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The quenched randomness and surface effects associated with high-porosity aerogels can have substantial
effects on the phase transitions in thermotropic liquid crystals. A high-resolution ac calorimetry and relaxation
calorimetry investigation has been carried out on butyloxybenzylidene octylagdide3) in two silica aero-
gels with mass densitigs=0.08 and 0.17 g cA®. Bulk 40.8 exhibits weakly first-order nematic-isotropic,
second-order nematic—smechg-and strongly first-order smectié—crystalB transitions. In both aerogels,
all of these transitions become continuous; 40.8 ingdke).17 aerogel exhibits substantial dynamical behav-
ior. Measurements over a range of frequencies from 2.23 to 31.25 mHz allow one to obtain the static specific-
heat capacitied.S1063-651X%97)03101-2

PACS numbgs): 64.70.Md, 61.30-v, 65.20:+w, 82.70-y

[. INTRODUCTION A; and bilayer i=21) Sm-A, phases. For convenience the
. subscriptm will be suppressed in the subsequent text and

The behavior near phase transitions of fluid systems I%mA will be used for the 40.8 monolayer smectic liquid

porous media is an active field of current research. Durin ) . i g )

the past few years, a variety of investigations has been Ca%;_rystal. The heat capacity asspuated vynh transm.ons in bulk
ried out using thermotropic liquid crystals as the fluid com—f}%estrhaﬁ g]e eﬁh\gﬁl"f?rz;as?:; rrllzies dt b%ch;?g}risilzgzz ?: ;I?Io—
ponent[1]. These studies have included calorimetric mea-, yLf.el yp

surements on liquid crystals in a variety of porous glassegqmd crystals: first order with subs.t.antial pretransitip nal
[2.3], millipore filters[4], and silica aerogels,6]. The most wings. The second-ord®&—Sm-A transition has an effective

detailed liquid-crystal plus aerogel study is for octylcyanobi-::”t'calI tﬁxporjenéggo.lié [,[8& since tthe nem?nc rang?_e 'S
phenyl(8CB) in a series of four aerogels of different porosi- argelz(r all:n '?] an h € smec |((:j-ner2; ¢ cofupr:ng IS
ties[5]. 8CB is a polar molecule that forms a partial bilayerWea er. Furthermore, the Integrated aréiy, of the

smecticA4 phase. The phase sequence on cooling is isotroN_SmA heat-capacity peak is largaimost three times that

pic (1), nematic (), smecticA, (SmA,) and crystalline fo.r SCB). The SmA—Cr—B_ .transiti_on is strongly first order
(K). Due to coupling between smectic and nematic ordetVith quite small pretransitional winds]. _
parameters, the second-ordér-SmA, transition lies in a The goal of the_mvestlgatlonlwas to chgracterlze_ the ef-
crossover region betweet and tricritical behavior and the f€ct of quenched disorder associated with high-porosity aero-
effective critical exponent for bulk 8CB i&=0.3 [5]. In gels on the phase transitions of a smectic liquid crystal that
aerogels, both tha-1 and theN—SmA heat-capacity peaks differs in several ways from 8CB. 40.8 is a nonpolar mol-
are shifted to lower temperatures and significantly roundedECUl€ that contains an alkoyx oxygen and an imino nitrogen,
These effects are most dramatic for te SmA,; C,, peak, both of which can hydrogen bond to hydroxyl groups on the
which is greatly reduced in magnitude relative to the bulkSilica surface, whereas 8CB does not have hydrogen bonding
peak. capability. Of special interest in the case of 40.8-aerogel
The present work involves a detailed calorimetric study ofSYStems is the Sm—CrB freezing-melting transition,
the nonpolar liquid crystaN-(4-n-butyloxybenzylideng which has not been observed previously in liquid-crystal—

4’ -n-octylaniline (40.8 aerogel systems, and thd—SmA transition, where the
smecticA structure and bullC, critical exponent differ sig-
nificantly from those for 8CB. The large magnitudil 5 of

