latter is well known to vary linearly with adsorption for ad- taresis and reproducibility of the data.

sorbed films of thickness much less than the wavelength of
light [19]. Quite generally, the linear Brewster angle shift is
readily traced to the presence of the metallic Ig&&]; oth- IIl. RESULTS

erwise the leading order behavior would be quadrigy. Figures 2—4 present the data in the form of a series of

slices at fixed surface field,, for the temperature depen-

dence of the order parameter for a set of liquid crystals of
The experimental arrangement of the birefringence modudifferent molecular lengths. The functionalized groups of

lated ellipsometer(Beaglehole Instruments Ltd. NZand the SAM surfaces COOH, OH, GH and Ck, respectively,

Il. EXPERIMENT
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002 ——2+p 6CB 7CB aCB 9CB the model calculations discussed with regard to Fig. 1, to

001 achieve the following qualitative interpretatiorii) at T

000 . o 0 go o o— >T,y, the Brewster angle changes almost linearly with the

ZZ; = 5 thickness of any adsorbed nematic film; afiig at T<Ty,
o o ’ - ﬂﬂf . changes in the Brewster gngle correspond to a ?emperature
= 004 kT = dependence of the nematic order parameter within a mesos-
?; copic region near the surfageariation of the anchoring en-
P om| 5CB 6CB 7CB sCB ocB ergy as temperature approaches the bulk isotropic-nematic
€ o0 - i T R . = phase transition from belgw

-0.01 . . a Let us now interpret the data plotted in Figs. 2—4. First,

-0.02 o ° ° consider the COOH-terminated monolayers. For allrti8

003 . - a > o liquid crystals fi=5-9), the Brewster angle drops suddenly

0.04 as temperature falls beloW, . Modeling of the ellipsomet-

-0.05,

0050005 050005 050005 -050005 -05000510 ric signal shows that this decrease is associated with planar
T (or near plangranchoring of the nematic phag€ig. 1).
FIG. 2. Orientational wetting and anchoring data fgB lig-  Above Tyy there is very little if any variation irfg, imply-
uids on COOH(’[op se} and OH mon0|ayergbottom seL For Ing little or no temperature dependence to the interfacial
temperatures above the isotropic-nematic bulk transition tempersstructure; i.e., partial wetting or nonwetting by nematic at the
ture (T\y), the ordinate is a direct measure of the amount of nem-substrate-isotropic interface. The data are highly reproduc-
atic film adsorbed at the substrate-isotropic interfesze the cap- ible between cooling and heating, except for a small tem-
tion of Fig. 1. Below Ty the ordinate measures the strength of perature interval aroundl,y. In fact, in Figs. 2 and 3 the
alignment in the mesoscopic region of the nematic phase probed Y- and 8CB measurements shown are those obtained using
the evanescer)t field. The reQuction in the Brewster qngle iqdicateghe nonsymmetric sample cell, which in contrast to the other
S(Iqatln;;;rnucnhsog?é].Skl\Scc))\}vhn.heatlr(g)pen squargsand cooling(solid cases (=6, 7, and 9 never showed any fIl_Jctugtions By
(except when close to an anchoring transitidrhis suggests

are presented in order of increasing hydrophobicity, or de'_that the smaller cell thickness coupled with the symmetric

creasing surface free energies. For a quantitative measure Bpundary conditions, of the latter systems, is inducing a
the associated surface field, in Table I we list the values oflight hysteresis at the isotropic-nematic phase transition. If
h, defined as the cosine of the receding contact angle me&9; this could be interpreted as orientational capillary con-
sured for water drops placed on the SAM substrates. Théensation. Figure 2 also shows data from another high-
reported values ofig have all been corrected so that they areenergy surface. An almost identical behavior is s¢twe
true values, internal to the prism. We have not attempted t@pparent decreased planar anchoring strength for 6CB may
convert the Brewster angle measurements quantitatively inteell have arisen from variations in the quality of the SAM
specific values of the film thickness and surface alignmentsubstrate attesting to the generic nature of the phenomena.
apart from approximately normalizing with respect to zeroHere a note of caution is perhaps warranted, since it is
adsorption by setting the order parameter to zero at the higknown that, in practice, OH-terminated SAM’s contain a
est temperature measurée., 65 is the Brewster angle mea- monolayer of H-bonded water moleculg].

