PHYSICAL REVIEW E 67, 021703 (2003

Effect of a quenched random field on a continuous symmetry breaking transition:
Nematic to smecticA transition in octyloxycyanobiphenyl-aerosil dispersions
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High-resolution x-ray diffraction and ac-calorimetric experiments have been carried out on the liquid-crystal
octyloxycyanobiphenyl in which aerosil particles are dispersed. The measurements were made over a tempera-
ture range around the bulk nematic to smegtitransition temperature. At this transition the liquid crystal
breaks translational symmetry in a single direction. The silica particles, which hydrogen bond together to form
a very low density gel, provide the quenched disorder. The random gel leads to observable broadening of the
x-ray reflection from the smectic layers. The structure factor is well described by modeling the effect of the
aerosils as a quenched random field. Dispersed aerosils are thought to pin both the direction of the translational
ordering and the position of the layers. The latter appears to have the greatest effect on the x-ray line shape. We
show that the aerosil surface area, as verified by small-angle scattering, equates to the variance of the random
field. Calorimetric results reveal substantial change in the specific heat peak associated with the nematic to
smecticA transition. As the concentration of aerosil increases, the specific heat peak remains sharp yet de-
creases in magnitude and shifts in temperature in a nonmonotonic fashion. In this regime, the critical exponent
a becomes progressively smaller. For the samples with the largest concentrations of aerosil particles the
Cp(N-A) peak becomes highly smeared and shifts smoothly to lower temperatures.
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[. INTRODUCTION temperature the molecules become orientationally ordered.
At T A=340 K a transition occurs from the nematic to a
Recent studies of the nematibl) to smecticA (SmA) partial bilayer smecti& phase. The 1-atm phase sequence
transition in octylcyanobipheny(8CB)-aerosil dispersions for 80CB is[7]
by Park and co-workers using x-ray scatter[dg?] and by Caprok 4027 K 455,90 K
lannacchione a_nd co-workers using calorimefB} have Crystal ' SmA ' N '
shown that this system has clear quenched random-
field characteristics and that the finite ordered domain siz&here the reproducible crystal-@mmelting temperature is
creates finite-size scaling effecfd]. Here we present a given. Due to coupling between the nematic order parameter
complementary study of a different liquid crystal— and the smectic order parameter as well as couplings involv-
octyloxycyanobiphenyl(80CB). Measurements on 80CB ing the fluctuations, the nematic to smecdhictransition is
enable us to test further our understanding of liquid-crystal-not a simple member of the 3RY universality class.
aerosil dispersions. This material has a wider nematic rangBather, it exhibits complex anisotropic critical beha\ig.
than 8CB,; it has larger elastic constants in the nematic phase The effects of random fields on single component order-
and, has a smectic phase that is more sensitive to changesparameter magnetic transitions have been studied for many
density. The final point is illustrated by the reentrant nematicyears [9]. This has been carried out using the Fishman-
phase that 80OCB exhibits at high pressures or when dilutedharony trick: a random-field Ising ferromagnet can be cre-
with a shorter homolog5]. ated by applying a magnetic field to a diluted Ising antifer-
The effect of quenched disorder on phase transition beromagnet[10]. However, it is not possible to use this
havior can be profound. Of interest here is quenched randortechnique for systems with more than a single order-
disorder that couples linearly to the order parameter. Weparameter component. The applied field will always result in
have studied the effect of this apparent random field on tha uniaxial random field rather than matching the symmetry of
nematic to smectié&x (N-SmA) phase transition in the the system. Common realizations of multicomponent order-
liguid-crystal material BOCB. The smectic order parameteiparameter random-field systems are pinned vortices in type
involves the amplitude and the phase of a one-dimensiondl superconductord11] and pinned charge-density waves
density wave[6]; this is a three-dimensional3D) two-  [12,13. In both of these systems, the disorder strength is

component order-parameter system. substantially more difficult to control than the applied mag-
The molecule 80CB has a rigid biphenyl core, a polarnetic field in the random-field Ising modé&RFIM) systems.
cyano head, and an aliphatic tail. At353 K there is a tran- The nematic to smectié- transitional behavior in pure

sition from the isotropic to the nematic phase. Below thisliquid crystals has been studied extensively using high-
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resolution x-ray diffraction. An attractive feature of studying S s )
the effect of disorder on liquid-crystal behavior is the preci- Fr :f d*x[—ga(h-n)*=Vy—=V*y*]. ()
sion with which the pure system structure factor is known.
High-resolution measurements have demonstrated that the
smectic correlations in the nematic phase are described by dtfiere n is again the director whiley is the complex order
anisotropic Lorentzian structure factgd4]. The results parameter for the smectis-phase. The first term is the con-
clearly show that a fourth-order correction term is requiredtinued influence of the aerosil surface on the molecular ori-
which diminishes as the transition is approached. Althouglentations. This interaction limits the ability of the smectic
this behavior is well characterized empirically, it is not yet correlations to increase the nematic order. It also modifies
fully understood. the relationship between the nematic and smectic phases and
The study of the nematic to smec#ctransition in a ran-  as a result makes the system behave more like a standard 3D-
dom field presented here is important because it is a multiXY system[3]. The second pair of terms represent the influ-
component order-parameter system for which the disordeence of the aerosil environment on the position of the smec-
strength can be easily controlled. The quenched random fieliic layers. This term is linear in the smectic order parameter
is created by a gel of aerosil particles. The strength and ori# and is likely to create the observed random-field behavior.
entation of thefield are random with a mean value of zero. The pinning of the layer position at thé-SmA transition is
The scale of the perturbation is parametrized in terms of itsimilar to the pinning of the phase of a charge-density wave
variance which can be varied by changing the density oby random impurities.
aerosils in the dispersion. The aerosils are silica spheres of Previously, 8CB-aerosil dispersions have been studied us-
about 70-A diameter; they hydrogen bond together to form ang high-resolution x-ray diffractiofil,2]. The structure fac-
random gel. Studies have previously been carried out byor used to analyze the scattered intensity as a function of
various groups on liquid crystals in an aerogel medjd®-  wave-vector transfer was motivated by analogy with the be-
17]. Using aerosil as the disordering medium facilitates thehavior of magnetic random-field systems. This appears to
creation of gels with a higher pore volume fraction and thussupport the idea that the aerosil network creates a quenched
opens up a physically interesting regime. The aerosil or aeraandom pinning field. The correlation length for smectic
gel surface pins both the direction of the layer normal andluctuations was observed to saturate at a finite value that
the position of the layers. Small-angle x-ray studies havevas density dependent. Thus no true ASphase exists in
shown that the aerosil dispersion has a fractal structure anakerosil samples. However, there is effective NSmA tran-
has no preferred orientatigB]. Since the fractal correlations sition temperaturd*, below which static quenched-random
are on much longer length scales than the smectic order, treffects dominate and above which they are close to negli-
gel surfaces are effectively uncorrelated. The random sumgible and thermal fluctuations dominate. The smectic do-
faces provide a random pinning field, overcoming the intrin-mains that form are much smaller than the nematic domains
sic problem with magnetic systems. that precede therfil,2] (the nematic correlation lengthy
To understand the effect of the aerosil network on the>5g Wheregis the orientationally averaged smeciceor-
N-SmA transition, it is necessary to first consider how the g|ation length at low temperatur§22]). Here we build on
disorder d_isrupts the prientationally ordered nematic' phasqhe 8CB-aerosil work by showing that the dependence of the
The aerosil network dilutes the nematogens and additionally_yay scattering for SOCB on the aerosil concentration is also
creates a preferred orientatiftB,19. The latter effectis the j, agreement with theoretical expectations. We will discuss
most important and contributes to the total free energy as tne similarities and differences between the responses of
these two systems to the quenched disorder.
Other studies have been carried out on liquid crystals with
FrN=J d3x[ —g,(h-n)?], (1) an aerosil dispersion using a variety of techniques. Calorim-
etry measurements on 8CB with an aerosil dispersion have
yielded detailed information on both the nematic to isotropic
where n is the orientation of the molecules arfdis the  (N-I) transition and theN-SmA transition[3]. Deuterium
random influence of the sil surface. This term is squared duauclear magnetic resonan¢d®NMR) measurements have
to the effective inversion symmetry of the molecules in thealso been made on 8CB with an aerosil disper§. Both
nematic phase. Since the nematic order parameter is quaalorimetry and DNMR results are consistent with a model
dratic inn, this term is linear in the nematic order parameterin which the nematic susceptibility decreases with increasing
and hence this constitutes a random field. In support of thiserosil density.
conjecture, light scattering measurements show that the nem- Promising results have been obtained concerning the dy-
atic phase in liquid-crystal aerosil dispersions breaks up intmamical behavior of 8CB-aerosil dispersions using x-ray in-
large but finite-sized domainf20-22. As the sample is tensity fluctuation spectroscog5]. Measurements of the
cooled further, smectic correlations develop within finite- aerosil dynamics were carried out with x-ray energies just
sized nematic domains. The free energy of the liquid crystabelow the Si absorption edge and in a wave-vector range
close to theN-SmA transition can be written as the sum of sensitive to the large-scale silica gel structure. The results
the de Gennes free energy, the Frank free energy for direct@how that the silica gel motions are damped by the liquid-
fluctuations, and the contribution due to the influence ofcrystal elastic medium and that the relaxation time constant
aerosil. The latter can be expressed 523 increases substantially at tieSmA transition.
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TABLE |. Parameters for seven 80CB-aerosil dispersions studied with x rays. Shown are degsitiels
pp in g of Si0, per cnt of 80OCB; ratio of transmitted to incident beam intendity(0); thicknessd in mm;
ratio of random-field amplitudea, to thermal amplitudes; at low temperature(LT) in units of 1
X 107> A1, low-temperature parallel correlation lengtfyX in A and, pseudotransition temperatufg*{

