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Effect of silica aerosil particles on liquid-crystal phase transitions
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High-resolution ac calorimetric studies show that the dispersion of 70-A-diameter hydrophilic silica spheres
(aerosil$ has a substantial effect on several liquid-crystal transitions in butyloxybenzlidene octylahirg:.
The weakly first-order nematid\() —isotropic (), the second-order nematitlf—smecticA (SmA), and the
strongly first-order smectié{ SmA)—crystalB(CrB) freezing transition all exhibit shifted transition tempera-
tures and substantial changes in the shape of excess heat capacity peaks. Power-law fits show an evolution of
the N—SmA critical exponenta from «=0.135 in bulk 40.8 towarde~ ayy=—0.007 in 40.8 aerosil
suspensions with silica densitips~0.08 g cm 3. For ps=0.11 g cm 3, theN—SmA AC, peaks are rounded
in a manner qualitatively like those for 40.8 confined in a high-porosity aerogel, one of which was also
studied.[S1063-651X97)04009-9

PACS numbg(s): 61.30-v, 64.70.Md, 82.70.Rr.

I. INTRODUCTION 40.8+aerosil samples witlg as large as 0.438 g ci In
addition, we studied 40.8 in one aerogelp (

. =0.25 g cm®). Thus we can compare the preséntresults
The effects of quenched randomness on critical phasﬁ/ith a detailed frequency-dependence studyA@,(w,T)

transition behavior is an active field of research. Much of this 40.8+aerogel samplef6] as well as with previous stud-
work has been carried out on magnetic systefsbut stud- ies of 8CB in aerogels and 8CB with suspended aerosils
ies of a liquid crystal(LC) confin_ed in aerogelf2-7] and [5,11]. It should be noted that very recent SAXSmall-
porous glassef8—9] have been vigorously pursued over the 5ngle x-ray-scatteringlata show that aerosils suspended in a
past five years. See RdfL0] for a general review of such | c exhibit structure$14] which are very similar to those of
liguid-crystal studies. aerogelg5].

A recent calorimetric study has been made of the nematic The compound 40.8M = 365.56 g mol?) has the struc-
(N)—smecticA (SmA) transition in octylcyanobiphenyl tural formula
(8CB) with small aerosil particle§70-A SiO, particles sus-
pended in if11]. This work showed that such 8GRaerosil
systems with silica densitigs;=0.016—0.167 g ciT were C4Hy— O_O_CH= N“@" CsHyy
consistent with earlier 8CB-aerogel results on systems with
p(ge)=0.08-0.60 gcm?® [5]. Indeed, the shifts in
T.(N-SmA) for both types of system exhibit the same de-
pendence op, and the same is true for the integrated enthal-and exhibits the phase sequence
pies SH(N—SmA). More importantly, 8CB-aerosil samples
with ps=0.09 g cn® exhibit singularA C,(N—SmA) excess CK—CB — SmA — N—,
heat-capacity peaks that can be power-law analyzed to obtain sz ~3220K 336.9K 352K

the heat-capacity critical exponenty;. The resultingae where the transition temperatures are taken from Réfs-

