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Critical linear thermal expansion in the smecticA phase
near the nematic-smectic phase transition
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Recent high-resolution x-ray investigations of the sme&ti&mA) phase near the nematic-to-SmA transi-
tion provide information about the critical behavior of the linear thermal expansion coeffigipatallel to the
director. Combining such data with available volume thermal expansipdata yields the in-plane linear
expansion coefficientr,. The critical behaviors oty and «, are the same as those faf, and the heat
capacity C,. However, for any given liquid crystaky(crit) and «, (crit) differ in sign. Furthermore, the
quantity ¢ (crit) is positive for Sm#4 partial bilayer smectics, while it is negative for nonpolar Syvhono-
meric smectics. This feature is discussed in terms of the molecular structural aspects of these smectic phases.
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I. INTRODUCTION critical behavior in the SmA phase of tlieear thermal ex-

The character of the liquid-crystal nemath)-smectic-A pansipn coefficienbzlu('-l') normal to the Iaye(i.e., parallel tp
(SmA) phase transition is one of the more challenging prob-the directoy. Combining x-raya, vaIL_Jes with _d_|Iatometr|c
data for the volume thermal expansion coefficiefT) al-

lems in condensed-matter theofy,2]. Detailed studies of | d . I he in-ol i h |
the critical behavior show a crossover from Gaussian tricriti-/0WS One to determine alse, (T), the in-plane linear therma

cal toXY-like second order as the width of the nematic rangeEXPansion coefficient. _
increases(i.e., the McMillan parameteRy = Tya/Tyy de- It will b.e.shown in this paper that both thg_llnear expan-
creases[2,3]. Due to Landau-Peierls instabilities, the SmA SION coefficientsy, anda | e>§h|b|t the same critical behavior
phase has a lower critical dimensionality of 3, and thus al8S@v andC,. However,q(crit) anda, (crit) are observed to
gebraic decay of smectic correlations is observed in the SmAliffer in sign. Thus consideration of the behavior of the lin-
phase(4] rather than true long-range order. Nevertheless, oiar coefficients sheds new light on a “structural” aspect of
length scales important for many properties, the N-SmASMA formation. The LC systems analyzed here include two
transition in a liquid crystalLC) with a smallRy, value Partial bilayer smectics SmA(8CB=octylcyanobiphenyl
behaves very much like a three-dimensiof@) XY system. ~and 8OCB=octyloxycyanobiphenyland three nonpolar
Detailed analyses have been made of the N-SmA criticalmonomeric” smectic§11] SmA, (8S5=pentylphenylthiol

behavior for systems in the tricriticédmall N-rangg5]) and  octyloxybenzoate10S5 = the decyl homolog ofS®, and

3D XY (large-N rang€6]) limits. 40.8=butoxybenzylidene octylaniline Table | lists the
The most extensive studies of the N-SmA critical behaV-Va|ue of the critical heat Capacity exponen'and the phase

ior have been carried out in the N phase, and those measurgequence with transition temperatures for these five LC's.

ments made in the SmA phase are mostly thermal. Heat carhe structural formulas for these molecules are shown in
pacity[2,3] and volume thermal expansi¢i,8] data existin  Fig. 1.

both the N and SmA phases, and both of these properties
show that scaling holds with*=a"=« for the critical expo- Il. DATA ANALYSIS
nent aboveTy, and below. The layer compressional elastic
constanB(T) has also been studied in the SmA phase, butits In recent years, high-resolution dilatometry has yielded
critical behavior is still imperfectly understodé,9]. excellentV(T) data and thus volume thermal expansion co-
Quite recently, detailed x-ray studies of the SmA regionefficients a,(T) in both the N and SmA phases of several
have been carried out in connection with randomly perturbed.C’s [7,8,13,14. These results, which provide much better
liguid crystal-aerosil dispersions; see R@f0] for an overall  V(T) data than that obtained with Paar-type vibrating tube
analysis of one such LC+aerosil system. X-ray studies ofnstrumentg15], are especially good for 8CB, 8OCBSB,
some pure bulk LC’s and several LC-aerosil dispersions proanq10s5(7,8]. For all four of these LC's, the analysis of the
vide detailed data on the temperature dependence of thgitical behavior ofay(T) yields critical exponents in ex-
smectic layer thickness(T). Thus, such x-ray data yield the cg|ient agreement with those obtained fr@yp studies. The
available a,(T) data for 40.8[13] are somewhat less de-
tailed but still of considerable value.
*Electronic address: gsiannac@wpi.edu Detailed x-ray data have been obtained for smectic scat-
"Electronic address: cgarland@mit.edu tering in the SmA phase of a few LC’s. A by-product of such
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TABLE I. The N-SmA critical exponentr for the smecticA liquid crystals studied in this work. SmA
denotes a partial bilayer, and SmpAlenotes a nonpolar monomeric smectic. Thealues characterize both
the heat capacity and the volume thermal expansion critical behavior and show that these system¢ in an
to tricritical crossover regime. Also given are the stable ph@Kesrigid crystal, CrB=plastic crystal B,
SmC=smectidcz, SmA, N, I=isotropi¢ and transition temperatures. In the case of K, the melting point on

