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Prewetting Critical Point in a Binary Liquid-Crystal System
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We study the wetting behavior at the free surface of the isotropic phase of various mixtures of two
thermotropic liquid crystal compounds. Both pure compounds show complete wetting of the isotropic
liquid-vapor interface by an interposing anisotropic phase when the transition to the bulk liquid-crystal
phase is approached, but only one of the compounds shows in addition a discontinuous prewetting
transition. The prewetting discontinuity is found to vanish at a critical point in the temperature-
composition plane. [S0031-9007(98)05951-1]

PACS numbers: 64.70.Md, 68.45.Gd

When a critical point, at which the difference betweencomplete wetting transition at coexistence was obtained by
two fluid phasesx and 8 vanishes, is approached along modifying the wall surface [13].
the « /B coexistence curve, a first-order wetting transition In the smecticA (Sm-A) phase a positional order exists
at the interface to a third (inert) phasge is expected in addition to the nematic parallel orientational order:
at a temperaturel,, which is well below the critical The molecules are arranged in layers with a thickness
temperatureT. [1-3]. Above T, the interface to the of approximately one molecular length. If an isotropic—
v phase is covered by a macroscopically, in principleSm-A transition is approached from above, the successive
infinitely thick film of, e.g., thea phase excluding direct formation of smectic layers at interfaces is observed
contact of the3 phase with thes phase (complete wetting). [14—-17]; the number of smectic layers seems to remain
Below T,,, the interface to they phase is covered with finite at the bulk transition temperature (partial wetting).
an only microscopically thin film (partial wetting). The  Theoretical models exist of both nematic [6,18,19] and
first-order wetting transition at coexistence, where the filmsmectic wetting [20] of the isotropic liquid/vapor or liquid/
thickness jumps to infinity, implies the existence of awall interface. The theories predict the experimentally
line of first-order prewetting transitions off coexistence,observed behaviors (e.g., the logarithmic divergencE of
characterized by a finite (thin to thick) film thickness or the appearance of a finite number of smectic layers),
jump. The prewetting line is expected to terminate at aand in addition several behaviors which have not been
prewetting critical point (PCP) where the film thicknessobserved experimentally so far (e.g., complete wetting
discontinuity vanishes. Although wetting transitions canvia an infinite number of smectic layering transitions or
be studied in a number of systems [3], experimentaprewetting transitions above isotropic-nematic transitions).
observations of corresponding prewetting transitions are The first example of a prewetting transition in liquid
much less frequent [4]. Recently, we have observed arystals was observed recently by us at the free surface of
prewetting transition at the free surface of the isotropicdhe smectic compoundl2.0.6” (4-hexyloxyphenylester
phase of a smectic liquid-crystal compound [5]. Here,of 4-dodecloxybenzoic acid): At a temperature 1 K above
we report on our study of a two-compound liquid-crystalthe bulk isotropic—Sn# transition a discontinuous jump
system which enables the realization of the prewetting lin@f I" occurs which corresponds to an approximate thick-
in the temperature-composition plane. This is the firshess change of the wetting layer from submonolayer size
observation of a PCP in thermotropic liquid crystals. to about two molecular lengths; with decreasing tem-

Liquid crystals provide examples of orientational wet- perature the data indicate a logarithmic divergencd’ of
ting [6]: Above an isotropic—nematic transition an inter- [5]. We report here on our measurements of several bi-
face layer exhibiting the nematic parallel ordering of thenary mixtures ofl2.0.6 and a second compound, “90.4"
rodlike molecules is formed while the bulk is isotropic. (4-nonyloxybenzylidene4/-butylaniline) which shows at
This behavior is observed at free surfaces [7—9] and ahe free surface complete wetting at its isotropic—%m-
interfaces to a solid wall [10—13]. The nematic wettingtransition without an accompanying prewetting transition.
at free surfaces is usually complete, whereas at wall in©Our aim is to study the approach of the prewetting transi-
terfaces both partial and complete wetting occurs. In théion of 12.0.6 to a PCP which can be expected to occur at
case of complete wetting a logarithmic divergence of thea certain composition in this binary system.
absorption parametdr = [[S(z) — S,]dz is found [6] Binary mixtures are prepared by weighing correspond-
(z being the distance from the interface afithe nematic  ing amounts ofl2.0.6 and 90.4 in a small glass tube (the
orientational order parameter, the bulk valfg equals total amount of each mixture was about 250 mg), then
zero in the isotropic phase). A prewetting transition hasheating the mixture into its isotropic liquid phase with
not been observed in these studies, although a partial thoroughly stirring for several minutes. Phase structures
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and transition temperatures of each mixture were deter-

mined using a polarizing microscope equipped with a mi- 0.06
croscope hot stage.