in K.

Ps pPp 171(0) d a /oy (LT) § (LT T*
0.025 0.0270.001 0.46 1.46 340.020.03
0.051 0.045:0.002 0.65 0.70 0.0420.010 36710 340.04-0.07
0.078 0.076:0.003 0.54 0.87 0.0220.010 329&10 339.810.10
0.105 0.10&0.004 0.37 1.28 0.0260.007 299510 336.06:0.10
0.220 0.2380.008 0.34 0.97 0.2730.056 9655 338.24-0.06
0.347 0.341+0.011 0.22 1.06 0.4290.131 825 337.67-0.47
0.489 0.3430.034 0.41 0.51 5.261.82 4105 337.30:1.61

This paper is organized as follows. Section Il describeseing evaporated, the samples were kept on a hot plate at
the preparation of the 80CB-aerosil dispersions. In addition;~338 K to insure that crystallization was avoided.
the configurations for the high-resolution x-ray diffraction  For the calorimetric study, rapid cooling of the sample
measurements and the ac calorimetry techniques will be deind cell(in secondsdue to its small mass prevented the use
scribed. Given in Sec. Ill is a presentation of the results an®f the approach detailed above. Instead, the sample was pre-
a description of the data analysis. The choice of x-ray lingPared in high-purity acetone and after the solvent evaporated
shape is motivated by results with 8CB and from magneticVas aIIoweq to crystallize. The solid sample was transferred
RFIM systems. The correlation lengths and peak intensitiel® the calorimetry cell, sealed, and the heater and the ther-
derived as a result are shown as a function of the aerosflometer attached. Then the cell was heated aligueby
density, which is proportional to the silica aerosil surfaceP2SSing @ constant calibrated current through the heater, and
area. The dependence on aerosil density ofNFBMA spe- the cell was placed in an ultrasound bath for over an hour to

o emix the sample directly within the cell. By maintaining
cific heat p_eak and e_:nthalpy are also presented. All result%urrem through the heater, the cell and sample’s temperature
are then discussed in Sec. IV and related to results fro

Mas kept elevated while mounting into the calorimeter. Thus,

preyious aeroggl and_aerosil ;tud?es and to theoretical Pl8here is a small difference in sample preparation between the
dictions. The discussion section includes suggested dlreg(—_ray and ac-calorimetric studies.

tions for further study.
A. X-ray details

Il EXPERIMENTAL TECHNIQUES The high-resolution x-ray diffraction measurements were
The 80CB liquid crystal was used as purchased from ajcarried out at the X20A beam line at the National Synchro-

drich. Type 300 aerosils, hydrophilic due to a surface coatin ron Light Source. This is a bending magnet beam line and in
of hydroxyl groups, were obtained from Degu$@s]. The his case the energfwavelength was chosen to be 8 keV

i (~1.54 A). The monochromatic incident beam was colli-
;?Erﬁgferélg:;aniitt?{gﬁerr?:;iﬂrergs ?g/ 3tg§gﬁrqa2lg§ﬁt;§f v ated using slits while the diffracted beam was collimated
. ) . : v using slits and thél111) reflection of a Ge single crystal. The
ticle having a roughly 70-A diameter. Prior to dispersal, theliquid-crystal—aerosil dispersion has a random isotropic dis-
aerosils were dried by heating on a hot plate~t670 K yihytion of domains. Smectic fluctuations give rise to a ring
under vacuum. The appearance changes from being highly scattering. The resolution along the radius of the ring was
fluffy to being more powderlike when dry. The seven differ-A2g9~0.02°.
ent density samples studied with x rays are listed in Table I. The 5amp|e environment for the X-ray measurements
Each was created by mixing appropriate quantities of liquidcomprised a single stage oven within a dry nitrogen environ-
crystal and aerosils. The density is quantifiehgsthe mass ment. The sample temperature was controlled via a resistive
of aerosil divided by the volume of liquid crystg8], which  heater stabilized by a proportional and integral controller to
is related to the surface area of the random gel. The resultingetter than=0.05 K. The diffraction measurements were
mixture was dissolved in high-purity ethanol with very low necessarily carried out in transmission geometry. The sample
water content, and the solution was then dispersed using amas sandwiched between two Kapton windows and had a
ultrasonic bath for about an hour. As the solvent slowlydiameter of~5 mm and a thickness of 1 mm. Care was
evaporates from the mixture, a fractal-like gel begins totaken that the sample remained well above the freezing tem-
form. The aerosil particles hydrogen bond together to giveperature as it was transferred to the diffractometer.
the structure that is disordered on the length scales of interest Prior to taking data, each sample was held in ltiphase
here. At room temperature 80CB is a crystalline solid. It wasat ~353 K for 6 h toallow the gel to equilibrate in the
imperative to avoid crystallization of the 80CB once anholder. Measurements of the line shape corresponding to
aerosil dispersion is formed, since this was observed to givemectic correlations were made over a range of temperatures
rise to phase separation in the sample. While the ethanol watwn to 315 K. Cooling was carried out at a ratd K h™1.
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1600 y - y y ues of the parametek can be related tpg values by cor-

