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Liquid crystals offer many unique opportunities to study various phase transitions with continuous symmetry
in the presence of quenched random disot@RD). The QRD arises from the presence of porous solids in the
form of a random gel network. Experimental and theoretical work supports the view that for($itegid)
inclusions, quasi-long-range smectic order is destroyed for arbitrarily small volume fractions of the solid.
However, the presence of porous solids indicates that finite-size effects could play some role in limiting
long-range order. In an earlier work, the nematic—sme&ticansition region of octylcyanobiphen{8CB) and
silica aerosils was investigated calorimetrically. A detailed x-ray study of this system is presented in the
preceding paper, which indicates that pseudocritical scaling behavior is observed. In the present paper, the role
of finite-size scaling and two-scale universality aspects of the B&Bosil system are presented and the
dependence of the QRD strength on the aerosil density is discussed.
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[. INTRODUCTION flows toward theXY fixed point until long-range order is
destroyed 10]. Thus one expects, in general, that a X¥-

The study of the effect of quenched random disordesystem subject to random-field perturbations has no true
(QRD) on phase transitional behavior remains an attractivdong-range orde(LRO). A detailed theoretical study of QRD
area of research due to the broad implications outside thgffécts on smectic ordering in liquid crystdlsl] concludes
laboratory. The underlying physics has applications rangingi at arbltrﬁnly small amounts .Of %RD de;troy_evenhqua5|—
from unique assemblies of complex fluids to doped semicon—.RO and hence no true smectic phase exists since the smec-

gc correlation length remains finite for all strengths of disor-

ductors. Many systems have been the focus of both theore jer and all temperatures. This theoretical conclusion is in

ical and experim(.antallstudies. The experimental efforts h"?“/ggreement with a recent x-ray study of octylcyanobiphenyl
cqncentrated on |Qeal|zed model systems in the hope§ of ISP8CB) +aerosil dispersiong3], the detailed results of which
lating the essential features of quenched random disordeg,o presented in the companion paper to this work, denoted
They include the still enigmatic superfluid transition ‘qﬂe hereafter as paper[lL2]. This x-ray study reveals a finite,
in aerogels and porous glasses, the superfluid transition aRfough large, smectic correlation length for all temperatures
phase separation dHe-*He mixtures in silica aeroge[d],  and densities of silica. However, smectic thermal fluctuations
and doped magnet systefi®. Relatively recent efforts with  still exist above a pseudonematic to smectic transition*at
liquid-crystal (LC)-silica composited3-9] have demon- (close to but belowl?,, for pure 8CB. These smectic fluc-
strated that these are especially interesting model systemgations are expected to remain in tK¥ universality class
They are of particular importance as a way to access “soft'but also show crossover behavior from Gaussian tricritical
(elastically weakphases of continuous symmetry, which are(TC) to 3D-XY with increasing strength of disordgt2].
directly coupled to surfaces and external fields. In all fluid systems studied to date as models of such
The general consensus is that the physics of QRD in ligQRD effects, including the liquid-crystal system mentioned
uid crystals is essentially contained by a random-field apabove, the random perturbations are introduced via the em-
proach[10]. Recent theoretical efforts predict that an Ising bedding of a randonfigel-like) solid structure into the phase
system with quenched random fields will move towards aordering material. An open question remains as to the con-
new random-field IsingRFI) fixed point with increasing dis- nection between the concentration of such solid inclusions
order. However, a random-fieldY (RFXY) system has no and the strength of the random disordering field. Also, the
new fixed point that is stable. Here, with increasing strengthdentification of QRD is complicated by finite-size effects
of the disordering random field, an RF system still has which could, in principle, play a dominant role in such sys-
tems. In simple finite-size scalif§S9, where the confining
surfaces play no interactive role, tbalk critical correlation
*Present address: NCNR, NIST, Gaithersburg, MD. fluctuations are cut off at a length dictated by the distance
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matically smeared and the physics of such systems may be
more closely related to static random-elastic strain disorder.
In spite of the loss of smectic LRO, papef12] and an
earlier calorimetric study of 8CBaerosils[4] show that
smectic thermal fluctuations still play an important role in
LC+aerosil systems. Many concepts from pure materials
such as finite-size scaling, two-scale universality, and
tricritical-to-XY crossover due to variable de Gennes cou-
pling need to be considered in addition to intrinsic new
quenched random effects that dominate at temperatures be-
low an effective transition temperature. The present paper is
organized as follows. The relevant characteristics of an aero-
sil gel are described in Sec. Il. Section Il reviews the essen-
tial features of LC-aerosil behavior near tHe-SmA transi-
FIG. 1. Circles and “hairs” (upper lefi represent type- tion. The application of scaling analysis to calorimetric and

300, 70-A-diam, aerosil particles and 8CB molecules, respectivelyt-ray results on the 8CBaerosil system is presented in Sec.

drawn to approximate scale. This cartoon corresponds to an avera$¥ With comparisons made to the 8Gtaerogel system. Sec-
void lengthl,~400 A andps~0.20, where the density units are tion V summarizes the conclusions that can be drawn from

grams of silica per cfhof 8CB. The solid volume fraction i such scaling analysis and discusses the issue of the relation-

~0.08. Open and shaded parts of the arrow depict void and solighip between the RF strength and the aerosil density. Appen-

chords, respectively. dix A reviews the relevanN-SmA critical behavior in pure
liquid crystals, and Appendix B presents the necessary back-

between surfaces, which corresponds to a minimum reducggound for two-scale universality and finite-size scaling.
temperature where the transition is “truncated.” However,
when the surfaces are arranged in a random manner with | ceNERAL DESCRIPTION OF AEROSIL GELS
high void connectivity in order to introduce QRD, the dis-
tance between surfaces no longer acts as an upper length For liquid-crystal systems, the introduction of quenched
scale in the system, and changes in the transition’s criticalandom disorder typically requires the inclusion of random
behavior may also occur. Given the absence of LRO in suckolid surfaces. This can be accomplished by the percolation
perturbed systems, the required characterization of the critief a low-volume-fraction gel structure randomly arranged
cal behavior may not be possible. In spite of this, if a criticalthroughout the LC host. Such gels can be physically realized
power-law analysis of the transition heat capacity data iby a diffusion-limited-aggregation process, which forms
available, then, through two-scale universality, the criticalfractal-like structures having a wide distribution of void
behavior of the correlation length far>T* may be esti- length scales. In practical terms, the fractal-like character is
mated and compared with direct measurements. Finally, ifimited to length scales much larger than the size of the basic
the introduced random surfaces have in addition the freedomnit and smaller than some macroscopic size limiting the gel,
of an elastic response, then coupling between the gel anice., the sample size.
host elasticities can occur. This latter effect has only begun to Because of the hydroxyl groups on the surface of the
be explored theoreticallj13—-15. 70-A-diam hydrophilic aerosil (Si§) spheres used in this
The particular system that is the focus of this paper is avork, hydrogen bonding is possible between aerosil particles
silica colloidal gel of aerosil particles dispersed in a liquid [16]. When dispersed in an organic liquid medium, aerosil
crystal denoted as L€aerosil. The analysis will also be ap- particles comprising three to four lightly fused spheres and
plied to another, earlier, system of an aeroffaked silica having a mean radius of gyration 6f240 A [4] will attach
gel) structure embedded within a liquid crystal denoted ago each other and form a gel by a diffusion-limited aggrega-
LC+aerogel. The two are nearly identical in every respect—tion process. This gel can be thought of as a randomly cross-
fractal-like nature of the gel structure, surface chemistry, andéhg “pearl necklace” of silica and a cartoon depiction is
density—save for their relative elasticity. Additionally, the given in Fig. 1. The hydrogen-bonded nature of the silica
ease of achieving nearly arbitrary silica densities for the'links” is relatively weak and gives these gels the ability to
aerosil system allows for greater control of the disorder. Fobreak easily and reform on moderate time scésesh gels
the 8CBtaerosil system, thermal evidence for two regimesare termed thixotropic In addition, because of the diffusion-
of behavior has been founf]: low-density gels where limited aggregation process by which gelation occurs, the
pseudocritical behavior is closely related to that for the purestructure of the final gel may become anisotropic if the ge-
LC and higher-density gels where all transition features aplation occurs in an anisotropic fluid, i.e., gelation in a well-
pear to be smeared. More rigid aerogels in‘t&&rogel sys- aligned nematic or smectic liquid crystal. This gives such
tems are crudely like the L€aerosil gels in the high-density colloidal gels very attractive uses in future research as a
regime but differ in some important ways since the elastiaoute to studying anisotropic random disor@&v].
strain imposed by the random anchoring surfaces of aerogels These aerosil gels are very similar in structure to the well-
is fully quenched. It appears that the disorder introduced bknown and previously studied aerogels, which are another
an aerogel is so great that all “transition” features are dratype of fractal silica gel. Aerogels are formed by a reaction-
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limited aggregation process and form a gel nearly identical to=300- 103.§g, wherepg has the units grams of Sj(Qper