C4Hy0 <:> CH=N <:>_C8H17 the N-SmA C, peak is also an experimental advantage

since aerogels greatly suppressed this feature in 8CB. Data
in two aerogels with mass density=0.08 and 0.17 g obtained with an ac calorimeter over a substantial frequency
cm 3. These aerogels are the same as the two lowest-densitgnge revealed an intrinsic dynamics, especially for 40.8 in
(highest-porosity gels used in the 8CB-aerogel stuffy]. the p=0.17 aerogel. Thus the heat capacity is a complex
Bulk 40.8 exhibitsN-I, N-SmA,,, SmA,—CrB, and Cr- frequency-dependent quantity with real and imaginary
B—K transitions, where S, is a monolayer smectic with [ReC,(w,T) and InCy(w,T)] components.
layer thicknessd equal to the molecular length CrB is a The experimental procedures are briefly summarized in
plastic crystaB phase, anK is the rigid crystal form stable Sec. Il. The results and an analysis of the dynamics for 40.8
at room temperature. The notation 3\p-is used to distin- in the p=0.17 aerogel are given in Sec. lll. A discussion of
guish nonpolar monolayer smectic liquid crystals from polarthe staticC, behavior for 40.8-aerogel systems and a com-
liguid crystals that can exhibit both monolayat=£l) Sm-  parison with analogous features in 8CB-aerogel systems are
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given in Sec. IV, which also includes a discussion of thelaxation runs were made over a wide temperature range of
dynamic aspects of our data. ~40 K, it was necessary to use ramp rategdt of about
*0.25 K/min, which resulted in somewhat noi€y(T) data

but allowed a run to be completed in 3 weeks.

Very extensive sets of data were obtained with the ac

The two aerogels used in this work were from the samecalorimetry mode. The standard operating frequengysed
batches as those used previously for the study of 8CBINn the past for the oscillating heat inpBt,expwt) and the
aerogel systemgs). These aerogels were prepared by baseresulting T, oscillations wasw,=0.1963 s, correspond-
catalyzed polymerization of tetramethylorthosilicate anding to a 32-s period for theT,. signal or a frequency
have a fractal network structure. For the aerogel with densitgo/27 of 31.25 mHz. In almost all past cases, this frequency
p=0.08 gcm 3, the average pore choid is 700+100 A  is low enough to yield static4—0) heat-capacity values.
and the volume fractiong, of pores is 0.945. For the However, relaxing complex heat capacit@$(w,T) with a
p=0.17 gcm 3 aerogel,L Is 430-65 A and ¢p is 0.90. frequency dependence in this low-frequency range have been
Further details about these aerogels are given in [Béf. observed for a smectic-hexatic transitid®]. A similar situ-

The empty aerogel pieces were thin sl@h$5 mm thick  ation has been observed for the two 40.8-aerogel samples. In
with plane-parallel faces and cross-sectional areas 0f6  this case, the heat capacity of the sample cell has real and
cm?, which were vacuum dried prior to filling. Filled 40.8- imaginary components:C*(w,T)=C’(w,T)—iC"(w,T).
aerogel samples were prepared in vacuum by heating 40.Bhe equations for obtaining’(w,T) andC"(w,T) from the
into the isotropic phase and allowing the aerogel slab to fillobserved amplitud¢T,{ and phase shifgp of the ac tem-
slowly by capillary action. This procedure leaves the aerogeperature oscillations are
structure intact and does not create any empty redi5/s.

Il. EXPERIMENTAL PROCEDURES

After the filling was complete, the surface of the sample was C'(w)= |Pad cosp 1)

dried with filter paper to remove excess bulk liquid crystal o|Tad ’

that might be present and the sample was weighed to deter-

mine the mass of 40.8 in the g@lpically 30—50 mg. C'(w)= |Pad sing — i @)
The filled samples were then placed in a silver cell with o|TAd wR’

attached heater and thermistor thermometer. The handling . . .

