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Critical fluctuations near the smectic-hexatic phase transition with anticlinic structure
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Layer compression modullmeasurements have been conducted near the transitions between smectic and
hexatic phases with synclinic and anticlinic structures. In the synclinic strudusbpws no pretransitional
softening near the phase transition. However, in the anticlinic structure, we observed evident critical softening
of B near the smectic-hexatic phase transition. These results clearly reveal that the introduction of the in-plane
hexatic order in the anticlinic structure is different from the usual smectic-hexatic phase transition.
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Liquid crystals are known as mesophases between soligm-C—Sm{ transition is a challenging problem that is still
and liquid. Among liquid crystals consisting of rodlike mol- not well understood.
ecules, most simple nematic liquid crystals possess only |n 1989, Chandankt al. found antiferroelectricity in a
long-range orientational order. Another type of liquid crystaltjited chiral smectic liquid crystal phase and designated this
is smectic liquid crystals that have a layer structure. Furtherbhase as Sr&X , where the tilting occurs in the same plane
more, there exist a variety of phases with different symme; ut in the opposite sense in adjacent layds). The antifer-

tries in smectic liquid crystals according to the interlayer an oelecric hexatic smectit (Sm4*) phase can also occur
intralayer structures. Therefore, the smectic liquid crystal is d A ) P

treasure house for research on phase transitions. Many phy&ielow the S”_E/i phase on cooling in some chiral liquid
cal phenomena appearing in liquid crystals have attracte@rystal materials[14—16. Although the SmE—Smi (or
much attention, particularly because of important analogieSM-C*—Smi*) transition has been intensively studied, less
to other solid and liquid systenjg]. is known about the Sn&x —Smi{ transition. Of course, the
Layered liquid crystal systems often exhibit hexaticlayer compression modulus near the &f—Smi} transi-
phases, which have at least quasi-long-range bond orientéion has never been studied. X-ray diffraction and nuclear
tional order, but only short-range positional order. The bondnagnetic resonance measurements near theCSrBmA x
order was first discussed in the film formation process due teransition indicate different behavior from that near the
evaporation by Landau and Lifshit2], and then in the melt- Sm-C* —-Smi{* phase transition, i.e., the layer thickness be-
ing process of two-dimensional systems by Halperin anchavior and the magnitude of the bond orientational order
Nelson[3]. Since Birgeneau and Litst¢#]| suggested the [16]. Elastic constants are known to be more sensitive to
existence of the hexatic phase in liquid crystals, many phasefictuations near the phase transition than other properties
have been assigned to be hexdb¢ The molecules can be [17,18. Therefore, measurements of the layer compression
either perpendicular to the layers as in the smectic-he¥atic- modulus are appropriate for studying the nature of the
(HexB) phase, or tilted with respect to the layer normal assmectic-hexatic phase transition. In this paper we report that
in the smectic-hexatit- (Sm4) and smectic-hexatiE- the phase transition behavior of the layer compression modu-
(Sm+F) phases. The difference between the Bamd SmF  lus near the SnG;—-Smi and SmE* —-Sm4* transitions
phases is that the tilt direction is toward a nearest neighbaig distinctly different between these two phase transitions.
molecule in the Sm-phase, and between two nearest neigh- The experiments were performed using the liquid cryst
bor molecules in the Sr- phase[6]. Some liquid crystal alline materials 44-methylheptyloxycarbonyl phenyl
materials exhibit a tilted hexatic Smphase below the tilted 4’-octylcarbonyloxybiphenyl-4-carboxylate (MHPOCBQ
smectic€ (Sm-C) phase. The difference between &rand  [6,19], 4-(1-trifluoromethylheptyloxycarbonyl phe-nyl 4
Smi is the magnitude of the bond order. At the phase tran-nonylcarbonyloxybiphenyl-4-carboxylat§ TFMHPNCBQO
sition from SmE to Smi, there is no change in the point [16], and P-decyloxybenzylidend'-amino-2-methylbutyl
group symmetry. As a result, the situation is qualitativelycinnamatg DOBAMBC) [20]. For measuring the layer com-
analogous to that of a liquid-gas transition in a simple fluid.pression modulu$3, we prepared homeotropically aligned
In the case of phase transitions with no accompanying syneells. Using piezoelectric ceramics, the longitudinal me-
metry change there can be either a first-order transition or nohanical transfer function was measured over a frequency
transition, i.e., a continuous evolution from the &hto the  range from 2 to 500 HZB was determined by extraporationg
Sm{ phase. This implies that there should exist a criticalB(w) to the value atw=0. Since there is essentially no
point in the phase diagrafir—10. The theory predicts that frequency dependence & (see the inset in Fig.)1B is
the SmE€-Smi critical point belongs to a new universality equivalent to the averadggin the frequency range used. Our
class that includes the Sk (bilayer phasg-SmA, (partial  experimental setup is a modified versidr8] of the original
bilayer phasg critical point[10]. The SmC-Sm{ critical  system developed by Cagnon and Dur2d.
point has, in fact, been discovergtl, 12, attracting signifi- Initially, we studied the Sn€* —Sm{* transition. Figure
cant attention. However, the mechanical property of thel shows the temperature dependenc8 af DOBAMBC. It
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FIG. 1. Temperature dependenceBfn DOBAMBC. The in-
sets show the frequency dependencé8dh) in the SmE* phase
(63°C) and(b) in the Smi* phase (61 °C).

