
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Calorimetric and dielectric investigations of smectic liquid crystals with
aerosil
S. L. Abd-El-Messieh; J. Werner; H. Schmalfuss; W. Weissflog; H. Kresse

Online publication date: 06 August 2010

To cite this Article Abd-El-Messieh, S. L. , Werner, J. , Schmalfuss, H. , Weissflog, W. and Kresse, H.(1999) 'Calorimetric
and dielectric investigations of smectic liquid crystals with aerosil', Liquid Crystals, 26: 4, 535 — 539
To link to this Article: DOI: 10.1080/026782999204976
URL: http://dx.doi.org/10.1080/026782999204976

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782999204976
http://www.informaworld.com/terms-and-conditions-of-access.pdf


L iquid Crystals, 1999, Vol. 26, No. 4, 535 ± 539

Calorimetric and dielectric investigations of smectic liquid

crystals with aerosil
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Martin-Luther-UniversitaÈ t Halle-Wittenberg, Institut fuÈ r Physikalische Chemie,
MuÈ hlpforte 1, D-06108 Halle, Germany

(Received 5 October 1998; accepted 11 November 1998 )

Two strongly polar 4-(4-cyanobenzyloxy)benzylidene 4-n-alkylanilines were synthesized for
the ® rst time and mixed with the hydrophilic aerosil A 300. The compounds, showing a rich
polymorphism, and the mixtures were investigated by calorimetric and dielectric methods.
Phase transitions of ® rst and second order were detected. Neither the phase transition
temperatures nor dielectric relaxation times are strongly in¯ uenced by addition of aerosil up
to 20%.

1. Introduction building units for bigger agglomerates [8]. In this way
the aerosil particles are not homogeneously distributedThe physics of heterogeneous liquid crystals (LCs) is

of interest for both applied and fundamental physics in the mixture.
With regard to the dielectric measurements, samples[1± 3]. One such system is provided by ® lled LCs con-

sisting of suspensions of aerosil particles in a LC matrix. with strong terminal dipole moments are necessary. For
this reason two new homologous 4-(4-cyanobenzyloxy)-That such heterogeneous systems could be obtained by

mixing liquid crystals with aerosil was demonstrated benzylidene-4-n-alkylanilines were synethesized:
® rst by Eidenschink [2]. Such materials give a good
opportunity to study changes in physical behaviour
especially at phase transitions under restricted geo-

n = 8: Cr (SmX1 77.5) 82 SmC 112.5 SmA 144.2 N 166.2 I S8metry. Thereby, samples showing ® rst and second order
n = 14: Cr 73 SmX2 79 SmX1 89 SmC 98 SmA 165 I S14transitions between diVerent high temperature liquid

crystalline phases have been shown to be of interest. SmX1 and SmX2 are low temperature smectic phases
High resolution calorimetric investigations have demon- identi® ed only by texture observations.
strated a small decrease of the clearing temperature by The compounds were prepared by condensation of
the addition of aerosil [4± 6]. Dielectric measurements appropriate 4-n-alkylanilines with 4-(4-cyanobenzyloxy)-
have shown an increase of the relaxation frequencies benzaldehyde in ethanol. The last mentioned benzylether
for reorientation about the molecular axis short in the was obtained by reaction of 4-hydroxybenzaldehyde
nematic state [7]. with 4-cyanobenzyl bromide. The ® nal products were

The aim of the present investigation is to use recrystallized from ethanol and at least once from a
calorimetric and dielectric relaxation measurements to mixture of toluene and heptane in order to reduce the
monitor diVerent LC phases over a broad temperature conductivity. The phase transition temperatures (in ß C)
range. and the phases given above were determined by polarizing

microscopy.
2. Experimental Both compounds were mixed with aerosil in the

2.1. Materials solid state, heated to the isotropic phase and again
The hydrophilic aerosil A 300 was obtained from continuously mixed in order to get a homogeneous

Degussa. The diameter of the particles was about 7 nm. sample. This procedure was restricted to 5 min to avoid
AFM measurements on a heterogeneous mixture with a decomposition of the samples.
polymer liquid crystal have shown that the aerosil
particles form 40± 250nm sized aggregates which are

2.2. T echniques
Calorimetric investigations were made with a Perkin-

Elmer DSC 7. These measurements were especially*Author for correspondence.
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536 S. L. Abd-El-Messieh et al.

necessary for samples containing higher concentrations
of aerosil, because in these cases phase transitions could
not be readily detected by the microscopic method. The
transition enthalpies were related to 1 g of the respective
liquid crystalline sample.

