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Abstract

This thesis presents an experimental study of the influence of an external field and
alignment upon a colloid of a liquid crystal (octylcyanobiphenyl denoted 8CB)
and a silica gel of aerosil nano-particles. The first techniques used was an AC-
calorimetry (alternating current heating) and the systems under investigation were
firstly put under the influence of a magnetic field at John Hopkins University
in Baltimore by professor Leheny’s group. The experiments revealed changes in
transition temperatures, nematic range and critical coefficient that could account
for what we called a ”memory” of the above mentioned structures.

The second technique, dielectric spectroscopy, was applied to the same very
densities of mixtures mentioned in the first paragraph. The samples were applied
in one procedure an increasingly higher alternating electric field. An overall in-
crease of the capacitance of the sample was measured. The second experiment
was to reproduce the application of the magnetic field from the AC-calorimetry
experiment now with an electric field. In dielectric spectroscopy case, an increase
in transition temperature after the application of the procedure was revealed.

ii
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Chapter 1
INTRODUCTION

1.1 Introduction

A very important topic these days in Physics is the so called ”complex fluids”. One

of the systems in this category is a liquid that is mixed with a solid component

that arranges itself in a steady or at least quasi-steady structure. These structures

have drawn the attention of an increasing number of physicists lately. Not only

the industrial world, which is interested in additives that can improve the quality

of a paint for example, but also in biology this might have an interesting future

if one only considers the cholesterol in blood vessels. In order to understand the

basics, it is necessary to use a system such as the well-known 8CB liquid crystal

mixed with silica beads. The novelty in this thesis is the study of the influence of

the magnetic and electric fields against the system just mentioned.

In this work, we try to explain the permanent changes of the mixture due to

the process. An earlier attempt was performed by the means of X-rays scattering

Ref. [16] and [48]. The first technique used here is AC-calorimetry. In order

to analyze the results, we present different parameters of the phase transitions

before and after the process we call alignment. In most cases we found differences

that prove the influence of the magnetic field. The second technique, dielectric

spectroscopy, was used to reveal the influence of a electric field against the same

concentrations of the mixtures mentioned above.
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1.2 Liquid Crystals

The first part of the colloidal mixture and the main object of our study is the liquid

crystal, a transitory system between liquids and crystals, displaying properties

from both constituents of its name but also new and unique ones. There exists

a wide variety of liquid crystals based on the geometry of constitutive elements

and the way these come together. There are two main reasons for the formation

of the liquid crystal phase, as follows. The first is the basic geometrical form of

the molecules - mostly rods and disks - which allows close, quasiparallel packing

in what is known as a monophillic liquid crystal. The second is an intramolecular

interaction which causes micro-phase-separation of different parts of the molecule

(an amphyphyllic liquid crystal).

Typical chemical substances that have liquid crystal phases are: cholesterol,

esters, surfactants, glycolipids, phenyl benzoates, cellulose derivatives, paraffins,

etc. Historically, the first liquid crystal discovered was cholesterol. The very

cholesterol that is linked to stokes and heart attacks. In discussing applications,

by far the most important is the liquid crystal display, but one must not overlook

solvents for NMR used in temperature measurements, dyes, membranes and some

others.

Under the name of liquid crystal there are actually more than one phase. The

most common of them is nematic. In terms of resemblance, this is the closest to

the liquid state which is also named isotropic from the property of the density

function to have the same value in any direction. Actually, this density of particles

function and the ”density-density correlation function” represent the tools that

will show the characteristics of the liquid crystal. The latter has the mathematical

representation:

< ρ(x)ρ(x
′

) > (1.1)

and for a liquid crystal this is a periodical function of a basic vector −→x −
−→
x‘ .

Hence, if there is no positional order or, in other words no correlation, we have an

isotropic state. If the correlation function is not isotropic and the molecules are, on

average, pointing in one direction, the state it is called nematic. If the substance

start forming layers, the state is smectic. It is very important to mention that still

exists diffusion of the molecules between the layers in smectic, or a tumbling mode
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in nematic. Thus, the director in nematic and the layers in smectic are only in a

statistical way.