can be seen th@ shows no pretransitional softening near
the SmE*-Sm4i* transition. This result can be inferred
from measurements of the angular dependence of the ultr
sonic velocity and damping near the S$xaHexB and
Sm-C-Sm+ transitions[22—24]. Our result directly con-
firms that B shows no pretransitional effect above the
Sm-C*-Sm4* transition. As shown in the insets of Fig. 1,
no frequency dependence Bfwas observed over the range
measured in every phase of every material used even in t
close vicinity of the phase transition.
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FIG. 2. Temperature dependence Bfin TFMHPNCBC. The
inset shows the temperature dependenc® aiver a much wider
range.
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In contrast, near the Si@x —Smi{; transition,B exhibits
unusual behavior. Figure 2 shows the temperature depen-
dence ofB in TFMHPNCBC for a narrow region in the vi-
cinity of the SmCx —Sm1} transition together with an inset
showingB over a much wider range in temperature. Critical
softening inB near the phase transition from S@f- to
SmA7% is clearly seen in this figure. This substantial pretran-
sitional effect may reflect the fluctuations of the hexatic or-
der parameter. This kind of pretransitional softeningBas
usually observed near the S-Sm<C* and SmA-Sm<Cj}
transitions[18]. However, critical softening oB has never
been observed in phase transitions from a smectic phase to a
hexatic phase, as already shown in Fig. 1.

Andereck and Swift(AS) introduced the free energy
terms that couple the order parameter to the density varia-
tions (coupling constanty,) and to the layer spacing gradi-
ents(coupling constanty,). They predicted that the critical
effects on velocity and damping can be extremery aniso-
tropic, the degree of anisotropy depending onjjéy, ratio
[25]. Rogezet al. [22] measured the angular dependence of
the ultrasonic velocity and damping in the MHz range near
the SmEC-Sm¥ transition. They found that the anomalies
in sound velocity and damping coefficient near the
EEm-C-SmF transition are isotropic. They concluded from
AS theory and experimental results that the absence of an-
isotropy near the SMo—Sm+¥ transition indicates thag, is
null or very small compared tg,. Gallaniet al. and Collin
et al.[23,24] also measured the sound velocity and damping
coefficient near the SA—HexB transition and concluded

r]“raom AS theory thaty,<1v, in this case. In contrast, we

observed critical softening oB near the SnCj—Smix
transition. This result clearly suggests thatis small com-
pared toy, . Our result for the Sn€3—-Sm{; transition is
completely different from the behavior of the usual smectic-
hexatic phase transitidi22—24, and is rather similar to the
behavior of the untilted S to tilted smectic phase transi-
tion [18].

Figure 3 shows the temperature dependend® iof MH-
POCBC for a narrow region in the vicinity of the
Sm-Cz—Smix phase transition together with an inset show-
ing B over a much wider range in temperature. Pretransi-
tional behavior in B is again observed near the
Sm-C;—Smi} transition, similar to that in TFMHPNCBC
shown in Fig. 2. In the case of MHPOCBC, however, the
pretransitional softening dB is not as prominent as that in
TFMHPNCBC. This may be because the SR—Smi}
transition is strongly first order in MHPOCBC, while it is
weakly first order in TFMHPNCBC. In MHPOCBCB
steeply increases with decreasing temperature in Spand
suddenly jumps without pretransitional behavior around
70 °C due to the Snhx —crystal phase transition.

In this way, B shows unique behavior near the transition
between smectic and hexatic phases with anticlinic structure.
We shall discuss this in detail. The x-ray Laue patterns of the
hexatic phases usually show a sixfold modulated diffuse pat-
tern [6,26]. On the other hand, the anticlinic Sif-phase
barely shows a sixfold Laue pattefi6]. Neundorfet al.
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FIG. 4. Log-log plot ofB in TFMHPNCBC as a function of
AT=T—-Tc. (@ and (b) are for the high (Sn€}) and low
(Smd3) temperature sides, respectively.
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FIG. 3. Temperature dependencefoin MHPOCBC. The inset NMR results that the main cause of the layer thickness in-

shows the temperature dependenc@®aiver a much wider range. crease is a change in molecular interdigitation, although the
conformational change of the achiral chain may influence the

