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Wetting behavior above the liquid-crystal-isotropic transition in a homologous series
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An ellipsometric study of the wetting behavior at the free surface above the isotropic to nematic or isotropic
to smecticA transition of nine homologous compounds with even alkyl chain lengithghe range from four
to twenty carbon atoms is presented. All compounds show a pretransitional increase of the nematic or smectic
surface coverage as the bulk isotropic to liquid-crystal transition is approached from above. The behavior of the
nematic compoundsn=4 to 10 can be interpreted, within the framework of a Landau model, as complete
wetting. In short nematic homologs the divergence of the nematic coverage is strongly reduced by a decrease
of the nematic susceptibility of the isotropic phase. The elastic coeffitiesftthe Landau model shows a
pronounced increase with increasingresulting in the occurrence of a discontinuous prewetting transition in
the shortest smectic homolog€ 12) that is still describable by the nematic Landau model. In the longer
smectic homologsr(=14 to 20, layering steps appear in the pretransitional increase of the coverage. The
results indicate probable partial wetting for the longest homolog, whereas for the other smectic compounds the
distinction between complete and partial wetting is difficult on the basis of ellipsometry.

PACS numbg(s): 64.70.Md, 68.10-m, 68.45.Gd

. INTRODUCTION PCHh [19] compounds also yielded complete wetting behav-
ior (with the possible exception of 5CB; see the discussion
Thermotropic liquid crystals exhibit a wealth of surface below in Sec. Ill A. The wetting behavior at the free surface
phenomena[1,2] at both liquid-crystal-wall and liquid- above smectid—isotropic transitions has been studied for
crystal—-vapor interfaces. The behavior at wall interfaces is ofarious smectien'CB andnOCB [20] compounds, mainly by
direct interest in the technological application of these matex-ray reflectivity[21-23 but also by ellipsometry18]. The
rials and many studies are concerned with the correspondingray measurements provided direct evidence of the presence
orientational anchoring and wetting behavior of liquid crys-of smectic layers at the surface; at the bulk isotropic—
tals on solid substratesee[3—12] and references in these smecticA transition temperature, a finite number of layers
works). (five for 12CB, two for 160CB was detected, indicating a
We focus here on the wetting behavior occurring at thepartial wetting behavior.
free surface above the bulk liquid-crystal—isotropic transi- All liquid-crystal compounds mentioned above belong to
tion. The first liquid-crystal phase below the isotropic liquid the three homologous series ofcB, nOCB, and PCH
is in the vast majority of cases either a nematic or a smecticeompounds, which possess a very similar molecular structure
A phase. In the nematic phase, the rodlike molecules tend tand a strong dipole moment resulting from a terminal cyano
align along a common direction without showing any long-group. We have recently begun a study of a larger variety of
range positional order. In the smecficphase there is an nonpolar compounds and found a number of previously un-
additional density wavéor weakly defined layer structure observed behaviors such as partial wetting nonwetting
possessing a period of about one molecular length; the wawithout pretransitional increase of surface order or the occur-
vector (or layer normal is parallel to the mean direction of rence of prewetting transitionN®4—-27. Most of the com-
the long molecular axes. pounds of these studies belong to the homologous series of
The first indication of a liquid-crystalline free surface ex- the n.0.6 compoundg28] and we present here a detailed
cess order in the bulk isotropic temperature range came frorstudy of this series comprising all even-numbered members
surface tension measurements3] of the compound 5CB in the range froorm=4 to n=20.
[14] which shows an isotropic-nematic transition. An ellip-
sometric study15] of 5CB confirmed the presence of a nem- Il. EXPERIMENT
atic surface layer at the free surface of the isotropic phase; L
the thickness of the nematic surface layer was found to di- The molecular structure of the. O.6 compounds, which
verge logarithmically at the bulk isotropic to nematic transi-were prepared at the Technical University in Berlin, is
tion, indicating complete wetting of the isotropic liquid- shown in Fig. 1. Table | gives the phase sequences and tran-
vapor interface by the nematic phase. Subsequertition temperatures. Only substances with an even number of

ellipsometry studies[16—18 of nematic nCB [14] and

an2n+l@co@ocsHls
*Corresponding author. Email address: bahr@mailer.uni- o
marburg.de FIG. 1. Molecular structure of the.0.6 compounds.
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TABLE I. Transition temperaturegin °C) of the compounds effects of the windows are negligible only if the light passes
under investigation® indicates the presence of a particular phase.perpendicularly through the windowsThe temperature in
the inner oven(which is controlled by a Lake-Shore 340
Compound  Smectié Nematic Isotropic  temperature controllgris measured by a YSI 44011 ther-
mistor which is placed near the liquid-crystal sample. The

%'g'g : zg'i : temperature stability, as measured by the thermistor, is of the
= ' order of 5 to 10 mK.