The most important parameter in the study of liquid crystals is the order

parameter. Choosing a parameter that should reflect the order is not that easy

due to the requirement of relevance throughout all the possible processes the liquid

crystal may encounter. The simplest nonzero parameter to be chosen is:

S =
1

2
< (3 cos2 θ − 1) >=

∫
f(θ)

1

2
(3 cos2 θ − 1)dΩ (1.2)

this is the second term in the multipole expansion, the first one being null due to

the azimuthal symmetry. Parameter θ, the argument of the cos function, is the

angle made with the nematic director n̂ and f(θ) is the distribution function of

the molecules ( this is an average orientation of the rod-like molecules ).

If θ is peaked around 0 or π which are parallel or antiparallel alignments

cos(θ) = ±1 so S = 1. For a perpendicular alignment, θ = π
2

and S = −1
2
.

If the angular orientation is isotropic, the distribution function is constant and the

order parameter is null as it happens in the isotropic phase.

The scalar part of the nematic order parameter can be extracted from DNMR

(deuterium nuclear magnetic resonance) experiments [4]. The molecule is ”deuter-

ated” which represents the replacement of one hydrogen atom with a deuterium

one. Like in [4] this was done at the second carbon position along the alkyl chain

from the biphenyl rings for the 5CB liquid crystal.

1.3 Aerosil Gel - Nanocolloidal - Structure

The second part of the mixture studied in this project consists of solid particles

that do not phase-separate when mixed with the liquid crystal. Instead, they bond

together and exist in a suspension, forming a cluster-like shape, surrounded by the

liquid crystal. This is called a colloid, the most familiar example being oily beads in

mayonnaise. As a matter of fact, these types of structures are everywhere, partic-

ularly in living beings whose blood is a biological aggregate of colloidal dispersions

in mostly water.

The particles with colloidal properties utilized in this project are silica beads
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7 nm in diameter. In the presence of air they collect water molecules from the

environment, hydrogen-bonding together. This bonding is what keeps the beads

together when they are in a mixture with liquid crystals. From the manufacturing

process of aerosil, the silica beads have a large probability of fusing into pairs (about

75 %) in addition to single beads. However, fused groups of more than 2 beads

are very rare. When they are in a colloid formation, the beads arrange themselves

in complete closed structures, but also they might leave parts ”dangling” which is

yet to be discovered.

In the experiment at hand, the right amount of silica beads was mixed with

liquid crystals to generate six different conjugate densities (this quantity will

be explained later in the body of the AC-calorimetry experiment) from 0.03 to

0.15 g cm−3. The way the mixture was obtained will be presented later in Chapter

1.

1.4 AC-Calorimetry

After obtaining the substance of interest, the next step is to discuss AC Calorime-

try, the technique used in this study. Alternating Current Calorimetry is a tech-

nique generally used to map out the thermal behavior of a very small quantity -

about 20 mg - of any substance of interest. The sample holder mainly consists

of a small silver envelope, in the shape of a cap and lid, cold-welded with In-Sb

alloy. The substance under study is in between these two silver sheets, the entire

active space being an almost cylindrical chamber ∼ 1 mm thick and approximately

10 mm in diameter. On one side of this envelope there is a heater that can deliver

very precise amounts of heat, and on the other side there is a carbon-flakes ther-

mistor which measures the temperature. The electrical resistance of the heater is

in the 100 Ω range and the thermistor has a resistance of approximately 1 MΩ at

0 oC. The small cell described above is supported only by the wires of the heater

inside of a copper can. In order to create a good thermal insulation from the en-

vironment the entire ensemble is enclosed within a bigger can. The inside receives

heat from the outside from a large heater wrapped around the copper cylinder

- this provides the overall heating. On top of this ”environmental” heating, the

substance of interest will receive the AC heat. The physics of the process of heat
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transfer can be expressed with equations that follow [10]:

ChṪ = Q̇h = Q̇o(cos
1

2
ωt)2 −Kh(Th − Ts) (1.3)

CsṪs = Q̇s = Kh(Th − Ts)−Kb(Ts − Tb)−Kθ(Ts − Tθ) (1.4)

CθṪθ = Q̇θ = Kθ(Ts − Tθ) (1.5)

Here Cs are the heat capacity, Ks are the thermal conductance, and Q̇ is the

heat transfer per unit time of the :heater(h), sample(s), and thermometer (θ).