sured for substrate-isotropic interfagemstead, we rely on The hydrophobic surfaces, Figs. 3 and 4, show a much
0.10
5CB 6CB 7CB 8CcB "=_9CB
0.09 Ij-ch- FIG. 3. Orientational wetting and anchoring
0.081 data for nCB liquids on CH monolayers. For
0.071 temperatures above the isotropic-nematic bulk
0.061 D'i transition temperatureT(y), the ordinate is a di-
0.05] “_ rect measure of the amount of nematic film ad-
’ sorbed at the substrate-isotropic interfésee the
* m°-°4' caption of Fig. }; note the growth of the 9CB
D 0.03- . nematic film. BelowT the ordinate measures
*"\mo.oz- o the strength of alignment in the mesoscopic re-
< = gion of the nematic phase probed by the evanes-
@mo.m 1 c‘i'!-a cent field. The reduction in the Brewster angle for
~0.00 W oo LD o " the 5CB-7CB systems indicates planar anchoring
-0.01 - while, in contrast, 9CB is homeotropically an-
0.02 - - u:: chored. The case of 8CB adsorbed on azCH
. monolayer lies close to an anchoring transition,
003  wF g e between planar and homeotropic. Both heating
-0.041 pem ™ o™ (open squargsand cooling(solid squaresruns
005 e e L R are shown.
1.0-0.500 05  -0500 05  -0.50005 050005 -0500 05 1.0

T-T,(K)
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0.10
5CB 6CB " 7CB 8CB 9CB
0.09- oy =
0.081 Bn q'b .fb‘ FIG. 4. Orientational wetting and anchoring
0,07 % H = data for nCB liquids on CkR monolayers. For
' - B temperatures above the isotropic-nematic bulk
0.06+ transition temperatureT(y), the ordinate is a di-
0.05 rect measure of the amount of nematic film ad-
« 0.04] sorbed at the substrate-isotropic interfésee the
°mo 03] . caption of Fig. ; note the continuous growth of
;\\ : the nematic films, fon>5. Below T,y the ordi-
0002 . . nate measures the strength of alignment in the
G'Dmo.m- o %, %h: %{bﬂ ‘\u mesoscopic region of the nematic phase probed
~ 0.00] il e, : Ny . by the evanescent field. The increase in the Brew-
ster angle for the 6CB—9CB systems indicates
0.011 homeotropic anchoring. The case of 5CB ad-
0.02- m sorbed on a CFmonolayer lies close to an an-
0034 ™ . choring transition, between planar and homeotro-
0.04] pic. Both heating(open squargsand cooling
' (solid squaresruns are shown.
OO S5 00 05 050005 050005 050005 05000510

500 0,
T-T,(K)
more interesting behavior. That is, we observe two distincbe established with current experimental techniques. This is
classes of interfacial phase transitions. The most dramatiparticularly true for studies that aim to map out entire inter-
change in the behavior of our mesoscopic surface-alignmeracial phase diagrams, as in our work. The most desired
order parameter occurs close to 8CB onCihd 5CB on classes of order parameters are those that can clearly distin-
CF;, where our systems approach an anchoring transitioguish an adsorbed film of specific orientation from bulk iso-
surface in {,n,h;) space. This transition is highly visible in tropic phase, and yield a well-defined film thickness. Tech-
our experiments because the change in the Brewster angle miques such as ellipsometery and neutron reflectivity
anchoring the nematic director is of opposite sign for homeomeasure an integrated signal from the entire interfacial re-
tropic anchoring than that seen for planar anchoring. Thigjion, thereby requiring some model with which to interpret
behavior is readily understood from optical modeling, whichthe data. The usual choice is to assume a step-function den-
also confirms the relative magnitudes involvgtg. 1). Our  sity profile, or series of step functions. For oriented films
data show that homeotropic anchoring of the nematic directhere is the additional complication that one must also model
tor is associated with hydrophobic surfaces, and is favorethe degree of orientation. In our experiments we can clearly
by increasing the value of. The second class of phase tran- distinguish between planar and homeotropic order, but tilted
sition is seen aff >Ty for those systems whose nematic and biaxial order, if present, would be difficult to identify in
director is homeotropically anchored. In particular, for 6CB—competition with variations in film thickness or anchoring
9CB on a CF surface, note the continuous rise in the amountstrength[24]. Previous authors have taken the view that
of adsorbed homeotropically aligned film @sapproaches mapping their systems to coarse-grained Landau theories is
T,y from above. This behavior is a class of interfacial critical one route to measuring the interfacial structi6e8]. How-
phenomena, known as an approach to complete wdiiBlg  ever, this shifts the difficulties onto interpreting the surface
In our case, since the strongly varying order parameter isrder parameter of a Landau theory in terms of the surface
molecular alignment, rather than local density, this is usuallyorder in experiment. The former takes no account of interfa-
termed orientational wetting. Once again, Figs. 3 and 4 attestial structure arising from short-range molecular interactions
to the reproducibility between heating and cooling. Below, a(layering, and so once again is actually a measure of inte-
further analysis of the orientational wetting phenomena igrated mesoscopic order rather than microscopic surface or-
restricted to heating runs. der. The interpretation of our experiments that we suggest
below is therefore subject to future verification of the precise
microscopic orientational order at the SAM fluid interfaces.
Note also that variation in the class of SAM surface, such as
The precise details of the microscopic orientational ordermixed monolayers of widely different chain length, liquid-
ing within an inhomogeneous liquid crystal film cannot yetike monolayers, or a different choice of thermotropic liquid
crystal, will not usually be fully consistent with our systems
[25]. We can however, point to the fact that our assumption
of a straightforward competition between planar and homeo-