procedure was crucial since it was necessary to avoid havinfjhere ®=¢— /2 is the phase shift of ,c with respect to
the 40.8 freeze into the rigid crystil phase. Preliminary Pac- The quantityR is the thermal resistance of the thermal
runs established that these highly porous aerogel netword#k (support wires and airbetween the sample and the
were severely damaged by the strains associated with goirf§mperature-controlled thermal bath. The termR/in Eq.
into the K phase(which occurs for bulk 40.8 at 311 K7]), _ ) takes into account the effect of the nonadlabatlc condi-
and this has been confirmed by a detailed study of such dantions (heat exchange with the surroundingshe value of
age effects in both §5-aerogel and 40.8-aerogel systemsR was determined in two !ndependent ways: frqm relaxation
[6]. Extensive data involving cycling through the Sm- data(see Ref[10] for detailg and from an analysis of very- _
A—Cr-B transition showed that freezing into the Brphase IQW-frequency ac data taken at temperatures far from transi-
had no damaging effect that influenced @gbehavior. This tion regions. The values & from these two methods agreed
is not surprising in view of the fact that @-s an extremely ~ Well. It should be noted that Eq2) describes a one-phase
soft plastic crystal phase. It should be noted that extensiv8yStém with both heat exchange and an intrinsic imaginary
data could be obtained on 40.8-aerogel samples down tgPmponent of the heat capacity. When two-phase coexist-
~300 K with no indications of freezing into thi phase ©NCe occurs at a first-order transition there is a distortion of

over moderateseveral hounstime periods below the bulk the Tac Wave form t_hat results in a characteristic_: anom_alous
freezing temperature of 311 K. peak in¢ not described by Eq2). Examples of this familiar

The transition temperatures were very stabdhifting COexistence anomaly i are given in Refs[5], [11] and
down only 30 mK over 60 d of data acquisitioior samples ~ [12]- ) ) N N )
in cells having a cold-weld indium seal. Samples in cells The real and imaginary specific-heat capacities of 40.8 in
with the silver foil cover mechanically crimped onto a flange @n aerogel are given by
on the body of the cell showed larger shifts in transition P _
temperatures<{ 14 mK/d), but theC, behavior in transition ReCp(@,T)=[C"(w,T)~C(cell+empty aeroge)ﬂ/m,(s)
regions was reproducible for different runs on several sepa-
rate samples. IMCy(w,T)=C"(w,T)/m, (4)

The high-resolution calorimeters used in this investigation
have been described elsewhgt@]. It is possible to operate wherem is the mass of 40.8 in grams a@d(cell plus empty
in two distinct modes. One is a conventional ac calorimetryaerogel is a real frequency-independent quantity determined
mode, modified to allow one to measu@g at many frequen-  at wo. Two types of ac data acquisition were used. In one
cies at a constant temperature and then step the temperatuype, w was held constant and the temperature was scanned
slightly and repeat the process. The second mode is a rampatia typical rate of 200 mK/h. Most of these runs were done
relaxation(or nonadiabatic scannipgechnique that uses dc on cooling, but some carried out on heating were in good
heating and is capable of determining enthalpy changes imagreement with cooling runs. For tpe= 0.08 aerogel sample
cluding latent heats at first-order transitions. Details of thisT scans were made atig andw/5. For thep=0.17 aerogel
second mode of operation are given in Rdf0]. Since re- samplesT scans were made aty, wg/9, w/22, andwy/35.



490 ZDRAVKO KUTNJAK AND CARL W. GARLAND 55

TABLE |. Latent heatsAH and integrated enthalpieSH, in

units of Jmol!, for phase transitions in bulk 40.8 and 40.8 in 50k .
silica aerogels of density. Note that the molecular weight of 40.8 ' relaxation run
is 365.56 g moll. Also given are the shifts in th€, peak posi- i O acrun coO/S

tions with respect to those in bulk 40.8\T.=T.(aerogel
—T(bulk). For each transition, twa T, (K) values are cited; the
value in parentheses pertains to a small sharp spike,ion the
high-temperature side of the principal aeroggl peak.

p=0.08 p=0.17
Quantity Bulk aerogel aerogel
AHy, 1230 ~0 ~0
SHy, 1570 220150 200G= 150
SHna 800 620G+ 30 560+ 30
AH g 1850 ~0 ~0
OHag 250 167G=100 145G:100 \ \ . .
ATy, —-4.9 (—4.4) —5.4 (—4.5) 310 320 330 340 350
ATya —4.0 (—3.0) —4.5(—2.8?)
AT g —-2.9(-1.4) —-3.6(-1.2) T(K)