values decrease monotonically fram= 9330t 0.02 for pure 17]. There are two 3D crystal phases—the rigid crystal
bulk 8CB toa~—0.03 forp=0.09 g cm . The latter value (k) which is the stable phase at room temperature, and
is very close to the theoretical value for a three-dimensionajy, plastic crystaB(CrB); | denotes the isotropic phase.
(3D) XY model, axy=—0.007[12]. This model is expected Thys it is possible to explore the effect of aerosil particles on
to describe thé\—SmA transition, and does so for the heat the second-ordeN—SmA transition, the weakly first-order
capacity of bulk liquid crystals in which the coupling be- N-| transition, and the strongly first-order ®mCrB transi-
tween the smectic order parameter and the orientational nenfion. The terms weak and strong first order refer to the rela-
atic order parameter is wedk3]. tive size of the latent hea&tH compared with the integrated
The present paper extends the work in Réfl] in two  C, pretransitional enthalpysH=fAC,dT (AH<G&H is
ways: a preparation method has been developed for suspengieak andAH> SH is strong.
ing sil particles more uniformly than can be achieved with  There is still a paucity of theory appropriate to the de-
mechanical stirring, and the present liquid cryshd(4-  scription of either LC-aerogel or LC-aerosil systems. Two
n-butyloxybenzlidene-4-n-octylaniline (40.8 is a nonpo- types of simple theoretical models—single-pore and random-
lar LC with a monomeric S, phase instead of the “frus- field Ising—are reviewed briefly in Ref11]. Our aim is to
trated” polar compound 8CB with a partial bilayer 8gn  stimulate new theory and new experiments with other tech-
phase. The preparation technique has allowed us to prepaniques. Experimental work on L€aerosil systems is attrac-
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tive since they are much easier to prepare than-h€rogel as needed until the gel is full, as determined visually. The
systems. Section Il gives our experimental procedures anéell is then weighed and cold-weld sealed without any han-
reports the effects of several aerosil densities and one aerogding of the gel slab. Once sealed and mounted in the calo-
sample on theN-1, N—SmA, and Smi\—CiB transitions. rimeter, the cell is maintained at or above the bulk freezing
Section Il presents the excessC, associated with the temperature. Fortunately, cycling of the sample through the
phase transitions, and gives a power-law analysis of th&mMA-CiB transition has no effect on the dd&.
N—SmA sil data. A general discussion of the effects of aero- After a 40.8 or 40.8-aerosil sample was prepared, it was
sils and aerogels on thHé-1 and Smi\—CiB first-order tran- ~ cold-weld sealed into a silver cett1 cm in diameter and
sitions as well as the continuobs- SmA transition is given  ~1 mm thick. For bulk 40.8, a helix of gold wire was also
in Sec. IV. included to enhance the internal thermal conductiy2Q].
No gold wire was used for 4048aerosil samples. In this
case, the fact that the thermal conductivity of Si® seven
times greater than that of a typical liquid crystal should
The 40.8 sample used in the present work was providedomewhat speed up heat flow in the sample and help to re-
by J. D. Litster, and was originally synthesized by Organixduce or eliminate internal temperature gradients.
Corporation. It had a melting point of 311.5 K and was used The high-resolution ac calorimetric technique is ideal for
without further purification. For most experiments, a hydro-studying phase transitiorigspecially second order onesa
philic aerosil(type 300 was used as obtained from Degussasmall samples, and descriptions of this method are given
Corporation 18] without further processing. This sil consists elsewhere20]. Explicit details for the calorimeter used in
of 70-A-diameter Si@ spheres, with hydroxyl groups cover- this work are given in Ref.21], together with the equations
ing the surface. The surface area is given by the manufader processing the observel,, response to & ,exp(wt)
turer as 300 rhg ™%, and the particle size distribution is fairly heat input. The standard frequenay=0.196s* (corre-
narrow (full width at half maximum of distribution~75 A) sponding to a 32-s period or frequenty w /27 of 31.25
[18]. One sil dispersion was made with a hydropholtype = mH2) used here for bulk 40.8, and the philic aerosil samples
R812 aerosil with CH surface groups. is that used in most previous work at MIT. The essential
The LC+aerosil samples were prepared by dissolving theequations in the absence of two-phase coexistence are
LC in pure absolute ethangh0.02-g LC per cr of sol-

Il. EXPERIMENTAL PROCEDURES AND RESULTS

vend, adding the aerosil powder, and then sonicating for Cp=[Cfitea(T) — Cemped/m, (1)
~1 h to achieve a good dispersion. The solvent was evapo-

rated off slowly (~15h) at 60 °C. The sample was then 0o |Pad _ 1 5
placed in a vacuum system at10Torr and pumped on for filled ™ 45| T ,d siné =R’ @

one day at~90 °C. The resulting density denotes the

grams of SiQ per cn? of liquid crystal. Note that if no LC is Where Cempy is the heat capacity of the empty silver cell
used, the aerosil that remains after evaporation of the solvefiplus gold in the case of bulk runandm is the mass of the
forms a very fragile 3D “structure” of density liquid crystalin gramsCeyeq=(|Pad/@|Tad)cosp andCrieq
~0.13 g cm 3 that is much like a high porosity aerogel. are the real and imaginary components of the heat capacity

