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Small quartz silica spheres induced disorder in octylcyanobipheny(8CB) liquid crystals:
A thermal study
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A photopyroelectric technique has been applied to the study of specific heat and thermal conductivity of
homeotropically aligned mixtures of small quartz spheeerosi) and octylcyanobiphenyl8CB) with con-
centration 6< p,=<0.04 g/cmi. Thermal conductivity data show that, even at these very low concentrations, an
annealing of the disorder introduced by the aerosil takes place on cooling at the shrewticratic
(Sm-A—N) phase transition and not only at the nematic-isotroplelj one. This means that there is some
elastic strain in the nematic phase of the sample which is not quenched. Accordingly the suppressidhlof the
transition temperature as a function pf does not fit a random field with a random dilution model that
accounts for random quenched disorder only. High resolution specific heat measurement-bltahd N-I
transition show the effect of the aerosil is not the same. While in the first case its peak is suppressed with
increasing concentration, in the second case there are some indications that outside the two-phase coexistence
region it is enhanced. The effect of surface-induced alignment is also discussed to explain some discrepancies
between our data and the ones reported in literature. It is concluded that the amount of disorder in the sample
does not depend opy only, but also on other variables such as external fields. Finally, a relaxation phenom-
enon in the aerosil network that partially compensate the disordering effect of the particles is suggested to
explain the concentration dependence of the transition temperatures.
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. INTRODUCTION on a mixture withps=0.005 g/c have shown that, even at
this very low concentration, some not quenched ES is
Considerable attention has been paid in recent years to thtesent in the nematic phase of octylcyanobipheB@B)
study of random disorder in liquid crystalsC) [1]. A vari-  after cooling from theé phase and an annealing takes place at
ety of techniques have been used to study the physical prophe smecticA—nematic (SmA—N) transition also. Doubts
erties of LC confined in randomly interconnected porous mehave therefore been raised on the applicability of the RF
dia such as aeroggR,3] or noninterconnected anisotropic (RD) model to these mixtures with loy.
Millipore membraneg4]. More recently[5-9] it has been It turns out from what was stated before, that the physical
shown that confinement can be also achieved via a dispersiqiechanisms associated with the generation and the evolution
of smalll silica spheregerosi) in LC which produces a gelif - of the disorder in mixtures of aerosil and LC at Ipware far
their concentration,ps=(ms/m c)pic~(Ms/mMc)1 glcn?,  from being fully understood. A deeper understanding of the
where the suffixes refer to silica, is larger than 0.01 g/ém  dynamics of ES can have very important consequences in the
This is due to the hydroxyl groups on the particle surface thastudy of LC physics as recently suggesféd] by some the-
induce hydrogen bonding among particles. Moreover, the hyoretical and experimental results, showing that even a very
drophilic coating produces a strong homeotropic anchoringow amount of quenched disorder destroys long-range order
of polar LC molecules at the surface that, in the orderechnd that the residual order is short ranged. This can open
phases, can be regarded as a distortion of the local orientgew scenarios in many fields and in particular in LC phase
tion and therefore as induced random disorder. With increasransition studies.
ing ps (<0.1g/cnf) the gel becomes stiffer and stiffer and,  In this paper we report on photopyroelectric measure-
being the induced disorder more fully quenched, it resemblements of homeotropically aligned aerosil dispersions in 8CB
the rigid aerogel structure. It must be pointed out, however|.C with ps ranging from 0.005 to 0.04 g/cinlt is shown
that an aerogetLC sample of a givemg is more rigid than  that the decrease of the transition temperatures at the
a mixture of LCt+aerosil with the same, and it therefore  Sm-A—N (T.n) @andN-1 (Ty.,) transitions with increasing
contains more quenched elastic stré®), which affects its  pg disagrees with the RFRD) model predictions. The spe-
properties, as shown in Rg®]. cific heat(c) and the thermal conductivitik) have been de-
The situation is completely different at lowps  rived from the experimental results. Tloedata at theA-N
(<0.1gl/cn?) where the gel is soft and the aerosil particlestransition are in a very good agreement with the data re-
can rearrange themselves to reduce the ES in the system.ported in Ref[9] and show a suppression of the specific heat
has been proposd®] that in this regime the ES is partially peak and a decrease of the critical exponerds pg is in-
annealed. creased. On the contrary, there are some indications in our
According to this hypothesis a random figl@F) model data suggesting that the specific heat values close tblthe
with random dilution(RD) has been considered a viable ap- transition, but outside the two-phase coexistence region, in-
proximation for these mixturd®]. Some recent resulfd0]  crease for increasings. Some contradictory results are re-
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ported in the literatur€5,9] on this issue and this is probably