For the study of the free surface an approximately s 0.04f
1 mm thick film (area= 2 cm?) of each mixture is
prepared on a rough glass substrate and placed into 0.02
a temperature-controlled oven possessing a temperature

stability of the order of 0.02 K. A phase-modulated 0.0 el
ellipsometer is used to study the change of polarization
of a laser beamA = 633 nm) upon reflection by the
free surface of the sample film; reflection from the
second (liquid crystal-glass) interface is suppressed by
the substrate roughness. As usual in ellipsometry, the
magnitude tarl and the argument\ of the complex
amplitude ratior, /r; = tan'¥ exp(iA) of the p- and s-
polarized components of the reflected light is measured.
The value ofr, /r, is most sensitive to the surface struc- 0.00
ture when the angle of incidengg equals the Brewster T (°C)
angledzwhereA = 90°; the corresponding value of tah o o
is commonly designated as elipticity coefficignt The FIG. 1. Temperature dependence of the ellipticity coefficient

e . . p of the free surface near the bulk Sta-isotropic transition
temperature dependence pfis determined by continu of the compoundsiZ.O6 (a) (Ta; — 89.05°C) and 90.4

ously collecting values of tatif andA and adjusting; SO (1)) (7,, = 80.76°C). The prewetting jump 012.0.6 is seen
that85° < A < 95° while the temperature is changed at aat 90°C. The insets show the sanfe data as a function of

slow rate (between 0.005 a2 K /min). log(T — Tay).

For an idealized steplike interface one expegts=
0, whereas for a fluid interface one finds always alayering as observed in other compounds [14-17]. In the
value ofp > 0. The deviation ofp from zero has two region where a linear relation betweprandI’ exists, the
origins: the finite width or roughness of the interfaceincrease ofp is in both compounds of the present study
and the presence of a layer interposing the interfaceonsistent with a logarithmic divergence bfat Tx; as
between the two bulk media [21]. The measured valuelemonstrated in the insets of Fig. 1 whegrés plotted on
of p is the sum of these two contributions, i.¢x,=  a logarithmic temperature scale. We can also reproduce
Po (surface roughness contributiort p (surface layer the measureds values close tol'a; by adjusting the
contribution provided that the relevant lengths are con-parameters of a phenomenological model [19] predicting a
siderably smaller than the wavelength of light used for thdogarithmic divergence of. The logarithmic divergence,
measurements [7]. Further, under this condition the valugvith the restrictions mentioned above, is exhibited also by
of p is proportional tof[n2(z) — n2(z)]dz wheren, and  all mixtures of the present system.
n. are the ordinary and extraordinary refractive indices It is evident that pure 90.4 does not show a discontinu-
of an uniaxial (optical axis along surface normal) surfaceous prewetting transition; nevertheless, there is obviously
layer on an isotropic bulk liquid. Since the difference a change of the slope of thevs T curve=2.2 K above
[n2(z) — nZ(z)] is proportional to the orientational order T4 indicating the onset of the surface layer growth.
parametetS, the measure@ vs T curves can be seen as On the logarithmic temperature scale [inset of Fig. 1(b)]
curves of the adsorption parameléws T with an offset a weakly pronounced-like shape of the curve is dis-
corresponding tgp,. We should note two drawbacks: cernible; we thus interpret this feature as a trace of the
First, we can measure only the orientational order; in thenearby PCP. Indeed, as will be described below, all mix-
case of smectic wetting we cannot prove the presence déires of the present system which are on the “supercriti-
smectic layers. Second, the linear relation betwgen cal” side of the PCP exhibit this feature, and it becomes
and I is restricted, for typical refractive index values of more pronounced on approaching the PCP.
liquid-crystal materials, to surface layer thicknesses below Because both compoundi2.0.6 and 90.4, show di-
50-70 nm; it is thus difficult to prove a divergencelof  rect isotropic to Smi transitions, we expected the same