The p=0.25 g cm 2 silica aerogel was prepared at Mas- oOf a cell containing a sample. The quantRyis the thermal
sachusetts Institute of TechnologWlIT) in the same manner resistance between sample and bath, @sdd + /2, where
as the aerogels described in RES]. Although not investi- © is the shift in the phase df,. with respect to that oP .
gated by SAXS, its characteristic parameters can be est}6,21]. All data were obtained on cooling, and scan rates of
mated quite well by interpolation from data available on fourabout —50 mK/h were used. It can be shown ti@&f mea-
aerogels with densities in the range 0.08—0.60 gtf%].  sured in a one-phase region for 4@hilic aerosils at the
Such aerogels have fractal network structures with strut distandard frequencyw, correspond to stati€, values. For
mensions of about 100 A, and average solid chord length4O.8+aerogels it is known thaE ,(w,) <C, (statig [6], and
ds~47 A. For thep=0.25 gel, we estimate an average porethe aerogel was studied @t/2, as was the one 40+§hobic
chord L of 280+60 A and a pore volume fractiog, of  aerosil sample. The phase transition temperatures were very
0.86. The densityp, defined above can be obtained from stable; the drifts were less than 1 mK ovef7 days of data
ps=p(gel)/¢,, which yields ps=0.29 g/cni LC for this  acquisitions for a given sample.
aerogel. The essential aspect of preparing a 4@etogel The heat capacity of pure bulk 40.8 is shown in Fig. 1.
sample is to avoid having 40.8 freeze into the rigidkCr Data points obtained in a two-phase coexistence region ex-
phase at any time since this will significantly damage thehibit anomalously largep values and apparef, values that
fragile aerogel network6,19]. are artificially high due to qualitative latent heat effd@8].

The filling of the aerogel with 40.8 was accomplished Such points are denoted by in Fig. 1. For cooling scans,
with a procedure which differed from that used previouslywe observed a two-phadé-1 coexistence region 270 mK
[5-7], and which was designed to minimize damage to thevide and centered at 352.08 K, a second-ofdgiN—SmA)
fragile gel. A thin slab of empty aerogel was placed in thesingularity at 336.924 K, and a two-phase SACrB coex-
cup of a shallow(~1 mm deep silver cell. The cell and istence region 680 mK wide and centered at 322.37aK
aerogel were heated so that 40.8 placed on the top surface @brupt jump inC, occurred at 322.71 K on coolingThese
the gel would melt and go into the isotropic phase. As a lowalues agree well with all the previous literat&15—-11
viscosity isotropic liquid, 40.8 is drawn into the pores of theexcept that théy, value reported in Ref6] is ~1.0 K too
gel by capillary action. More 40.8 is added in small amountshigh, and theT 55 value given in Ref[16d is ~0.4 K higher
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FIG. 1. Heat capacity of bulk 40.8. Points indicated with a cross 3
(X) are artificialC, values obtained in two-phase coexistence re- 2

320 330

T (K)

gions. The dashed line represents @gbackgroung curve used in 340 350
Eq. (3) to determine the excess heat capadi@, associated with
the N—SmA transition. The dashed dot line &,(backgroungl for
obtainingAC(N-1). _ . N .
FIG. 2. Heat capacitL, for five 40.8+philic aerosil samples

A with the silica densitieg, in g cm 2 indicated. See the legend of
than the present value. The OVG@U(T) behavior in Fig. 1 Fig. 1 for the meaning ok points and the dashed lines. The arrows

a%rees well with that given m_ Ref416] and [17],’ and at the top margin indicate the positions of the transitions of bulk
Ciilea= 0 Was observed except in two-phase coexistence rerg g gptained in Fig. 1.

gions.

The heat capacitf,(T) is shown in Fig. 2 over a wide
temperature range for five 40t®hilic aerosil systems with
silica densitiesps from 0.028 to 0.438 g cit®. Again the
symbol X marks points in a two-phase coexistence region
The phase shifty is shown in Fig. 3 for thepg=0.109 sys-
tem as a typical example of 4Ct&erosil behavior. The dips
in ¢ at theN—SmA transition and in the wings of thi-|
and SnA—CrB transitions are a direct consequence of@he T y T y T y T
peaks in one-phase regions and lea€fp,=0 as expected 0.08 x ]
for static one-phase data. The anomalous large values of 40.8 + aerosil (p_=0.109)

was then centrifuged at 6000 rpmrf h at 60 °C(in the
SmA phase in order to separate the 40.8 and the aerosil
particles. The recovered 40.8 was degassed iM\tlphase

for one day, and the transition temperatures determined mi-
croscopically, agreed very well with those for the bulk 40.8

that signal two-phase coexistence at first-order transitions - *

[5,22] are clearly visible at théN-1 and SnA—CB transi- x

tions. Further corroboration of the first-order character of 0.06 - h =
these two 40.8& aerosil transitions was provided by a nona- x

diabatic scanning ruilinear-ramp relaxation methof®1]) ? LCiB SmA N |
on theps=0.438 sample. This technique measures enthalpy <& -

changes and detects the total transition enthalpl+ 6H, 004 F x

where AH is the first-order latent heat. The total enthalpy .

exceededsH (ac) by 1.12 J g for the N-1 transition, and i,

2.13 J g for the SmA—CIB transition. There was no differ-
ence in theN— SmA enthalpy determined with ac calorimetry
and nonadiabatic scanning calorimetry, as expected for a
continuous transition wheraH =0.