that of aerosils except that the basic silica units in aerogelsy? of LC. The condition for closed pores is crudely pre-
are chemically fused together. Thus, aerogels have a largcied to occur aps~1.97 g cm'3 (assuming a continuous
shear modulugthey break before yieldingwhile in contrast  rqcess of diffusion-limited aggregatiorFor all LC+aerosil
aerosil gels have a quite small, density-dependent, sheahq | C+aerogel samples studied to date, the density of
modulus[18]. Thus, aerosil gels can respond elastically t0gjjica employed has been well below that limit and the use of
stral_ns, which may turn out to be a crucial dlffe_rence as Willihis estimate ofi(ps) in Eq. (1) reproduces quite closely the
be discussed later. For the present work, the thixotropic chaigaxs measured void sizes of aerogels. This provides some

acter ensures that the silica strands mainly dictate, at loWonfigence that a useful representation of a characteristic
silica concentrations, the local nematic director without iM-jength scald,, for fractal-like gels is available.

posing high-energy elastic strains over the material through- £rom the above discussion. the reduced densitys an
out the void. As the silica density increases, the aerosil gelyraciive quantity to describe the gel and its disordering
eventually becomes stiff enough to elastically strain the hostparactef21]. Note that the volume fraction of LC in a silica
fluid. , boundary layer of thickneds is given byp=I,aps[4]. This

For any random gel structure, a mean distance betweeq aniity p is the fraction of LC filling the voids that is in
solid (gel) surfaces or a mean void sizg, can be uniquely girect contact with the solid surfaces and thus considered
defined despite the wide distribution of void sizes. The def"strongly “pinned.” Sincep is a natural measure of the “dis-
nition of I, in terms of macroscopic, and experimentally aC-ordering strength” of the gelps is expected to be linearly

cessible, quantities begins by imagining a “straw” of Uni- g|4teq ‘to this QRD strength for low to moderaig values

form cross sectiorA sent through the gel; see Fig. 1. The 22].

places where the gel randomly intersects the “straw” defines

a solid length while the distance between intersections de-

fines a void length. The relevant macroscopic quantities are IIl. NEMATIC —-SMECTIC-A BEHAVIOR FOR
the specific surface area in total surface area per mass LIQUID-CRYSTAL —SILICA DISPERSIONS
(given as 300 rhg ! [16] for the type R300 aerosil used in

the 8CBtaerosil samplesand the reduced densitys= The essential feature of importance here is the observation

mass of solid per open volume or in our case grams of silicdhat low silica density LG aerosil samples exhibit pseud-
per cn? of LC. Since the cross section of this imaginary ocritical behavior that is parallel to the critical behavior ex-
straw is uniform, the proper summing of the total void andniPited by pure LCs in spite of the absence of smectic long-
solid volumes of the straw depends only on the void and@n9€ order in LGaerosils. In paper |, the usual scaling
solid lengths, respectively, noting that each void must bé:oncepts are shown to holq for the.relatlonshlp between the
bounded by two walls. The sum of the total solid length andormalized thermal fluctuation amplitudq’ and the parallel
the total void length is simply the length of the straw which correlation length for T>T*, whereT* is an effective
spans the sample. N-SmA transition temperature. These concepts also hold for
The two requirements for volume and length definedthe temperature dependence of the normalized integrated
above allow the definition of the average void length as ~ area of the stati¢€QRD) fluctuation term in the x-ray struc-
ture factor forT<T*, where this area is proportional & ,
l,=2/aps. (1) and we drop hereafter the supersciiptienoting normaliza-
tion. In the latter case, it is shown in paper | tlgt-(T*

See Refs[4] and[19] for a more detailed derivation. Strictly — 1), Where the “critical” exponentx is essentially the
speaking, this definition of, is valid only in the dilute re- Same as B for the smectic order parameter squared in pure
gime where the addition of more solid does not significantlyliquid crystals. Calorimetric data for 8CBaerosils[4] sup-
change the specific surface area. However, as the concentRQrt this view that effecpve critical behavior occurs for low
tion of solid increases, more surface area is lost due to mufilica density LCaerosil samples. . .
tiple connectiong“clumping” of basic unitg; thus the spe- The background given in Appendix A for trends in
cific surface area should be a decreasing function of the solibl-SmA critical behavior for pure liquid crystals as a function
volume fractiond®. A limiting case of interest is when com- Of the McMillan ratio Ry =Tya/Ty; is pertinent to LC
pletely enclosed pores occur. Here, the open volume is now aerosil systems. It appears that increasing the depsiof
bounded on all sides and a rederivation of the mean voidhe thixotropic gel of aerosils decreases the smectic-nematic
(now pore size along the lines described above yielgs coupling described in Appendix A. Indeed, there is a simple
=6/aps. This can be recast into the form given in Eg) if ~ empirical connection between the varialig for pure LCs
Qpore— Avoid/3- Thus, Eq(1) is quite general for a random gel and the variableg for L_C+aeros_|ls. As d_escfrflb_ed in Sec. IV
structure if the variation of with ps is known. The exact ©Of paper |, an effective McMillan ratioRy'(sil) for LC
variation ofa with solid concentration depends on the spe-+aerosil systems can be defined as

cific process of densification of the gel. Since the gel struc-

tures for both aerosil gels and aerogels are nearly identical, eff iy ,

results for void sizes determined from small-angle x-ray scat- Ru (sil)=0.977-0.47ps. @
tering (SAXS) of various density aeroge[20] can be used

to estimate the variation ai(pg), in m? per gram, asa Figure 11 in paper | demonstrates this equivalendgptind
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seen as curvature at highln fact, the quality of the fit for
the lowest-density 8CBaerosil sample rivals that observed
for most pure LCs. In addition, the changing shape of the
N-SmA heat capacity peak witlpg is clearly evident. As
discussed in Ref4], it is clear from Fig. 2 that a fit to the
data with Eq(3) can include only data fdt|>|t,,| since the
AC, peak is truncated at a finite maximum valing,
=ACJ™(NA).