‘ g recting for absorption, dividing by the volume of liquid
1400f k- crystal and then finding the optimum proportionality constant
1200l <§ using a least-squares fit; in this form they are listed in Table

5 : g I. The fit results are shown in the inset to Fig. 1 and indicate
5 10004 E good agreement between the experimeptayalues and the
% E pp values derived from Eq(3). The relationship breaks

down for the highest density. In this case the very small
volume of liquid crystal in the beam results in substantial

Intensity [arb.
[oe]
=
S

6001 errors in the value opp.

Also listed in Table | are the ratios of the transmitted to
400y the incident intensity and the thickness of the sample derived
from this ratio. The ratio was determined by measuring the
200¢ straight-through beam intensity in the absence of the sample,

) , ) ot 1(0), and the straight-through beam intensity with the

8.1 0.15 0.2 0.25 0.3 0.35 sample in placel. For accurate measurements and minimal

q [AY] x-ray damage, the optimal sample thickness is such that on

average each photon scatters once giilg0)~e . Our

FIG. 1. X-ray scattering intensity as a function of wave-vectormeasured/I(0) values are scattered around 0.4, indicating
transfer for three 80CB-aerosil dispersions at 353 K, which isclose to optimal thickness.

~13 K above theN-SmA transition temperaturel3_, in pure
80CB. The scattering is predominantly due to the aerosil particles
and corresponds well to Porod’s lag) =A/q*+ B. Inset: a plot
of theq~* coefficientA, corrected for absorption and normalized to ~ High-resolution ac calorimetry was performed on two
the volume of liquid crystal, againgts, the mass of aerosil per home-built calorimeters at WPI. The sample cell consisted of
volume of liquid crystal. a silver crimped-sealed envelopel0-mm long, ~5-mm
wide, and~0.5-mm thick(closely matching the dimensions
The number of scans of intensity as a function @f @as  of the heater After the sample was introduced into a cell
kept limited and the counting time low in order to minimize having an attached 120- strain-gauge heater and 1(M
the amount of x-ray damage. The sample thickness was vagarbon-flake thermistor, a constant current was placed across
ied with density in an effort to ensure that approximately onethe heater to maintain the cell temperature well abdyeg.
absorption length of material was in the beam. This wasThe filled cell was then placed in an ultrasonic bath to remix
carried out so as to improve measurement statistics and thie sample. After remixing, the cell was mounted in the calo-
decrease the effects of beam damage. rimeter, the details of which have been described elsewhere
Key parameters that characterize the composition and siZ€8]. In the ac-mode, power is input to the cell Bge'"
of each sample are listed in Table I. The first column is theresulting in temperature oscillations with amplituflg and a
densityps in g of SiO, per cn? of 8OCB. The second col- relative phase shift op=® + /2, whered is the absolute
umn is an empirical determination gfg from the back- phase shift between,{w) and the input power. The specific
ground scattering and is designajgd. In addition to study- heat at a heating frequenay is given by
ing the smectic correlations as a function of temperature,

B. Calorimetry details

measurements were made of the small-angle background [Cilea=Cempty  Pacc0s¢/®|Tad = Cempty 4
scattering and of the absorption in the sample. The small- P Msample Msample @
angle background scattering primarily results from the aero-

sil network. The intensity as a function of wave-vector trans- , P . 1

fer is plotted in Fig. 1 for a range of aerosil densities. These fiIIed:msm‘P_ﬁa (5

measurements were made at 353 K to minimize the contri-
bution of smectic correlations to the scattered intensity. Th%\/herecf’illed andC/;,.4 are the real and imaginary compo-

wave-vector dependence of the intensity is well modeled by,ants of the heat CapaCit@empyy i the heat capacity of the

the Porod law27]: cell and silica,Mgample is the mass in grams of the liquid
crystal (in this work, ~20 mg of 80CB-aerosil sample,
1(q)= é +B. 3) which corresponds to 13-20 mg of 8SOCBNdR is the ther-
4 mal resistance between the cell and the babere,
~200 K W1). Equationg4) and(5) require a small correc-
The parameteA is proportional to the total surface area of tion [28] in order to account for the finite internal thermal
the scattering objects while parameiis the wave vector resistance compared #& and this correction was made for
independent background, which is likely to be due to bothall samples studied hef&9]. Measurements were conducted
disordered liquid crystal and air scattering. The densigys  at various frequencies in order to ensure the applicability of
the mass of aerosil per volume of liquid crystal and is pro-Egs.(4) and(5) by checking thaCf;;.4~0 through the ef-
portional to the surface area of the aerosil particles. The valfective N-SmA transition afT* and thatC, was independent
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FIG. 2. Normalized x-ray scattering intensity of 80CB-aerosil FIG. 3. N(_erallzed x-ray scattering |n_ten_S|ty dl.Je to_short—

. . . ranged smectiéx order for an 80CB-aerosil dispersion wih

dispersions due to smectfk-order at low temperature@pproxi- — 3 )

mately TO . — 25 K) ver wave-vector transfer. The broadenin =0.105 gcm* versus wave-vector transfer. The profile changes
Ay In-a ) versus wave-vector transfer. The broadeningy . oon"7—338 K=T* +1.94 K and T=315 K=T*—21.1 K.

due to increasing disorder is evident. The lines are the results of fi . ) . .
to a model described in the text. The width of the resolution funcfsl;he lines are the results of fits to a model described in the text,

ion is indi he hori | line label . . .
tion is indicated by the horizontal line labeléd temperatures at the same aerosil density. At high tempera-

1 tures(e.g., 338 K short-range smectic fluctuations are evi-
of . All data presented here were takenwat 0.1473 S*at  genced by a broad peak in the scattered intensity. The reflec-
a scanning rate of less than100 mK h™*, which yield es-  tion becomes narrower and sharper at lower temperatures.
sentially staticC,, results. All BOCB-aerosil samples experi- Again the solid lines are the results of fits with the model of
enced the same thermal history after mountiigh in the  the structure factor given below.
isotropic phase to ensure homogeneous gelation, then a slow The x-ray structure factor for smectic thermal fluctuations
cooling deep into the smectic phase before beginning the firf{as been studied intensively. The most commonly used ex-
detailed scan upon heating. pression ig14]

01

IIl. RESULTS ST(q _ )
1+ & (q—a0)?+ & +célal

(6)