Figure 1 shows the temperature dependenc@ dbr  behavior for each binary mixture. However, for all mix-
both pure compounds near their Strdisotropic bulk tures the phase sequence isotropic—nematicASgneb-
transition temperatur@,;. The prewetting transition of served; already a mixture possessing a mole fractign
12.0.6, on which we report in detail in [5], is seen 1 K of only 0.026 shows a 0.2 K broad nematic phase between
aboveTa; wherep shows a steplike discontinuity. In itsisotropic and Smt phase. Remarkably, the wetting be-
contrast, thé values of 90.4 increase continuously whenhavior seems to be completely unaffected by this change
Ta1 is approached. Although the bulk phase below theof the bulk phase structure: Apart from a small shift of the
isotropic phase is Sm; there is no indication of a smectic temperature scale and the indication of the narrow nematic
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phase, the data of thexgo4 = 0.026 mixture coincide are approximatelyyo4 = 0.15 and7T = 86.9°C. In the
with those of the purd2.0.6 compound, showing a pre- “supercritical” region, the inflection point exhibited by the
wetting jump 1 K above the bulk coexistence temperaturexyo 4 = 0.173 curve becomes more and more smeared out
As is demonstrated in Fig. 2, the prewetting discon-with further increasingxgo 4; it is, however, in a very
tinuity is with increasingxgo4 clearly observed up to weakly pronounced shape discernible even in pure 90.4.
x904 = 0.121. A x904 = 0.148 mixture shows still a Figure 3 shows in th@ vs xg9o4 plane the bulk phase
steep increase @ in a narrow? interval but it is diffi-  diagram together with the detected prewetting transitions
cult to decide whether there is a discontinuity or not. Theof all samples studied. The PCP is expected to belong to
discontinuity has definitely vanished inx@o4 = 0.173  the two-dimensional Ising universality class [22], its order
mixture, where it is replaced by a continuous variation ofparameter being in our case the magnitude of the adsorp-
o with T exhibiting an infection point. A similar behav- tion parameter discontinuitAI" which should vanish at
ior is found when the thermal hysteresis is regarded. Ashe prewetting critical point according thI" o 78, with
described in [5], the prewetting transition of pur20.6 ¢ = |T — Tpl/Tpe (Tpe: prewetting critical temperature)
shows a weakly pronounced thermal hysteresis. Alreadgnd 8 = 1/8. To our knowledge, there exists only one
in the x904 = 0.121 mixture, where thep vs T curve attempt to determine the value gf experimentally [4b].
shows still a discontinuous appearance, the hysteresis caim-the present study, the magnitude of the measugd
not be detected with the present experimental resolutiorvalues is well within the range of the linear relation be-
Together, these observations clearly indicate that a line diveenp andI’, thusAp is a direct measure &fI'. The
prewetting discontinuities exists in tie&-x plane which inset of Fig. 3 shows a double logarithmic plot &% vs
terminates at a critical point. As estimated from the ap+. Our data are not contradictory to the theoretically ex-
pearance of th@ vs T curves the coordinates of the PCP pected valugd = 1/8, but there is some uncertainty be-
cause of the small number of data points [23]: Linear least
mean square fits lead 18 = 0.11 = 0.04 if we localize

s N~ o0x | Ty. near the inflection point of thg vs T curve of the

P 0.04f \: ° 0.026 X904 = 0.173 mixture, and to8 = 0.09 = 0.03 if we as-
0.02} 12 | memm——— sume thatT, is close to the discontinuity (or inflection
(.00 Somm—_ : ! : ! point) ofxg04 = 0.148 mixture. The average of these two

h~Tl

004k F a 0.121 limiting values results i3 = 0.10 = 0.04.

) L Further points which need to be addressed are the
0-02LH . » structures of the thin and thick films above a below the
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FIG. 2. Temperature dependence of the ellipticity coefficientFIG. 3. Binary bulk phase diagram of the compound<).6

p for several binary mixtures ofl2.0.6 and 90.4 (the and 90.4. Both pure compounds show direct Smisotropic
numbers in the upper right corners give the mole fractiontransitions, whereas all mixtures show an intermediate nematic
Xx90.4). T'n1 cOrresponds to the bulk nematic—isotropic transitionphase. The solid lines are meant as guides to the eye; we have
temperature. For theos = 0.026, 0.121, and 0.148 mixtures no data points in the regioh566 < x904 < 1. The o symbols

the bulk nematic to Smt transition can be seen (indicated by designate the prewetting transitions and tkesymbol the

the arrows) as a steplike decreasepoindicating that the free approximate location of the PCP. Inset: Double logarithmic
surface of the Smt phase is sharper than that of the nematicplot of thep jump at the prewetting transition as a function of
phase. The insets show the prewetting transitions (or inflectioneduced temperatunefor 7, = 86.9 °C (inflection point of the
point) on an enlarged scale, one division of theaxis (T) p vs T curve of thexqps4 = 0.148 mixture). The slope of the
corresponds to 0.1 K, one division of theaxis () to 0.005. solid line corresponds to the theoretical expectatiog f 1/8.