It is clear from Fig. 2 that there are substantial shifts in
the transition temperatures even for very low aerosil concen-
trations. In order to verify that these are due to LC aerosil
interactions rather than any impurity effects, the following
experiment was carried out. A 40:&erosil sample was pre-

0.02

R

.
’
.

320

330

T (K)

340

350

] FIG. 3. Phase shift) of the 40.8tphilic aerosil sample with
pared in the usual manner and “aged” for 2.5 days by cy-p,=0.109 g cm73. The sharp peaks indicated by symbols are in
cling the temperature between 320 and 355 K. This samplesgions of two-phase coexistence.
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8 T y T y T T T sity 0.25 g cm 3 is given in Fig. 4. In this system each broad
transition peak is accompanied by a small sharp spike at
slightly higher temperatures. The same qualitative sort of
behavior has been observed for 8CB in aerogels with densi-
ties 0.08—0.60 g cit?, where the spikes were due to excess
6 1 bulk 8CB on the surface of the aerogel and the temperatures

40.8 + aerogel (p = 0.25)

B of the spikes coincided with the bulk LC transition tempera-
¥ 5| 1 tures[5]. The same is true for this 40t&erogel sample.
= CrB SmA N I Not only do the threeC,, spikes marked by arrows in Fig. 4
o™ | ] lie at the same temperatures as the Kk, N—SmA, and

SmA-CiB transitions, the phase-shift behavior is also con-
sistent with a small amount of excess bulk 40.8 on the sur-
face. Both theN-I and Si\—CrB C, spikes have associated
sharp peaks in tag as expected for first-order features, and
the N—SmA C, spike is accompanied by a small but sharp
2 L . L . L : . dip in tanp. Thus theseC,, spikes act as convenient internal
320 330 340 350 . . .
markers of the bulk transition positions, and make it easy to
T (K) determine the temperature shifts of transition features asso-
ciated with 40.8 in the pores of the aerogel. It should be
FIG. 4. Heat capacity obtained ai,/2 for 40.8 in ap=0.25 Noted that tash associated with each rounded aero@z|
aerogel. The spikes marked by arrows are due to a small excess Bgak exhibits a pronounced dip, which indicates a continuous
bulk 40.8 on the surface as discussed in the text. As in Figs. 1 antfansition. However, there are dynamics associated with the
2, X symbols denote artificiaC,, values obtained in two-phase N-I and SmA—CrB transitions since there are broad peaks in
coexistence regions where the phase sfifs anomalous. Cfieq at both these transitions. This behavior is consistent
with previous work on 40.8 in more porous aerogels with
starting material. No shift was observed fija or Tog and  densitiesp=0.08 and 0.17 g ci? [6], where the frequency

the shift for Ty, was only —50 mK. dependence dof, was measured in order to characterize the
In the case of the one 4Gt®hobic aerosil sample with relaxation processes involved.
ps=0.109 g cm? (heat capacity not shown there is a Table | summarizes several key features of our results: the

greater rounding of all th€, peaks than for the comparable shifts in transition temperatures relative to bulk 40.8, the
philic sil sample. Furthermore, the $mCmB C, peak and  width of N-1 and Sri\—CrB coexistence regions, and the
tang peak are doubled, each showing two first-order compointegrated enthalpiedH of the N—SmA andN-1 peaks. In
nents about 0.66 K apart. A full discussion of the behavior ofthe latter case, the first-order latent hédt is unknown so
LC+phobic sil samples, especially at first-order transitionsthe total enthalpy sH+AH is undetermined for
will be given elsewhere in the context of a 76.derosil  40.8+aerosil and 40.8aerogel samples. It is clear from
study[23]. Table | that the width of the nematic range varies only
The heat capacity of 40.8 confined in an aerogel of denslightly. It is 15.16 K for bulk 40.8, decreases monotonically

TABLE I. The shift in transition temperatures relative to bulk 40.8 and the two-phase coexistence widths at firdt-draerd
SmA—-CIB(AB) transitions for 40.8-aerosils of density in g cm™3 and 40.8 in an aerogel of density 0.25 g¢inAlso given are the
integrated enthalpiedH for N—SmA(NA) andN-I transitions. All temperature shifts and coexistence widths are in K.sFh@alues are
in J per gram of liquid crystal. In the case of the strongly first-ordeASI@B transition, shifts were determined with respect to the position
of the abrupt rise irC;, on cooling. For bulk 40.8"y,=352.081 K(center of coexistence regipmy,=336.924 K, T,g=322.37 K(center
of coexistence regigrand 322.714 Kpoint of abrupt rise irC,, on cooling. For the aerogel with empty gel density 0.25 g Cmthe value
ps=(gel)/¢, is used; see text.

