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Effect of silica aerosil dispersions on the dielectric properties of a nematic liquid crystal
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The static and dynamic aspects @-n-heptyl-4-cyanobiphenyl (7CB) perturbed by the dispersion of
70-A-diameter hydrophilic silica aerosil spheres have been investigated using dielectric spectroscopy. Results
on five mixtures of 7CB plus silica aerosil are presented in order to probe systematically the disorder intro-
duced by the silica aerosil network on the 7CB molecules. Measurements on homeotropically aligned samples
have been made from 75 kHz to 30 MHz in the temperature range 30—60 °C. It was found for the mixtures that
the nematic-isotropic transition temperature is lower than that of the bulk 7CB. Bulklike relaxation processes
due to the rotation of the molecules around the short axis have been analyzed, and were found to follow
Arrhenius-type behavior in the nematic phase except in the vicinity of the nematic-isotropic transition tem-
perature. These processes are slightly faster in the mixture than in the free phase. A dielectric process in the
low frequency range, absent in the bulk, has been observed in samples with higher silica concentration. All the
observed relaxation processes in the mixtures are of non-Debye type.
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[. INTRODUCTION explained in terms of the random-field Ising model. Using
high-resolution ac calorimetric studidd 2], it was also
In the past few years, a lot of research has been devoted &hown in such random system that the phase transition re-
the effect of confinement of liquid crystald.C's) in re- gions became broadened and usually shifted with respect to
stricted geometrieEl]. Understanding the influence of con- the bulk transition temperatures as a function of aerogel den-
fining geometry on the physical properties of LC's is of con-sity. Recently, dispersions of silica particles with diameters
siderable academic and technical interddt—-4]. The of approximately 7 nm covered with hydroxyl groufzero-
interaction of a liquid crystalline compound with a solid sur- sil), were also studied intensive[j)l7—20. These particles
face depends on the nature of both the surface and the liquickn hydrogen bond in a network, and allow the introduction
crystalline material. Nematic liquid crystals in a confining of disorder in LC’s. Using calorimetric and x-ray scattering
geometry represent simple examples of complex systenstudieq 18], important questions investigated in the different
where orientational ordering and surface interaction can beystems were related to finite-size effects, random field ef-
studied in detai[5]. fects and the role of quenched @artially) annealed elastic
The intricate mechanisms which govern the physicalstrain disorder. Aerosil systems seem to be particularly at-
properties of LC’s confined to well defined geometries, adractive since one hopes that random disorder could be intro-
well as to more complex and random ones, have revealeduced in a controlled manner.
various properties and effects not observed in the same sub- In this paper, we report on a comprehensive study of the
stances when they are in the bulk. For example, structure ardielectric properties of the liquid crystéheptylcyanobiphe-
ordering, phase transitions, order parameter fluctuations, theyl) (7CB) perturbed by the dispersion of 789-diameter
dynamics of molecular motion, and the dynamics of collec-hydrophilic silica sphere&erosi). Results on five mixtures
tive modes are affected, and have received considerable atf 7CB plus silica aerosil are presented in order to probe the
tention in trying to understand the effect of confinement onsystematic effect of the silica network buildup on the static
the interfacial properties of confined LC[6-8]. For well and dynamic properties of the 7CB molecules. To our
characterized confining geometries, studies have clearlignowledge, earlier investigations on the dielectric properties
shown the existence of ordered surface layers above thef silica aerosil dispersions in LC’s involved only one mix-
phase transition temperatuf@], and a continuous develop- ture[21,22. Among the main findings of this work is that
ment of nematic ordering instead of the weakly first orderthe nematic-isotropic phase transition temperaflige de-
nematic-isotropic transitiofil0,11. Various studies of the creases with increasing silica concentratipn. This de-
phase behavior of open structures of high-porosity silicacrease follows a complicated behavior as a functiopQf
aerogels containing liquid crystals have been nfd@=-16. comparable to the one previously obtained for 8CB plus
Structural aspects of the influence of confinement of 8CB irsilica aerosil from calorimetric studigd.8]. This behavior
an aerogel matrix were studi¢dli3]. Some features of nem- was interpreted 18] following two p,-dependent regimes
atic ordering in the aerogel porous matrix were qualitativelywhere, forp,<0.1 g/cn?, there is a rapid downshift 6fy;
however, forp above 0.1 g/cr the shift is comparable to
that seen in aerog¢l5] and randomly interconnected media
*Email address: Jan.Thoen@fys.kuleuven.ac.be [23]. Imposing homeotropic alignement on our samples, the
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dynamical behavior of the longitudinal complex dielectric known silica aerosil concentration. Then the temperature of