8.06 ® 89.1 ® Using a phase modulated ellipsometer we determine the
10.06 o 83 ® 885 @ ellipsometric angle\ and ¥ that correspond to the argu-
12.06 ® 89.1 ® ment and the absolute value of the complex reflection ampli-
14.06 ® 89.4 [ ) tude ratior ,/r ¢ of the p- ands-polarized components of the
16.06 °® 89.1 ) reflected light:

18.06 [ 86.9 [

20.06 ) 86.9 ° "o _ Mei(‘sp"ssEtan\I’em, 1)

Is Is

carbon atoms in the alkyl chain are studied; investigation ofNitg |pr5| an(: ‘Sﬁ’vs co(rjrespcljn(_jin% to therea) am_lE)rI]itudels
the odd-numbered homologs would certainly reveal som nd phases of the- ands-polarized components. The polar-

kind of odd-even effedtas observed ifil8]) but brobably no ization of the incident light can be described hy=0 and
aldditional funvdamentg(tlainforma;on.lm ) butp y V=45° [in fact, the polarization of the inciderand re-

A sketch of our experimental geometry is shown in Fig. 2_flected light is modulated during the measurement with a

An approximately 1 mm thick film on a rough glass substratd"€duency of 50 kHz, but th& and'¥" values determined as

is prepared. As substrate we use a microscope slide posse?z?—scr'bed in the following give the polarization of the re-

ing on one side a rough surfaéehich is normally used for lected light if the incident light was polarized as given
labeling the slidg A 1 mm thick stainless steel ring with an 2°0Ve.

inner diameter of 1.5 cm is fixed with two-component epoxy 1 € Principles of operation of a phase modulated ellip-
glue on the slide. The freshly glued “basin” is heated to someter are described in detail[i29]. The beam of a HeNe

150°C for 24 h(to properly finish the chemical reaction in laser passes through a linear polarizer, which is fixed at an

the glug and then washed thoroughly with high-purity water, 22imuthal angle of 45° with respect to the plane of inci-

ethanol, acetone, and methylene chloride in order to remove€Nce, and then through a photoelastic modulgtands In-
any contamination. struments PEM 90which modulates the phase differengg

The sample holder is filled with=200 mg of the liquid between thep- and s-polarized components of the incident

crystal and placed into an electrically heated two-stage bradight @s
oven which is additionally shielded by an aluminum case
(which is not temperature controlledOptical access is pro-
vided by small open slits; glass windows are avoided be-

h le of inci ; ; h larizati with 6,=138° andv=50 kHz. The incident beam is re-
cause the angle of incidend is varied (the polarization flected by the free surface of the sample and then passes a

second linear polarizer, oriented-a#5°. The light intensity

8= 8o SiN(2mwt) 2

incident light: reflected light: behind the second polarizer is detected by an R928 photo-
A=0 A = fi[8;,ny, m(2)] multiplier. The signal voltage of the multiplier is fed into two
tan ¥ = 1 tan ¥ = fol6;, ny, mu(2)] lock-in amplifiers (Stanford Research SR830vhich mea-

sure the amplituded , andU,, of the ac components with
frequenciesy and 2v of the multiplier output. Additionally,
the dc componentl 4. of the multiplier output is determined
by a dc voltmeter.

All ellipsometer components are mounted on two optical
benchegfor the incident and the reflected bepwhich can
be rotated around a common axis. The rotation of the
benches is achieved via stepping-motor-controlled linear po-
sitioners; the angl®, between the incident beam and the
surface normal can be adjusted between 10° and(@ah
the presently used oven, this range is restricted to 45°—65°)
rough substrate with a resolution of the order of 0.001°. The angle of the

FIG. 2. Sketch of the experimental geometry. The polarizationSecond bencltfor the reflected beayris always adjusted to

of the incident laser beany(: angle of incidenceis described by the Spec_:ular_ pOSItI_on. S _

two linearly polarized components that possess equal amplitudes 1he light intensityl at the photomultiplier is a function of
(tan¥=1) and are in phaseA(=0). The polarization of the re- the modulator-induced phase differengg and of the ellip-
flected beam depends ah and the refractive index profile of the Sometric angles\ and W of the sample that we want to
vapor-liquid interface. The rough substrate scatters the refractedletermine. The relation between the measured voltllges
beam in order to avoid interference with the first reflected beam. U,,, Uy, andA and¥ is obtained via a series expansion

liquid: ny(2)
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of the time-dependent part dfinvolving Bessel functions phase. For a smectic wetting lay&rmeasures only the total
B.(8y) of the modulation amplitudes, (the reason for amount of orientational order at the surface. In the case of an
choosing §,=138° is thatB, vanishes for this argument isotropic to smectid transition, this is only a small draw-

One gets finally back since the orientational order is an essential part of the
U liquid-crystal excess surface order; the above definitioh of
U_V = R(}:}al sinA sin(2¥), (3) is not suitable for the case of smectic wetting above a nem-
dc

atic to smecticA transition. Howeverl" according to Eq(6)
Uz, ool _ corresponds exactly to the part of the excess surface order
U= R3; cosA sin(2V¥). (4)  that is measurable by ellipsometry.