Sample Ps ATy, NI coex. ATna ATag AB coex. SHya SHy,
bulk 0 0 0.27 0 0 0.68 2.18 6.87
sil(philic) 0.028 —1.69 0.32 —~1.66 —1.68 1.28 1.95 7.15
0.051 —-2.05 0.35 -1.75 ~1.62 1.07 1.88 6.74
0.109 -2.19 0.27 -1.79 -1.29 1.38 1.73 7.52
0.231 —-3.44 0.27 —-2.86 -2.19 1.23 1.41 6.58
0.438 —5.77 ~0.4 —4.47 —3.36 ~1.3 1.28 6.72
sil(phobig 0.109 —-1.38 ~0.4 —2.30 —1.60 ~2.0 1.19 7.02
—2.26
gel 0.29 -0.72 —1.64 —2.65 1.13 5.58

&This value agrees well with 2.11 in R¢fl6] and 2.19 in Ref[6].
®The totalN-I enthalpyAH+ 8H is 7.66 J g1 [6].
“There are two entries here since Be(SmA-CrB) peak is doubled in the presence of a phobic sil.
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FIG. 5. Overlay of excess heat capacityC,(N-I) for bulk FIG. 6. Overlay of excess heat capacd,(N—SmA) for bulk

40.8 (solid line) and 4 0.8 philic aerosil samples witlps=0.028  40.8 (solid line) and 40.8philic aerosil samplegsymbols the
(@), 0.051(0), 0.109(V), 0.231(0), and 0.438A). In all cases, same as in Fig.)5 For clarity, only one-tenth of the observed points
data in two-phase coexistence regions are marked tyor clarity, are shown. The inset shows a detailed view négfmax) for pg
only half the observed points are shown. The inset shows a detailed 0.028, 0.051, and 0.109 sils.
view nearCy(max) for p;=0.028, 0.051, and 0.109 sils.

0.051, and still fairly sharp even for the;=0.109 philic
in the philic sil samples to 13.86 K fgr,=0.438 gcm?, is  sample, a power-law critical analysis has been carried out
16.08 K in the only phobic sil sample, and is 16.07 K for theusing the usual form including correction terfrst]

gel sample. o 05
AC,=A~[t|"*(1+D1[t|**+ D3 |t|) + B, (4

lIl. ANALYSIS wheret=(T—T.)/T, is the reduced temperature aBd is
It will be helpful for comparing the phase transition be- the contribution of the singular free energy to the regular

havior of various samples to generate excess heat capacifigat capacity. For least-squares fits with &4, we used
curves: t-..=+10"* and thet,;, values given in Table Il. Thus a