permittivity (), connected with the LC molecular flips the system is raised to the isotropic phase where the voltage

around the short axis, has been investigated. A dielectric prds applied gradually to the sample. After the maximum volt-

cess(about two decades slower than the molecular dynamicgge has been reached, the sample is cooled slowly to the

in the free phaseabsent for pure 7CB is observed in mix- lowest desired temperature in the nematic phase. Thereafter,

tures with higher silica concentrations. the voltage is switched off, and the dielectric cell is con-
nected to the LCR meter for subsequent measurements of the
dielectric permittivity €*),. At this stage, the homeotropic

Il EXPERIMENT alignment is retained after the field is switched off.

The present experiment consists of measuring the rea] 1€ 7CB plus aerosil systems were prepared following
(¢') and imaginary £") parts of the complex dielectric per- the_solvent prep_aranon method described in R@]. After_
mittivity (¢*) of the liquid crystal 7CB and five dispersions drYing the aerosil powder under vacuum at 200 °C overnight,
of silica spheregaerosi) in 7CB. In the frequency range 75 it is added to the liquid crystdlLC), which is dlssolved. in
kHz to 30 MHz, the complex permittivity is measured using Pure aceton€0.02-g LC per crhof solven). Then the mix-

a Hewlett-Packard four terminalCR meter model Hp ture is sonicated fol h inorder to achieve good dispersion.
4285A. The precision on the measurements is about 0.196;terward, the solvent is evaporated off slowll h) above
The sample cell is a 316-type stainless steel parallel platé37$ before the sample is placed in a vacuum system at
capacitor with a guard ring, in order to eliminate the strayt9 ~ 0rT, and pumped on for one day at 50 °C. Thes result-
capacitance caused by the edge effect. The electrode spaciﬁy densityps denotes the grams of silica aerosil per-aoh

is about 200um, and can be adjusted using Teflon or Mylar 'quid crystal. _ 3 _
spacers. The sample cell is properly centered inside an autg- FOF the present experiment, a hydrophilic aerdgipe
matically temperature controlled cylindrical cavity oven. 300 was used, as obtained from Degussa Cfizg]. This sil

This cavity is connected to the ground potential to be used a&oNSists  of 70-A-diameter  SjOspheres with hydroxyl

a shield against any noise pickup. Temperature control andfOUPS covering the sqrface, and with a specific surface area
measurement, respectively, are achieved via a heating cdif @=300 rﬁ/g determined from a Brunauer-Emmet-Teller
(surrounding the cylindrical cavityand a calibrated ther- @dsorption isotherrf24]. The liquid crystal 7CB is obtained
mistor in contact with the oven. The accuracy on the tem{Tom the Merck BDH Corp, and used without further purifi-
perature control and measurements is better than 0.01 °C. cation.