FIG. 1. Heat capacity for 40.8 in p=0.08 aerogel. The ac

The second type of run involved holdin§ constant(to  calorimeter points correspond to the static specific-heat capacity.
within +0.1 mK) and taking data at 12 frequencies in the The relaxation data agree well wiG,(ac), except for the presence
range wy—wy/14 (31.25-2.23 mHg and then stepping’ of two sharp spikes in thBl-I and SmA—Cr-B regions.

slowly such that the scan rate wa20 mK/h in the vicinity e 4105
of phase transitions. AC,=A"t"*(1+D ™) +8B, (5)

whereAC,=C,— C, (backgrounglandt=|T—T|/T is the
reduced temperature. Fits over the range5.9x10 3
Before studying the 40.8-aerogel samples, relaxation datgeldeda=0.133 andA™ /A" =1.243, which agree well with
were obtained on bulk 40.8. Cells containing bulk liquid the valuesa=0.134+0.015 andA™ /A" =1.132+0.16 de-
crystal were prepared in the same manner as used previoud§fmined previously8].
[10]. A relaxation run carried out from 357 K down to 310 K~ The temperature dependenciesyffor 40.8 in aerogels
yielded the transition temperatures and enthalpies. The bulWith p=0.08 and 0.17 are shown in Figs. 1 and 2. In both
transition temperatures wefBy,=353.10 K, Tya=337.10 cases, data for a relaxation run and low-frequency data from
K, and T,g=322.40 K, in good agreement with previously
published valuef7]. The transition enthalpy values are listed
in Table I, whereAH represents the latent heat associated

Ill. RESULTS AND ANALYSIS

with a first-order transition with two-phase coexistence and >or relaxationrun g
SH is the integrated area of second-order peaks or pretransi- i ° acrun o /14
tional wings.oH=[AC,dT, whereAC, is the excess heat 4.5

capacity associated with a transitidire., the area above a —_
smooth background curve, as described in R&J. It was -
difficult to separate the totaN-l transition enthalpy of b 4.0
2800+ 150 J mol ! into latent heat and pretransitional com- Y
ponents. We estimate from the wings of the relaxation run 5 35
that 6Hy,=1400-1800 Jmol!. The value of 1570 J o
mol~! for sHy, given in Table | is taken from previous ac ©
calorimetry datgd7]. The values ofSHy, and SH g deter- 3.0
mined here agree well with the values 770 and 210 J
mol~? reported previously7].

In addition to the relaxation run on bulk 40.8, we also
measuredC, in the vicinity of the second-ordel—SmA ! ’ ! !
transition w?th ac calorimetry ata@, (T scan rate 50 mK/h 310 320 330 340 350
andwg/5 (T scan rate 30 mKh C,, data at both frequencies T(K)
on heating and on cooling runs all agreed well with each
other, indicating that dynamics does not play a significant F|G. 2. Heat capacity for 40.8 in a=0.17 aerogel. The ac
role for bulk 40.8 at these frequencies and the data can b&lorimeter points are a close approximation of the static specific-
considered to be static specific-heat capacities. These ac daigat capacity, except very close to the maxima of the roumdled
could be fit very well with the usual power-law form includ- | and SmA—Cr-B peaks. As in Fig. 1, the relaxation data exhibit
ing corrections-to-scaling terms two additional sharp spikes.
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FIG. 3. Detailed view of staticC, data in the vicinity of the FIG. 4. Temperature dependence of(Réw,T) for 40.8 in the

N—-SmA transition. The integrated aredbly, are givenin Table .  p=0.17 aerogel for five typical frequencies in the range

The SHy4 value for thep=0.08 aerogel sample does not include wy/14— w,, Wherewy,=0.1963 s'*.

the sharp “spike” above the dashed line. The data for the

p=0.17 sample have been shifted slightyp by 0.5 K in tem-  described above. All of these three small features have bulk-

perature in order to superimpose the tNe-SmA aerogel peaks. like characteristics in terms of the order of the transitions and