A. X-ray results

High-resolution x-ray diffraction measurements were car-This is an anisotropic Lorentzian with a fourth-order correc-
ried out for BOCB with the aerosil densities listed in Table Ition. & (&, ) is the correlation length parallgberpendicular
over the temperature range 353 to 315 K. Figure 2 shows thi the smectic layersyy (27/d, whered is the smectic layer
scattering intensity as a function of wave-vector transfer fothicknes$ is the wave vector corresponding to the peak in
three different aerosil densities. The displayed results are fahe reflected intensityr; is related to the thermal fluctuation
the lowest temperature studie&ﬂ'ﬁ,_A—ZS K). The resolu- susceptibility;c gives the scale of the fourth-order correc-
tion width, determined from the profile of the straight- tion. The coefficient has the value-0.25 at high tempera-
through beam, is indicated by a horizontal line. The additiortures, hence the perpendicular profile is a Lorentzian squared
of aerosil particles leads to peak broadening beyond the res@itensity distribution.c tends to 0 as the transition is ap-
lution limit even at the lowest temperature studied. Unfortu-proached. This line shape has been used to analyze x-ray
nately, at the lowest density studiegs&0.025 g cm ), scattering from pure 80CB and many other smectic liquid
any peak broadening is unresolvable for the beam profilerystals. The reduced temperature dependence of the fourth-
available in this work. At higher densities of the aerosils, theorder correction and the ratig, /¢ are consequently well
peaks are broader than the resolution and thus the smectoown for 80CB[30].
correlation lengths are finite even at the lowest temperatures. The x-ray structure factor used to analyze the scattering
There is a clear qualitative change in the reflection profilefrom the 80CB-aerosil dispersions is motivated by studies of
with increasing density; and the solid lines are the results ofandom-field magnets. A random field gives rise to fluctua-
fits to a model of the x-ray scattering structure factor, whichtions of the ordered state with a different wave-vector depen-
will be described below. dence than that for thermal fluctuations. Experimental stud-

For each aerosil density the reflection line shape evolveies[9] support the idea that random-field fluctuations behave
as the temperature is reduced. Figure 3 shows the x-ray scdike thermal fluctuations with the lower marginal dimension-
tered intensity as a function of wave-vector transfer for twoality shifted up by two. This leads to the structure factor
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oy 1B(@)=Mg+C (12)

.
[1+&f(ay—ao)*+ &l af +céfql)?

] ] ) over the limitedg— g, range of the smectic scattering. Note
The denominator is the square of the thermal fluctuation dethat M is negative. The free parameters over which the fit is
nominator. Ford=4 the dimensional change argument cangptimized arel\/l,C,qo,a1(=alléugf),az,fu. The values of
be Jus_t|f|ed theoretlcally31]_. The numeratorr; is rel_ated to £, (&) andc(£)) are assumed to retain the same behavior as
the disconnected susceptibility. Smectic correlations in th‘?hey exhibit in pure 8OCB. This assumption is physically
80CB-aerosil dispersions are influenced by both thermalgasonable for the weak disorder imposed by the aerosil gel

fluctuations and the random-field fluctuations. Aharony and;,q was also used for the 8CB-aerosil st@@y An initial
Pytte [32] have shown that for a random-field system thefiting of the data was made with all six parameters free.

structure factor should have the low-temperature Sca”n%ubsequentlyM and C were held fixed at their low-

form temperature average values for each sample to remove any
e unphysical fit noise. The remaining four parameters
S(0,£)=£7S(q¢). (8) do.a1,3,€) were then redetermined. A background fixed at

its low-temperature best fit parameters is chosen in prefer-

relation lengths in the directions parallel and perpendiculafence to a high-temperature background in order to reduce the

to the smectic laver normal. We assume by analoav with thénfluence of scattering from the disordered liquid crystal.
Y y gy This approach yielded low? values[33]. The temperature

isotropic result that the structure factor should have the scal* _ _
ing form and density dependengqu,al,az,§|| are d|spussed below.
The low-temperature limiting values of various parameters
S(ay.¢,q. ’fi)zf\\ffg(qllfu QLE). (9 are shown in Table |. Examples of the correspondence be-
tween this structure factor and the measurements are given in
Comparison of this form with E¢(7) leads to the conclu- Fig. 2 for different densities and in Fig. 3 for different tem-
sion that, for a random-field system, the amplitude can b¢eratures. The agreement between the data and the model is

St(a)=

For smectic liquid-crystal fluctuations there are different cor-

written as observed to be good.
The peak positiomy, and its temperature dependence dis-
oa=ay(§E0), (10 play little variation between samples for all densities except
_ _ the highest value studied. Fgss=0.489 gcm?3, qq is
which defines the parameta. _ slightly but noticeably lower(by ~0.0007 A'%) at all
The total structure factor thus consists of two terms: temperatures. For all other 8OCB-aerosil samples, ¢he
S(q)=S"(q) + S*F(q). (11) value varied from 0.198t0.0002 A'* at T3, to 0.1998

+0.0002 At at T) ,— 25 K, and this weak common trend

The thermal structure factor dominates at high temperaturesyith temperature is completely analogous to that shown for
while the random-field structure factor given by EF)  8CB-aerosil dispersions in Fig. 6 of Ref2]. The robust
dominates at low temperatures. There is a concurrent change@lue of the peak position for low disorder is surprising. Pure
in the reflection line shape as the balance between these tvCB exhibits a partial bilayer smecticphase, hence the
structure factors changes. It should be noted that(Et).  ordering wave vector is incommensurate with the molecular
provides an excellent description of the x-ray line shape ofength. Since the balance of interactions in the liquid-crystal
8CB-aerosil dispersion$1,2]. In order to compare this system is likely to be altered by the silica it might have been
model with the data, it is necessary to perform a powdegnticipated that the peak position would change for even the
average and then to convolve the resulting line shape witlbowestpg samples. The independence@fT) on ps up to
the resolution function. The powder average involves inte0.347 g cm ® demonstrates that the partial bilayer smectic in
grating over the random orientations of the smectic domains3OCB-aerosil dispersions, although not long range, has the
and the resolution function is measured as the profile of theame local packing as in pure bulk 8OCB.
straight-through beam. The handling of the resolution func- Figure 4 presents the results for the peak amplitudes. The
tion follows that discussed in detail in R¢R]. In the present parametera, is close to the integrated intensity for the
work, we implemented the powder average by recasting theandom-field contribution, Eq(7); the temperature depen-
integral as an ordinary differential equation and solving thisdence ofa, multiplied by ac-dependent correction is shown
using a commercial implementation of the Runge-Kuttain Fig. 4a) for three of the aerosil densities studied. Note
method. In Refs[1] and[2] the powder average was carried that, as with 8CB-aerosil dispersions, there is an effective
out by expanding the line shape as a series and then evaltransition temperaturd*, below which static quenched-
ating the integral analytically. The performance of these twaandom effects dominate and above which they are negli-
approaches has been compared for 8CB-aerosil data and hgible.
been found to be fully consistent. The thermal fluctuation term given in E¢6) would also