Dielectric measurements were carried out using a micro-
capacitor consisting of two glass plates (d = 0.050 mm,
A = 1 cm2 ) and the frequency range from 100Hz to
10MHz was covered using the HP 4192A Impedance
Analyzer. The glass plates were coated on one side with
gold. The cell was calibrated using cyclohexane before
any measurements. The temperature was controlled by
a Eurotherm regulator. Compound S8 could be easily
oriented in an external magnetic ® eld of 0.7 T. A bias
voltage of 35 V did not shift the relaxation frequency,
but in this case the conductivity was smaller.

The samples containing aerosil were very viscous.
Therefore, they were ® rst put on one of the glass plates
with two spacers; the second glass plate was then pressed
down on the ® rst plate. In this way only approximate
values of the dielectric constant could be obtained by
using the same calibration constant. It should be pointed
out that the relaxation frequencies and the Cole± Cole
distribution parameters are not in¯ uenced by this
technique.

3. Results and discussion

3.1. Pure components
The phase transitions of the pure compounds,

excluding the melting process, are reversible as found
by calorimetric measurements. Static dielectric constants
of S8 are given in ® gure 1. The data were calculated
from the real part of equation (1) which will be discussed
later. There is only a small change in e)0 at 78ß C

Figure 1. Static dielectric constants of the pure samples atindicating the existence of a supercooled smectic phase;
diVerent temperatures.e

d0 decreases on cooling after reaching a maximum in the
nematic state. This indicates a strong dipole correlation
in the direction of the molecular long axis [9]. The and, together with the reversibility of the phase transitions,
relaxation time according to equation (1) increases step- the existence of smectic phases at lower temperatures.
wise at the SmC± SmX1 transition. This process is then
followed by a decrease of e

d0 (and also of e)0 ) to about 3.2. Calorimetric studies
2.3, a classical value of a solid phase. The approximate Calorimetric measurements were carried out for the
value of the relaxation time in the SmX1 modi® cation pure LC samples and mixtures containing up to 20%
is not given in ® gure 5 because the mixture of S8 with by weight of aerosil. The data obtained are listed in
aerosil could not be supercooled. S14 could not be oriented table 1. From this table it is clear that no signi® cant
by an external magnetic ® eld. The given dielectric change occurs in either the temperatures or the corres-
constants in ® gure 1 are nearly e)0 values due to the ponding transition enthalpies, excluding the melting
spontaneous orientation of the sample. In this case the process, for all the investigated aerosil concentrations.
SmC± SmX1 and the SmX1± SmX2 transitions can be As expected, stronger changes are observed, particularly
clearly seen. A few degrees after the last mentioned in the enthalpy values, if a solid phase is involved in the
transition the sample crystallizes. It should be pointed transition. This indicates the formation of metastable
out that the dielectric constants e)>2.5 in the low solid phases. For illustration, DSC traces of S14 at the

SmA± SmC transition with a very high resolution aretemperature phases prove the existence of fast dynamics
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537Smectic L Cs with aerosil

Table 1. Phase transition temperatures (ß C) and enthalpies (in brackets, J gÕ
1 ) related to 1 g of the LC sample (in brackets) for

S8, S14 and diVerent aerosil (wt %) mixtures.

wt % aerosil

Transition 0 5 10 15 20

S8

N± I 165.6 165.5 166.2 166.1 165.7
(5.8) (5.3) (6.1) (5.9) (5.8)

SmA± N 144.2 144.0 144.5 144.6 143.5
(0.04) (0.03) (0.09) (0.02) (0.04)

SmC± SmA 112.7 113.5 113.6 113.6 113.4
(1.4) (1.3) (1.1) (1.3) (1.1)

Cr± SmC 83.1 80.5 83.9 83.8 82.3
(38.6) (25.1) (34.2) (34.0) (30.5)

S14

SmA± I 165.0 164.7 165.5 164.7 165.0
(16.5) (13.3) (15.9) (14.7) (15,.)