a° In order to determing as a function of temperaturg,
The calibration factoR®?' is determined by setting;=90°  values of A and ¥ are continuously measured whileis
and replacing the sample by M4 plate; the ellipsometric changed at a slow constant rate a@hds permanently aligned
angles are theth =90° and¥ =45° so that a measurement SO that 85 A< 95°. TypicalT rates are between 20 and 2
of U,/Ug. directly yields R,ﬁa'. The factong":}' is deter- MK/min; mostly cooling runs starting in the isotropic phase
mined in the same geometry but without thé plate and ~are conducted since the free surface often becomes macro-
without sampleA and ¥ correspond then to the values of Scopically rough, thereby scattering the reflected beam, be-
the incident light, i.e.,A=0 and ¥=45°, resulting in 0w the bulk transition to the liquid-crystal phasis be-
Uy, /Uge= gil haV|o_r_ is especially pronounced at isotropic to smeétic-

The values ofA and¥ of the reflected light depend on transitions.

the refractive index profile along the surface normal of the
sample. The best sensitivity is achieved whegorresponds I. RESULTS AND DISCUSSION
to the Brewster angl@g . In the case of an idealized sharp
interface between two homogeneous dielectrics, the phase
differenceA jumps by 180° and the amplitude ratio témn The compounds of th@.0.6 series withn<10 show
=|rpl|rsl is equal to zero becaugepolarized light is not  isotropic to nematic transitions. Figure 3 shows the tempera-
reflected av); = g . For a real interface) is continuous and v -6 gependence of the ellipticity coefficieptfor the ho-

tan¥ shows a value above zero at the Brewster angle, Whic'ﬂwolo e Withn=10.8.6.4. Al compounds Show a bretransi-
is defined byA being equal to 90°. The value of tadh at g i P p

A. Compounds with isotropic-nematic transition

tional increase of; as the bulk transition to the nematic

6= 0 is usually designated as the eII|_pt|C|ty coefficignt phase is approached from above. The increaszTeishccom-

In the present st'U(_jy, we always measpre0 for' two rea panied by a decrease of the Brewster anfeas is exem-
sons. First, the finite width or roughness of a liquid surface .. . . L —

L o — L } plified in Fig. 4. At the transitionp shows a sharp drop and
produces a nonzero contributigg to p. Describing the in-

X . oo in the nematic phase range only a slight temperature varia-
dex profilen(z) of the vapor(index n,)—liquid (index n,) . —. P 9 v asig P o
- - : ; tion of p is observed. In some cases {hes T curve exhibits
interface by a Fermi profile of widthy, X S o
s o o slight oscillations. Although these oscillations are reproduc-
ny+n; ny—n; z ible in subsequent cooling and heating runs, they change or
5t tan (3 vanish when material is added to or removed from the
sample holder or when the same compound is filled into
one findszooc'yfor v in the range of a few nanometd25]. another sample holder. These oscillations are thus not an
Second, the presence of a surface layer with optical prope#dtrinsic property of a certain compound, rather they result
ties different from those of the bulk results in a contributionfrom the experimental conditions of a given sample—sample-

pr 10 p. The magnitude op;- depends on the coveragieof holder combination; a possible origin is interference with
thFe surface. which can berdefined as residual light reflected at the rough sample-substrate inter-

face.
A direct interpretation of the ellipsometric data is possible
only on a qualitative and approximate level. The pretransi-

tional increase op indicates an increase of the nematic cov-
eragel’ as the bulk transition is approached from above. It is

obvious that this increase pfbecomes less pronounced with

. : decreasing, suggesting a possible change from complete to
surface Iayer.th|ckness-up_ t650 nm.for typicalne andn, partial we?:ing.gHgowev%r, r1?or a more in(-gdepth analyzis we
values of liquid crystals; with further increaselinor surface o\ e o compare, as usual in ellipsometry, the experimentally
layer thicknesspr goes through a maximum and decreasesmeasured values of the ellipsometric quantities with calcu-
again[25]. Thus, a divergence of does not result in @ |ated values resulting from model structures. As is shown in
divergence ofp and complete and partial wetting are often the following, it turns out that the results for all compounds
difficult to distinguish by ellipsometry. are in agreement with a phenomenological model predicting

We should note that only in the case of a nematic wettingcomplete wetting with a logarithmic divergence Iof

layer isI" as defined above in a strict sense a quantitative There are several theoretical modegls30—3§ of the wet-
measure of the coverage, since it does not take into accoutihg behavior above isotropic-nematic transitions although
the positional ordering of the molecules in the smegtic- most of them deal with an interface to a solid wall rather

n’(2)=

7 1

r=f S<z>dz=f [n3(2)—n3(2)]dz, (6)

with S(z) being the nematic order parameter profile amd
andn, the extraordinary and ordinary indices of refraction.