The powder average of the structure factor given by Eqdescribe the pretransitional behavior of a pure liquid crystal.
(1) has been fitted to the measured wave-vector transfeFhe observed behavior of; is shown in Fig. 4b). It was not
dependence of the scattered intensity. The background intepossible to make sufficient measurements to explore fully the
sity was taken to be a straight line high-temperature behavior without subjecting the sample to
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mal term far below the pseudotransition is predicted to be

FIG. 4. (a) Integrated intensity of the random-field te®R"(q) related to the variancé of the random field32]. It has been
versus temperaturéb) The amplitude of the thermal contribution to shown [4] that the relationship can be written as/o
the scattering versus temperature. The=0.220 gcm® values ~AS3. Note that the quantity,/o; is independent of the
have been multiplied by 2 and the=0.489 g cm* by 20. normalization of the intensities. The low-temperature ratios
are taken to be, /o, (LT), where both parameters are the
excessive x-ray damage. Three densities are shown in Figverage values fof <320 K, i.e., AT=T—-T*~—-21 K.
4(b), and in general the amplitude rises to a maximumWhile neithera, nor o; are quite saturated at these tempera-
around the pseudotransition temperature before settling tdures, this is the best available comparison with the theory.
ward a constant low-temperature plateau value. The maxim&he ratio values, given in Table | and displayed in Fig. 5,
nearT* could be the remnants of the divergent susceptibilityshow qualitative agreement with the relatieg/o,~ p3.
at the pure nematic to smect#ciransition. This relationship will be discussed in Sec. IV. Also shown in
At high temperatures the scattering is dominated by thé~ig. 5 are thea, /o 1(LT) values for 8CB-aeros[4]. The two
thermal fluctuations while the random-field fluctuationssystems can be seen to show good agreement over most of
dominate ag falls below an effective transition temperature the pg range.
T*. It has been shown in Reff2] that the temperature de- In our analysis, only the parallel correlation lengthwas
pendence o&, can be represented by an effective power lawtaken as a free parameter; the relationship betwigamd ¢,
(T*=T)%, whereT* marks the temperature above which thewas assumed to be the same as that for the pure 80CB liquid
integrated intensity of the random-field compon&ff is  crystal. The fit§, values for three densities are shown in Fig.
essentially zero, as shown for 80OCB in Figay With both 6. The correlation length is observed to grow sharply on
80CB-aerosil and 8CB-aerodil,2] studies the number of cooling towards the pseudotransition, but rather than diverg-
scans of scattered x-ray intensity was kept limited in order tong as in a pure material the value saturates and remains
minimize damage to the sample. For the 8CB-aerosifoughly constant at low temperatures. The saturation value
samples it was possible to make measurements down ftecreases monotonically with increasing density. For high
~15 K belowT* and hence the data are somewhat focusedlensities, where the scattering intensity was smallest, there
around the pseudotransition. With the 80CB-aerosil samplewas an occasional difficulty extracting an unambiguous cor-
measurements were made down~+@3 K below T*. This  relation length in the transition region. This can be observed
has the advantage that the line shape can be characterized Fig. 6 as the slight peak fog close to T* for pg
well below the pseudotransition and the disadvantage that 0.220 g cm3; the associated error bafaot shown for
there are fewer scans around the pseudotransition region itorrelation lengths are large. The equivalent feature for the
self. As a result, the present 8OCB-aerosil data are too sparga=0.489 g cm > sample has been removed from Fig. 6 for
to yield a good set of values for the exponearas a function  clarity. The average low-temperatufieelow 323 K ¢, val-
of pg; they can, however, be used to determiffe values ues are listed for each density in Table I; they are shown as
and these are given in Table I. dashed lines in Fig. 6. Many models of the effects of disorder
The amplitude ratio of the random-field term to the ther-on phase transition behavior apply to systems where the cor-
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FIG. 6. Parallel correlation lengths for smectic order as a func- FIG. 8. Specific heat due to thBl-SmA phase transition,
tion of the temperature for three 80CB-aerosil samples. The valuesC,(N-A), as a function of temperature abalit for bulk 80CB
saturate rather than diverge. The dashed lines show the lowand 80CB-aerosil samples with densities frpge0.036 to 0.647

temperature average valugg(LT), which are listed in Table I and g of silica per cm of liquid crystal. See figure inset for a definition
described in the text. of the symbols.

relation volume is isotropic. In order to make quantitative B. Calorimetric results

comparisons we assume that the cube root of the co_rrelation The heat capacity of the pure 80CB liquid crystal used in
volume gives the extent of S order. The valuest™  making the 80OCB-aerosil samples was determined in order
=(§||§f)1’3 have been plotted in Fig. 7. The dependence oto make quantitative comparisons with aerosil data. The ex-
£ on ps can be well described by the power I@W~p§ cess hgat papacjty_ associated with mesrm tra}nsition,
with the exponent/~—1. This relationship will be dis- Shown in Fig. 8, is in good agreement with previously pub-
cussed in Sec. IV. Also shown in Fig. 7 are a@ values for lished result$7,34]. We find for our pure 80CB material the

.. 0 _ 0
8CB-aerosil[4], which are in good agreement with the re- transition ~ temperatures TN-'_352'53_ K and- TNa
sults presented here. =339.52 K. The N-I two-phase coexistence width was

~95 mK, and theN-SmA transition enthalpy wasHp
=0.42 Jg'. These thermal features indicate that the 8OCB

material used for both x-ray and calorimetric studies was of
< reasonably good quality. A summary of the calorimetric re-
5“ sults for our pure 80CB and 80CB-aerosil samples is given
e in Table 1. Except for the additiongls=0.036 g cm 3 and
2107}
e TABLE Il. Summary of the heat capacity results for the 80OCB-
g aerosil samples. Shown are transition temperatures forNtHe
% (Tn) and theN-SmA (T*) phase transitions in K, the nematic
= temperature rang@T o= Tny—T*, the N-SmA transition en-
- thalpy sHy.a in J g 1, and heat capacity maximutwalue atT*)
% hw=8CI*(N-A) in JK~* gL,
gloz. ps Tae  T* ATpem Huya  hy=38CH¥(N-A)
0 352,53 339,52 13.01 0.420
) = 0 0.036 35253 339.64 1289 0.385 0.326
10 b g om™) 10 0051 35279 34022 12.57 0.334 0.167
0.078 351.08 338.61 12.47 0.268 0.146
FIG. 7. Low-temperature correlation length for smectic order0.105 351.02 338.51 1251 0.284 0.213
ELTz(gngf)m versusps. The full circles are for 80CB-aerosil 0.220 351.20 338.61 1259 0.230 0.100
while the open circles are for 8CB-aero$#t|. The power law 0.347 352.31 338.85 13.46 0.202 0.044
shown by the line, which igLT~pgl, is expected for a random- 0.489 352.05 338.05 14.00 0.149 0.027
field system ifA~pg. The open square is the nematic correlation0.647 351.41 337.30 14.11 0.050 0.014

length &y for 8CB-aerosil[22].
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TABLE lll. Results from fitting Eq.(16) to the N-SmA excess heat capaci§C,(N-A) of the 8OCB-
aerosil samples. Units f6F, are in K,A* andB, are in JK'! g, while D= are dimensionless.