The index ”b” stands for bath which stands for the environment . The thermal

conductivities can be considered small so the steady-state solution for Tθ of this

system of equations is made of one constant term that depends upon Kb and a

second oscillatory one which is inversely proportional to the heat capacity of the

sample as follows:

Tθ = Tb +
1

2
Q̇o{K−1

b + (1− δ)(ωC)−1cos(ωt− α)}

where C = Cs + Cθ + Ch

The expression (1−δ) has a very complicated form which can be found exactly

in [10] and here one must introduce the following notations:

τs = C/Kb

τθ = Cθ/Kθ

τh = Ch/Kh

where: τ are relaxation times.

The heat capacity of the sample is much bigger than the combined heat capac-

ities of the heater and the thermometer. Another good approximation is that the

relaxation time of the sample is much smaller than the one of the applied heating

power. These combined assumptions give the following formulae:

1− δ = [1 +
1

ω2τ 2
s

+ ω2(τ 2
θ + τ 2

h)]−
1

2
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and

α ≈ arcsin{1 + [
1

ωτs
− ω(θθ + τh)]

2}− 1

2

The system at hand for obtaining a good approximation is a slab (paral-

lelepiped). A good solution for this is:

TAC
∼= Q̇o

2ωC
[1 +

1

ω2τ 2
1

+ ω2τ 2
2 ]−

1

2 (1.6)

where τ1 is a sample to bath relaxation time and τ2 is a combined contribution

relaxation time as follows:

τ 2
2 = τ 2

θ + τ 2
h + τ 2

int

The subscripts stand for: θ for the thermometer, h for the heater and int internal

relaxation time.

In our particular case the relaxation times are small so it is a very good ap-

proximation to assume that both relaxation times in Eq.1.6 will null the second

and third term in parenthesis for the very small frequency that we use. Thus, the

formula used to calculate the heat capacity of the sample is :

C =
Q̇o

2ωTAC

TAC is the resulting amplitude of the temperature oscillations. The phase shift

between the amplitude of the applied heat and the amplitude of the recorded

temperature can also be measured. This shift gives the exact moment when the

first order transition occurs. In order to increase precision, the measurement of

the temperature was done about 2000 times over ten periods. These periods were

chosen very carefully after a frequency scanning of an empty cell and it was found

that should be in the range of 15 mHz. The average was used in calculating the

heat capacity - the ultimate goal of the experiment. An absolute precision of

approximately 10 mK can be claimed but the relative precision goes to tenths of

milliKelvin, which makes the technique most suitable for mapping out very subtle

transitions or shifts between different types of transitions.

The latter aspect is manifested in our experiment where for the first time due

to the aforementioned precision, it was discovered that a first order transition



7

actually has two steps (see Ref. [7]). This contradicted previous other kinds of

experiments which had indicated the presence of only one step. A feature that

should be noted about the functionality of AC-calorimetry is the calibration of

the thermistor with an extremely exact Platinum thermometer placed very close

to it. The need for calibration is due to the fact that the thermistor value drifts

significantly in time, whereas the Platinum thermometer is highly stable with the

value of the resistance changing very little over a range of years. Nevertheless, the

thermistor is very useful due to its very high resistance (in the MΩ range) which

gives a very high precision. The technique consists of applying heating power to

the cell as Pace
iωt and detecting the resulting temperature oscillations having an

amplitude Tac and a relative phase shift between the heater and the thermometer

of ϕ ≡ Φ + π/2, where Φ is the absolute phase shift between Tac(ω) and the input

power. The specific heat at a heating frequency ω is given by

Cp =
[C ′

filled − Cempty]

msample
=

Paccosϕ/ω|Tac| − Cempty

msample
, (1.7)

C ′′
filled =

Pac

ω|Tac|
sinϕ− 1

ωR
, (1.8)

The equations used to extract the specific heat are Eq.1.7 and Eq.1.8. The

latter is actually giving a hint in the heat transfer situation, so the usage is only

to determine the exact point where the first order transition is starting, otherwise

regarded as the ”signature” of the isotropic to nematic transition.