due to the difficulties in obtaining reliable specific heat val-

ues in the temperature region where theand| phases co-

exist. Our data seem to suggest that the coexistence region i

our samples is narrower than the one found in R&f.and 40
this is probably due to the presence in our samples ofy,
surface-induced alignment. The thermal conductivity data-< —o— bulk
show, for all mixtures, a hysteresis similar to the one re-g —x—0.005 g/c
ported in Ref[10] for the mixture withp,=0.005 g/cmi and E
therefore confirm that the ES present in the sample is nof«
completely annealed at th-I transition if the sample is
cooled down from thd phase. It is also shown that the
increase of orientational order with decreasing temperature:
has approximately the same temperature dependence for a
mixtures on heating from the smec#cphase, though it is
affected by the not annealed ES on cooling fromltphase. T (°C)
Finally the mechanisms associated with the disorder intro- _ i
duced by the aerosil particles are discussed and a tentatiye /G- 1- PPE phase for bulk 8CB and mixtures as a function of
explanation of the observed behavior of the transition tem- cmperature.
peratures and thermal conductivities as a functiorpofs
given.

o]

]
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Ill. RESULTS
A. Transition temperatures

Il. EXPERIMENT Figure 1 shows the PPE signal phase as a function of

temperature for bulk 8CB and four mixtures wijsh ranging

_ The hydrophilic aerosil particles we have used have gom 0.005 to 0.04 g/cffor > 1/277,. The PPE phase, in
diameter of approximately 7 nfil2]. They have been mixed - measurements, is proportional to the sample thermal dif-
with a solvent-diluted 8C_B and the mixture was put in aNfysivity [Eq. (2)], but this is not true close tdy.,. This is
ultrasound bath for one night. During this period the solventy ;o g the fact that th&l-1 is well known to be a weakly

was allowed to evaporate and, to complete this process, thgqi order phase transition and there is, therefore, a tempera-
mixture was heated to about 50 °C for 12 h in vacuum.  y,re region close tdy., in which the nematic and the iso-

A standard back detection photopyroelectfi®B setup  yqnic phases coexist. The sample is not homogeneous in this
[13] has been used for the measurements, with the samplgy5ion and the above described model, which allows the de-
30 um thick, sandwiched between the pyroelectric transyemination of the thermal parameters from the PPE signal
ducer and a glass plate. A temperature oscillatied mK) amplitude and phase, cannot be applied.
was produced on one side of the LC and detected by the Tnq two dips present in each curve representitéand
transducer on the opposite one. Measurements Were peégyq N transitions and assuming that the two minima corre-
formed in the optically opaque and thermally thick regime '”spond toT ., andT 4. respectively, it turns out, as expected,

that the two transition temperatures are lower in the mixtures

(PPB signal are given for a homogeneous sampld ] than in the bulk.
In Fig. 2 the transition temperatures ps are reported.
v 1 g /nf/Dls Both Tan and Ty, rapidly decrease for €pg
Ve , ()
\/l-+—(277'1‘7'e)z (es/ep+1) - . T 340.7
33.8-
] H40.6
o=—arctaf2wfr,) — wf/Dlg 2 33.7 1
] J405

wheref is the frequency of the temperature oscillatibnis < 305, l4os o
the sample thickness, b2, is the transducer plus detection 5~ | 2
electronic cutoff frequencyD =k/pc is the sample thermal &

33.4 —_— —140.3 8

diffusivity, and es ,=/(pck)s , are the thermal effusivities

) 3 4402
of the sample and transducer, respectively. 333_ _N "
The two surfaces in contact with the LC have been treatec  33.2 g—""" 4401
with a trimethylcetylammonium bromide solution in chloro- 551
form which induces homeotropic alignment. The sample cell ™ 0.00 ' 0.02 ' 0.04
was put in an oven with a temperature rate change that wa: o (g/cm’)