heating is given. Note that the SmC phase $68&nd 18&5.

Compound Smectic type «a[2,7,8,12 Phases and transition temperatu(i€s
8CB SmA, 0.31+0.02 K 294.4 SmA 307.0 N 314.0 |
80CB SmAy 0.20£0.03 K 327.6 SmA 340.0 N 353.4 |

§S5 SmA, -0.02+£0.02 K 331 SmC 329.2 SmA 336.7 N 359.3 |
10S5 SmA, 0.45+0.05 K 339 SmC 337.3 SmA 354.4 N 359.6 |
40.8 SmA, 0.13£0.02 K 311.5 CrB 322.3 SmA 336.9 N 352.1 |

high-resolution x-ray studies is good Bragg wave vector d-d.,=Ad= A|AT|1‘“(1 + D|AT|°-5) +B(T-Ty, (1)
do(T) data from theS(q) scattering profiles for five LC’s: ) _
8CB [16-18, 80CB [18-20, 8S5 [20-22, 10S5[23], and "0 Which one obtains, foT < T,

40.8[24]. Some of this x-ray work has been associated with 1 (ad) _-A(l-a) |AT|‘{1 . D( 15 _a)|AT|°-5]

recent studies of LC+aerosil systems. In the case of suck = |\ = | ==
d.\dT/, d;

LC+aerosil studies, it has been shown thgT) for a LC e

with a low density of dispersed aerosil particles is essentially B
the same ag(T) for the pure bulk L(17,19,2Q. Although * d_c 2
the critical behavior ofC, for LC+aerosils evolves with _ N
aerosil density10], the apparent change iT) is subtle and ~ Thus, e =¢(crit) +ay(reg) where the regulanoncritica)
only visible close toT,, where the available data are too background contribution is a temperature-independent con-
sparse to allow a determination of a trend. Thus, utilizingStant:
data from both pure LCs and dilute LC +aerosils, the smectic _
layer thicknessd=2m/q, with an average uncertainty of o (reg = B/d.. 3)
+0.014 A, is well known for these five LC'’s as a function of The critical termay(crit) has a power-law form with correc-
temperature, yielding the linear thermal expansion coeffitions to scaling:
cient ¢(T) normal to the layer.

Figure 2 shows the(T) data in the SmA phase of 8CB

and 80CB as a plot oAd=d(T)-d, versusAT=T-T,, 0.00

whered. is the layer thickness at the N-SmA critical tem-

peratureT,. Comparable plots in the Sm#phase of 85 and —0.05

10S5 are shown in Fig. 3. The linear coefficienis i

=(1/d)(ad/JT), are obtained by differentiation of smooth- -0.10 0.00

curve fits to suchld(T) data. The fitting form used is

-0.25
80CB: H;7Cg-0O Q O CN -0.30

0 -0.35

” - SN Y R I EI SR IR N
7S5: H2n+1Cn—OOC—SOC5H11 -18 -6 -14 -12 -10 -8 6 4 2 0
AT (K)

H
| FIG. 2. Dependence of the SmAayer thicknessd on T-T,,
40.8: C4Hy-O C=N H;,Cg wh.ereTC is the critical Ty, transition temperature, for 8CA.C
+sil values:A from [16] and @ from [17]) and 8OCB(® pure LC,

(O and LC+sil value$20]). Ad=d-d,, whered, is the value ofl at
FIG. 1. Structural formulas for liquid crystals referred to in this T, (d,=31.634 A for 8CB andi.=31.720 A for 80CB. The solid
work. lines are fits with Eq(2).
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FIG. 3. Dependence of the SmpAayer thicknesd on T-T,, ) ) .
hereT. is the criticalTes t ition t i oS (O f FIG. 4. The linear thermal expansion coefficiegtnormal to
wherelc1s the criticalfya transttion temperature, 1o (O from the smectic layelthus parallel to the directprand the in-plane

[20], ® from [22]) and 1B5(A from [23]). Ad=d-d, whered:is  coefficienta, for 8CB. The dashed curve represents the behavior
the value ofd at T, (d,=27.890 A for &5 andd.=30.215 A for  of ay [7], and the dotted lines show tfeindependent values of
10S5. The solid lines are fits with Eq1). The Toc arrow marks  (reg anda, (reg). The value of 1008\(reg) is taken to be 0.77.
the position of the SmA-SmC transition fo58.