1.5 Experiment

The nano-colloidal mixture described here is between 8CB liquid crystal and type

300 aerosil (the specific surface area is 300 m2g−1). The liquid crystal was syn-

thesized at Frinton Laboratories Inc. (molar mass 291.44 g mol−1). The chemical,

structural formula is presented in Fig. 1.3. The ”tail” has the chemical formula

C8H17 and it generates a lot of the subtle features of the liquid crystal due to a

permanent magnetic dipole. The molecules align along the magnetic field.

The aerosil consists of ∼ 7 nm bids of SiO2 that are hydrogen bonded, fact

that arranges them in a colloidal structure (see Ref. [36] for more details). The



8

-12 -9 -6 -3 0 3

0.0

0.4

0.8

1.2

1.6

 Bulk

 0.03

 0.05

 0.07

 0.10

 0.13

 0.15

 

 

∆C
p
 (

 J
 g

−1
 K

−1
 )

∆T
IN

 = T − T
IN

 ( K )

Figure 1.1. Expanded overview of the specific heat for a bulk and aligned 8CB+sil
samples over ∼ 20 K range. Note that the wing of the I -N transition continues even
”under” the N -SmA transition. The details of the I -N transition peak will be discussed
later.

calorimetric measurements were done with high performance home-built calorime-

ters at WPI. We have prepared 6 different densities of silica in 8CB liquid crystal

by adding silica powder in the liquid crystal together with acetone. After that the

mixture was sonicated in the ultrasound shaker to get an uniform dispersion. At

the end, the mixture underwent a forced process of evaporation of the acetone at

338.15 K and 10−3 Torr for about 6 hours. This last procedure was only to extract

the last traces of acetone, the most of it left the mixture during the sonication.

The outcome was a series of homogeneous - at least by eye inspection - samples

ranging from 0.03 to 0.15 in units of g cm−3, mass of silica per volume of liquid

crystal.

After preparing these batches we encapsulated a quantity of ∼ 25 mg of each

of them in between 2 foils of silver shaped as a cup and a lid, sealed together

with tin in a cold welding procedure. To every one of these samples a heater and

a thermistor thermometer were attached. The first was used to apply the AC
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Figure 1.2. Cartoon depicting the general model of the experimental cell. Here, Kt is
the thermal conductance linking the cell thermometer to the sample, Kh is the link
of the heater to the sample, and Kb is the total thermal conductance of the sam-
ple+cell+thermometer+heater package to a thermal bath. Typically, Kh ≃ Kt≫ Kb.

heating and the second to measure the temperature of the sample. The mass of

the thermometer was less then 1 mg which produces a measurement that is free of

thermometrical error.

All 6 samples were exposed to a magnetic field at the Department of Physics

and Astronomy, John Hopkins University, Baltimore. That consisted of cycling the

samples in between nematic and isotropic phases in the presence of a very intense

magnetic field. The number of cycles were at least 100 and the intensity of the

field was 2 T. The temperature range of this cycling was from 308 K to 319 K with

a cooling or heating rate of ∼ 1 K/min. The number of cycles were necessary to

obtain a robust and uniform alignment of the nematic state in 8CB+sil.

After this treatment, the samples underwent the AC calorimetric measurements

at WPI together with 2 unexposed to magnetic field samples from the same batch

as the aligned ones.

The experiments presented in this thesis were performed at the WPI Physics
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Figure 1.3. Chemical structure of some common thermotropic liquid crystals. The
liquid crystal used in this work is octylcyanobiphenyl (8CB).

Department in the laboratory of Professor Germano Iannacchione. In addition,

the work of our collaborators, Dennis Liang and Robert L. Leheny, served as

an invaluable tool. The experiments revolved around the study of a colloidal

mixture of liquid crystal and silica performed by the means of AC calorimetry.