The role of pseudocritical behavior for the 8€Berosil
system is fully described in paper | and RE4]. In the
present paper, the applicability of two-scale universality and
finite-size scaling in describing the pseudocritical behavior in
LC+aerosils is investigated. Essential scaling background
material is introduced in Appendix B, and these concepts are
implemented in Sec. IV for the analysis of tNeSmA “tran-
sition region” for 8CB+aerosils.

P

AC(NA) (JK7'g™)

IV. ANALYSIS OF THE NEMATIC — SMECTIC-A
TRANSITION IN THE 8CB +SIL SYSTEM

A. Specific-heat behavior

In order to utilize the scaling analysis described in Appen-
dix B, the maximum length scalé, and the appropriate
critical fluctuation parameters must be substituted into EQs.
(B3) and (B4), which are repeated here for convenience,

|21

ST*IT*=2t) =2(EmlE€10) M, (4)

FIG. 2. Specific heat due to thBl-SmA phase transition, ax / + N
AC,(NA), as a function of reduced temperaturéor three 8CB hy=A"(Em/€j0)“"I[1+D~(ém/&jo) "1™+ Bc, (5

+aerosil samples with aerosil densitigg;=0.022, 0.052, and . . . .
0.092. Data taken from Ref4]. Open circles and dashed lines to describe the fractional temperature rounding of the transi-

represent data and fit for-0 (above transitionwhile filled circles tion and the Spe_CIfIC?heat maximum, respectively. I_n this pa-
and solid lines represent data and fit fer0 (below transition. Fits ~ PET» tWO approximations will be explored. In the first case,
were made using Eq3). Also indicated for each sample arg, ~ W€ Useé the mean void size as the cutoff length scgje
=ACI™(NA) and the minimum reduced temperatures for =1, and thebulk critical parameters. This approach repre-
which the data can be fit with a power law. sents conventional finite-size scaling, denoted as FSS, where
the cutoff length scale is set by a natural length of the “con-
ps as measures of changes in the smectic-nematic couplingl€ment.” In the second case, we use the calorimetrically
in pure LCs and LG-aerosils. This connection will be dis- etermined 8CB-aerosil critical parameters and two-scale
cussed further in Sec. IV B. predictions for the bare correlation length and exponent and
The full power-law form in terms of the reduced tempera-Set the cutoff length scale to the saturated parallel smectic
ture t=|T—T*|/T* used to analyze experimental specific- correlation length found by the x-ray analysis in paper |, i.e.,

LT ; ; : -
heat data associated with tNeSmA phase transition if23]  ém=§| - This analysis recognizes that the random-field ef-
fects truncate the growth of order and tests whether two-

AC,(NA)=C(observetl— C,(backgroung scale universality is obeyed on approaching this truncation.
P P P We label this approach random-field scaling, or RFS for
=At %1+ D*t1)+B,, (3)  short.

The specific-heat maximurhy, =ACJ*{NA) is plotted
where the critical behavior as a function of reduced temperaversus pg in Fig. 3 for 8CBtaerosil and 8CB-aerogel
turet is characterized by an exponemt an amplitudeA™ samples. Given as a dashed line on this log-log plot is the
above and below the transition, a critical background ternmsimple scaling prediction using only the leading singularity
B., and corrections-to-scaling terms characterized by the coaf the pure 8CB heat capacity and the mean-void size as the
efficients D* and exponentA;=0.5. The excesdN-SmA  truncation length. This ignores the critical background and
specific-heat(heat capacity per gram of DQlata for 8CB  corrections-to-scaling terms in E¢p) and yields a straight
+aerosil samplef4] is reproduced in Fig. 2 in log-log form line having a slope ot/v=0.45. This is the usual theoret-
in order to illustrate the quantities described above. Figure Zal FSS prediction fothy,, and its failure highlights the
highlights the quality of the fits to the standard power-lawimportance of using the full expression given by EB).
form for 8CB+aerosil samples with lows. Note the im-  Surprisingly, the full analysis denoted as FSS, which uses the
portance of the inclusion of the corrections-to-scaling termpure 8CB critical parameters arg, =1, from Eq. (1), ap-
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FIG. 3. Truncation plot ofhy=ACg*(NA) vs ps for 8CB FIG. 4. Dependence ops of the fractional round-off region
+aerosils[4] and 8CBt+aerogeld20]. Both the dashed and solid (gap aboutT™*) where C, power laws fail. The solid line depicts

lines are FSS predictions based on using bulk 8CB critical paramgsg predictions using bulk critical parameters and the fluctuation
etersg|, andy to find the reduced temperature whefg=1,. The . o« length, £y =1, , while the x's depict RFS predictions using

dashed line represents the simple FSS result based on using only the, «.- (e critical parameters agigh= £ from paper .
leading singularity in Eq(5); see text. The solid line denotes FSS I

using the full heat capacity function. The's are based on a RFS
analysis using two-scale predicted critical parametses text and
ém=¢[" found in paper I.

~10% larger than the width between inflection points in
AC,. As was seen in Fig. 3, the FSS analysis works well for
all densities of 8CB-aerosil samples. As before, this is sur-
pears to work very well over the entire rangef%f_ This is prising given the known changes in critical behavior and the
surprising since the critical behavior of the 8€Berosil fact that&'>1,. The RFS analysis predicts a somewhat
samples is changing withg as seen in Fig. 2 and the satu- sharper transition than is observed. The observed rounding is
rated parallel smectic correlation lenggh’ is much larger not likely influenced by the amplitude of temperature oscil-
than |, for all pg [12]. Thus, we are suspicious that this lations employed by the ac-calorimetric technique in Refs.
agreement may be accidental. [4] and [20], which is on the order of 5 mK and would
The analysis denoted as RFS uses the evolving specifi@ccount for a fractional rounding of only 107°. The esti-
heat critical behavior and two-scale universality predictiongnationt, =t explicit in Eq. (4) may be in question as it
(see Appendix Bfor the equivalent correlation length criti- assumes that the unknown critical behavior of the correlation
cal behavior at eachs. The low-temperature experimentally length belowT* is the same as that abovie. A conse-
measured saturated parallel correlation lengthis used as  quence of these arguments is that the agreement of FSS is
the truncation lengthé, . This analysis reproduces very likely accidental although intriguing. Again, the 8CB
closely the observed heat capacity maximum and is comaerogel fractional rounding is much larger than that for the
pletely consistent with both the effective critical behavior 8CB+aerosil samples, which is an indication that a smaller
and the maximum smectic correlation length. Unfortunatelyéwm IS required and supports the view of a stronger disorder-
this analysis is only applicable up pa~0.1 since a critical ing influence for the aerogel than the aerosil.
analysis ofAC,(NA) is not possible for largeps [4]. Note Figure 5 presents thel-SmA transition enthalpysHya
that h,, for 8CB+aerogel samples cannot be described byversusps for 8CB+aerosil and 8CB-aerogel samples. Un-
either scaling methods. For either scaling approximation tdike hy and sT*/T*, which are measures of truncation ef-
reproduce the aerogel results, a far smafigris required, fects onAC, very close toT*, éHya=/ACL(NA)T is
which indicates that the aerogel has a much stronger disopensitive to both truncation and changes in the shapeGof
dering influence than the aerosil at any giyenvalue. over its entire temperature range. This is clearly seen in Fig.
The fractional rounding of the transitiafT*/T* for 8CB 2 and is discussed in detail in R¢#]. A finite-size scaling
+aerosil and 8CB-aerogel samples is given verspg in  analysis foroHy, proceeds by integrating the availatid€,,
Fig. 4. For samples where critical specific-heat fits were nogfitical form approximately=3 K aboutT* (It}=107%) to
possible, i.e., 8CBaerosil forps>0.1 and all 8CB-aerogel  the point corresponding tig; . As an approximation, a linear
samples, the fractional rounding is estimated ad hoc aevolution of AC, betweent,, andt,, is assumed. The FSS
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FIG. 5. Theps dependence of thal-SmA transition enthalpy FIG. 6. Earallel smectic correlation Iengtf]‘smeasure_d in paper
SHya=FAC,(NA)AT. As before, filled and open circles are data | as a function of reduced temperaturéor 8CB+aerosil samples