small region is deleted nedr. where rounding effects occur
AC,=C,—C,(backgroundg. (3) in the sil samples, and also where systematic deviations were
observed for bulk 40.8. The fitting parameters given in
In the case ofAC,(N—SmA), the C,(backgroundl curve ~ Table Il were obtained witft|na=6x10"%, but the param-
represents the trend i€, that would be expected in the eter stability was tested by range shrinking techniques with
low-temperature tail of thé\-I peak if no S phase were |t|max=3%10"% and 10°2.
to form (see Ref.[5]). This background is given by the  The fits for bulk 40.8 ps=0) are in good agreement with
dashed lines in thal— SmA region of Figs. 1, 2, and 4. Inthe those reported in Ref§6] and[17]. « andA™/A™ values of
case ofAC,(N-1), the C,(background line is almost hori-  0.133 and 1.243 were reported in R}, and 0.134
zontal like the dashed-dot line shown in Fig. 1. The resulting*0.015 and 1.1320.16 were reported in Refl17]. As the
AC,(N-1) and AC,(N-SmA) curves are given in Figs. 5 sil densitypg is increased, the effective exponentlecreases
and 6. Since the transition temperatures for sil samples witsmoothly from 0.135 to-0. The 95% confidence limits on
ps=0.028, 0.051, and 0.109 g crh are close together, an thesea values are rather broad due to the gap near
inset of theC,, peak region on an expand@dscale has been However, the stability of freex values for the three fitting
included for these three samples. ranges is good, as shown in the last column of Table II.
The SnA—CiB transition is strongly first orderAH g Moreover, the raticA /A" was stable on range shrinking for
=8 SHy, for bulk 40.8[6,164. Furthermore, there is a very the ps=0.028 andp,=0.051 sil samples, although not so
wide two-phase coexistence region for 4®ghilic sils and ~ stable for theps=0.109 sample. The overall trend iR
the phobic sil sample exhibits a doubled S/CB peak, as Vvalues is shown in Fig. 7. It should be noted that previous
shown in Table I. Thus, most of th€, points in the power-law fits toAC,(NA) for bulk 40.8(6,17] and for
SmA—CIB peak region are artificial values distorted by la- 8CB+aerosil sampleEL1] were achieved witlD; =0. Such
tent heat effects, and the quantiyC,(SmA—CiB) is of fits were also carried out for the present data but did not
little or no value. yield very satisfactory results. B, was held fixed at zero,
N-SmA power-law fitsSince theN—SmA heat-capacity all the fitting parameters, including the critical exponemnt
peak is very sharp for philic sil samples wipth=0.028 and were less stable to range shrinking than the fits given in
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TABLE Il. Results of fitting 40.8-philic aerosilAC, data with Eq.(4) over the rangét|n.=6x10"2 (~600 pointy. Quantities in
brackets were held fixed. The error bounds dgg are 95% confidence limits determined by varyiwmghrough a series of fixed values and
using theF test. The range of free. values obtained with fitting rangét .,=3x10"3 (~450 point$ and|t| ma=10"2 (~ 750 point is
given asA« in the last column. The sil densipy is in g cm 2 units; the units oA* andB, are JK1 gL t.;, is the minimunt value used

for data belowT,.

Ps @ T.(KY A" A/A" Df D;/Df D, D,/D; B, x* 10tmn. Aa

0 0.135  336.924 0876 1212 3.673 0.047-827 —060 -2.02 102 —32  0.129-0.139
+0.09

0.028 0.064 335269 2736 1.105 1.822 0.058-501 -0.32 -410 098 —1.5  0.054-0.064
+0.09

0.051 0.039 335173 4917 1.080 0.981-0410 -269 —141 -625 102 —47  0.037-0.069
+0.08
[-0.007 335.172 —43.26 0.987 —0.214 —0.176  0.729 —0.831 41.33 1.08 —4.7

0.109 —0.066 335133 -2.565 0.604 1.345 10.68 —12.02  6.67  1.986 0.92 —7.7 —0.004—(-0.066)
+0.16
[-0.007 335.134 —11.88 0.947  0.425 3.248 —2.705 2519 1145 0.92-7.7

Table Il. For the samples withs=0.051 and 0.109, thgﬁ
values were significantly larger so that tlg #0 fits in

mated 0.09 g cnt, gel-like rounding of the peak is progres-
sively obvious asp increases. Note fop,=0.109 g cm3

Table Il are statistically better at the 95% confidence levelthat the magnitude df,;, has increased consideralghpund-

The pattern of decreasingvalues with increasingy is less
clear than for the fits withD5 # 0, but e values fromD
=0 fits all lie within the error bounds listed in Table II, and
the general trend imv values is qualitatively the same. The

ing is more pronounced beloW, than abovg the ratios of
fitting parameter&~/A*, D; /D7, andD, /D, are all quite
different from the other samples listed in Table Il, and these
parameters themselves are fairly unstable on range shrinking.

reason that second correction-to-scaling terms play a moré/e consider thep;=0.109 sample to be just beyond the

prominent role for the present data is unclear.
Although the change in the width of thé range of sil

density limit where quasi-singul&, peaks occur, and the fit
to this sample is less certain in spite of gopijvalues. The

samples is quite insignificant and this is the factor controllingchoice of~0.09 g cm® as the density limit of sharp singular

the crossover related to smectle-nematicS coupling in
bulk LC’s, one sees crossover in Fig. 7 framg=0.135 in
the bulk to agr=axy in 40.8+sil samples with pg
=0.08 gcm®. For samples withpg greater than an esti-

0.3

T T T T T T T T T T
°~
N
N

\.\‘ e 8CB
\

02k gel-like region |

T

T 1 " s " 1 1

0.05 0.10
p, (g cm?)

0.15

FIG. 7. CriticalN—SmA heat-capacity exponent,; as a func-
tion of pg for 70.4+philic aerosil samples. The dashed horizontal
line indicates the value odyy. The dot-dashed line indicates the
smooth curve variation o for 8CB+aerosild 11]. For pg values
greater than~0.09 g cm3 the N—SmA peak is rounded in the
same way as in aerogel samples.