IV. DISCUSSION

TABLE I. Surface field calibration.

Monolayer hi=co$d (H;0 receding tropic alignment is identical to the conclusion arrived at from
COOH 0.96 surface forces apparatus experimeffg], on systems of
OH 0.87 quite similar nature to ours. There is also an interesting com-
CH, -0.22 parison between our data and the experiments of Crawford
CF, —-0.39 etal. [27].

The data presented in Figs. 2—4 are just sufficient to en-
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able a sensible conjecture for the generic phase diagram d« o014

picting the orientational alignment afiCB molecules on ‘ \ \

crystalline gold-thiol SAM substrates. First, let us focus on 0.012+ \ v

the orientational wetting phenomena seen on low-energy sur 0.010- “'\

faces. One question that arises is whether or not the undeig, @ = \,\

lying wetting transition is controlling the position of the an- ;\“m 0008 ]

choring transiton. To grasp the nature of the © o0.006- \ \ \\
thermodynamics involved, it is necessary to note the foIIow—gm 0.004 '\ ¥

ing points: (i) Orientational wetting is a class of wetting “u

phenomena since it can be viewed as the adsorption of a 0.002 \. \\ \‘\ \
A-rich film from a two-component A-B) liquid mixture, 0.000 - N \\ \
whereA is the oriented phaséii) ReducingT toward T,y is so0e '\

a similar experiment to varying the chemical potential of 5 M M M 5 M 1 o 1
componentA at fixed T, toward bulk two-phase coexistence IN(T-T )T

of A- andB-rich fluids (i.e., nematic and isotropicwhich in IN' N

turn is essentially equivalent to an adsorption isotherm ex-

periment in the approach to saturatidiii.) The underlying
wetting transition occurs at bulk two-phase coexistente (
=Tn), and could be first order or continuou$/) An ap-

FIG. 5. Heating data from Figs. 3 and 4, replotted to highlight
that the observed growth of nematic films at interfaces between
low-energy monolayers and isotrogi€B liquids is consistent with

roach to complete wetting from off bulk two-phase Cc)exist_complete wetting by nematic =T,y . The abscissa scale shown
P p 9 P applies only to the case of 9CB adsorbed on a; @hbnolayer

e_nce(our experlmental pa)hls_necessarlly l_JItlr_nater zcon- (solid squares with the remaining plotgfrom left to right: 6CB—
tinuous, but may involve layering and/or finite jumps in film g-~g o, CR) shifted horizontally, for clarity.

thickness(prewetting if the wetting transition itself is first
order. (v) The equation of state of a complete wetting ad-
sorption curve is determined by the nature of the mediumiing data imply that the exponentially decaying interaction
and long-range intermolecular interactions; that is, at filmbetween the substrate-nematic interface and the nematic-
thicknesses in the range 2—20 molecules thick, the fluidisotropic interface has a decay lengtr correlation range
mediated interactions controlling the separation of the twadf about the length of oneCB dimer.
interfaces(solid-liquid and liquid-liquid are typically domi- Turning now to the data at<T,y, we note that our 8CB
nated by short-ranged intermolecular interactions, which iron CH; and 5CB on Ck systems clearly lie close to an
turn yield a logarithmic variation of the adsorpti¢iie film  anchoring transition surface irff(n,h;) space. That is, we
thickness varies logarithmically with the deviation of the interpret this wildly but slowly fluctuating data as arising
thermodynamic field from bulk two-phase coexisteénce from director fluctuationgdomains of planar and homeotro-
while for thicker films power-law dispersion interactions pically anchored nematic wandering in and out of the beam
eventually dominate, so that the ultimate divergence of thépod. Note also that the complete wetting signature has now
adsorption will be power law. disappeared at>T, . It is therefore tempting to conclude