The graphical curves obtained from these experiments were interpreted with a

mathematical model, allowing us to empirically find a function that best scales the

specific heat of the colloidal mixture during the transition between the isotropic

and the nematic phase. Later we used a power law in fitting of the second order

transition.



Chapter 2
THE ISOTROPIC TO NEMATIC

PHASE TRANSITION

The first chapter deals with the first order transition. In general, the specific heat

features of the I -N transition in aligned (anisotropic) gel samples are consistent

with those seen in random (isotropic) gel samples, namely the observance of two

Cp peaks and non-monotonic transition temperature shifts with increasing silica

concentration. These results reflect the scalar nature of the specific heat. However,

deviations are noted in the larger transition temperature shifts with silica density

as well as modification of the phase conversion process in the two-phase coexistence

region for the aligned samples. Specifically and especially at lower silica densities,

the lower-temperature aligned Cp peak is larger and broader while exhibiting less

dispersion than the equivalent peak for the random gel. The modification of the two

Cp peaks may be a consequence of the alignment altering the random-dilution to

random-field crossover. While the exact origin of the larger transition temperature-

shifts for the aligned samples is uncertain, the general non-monotonic behavior

is interpreted using dimensional analysis as a combination of an effective elastic

stiffening of the liquid crystal, combined with a liquid crystal and aerosil surface

interaction energy.
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2.1 Introduction to Nematics

Due to the wide variety of effects encountered, the study of quenched random

disorder on phase structure and transitions is an important area that continues to

attract a great deal of research activity. Of particular interest is the phase ordering

of complex-fluids or soft-systems in the presence of quenched random disorder. In

general, phase transitions are profoundly modified depending on the order of the

transition, the character of the order affected by the disorder, the dimensionality,

and the number of components of the order parameter. A great deal of progress

has been made using liquid crystals (LC) as the host material and a variety of

porous media as the mechanism to introduce quenched random disorder (QRD).

A particularly useful physical model is the LC+aerosil system where the QRD is

created by a dispersed gel of aerosil particles and is varied by changing the density

of aerosils in the dispersion. The aerosil, consisting of nanometer-size silica spheres

capable of hydrogen bonding together, forms a fractal-like random gel. Numerous

studies have previously been carried out by various groups on LC+aerosil [19] and

the related LC+aerogel system [37]. Aerogels are self-supporting structures, which

places a lower limit on the disorder strength that can be probed. However, the

aerosil gel provides a weaker and more easily controlled perturbation, and thus

opens up a wider range of physically interesting regimes.

The most thoroughly studied LC+aerosil system is the dispersion of type-300

aerosil in octylcyanobiphenyl (8CB), denoted 8CB+sil. Detailed calorimetric [36,

7, 24], x-ray scattering [25, 26], x-ray intensity fluctuation spectroscopy [27, 45],

static and dynamic light-scattering [21, 22, 23], and deuterium NMR [28] studies

on the nematic to smectic-A (N -SmA) and the isotropic to nematic (I -N ) phase

transitions of this system have shown that there are clear quenched random-field

characteristics as well as finite-size scaling effects [19]. In what follows, a convenient

measure of the introduced disorder is the grams of silica per cm3 of liquid-crystal,

denoted the conjugate silica density ρS, which is directly related to the surface

area of solids as well as the mean-distance between solid surfaces [7]. The units of

ρS will be dropped hereafter.

The effect of the anisotropy of the quenched disorder on the weak first-order I -N

transition is studied by preparing reasonably well orientationally-aligned samples
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by repeated thermal cycling through the transition in the presence of an external

magnetic field. The effect of the aerosil gel network on the orientational order of

the nematic phase is two-fold. The silica gel firstly dilutes the liquid crystal and

secondly creates a preferred local orientation [34]. However, when the random gel

responsible for the imposing of this random-field effect is strained, i.e. the gel

takes on some anisotropy, a quasi-long-range ordered anisotropic nematic state is

predicted [18]. This is analogous to a similar situation for smectic ordering where

disorder anisotropy may lead to a smectic ”Bragg-glass” phase [11, 12, 13, 14].