reported that the Srit phase emerges below the Sfp- pretransitional phenomenon of the appearance of hexatic or-
phase[15]. Therefore the Snhx phase can be considered to dering. This claim is consi_stent with the polgrized Fourier-
be less ordered than the Srh-phase. In the case of the transform-IR results by Yiretal. [30]. In this way, the
SMC-SmF and SmA-HexB transitionS, Speciﬁc-heat mechanism of the Srﬁ:—K—SmJX transition is Clearly differ-
measurements carried out in many compounds show unusgnt from that of the other smectic-hexatic phase transitions.
ally high specific-heat exponer{]. Selinger has shown that The increase in hexatic order at the §§j—Smij phase
these phase transitions occur in strongly fluctuating system#;ansition is accompanied by a change in molecular interdigi-
and these fluctuations could lead to a frustration that is gedation due to the intralayer molecular reorientation, which
metrical in origin and introduces a coupling between themay lead to a large,, compared withy, and pretransitional
hexatic order parameter and layer fluctuations if the hexatisoftening ofB above the phase transition.
stiffness constants are sufficiently larf&7]. This coupling Finally, we have to discuss the critical exponenBafiear
could explain the unusually high specific-heat exponent. A¢he phase transition. Fitting to a simple power ld8v
already mentioned, the Shj- phase is a less ordered phase=Bo(T—Tc)” or B=By(Tc—T)”, respectively, for the high
than the usual hexatic phases and is expected to be less s@if low temperature side of the transition temperature was
than typical hexatic phases. Therefore, according to th€one by a least-mean-square method for an appropriate
model by Selingef27], a significant pretransitional effect AT=T—Tc using Tc, », and By as fitting parameters.
should not appear near the transition to the less fluctuatinfigure 4a) shows log-log plots 0B in the SmC} phase of
Smd} phase. TFMHPNCBC as a function oAT=T-T. The observed

One plausible reason for the pretransitional softening of pretransitional softening d can be represented by a simple
is the anticlinic structure. In the synclinic structure, thepower lawB=By(T—Tc)". To our surprise, the critical ex-
hexatic order is introduced without reconstruction of theponentr on the high temperature side has a very small value:
structure[28]. On the other hand, in the case of anticlinic ¥=0.09+0.01 for 0.k AT<2 KandT,=51.75°C. There
structure, the introduction of the hexatic order is not theis no theory for the SnG;—-Smi, phase transition. Prost
same as in the synclinic structure, but may require reconet al.[31] measured the compressional modulus in the vicin-
struction of the structure. The reconstruction of the structuréty of the SmA,—SmA, critical point. They observed a
may induce strong fluctuations, which lead to a pretransieritical vanishing of the elastic modulus with an exponent of
tional softening oB. Actually, at the Snt to Sm¥ or Smi{ about 0.4-0.1. They claimed that the critical exponent ap-
transition, the layer thickness increa$28,29, which is ex-  pears to disagree with both mean-field and Ising predictions
plained by an increase in the orientational order of the alkyland favors the idea that the SAy—Sm-A, critical point
chains[28]. On the other hand, at the S@j to Smi} tran-  belongs to a different universality class, as predi¢ie®l32].
sition, the layer thickness increases at the phase transitiohs already mentioned, theory predicted that the SASm1
and becomes even longer than that in the Snphase critical point belongs to the same universality class as that
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for SmA,—SmA,. The critical exponent obtained in the hexatic phase transitions of chiral smectic liquid crystals. We
Sm-Cx—-Smi} transition disagrees with any theoretical pre- observed critical pretransitional behavior & near the
diction and is quite different from the critical exponent of the Sm-C;—Smi{} transition, suggesting reconstruction of the
Sm-A,—Sm-A4 critical point. We also analyzed the data on structure. Thus the pretransitional softening Bfwas ob-
the low temperature side of the SBf—Smi} transition, by served near the phase transition from smectic to hexatic
a simple power lowB=By(T.—T)” as shown in Fig. ).  phase with anticlinic molecular tilt, although no pretransi-
The critical exponent obtained is=0.31+0.02 for 0.1 tional softening occurs near the phase transition from the
<AT<2 KandT,=51.76 °C.v is much larger than that of smectic to hexatic phase with synclinc molecular tilt. The
the high temperature sid®.09. These results are also dis- critical softening ofB can be represented by a simple power
tinctly different from that near the SmA,—Sm-A, critical  |law on both sides of the transition temperature. The critical
point. In the vicinity of the SmA,—Sm-A, transition, the  exponentr is not in accordance with any theoretical predic-
critical eXponentS of the low and hlgh temperature sides argon; v on the h|gh temperature side is very small Compared
only slightly different; 0.42 for the low temperature side andith that of the SmA,—Sm-A, critical point and is several
0.4 for the high temperature of&1]. In this way, the critical  jmes smaller than on the low temperature side.
behavior of the SnEx—-Sm{} transition in TFMHPNCBC
is wholly distinct from the former one. We acknowledge helpful discussions with Professor K.
To conclude, we reportef in the vicinity of the smectic- Ema, Professor E. Gorecka, and Dr. D. R. Link.
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