. e . . 73 . .
taken from[20] and [4], respectively. The solid line depicts FSs With densitiesps given in g cm® shown in the inset. The dashed
using bulk 8CB critical parameters awgh=1,. line represents pure 8CB behavi@4] while the solid line repre-

sents the most extreme two-scale predicted behavior for an 8CB

analysis, given by the solid line in Fig. 5, does not agree welh2€70sil samplésee text

with the data for either system. The failure of this model isanalysis of the heat capacity data. Thus, the self-consistent

not surprising since it ignores any changes in #@, criti-  cyitical behavior predicted here can be directly compared to
cal parameters such @& and a with ps. A RFS analysis  ty9se measured in paper |.

would not be very meaningful fodHy since forps<0.1, Presented in Fig. 6 are the experimentally measufed
the input parameters for this model automatically ensure pekgiues as a function of reduced temperature for the 8CB
fect agreement. Also, the necessary input critical parameters garosil data taken from papef12]. The two lines given in
cannot be obtained for 8CBaerosil samples witps>0.1 or Fig. 6 show the observed critical behavior in pure 88,

for any of the 8CBraerogel samples. whereT, is used forT*, and the two-scale prediction fdj
for the 8CB+aerosil sample where the predicted correlation
B. SmecticA x-ray scattering for T>T* lengths differ most from those of 8CBp§=0.092). Note
Two-scale universality is reviewed in Appendix B, where that althoughy and &, both vary withps, the predicted
it is assumed that the 3R result overall trends ofé|(t)=§,t™ "l values differ only slightly
from pure 8CB. The experimentg}(t) data for variousps
aA*(gnogfo):o,M? (6)  agree well with each other within the scatter but all 8CB

+aerosil values are consistentbrger than the scaling pre-

should hold for 8CB-aerosil samples. To proceed further, diction. The significance of this observation is not known.
two additional assumptions are adopted that are inherent in As an analog to Fig. 11 of paper |, the experimentally
the x-ray analysis presented in paper I v,) and r’_neagured heat capacity exponet_itsﬁor the N-SmA transi-
(£j0/ £, ) for 8CB-+aerosil samples have the pure 8CB val-tion in pure LCs and the effective exponentg for the
ues of 0.16 and 2.22, respectively, for ayj. For those 8CB  N-SmA pseudotransition for 8CBaerosil samples can be
+aerosil samples where criticAlC,(NA) fits are available, ~plotted versuRy andps, respectively, and this is shown in
the above three assumptions allow the prediction ofFig. 7. In additi_on, the variation of the mean correlation
&lo, €10, v, andv, . These parameters will vary withs  length exponenv=(v|+2v,)/3 for pure LCs(versusRy)
since thea andA™ values from the critical heat capacity fit and those predicted by our two-scale analyg&susps) are
vary with ps. The resultingg(ps,T) “critical” behavior for also plotted. Going from left to right in Fig. 7 corresponds to
T>T* permits the RFS calculations bf, and5T*/T* pre-  decreasingnematic-smectic coupling along the lines given in
sented Sec. IVA. Ref.[23] for pure LCs. The two-scale predicted critical evo-

Given two-scale universality and the assumptions outlinedution of the average correlation length exponent with re-
above, both the bare smectic correlation length and the ebpect topg is in good agreement with the corresponding
fective critical exponent may be estimated from the criticalevolution in pure LCs with respect t&y,. This match is
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R, which are indicators of the strength of smectic-nematic cou-
0.98 096 0.94 0.92 0.90 088 0.6 pling. The ﬂpyv of the gffectlve crmcal_behawor for .the
T T T T T N-SmA transition shown in Table | and Fig. (8ee also Fig.
05F-----oommmooommoo oo oo oo oo oo oo o 11 of paper ) as a function of this QRD induced decoupling
04l e i is consistent with theoretical predictions that no new fixed
point is present for the REY model [10]. For the liquid-
03P ] crystal—silica dispersion system studied here, the flow is
o) from near a Gaussian tricritical point toward the 3I¥-
s 02 e 1  fixed point
3 ° point.
01} '% - This crossover behavior is explained for pure LCs by a
XY decrease in nematic—smectic couplingRag decreases. For
0.0 -~~~ -4000----0--0--—--- 3 8CB+aerosils, an increase jng appears to have the same
o1l i effect. Recent work has found that aerosil gels exhibit dy-
; ' ; ' ; namics which can couple to a host liquid crystab] pre-
08F 1 sumably through direct coupling to director fluctuations.
o Also, recent deuterium NMR studies of 8GRerosils[6]
07t ° '.0 ° XY found no appreciable change in the magnitude of orienta-
U SR bbb " 2 R R * tional order abov@™ for ps<0.1. The reason appears to be
:_. %, ° o that the aerosil particles form a hydrogen-bonded thixotropic
Q 06F o ] 3D gel network that provide&®) random anchoring surfaces
+_ o for 8CB molecules andb) because of the flexible/fragile
2 D] S nature of the silica gel, random elastic dampening of elastic
,g ’ TC (directop fluctuations occurs in the liquid crystal. Both ef-
fects will reduce the nematic orientational susceptibility by
04f . suppressinglirector fluctuations. Thus, increasings in LC
0.00 005 o.10 ol5 020 o2s  +aerosil samples is equivalent to decreasiyg in a pure
3 liquid crystal, which in the case of 8CB drives its critical
ps(gem ™) behavior towardsXY. This may have important conse-

quences for thdulk N-SmA behavior as theoretical efforts
have mostly concentrated on the de Gennes type of smectic
coupling to the magnitude of nematic order, and it appears
that the coupling to director fluctuations may play an impor-
éant role in this crossover behavior.

Because the random disorder is introduced by the inclu-
sion of network gel structures within the liquid crystal,
finite-size effects can exist and may play a role in truncating
thermally driven fluctuations. Such effects would explain the
increasing suppression of the heat capacity peak with in-

x~2 in paper | and given previously in Eq2). Figure 7 creasingpg, which corresponds to decreasing the mean dis-

demonstrates that the two-scale predicted behavior given i%)nocj dtéité?lieignsggI?h;l;:gﬁﬁqsqmsﬁgg?%aagili}(l&;ngr%\/el(ﬁ;c.a
this analysis for the correlation lengths is consistent with p ; pacity
. . o tional rounding(or truncation of the transition for all 8CB
other observed trends in the evolution of pseudocritical be- X . .
havior with p +aerosil sgmples. However, FS_S analysis does not provide a
S good prediction of the trend witpg for the transition en-
thalpy SHya=AC,(NA)dT. The reason for this is the fact