SmAy materials and two SmAmaterials. The critical behav-
ay(crit) = A AT|"4(1 + D4|AT|?), (4) iqr of _40.8 will be presenteq at the end of Sec. lll. Also
given in Figs. 4—7 as dotted lines are the values of the regu-
whereA;=-A(1-a)/d; andD;=D(1.5-a)/(1-a). The val- |3 contributionsa(reg anda (reg. The former is given by
ues of the least-squares fit parameters corresponding to thgy (3), and the latter can be determined from Zreg
smooth curves given in Figs. 2 and 3 are listed in Table Il.- ay(reg - a(reg) sinceay(reg is known from thev(T) data

The absolute values af; and T, vary slightly from run to 7 g Note the dramatic differences in the magnitude and
run for a given liquid crystal. Neither of these values influ- sign of (crit) and a, (crit)=a, -« (reg. For both SmA

ence the fit taAAd(AT) or the resultingy (AT) values, but the LC's 8CB and 80CB,«(crit) is positive whilea, (crit) is

bestT, yalue for each pure bulk LC is_givgn in Table 1l for negative. The signs of these two terms are reversed for the
convenience and the begtvalues are cited in the legends of —

Figs. 2 and 3. SmA,, LC’s 8S5 and10S5.
The values of the in-plane linear coefficiemt (AT) can

be obtained from the fact that in the SmA phase
Ill. CRITICAL BEHAVIOR

av=at2a, . ® The temperature dependencesapfand o, exhibit obvi-

Thus, combining the x-rayy(AT) values with literature ous critical behavior, as shown by Figs. 4-7. Indeed, differ-
ay(AT) data yieldsa  (AT). The resultinge(T) and«, (T)  entiation of the least-squares fit A@l(AT) data points yields
behaviors, along withw,(T), are shown in Figs. 47 for two the form expected for; near a second-order critical point.

TABLE Il. Fitting parameter values for the least-squares fihdfAT) with Eq. (1), whered is in A units
andT is in kelvin.The quantityB was held fixed at the values given in brackdtsvalues are not used in the
fit and are given for convenience along with the value®\nfD,, and ¢(reg) defined in Eqs(3) and(4).

Material T, P A D B 10°A; D; 1Cq(reg X2

8CB 306.17 0.30+0.05 -0.060+0.008 -0.143+0.005.0067 1.319 -0.245 0.212 1.055
80CB  340.09 0.20+0.06 -0.037+0.007 -0.138+0.0fiet006FJ 0.928 -0.224 0.189 1.135
8S5 336.71 0.05+0.10 0.040+0.015 -0.208+0.0280.003 -1.356 -0.318 -0.108 1.095

10S5 353.82 0.42+0.04 0.079+0.006 -0.083+0.0%®.00§ -1.526 -0.154 -0.199 1.056
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FIG. 5. The linear thermal expansion coefficientnormal to FIG. 7. The linear thermal expansion coefficientnormal to
the smectic layelthus parallel to the directprand the in-plane  the smectic layerthus parallel to the directprand the in-plane
coefficienta, for 8OCB. The dashed curve represents the behaviogoefficienta, for 10S5. The dashed curve represents the behavior
of ay [8], and the dotted lines show theindependent values of of 4, [7], and the dotted lines show tieindependent values of
ay(reg anda, (reg. The value of 1008(reg) is taken to be 0.76. aj(reg) and e, (reg). The value of 1008(reg) is taken to be 0.77.