See the text for comments on the spike. their sharpness. There is no comparable egpafeature
shown in Fig. 3 for thep=0.17 aerogel sample, but a small

an ac calorimetry run are given. For the-0.08 aerogel data anomaly was observed above the rountiedSmA aerogel

in Fig. 1, C,(wo/5) corresponds to the static heat capacitypeak for one of the othes=0.17 aerogel samples that we

sinceCy(w) data fromw/3 to wy/14 agree well at all tem-  studied. On this evidence we tentatively conclude that a very

peratures. For thep=0.17 aerogel data in Fig. 2, small second-order extra feature also occurs above the large

Cp(wo/14) is a good approximation to the static heat capacroundedN—Sm-A peak for these =0.17 samples.

ity, except very close to the maxima associated With and The temperature shifts from bulk 40.8 values for both the
Sm-A-Cr-B peaks. As will be shown later, there are substandarge rounded 40.8-aerogel peaks and the sharp spikes dis-
tial dynamic effects for 40.8 in the=0.17 aerogel. cussed above are given in Table | together with enthalpy

The relaxation run data shown in Figs. 1 and 2 agree veryalues corresponding to the large features. The latent heats
well with the C,(ag data, except they exhibit extremely associated with the shard-I and SmA-Cr-B relaxation
sharp effective heat-capacity “spikes” on the high- spikes in both aerogels are estimated to be 0.16-0.18 J for
temperature side of the roundddl and SmA—CrB peaks. N-I and 0.20-0.22 J for StA—Cr-B per gram of 40.8 con-
Such features are characteristic of latent heat effects for &ined in the aerogel sample, corresponding to roughly 4% of
strongly first-order transition with a very narrow-@00 mK  the integrated enthalpy observed in the corresponding large
here coexistence range. It is tempting to think of such spikesounded aerogel features.
as arising from a small amount of excess bulk 40.8, but As shown in Figs. 4 and 5, strong dynamical effects were
these spikes are shifted in temperature by a substantiabserved for 40.8 in the=0.17 aerogel. These include both
amount relative to the position of the bulk 40.8 transitiondispersion(frequency dependenci the real part oC, and
temperature, as indicated in Table I. The first-order nature o& substantial imaginar¢, component. Although dynamical
these relaxation spikes is confirmed by a careful examinatiopffects were observed at all temperatures, these effects are
of the acC, magnitude and the phase shifts between the heahost pronounced in the vicinity of the phase transitions.
input power and thél . oscillation, which show small but Note that the sharpness of the exc€s transition peaks
characteristic anomalies associated with two-phase coexisiicreases as the frequency is lowered.
ence at a first-order transition. A comparable set o€,(w) measurements was made for

There is also a small but sharp extra feature in the relax40.8 in the p=0.08 aerogel at 12 frequencies over the
ation data just above the round@#-SmA peak in the wy/14—w, range while T was held constant and then
p=0.08 aerogel sample. In this case thg(ac data show a stepped through the desired range. In addition, a temperature
comparable feature, which can be seen in the detailed viewcan was made at the constant frequeney.Below /5,
of the N—Sm-A region given in Fig. 3. The agreement be- there was no dispersidie., C, was independent ab) and
tween data obtained with the ac method and the relaxationo imaginary component. Very weak dynamical effects were
method indicates that no latent heat is involved here. Thusbserved at higher frequencies, but the characteristic relax-
there is a small second-ordB—-Sm-A extra feature analo- ation time must be appreciable shorter than for0.17
gous to the first-ordeN-I and SmA—-Cr-B spike features samples. The differencéReC,(wo/5)— ReC,(2w,)] was
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FIG. 5. Temperature dependence ofdpiw,T) for 40.8 in the
p=0.17 aerogel for five typical frequencies.

only —0.07 J K1 g ! (~3%) for T values far from any
transition temperature ang0.5 JK'* g°! (~15%) for T

values corresponding to the positions of thel and Sm-
A-Cr-B peaks. Thus the relaxation of 40.840.08 aero-
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FIG. 6. Cole-Cole plots of '@ (w,T) versus RE€,(w,T) for

gels is not well characterized by data in our frequency windive temperatures nedr,e, for the N-I transition. The curves are

dow and will not be discussed further.