In order to orient the director and hence measure either
(ta*)” or (¢*), for pure 7CB, the diele_ctric sample cell in- IIl. RESULTS AND DISCUSSION
side the temperature controlled cavity is inserted between the
poles of two powerful permanent magnets. As the case may Figure 1 shows a general survey of the temperature varia-
be, the permanent magnets are positioned such that the statien of the static permittivity obtained for 7CB, and five
magnetic field is either parallel or perpendicular to the ap-silica aerosil dispersions in 7CB. These measurements were
plied electric field. The magnetic field at the position of themade at 100 kHz, in a temperature range from 30 to 60 °C.
liquid crystal is measured to be around 0.5 T. However, thifur static values of the 7CB campound are in excellent
magnetic field strength was insufficient to orient the 7CBagreement with several previously reported values in the lit-
plus silica aerosil systems. Therefore, an ac electric fisdd erature[25,2¢. For 7CB, the nematic-to-isotropic transition
500 H32, with a maximum magnitude of 35000 V/cm, was temperature Ty;) is around 42.7°C. The permittivities
applied to the sample between the electrodes. The procedusgg (e,), shown for the nematic phase, refer to those mea-
for applying the electric field is as follows: first we fill the sured with the nematic director aligned paralle¢rpendicu-
dielectric cell with a 7CB plus silica aerosil mixture of lar) to the measuring field. In the nematic phase, the increase
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ture shift ATy = (Tn) mix— (Tni) pure for the silica aerosil disper-
FIG. 2. Temperature dependence of the static dielectric data fosions investigated.
ps=0.312 g/cri. Black dots represent the data set on heating the
homeotropically aligned sample from the nematic phase, while théollowing two distinct regimes ofps-dependent behavior,
triangles correspond to the data set obtained on cooling in the isayith a crossover between themmg=0.1 g/cn?. In the low-
tropic phase before alignment with a strong ac electric field. ps regime, the gel is labeled as “soft,” meaning that the
bonds among the aerosil particles can easily break, allowing
of Ae=(g—¢,), with decreasing temperature, reflects thea rearrangement of the particles to form a network in which
increasing nematic order. At the nematic-isotropic transitionthe elastic energy; therefore, the elastic strain in the liquid
there is a discontinuity ilﬂ” andsi behaviors which is con- Crysta| are minimized. In this regime, the raﬂfql shift to
sistent with the first order nature of the transition. Figure 1|ower temperature is believed to be better described by a
also displays the temperature behavior of the static permitpyrely random field Ising model. In the high-regime, the
tivities of silica aerosil dispersions in 7CB in the isotropic ge| is “stiff” or rigid, having similarities with the aerogel
phase, and that af; in the nematic phase. These values weresystem which is dominated by quenched elastic-strain smear-
obtained on heating from the lowest temperature in the nen’]ng effects that destroy |0ng range order, and where random-
atic phase subsequently after cooling the sample from thgess only introduces a distribution of strain.
isotropic phase under the action of an external low frequency |n order to characterize the influence of disorder and ran-
ac electric field(~35000 V/cm at 500 Hz domness introduced by the silica particles on the different
At a given temperature in the isotropic phase, the statigspects of the dynamical behavior of 7CB, Fig. 4 shows the
permittivity is shown to decrease with increasing silica con-reg| and imaginary parts spectrums ef | of the bulk 7CB
centration. This decrease is more pronounced for highegiong with that of five dispersions of silica aerosil in 7CB at
silica densities. Our measurements were performed on heaf—30.680°C. As mentioned above, these measurements
ing from the nematic phase to the isotropic one; however, ifyere taken in the frequency range from 75 kHz to 30 MHz.
is believed that the decreasedrwith increasingps at fixed |t can be seen from Fig.(8) that the maximum in the loss
T in the isotropic phase, is partially offset by a contribution ¢yrye becomes less defined and decreases in magnitude with
due to the appearance of remanent order afiqye To fur-  increasing silica concentration. A broadening of the loss
ther check this point, Fig. 2 shows two data sets obtained fogyrve is usually associated with the broadening of the spec-
ps=0.312 g/cr on heating and on cooling. The permittivity trum of relaxation times associated with the dispersions. In
values obtained in the isotropic phase on cooling are systeMhe present study, we have investigated the influence of the
atically smaller than the ones obtained on heating a homegsjjica particles on the molecular process associated with the
tropically oriented sample from the nematic phase. rotation of the 7CB molecules around their short molecular
At a fixed temperature in the nematic phase, Fig. 1 showgyis.
g, which undergoes a gradual decrease with increasing For the quantitative analysis of the dielectric spectra, the
silica network. Consequently, the discontinuity ofat the  cole-Cole functior{27] has been used:
nematic-isotropic K-1) transition becomes less defined.

This is essentially due to the silica aerosil network, which e (w)=¢[(w)—ig](w)

induces disorder and defects that degrade the orientational

order. et Ak 1)
Figure 3 shows theN-| transition temperature shifts g 1+(iw7'j)1_”‘i'