In our experimental setup it is difficult to collect mean- that in our systems the presence of complete orientational
ingful adsorption data at film thicknesses beyond ten mowetting is present whenever the anchoring is homeotropic, so
lecular lengths, since to grow thicker equilibrium films that the anchoring transition surface intersects the plane of
would require very fine control over the thermodynamic fieldbulk two-phase coexistence precisely at the curve of wetting
T, and the evanescent field decay would need to be taken infeansitions. Figure 6 shows the qualitative orientational wet-
account. So the physics of wetting summarized above sugding and anchoring phase diagram that follows from this in-
gests the appropriate treatment of our complete wetting dat®rpretation. It is of course automatic that complete orienta-
is to plot thicknessi.e., Brewster anglevs the logarithm of tional wetting by, say, homeotropic demands homeotropic
(T—Tn)/Tn. Such a plot should be linear with a slope anchoring atfT=Ty, but it is not obvious that the reverse
whose magnitude defines the exponential decay length of theplication need hold. To test this issue further would re-
fluid mediated interactiongarising from short-range inter- quire us to home in on the wetting transition curve. For ex-
molecular forcesbetween the two interfaces on either sideample, one could use mixtures of 5CB and 6CB on g CF
of the adsorbed filngnote that an approach to complete wet- substrate, and vary the concentration. If the complete wetting
ting can equally well be regarded as interface delocalization signature disappeared suddenly then the wetting transition at
[28]. Figure 5 displays all our wetting data on nematic filmsT=Ty is first order. Alternatively, two-component SAM'’s
of nCB on low-energy surfaces, in this form. Each plot is composed of a mixture of CHand CH; thiols could be used
linear within experimental errofwhich we note grows un- to approach the wetting transition near, say, 8CB on g CH

controllably large in the limit of extremely small—T)y), substrate. In fact, a successful preliminary demonstration of
showing consistency with complete wetting. However, thisthis latter experiment is given in Fig. 6 of R¢f].
does not rule out the possibility of pseudo wettiegntact Let us now address the somewhat counterintuitive result

angle just above zejaf the asymptotic power-law interac- that our low-energy surfaces (GHCF;) induce complete
tions were to be unfavorable. Optical modelifiig. 1, cap- wetting by a nematic film, whereas the high-energy surfaces
tion) shows that the plots in Fig. 5 cover a range of thick-(COOH, OH are partially wet or nonwet. The appearance of
nesses equivalent to a little over three perfectly oriented thick wetting film at an interface reflects the outcome of a
dimer layers(4—5 molecular lengthsso our complete wet- balance of three interfacial free energies. This need not de-
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therein, due to head-head attraction. This in turn favors the

formation of smectic clusters, with larger valueswablunter

ends to the dimejsassociated with an enhanced tendency to
h, smectic ordefprovidedn is not so large that liquid crystal-
line behavior is destabilized 31]. It is probable that this
quasismectic order is enhanced in the region adjacent to our
substrates, since a planar wall is a strong smectic field. The
proposed interpretation of our data is that a sufficiently low-
energy surface yields homeotropic anchoring because of a

MO prfencs 7 homGE1CH i andr o

Planar alignment is driven by wall-liquid energy, which is
apparently sufficiently disruptive aiCB-nCB correlations
FIG. 6. A schematic phase diagram depicting all of the anchorl0® Prevent orientational wetting by planar nematic films.
ing and orientational wetting phenomena observed in Figs. 2—5. Finally, we emphasize that our phase diagram is specific
The h, axis is labeled by values listed in Table I. The vertical 10 the thiol-SAM-nCB systems under study. It is not true
striped sheet denotes an anchoring transition surface, between pi1at every high-energy surface will induce planar alignment,
nar (low n) and homeotropichigh n) surfaces. This sheet meets @nd in fact we have found that bare gdlub SAM laye)
the bulk two-phase coexistence surface, thén() plane, in a line ~ anchors 8CB molecules homeotropically. This presumably
of orientational wetting transitions. In this plane the densely shadedieflects the fact that the presence of a SAM of sufficient
region denotes complete wetting by homeotropic films. The |ight|ythiCkneSS effectively screens the adsorbed fluid from the un-
shaded region denotes partial wetting or nonwetting by nemati¢lerlying gold, while bare gold possesses strong medium-
films. range dispersion interactions with adsorve€B molecules
[32].
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