Cp(N-SmA) peaks is consistent with the clearly rounded
N—SmA peak observed in the 4Ot$hobic sil with pg
=0.109 g cm?.

IV. DISCUSSION

The phase transition temperatures for bulk 40.8 and
40.8+philic aerosil samples are given as a functiorpgin
Fig. 8. Note that for all three transitions investigated, there is
a very substantial decrease in the transition temperd&tyre
relative to the bulk value fopg=0.028, and then an effective
plateau inT, values out tops=0.1, beyond whichr; falls
linearly. Roughly the same behavior is observed for
8CB+aerosils, but the size of thE; shifts are smaller for
8CB hy a factor of about 211,25. Such a difference is
presumably related to the fact that 40.8 can hydrogen bond
to the hydroxyl groups on a philic surface whereas 8CB can-
not, making the surface perturbation in 40.8 greater than that
in 8CB.

In view of the quite substantial shifts in transition tem-
peratures observed at very low silica densities, some long-
range force must be involved, like orientational elastic ef-
fects. If elastic effect§say bend and splay in the nematic
region for examplgplay a major role in introducing defects
and dislocations into the liquid crystal due to effects of the
surface, any ordering must be influenced by such elastic de-
fects. A detailed discussion of elastic perturbation effects
will be given elsewherg25].

A. N-I transition

The N-I transition in bulk 40.8 has a substantial latent
heat AH=3.36 J g}) as well as integrated enthalpy in the
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0.0 0.1 02 0.3 0.4 05 FIG. 9. Variation of the integrateld— SmA enthalpydH ya with
ps for 40.8+philic aerosil samples. The error bars represent the
p_(gcm3) estimated uncertainty due to the choiceQyf(backgroungl
s

6, and theT .o values are plotted versys; in Fig. 8. The
To(N-SmA), and T{(SmA—CIB) on the silica densityp, for trend in 6Hy, values withps, shown in Fig. 9, exhibits a
40.8+philic aerosil systems. FaX-1 and SrA—CrB transitions, smooth var!atlon, which is in qualitative agregment \.N'th
: : : 8CB+aerosil resultd11]. There are, however, interesting
the vertical bars show the widths of the two-phase coexistence re-. ) -
gions, and the points are located at the center of these regions. dlfferenceS: between the behavior of 40'8, ar_1d 8CB in aerogel
and aerosil samples. For 8CB, the variationsTfy and
wings (~4.30J @Y [6]. The 8Hy, bulk value in Table | of  dHya superimpose for sils and gels. But, in the case of 40.8,
6.87 J g* clearly includes some of this latent heat contribu-the Tpeashift for the aerogel is less than that for comparable
tion. The same is presumably true of all the investigated sigils and thesHy, value is smaller. At present, we have no
samples since they all exhibit weak first-order behaviorexplanation for this difference in the behavior of 8CB and
Studies of 8CB-aerosil or aerogel samples indicate that for40.8 perturbed systems.
8CB the N-1 transition is first order in sils forpg Finally, we should stress that the crossover of low-density
<0.167 g cmi® and in ap=0.17 gel, but becomes continu- 40.8 aerosils to X Y-like value arouncps=0.08 g cm is
ous in ap=0.36 gel. Note that the comparable dengigyfor ~ exactly parallel to a larger crossover from;=0.30+0.02
a gel isp(gel)/p,=0.19 for ap=0.17 gel and 0.455 for a for bulk 8CB to aeg=axy for a p=0.084 8CBtaerosil
p=0.36 gel[5,11]. The continuous\-I transition for 40.8 in  sample[11], as shown in Fig. 7. The reason for such cross-
a gel characterized by,=0.29 fits into this pattern of be- Over appears to be that the aerosil reduces the nematic ori-
havior for aerogel perturbed LC's. entational susceptibility and changes the nature of the cou-
The qualitative trend in the shape AIC,(N1) sil peaks ~Pling between nemati§-and smectiay order parameters.
and their temperature shift from bulk are visible in Fig. 5. A This idea is further supported by the fact that bulg58
plot of T,(NI) vs pg is given in Fig. 8. One feature in the (octylphenylthiol-pentyloxybenzogtéas a critical exponent
N-1 region that is not visible from Fig. 5 is a tiny subsidiary a~ ayy=—0.007 and a 85+aerosil sample withpg
C, peak located above the temperature of the m&yjek  =0.08 gcm® has an effective exponentrez=—0.019
peak. For theps=0.231 sample, this secondary peak was+0.05~ayy [11]. Thus the aerosil does not influence the
~0.20 K above the main peak and was narrowb0-mK  character of the critical enthalpy fluctuations/S coupling
full width) and small gH=5mJ g?); it was only visible is already unimportant in the bulk LC.
for slow scans at lower frequenciés/2 or wy/5). For the
ps=0.051 sample, the shift was0.09 K, and this feature C. SmA—CrB transition
appears only as a shoulder on the high-temperature side of . )
theN-I peak. Very conspicuous doubling of thel peak on Not much can be said about the strongly first-order