Some experimental evidence supporting this has recently been found by a high-

resolution x-ray study of smectic ordering in aligned 8CB+sil samples [16]. The

present calorimetric work is stimulated by the x-ray study but focuses on the I -N

transition of aligned 8CB+sil. The results of a high-resolution calorimetric study

on the smectic ordering in aligned 8CB+sil samples will be presented in the next

chapter.

In general, the specific heat signatures of the I -N transition in aligned 8CB+sil

samples are found to be consistent with previous measurements on unaligned, ran-

dom or isotropic disordered, 8CB+sil samples [19]. The anisotropy only subtly

affected the shape of the Cp(T ) variation near the transition, where the double

specific heat peaks are signatures characteristic of LC+sil systems with ρS ≤ 0.1.

This double-peak feature has recently been explained as a cross-over from random-

dilution dominated to a random-field dominated I to N phase conversion [29]. The

general anisotropy independence of the specific heat features is simply the conse-

quence of the scalar nature of energy fluctuations. A more significant departure

from previous observation due to the imposed alignment appears in the larger

magnitude of the transition temperature shift as a function of ρS for the aligned

system. The counter-intuitive result of an aligned 8CB+sil sample being more

disordered (lower TIN) relative to the unaligned samples, despite having presum-

ably quasi-long-range nematic order, may be the result of larger nematic domains

encompassing more disorder sites. An empirical modeling of the effective specific

heat in the I+N coexistence region has been developed in order to extract the

disorder dependence of the low and high temperature specific heat peaks. This

analysis indicates that the distribution of the random-dilution and random-field

disorder effects are normal with little coupling between them. In addition, the
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low-temperature, random-field dominated, peak is essentially constant over the

range of ρS studied while the high-temperature, random-dilution dominated, peak

decays rapidly with increasing aerosil density, disappearing at ρS ∼ 0.13. Finally,

a dimensional analysis of the transition temperature shift has been done. The

analysis yields a consistent scaling for a variety of disordering porous media and

may indicate that the interplay of surface interaction energy and effective elasticity

of the host fluid is modified by these colloidal dispersions.

Section 2.2 describes the preparation of the 8CB and aerosil dispersion samples

in the random and aligned states as well as the ac-calorimetry technique employed.

Section 2.3 presents an overview of the calorimetric results. These results are

discussed in Section 2.4, with emphasis on the Cp doubling near the I -N transition

and the non-monotonic transition temperature shifts as a function of ρS. The

conclusions are summarized in Section 2.5.

2.2 Sample Preparation and Calorimetry

Nano-colloidal mixtures of the LC+sil samples were prepared using the solvent-

dispersion method [7]. The liquid crystal octylcyanobiphenyl (8CB, obtained from

Frinton Laboratories Inc. and having a molar mass of 291.44 g mol−1) and the hy-

drophilic type-300 aerosil (sil, obtained from DeGussa, Inc. having 7-nm diameter

particles and 300 m2g−1 specific area) were prepared after thorough degassing at

high temperature and under vacuum for at least 2 hr. After dispersing measured

amounts of 8CB+sil in high-purity (ultra low-water) acetone, the solvent was al-

lowed to evaporate slowly over several hours. The final mixture was then degassed

at ∼ 320 K for 2 − 3 hr to ensure complete removal of the acetone. The amount

of aerosil in each sample is characterized by the conjugate density, ρS given as the

mass of solids (silica) per open volume (8CB) in units of grams per cubic centime-

ters, and this is a useful quantity in relating average properties of the gel [7, 19].

Six different 8CB+sil batches were made with densities ranging from ρS = 0.030

to 0.150. The resulting 8CB+sil has a dispersed aerosil gel structure that is fractal

in character over a range of length-scales [7, 45] and is termed here as a ”random

sample”.

The aligned samples, made from the same batch of 8CB+sil, were obtained by



15

thermally cycling a given mixture in a sealed calorimeter cell ∼ 100 times through

the I -N phase transition in the presence of a 2 T magnetic field. The resulting

aligned 8CB+sil samples were robust and of good quality as confirmed by x-ray

studies of nearly identically prepared samples [16]. The x-ray studies also found

that the aerosil gel scattering was nearly independent of the alignment procedure,

which indicates that the alignment is maintained by a rearrangement of the aerosil

gel on very long length-scales and the gel remains random locally [16]. It may

be expected that the large length-scales of nematic (director) ordering might be

affected by the alignment, which is the focus of this chapter.