V. DISCUSSION AND CONCLUSIONS that the trend inSH 5 is dominated not by the truncation of

Despite the loss of long-range smectic order, quasicriticaln® ACp(NA) peak but by the changes in shape and size of
thermal fluctuations remain important at high temperatureé Cp(NA) over its entire range, and the latter effect is due to
for low silica density 8CB-aerosil samples. In addition, Crossover rather than finite size.
two-scale universality analysis provides a link between the Below the pseudotransition temperatdre, the correla-
SmMA quasicritical behavior of the heat capacity and the corfion lengths and the amplitudes of the thermal term in the
relation lengths. The smectic fluctuations are modified fronSMectic structure factor for 8CBaerosils saturate and are
the pure 8CB behavior due to the effects of quenched rar@PProximately temperature-independgt#]. Quenched ran-
dom disorder. A collection of effective critical exponents for dom disorder imposed by the aerosil gel network dominates
the 8CB+aerosil system and selected pure LCs as a functiof€ smectic fluctuations below the pseudotransition. Plotted
of psandRy, , respectively, is presented in Table I. As shown'”LTF'g- 8 are the low-temperature parallel C(_)rrelatlon Ierjgths
in paper | and here, the densijiy. of an aerosil gel is directly & taken from paper I plus the corresponding perpendicular
correlated to the McMillan ratiRy, of pure LCs, both of £ values and the mean correlation lengifs (£¢2)2.

FIG. 7. Effective heat capacity critical exponeat obtained
from Ref.[4] (top panel and scaling prediction of (bottom panel
for 8CB+aerosil samples as a function of the density (open
circles. In both panels, tricritica(TC) and XY values are denoted
by the horizontal dashed lines. Pure liquid-crystal values, obtaine
from Ref.[23], are plotted vs the McMillan ratioRy=Tya/Ty;
(filled circles.

completely consistent with the correlation betwganand
Ry seen from the experimentally measured exponerdsid
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TABLE |. Summary of effective critical exponents for 8Gerosils and selected pure LCs taken from

Ref.[23]. The McMillan ratio for pure LCs iRy =Tya/Tni - Note thatpg is given in units of grams of silica

per cnt of liquid crystal,l, is in A, andT* is in degrees Kelvin. The last two columns refer to the fitting

parameters foa,=B(T* —T)* given in paper I. Going down the table froXl to tricritical corresponds to

increasing the smectic—nematic coupling. The(»|+2v,)/3 entries in square brackets represent the scal-

ing predictions for the 8CBaerosil samples. For the columns giving-2 andx values for 8CB-aerosil

samples, the values for/ v and 28=2—a— y are given in parentheses for pure liquid crystals.

Sample R Ps lo T* a v 2—nyor(yly) xor(28) 100XB
3D-XY [34] —0.013 0.671 1.962 (0.696)
DB5+ Csstilbene  0.780 —-0.01 062 (1.78) (0.71)
7APCBB 0.863 ~0.01 0.66 (1.91) (0.67)
8CB+sil [12] 0.341 222 304.92 1.83 0.695 6.95
8CB+sil [12] 0.282 262 305.41 2.04 0.65 1.46
40.7 0.926 —-0.03 0.69 (1.87) (0.57)
8CB+sil [12] 0.220 328 305.90 1.77 0.60 3.59
8CB+sil [12] 0.161 439 305.54 2.01 0.625 1.13
8CB+sil [12] 0.105 660 306.24 2.08 0.54 2.32
8CB+sil [4] 0.092 748 306.32 —0.02 [0.67]
8.5S5 0.954 010 0.70 (1.90) (0.42)
8CB+sil [12] 0.078 882 306.00 1.99 0.465 4.05
8CB+sil [4] 0.052 1306 306.13 0.08 [0.64]
9S5 0.967 0.22 0.62 (1.85) (0.47)
8CB+sil [12] 0.051 1327 306.24 2.01 0.46 2.36
8CB+sil [12] 0.041 1660 306.28 1.96 0.51 1.08
8CB+sil [12] 0.025 2660 306.15 1.94 0.52 1.18
8CB+sil [4] 0.022 3054 306.23 0.23 [0.59
8CB 0977 O 306.97 0.31 0.56 (1.88) (0.43)
10S5 0.983 0.45 0.54 (1.80) (0.45)
tricritical 0.50 0.50 2 (0.50)

Also plotted are the “isotropic” smectic correlation lengths random-field at eachith “spin” site of strengthh; whose

reported at I(.)W 'Femperature for 8Gierogel sample@], average is{ﬁi>=0 but whose square defines the variance of

the mean-void sizé, based on Eq(1), and an estimate of the disorderA=(Fr - iy =h2l 1261 Th Vsi

the saturatechematic directorcorrelation lengthéy mea- et |§o_r erd=( Ii' )= |t[ 2 gzxt-ray an?y&s ptre-th ;

sured in 6CB-aerosil samplef5]. As discussed in paper |, sented in paper 1 uses a structure tactor analogous to tha
used for the analysis of random-field magnets given in Ref.

the parallel correlation length is much larger thignbut [26]: see Eq.(1) in paper I. Thus, the saturatedow-

smaller thanéy for all 8CB+aerosil samples studied. The .
first fact indicates than the smectic domains span mangn;emperature,_ denoted by the superscrip) Malues of the
)3 and the am-

“voids” and it is thus reasonable to expect that their influ- Mean smectic correlation lenggh’ = (&7
ence is of a random-field type, while the latter fact is physi-plitude of the thermal contribution]' , as well as the am-
cally reasonable since the observed smectic domains cannplitude of the QRD contributioa, to the structure factor can
be larger than the size of a nematic domain. However, 6CB®e compared to the predicted scaling for random-field disor-
does not exhibit a smectic phase, so it remains unknown hower. Note thata, is temperature-dependent over the entire
the director correlation length would change, if at all, due totemperature range, thus we use a valuedgiAT) at AT

the onset of smectic order. Interestingly, the low-temperature=T—T* = —6 K in what follows. The relevant scaling rela-
8CB+aerogel correlation lengths appear to agree fairly weltions predicted for random-field systems at low temperatures
with 1,, while the aerogelAC,(NA) peak is severely are

rounded, indicating that 8CB is very strongly perturbed by

the rigid fused silica gel. E~AT",
In spite of the applicability of the pseudocritical scaling
ideas discussed here and in paper |, quenched random disor- 0'1~E3

der plays a dominate role in the behavior of 8€&erosils %
for temperatures below* . In particular, consider the x-ray
structure factor belowT*, which is dominated by the
“Lorentzian-squared” type term expected for random-field
disordered systemil2]. Random-field theories postulate a

a,~ £2=const,
a2 /0'1"’2_3,
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] ] with ps. In paper |, the simple assumption that-pg is

’ made, while the assumptions~|h|=A%? has been made
elsewherd9].