approximately 10 mk/min for measurements on a wide tem-
perature range and 1 mK/min for high resolution runs close FIG. 2. A-N and N-I transition temperatures as a function of
to the phase transitions. aerosil concentration.
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<0.01 g/cn, slightly decrease for 0.84p,<0.02 g/cnibut  betweenTy,(p) andps has been found, as shown in Fig. 2,
then increase fops>0.02 g/cni. A similar behavior has in the range & p¢=<0.01 g/cni and this seems to agree with
been observed in Reff9] where, however, the increase after what is predicted by Eq(3). If we calculate the slope
the initial decrease oT . and Ty, was observed fops  p' Ty (0)=—ATy,/Aps of the curve, however, in the
>0.052 g/cm and was followed by a monotonous decreasesame range, we get’ ~0.17, which means that th&y_,
for ps>0.092 g/cm. The measurements in Rdi9] have  suppression with increasings is less steep than the one
been performed in mixtures with 0.023,<0.436 g/cri,  suggested in Ref9].
while in our case, due to the characteristics of our technique A possible reason for such a small value could be due to
that have been in Reff10], we have focused our attention on the clustering of aerosil particles that at this concentration,
mixtures with lowps. Nevertheless, a comparison betweenare known to form strands that fpr>0.01 g/cnd are inter-
the transition temperature shifts we have obtained foiconnected to give rise to a soft gel. The 0.6p relation has
samples withps=0.02 and 0.04 g/cfrand the ones obtained been obtained considering that the surface area which in-
in Ref. [9] for samples withps=0.022 and 0.052 g/chtan  duces quenched disorder in the LC is approximately the sum
be attempted. In our case we have obtained a downshift faof the surface area of all the aerosil particles present in the
Tn. @and Ty that are 0.54 and 0.59 K fgss=0.02g/cni  sample. Due to the above-mentioned clustering, the aerosil
and 0.50 and 0.54 K fops=0.04 g/cni. These values are in area available for quenching the LC molecules could be
all cases smaller than the ones reported in F8fwhich are  smaller and therefore the amount of quenched material is
0.79 and 0.75 K fop,=0.022 g/cm and 0.94 and 0.85 K reduced. This essentially means that the specific aaild
for ps=0.052 g/cm, respectively. Such a disagreement can-be smaller than 0.3 cffy. We do not believe, however, that
not be due, in our opinion, to the difference in the concensuch an effect can account for thé value we have found.
trations in the two cases. A possible explanation for the dif- We should also consider the possibility that the surface-
ferent results we have obtained could be due, as discussétduced alignment induces some ordering of the aerosil
later on, to the fact that our samples are aligned, while thétrands or network. If, for the sake of simplicity, we consider
ones in Ref[9] are not. the case of mixtures below the gelation threshold, then, un-
It has been suggestd@] that the temperature shifts for der the effect of the aligning field, they tend to align perpen-
low ps mixtures appear to be described in a random fielgdicular to the director. With respect to the zero field case in
(RF) with a random dilution(RD) model, even though this Wwhich the strands are randomly oriented, the fraction of mol-
can be regarded as an approximation and more realistic thegcules in the spherical shell around each silica particle that
ries are needed. The basic idea of this model is the followinghas a different orientation with respect to the direction of the
Because of the hydrophilic layer covering the aerosil, LCaligning field and gives rise to quenched disorder could be
molecules are aligned perpendicular to the almost spheric&maller. This should cause a reduction of fiievalue that,
particle surface. Since this is a strong anchoring, those moRgain, can hardly justify the obtained results.
ecules having a different orientation with respect to the di- We have restricted the analysis reported abové §q
rector can be considered as the sources of quenched randemly because the proposed RRD) model uses a mean field
disorder in the sample. Using a mean field approach, it hagpproach, which is known to be not applicable to fd

been obtainedl9] that the depression d&fy_, is given by transition. On the other hand, the similarity betweenTRg
and T .\ behavior as a function ops seems to envisage
Tn-(P) =T (0)(1—p), (3 some common physical aspects in the two cases that the

theoretical description should consider.

whereTy_(0) is the transition temperature of the bulk ma- We believe that this small value @f, despite the linear
terial whilep represents the fraction of quenched LC that haslependence found betweeify., and ps for 0<p,
been estimated by assuming around each aerosil particle0.01 g/crd, gives an additional indication that the pro-
there is a spherical shell of the thickness of one moleculaposed RFRD) model could not be appropriate to describe
lengthl and that in the case of 8CB three is approximately 20he behavior of the mixtures. A more accurate theoretical
A of quenched disorder. Considering that the specific areaescription, which considers not only quenched disorder but,
covered by hydroxyl groups has been found to beas we shall see later on, also some residual ES in the ordered
a=0.3cnf/g [9], and taking into account the density of the phases of lowpg mixtures, is therefore needed. Some indi-
aerosil particles, it turns out that=laps=p’'ps~0.6ps. cations in this direction can be found in the theoretical and

Some doubts have been raised, however, on the descripxperimental results obtained in nematic elastonjéfs,
tion of aerosit-LC mixtures in terms of the RFRD) model  where elastic effects have been included in the RF model or
[10]. It has been experimentally shown, even for a very lowin the theory of Bragg glass¢46)].
concentration gs=0.005 g/cm) that theTy., depression is Apart from the above-mentioned downshift of the phase
much smaller than the one predicted by the mddél]l. transition temperatures, it is clearly evident from Fig. 1 that
Moreover, it has been found that, at the same concentratiomhe effect of the aerosil particles is not the same atAké
there is some disorder in the nematic phase which is naandN-I transitions. An increase @f, produces a suppression
guenched as shown by the annealing process fouilig.at of the dip in the PPE phase @j_y, while the one afl_