The success of Eq1) in fitting d(T) implies through Egs.
(2)«4) that o consists of a regular background contribution,
which is independent of, and a power-law critical contri-
bution. The structure of E@4) is exactly the same as that for

the critical heat capacitZ,—-C(reg) [2,10,19 and the criti-
cal volume thermal expansion coefficidiit8]. Furthermore,
the critical exponents given in Table Il and those given in
Table I, which were obtained froi@,(crit) and ay/(crit), are
15— . . . . . in excellent agreement. This agreement between the indepen-
dently determined exponentsthat characterize the critical
[ 8S5 ,* behavior ofa; and oy, is essentially required if a power-law
1.0 |- o ~ - form is valid for either quantity. Equatiai®) is a completely
————————————————— ) general expression, and it could not be satisfie,ife;, and
OLl «, had different critical singularities.

0 ] It should be noted that we have fixed the fit param&ter
| o, (reg) ] in order to prevent strong coupling between the teBh§
0.0 |0 (reg) | -T.) and AD|AT|®5® in Eq. (1) from causing unstable

--------------------------------------------------- least-squares minimization. However, this does not have a
great influence on the least-squares value of the critical ex-
-0.5 |- O£” - ponenta. SteppingB values through a series of physically

plausible values changesby about £0.0595% confidence

limit) except for &5 where it is £0.1. Furthermore,, (reg)

SO must have a physically reasonable value. This consideration
- ] puts another constraint on possible choices for the value of
-15 F B.
T There is another way to show that the critical behavior of
5 6 s 4 3 2 1 0 «ay is the same as that fer, which does not depend on using

power-law fits to either quantity. The generalized Pippard
AT (K) equationg[25,2§ are thermodynamic expressions that have
been shown to hold for the thermal and elastic properties

FIG. 6. The linear thermal expansion coefficientnormal to - near second-order phase transitions. The significant equa-
the smectic IayeLthus parallel to the directprand the in-plane  tions for the present purposes are

coefficiente , for 8S5. The dashed curve represents the behavior of
ay [8], and the dotted lines show thEindependent values of o :S\/(EE> -g (6)
a)(reg anda  (reg. The value of 1008/(reg) is taken to be 0.78. v VT Ve
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FIG. 8. Pippard plot ofy, versusay, for 8CB () and 80CB
(®). The slope of the linear portion representing data clos&.to
(dashed linggives the ratiodT./dp)/(dT./dp).

C
o) = S(V%) =9 (7)
_ Ee) _
o _SL<VT 9., (8

where allg; are effectively constantf27]. The quantitysy
=dT./dpis the hydrostatic pressure dependenc&pfvhile
§=-(dTc/dX)x =dT./dp and s, ==(dT/dX,)x,
=dT./dp, give the variation ofT; with a uniaxial pressure
(X; is the uniaxial stress ang,=—X; is the definition of a
uniaxial pressune

It follows from Eqgs.(6) and(7) that

o= <M>a —C
Il ch/dp Vv (N

where ¢; is (s;/sy)gy—g;- This equation can be tested by
plotting the x-raye, values versus dilatometrie, values, as

9
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FIG. 9. Pippard plot ofy, versusay, for 855 (Q)) and10S5(®).
The slope of the linear portion representing data closk. {@ashed
line) gives the ratiddT,/dp,)/(dT./dp).

equation sincesy=s;+2s, by definition anday,=a+2a,
has been used to generate the values frome; and oy,
values. Thus it follows trivially thatw, must exhibit the
same criticality.

The values ofdT./dp are known from high-pressure ex-
periments on many LC’s. Since Figs. 8 and 9 show that Eq.
(9) holds very well for smallAT|, the slopes of those plots
allow us to finddT./dp,. The values otiT./dp, dT./dp,, and
dT./dp, are given in Table Ill. It is clear from Eq$7) and
(8) and Table III that the different magnitudes and signs for
the critical contributions tay, and«, are due to differences
in the variation ofT, with uniaxial pressure normal to the
smectic layer(p,) and in the plane of the laydp,). Since
the pattern of signs is the same for 8CB and 80CB and

opposite signs hold for®5 and10S5, one might be tempted
to think that all SmA4 LC’s are like 8CB and all SmALC's

are like nS5. This speculation may be true with regard to
signs, but consideration of data for 40.8, another m#a-
terial, shows a dramatic difference in the magnitude of

shown in Figs. 8 and 9. The points that appear in these ﬁngC/dp‘ for nS5 and nO.m LC’s.
ures are not experimental data points but are generated at a

series of closely spacddT| values by interpolation in the
ay(AT) data sef7,8] and from oure,(AT) curves. The em-

TABLE Ill. Values of dT./dp and the quantities,=dT./dp,
ands, =dT./dp, obtained from the slopes of Pippard plots for

phasis in viewing these figures should be on the linear regioseveral liquid crystals. In all cases, the units are K khaThe
corresponding to smal|AT| values, which is of course the references giving the experimental valuesddt/dp are cited.