One finds;FocF for small values ofl’, corresponding to a



PRE 62 WETTING BEHAVIOR ABOVE THE . .. 2327

free energy of the bulk nematic-isotropic transitiap,, is
extended by a coupling of the nematic order parant®tera

0.04 surface potential/:
V&( )S+L((9 ’ (7)
p 9=0p— z 51 =
0.02 2\ o9z
Here, z is the distance from the surface, and the last term
with coefficientL represents the elastic energy corresponding
0.00 to az variation of S, g, is given by the usual expansion,

T (°C) g=3a(T-T*)-1BS+ iCS, (8)

wherea, B, andC are positive constants and® gives the
stability limit of the isotropic phase. The bulk transition tem-
peratureT ;. and the corresponding vali®: of the bulk order
parameter af; are given by

BZ
T
S ——ZB 10

Minimization of g, as described 32,16, gives the order
parameter profile&s(z) as a function of temperaturg If at

T. the order parameter at the surfa&g, is larger than the
bulk valueS;, the model predicts complete wetting and a
logarithmic divergence of the coveragieat T,. For a cer-

0.01

p 4 tain range of parameterSy(T) andI'(T) show a discontinu-
0.00 ool L L L L ous change at a temperature slightly ab®yeorresponding
89 9% 91 92 98 9 % to a prewetting transition. I8,<S, at T, the model pre-
T (°C) dicts partial wetting and a finit€ at T.
FIG. 3. Temperature dependence of the ellipticity coefficient In order to calculate ellipsometric data, t8€z) profile is

of four nematicn.0.6 compounds near the bulk nematic-isotropic fransformed into refractive index profileg(z) andny(z) as
transition(shown is a temperature interval from abdwK below to ~ described _"{16]- Invoking the roughness of the free surface
about 5 K above the bulk transition temperajure by a functiond,(2),

) ] ) 1 z
than a free surface. Following the procedure described in dy(z)zz 1+tanh —| |,
[16], we use the model of Shen32] to generate Y
temperature-dependent order parameter profiles resulting {g;, v being a material-dependent lengtlypically of the

calculatedp(T) curves that are compared with our experi- order of 1 nm), the permittivitiese;(z) =n?(z) are related to
mental data. Using the notation given [ib6], the Landau  g(7) as

11

Ee(z)=1+d7(z){[€iso+%Afmaxs(z)]_l}v (12

56.2 €(2)=1+d,(D){[€is0— T AemaS(2)]-1}, (13
55.8- ‘ wheree;,, is the permittivity of the isotropic bulk antl e, .«
represents the differenced— ¢€,) for S=1. The calculation
0 554f of p is done via the usual multilayer approximation: a given

(deg) €(z) profile is divided into 500 layers and within each layer

55.0F ° €,(2) ande(z) are approximated by constant mean values.

For the resulting multilayer systemd\(6;) and W (6;) are
54.6F calculated using the recursive formalism given by Crook
/ [37], which can easily be extended to anisotropic layers pro-
54.0¢ vided the optical axis of each layer is oriented parallel to the

: ' . ! L layer normal.
8 89 9% 91 92 98 wo Experimentally, we can determirg, from the value of
T (°C) 6 far above 10 K) the nematic to isotropic bulk transi-

FIG. 4. Temperature dependence of the Brewster afigleear  tion. Furthermore, the value d@fy measured just below the
the bulk nematic-isotropic transition of the compowiD.6. bulk transition enables the determination of the permittivity
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TABLE II. Brewster angles af .+ 10 K (6g js,) andT,—0.1 K
(fgc), and permittivities atT,+10 K (€s0) and T,—0.1 K
(€e,c+€0,c) for homologousn.0.6 compounds. 0.04

Compound 0g,iso (deg) €iso Og,c (deg) €ec €o,c

sl

4.06 56.08 2211 5490 2326 2.152 0.02
6.06 55.98 2.193  54.80  2.304 2.137

8.06 55.93 2.187 5465 2307 2.126

10.06 55.80 2.167 5425 2307 2.094

12.06 55.91 2184 5394 2372 2.091 000
14.06 55.67 2.167 53.77 2.316 2.059

16.06 55.73 2143 5390 2320 2.068 ooz
18.06 55.67 2.146  53.89  2.310 2.065 p
20.06 55.62 2137 53.89 2289 2.059

0.00 ! !

values e, . and €, . at the bulk transition temperaturg,
[38]; the differenceA e, =€, . — €, . is Nneeded for the quan-
tity A eyay0f Egs.(12) and(13), which can be obtained from

A e using the value of the nematic bulk order parameter just

below the bulk transitionS; : A €ya=Ae:/S. with S; given 0-00¢ ' :
by Eqg.(10). Table Il gives the values of the experimentally P n=4
determined optical quantities. p 0oLy

Assuming that the value gf at a temperature 10 K above 0.00k . . I
the bulk transition is determined solely by the surface rough- 0.01 0.1 1 10
ness, we can also get an experimental estimation of the sur- T -T. (K)

face width parametey from calculations using a Fermi pro-
file as given by Eq(5). Thesey values seem to indicate an
mpregse of t_he S”rffice roughness frgm1.1 nm_tq 1.6 nm nematic-isotropic transition temperatufe (logarithmic scalg of
with increasing chain length; however, when fitting the pa- = = A

- four nematicn. 0.6 compounds. The solid lines were calculated on
rameters of the Landau model to the experimentél)  the basis of the Landau modekee text using the parameter values
curves, the best results are obtained with nearly the samghown in Fig. 6 below.
value y~0.9 to 1.0 nm for all compounds. Obviously, the
values, even at temperatureslO K above the bulk transi- become obvious, especially for the parametgrd., andV

tion, still contain contributions from both, (surface rough- that have a simple physical meaning.
ness and pr (nematic excess surface orgler The coefficienta, which is a measure of the inverse sus-
The parameters of the Landau free energy expansion ( ceptibility of the order parameter, shows a pronounced in-
B, C, V, L) are varied until an order parameter profile créase with decreasing chain length. Thus, the influence of
S(z,T) is obtained which results, in connection with the op-€xternal “fields” inducing nematiclike order in the isotropic -
tical quantities given in Table II, in refractive index profiles Phase becomes weaker with decreasing chain length. This
n(z,T) andn,(z,T) yielding a calculateg(T) curve repro- behavior is reergFed by the experimental observation of the
duci . — . . weaker pretransitional increase @fin shorter homologs.

ucing the experimental(T) values. The result is shown in . . .