The data reported in Fig. 2 allow an experimental verifi-becomes more pronounced. This last feature is somewhat
cation of Eq.(3) and also a more accurate determination ofsurprising and seems to indicate that the effect of the disor-
thep’ (=p/ps) value. An approximately linear dependence der introduced in the sample by the aerosil is not the usual
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—x—0.02 g/cm3
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c(J/gkK)

2.4 %%
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) ) FIG. 4. Specific heat as a function of temperature for bulk 8CB
FIG. 3. PPE amplitude and phase for bulk 8CB as a function ofynq mixtures.

temperature at thBl-l transition.

one that normally produces a suppression of the anomalies Hicreases of the dip afy.; with increasing aerosil concen-
the transition temperatures as in the case ofAféone, but  tration have been observed is not completely contained in the
it induces some other physical effects. Before any attempt t60existence region.

clarify these aspects, it could be interesting to understand if If the analysis reported above is correct, then the coinci-
the temperature region in which the dip increase$at is  dence of the PPE signal amplitude and phasEaa seems
contained or not in the two-phase coexistence region. If thi$0 suggest that thé-N transition is a second-order one. It
is the case, in fact, the explanation of the above-mentionefias been recently proposgiB], however, that it has, in bulk
behavior atTy., could be very complicated and not easily 8CB, a first-order character, but our results cannot rule out
Compared to the one EM-N , where no coexistence region is this hypothESiS due to the very small latent heat that should
present_ It is well known that ac Ca|orimetry does not a”owbe involved in the transition. It could well be, in faCt, that the
any direct measurement of the width of this region and in théesolution of our measurements is too small.

following we shall try to overcome, at least qualitatively, this

limitation. . . . . B. Critical behavior of the specific heat
Figure 3 shows high resolution PPE signal amplitude and N
phase, measured simultaneously, of pure 8CB clodgto. 1. A-N transition

The phase minimum is at approximately 10 mK below the  Figure 4 shows high resolution specific heat data at the
amplitude one. A similar effect has been detected afNHe  A-N transition for bulk 8CB and for the mixtures. It is clearly
transitions of all the investigated mixtures, but also at first-gyjgent that by increasings a decrease of the peak value of

transition, on the other hand, the two minima almost coinciderhe gata have been fitted with the expression

and the above-mentioned effect can be therefore possibly
related to the presence of latent heat. At present no quanti- . C . 05
tative explanation for the above-mentioned results is avail- C=BHE(T-To) +A%|T—Tc[ “(1+D7[T-T[>)

able and an attempt of theoretical modeling is presently un- (4)
derway.

A change in the slope in the amplitude of the PPE signahnd the results are reported in Table I. Thealues we have
below Ty., at T=313.412 K and abovd=313.477K is obtained are consistent with the ones of R&} and we
clearly evident. If we assume that this drastic change in thehow that the critical exponent deceases with increasing
temperature dependence is due to the presence of the twaerosil concentration. This behavior is quite similar to the
phase coexistence region, then it turns out that this regionne observed in bulk materials with increasing nematic range
has a width of 65 mK(vertical lines in Fig. 3, which is in ~ [19]. In this case the decrease of the rafiQ.n/Ty.; pro-
very good agreement with the value of approximately 60 mKduces a weakening of the coupling of the smectic and nem-
found in the literature for 8CB17]. atic order parameter and a crossover to a three-dimensional

Applying the same criteria to high resolution measure-(3D) XY critical behavior has been observed. Therefore, it
ments of the mixture withps=0.02 g/cni, we found that has been suggested that the same mechanisms take place in
AT(coeX=100 mK. This value and the values we havethe mixtures where the aerosil particles and the disorder as-
found for the other mixtures are systematically smaller tharsociated with their presence is responsible for the above-
the ones reported in Ref9]. As discussed in more details mentioned decoupling.
later on, this could be due to the fact that our samples are The variation of theA™/A™ ratio with increasing concen-
aligned. tration is within the statistical uncertainties and its value is in

Extending this argument to all the mixtures that have beell cases consistent with the bulk one. The same is also true
investigated, it turns out that the temperature region in whictfor theD ~/D* ratio whereT 5. /Ty.; does not considerably
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TABLE |. Best-fit results obtained fitting the data with B¢).