Ps T. Y A" A~ D* D~ B, %
0 339.519 0.18 0.103 0.101 1.871 2.253 —0.264  1.017
0.036  339.639 0.17 0.087 0.082 0.874 1.643 -0.189  1.147
0.051  340.215 -0.04 —1.321 —1.367 —0.179 —0.470 1.098  1.098
0.078  338.612 0.14 0.081 0.089 —0.159 1.371 0.160  1.157
0.105 338508 —0.01 —4.979 —4.999 -0.121 -0.161 4712  1.854

0.647 g cm ® samples, the samples studied with calorimetry8OCB-aerosil system has to vary less in order to reach the
were from the same batches as those studied by x rays. HowD-XY fixed point (@3p.xy=—0.013).

ever, as explained in Sec. I, the sample handling differed To characterize the change in shape of th&€g,(N-A)
slightly. data, a transitional power-law forfi8] in terms of the re-

In order to determine the excess heat capacity associatgtiiced temperature=|T—T*|/T* is used to analyze the ex-
with the N-SmA transformation shown in Fig. 8, two back- perimental specific heat data associated with K&mA
grounds were subtracted. The total sample heat capacity ovehase transition:

a wide temperature range had a linear backgro@pdpack-
ground, subtracted to yield ACH(N-A)=A"t"*(1+D"t*1)+Bq, (16)
ACp=C,—Cy(background (13 where the critical behavior as a function of reduced tempera-
ture t is characterized by an exponeat amplitudesA~
above and below the transition, a critical background term
B., and corrections-to-scaling terms characterized by the co-
efficientsD™ and exponena ;=0.5. An increasing tempera-
ture gap of excluded data about theC,(N-A) peak with
increasingps was required to perform the fitting. These fit
_ N-I results are presented in Table Il and show a systematic evo-
ACHN-A)=ACp = Cpower: (14) lution of the effective critical exponent toward the 3DXY
The parameters for each 80CB-aerosil sample of the empir/@lUué consistent with previous  studies 0n738CB-aer03|I
N-| sampleq3]. The exception is thps=0.051 g cm ° 80CB-

cal low-temperatur€ wing were determined by fitting . ) o )
power
AC, after removing aT* =5 K window of data related to aerosil sample, which exhibits an exponent that does not fit

e N-Sri conuion. See Fi. 1 gien i Rea] an el i he e i e ot vaues, nd s s possibly
accompanying text there for details about obtaining P 9

AC,(N-A). The resultingAC,(N-A) data are shown for neous dispersion. This sample also strongly deviated from

. g the general trend at the-1 transition.
pure 8OCB and all 8OCB-aerosil samples in Fig. 8, where The N-I andN-SmA transition temperatures, the nematic

- l . - _
:?aenlsji?ig?l aeﬁﬁlaﬁy?::hggﬁrgi\?efrr%;ld crystal. Th&i-SmA temperature rang@T, ., the N-SmA transition enthalpy
SHn.a, and the heat capacity maximuhg, = 6CJ*{N-A)

as the exces€, due to theN-I and N-SmA phase transi-
tions. The excessC, due to the N-SmA transition,
AC,(N-A), was found by subtracting a mimic functida
simple power Iawcg[,'wer) depicting the low-temperature

AC,(N-I) wing variation:

are tabulated along withg in Table Il for the 80OCB-aerosil
oH N-A:j AC,(N-A)dT, (15  dispersions studied by calorimetry. THé-SmA pseudot-
ransition temperatur@*, and the transition enthalp§H y.a
where consistent limits of the integration,5 K aboutT*,  can be normalized by the corresponding bulk valts,
were used for all samples. and8HJ », respectively, in order to make quantitative com-

The behavior ofAC,(N-A) as a function of temperature parison with the results for the previously studied 8CB-
for various aerosil densities is shown in Fig. 8. THeSmA  aerosil systen3].
C, peak remains sharp for aerosil densities up gg The N-SmA transition enthalpy, as determined from Eq.
=0.105 g cm 3. Above this aerosil densith C,(N-A) be-  (15), for the 8OCB-aerosil samples is sensitive to the
comes significantly rounded. The increasingly asymmetrichanges in shape of th®C,(N-A) peak and complements
shape ofAC,(N-A) with increasingps, observed for 8CB- the power-law analysis of the evolving critical behavior.
aerosils[3], is also observed for 80CB-aerosil samples,Here we takeSH ,=0.42 J g * for our bulk 8OCBN-SmA
though to a weaker extent. Since the change in shape fdransition enthalpy. These enthalpy results, scaled by the pure
AC,(N-A) has been interpreted as a disorder driven crosskC value, are shown versyss in Fig. 9 for 80CB-aerosil
over toward the underlying 3B-Y critical behavior, the and 8CB-aerosil samples. Note that the same fractional
more subtle change for BOCB-aerosil is not surprising as thehange inN-SmA enthalpy occurs for 80CB-aerosil and
bulk critical exponent for 8CB ¢gcg=0.30) is higher com- 8CB-aerosil samples as a functiongf. Two pg regimes are
pared to that of 80CB dgocg=0.20[8]). In this light, the evident. For 6<ps=<0.1, there is a rapid drop iBHy_a,
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FIG. 10. Behavior of theN-SmA heat capacity maximurhy,

FIG. 9. Theps dependence of thH-SmA pseudotransition en- . .
ps dep bseu " =ACJ®(N-A) at T* as a function ofpg for the 80CB-aerosil

thalpy SHy.A=JAC,(N-A)dT scaled by the transition enthalpy of : .
purgyBOCNEf 5£ N-A/ngl?lZ for the SOyCB-aerosiII Isamples. %so samples and the 8CB-aerosil samples taken from[B&fThe solid

shown aresHy, . /3HC. . for 8CB-aerosil samples taken from Ref (dashed line shows the finite-size scaling prediction for 80CB
) N-ATOFIN.A " (8CB) -aerosil samples.

hile f | har 0.1 the d . For smectic liquid crystals the parallel correlation length is
while for ps values greater than 0.1 the decrease IS more 5 avs |arger than the perpendicular one, and so our analysis

_ 3
gradual. For theps=0.647 gcm® sample, SHya has geq'this length scale for the definition of the minimum re-
nearly disappeared indicating that the Smbsolute stability  ,ced temperature. Defining the maximum possible correla-

limit must be near this aerosil density for 80CB-aerosil length asé,,, one solves Eq(17) for the minimum

samples. . . reduced temperature aboWé ast!=(&y/&,) Y. Itis
Values ofT* for t'heN—SmA transition are given in Taple not possible to define a similar animum rloduced tempera-
Il. For SOCB-aerosniséamples? there is a slight increase*in ture below the transition since the correlation length behav-
up tops= 0'051. gcm Wh'Ch IS not fully understooq. How- ior below Tﬁ_A is not known. Substituting,, into Eq. (16)
ever, above this aerosil density, a sharp droprfnis ob- r_r(1:1ives the relationship for the heat capacity maximlugat

served on the order of that seen for the 8CB-aer05|I.syste the N-SmA transition as a function of the cutoff correlation
Also, the recovery and subsequent slower decrea$é ifor length as

ps=0.1 appears broader ipg as compared to the 8CB-
aerosil samples. Table Il also gives thel transition tem-
peratures and these track the same trend.