An attractive representation of the dynamical heat capac-
ity data for 40.8 in thep=0.17 aerogel is a so-called Cole-
Cole plot of INC(w, T) vs Re&C(w, T) for all available fre-
guencies at a given temperature. Such plots were made and
fit with a model to be described below for 137 temperatures
over the range 298-352 K. Examples of these Cole-Cole
plots at temperatures near the maxima ofCReor N-I,
N-SmA, and SmA-CrB transitions are shown in Figs.
6-8.

It is clear from Figs. 6—8 that the relaxation does not have
a simple Debye form, which would yield semicircular Cole-
Cole plots. The polydispersity is clearly changing with
AT=T-Tyeaand becoming greater @T—0. This is es-
pecially true for the data near thd-l and SmA-CrB
peaks. Furthermore, the data indicate an asymmetric distri-
bution of relaxation times with a quite strong tail toward
longer relaxation times near the transition temperatures.

A suitable form for representing all the relaxation data for
40.8 in the p=0.17 aerogel is the so-called inverse
Havriliak-Negami equatiof13]

(o)t @

B
Cp=Cp(0)—[CH(0) —Cp()] W] . (8

This type of form has been used to represent non-Debye
behavior in the dielectric constant of certain glasses and
polymer systems. Equatio®) is the thermal analog of the
original dielectric expression.

The quantityC(0) is the static thermodynamic specific-

fits with the inverse Havriliak-Negami function E(f).

1.0 20 25 30 35 40
T-T. . =7.008 K
1.0t peak :
0.5
0.0
ol 0.135K |
31.25 mHz
0.5
2.23 mHz
0.0
9452K
1.0} ;
Tpeak = 332050 K
0.5}
09015 20 25 30 35 40

ReC, JKlgh

FIG. 7. Cole-Cole plots of G (w,T) versus RE€,(w,T) for

heat capacityC() is the high-frequency plateau value of three temperatures nedfye, for the N-SmA transition. The

C, with respect to this relaxation procegathough it may

curves are fits with the inverse Havriliak-Negami function E).
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05} T —317917K FIG. 9. Temperature variation of the relaxation paramgtén
m peak . Eq. (6).
0.0y 2 3 ¥ 5

1.-1 tions occurring in the pores of the aerogels. T¢ and Sm-
ReCp (JKg™) A—Cr-B spikes seen very clearly in relaxation runs corre-
spond to strongly first-order transitions with narrow 300
FIG. 8. Cole-Cole plots of It8,(,T) versus RE(«,T) for mK) two-phase coexist(_ance re_gions. The latent heats mea-
five temperatures neaFeq for the SmA—Cr8 transition. The sured for these two spike regions are small but not negli-

curves are fits with the inverse Havriliak-Negami function . 9ible. If one assumes that the latent heat per gram for these

transitions is comparable thH for bulk 40.8, roughly 4%
of the 40.8 in the aerogel is needed to account for the mag-

not be the true infinite frequency value if some other higher-_. ;
frequency relaxations play a rojeand 7 is the relaxation nitude of these two features. Tihe-SmA spike shown as a

time. Initial fits in which both the parametetsand 8 were gg(zc)inf?ﬁturf (')noglg' ? an:jialso seerr: dl-n :;I?);?t':r}tiru:? or_1
allowed to be free yielded=0=+0.03, soa was held fixed ' €p=0.06 aerogel IS a second-order transition tea

at zero for all the fits described here. Typical examples ofure. - :
such fits are shown in Figs. 6-8. It is clear that our data are Somewhat similaN-| and N-SmA sharp spikes were

distributed mostly on the low-frequency side of the reIax-ObserVed in ac _caI(_)rimetry _data for 8CB in sil_ica aerogels,
ation. Thus theC,(0) values are quite well determined but there are significant differences. The spikes seen for
. p 1

whereasC,(«) values involve a greater extrapolation and
are less certain.