ATy =Tni— T (pure versuspg. For low pg below 0.1

glcnt, there is a rapid shift offy, to lower temperature, Heree., is the high frequency limit of the permittivityAk;
while for largerpg values the behavior is comparable to thatthe dielectric strengthz; the mean relaxation time, afndhe
seen for the 8CB plus aerogel systefiS]. These tempera- number of the relaxation process. The exponentO= q;
ture shifts follow the same trend as the one obtained for 8CB<1) represents the distribution of the relaxation times, and
plus aerosil, from calorimetric studies by lannachione andjoes to zero when a single relaxation time is effective. Both
Garlandet al. [18]. These authors interpreted these trendghe real and imaginary parts of the dielectric permittivity
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FIG. 4. Frequency dependence of the real and imaginary parts H

the parallel component of the complex permittivity.
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FIG. 6. The large black dots represent the frequency dependence
of the imaginary part of the dielectric permittivity fopg
=0.312 g/cm at T=30.680 °C. The solid line correspond to the fit
obtained for two relaxations processes according to (Eg. The
small dotted line and the dashed lines correspond to the contribution
of the nonbulklike and bulklike processes, respectively.

Cole-Cole arcs deviate from being semicircular, and tend to
become flattened semicircular arcs indicative of a broadening
of the distribution of relaxation times associated with the
rotation of the 7CB molecules about their short axis. The
influence of the silica aerosil concentration on the dielectric
behavior of 7CB molecules is quite apparent in Fig. 5. As
shown, a dielectric process can be identified in the low fre-
quency region below the MHz range. Barely seen in the mix-
Jpres up tops= 0.226 g/cm, this nonbulklike process is ob-
served in the low frequency range fpg=0.312 g/cmi (see

Fig. 5. To identify properly the dispersion region associated
with this process, we have extended the dielectric measure-

have been analyzed. The fitting of the Cole-Cole fu.nction t9ments for this mixture to the low frequency range starting
the experimental spectrum has been performed using a leaghy, 1 kHz using the HR.CR meter 4284..

square fitting procedure. Cole-Cole plots for the bulk 7CB 5 quantitative evaluation has been performed by fitting

and five 7CB plus silica aerosil samples are shown in Fig. 5y,q gielectric data fop
S

=0.312 g/cmi to a superposition of

Here it can be seen that for 7CB in the absence of siIichO processes as given by the Cole-Cole funcfisg. (1)].
network, a semi circle is obtained. This agrees well W'thFigure 6 shows the frequency dependence of the imaginary

earlier observation$25,26, and shows that the dielectric

process can be described with a well-defined single rela

art of the dielectric permittivity for this sample. The dashed
and dotted lines indicate the contribution of the two indi-

ation time. As the silica aerosil concentration increases, th@idual processes to the solid line from the fit with function

o = N W H o o 0~
T

N

18

(1). Figure 7 shows the corresponding Cole-Cole plots of
these processes.

For 7CB and 7CB plus aerosil mixtures up imy
=0.226 g/cm, the Cole-Cole function for a single relaxation
process fits better the measured dielectric data in the fre-
quency range from 75 kHz. To 30 MHz. The parameter
which empirically represents the spectrum of the relaxation
times, varies from 0.03 atT=30.680°C for pg
=0.058 g/cm, to a value of 0.13 fops=0.226 g/cm at the
highest temperature in the nematic phase. Foy
=0.312g/cm, the Cole-Cole distribution parameter for the
bulklike process varies between 0.12 B+ 30.680°C to

FIG. 5. Cole-Cole plots for 7CB and the five silica aerosil dis- 0-15 at the highest temperature in the nematic phase. For the
persions aff =30.680 °C. The different symbols representing the bulk 7CB, the Cole-Cole parameter is zero in the nematic
data correspond to the same samples as in Fig. 4. The dotted linghase, indicating a Debye-type process, as shown by the

represent the fit to the experimental data as given by(Bdor one

broadened relaxation mechanism for 7CB and all the mixtures ex-

cept forps=0.312 g/cm where two mechanisms were applied.