The heat capacity maximum at the pseudotransition is an
indication of the finite-size effects that are inherent in suc
studies. Figure 10 depicts a log-log representation of the h
capacity maximum as a function @fs for the 80OCB and
8CB-aerosil samples, where again the error bars indicate r
producibility. Since the mean distance between silica su
faces scales ags', the construction presented in Fig. 10
should reveal a straight line having a slope equatte; for
simple finite-size scaling effects. For pure 80CB/y
=0.28[8] whereas the slope for the 80CB-aerosil sample

varies from 0.75 folpg<<0.1 to 1.77 forps>0.1. However, N-SmA 8CB - ;
. ; . . - and 80CB critical parameters, respectively, and
as described in detail for the 8CB-aerosil syst¢d, the mean distance between silica surfagesan void size

correctlons-to—_sqallng terms pllay a significant role and alteré,OIZ/apS [3.4], wherea is the specific surface area, for the
the expected finite-size behavior.

A more complete finite-size scali@SS analysis should cutoff correlation lengtt¥,, . This closely follows the proce-

begin with the power-law form of the excess specific hea,{dure laid out in Ref[4]. The result for 8CB-aerosil samples

. § o are in very good agreement despite the change in the appar-
ggﬁglat% nEIqe'r%?% nghéhgrggrvggr;ﬁgséo{;leiezg“b'ng the ent critical behavior of the specific heat. However, this inter-

esting result is not seen in the 80CB-aerosil samples where
the bulk finite-size scaling analysis is everywhere lower than
§1= &0t "I (17 that observed. Despite the uncertainty in the 80CB-aerosil

=A% (&m/Ej0)"[1+D* (éy/Ej0) ™21/ +B.
(18

NBecause of the importance of corrections to scaling for the
&halysis ofAC,(N-A), a log-log plot ofhy — B, versuséy
would not yield a straight line of slope/v. The FSS effect
%n the N-SmA transition enthalpy is obvious since it in-
Nolves replacing the singulakC,(N-A) peak betweert,,
andt, by hy, and thus decreasing the integralo€,(N-A)
overT.

Plotted on Fig. 10 are FSS trends given by ELp) for
BCB-aerosil and 80CB-aerosil samples using thelk
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results, the agreement seen between FSS using the bulk criitic rangec« is close to its 3DXY value whereas a short
cal parameters and the 8CB-aerosil samples must be r@ematic range leads to tricriticality. The difference in behav-
garded as accidental. Also, the change in shape adbr of a between 80OCB-aerosil system, 8CB-aerosil system
AC,(N-A) described by the changing fit parameters given i3], and 40.835] is likely to be due to the different initial
Table Ill is more important than FSS for the enthalpy varia-yalues. As aerosils are added both systems move towards

tion with ps as shown in Fig. 9. 3D-XY behavior—the 8CB system starts with a higher
value and hence has to change further to reach thX'3D-
IV. DISCUSSION AND CONCLUSIONS fixed point. The variation of with pgis thought to be due to

i i changes in the coupling between nematic and smectic phases
Results have been presented from high-resolution X8 e to the aerosilE4].

scattering and ac-calorimetry experiments on 80CB-aerosi
dispersions. In this section, we compare these results with
equivalent experiments on 8CB-aerosil and 8CB-aerogel and
with theoretical models. The x-ray results for 80OCB-aerosil dispersions presented
here provide an important comparison with 8CB in an aero-
gel medium[15,17. The studies of the aerogel system show
_ } ) the N-SmA transition being destroyed with the line shape
A detailed comparison of the behavior of 80CB and 8CB-¢qresponding to smectic fluctuations observed to broaden
aerosil dispersions is illuminating. The x-ray structure faCtorsignificantly. The temperature dependence of the correlation
for liquid-crystal (LC)—aerosil dispersions has been de'Iength and peak amplitude have been compared with expec-
scribed using a random-field model that accounts well for the ..o s = 1 4el of anomalous elasticjty7]. The 8CB-
data. The correlation length and amplitudes for this mOOIeaerogel system is thought to be close to the putative smectic

have been presented as a function of the aerosil depsity ra lass state. Our x-ray scattering measurements are in
for each sample. These parameters for 80CB-aerosil dispe?— 99 9 ’ y 9

sions are fully compatible with existing results for 8CB- _?_ﬁOd agreeTgnt with those ondeC_BéZerOﬁil diﬁperﬁions.
aerosil dispersiongl,2]. The dependence of the cube root of ese aerosil data, contrary to predictig28], show that the

the correlation volume at low temperat_ on ps for 8CB low-temperature correlation length is independent of tem-
ue s o
and 80CB is seen in Fig. 7. This shows that the disordePerature rather than varying like some power of the pure

strength experienced by these two liquid crystals is ver)ﬁggcgc I.c?yer compr ess£|r$r1t trEoduIB$kT). dAS d(;scussed -Ifor
similar. Perhaps this is no surprise since the two system§ [2], itis surprising that the weaker disorder aerosil sys-

have the same polar cyano end groups that are likely to arlem seems to resemble the putative smectic Bragg glass less
chor to the aerosil and that the strength of smectic interacth@n the aerogel systefd7]. It should be stressed that the
tions in the two systems is likely to be similar. The higher@nalysis used for these LC-aerosil x-ray data differs greatly
sensitivity to changes in density for 80CB] appears to from that used in Refd15,17] to analyze the data for 8CB-
have little effect on the results. The small departure of thederogel. The approach presented here for 80CB-aerosil and
80OCB trends from both theory and the 8CB trend at lowthat for 8CB-aerosil[1,2]. is motivated by the following
disorder strengtiiFig. 5 and Fig. ¥ could possibly be due to three key ideas.
the unusual phase diagram for this material. Unlike 8CB, (i) The random-field contribution to the structure factor
further cooling takes 80CB back towards the nematic phaséias the form of the thermal contribution squared.
This could lead to a higher sensitivity to disorder in regimes (ii) In a random medium the underlying line shape will be
with similar characteristics to the pure material. the powder average of the structure factor.