The temperature dependencies of the fitting parameter 9
and the relaxation time are given in Figs. 9 and 10. Figure
9 shows a dramatic increase in polydispersity close to the
N-I and SmA—-Cr-B transitions and a milder variation near
the N—SmA transition. Ther behavior in Fig. 10 is analo- 8
gous: a very rapid slowing down in the-I region, a mod- —_
erate slowing down in the S®M—CrB region, and a very &,
mild variation near thdN-Sm-A transition. TheC,(0) and -
Cp() values obtained from fits with Eq4) are shown as 7L
functions ofT in Fig. 11. TheC,(0) values are very close to
the C,(wo/14) experimental values given in Fig. 2, except,
of course,C(0) is slightly larger in the vicinity of both the

(e]
o]
[e]

o
[¢]
e/
o]
Q

N-I and SmA-Cr-B peaks. 6
[l " 1 " 1 " 1 " 1 " 1
IV. DISCUSSION 300 310 320 330 340 350
The static thermal properties of 40.8 in aerogels will be T(K)

discussed first, beginning with the shafy spike features
observed at temperatures slightly above those for the princi- FIG. 10. Temperature dependence of the relaxation tinfier
pal large roundedC,, peaks that are associated with transi-40.8 in thep=0.17 aerogel.
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5.5 crystal interactions(which favor orderingg The stronger
o C(0) 40.8-surface anchoring should shift all transitions to lower
P

1] temperatures, and one would expect this to be most pro-
o Cp(OO) ° nounced for orientational ordering, i.e., tNel transition, as
45r : is observed.
= a0 B o e Let us now consider the maj&, peaks that arise from
' L the 40.8 contained in the aerogel “pores.” Some aspects of
'_-:'z 35 r- the N-I andN-Sm-A peaks agree with features seen previ-
= ously in 8CB-aerogel sampl¢5]. These peaks are broader

and more rounded than the comparable peaks in bulk 40.8
[ and are shifted down in temperature relative to the sharp

2.5 i C, spikes. TheN-I shift T (aeroge)-T(spike is —0.5 K for

: the p=0.08 aerogel and-0.9 K for the p=0.17 aerogel.

pr
r o

20F ) )
I The correspondind)l-1 shifts for 8CB-aerogel samples were
1.5+ —0.45 and—0.72 K. TheN-SmA shift is —1.0 K for the
- p=0.08 aerogel and approximately-1.7 K for the
1 0 1 N 1 N 1 i [l " 1 " i N — . .
300 310 320 330 340 350 p=0.17 aerogela value that is somewhat uncertain due to