As discussed in paper | in terms gf, aoneregimepg

analysis(a single trend over the entire range @f values

studied yields for the 8CB-aerosil system¢~pg 1002,

Similarly, the scattering amplitude ratio as a function &of

yieldsa, /o~ & 268026 gt AT=—6 K. The scatter in the
experimental values cd,(AT) as a function ofpg only al-
lows a very rough estimate of its scaling, but it appears to be
very weakly dependent on either correlation length or silica
density. Unfortunately, the uncertaintiesdfy’ values arising
from fitting the x-ray profiles at low temperatur@ghere the
quenched random term greatly overshadows the thermal
fluctuation term and the added uncertainties from normal-
ization make it unsuitable for testing as a function gaf.
However, the rati@,(AT)/o}" is better characterized since
it is independent of the normalization procedure.
One possible explanation for the observed systematic de-
3 viations from the simple power-law forms given above is
ps(gem ™) that there is a finite maximum aerosil density above which
no smectic correlations can exist. This maximpcorre-
FIG. 8. Saturated 8CBsil parallel § (filled circles, perpen-  sponds to a minimum mean void side, below which the
dicular &, (open circle and mean¢=(££7)™ (open triangles  liquid crystal has insufficient space to form smectic layers.
smectic correlation lengthg™ for T<T* vs pg; data taken from  Since at low densities the void sitgis inversely related to

paper I. T_he low-temperature isotropic smectic correlation lengiths . as shown in Sec. I, we propose an empirical relationship
reported in Ref[9] for BCB+aerogel samples are shown by tke

symbols. The solid line is the estimated maximoematicdirector -
correlation lengthéy for 6CB+aerosil[5], and the dashed line is E=Allo—lc) ©)
the mean void sizé, estimate given by Eql).

0.01

for a linear scaling of the mean correlation length with the
where vy=1/(d.—d), d is the lower critical dimension, corrected void sizd,—|.. The variation of both¢ and
andd=3 is the physical dimension of the random-field sys-a,(T* —6K)/o; with (I,—I.) is given in Fig. 9, whereA
tem [26]. We have dropped the superscript LT for conve-_q 93 and ,~80 A were found by a best linear fit gfwith
nience here and in what follows. For a pure, continuous SYMEq. (9) [28]. The solid line in the top panel shows the result
metry, XY system that exhibits true long-range order, ot this fit. In addition, the solid line in the lower panel of Fig.
do(XY)=2, which shifts upward for a random-fieKlY sys- g ghows the expected behaviorai(AT)/oL" given the em-
tem tod(RFXY) =4 [27]. Although theN-SmA phase tran-  ica| relationship of Eq(9) with |.=80 A and the scaling

sition is not a simple member of the 3BY universality redicted in Eq(8). A fit with aZ(AT)/UiTN(Io_lc)yr al-

class, Egs(7) are expected to be reasonably applicable fmp . - .
smectics. Thugy,=1 for the divergence of the smectic cor- lowing y to be a free parameter and fixihg=80 A, yielded

) . . . the dashed line in the lower panel and the exponent value
rel-atlon I-ength with the strength of -the_random field. Substl-y: —2.6. Since this small, value is approximately twice
tuting this value ofv, and eliminating¢ from the expres-  the smectic partial bilayer thickness in 8CB, it is reasonable
sions for the scattering amplitudes in E@#), we find the  that no smectic ordering can occur whgre| .. The overall

predicted scaling relations solely in terms of the random+y,enavior shown in Fig. 9 as compared to the random-field

field variance for an RKY system as scalings for anXY system suggests that the random-field
— o strengthA = |h|?~pg, at least for smalpg (and thus large
E~A"t=[h| "%, l,). This use of the empirical relationship in E®) allows
us to bring the observed results into better agreement with
o~A"3=|h|7, predictions for scaling in random-field systems.
(8) There is a second possible explanation for the clear devia-
a,~A%=const, tions from a simple power-law dependence gnshown in
paper | and here in Fig. 8. This second possibility is the
ay/o~A3=|h|S. existence of a more complex relationship betwAeandps.

The correlation lengths appear to have a wegkedepen-
The scaling of these quantities with respectpto can be dence than the mean void size belpw=0.1, while above
compared to the predicted scaling behavior with respedt to this density the opposite occUi9]. In addition, the value of
in order to make a connection betwe&rand ultimatelylh|  the ratio a,(AT=—6 K)/o} exhibits distinctly different
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_ FIG. 9. The low-temperature mean smectic correlation length  FIG. 10. The low-temperature mean smectic correlation length
£= (&%) (top panel and scattering amplitude rata, /o (bot- E=(£¢%)"° (top panel and scattering amplitude ratia,(AT
tom panel for 8CB+aerosil versusil =(l,—1.); data taken from  =—6 K)/o}" for 8CB+aerosil vsps; data taken from paper I. The
paper I. The lower critical length scale below which not even shortsolid and dashed lines depict the low- and high-density regimes,
range smectic order surviveslig=80 A. The solid lines depict the respectively, with slopes given in E4L0).
empirical trendé~ 8l and thea,(AT=—6 K)/a ~ 81 3 trend ex-
_pe(?ted for random-fi(_eld scaling. The dashed line in the lower panghast characterized quantities. Feg<0.1, the result isA
indicates a free f!t witha, /o, =C(l,—80 A)Y, where the valugy Np%s. In contrast, forps>0.1 the result iSA~pé'3. This
= —2.6 was obtained. . - . . -
idea oftwo regimes may be consistent with the picture of the
aerosil gel described earlier where, in addition to the random
silica strandg(“pearl-necklace” of aerosil beagdsproviding
nrthe random field dictating the local orientation of the nematic
airector, there perhaps exists an elastic coupling of these
tenuous strands to the nematic director. This coupling would

power-law dependences gy above and below this silica
density; see Fig. 10 here and also Fig. 12 in paper | fo
further details. Using separate power-law characterizatio
for low density (ps=<0.1) and high densityds=0.1), we

find dampen the size of director fluctuations analogous to the
— -05:01 14501 effect of a wider nematic temperature range, and this gives a

£~ ps (low ps), ~ps (high ps), physical interpretation to the critical flow with random-field

1240, 37403 1. (10 strength towards the underlyingy fixed point. The apparent

azl01~ps H(low ps) ~Ps (high ps). increase in theelative effect of the elastic coupling seen by

. ] — o the stronger scaling of the quenched random disorder
Thesetwo-regime fits are shown fof anda,/o; in Fig. 10.  strength with silica density may be an indication that the
Recall that the concept of a low-density regimes€0.1)  aerosil gel has become significantly stiffer whpg>0.1,
and a high-density regimep§>0.1), shown in Eq(10), is  syggesting the possibility that a rigidity transition has oc-
supported by the specific-heat dg#d, where power-law fits  ¢yrred in the gel.
were possible wheps<0.1 but not wherps>0.1. . In conclusion, a combination of finite-size effects and

In order to establish a connection between the disordefiyo-scale universality concepts has yielded a successful con-
varianceA (a measure of the overall disordering strength ofpection between 8CBaerosil thermal behavior and X-ray
the individual random fieldk; , A=|h|?) and the silica den-  correlation length behavior. The truncation A1C,(NA)
sity ps for low and highps regimes, we compare Eq&8)  peaks, measured by, and sT*/T*, and the observation of
and(10) for & and the ratiaaz(AT)/o&T, which are the two high-temperature 8CBaerosil correlation lengths that are
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close to those for pure 8CB are both well explained. The 2. Smectic coupling to the nematic order parameter

observed dependence of the integrated aléa, on ps is The first type of nematic—smectic coupling is the so-
not properly described by finite-size scaling, and the reasopgied de Gennes coupling of the forf?S. Such a term
for this failure is clear. Trends IWHya(ps) Teflect the  affects the coefficiert of the quartic termby* in the mean-
changing shape aiC,, peaks over a wide temperature rangefig|q [ andau expansion of the smectic free-energy in terms
aspg varies. As described in papeff12] and in Sec. IV of of the complex smectic order-parameigr[32]. Since the

the present paper, quenched random disorder plays a dom{gmatic elastic constants are proportional to the squag of
nant role in changing the effective pseudocritical exponentgyis coypling reflects the effect of the “softness” of the nem-
that describe the smectic behavior in 8€&erosils. The  atic order prior to the onset of smectic order. The strength of
density ps for 8CB+aerosil samples can be equated to thes coupling depends on the magnitude of the nematic sus-
McMillan ratio Ry, for pure LCs; see Eq2). Since in pure ceptibility, xy, and such a coupling can drive theSmA