Ps a AT/AY D /D* B E Te Xy
0 0.32£0.01 0.97:0.05 0+1 2.00+0.02 0.20-0.03 306.86:0.01 1.02
0.005 0.310.01 1.0:0.2 -0.2=11 1.99-0.08 0.096:0.002 306.56:0.04 1.03
0.01 0.270.02 1.05-0.29 0.5-0.6 2.05-0.10 0.08@:0.001 306.25%:0.01 1.03
0.02 0.240.01 1.24-0.26 1.19-0.082 2.08:0.06 0.045-0.002 306.23:0.01 1.01
0.04 0.12£0.03 1.16-0.85 —0.58+0.43 1.28:0.41 0.0130.012 306.26:0.01 11

change but the obtained values are, considering the unceRef.[9]. We have found that the two data sets almost over-
tainties, consistent with the value of approximately 1 whichlap, apart from the temperature region of the low temperature
is expected for the bulk20]. peak in Ref[9]. It could be, therefore, that the increase of

The variation of theB and E coefficients are quite small the coexistence region found in Rg®] is mainly due to the
for 0=<p.=<0.02 g/cr, while a significant decrease of both presence of some ES which is larger than the one present in
values have been obtained foy=0.04 g/cni. These coeffi- our samples.
cients are connected with the nonsingular background term It is interesting to note that while this conclusion is sup-
in the specific heat. We think that this background could beported by this last result and also by the smaller downshift of
affected by the presence of the aerosil, especially for largéhe transition temperatures and the smaller coexistence re-
concentrations, and this could be the reason for the observeagion close toTy, the « critical exponents obtained from the
behavior. If we assume, however, as in Re], that the fit of our specific heat data at th&-N phase transition and
variation in the background term from mixture to mixture is the critical exponents obtained in R¢f] almost coincide.
negligible, then the variation @ is entirely due to its criti- These results clearly indicate that the specific heat critical
cal partB¢. This leads to the conclusion thBt decreases behavior has a limited sensitivity to the presence of disorder
with increasingpg as was also found in Ref9]. in the sample.

It must be noted that the analysis of the critical behavior Calculating the specific heat for all the mixtures as for the
of the specific heat becomes more and more difficult withone withps=0.04 g/cr, it turns out that the peak value of
increasingps as the uncertainties found in the fit of the mix- out of the coexistence region increases with increaging
ture with ps=0.04 g/cnd clearly demonstrate. This is essen- This result seems to be consistent with the one reported in
tially due to the suppression of the specific heat peak an®ef.[5], but in contradiction with the one in R4B]. We do
also to the rounding. For small concentrations, on the othenot think at this point that, mainly due to the qualitative
hand, the differences found in the critical exponent and in theletermination of the coexistence region, any definite conclu-
A~ /A" ratio could be too small, thus giving a clear indica- sion can be drawn on the critical behavior@€lose to the
tion of the limitation of such measurements for the study ofN-I transition and more measurements are therefore needed.
the disorder introduced by the aerosil.

C. Thermal conductivi
2. N-I transition b4

Figure 5 shows the thermal conductivity vs temperature
a homeotropic and planar bulk samples and for homeo-
tropic mixtures obtained on heatirigray symbols and on
%oling(black symbols While in the isotropic phase there is

Though the results shown in Fig. 1 are in qualitativefor
agreement with the results reported in R, there are,
however, some discrepancies. The specific heat reported
that paper shows a double peak structure fpg
>0.022 g/cr that has been attributed to annealed (B&ak
at higher temperatuyeand to ES coarsening with increasing homeotrogic bulk

concentration (rounded peak at lower temperatureNo e S

double peak structure has been found in our samples an 024 0,005 g/cm
this, as discussed in R€fL0], could be due to the fact that 0.01 glem
they are aligned. The surface-induced order can help in reX e
ducing the amount of strain in the sample, as was also showE 0.02 g,cm
by the smaller depression of the transition temperatures wes 018

Ay

found with respect to the R€] temperatures and this could < 0.04 g/em” VT
be the reason why we do not find the peak at low tempera- [ plankr bulk
ture.
. . . . |
Using the criteria described above for the evaluation of 912 . .
the width of the two-phase coexistence region, we have cal- 32 36 40
culated the specific heat of the mixture witlpg T(°C)

=0.04 g/cnd outside this region but close ., . We have
tried to compare our data for this mixture with the data cor- FIG. 5. Thermal conductivity for bulk 8CBhomeotropic and
responding to the mixture witp,=0.052 g/cmi reported in  planaj and mixtureshomeotropi.
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no significant difference among the various samples, in the
nematic and smectic phases thgalues of the mixtures are
smaller than the homeotropic bulk and larger than the planai

0.10

one. -
. [2)