difficulty in precisely locating th&—Sm-A spike position in
T(K) this aerogel The corresponding\—Sm-A shifts for 8CB-
aerogel samples were0.98 and—1.62 K. It must, of
FIG. 11. Temperature variation @,(0) andC,(«) resulting ~ course, be kept in mind that thig,(spike values for 8CB
from fits to Cole-Cole plots with Eq(6). agreed with the bulk transition temperatures, whereas those
for 40.8 are substantially shifted from bulk values.
8CB-aerogel samples were assigned to a small surface excesslt should be stressed that there is an important difference
of bulk 8CB since the temperatures of these spikes agredeetween theN-I peaks for 8CB and 40.8 in aerogels with
with the bulk 8CB transition temperatures and g(ag  density p=0.08 and 0.17. In both of these aerogels, 8CB
spikes could be eliminated by surface drying with filter papercontinues to exhibit a region of two-phase coexistefee, a
[5]. No relaxation calorimetry was done on 8CB-aerogelweak first-order characteand the 8CBN-I transition be-
samples, so th&l-I latent heat associated with that spike is comes continuous only in higher-densitiower-porosity
not known, nor is it known if any relaxation spike persistedaerogels. In contrast to this, the present 40.8-aerogel
after drying the surface. The major difference between theseamples show no indications of first-order behavior. The ac
sharp spike features in 40.8-aerogel and 8CB-aerogdihase shifts associated with the lafgd peak and also the
samples is the large shift in temperature between the locdarge SmA—-Cr-B peak (a strongly first-order transition in
tions of the aerogel spikes and the corresponding bulk 40.ghe bulk give no indications of two-phase coexistence. Nor
transitions. As shown in Table |, the magnitude of such shift@re there any smeared latent heat effects since ac calorimetry
differed for different transitions but was essentially the sameand relaxation calorimetry agree. It is predicted theoretically
for a given transition in both the=0.08 and 0.17 aerogels. [15] that a quenched random field can convert first-order into
The fact that the spikes are sharp indicates that the 40.8ontinuous transitions. Thus it appears that the magnitude of
giving rise to them is in a homogeneous environment, but théuch random fields for a given aerogel is greater for 40.8
T shifts of ~ 1.3— 4.5 K shows that this material is substan- than for 8CB, which would be consistent with the idea of
tially perturbed relative to pure bulk 40.8. The fact that thestronger anchoring for 40.8.
temperature shifts are negative indicates that silica acts as a Another difference between 40.8-aerogel samples and
disordering surfacgl4] for 40.8. We have no way to iden- 8CB-aerogel samples is the trend in the integrated enthalpies
tify the location of this material, but it seems rather unlikely as a function of aerogel density. As shown in Table | for all
that it is on the external surface since the samples were suthree transitionsN-I, N-SmA, and SmA-Cr-B), éH val-
face dried prior to being placed in the silver cell. ues for 40.8 in thep=0.08 aerogel are (78:51)% of the
We believe that the reason for the large transition temiotal enthalpiegintegrated enthalpyH plus any latent heat
perature shifts observed here is stronger anchoring of 40.8H that may existfor bulk 40.8 and theSH values in the
on silica than occurs with 8CB. The surface of silica aerogep=0.17 aerogel are (70:51)% of the total bulk enthalpies.
particles are covered with hydroxyl groups, and thus ondn the 8CB-aerogel systerdHy,(aerogel is a larger percent
must consider possible hydrogen bonding interactions beof the bulk value andH y,(aerogel values decreases slower
tween the surface and the liquid-crystal molecules. 8CB molwith increasing aerogel density than dblya(aerogel val-
ecules are not able to form hydrogen bonds since the basicityes.
of the nitrogen in the cyano group is very low. However, In the more extensive study of 8CB in four aerogels it is
both the oxygen in the butyloxy group and the nitrogen in theconcluded that the thermal behavior reflects primarily
Schiff base linking group between the rings in 40.8 are basicandom-field effects rather than surface effects or finite-size
enough to form hydrogen bonds of moderate strength. Ieffects. We believe that the dominance of random fields over
addition, there could be dipolar interactions between the suffinite size is still valid for 40.8 in high-porosity aerogels, but
face and the transverse dipole that exists in 40.8. Thus themurface effects may play a larger role here due to stronger
is a competition between liquid-crystal—silica-surface inter-anchoring and this may help to explain the large temperature
actions (which hinder ordering and liquid-crystal-liquid-  shifts for the small but sharp spikes. It would be very attrac-
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tive to carry out light-scattering and x-ray studies for 40.8- The behavior of theC (=) temperature dependence that
aerogel samples like those that have been done on the 8CRBrises from fits to Cole-Cole plots with E(6) (see Fig. 11
aerogel systerfil,9,16,117. suggests that there may be a second, higher-frequency relax-
As a final topic, a few remarks will be made about theing contribution toC,, that lies above our frequency window.
dynamical aspects of our 40.8-aerogel data. It is clear frongych an extra high-frequency contribution has been reported
Figs. 4 and 5 that a frequency dependence is observed fgf the case of dynamics near the Sa-Smi{ critical point
ReC,, in the p=0.17 aerogel samples over our entire tem-10]. |f a second relaxing contribution did not exist, one
perature range, but for temperatures away from transitioty,, g expeciC,(=) to correspond to a smooth background
regions R€(wo/14) is very close to the static specific-heat oo canacity that was linear in However, the speculation

Bhase taniton temperatures 5 due o the poor tnermal cofU! b€ treated with care since the available data do ot
o I . approachC,(«) very closely and Eq(6) is an empirical
ductivity of liquid crystals embedded in an aerogel structuref that P i id liabl ¢ lation t h
There are, however, interesting pseudocritical relaxation e form that may not provide a refiable extrapolation to muc
fects at the phase transitions that are not seen in the bumgher frequencies.

40.8 sample. Figures 9 and 10 show that the polydispersity

of the relaxation spectrum and the effective relaxation times
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