) o — The coefficientL describes the energy change resulting
Fig. 5, giving measured and calculatpdvalues on a loga-  from an order parameter variation in the direction of the
rithmic temp.ergtgre scale. The actual fitting process Wagrface normal. The magnitude &f is a measure of the
dqne by minimizing the sum of the mean square deviationgyre|ation lengtf32] and is related to the sum of the nem-
W|t_h starting values taken froifil6]. We found that the re-  atic elastic constants,;+ k,,+kss [16]. The observed pro-
lation between the parameter values and the quality of thgs nced increase df with increasing chain length thus
fits is not ambiguous, i.e., for a given compound there are nqfygicates an increase of the elastic constants in longer ho-
various se.ts of parameters_ r<_asu|t|ng in identical fits. It Seemi%ologs(which is to be expected because of the increasing
that th_ere is a general deviation between calculated and Me@ndency to form smectic phases
suredp vs T curves which could not be removed by adjusting  Concerning the surface potent)l which is a measure of
the parameters of the Landau model: especially in the case @fe ordering influence of the surface, the experimental results
8.0.6 and10.086, the curvature of the calculated curves iscan be described with nearly the same valueVofor all
clearly too large in the rangé—T.<1 K. This observation compounds. For a free surface, one possible origin of the
might indicate a need of additional terms in Eg).or Eq.(8)  excess surface order consists of the surface tension. Since the
for an exact description of the experimental behavior. How-magnitude of the surface tension depends mainly on the
ever, when examining the variation of the Landau parameterstructure and the type of atoms of the alkyl chains and less
with the alkyl chain lengtn (see Fig. 6, some clear trends on the length of the chaing39], it is reasonable that the

FIG. 5. Measuredsmall dot3 and calculatedsolid lines ;
values as a function of the temperature difference from the bulk
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sf nounced in shorter homologs, the results concerning the dis-
a 6k tinction between partial and complete wetting and the
(105 Jm=3 K™Y 4f ° o dependence dby(T.)/S; on the chain lengtim are not com-
ol pletely conclusive. If17] partial wetting was observed for
L L ! 9 Q n=>5 and complete wetting far=6,7,8; the raticSy(T.)/S;
1ok © was determined fon=7,8, and for both compounds the
B sk o same value of 1.35 was found. [h8] complete wetting was
(10° J m~?) 6k © o found for all compounds in the range from=5 to 12 (one
, . . . 0 should note thahCB compounds witm= 10,12 exhibit no
14f ° nematic phase but an isotropic to smedictransition.
c 12 ° Comparing either the even-numberen=6,8,10,12) or the
(10° 3 m~) 10F ° odd-numbered ({=7,9,11)nCB compounds(in order to
8r ° avoid odd-even effectsthe ratio Sy(T;)/S, shows an in-
6 crease with decreasingsimilar to that observed here for the
! ! ' — n.0.6 compounds, but 5CB does not fit into thisdepen-
5 . ° dence since a smaller val#.19 was determined than for
I 4r 7CB (1.30. In [5], where the interface to a silane coated
(10711 N) 3r glass substrate was studied, again complete wettinghfor
2r ° o =6 to 9 was found but partial wetting far=5, in connec-
Ir 5 tion with Sy(T.)/S,<1 for 5CB.
' ' : ' : Thus, all measurements show that the pretransitional in-
v i'gz R . crease of the nematic coverage becomes less pronounced
(103 Jm2) 14} s ©° o with decreasing chain length, but it is not clear whether
12f this behavior indicates a change from complete to partial
! ! ! ! ! wetting or just a decrease of the nematic susceptibility of the
So(T) 1'2: o iso_tropic phase. The latter reason is fgvpred by our results
S 14k ° o which are based on the Landau description of the measure-
¢ 12f ° ° ments. Since we did not achieve, especially 800.6 and
6 % 10 12 10.08, a perfect agreement between calculated and mea-
n suredp values, this conclusion is not completely unambigu-

FIG. 6. Variation of the Landau parameters and the surface t@ous. Nevertheless, for reasons given in the following section,
bulk order parameter rati§,(T.)/S; at T, with alkyl chain lengtm it seems that at least the general dependence of the Landau

of homologousn.0.6 compounds. Althoughl2.06 shows a parameters on the chain lengthobserved by us is consis-
smecticA—isotropic transition, its wetting behavior can be de- tent.
scribed using the parameter values given abi@ee Fig. 8 beloy