LCs a larger McMillan ratio implies a larger nematic suscep-ansition fromX Y-like (b=0) to TC(b=0) to weakly first-
tibility, increasingRy corresponds to increasing the smectic- . qq, (b<0) with increasingyy . This is clearly seen as a

”e”?a“C coupling. Increasings for ITC+§erosiIs has thg 9P~ trend with the width of the nematic temperature range, or the
posite effect, as expected. The linearity of the relat'onSh'q\/chillan ratio Ry = Tya/Ty, which directly influencesy

betweenps and Ry provides support for the view that the 23]. As an example, the heat capacity critical exponent var-
aerosil gel is involved in decoupling the nematic and smectié ' - bi€, pactly | ' €Xp

order parameters. It seems possible that the elasticity of thes from a=0.50 t(.) 0.10 as this ratio varies froy
aerosil gel plays an important part in the theory of gels as a 0-994 for a 2-K-wide nematic range t0.954 fora 15 K
random perturbation acting on theSmA transition in liquid ~ Wide nematic range. For LC samples with large nematic
crystals. Theory incorporating such elastic aspects is if@ngeSRy~0.898 (45 K wide to Ry~0.660 (189 K widg,

progresg15]. the experimental exponent is~ axy= —0.013[33,34.
Finally, reasonable scaling was observed of the smectic
correlation length and scattering amplitudes with respect to 3. Smectic coupling to director fluctuations

the silica density or mean void size, which were roughly  gmectic order coupling to the director fluctuations has the
consistent with predictions for random-field-type d'sorder'form 257 Thus. in addition to the “softness” of the nem-
However, the theoretical predictions for random-field sys- yeon. :

tems were for uncorrelated random fields, while the disordeﬁgtca’lgllzgchgﬁn; g]rr:gitglfr%tgrr g ”i?(tceil:i'gn ;gggﬁée |ch I;T;;?c
due to the aerosil gel is correlated, over some small Iengtﬁ y 9 P

scale, due to its fractal structuj80]. The effect of algebraic ng{orrer}[a(tzlgr:s Ilgtéhﬁosrmaercetlgllzug tir;r?cjlir():gt?é:su%? tcﬁlgpgpfg;
correlations in the disorder on the random-field scaling prehndgrstood pbut a self-consistent orr:e-loo model has been
dictions would be an attractive avenue for theoretical invesbut forwardf35] This type of coupling Ieadspto anisotropy in
tigation. the correlation lengths parallel and perpendicular to the nem-
atic director(a feature not present in a normal 3D¢ sys-

tem) and a very gradual crossover from a broad weakly an-
isotropic critical correlation regime;=v, (weak coupling

o ] limit) toward a strongly anisotropig=2v, regime(strong-

We thank P. Clegg, T. Bellini, L. Radzihovsky, N. A. coypling limit). The strength of this coupling depends on the
Clark, and A. Aharony for helpful discussions. This work magnitude of the splay elastic constdt;, which should
was supported by the NSF under the NSF-CAREER Gran\t,ary ask ;;~S?. Note that theXY model has no such splay
No. DMR-0092786(WPI), the NSF-CAREER Grant No. component. Thus, a liquid crystal with a small nematic range
DMR-0134377 (JHU), and Contract No. DMR-0071256 il have a smallK,; at Tya and should lie deep in the
(MIT) and by the Natural Science and Engineering Researchnisotropic crossover regime. Liquid crystals with a large

Council of CanaddToronto. nematic range will have a relatively lardge;; at their Ty
and should straddle isotropic and weak-anisotropic regimes.
The latter is observed experimentally, but strong anisotropy,
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APPENDIX A: RELEVANT NEMATIC —-SMECTIC-A v=2v, , is not seen for any smectic since the narrow nem-
BEHAVIOR IN PURE LIQUID CRYSTALS atic range condition also induces the de Gennes coupling and
1. General description of theN-SmA phase transition Eggis crossover to tricritical and even first-order behavior
Although there is still some theoretical debate, the best '
experimental evidence to date points to ¥¥-as the under- APPENDIX B: SCALING BACKGROUND
lying critical behavior for theN-SmA transition over experi- S .
mentally accessible ranges of reduced temperafi@&]. For 1. Finite-size scaling

pure liquid crystals, smectic ordering is strongly influenced The concept of finite-size effects is a straightforward and
by two types of coupling to nematic order: coupling to the yasic idea in the modern theory of phase transit{@es37.

magnitude of nematic ordelSJ and to the nematic director |gnoring specific surface interactions, finite-size effects stem
fluctuations ¢n). from the saturation upon cooling of the growing correlation
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length in a disordered phase to a finite length scale. In tradiSubstitutingt,, into Eq.(3) gives the relationship for the heat
tional finite-size scalingFSS, the maximum length is dic- capacity maximurh,, at theN-SmA transition as

tated by the “container” size. This effect truncates the tran-

sition prematurely and leads to three observable effects on  hw=A"(&u/&10) "I 1+D* &yl o) 2111+ B;.

the calorimetric data: a suppressed heat capacity maximum, a (B4)

rounding of the transition in temperature, and a suppressio . . .
. o " ecause of the importance of corrections-to-scaling for the
of the transition enthalpy. In addition, for a transition that ;
analysis ofAC,(NA), a log-log plot ofhy, — B, versuséy

breaks a continuous symmetry, random fields lead to a satu- ) . >
ration in the growth of order. The hypothesis dictating ourwr?l#lis?;x:slgai;ttrii'r?gtnlt'ﬁgl of isslogg\i ilg‘ljsTshiﬁcFeSi?ir?\ff:I\c/fes
approach is that the same analysis can be applied in the cadl lacing the sinaulad C NApy K bet 0" andt- b

of either type of truncation, provided changes in the criticall €P'acing the singu p(NA) peak betweety, andt,, by

behavior due to the disorder are accounted. In the case om and thus decreasing the integral ®C,(NA) overT.

random-fields, we call this analysis random-field scaling
(RFS. 2. Two-scale universality forT>T*

In order to proceed, the power-law behavior of the smec- Two-scale theory of critical phenomena relates the non-
tic correlation length in the nematic phase needs to be coninjversal coefficient of the heat capacity’s leading singularity
sidered. It is common practice to ignore corrections-t0g the non-universal bare correlation voluf8#,3§, and it
scaling terms and use simple pure power laws although thigjso yields the hyperscaling relation between the critical ex-
is inconsistent with theory as discussed in R&L]. The  ponentsa andv. For liquid crystals, there is an anisotropic
correlation lengths of pure LCs are anisotropic with respec{ersion of hyperscaling39]
to the smectic layer normdi.e., the nematic director for
smecticA phases and are represented by effective critical 2—a=y+2v,, (B5)

exponents that are free paramett4,31] o o
which is empirically supported by the somewhat scattered