3785



VOLUME 80, NUMBER 17 PHYSICAL REVIEW LETTERS 27 ARIL 1998

prewetting transition and the nature of the surface phasd4] Prewetting transitions were found in fluid films of: (a)
in relation to the bulk phase. The difference between helium and hydrogen [P. Taborek and J.E. Rutledge,
the surface films above and below a prewetting transition ~ Phys. Rev. Lett.68, 2184 (1992); J.E. Rutledge and
is the magnitude off’. In our case, the magnitude of P. Taborek, ibid. 69, 937 (1992); E. Chenget al.,

7 above the prewetting transition corresponds approxi-  [Pid. 70, 1854 (1993); A.F.G. Wyatt, J. Klier, and
mately to the value expected for the free surface, without - Stefanyi, ibid. 74, 1151 (1995); B. Demolder,

; R . N. Bigelow, P.J. Nacher, and J. Dupont-Roc, J. Low
any surface Iayer,. of an isotropic liquid consisting of Temp. Phys.98, 91 (1995)], (b) methanol/cyclohexane
mOIeCl_JIeS of a dimension of =3 X 0.5 X 0.5 nn?. mixtures [H. Kellay, D. Bonn, and J. Meunier, Phys. Rev.
Thus, if there is already some excess surface order above | et 71, 2607 (1993)], (c) molten potassium/potassium-

the prewetting transition, it is restricted to submonolayer  chioride mixtures [H. Tostmann, D. Nattland, and W.

dimension. Freyland, J. Chem. Phy&04, 8777 (1996)], (d) mercury
Below the prewetting transition there is an optically uni- [M. Yao and F. Hensel, J. Phys. Condens. Ma8e9547
axial surface layer with its optical axis parallel to the sur- (1996); V. F. Kozhevnikov, D.I. Arnold, S.P. Naurzakov,

face normal. The layer thickness amounts to several nm  and M.E. Fisher, Phys. Rev. Let8, 1735 (1997)].

just below the prewetting transition and to at least 70 nm [5] R. Lucht and Ch. Bahr, Phys. Rev. LeT8, 3487 (1997).
close to the bulk transition; possibly there is complete wet- [6] T-J. Sluckin and A. Poniewierski, irFluid Interfacial
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. ! - . 8] S. Immerschitt, T. Koch, W. Stille, and G. Strobl,
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pure compounds, are nematic below their isotropic phase{g] H. Kasten and G. Strobl, J. Chem. Phg63 6768 (1995).
we expect the surface phase also to be nematic. Cont0] K. Miyano, Phys. Rev. Let#3, 51 (1979).
cerning the two pure compounds, which are Srbelow  [11] H. Hsiung, Th. Rasing, and Y.R. Shen, Phys. Rev. Lett.
their isotropic phase but do not show smectic layering tran- 57, 3065 (1986). . . .
sitions at the surface, x-ray reflectivity studies would bel12] W. Chen, L.J. Martinez-Miranda, H. Hsiung, and
necessary to clarify the structure of the surface phase. Y.R. Shen, Phys. Rev. Le®2, 1860 (1989).
In conclusion, we have studied binary mixtures ofl13l GIE-J (V:\;av\gord, RFI;P]{ Olgdrls-fra%/voforfé%szﬁgzr,.
liquid-crystal compounds which show different wetting ~ 2nd J.W. Doane, Phys. Rev. Letrq, (1993);
) . . G.P. Crawford, R.J. Ondris-Crawford, J. W. Doane, and
behaviors at the free surface of the isotropic phase. In 5
icul h h hat i | mi hi S.Zumer, Phys. Rev. 53, 3647 (1996).
particular, we gve S _Own t at_'n severa m_|?<tures, W ICI'[14] B. M. Ocko, A. Braslau, P.S. Pershan, J. Als-Nielsen, and
all possess an isotropic-nematic bulk transition, a discon- ~ ) peutsch, Phys. Rev. Let67, 94 (1986).
tinuous prewetting tranS|t|pn exists which vanishes at q15] P.S. Pershan, J. Phys. (Paris), Coll6@,. C7-1 (1989).
PCP when the mole fraction of one component exceedde] B. M. Ocko, Phys. Rev. Letb4, 2160 (1990).
a certain value. The decrease of the magnitude of th|7] G.J. Kellogg, P.S. Pershan, E.H. Kawamoto, W.F.
prewetting jump of" on approaching the critical point Foster, M. Deutsch, and B.M. Ocko, Phys. Rev5E
can be described by a power law with a critical ex- 4709 (1995).
ponent 8 = 0.10 + 0.04. Despite this relatively large [18] P. Sheng, Phys. Rev. Let87, 1059 (1976); Phys. Rev.
uncertainty, we would like to emphasize that liquid crys- f/l feblelol__(lg?:z)? Al'lpg%e""l'ggr'laz“d 12'3‘]' 1%';;"_'”'
tals are well suited for ellipsometric studies of prewetting ol. Cryst. Lig. Cryst.11, ( ):126 ( . ):
: . . M.M. Telo da Gama, Mol. Phys52, 611 (1984); B.
effects since the changes jn are, because of the bire-
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