B. Compounds with isotropic—smecticA transition
value of V does not show a pronounced dependence on the

chain lengthn.
Figure 6 also gives the ratio &(T.), the surface order

Figure 7 shows the temperature dependence fur the
five compounds witin=12,14,16,18,20 which show a direct
parameter aT=T,, andS,, the bulk order parameter at isotropic to smectidA transition. All smecﬂc compounds
=T.. The value CofSo(TC)C/SC for all compounds is larger show a pronounced pretransitio_n_al increase ﬁblloyved by
than unity and it increases with decreasimgrhus, accord- & sharp drop_at the bulk transition to the smeétiphase.
ing to the Landau description all compounds show completéNote that thep value of the bulk smectié: phase is signifi-

wetting and the smaller pretransitional increase pofin  cantly smaller than thg_;vglue of the bulk nematic phase
shorter homologs does not indicate a change from complet@vith the exception o#.0.6), indicating a smaller rough-

to partial wetting but just a weaker divergend®cause of ness or width(smallerp, value of the free smectié sur-

the smaller susceptibilitp ") of the nematic coverage. We face.

shquld note that our conclusion _of' complete wetting is  The compoundl_z.o.g obviously possesses a particular
mainly based on the Landau description of the %pe”memaﬁosition in then.0.6 series. This homolog is the shortest of
data. Because of the nonmonotonic relation betweandIl"  the series that does not possess a nematic phase but a direct
at largel’ values a divergence df is very difficult to prove  jsotropic to smecti® transition. The temperature depen-

bﬁ. eIIipsomet(;y. Wh"."t Weh canh dir((ejctly concllu%e fLom OU jence Ofp_, however, shows features that are displayed nei-
ellipsometric data is just that they do not exclude the possig, ., by the other smectic compounds>12) nor by the

bility of complete wetting. - ;
i - nematic compoundsnE10). Whereas all other smectic
Alkylcyanobiphenyl (1CB) liquid crystals represent the compounds exhibit a more or less pronounced steplike

only other homologous series in which nematic wetting at hof 5 he bulk i . i L
the free surface has been studied. Measurements were C(ﬂ{-OWt of p as the bulk isotropic—smecti-transition is

ducted at the free surfadd7,1§ and at the interface to a approached from above, the value pfof 12.06 remains
solid substratg5]. Whereas all studies show that the pretran-nearly constant until, at a temperatut K above the bulk
sitional increase of the nematic coverage becomes less preransition, a sharp jump gf occurs, which is followed by a
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0.04 0.04f %< n=12
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0.02
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88 0.02f
0.04
p 0.00 . .
0.02 0.01 0.1 1 10
0.00 T-T,(K)
FIG. 8. Measuredsmall dotg and calculatedsolid line) ;val-
ues as a function of the temperature difference from the bulk
0.04 smecticA—isotropic transition temperaturg; (logarithmic scalg
p of the compound 2. 06. The solid line was calculated on the basis
0.02 of the Landau modgsee text using the parameter values shown in
0.00 Fig. 6.
88
12.06 is just a small modulation. This is indicated by the
0.04 absence of the pretransitional layer-by-layer growth observed
P for the longer homologs and by the observation that a nem-
0.02 atic phase appears whel?.06 is doped with a small
0.00 amount &2.5 mol % of a second smectic compouih26],
8 i.e., the smectic order vanishes due to a small distortion.
Thus, if the main part of the order parameter of the
0.04 isotropic—smecticA transition is still represented by the
B nematic orientational order, the Landau model might still be
p 0.02 used, to some extent, for the description of the wetting be-
0'0%6 havior 0f12.06.

However, the chain length dependence of the Landau pa-
T (°C) rameters shown in Fig. 6 gives a consistent description of the

FIG. 7. Temperature dependence of the ellipticity coefficient €XPerimental wetting behavior of the compounds with 4

of five smectic n.06 compounds near the bulk smectic- to 12. According to the Landau model, the appearance of the

A—isotropic transitior(shown is a temperature interval from about Prewetting transition in2.06 is mainly due to the increase

1 K below to about 5 K above the bulk transition temperature ~ Of the coefficientl, which is a measure of the energy con-

nected with the spatial variation of the order param&er

glnce the value of the Landau parameterepresenting the
rface potential acting on the molecules, changes only
slightly with increasing chain length, whereas the critical

valueV., below which a prewetting transition occurs, varies
s VL [33] and thus increases with increasing chain

Iength n, V is for 12.06 obwously smaller tharV, (the

small kink, which is observed in th@vsT curve 0f10.06,
may indicate that for this compound already=V,).
For the other smectic compounds= 14) the positional
smectic order is an essential part of the order parameter of
e isotropic to smectiéx transition and the “nematic” Lan-

pronounced continuous increase. Approximating the surfac
phase by a homogeneous slab with constant refractive ind

values as given in Table I, the jump Ecorresponds to a
surface phase thickness change of about two molecul
lengths.