It is well known [21] that, due to the anisotropy of the = o bulk
thermal conductivity, which in the case of 8CB results in a 3 0.05 - 0.005 glem’®
larger value ofk along the long axis of the moleculdj £ 3

f © —s—0.01 g/cm
than the one perpendicular to k (), the better the homeo- 2 0.02 glem®

tropic (planay alignment, the largefthe smallerthek; (k,)
value is in the ordered phases. Thieemperature dependence
can therefore be easily understood in terms of sample align: 0.00 . _ .
ment. For homeotropic bulk samples it remains approxi- ) 36 39
mately constant in the isotropic phase and increases with thi T(°
. . (°C)

sample ordering when the temperature decreases, while for
planar bulk samples it decreases below the isotropic value FiG. 6. Rescaled thermal conductivity for bulk 8CB and mix-
when the sample enters the nematic phase and continuest{@es as a function of temperature.
decrease slightly with the increase of planar ordering with
decreasing temperature. The introduction of aerosil inducedescribed for the lowest concentration only in a previous
some disorder in the sample which degrades the alignmemptaper[10] and it has been attributed to the annealing of the
and therefore reduces tlg values and increase tiike ones  disorder that takes place not only at tNel transition but
below Ty, . In the following, since we are considering only also at theA-N one and in the nematic phase. The suggested
homeotropic mixtures, we shall omit tfiesuffix in the ther-  scenario is the following. A rearrangement of the aerosil
mal conductivity. takes place at thN-I transition and reduces the ES present in

It is interesting to note that fop,=0.04 g/cm, there is  the sample. The annealing is not complete, as shown by the
only a very small increase & in the ordered phases with increase ok at the A-N transition on cooling, this increase
respect to the value in the isotropic phase. Ktblemperature being much larger than the one due to the smectic layering
dependence is approximately a straight line; this means thabntribution to the orientational order that is evident in the
the amount of disorder in this case is so high that, from thénomeotropic bul{19]. This increase means that the sample
thermal transport point of view, the sample is almost isotro-alignment has improved and this can only be due to a further
pic at all temperatures. This gives an indication on the senreduction of the disorder following an annealing process. If
sitivity of the above-reported measurements to the presenabe sample is heated from the smectic phase back into the
of disorder. No useful information on the amount of disordernematic one, the amount of ES is now lower, andkhal-
can be obtained fops>0.04 g/cni but, on the other hand, ues are therefore larger than the one present in the sample
the sensitivity is quite large for very loy;. cooled from the isotropic phase, as can be easily seen in the

It must be pointed out at this point that in a sample wherdigure.
the alignment is induced by the surface treatment of the cell It has been shown in 7CRL0] that a rearrangement of the
walls, there are essentially two mechanisms associated witherosil, and therefore a reduction of the ES, can also take
the introduction of the aerosil particles responsible for theplace away from the transition temperature in the nematic
degradation of the sample alignment. The first one is thephase as a consequence of the increase of the order with
already-mentioned mechanism associated with the distortiodecreasing temperature. These effects can be seen in our
of the local orientation produced by the homeotropic anchorsamples because of the surface-induced alignment. The in-
ing of the molecules at the particle surface. This distortioncrease of the amount of disorder with increasigglegrades
moreover, produces a “screening” of the orientational orderthe alignment and makes the effect of the annealing on the
induced by the treated surfaces, thus introducing a secomatientational order, and therefore &nless and less evident.
effect which results in a reduction of the strength of theThis effect also produces the reduction in the average slope
aligning field that the molecules away from the surface feelghat thek curves have in the ordered phases with increasing
once the aerosil concentration is increased. This could prceoncentration. The increase of the disorder produces, in other
duce an inhomogeneity of the alignment of the LC across thevords, a reduction of the absolute variationkofnd there-
cell that becomes more and more important with increasindore also a reduction in the sensitivity of the thermal conduc-
ps, thus decreasing the thermal conductivity values obtainedtivity to variations produced by the increase of the order.
as average values over the sample thickness. This also meansFigure 6 shows the thermal conductivity of the homeotro-
that if the alignment of the sample is obtained via otherpic bulk and of the mixtures in the isotropic and nematic
methods, such as electric or magnetic fields acting homogegshase. The data are the same obtained on heating from the
neously over the whole sample volume, then the amount o§mectic phase and have been already shown in Fig. 5 but
disorder present in the sample could be different. they have been rescaled in the following way: a constant

A different behavior of the thermal conductivity in the background ky,=0.0016 W(m K)], extrapolated from th&
nematic phase on heating from the smectic phase and aemperature dependence in the isotropic phase, has been sub-
cooling from the isotropic one is evident in Fig. 5 for mix- tracted from the data in the nematic phase and they have
tures 0.005:p,<0.02 g/cm. This effect has been already been subsequently normalized so to have the same value at