region whereay, is large. In this region, any variation in

the“constantc, with |[AT| [27] will be small compared to the Material dT./dp dT./dp dT./dp,
rapid variation with|AT| in o, and ay, values. Thus the ratio

(dT./dp)/(dT./dp) in Eq. (9) has been taken to be the slope 8CB 22.85[28,29 131.7 —54.4
of the dashed straight lines fitting the behavior clos@go 80CB 17.36(30,31 1035 —43.1
The important conclusion from the existence of a linear8ss 20.20[32] —60.38 40.29
Pippard plot over a range of smalT| values is thaty, has  1pss5 18.3933] -18.94 18.64
the same critical singularity ag,. Although there is an equa- 45 g 20.40(13] 0 10.2

tion for a;, analogous to Eq(9), this is not an independent
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X-ray data obtained in the SmA phase of 4Q24] show 8 T T T T T T il
that the layer thicknesd is independent of over the entire " 1085
15-K-wide SmA range. Thusy =0 anda, =a\/2 for 40.8.
This striking resulta;=0 in the SmA phase is not some ac-
cidental value for 40.8 but holds for many nO.m LC’s such i ° . K 9CB 1
as 40.7[34], 50.6 and 50.735], and 50.8 and 50.1[B6]. - ) -9
Note that the critical behavior o€, and «, for 40.8
[5,13,37 and other nO.m compound88,39 fits into the
same pattern as the&S5 compounds; see RedR]. SinceC,
exhibits a critical singularity for 40.8 but, does not, Eq(7)
requires thatdT./dp,=0. Further support for the idea that
nO.m materials differ from other SmA materials is provided
by the fact thata(AT) near theT.(p) critical line for the >
N-SmA transition is independent of hydrostatic pressure for o1r -7 8CB (1.5 kbar) 7]
40.8[13] and 80.m withm=5, 6, 7, 9[39]. Equation(6) L7 J
then implies thaC,(crit) must be a function of T-T,) only ./
and independent gf at least over a moderate pressure range 80OCB (1 kbar)
from 1 to 1000 bars. This differs greatly from the strong 0.02 , | , | , | , |
pressure dependence @f(crit) observed in other LC’s such 0.91 0.93 0.95 0.97 0.99
as 8CB and 80CR40,41]. _

? ! R, = TNA/TIN

M

.
(o]
7]
W
\l
\
)
»
91
.

\......,
\\
\

T
\
s

log 8H,, (Jg)
\
\

o -~

FIG. 10. The integrated N-SmA enthalp§Hya versus the
McMillan ratio Ry for a variety of smectic liquid crystals. The
Determination ofe(crit) and «, (crit) provides some in- dashed line gives the empirical trend for these Srh8’s, and the
sight into the stability of the SmA phase to stresses and jdashed-dot line represendsiy, values that are arbitrarily taken to

thus linked to the tendency for SmA on cooling to form Pe 7.5 times larger.
SmC, CrB, or even reentrant nemahbl. We shall address

here the plausible reasons thalcrit) is positive for 8CB i tand to buckle the moleculgincrease the bend at the
and 80CB(SmA; materials with biphenyl corgsout nega-  ¢qre |ink), and this makes these molecules pack less well in
tive for 855 and 10S5 (SmA,, materials with a flexible the SmA, layer. Thus, SmA is destabilized and
-C(0)-S-link between the core phenyl rings dT./dp,<0, leading tog(crit) <O.

For the LC’s nCB and nOCB, permeation along the direc-  Support for the above ideas is provided by Fig. 10, which
tor is the dominant mechanism for the growth of Syodder  shows the variation of the integrated enthality with the
below the transition. During this process, there is only amMcMillan parameterR,, [43—45. Note that sHy, for the
minor change in the lateral alignment of neighboring LC cyanobiphenyl SmAcompounds is-7.5 times smaller than
molecules and the ordering primarily involves better inter-that for NS5 SmA,, compounds with the samB,, value.
digitation of rodike molecules to form a “dimerlike” partial These lowsHy values for SmA compounds are due to the
bilayer [42]. Thus, one can understand why increasing thefact that most of the N-SmA enthalpy in any LC is due to
uniaxial pressurep; would push the LC rods into a better changes in the van der Waals term related to changes in the
layer structure and stabilize the Sgphase. This implies lateral alignment of neighboring molecules. In Sgnéom-
thatdT./dp >0, and the Pippard equatidid) then predicts pounds, there is not much enthalpy associated with sliding
a(crit)>0. In the same context, increasing the in-planemolecular pairgloose “dimersj up and down along the di-
pressurg, will force the bulky “dimer” cores to shift up or rector. Another source of support for the above ideas is the
down away from the center of the SmAayer in order to  variation with Ry, of the enhancemenéS of the nematic
allow better in-plane packing. Thus, an increas@ indesta-  orientational order when a LC system goes from the nematic
bilizes the SmA phase, which implies thaiT./dp, <0 and phase into the SmA phase. In generéh decreases aRy
leads via Eq(8) to «, (crit) <0 (see Fig. L decreases. It is also observed that the magnitudéSois