We have interpreted the discontinuity pf indicating a
thickness change of the wetting layer, as a prewetting tran
sition; details are reported [124,2¢. Here, we want to point
out that the experimentally observed behaviorl@fO6 is
predicted by the Landau model if we extrapolate the chal

length dependence of the Landau parameters obtained fort Su model is not applicable. Extrapolating thélependence

nematic compoundsn( 4 10 10 ton=12: Fig. 8 shows the of the Landau parameters to larger>12) values would
calculatedp vs T curve, resultlng from a least-mean-square eq it in a larger prewetting discontinuity, a shift of the
fit, together with the measurgsl values 0f12.06 (the dif-  prewetting transition temperature toward the bulk transition,
ferent curvatures at—T.<1 K, which we already noted for and finally to partial wetting, lacking almost completely a
8.0.6 and10.06, are now most obvioysThe correspond- pretransitional increase of the surface coverage. Instead, we
ing Landau parameters are well in agreement withrilde-  observe that a prewetting transition is not present in the com-
pendencies of the nematic compoun@ee Fig. . Since pounds withn=14 and that all compounds show a pro-
12.06 shows an isotropic to smectietransition, the Lan-  nounced pretransitional increasemfThe most striking fea-
dau model is in a strict sense not appllcablelﬂ)OG On ture of the smectic compounds is the appearance of layering
the other hand, one might argue that the smectic ordering isteps in the growth of the wetting film, a behavior which is
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k) 7 FIG. 10. Temperature dependence of the ellipticity coeffic,iTent
between the 42 and 2-3 layering steps of the compounds
16.06 (upper diagramnand20.06 (lower diagranm.
00122 L 0.005 L
87.3 T ¢0) 875 88;;3 ¢c) 888 The sharpening of the layering steps indicates that with

increasingn the growth of the wetting film becomes more
FIG. 9. Comparison of different layering steps of three homolo-and more dominated by the positional order of the mol-
gousn.0.6 compounds; upper liney=16; middle line,n=18;  ecules, i.e., the wetting film does not grow by continuously
lower line,n= 20; left column, 2-3 step; right column, 42 step.  expanding the nematic orientational order from the surface to
the bulk phase, rather it grows by adding single smectic lay-

well known from smecticnCB and nOCB compounds €S to the surface_phase. There is, however, ev@0.i@©6 a
[21-23. residual growth ofp in the “plateau” between two layering

It seems to be a general tendency that the layering step§{€PS, as can be seen in Fig. 10 showing the temperature
which are almost not discernible I#.06, become sharper dependence gf between the 42 and 23 layering steps.
with increasingn. When comparing certain steps in different In this region of small wetting film thickness, the relation
compoundg40], however, a more differentiated behavior is betweerp and the coveragk is still linear. An increase ob
seen: Fig. 9 shows the one layer to two layer{2) and two s thus a direct measure of an increasd ofEq. (6)] or, in
layer to three layer (2:3) steps forl6.06, 18.06, and the approximation of a homogeneous slab model, of the
20.06. The -2 step is clearly continuous 6.06, then  producthAe (h being the thickness of the wetting film and
shows a discontinuous appearancd&086, but in20.06  Ae the differencee,-€,). The probable origin of the increase
it seems to be again continuo(mut steeper than it6.06).  of p between the layering steps is an increase of both the
In contrast, the 2-3 step(and all “higher” step$ shows a  positional and orientational molecular order within the smec-
monotonic tendency to become sharper with increasing tic layers, resulting in an increase &f and maybe a slight
Theories of surface-induced ordering above smecticincrease of the layer thickness. _
A—isotropic transitions predict that layering steps are disfa- Comparing the temperature dependencg of the differ-
vored close to and far away from the isotropic—nematic—ent smectic compound$ig. 7), it is obvious that the tem-
smecticA (1-N-A) triple point [35,41,42. Near thel-N-A peratures of the layering steps shift toward the bulk transition
point, i.e., at shorter chain length this behavior has already temperature with increasimy Figure 11 shows the tempera-
been experimentally confirmed forCB and nOCB com-  ture difference from the bulk transition of all stefexcept
pounds[21,22], but the behavior far away from theN-A  the 0—1 steps; se¢40]) that are discernible in the com-
point, i.e., at very long alkyl chain Iengths, has scarcely beepounds16.06, 18.06, and20.06. The presence of the
studied expenmentally The slight “softening” observed layering steps in the smectic compounds gives us also a di-
here for the -2 step in20.06 compared td.8. 06 might  rect measure of the thickness of the wetting film: If we make
indicate the theoretically predicted behavior far away fromthe approximation that in a given compound all layers have
thel-N-A point. Also, the differences between the-2 and  the same thickness and that other contributions to the cover-
2+ 3 steps(the 2—3 “softens” apparently at largen than  ageI' than an integral number of smectic layers may be
the 12 step are in agreement with theoretical predictions neglected, we can read the wetting film thickness directly
[42], but for a definite conclusion studies of still longer ho- from the ellipsometric data. The data shown in Fig. 11 thus
mologs or of compounds with a larger smectic order paramalso represent the temperature dependencE of wetting
eter are needed. film thickness. Nevertheless, the distinction between com-
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surface of homologousCB, nOCB, and PCiH compounds