—»— 0.04 g/cm®
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T=310.15 K. The normalization factor was 1.34 ( Of disorder, in samples with the samgand be the origin of
=0.005g/cn), 2.60 (ps=0.01g/lcni), 4.75 (ps the discrepancies between our results and the ones reported
=0.02 g/cml), and 13.10 p.=0.04 g/cn). This procedure in_ literature for the transitior_1 temperature suppression, the
has been adopted to try to highlight a relative variation in theVidth of the coexistence region, and the shape ofose to
thermal conductivity due to the temperature evolution of then® N-I transition. , _

orientational order. It turns out that all the samples have N the case of the coexistence region, for example, at low
almost the same temperature dependence and lead to the cdf lues O_fps we expect that it Incréases due ess_entlal_ly to the
clusion that the temperature dependence of the macroscop ésordermg effect of the particles that act as Impurities. At
orientational order parameter is not affected by the presenc pncentrations much larger than the ones used in this work,
of aerosil, at least at these low concentrations and in sampl h the other hand, due to the strong confinement, a suppres-

where the disorder has been drastically reduced by the am°” of the first-order character of the transition is expected

nealings in the ordered phases. On the other hand, it is evirjlnd therefore the coexistence region must decrg#jeThe

H — ~3
dent from Fig. 5 that samples cooled from the isotropic phasgz_atrr:ower ccietms;ﬁnce region vvtedgpt :;pg— Q'Otzhg/CT
have a less rapid increase of the orientational order in th&/! 'retsp?c 'thoth ef Ort]?rsl :epor € ml £9] IIS edr.e org d
nematic phase with decreasing temperature to those that hay@NSIStent wi € fact Inat our samples are less disorderea.
been heated from the smectic phase. This is particularly evi- Regarding the behavior of the transition temperatures and

dent f | ith.— 0.005 g/crA, b | ident particularly  the .slight jncrease obsc'arved. fops
with Oirr“f?er;gis; V;l)lsbs and algmcost l(éj(i::;gizaer:s ?Xlrpsen >0.02 g/cm, we think that it can be explained in the fol-

=0.04 g/cmi. Therefore, it can be that the temperature de-IOWing way. If we assume, as we have done before, that the

pendence of the orientational order is affected, at least ir(iiepression in the transition temperatures is due to the disor-

samples with low aerosil concentration, by the presence O(iierlng effect O_f the ae_r05|l, then an lnc_reasgg)J‘N andTN_!
an be associated with the fact that in the sample with

ES in the nematic phase, while nothing can be said for Iargei ; . . .
concentrations due to the limitations of our technique. =0.04 g/cnd this effect is weaker than in the one wifh

We have performed measurements on mixtures with pla— 0.02 g/cr, , . ) )
Let us consider mixtures witlpg below the gelation

nar alignment(not shown. From these measurements the ) . . .
thermal conductivity perpendicular to the molecular longthresholdpg: almost isolated aggregates of aerosil float in

axis can be calculated, thus leading to the determination df'¢ LC and they are responsible for the induced disorder. f
the orientational order parame®rk,—k, . We faced many Ps Increases, still remaining belopg, the disorder simply

problems during these measurements and we did not get a,ip)ﬁreases. Now, if we have a mixture with>p, in the |
useful result. The main reason for this was that the surfacd?@s€ and cool it down in thé phase, another effect comes

induced planar alignmentgrazing angle deposition of INt0 play. The anisotropic properties of the LC produce a
quart? in the mixtures is less efficient than the one used forelaxation of the aerosil network that lowers the elastic en-
homeotropic alignment and it is very difficult to have mon- €r9Y Of the system through particles rearrangement. This re-

odomain samples. Nevertheless, we have found, as expectéﬁxaﬁon reduces the disorder of the system and we therefore
an increase of th&, values with increasing concentrations expect that it partially compensates the increase of disorder

in the ordered phase that is obviously due to the disordeflu® O the increase @k. Itis obvious that the larger the ES,
(remember that the poorer the quality of thianar align- the more evident the relaxation and therefore the compensa-