adding aerosils has been observed for §CB25 and 70.4 Sr,]mA— C"?f .freezingr;] transition. lee ?erosild(;??s not _cpnvert
[23], and this is discussed in R4R5]. this transition or the more weakly first ordbi-1 transition

into a continuous transition as predicted in general for all
first-order transitions by a quenched random-field model
[26]. This may be due tda) deficiencies in the modelb)
The shifts inTpeq (the position of theC, maximum for  inapplicability of the model since L&aerosils are not com-
40.8 samples with added philic aerosil are visible from Fig.pletely quenched random systemgbut note that

FIG. 8. Dependence of the transition temperatufgéN-1),

B. N—SmA transition
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LC+aerogels also exhibit first-order transitiong) the ef-  were shifted by large amounts from the positions of bulk
fect is too weak to eliminate two-phase coexistence for suchransitions(3—5 K in the case oN-I andN—SmA features.

a strongly first-order transition. In connection with the latter The cause of such large shifts is not clear. Possibly there
point it should be noted from Fig. 2 that as the aerosil densityvere substantial drifts toward lower temperatures during
increases, the extent of the one-phas® @retransitional very long runs that were due to thermal generation of impu-
wing below the SPA—CIB coexistence range increases. Infrities rather than aerogel perturbations, but that is highly
all systems studied, there are small but distinct pretransispeculative. In any event, there are two strong similarities

tional C,, wings both above and below the transition tem-between the present 4G:@erogel data and the previous
perature. 40.8+aerogel results for a gel with=0.17 [6]. The size

and shapes of the brodz}, peaks in Fig. 4 are very close to
D. 40.8+aerogel behavior those given in Fig. 2 of Refl6]. Furthermore, the shifts

o . .. between the rounded aerogél, peaks and the shar@,
Although the principal focus of the present mvestlgatlonspikeS agree well. For Ref.[6], the differences

is on 40.8+dispersed aerosil particles, a few concluding 'e-T (aerogel)T,(spike) were—0.9 K for N-1, approximately
marks are appropriate about the similarities and differences_1 7 K for N—SMmA. and— 2.4 K for SmA—CiB. which are

of the behavior of the present 4G-8erogel sample from the cloée to the corresbonding éhifts in Table 1. '

behavior of other LG-aerogel systems. The overall transi-  £0. 70 4 in aerogels with densities 0.08 and 0.17 g&m
tion behavior of 40.8 in =0.25 aerogel is very close 10 7] gpikes due to excess LC on the surface were also seen. In
that for 8CB in ap=0.17 aerogel. In both cases, there areihis case. the temperatures of tNe-SmA and SnC—CiG
small sharpC, spikes that lie exactly at the temperatures ofgpives agreed well with those for bulk 70.4 transitions.
bulk LC transitions and arise from a small quantity of unper- . ever. theN-1 surface spike was 0.6 K lower and the
turbed excess bulk on the external surface of the gel. FurSmA—Srrb surface spike was 1.0 K lower than bulk 70.4

thermore, the temperature shifts of the aerobel and  ansition temperatures, for reasons that are not clear.
N—SnA transitions are almost the same. The 8CB shifts in a

p=0.17 gel areATy,=—0.72£0.05 K andATya=—1.62
+0.10 K [5], and the corresponding shifts in Table | for
40.8 in ap=0.25 gel are-0.724 and—1.64 K. The authors wish to thank J. D. Litster for providing the

There are puzzling disagreements between the presedD.8 sample, G. S. lannacchione for experimental assistance,
40.8+aerogels results and previously reported work on 40.&nd both G. S. lannacchione and Z. Kutnjak for helpful and
in p=0.08 and 0.17 aerog€]6]. In the earlier investigation, stimulating discussions. This work was supported by NSF
both the sharpC,, spikes and the broad L-€aerogel peaks Grant No. DMR 93-11853.
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