SmX1± SmC 88.9 88.6 89.3 88.6 88.6
(10.0) (8.7) (10.9) (9.7) (9.8)

SmX2± SmX1 79.7 79.0 80.0 79.0 78.8
(29.2) (14.8) (20.5) (17.6) (17.7)

Cr± SmX2 72.9 69.3 70.6 69.3 69.0
(45.5) (33.8) (22.1) (7.5) (3.3)

Table 2. Cole± Cole distribution parameters of the investigatedpresented in ® gure 2. In contrast to S8, where a small
samples: error Ô 0.02.transition peak occurs, in S14 only a step in cP is

observed. This re¯ ects a clear second order transition. wt % aerosil
Within experimental error, no change of the transition

Sample 0 10 20temperatures and enthalpies by adding 10% aerosil is
seen. It was di� cult to detect this transition by DSC

S8 0.00 0.04 0.06measurements. For this reason no data are given in
S14 0.00 0.08 0.08

table 1 for this transition in S14 .

3.3. Dielectric studies 4. Conclusions
Measured dielectric losses e ¾ and ® tted curves for S8 Summarizing the experimental results we can say:

are given in ® gures 3 and 4 as a function of frequency
(1) Addition of aerosil results in a small decrease off . The data were ® tted to the imaginary part of the

the relaxation times of S8. The activation energiesmodi® ed Cole± Cole equation:
for the relaxation times of about 64 Ô 2kJ molÕ 1

(SmA) and 90 Ô 2kJ molÕ 1 (SmC) of the puree* =
iA
f

N +Ce1 +
e0 Õ e1

1 + (ivt)1 Õ aD+ B f
M (1)

sample are not changed.
(2) Aerosil has practically no in¯ uence on thewhere e1 is the high frequency limit of the dielectric con- relaxation times and activation parametersstant, e0 Õ e1 is the dielectric increment, t the relaxation (E A = 74 Ô 2 kJ molÕ 1 in the SmA phase) of S14 .time and a the Cole± Cole distribution parameter. A , N

The dynamics do not change at the second orderprovide for a description of the conductivity; B , M take transition SmA± SmC.account of resonance eVects at high frequencies. (3) The increase of the Cole± Cole distribution para-The detected dielectric absorption is related to the meter with increasing concentration of aerosil mayreorientation of the molecules about their short axes. It indicate the in¯ uence of the surface on the dynamics.is important that this motion re¯ ects indirectly the order
in the phase [10]. The calculated relaxation times versus It should be considered that a small decrease in

the relaxation time could occur if there is a slightthe reciprocal temperature are given in ® gures 5 and 6.
The mean values of the Cole± Cole distribution parameters decomposition of the sample during mixing with aerosil

and ® lling of the measuring cell. From the data obtainedof a sample at diVerent temperatures are practically
constant. The respective data are listed in table 2. we can however say that addition of relatively large
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538 S. L. Abd-El-Messieh et al.

Figure 4. Loss of S8/ 20 containing 20 wt% of aerosil at 95ß C.
Fit parameters: e0 = 1.60; e1 = 1.50; t= 7.486 Ö 10Õ

7 s;
a= 0.08.

Figure 2. DSC traces of S14: (a) without aerosil, (b) with
10 wt% aerosil.

Figure 5. Relaxation times of sample S8 and mixtures with
10 and 20 wt% aerosil.

Figure 3. Measured loss and ® tted curves for S8 parallel to
the nematic director at 95ß C. Fit parameters: e0 = 3.36; Figure 6. Relaxation times of S14 and the respective mixtures
e1 = 2.35; t= 8.749 Ö 10Õ

7 s; a= 0. containing 10 and 20 wt % aerosil.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



539Smectic L Cs with aerosil
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