ment, the larger thk, value, while the opposite is true féy tion. This can explain th_e slower decrease of th(_a transition
in homeotropicsamples temperatures observed just abowg=0.01 g/cnt with re-
spect to the one fgs;<p4 and also the slight increase of the
Tan and Ty for larger ps=0.02 g/cni. In this last case, it
could be that the compensation due to the relaxation is larger
The results we have shown, and particularly the thermathan the increase of the disorder whenis increased from
conductivity ones shown in Fig. 5, suggest that, even at ver@.02 to 0.04 g/cth A further increase of p
low ps, there is some ES that is not annealed at kheé  (>0.092 g/cml) makes the gel stiff, no relaxation can take
transition on cooling. This is probably the reason why the RFplace, and the transition temperatures decrease again in a
(RD) model, which considers only quenched disorder at thenonotonous way.
aerosil surface due to the anchoring of the LC molecules, The results we have obtained on the behavior of transition
does not succeed in explaining the experimental data. We&mperatures as a function of concentration seem to indicate
believe that distortions of the local orientation in the orderedthat an overall decrease of the disorder due to the mecha-
phases away from the particle surfaces play a role and musisms described above takes place only in the sample with
be properly accounted for in the theoretical description of theps=0.04 g/cni.
system. If this is true, then it immediately comes out that the A similar increase in the transition temperatures after an
amount of disorder present in the ordered phases depends nnitial decrease as a function pf has been also reported in
only on pg but also on other variables, such as, for exampleRef. [9]. The concentration value at which the increase oc-
applied fields that can be responsible for the reduction of theurs, however, is 0.052 g/Gmapproximately a factor 2
disorder present in the sample at a given aerosil concentrdarger than the one we have observed. We think that this is
tion and a given temperature. Differences in the strength oflue to the presence in our samples of the surface-induced
these fields can produce differences, in terms of the amourlignment which enhances the anisotropy of the LC and

IV. DISCUSSION
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therefore the relaxation of the gel, thus making this effectalignment and therefore an increasekoff pg increases, the

detectable at lower aerosil concentrations. strands start to interact and form a gel and they are therefore
It must be pointed out that this “ordering effect” and the less free to move even though the gel is soft. Their ability to

reduction of the disorder that takes place fgr;  align perpendicular to the director is reduced and so is the

>0.02 g/cnd is very small. The increase dfy, is, in fact, improvement of the orientational order after the annealing of

much smaller than the reduction f_, that we found in the the ES. This means that when the above-mentioned relax-

pure sample with respect to the mixture with,  ation occurs, because of the constraint in the network, its

>0.005 g/cri. The amount of the disorder that could be effect on the orientational order is less evident than the one

removed by the ordering effect must be, therefore, muclon the transition temperatures. We can therefore conclude

smaller than the one introduced in the mixture at the lowesthat the relaxation is stronger in the mixture wihy

concentration. =0.04 g/cni than in any other mixture, as suggested by the
Following what was stated before on the importance oftransition temperature dependence @y but the orienta-

the strength of a possible external field on the determinatiotional part of this relaxation decreases with increasing

of the disorder present in samples with the sameit must  both for the increased screening of the surface-induced order

be pointed out that the same fields can affect the hysteresand also the rigidity of the gel.

found in the thermal conductivity in the nematic range. Re-

cent DNMR[23] _measurements performed in mixtgres with V. CONCLUSIONS

ps=0.005 g/cm, in fact, do not show such hysteresis. These

measurements require strong magnetic fields and it could The results and the discussion reported above allow us to

well be that such fields anneal the disorder responsible fodraw the following conclusions: (i) the RF(RD) model that

the above-mentioned hysteresis. follows from the assumption that all the strain in the sample
A question may be raised at this point: why is the abovedis annealed in ordered phases and that quenched disorder is

mentioned ordering effect not detected in the thermal conenly present very close to the aerosil particle surface does

ductivity, where a monotonous decrease of khealues in  not seem applicable to lopg mixtures;(ii) it is not sufficient

the nematic range with increasipg has been found? It must to consider onlypg as the variable that describes the amount

be pointed out that while the transition temperatures dependf disorder present in the mixture, but appliéardering

on the intermolecular interaction potentials which are alsdields must be taken into account due to their influence in the

affected by the disorder of the system, the thermal conducstrain annealing(iii) the behavior of the transition tempera-

tivity mainly senses the macroscopic orientational of@&f.  tures as a function gi; seems to suggest that a relaxation of

It could be, in other words, that the reduction of the disordetthe aerosil network takes place fpy<ps<0.04 g/cni that

in the system following the relaxation of the aerosil networkpartially compensates the depressionTafy and Ty in-

does not imply in all cases a detectable improvement in theluced by the disorder.

homeotropic alignment of the molecules. This improvement It has been also shown that the effect of the aerosil is not

has been, however, observed in our samples, apart from thire same at thA-N andN-I transition. While in the first case

mixture with ps=0.04 g/cnd, as a consequence of t#eN  the usual suppression of the anomalies with increasiras

transition as shown by the hysteresis in Fig. 5. It is particubeen observed, the situation is completely different at\tHe

larly evident for very lowpg and decreases with increasing transition where the peak of the specific heat, in the concen-

ps. This can be easily understood if we consider that in thdration range we have investigated, increases.

sample with theps=0.005 g/crd, only isolated strands of

agrosﬂ are probably present in the LC. A r_educnon of ES,_m ACKNOWLEDGMENT

this particular case, can take place only if the strands align
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