The calorimetry results show that the specific heat peak (jii) As the disorder strength decreases, the behavior of the
associated with thé&l-SmA phase transition remains sharp system should converge on pure liquid-crystal behavior.
for low disorder while evolving in its critical behavior with The first idea is implemented via Eg$), (7), and (11)
increasingps towards the underlying 3DXY behavior. See and, consistent with the second idea, an accurate powder
Fig. 8 and Table Ill. For higheps samples, theN-SmA  average is evaluated. The third idea is implicit in our thermal
transition becomes highly smeared, concomitant with the deand random-field structure factors, E¢6) and (7): the an-
creasing correlation volume with increasing. The de- isotropy and fourth-order correction are assumed to retain the
crease in the transition enthalpy, Fig. 9, and in the specifiGame behavior as for the pure material. In the 8CB-aerogel
heat maximum, Fig. 10, with increasipg is very similar to  analysis[15,17] two components to the scattering are also
those observed for the 8CB-aerosil systeth However, the  considered, in line with the first idea; however, in all other
shift in the pseudotransition temperaturé with respect to  respects the analysis differs from that presented here and in
the pure LC transition temperature between the 80OCBRefs.[1,2]. For the aerogel analysis in Refsl5,17], the
aerosil and 8CB-aerosil samples, while similar, differs in thethermal contribution is taken to be a broad isotropic Lorent-
guantitative dependence @ry. These results are consistent zian. The anisotropy, the necessity of powder averaging, and
with the disorder induced by the aerosil gel, altering the couthe fourth-order correction are all ignored. For the random-
pling between the nematic and smectic phddés field contribution, the necessity of performing a powder av-

The specific heat exponent reflects the complexity of erage is considered; however, the scattering is taken to be
the pure material transitional behavi@]. For a wide nem- described by an anisotropic Lorentzian squared, ignoring the

B. Aerosil-aerogel comparison

A. 80CB-8CB aerosil comparison
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fourth-order correction, and making an approximation to the The suit of characteristics normally associated with
powder average. The thermal and random-field contributionsandom-field behavior leads us to conclude that the dominant
to the scattering are taken to have different peak positionform of disorder is that which couples linearly to the order
and correlation lengths. This is inconsistent with theoryparameter. This suggests that it is the layer position pinning
[23,32,3¢ and common practicg9,37]. We conclude that a from Eg. (2) which dominates. This would mean that the
direct comparison of the fit parameters for the aerogel andystem is closely analogous to charge-density wave materials
aerosil results is not possible. The necessity of using thghere the phase of the density wave is pinned by impurities
analysis presented here becomes stark and unavoidable as fhe,13.
smectic correlation lengths become increasingly anisotropic Radzihovsky and Toner have made a detailed theoretical
(for 8S5 see Fig. 4 in Refl2]). It is observed that 85-  study of theN-SmA transition in a porous mediurf23].
aerosil x-ray scattering is unanalyzable using the protocolhey find that the tilt disorder that the aerosil or aerogel
employed in Refs[15,17] (for further details see Ref38]). surface creates is the most pernicious form of disorder. This
corresponds to the first term in E@). The results for both
C. 80CB-aerosil-theory comparison 80CB-aerosil and 8CB-aerosil show that the low-
The observed breakup into finite-sized doméirts 12,3 temperature correlation length is independent of temperature.

. ; This is contrary to the tilt disorder model which predicts that
as well as the characteristics of the line shE3® are con- y P

) ) . . . . the correlation length should vary as some power of the pure
sistent with random-field behavior. Theories of random—ﬁeldSmectic layer compression modulB¢T). The reasons for

behavior predict the relationship between the saturated Colhe discrepancy between the mod@3] and the liquid

relagon IetEgtg_and t_he rlz_itndofrrmﬂeld v:inanlse(\;vhlchtdel- crystal—aerosil data are not fully understood. Since no cur-
pend on the dimensionality of the Systeém and on IS lowet, o, theory successfully captures all of the empirical features
marginal dimensionality as a random-field system. Since th

. i . . . of th re liquid-cr -SmA transition, perh itisn
system is anisotropic, we take the appropriate correlatlo% the pure liquid-crystaN-SmA transition, perhaps it is not

. . urprising that there are discrepancies between theory and
length for comparison with the theory to be the cube root Oexperiment in the presence of quenched disorder.

the correlation volume at low temperatue. For a 3DXY The calorimetry measurements presented here and else-
phase transition, the lower marginal dimensionality, belowyhere[3,35] indicate a systematic trend in the behavior of
which long-range order is not possible dg=2. Due to the  the smectic fluctuations in a gel. The exponeris observed
Landau-Peierls instability, the pufé-SmA transition has a to decrease with increasing aerosil density down to a value
lower marginal dimensionality af,=3. The pioneering ob-  close to zero. At around this aerosil density th€,(N-A)
servations of the algebraic decay of smectic correlations, fine shape is substantially rounded and can no longer be
hallmark of a system at its lower marginal dimensionality, described by a power law. The final exponent is consistent
were made on pure 80CBA40]. However, on the length \jth the 3DXY value ofaspxy= —0.013. The indication is
scales accessible in this work, the Smphase of pure 80CB  that the pretransitional fluctuations take on an increasingly
is ordered. Indeed, broadening of the peak beyond the res@p.xy character with increasing aerosil concentration. The
lution limit is unobservable even fops=0.025gcm?®. gifference between the pufé-SmA transition and the 3D-
Thus the distinction between a 30Y and aN-SmA transi- XY transition is due to the de Gennes coupling between the
tion is not important on the length scales probed here; purgematic and smectic order parameters and the anisotropic
smectic ordering can be reasonably thought of as ha#ing coupling between the nematic fluctuations and the smectic
=2. Random-field fluctuations are more effective than therorder parameter. The calorimetry results strongly suggest that
mal fluctuations at destroying an ordered state. They arghe coupling becomes negligible with increasing aerosil con-
thought to have the same effect that thermal fluctuationgentration. This trend is corroborated by the deuterium NMR
would have in a system with two fewer dimensions. Thisresults that show a steady decrease in the ability of the liquid
implies that we should také, =4 for theN-SmA transition  crystal to realign with a rotated magnetic field. There is no
in a random field. The dependence of the correlation lengtidapacity to realign and hence no nematic susceptibility when
on the random field variance should B&"~A Y@~  ,.>0.1 g cm 3. Both calorimetry and DNMR results point
=A"112,4,32. The results presented in Fig. 7 agree withtowards a steady decrease in the nematic susceptibilipg as
this relation ifA = pg. In addition, the density dependence of increases. This observation suggests that the role for director
the ratio of the random field and thermal amplitudes showrfluctuations is diminishing approaching tiNeSmA transi-

in Fig. 5 supports this equality sineg /o~ A% is expected tion in the gel. The enhanced role for director fluctuations
theoretically[4]. The equality betweepg and the random- anticipated under the anomalous elasticity md@d] is in-

field varianceA is consistent with a picture in which each consistent with this observed trend.

additional aerosil particle perturbs the average phase which This research opens new directions for study. We have
is favorable for the existing aerosils. For an LC-aerosil sysddemonstrated that the nematic—sme¢titransition with dis-
tem, a smectic region forms away from the aerosil and thepersed aerosil gels represents a random-field system where
grows with decreasing temperature. Eventually the densityhe disorder strength can be well controlled. Ising symmetry
wave impinges on the gel structure and is perturbed. Theandom-field systems have been well studied using the
proportionality betweemg and the surface area of the dis- Fishman-Aharony trick. This technique fails, in principle, for
persed aerosil is supported by our analysis of the backgroungbntinuous symmetry phase transitions. Pinning smectic
scattering. layer positions with an aerosil gel provides a model system
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where the order parameter has a continuous symmetry. Thisma-SmC transition in &5 is a true 3DXY transition that
opens a variety of possibilities for studying phase diagram$ias mean-field character due to the Ginzburg criterion. Our
of continuous symmetry systems. Examples are the reentragfgies show how this transition is modified by dispersed
N-SmA-N, phase diagram of 80OCB:60CB mixtures and theaerosils[38].

smecticA to smecticE (SmA-SnC) transition for 85. In
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