=€t ™", (B1) available data on pure LCs like 8R3]. If such hyperscal-
ing holds, then a two-scale relation can be written as
£ =80t ™, (B2)

whereg, andé, , are the bare correlation lengths ancand
v, are the exponents parallel and perpendicular to the layewherekg is the Boltzmann constant and the value 13.8 per-
normal, respectively. tains when the correlation lengths are in units of A &nidis
For smectic liquid crystals, the parallel correlation lengthin units of JK'1 g™, The quantityRIgf has a different uni-
is always larger than the perpendicular, and so our analysigersal value for each universality class. For the 2D-
uses this length scale for the definition of the minimum re-model, the value of 13.8(2)3 is 0.647[34] and several pure
duce temperature. Defining the maximum possible correlar Cs have been shown to hawV(gHogfo) values close to
tion length aséy , one solves Eq(B1) for the minimum  this [31]; the value for 8CB is 0.6514,24]. Assuming that
reduced temperature aboWé asty=(&u /&) 1. Itis  hyperscaling andXY-like pure LC values ofR{ hold for
not possible to define a similar minimum reduced temperagcB-+sil samples independent pf;, then
ture below the transition since the critical correlation length

aA" (&€ ) =ks(R{)*=13.8R{)?, (B6)

behavior belowl* is not known. Thus, the equation for the aA*(§”0§f0)20.647. (B7)
fractional roundingtruncation of the transition due to finite
length effects is estimated to be Thus, heat capacity critical behaviow @ndA* values for

. - . y LC+aerosils will allow the determination ofj+2», and
oT*IT* :(|tm| + |tm|)~2tm: 2(éwm /§||o)_ "I (B3) (fuogfo).

[1] M. Chan, N. Mulders, and J. Reppy, Phys. Tody(8), 30 061713(2002).
(1996, and references therein. [8] S. Park, R. L. Leheny, R. J. Birgeneau, J.-L. Gallani, C. W.

[2] Q. J. Harris, Q. Feng, Y. S. Lee, R. J. Birgeneau, and A. Ito, Garland, and G. S. lannacchione, Phys. Re65E050703R)
Phys. Rev. Lett78, 346 (1997, and references therein. (2002.

[3] B. Zhou, G. S. lannacchione, C. W. Garland, and T. Bellini, [9] T. Bellini, L. Radzihovsky, J. Toner, and N. A. Clark, Science
Phys. Rev. E55, 2962(1997). 294, 1074(2002.

[4] G. S. lannacchione, C. W. Garland, J. T. Mang, and T. P[10] A. Pelissetto and E. Vicari, Phys. Rev.@, 6393(2000.
Rieker, Phys. Rev. B8, 5966(1998. [11] L. Radzihovsky and J. Toner, Phys. Rev6B, 206 (1999.

[5] T. Bellini, N. A. Clark, V. Degiorgio, F. Mantegazza, and G. [12] R. L. Leheny, S. Park, R. J. Birgeneau, J.-L. Gallani, C. W.
Natale, Phys. Rev. B7, 2996(1998. Garland, and G. S. lannacchione, preceding paper, Phys. Rev.

[6] T. Jin and D. Finotello, Phys. Rev. Le@6, 818 (2001). E 67, 011708(2003, denoted as paper I.

[7] M. Marinelli, A. K. Ghosh, and F. Mercuri, Phys. Rev.@3, [13] P. D. Olmsted and E. M. Terentjev, Phys. Rev5E 2444

011709-12



SMECTIC ORDERING IN LIQUID- ... Il.... PHYSICAL REVIEW E 67, 011709 (2003

(1996. [23] C. W. Garland and G. Nounesis, Phys. Revi3:2964(1994).

[14] S. P. Meeker, W. C. K. Poon, J. Crain, and E. M. Terentjev,[24] B. Ocko, R. J. Birgeneau, and D. Lister, Z. Phys. B: Condens.
Phys. Rev. B61, R6083(2000. Matter 62, 487 (1986.

[15] L. Radzihovsky(private communications [25] C. C. Retsch, I. McNulty, and G. S. lannacchione, Phys. Rev. E

[16] Degussa Corp., Silica Division, 65 Challenger Road, Ridge- 65 032701(2002.
field Park, NJ 07660. Technical data given in the Degussa26] A. Aharony and E. Pytte, Phys. Rev. X, 5872(1983.

booklet AEROSILS. [27] A. Aharony, Y. Imry, and S. Ma, Phys. Rev. LeR7, 1364
[17] R. Leheny, D. Liang, A. Roshi, and G. lannacchidoepub- (1976. _
lished. [28] Our confidence of a linear relationship betweeand| , can be
[18] H. Sonntag and K. Streng€oagulation Kinetics and Struc- tested by a free fit withl(— 1) with |.=80 A. Fitting all the
ture Formation(Plenum Press, New York, 1987p. 134—145 data findsz=0.90+=0.12 while excluding the lowesis point
and 172-177. givesz=0.96+0.11..
[19] G. Porod,Small Angle X-ray Scatteringdited by O. Glatter [29] An interesting feature of the behavior is that aps=0.1, it is
and O. Kratky(Academic Press, London, 198Zhap. 2, pp. nearly equal td,. This suggests that the number density of
18-51. smectic domainsg 3, is growing at a slower rate than the
[20] L. Wu, B. Zhou, C. W. Garland, T. Bellini, and D. W. Schaefer, number density of voidsl,g3, with increasing silica density
Phys. Rev. E51, 2157(1995. until at ps=0.1, where there exists, on average, one smectic
[21] Together with the overall density of solig=mass of solid per domain for each void. With increasing silica density above
total sample volume, and the density of the solid itself, ps=0.1, the number density of smectic domains is growing
pw=mass of solid per solid volume (2.2 g crhfor silica) much faster than the number density of voids indicating the
where p’1:p§1+ p,\_,ll, other gel parameters may be deter- stronger disordering effects of the silica gel for these concen-
mined. Note that ag varies from zerdno solids presepto its trations.

maximum ofpy, (all solids, no open volumepg varies from  [30] A. Aharony (private communications
zero (,—, or sample sizeto infinity (I,—0, or no open [31] C. W. Garland, G. N. Nounesis, M. J. Young, and R. J. Birge-

volume. The solid volume fraction is given byp=p/py neau, Phys. Rev. B7, 1918(1993.
while the open volume fraction, or porosity, is given By  [32] P. G. de Gennes and J. Prost, The Physics of Liquid Crystals,
=1-®=plps. 2nd ed.(Clarendon Press, Oxford, England, 1993

[22] Note that only over some, as yet not well defined, range of{33] J. A. Lipa, D. R. Swanson, J. Nissen, T. C. P. Chui, and U. E.
solids concentration can an increasednbe considered an Israelson, Phys. Rev. Leff6, 944 (1996.

increase in the “strength” of the quenched disorder. In reality, [34] M. Campostrini, A. Pelissetto, P. Rossi, and E. Vicari, Phys.
the surface interactions between the material filling the voids Rev. B62, 5843(2000.

and the solid surfaces are dictated by the materials themselvg85] B. S. Andereck and B. R. Patton, Phys. Rev.4g 1393
and remain constant. Since liquid crystals are quite “soft” ma- (1994.

terials elastically, the quenched state of molecules at a surfade6] M. N. Barber, Finite-size Scaling Academic Press, London,
decays relatively slowly away from the surface. Thus, a point 1983, Vol. 8, Chap. 2, pp. 145-477.

will occur wherep<<1 and yet everything between the surfaces[37] K. Binder, Annu. Rev. Phys. Chem3, 33 (1992.

can be considered quenched. In general, increabifgy large  [38] C. Bagnuls and C. Bervillier, Phys. Rev. 3, 7209(1985.
values of® only increases the extent of the surfaces and so th¢39] T. C. Lubensky, J. Chim. Phys. Phys.-Chim. Bi&0, 31
extent of the disorder but not its strength. (1983, and references cited therein.

011709-13