For the liquid crystal;mS5, the flexible -Q0)-S-link in  appreciably smaller for Smgthan for SmA, compounds for
the core means that the molecule is slightly bent near tha givenRy, [46]. This indicates that the orientational order in
center[32] and the two aromatic rings are twisted quite a bitthe nematic phase just aboVg, is better for Sm#4 than for
relative to each other. As the SmpArder increases on cool- SmA,, materials, which means the axis for permeation is
ing below the transition, there is an improvement in the lat-‘easier,” with less change occurring in the lateral packing on
eral alignment of these bent rods, and permeation along theooling into the Sm4 phase.
director plays an important but smaller role. For such LC’s, It is necessary to comment now on the behavior of 40.8
increasing the in-plane pressupe may tend to partially and other nO.m compounds, whedg{crit)=0. The reason
straighten the molecules and will definitely improve thethat this is different from the behavior @S5 LC’s can be
“nesting” of such molecules. This improves the layer strucfound in the molecular structure. 40.8 has a rigidHC
ture and stabilizes the SmAphase, which implies that =N-link between the rings in the core. Thus the 40.8 mol-

IV. DISCUSSION

dT./dp, >0 and thereforex  (crit)>0. An increase inp,
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ecule is relatively stiff and difficult to bend. Both 40.8 and V(T) anddT./dp data are already availabj&4,50 and only

8S5 are monomeric smecti¢d7], but thenS5 compounds X-ray data are lacking. In the case of 4O(eritical
with their bent shape exhibit a SmC phase when A 4=-0.007 and S5 (critical =0.22), good x-ray data on
cooled. In contrast, 40.8 exhibits a plastic crys_tal _CrB ph_asehe smectic phaselayer spacidgl) are available[23,34,

[48] when SmAy is cooled, and the “layer” spacing in CrB is pyt data on botiV/(T) anddT./dp are needed. It would also
only 1% greater than the Smad value. Most nO.m com- e egpecially interesting to study frustrated smectics like
pounds show that same phase seque[@@a4q. Thus n- DBgONO, (octyloxyphenylnitrobenzoyloxy benzoatend
creasingp, for 40.8 has little or no effect: there is o domi- %0 v ioxyhenzoyloxy cyanostilbepewhere there are
nant permeation mechanism, gp will not stabilize the rigid three-ring cores and huge N ranges. It is observed in

SmA,, phase; there is no bend or buckling tendencypso . " . ;
- . oo o these materials that the critical behavior of all properties near
will not destabilize SmA. Thus it is not surprising that ) . e
A b 9 Twna is close to the ideal 3IXY limit [6].

dT./dp,=0 for 40.8, which is implied by the observeg
=0. The application of an in-plane pressype to 40.8
should somewhat improve the lining up of molecules in the

SmA,, phase and thus stabilize this phase. Therefore, one
would expecdT./dp, >0, which is consistent witlax, > 0. .
Note, however, thaiT,/dp, is small, presumably due to the _ 1h€ authors wish to thank P. Clegg, W. de Jeu, R. Leheny,
similar packing in the SmAand CrB phases, which implies B- Ocko, C. Safinya, J. Thoen, and especially A. Zywocinski

that the molecules are already fairly well aligned in thefor providing detailed unpublished data as well as useful
SmA,, phase at ambiertL-baj pressure. commentary. We also thank J. Nibler for the Gaussian calcu-

Future work on the linear expansion coefficiemfsand  lation of molecular lengths for 40.8 an&B8. This work was
a, in the SmA phase would be of interest. Such studiesupported at WPI by the NSF under CAREER Award No.
would be easy for 9CRcritical exponenta=0.50, where  DMR-0092786.
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