7 8F

6w 7k [15-18,21-28 _ ' . _
o For the four compounds showing an isotropic-nematic
% 5eo6f transition =4 to 10, the pretransitional increase of the
F 4o5f nematic coverage clearly becomes less pronounced with de-
% 3.4 4f creasingn, indicating on first sight a possible change from

complete to partial wetting. However, the results of all nem-
2o 3r atic compounds can be consistently described by a Landau
142 model yielding complete wetting; the ratiy(T.)/S;, which
L L L determines the wetting behavior of the mo@Emplete wet-
0.01 0.1 1 10 ting is obtained forSy(T.)/S;>1), increases linearly with
T-T.(K) __ decreasingn from 1.31 atn=10 to 1.61 atn=4. The ob-

FIG. 11. Discernible layering steps of the compoud@sO 6 served weakness of the pretransitional increase of the wetting
(O symbols, 18.06 (® symbol3, and20.06 (O symbols as a  film thickness in short homologs is explained by the model
function of the temperature difference from the bulk smectic-by a decrease of the nematic susceptibgity* with decreas-
A—isotropic transition temperaturé. (logarithmic scalg solid ing n.
lines are just guides to the eye. The decrease @,(T.)/S; with increasingn, indicating a
change from complete to partial wetting at longer chain

plete and partial wetting for the smectic compounds sufferdéngths, is mainly due to the increase of the elastic coeffi-

from the same problem as in the nematic case, namely, tHel€nt L, describing the energy associated with a spatially
. . — . . varying nematic order paramet8fz). Near the change from
nonmonotonic relation betwegnandI". Even if the layering

¢ ¢ d out. th Id not be di .blcomplete to partial wetting, the model predicts the occur-
steps were not smeared out, they would not be dISCernibigy e of 5 prewetting transition, which is indeed observed

around the maximum of the(I") function and a divergence experimentally in the “first” compoundr(=12) possessing

of I' would be difficult to prove. Thus, our ellipsometric data 5 direct isotropic to smectié- transition. The experimental

do not exclude complete wetting for the smectic compoundsesyits for this compound can still be described by the nem-
but there seems to be an indication of a possible partial welytic | andau model, indicating that the nematic orientational
ting behavior of the longest homolog0.06. order represents the major part of the order parameter of the
__Comparing the number of observable step&8106 and  isotropic—smecticA transition in12.06 (although the in-
20.086, it is obvious that the number of steps decreases fronsrease ofL is probably due to the appearance of smectic
n=18 ton=20. This could be due to the limited experimen- positional order.

tal temperature resolution, i.e., the longer the chain length The wetting behavior of the longer smectic homologs (
the larger the number of steps that are quenched into a nat 14 to 20 is influenced by the smectic positional order, as
row (<5 mK) temperature interval above the bulk transition. is seen from the appearance of layering steps in the pretran-
A different origin might be that the number of steps really sitional increase of the wetting film thickness. The steps are
decreases with increasimgoecause the wetting behavior ei- considerably smeared out it.06 and16.06, but clearly
ther changes from complete to partial or, if the wetting isgiscernible in18.06 and20.086, thereby confirming theo-
partial anyway, adopts an increasingly “nonwettinglike” retical predictions that layering transitions are disfavored
character. The data obtained f8.06 do not exclude com- near|-N-A triple points. The observation that the-12 step
plete wetting(as is discussed in detail [27]), but the subtle  gppears less steep again20.06 than in18.06 might be
change of the curvature of the solid lines in Fig. 11 mightseen as an indication that the same behavior occurs, as theo-
indicate a change to partial wetting with increasing chainetically predicted, far away fronh-N-A points. The step
lengthn. Thus, it may be tha20.06 shows just six layering temperatures shift toward the bulk transition temperatures
steps and the wetting film consists at the bulk transition temwith increasing, thereby reducing the number of observable
perature of six smectic layers. Clearly, partial wettiiogly steps from eight in18.06 to sixin20.06. A comparison of
two smectic layers at the bulk transitlowas also observed the step temperaturesf&o.g and20.06 on a logarithmic

for long nOBC homologg22]. temperature scale indicates that very long smectic homologs
probably show partial wetting, whereas ellipsometry does
IV. CONCLUSION not allow a definite distinction between complete and partial

We have presented a detailed ellipsometric study of thé“’(atting for the.shorter smectic homologs. -
wetting behavior at the free surface of nine homologous Future st'udle.s could address the structure of the.hqwd—
liquid-crystal compoundsn( 0.6, with alkyl chain lengti crystal wetting film of the compounds near thé-A point

in the range from 4 to 20above their isotropic to nematic or \;vggrteh;herem?t(i:rt]lc tcrgrr?sﬁt(i)gr?doscgu()rsn?/tlghr?;:llcalas}{;?'[g% )s('fgs
isotropic to smecti transition. All compounds show a P g : y

surface-induced liquid-crystal phase in the temperature rang&fectivity studies of the correspondimgO.6 compounds.

of the isotropic bulk phase. The thickness of this liquid-
crystal wetting film increases as the bulk transition tempera-
ture is approached from above. Concerning the variation of This work was supported by the Deutsche Forschungsge-
the wetting behavior with alkyl chain length, our results re-meinschafi{Grant No. Ba1048/6and the Fonds der Chemis-
semble most observations made in earlier studies of the freghen Industrie.
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