semi-circle in the Cole-Cole diagram plotted in Fig. 5.
Figure 8 presents the temperature dependence plots of the
relaxation times. The high frequency process labeled “pro-
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3 times. The Cole-Cole distribution parameter varies between
D,.@-@wb...@_“ 0.212 at 30.680°C, to a value of 0.221 at the highest tem-
2| & 6"-@“ perature in the nematic phase. In his pioneering dielectric
g A, work on confined liquid crystals in random porous media,
@ | (5? Aliev and co-workerg6,28] observed a similar relaxation
process in 8CB confined in 100-A pores. They suggested that
this process is due to the rotation of the molecules, located in
3 4 5 s 7 8 ° w0 1 thesurface layer formed at pore walls. This process is slower
, than the process due to the rotation of molecules in bulk,
because the viscosity in surface layers is expected to be
FIG. 7. Cole-Cole plot for the complete experimental daee ~ greater than the bulk viscosif8].
text) for ps=0.312 g/c at T=30.680 °C (black triangles The Both processes exhibit Arrhenius-like behavior in the
white circles represent the elementary contributions to the investinematic phase except in the vicinity ©f, . While approach-
gated dielectric spectra, namely, the low frequency proGegist) ing Ty, the relaxation times are slightly faster in the mix-
and the bulklike process. The dotted line represent the best fit agjres as compared to the bulk 7CB, but the difference are
given by Eq.(1) with two relaxation processes. probably not significant and might be attributed to a slightly
changed order parameter. For 7CB, an Arrhenius plot far
cess I is bulklike, with7~1078s, and corresponds to the below Ty, i.e., T<T for example(see Fig. 8, yields the
rotation of the molecules around the short axis. This highactivation energyJ = 67.5kJ/mol. To show the impact of
frequency process for the mixtures almost coincides witithe silica network on the activation energy, we calculated
that of the pure 7CB at the lowest temperatures investigated) ,=84.6 kJ/mol for p;=0.312 g/cmi in the temperature
If one considers the silica aerosil plus 7CB samples as snge belowT; in Fig. 8. The increase of the activation
collection of nematic domains or agglomerates created bgnergy with increasing silica concentration can easily be seen
the presence of silica particles aggragd#s one might as-  from the increase of the slope of () versus 1T in Fig. 8
sume that process | originates from unbound molecules iith increasing silica density. The supplemental activation
the aggregate volumes. . . energy Us=U s— Uy can be attributed to an additional
Process Il represents the nonbulklike relaxation observeggiential due to the influence of the silica network-liquid
atps=0.312 9"1“:‘- The existence of a second dynamic pro- orystal molecules interaction. The behavior of the relaxation
cess withr~10"°s absent in the bulk, and observable only imes in the vicinity of the phase transition temperatiifg
in mixtures with high silica aerosil concentrations, suggestg qite similar to that of the static permittivity versus tem-
perature(Fig. 1). A clear difference in the behavior of the

the occurrence of a surface layéiormed at the silica
effective relaxation times of the mixtures, from that of the

network—LC interfacewith hindered rotational dynamics. It

should also be noted that there is no appreciable differencg /="~ . . ;
for this process, as it is the case for process |, between th ulklike times of 7CB, becomes evident in the nematic phase

nematic and isotropic phases. Retarded by almost two d [lear the nematllc to the |sotrop|p phase temperg(sﬁg Fig.
where for higher concentrations the relaxation times de-

cades and following the same temperature dependence as the : ; )
créase continuously to the isotropic phase.

bulklike process in the nematic phase, this low frequency
relaxation mechanism is not described by the Debye-type

relaxation function, and there is a spectrum of relaxation
IV. CONCLUSION

-13 - We have investigated the systematic effect of silica aero-
yvy v’ M sil dispersion on liquid crystal 7CB molecules by means of
4T v v " dielectric spectroscopy. The mixture transition temperature
sle 708 Process | Ty is lowered with respect to the free bulk phase, and is
O ps=0.058 glemd shown to follow a behavior as a function of the silica density
asba PEST %/Iccr:f consistent W|tr_1 that found _for the aerosil plus 8CB' systems
G Y pe=0.226 g,cmg Process | [18]._The dominant relaxation process, which _per_talns to the
= 47T psT0812gfcm o O rotation of the molecules around the short axis, is shown to
2 oB5d $ P b follow an Arrhenius-like behavior in the nematic phase away

18 225 v from the Ty, transition temperature. In the vicinity dfy,,
the effective relaxation times decreases more gradually with
191 v mBD lTF 37.73°C increasing silica concentration, toward the isotropic phase
ﬁTN.(pure>=42.7°c value. A slower dielectric process was observed in mixtures
A s oo 000 00033 with higher silica concentrations. This process is absent in

the bulk 7CB, and is not of Debye type. It is suggested that
this process is due to the hindered rotation of the molecules

FIG. 8. Temperature dependence of the relaxation times of théocated in the surface layers formed by the 7CB molecules at
bulklike (process ) and the nonbulklikeéprocess Il processes. the silica aerosil surface.

1T
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