High-resolution AC-calorimetry was performed using a home-built calorimeter

whose basic characteristics have been described in the introductory chapter as well

as in [33]. The data that have been reported in this part of the presentation were

obtained by heating, because we considered that the overheating can be done only

purposely unlike the overcooling. Nevertheless, the results in cooling are as close

as ∼ 50 mK from those in heating without showing any different features. The

temperature range was between 319 and 300 K and the rate was 50 mK hour−1

for ±1.5 K around the heat capacity peaks and of 400 mK hour−1 over the rest of

the range.

The results obtained were scaled with those of the 1998 Iannacchione et al paper

[7]. The current analysis focuses on the second order transition of the 8CB+silica

for which we have a parallel study of the transition temperature, enthalpy per

unit mass released in the process, and the behavior of the critical parameter αeff .

The above values for the 6 aligned densities are displayed in the same graph with

the two unaligned densities we studied and the homologous from the 1998 above

mentioned paper.

In Eqs.(1.7) and (1.8) where C ′
filled and C ′′

filled are the real and imaginary com-

ponents of the heat capacity, Cempty is the heat capacity of the cell and silica,

msample is the mass in grams of the liquid crystal (the total mass of the 8CB+sil

sample was ∼ 15 mg, which yielded msample values in the range of 10−15 mg), and

R is the thermal resistance between the cell and the bath (typically 200 K W−1).

Equations (1.7) and (1.8) require a small correction to account for the finite in-

ternal thermal resistance compared to R. This was applied to all samples studied

here [49]. Measurements were conducted at various frequencies in order to en-
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sure the applicability of Eqs. (1.7) and (1.8) by checking that C
′′

filled ≈ 0 through

the effective N -SmA transition at T ∗, and that Cp was independent of ω. All

data presented here were taken at ω = 0.1473 s−1 at a scanning rate of less than

±200 mK h−1, which yields essentially static Cp results. All 8CB+sil samples

experienced the same thermal history after mounting: six hours in the isotropic

phase to ensure equilibrium, then a slow cooling deep into the smectic phase before

beginning the first detailed scan upon heating.

Extraction of the enthalpy behavior involves integrating the excess specific heat

∆Cp = Cp−CBG−δCNA, where CBG is a linear background describing the specific

heat temperature dependence far above (+6 K) and below (−13 K) TIN and δCNA

is the N -SmA excess specific heat contribution. Note that the high-temperature

limit of the two-phase I+N coexistence range, easily identified by the C ′′
p , is taken

as TIN . Direct integration of ∆Cp yields δH∗
IN , which contains only a portion of

the transition latent heat [7]. Replacing the ∆Cp behavior in the I+N coexistence

region with a linear extrapolation between the boundary points as in Ref.[7] and

then integrating, yields the fluctuation dominated ”wing” enthalpy δHIN . The

difference H = δH∗
IN − δHIN is the effective phase conversion enthalpy observed

by ac-calorimetry. In this study, the 19 K range of integration, temperature scan

rates, heating frequency, and sample thermal history were all the same for all

samples in order to facilitate comparisons.

2.3 Results

The specific heats for the aligned and random 8CB+sil samples far from the I -

N transition are consistent with each other as well as with that measured for

bulk 8CB. This is consistent with previous measurements on the 8CB+sil sys-

tem [7] indicating that the anisotropy imposed by the alignment does not affect

the short-range orientational fluctuations and these remain bulk-like independent

of the aerosil structure. This result is not surprising given the scalar nature of

energy fluctuation. In addition, this expectation has been experimentally verified

by nearly identical specific heat results on mono-domain alkylcyanobiphenyls made

parallel and perpendicular to the director [35, 15].

The influence of the alignment on the 8CB+sil system is seen primarily in the



17

Cp data in the two-phase I+N coexistence region and the transition temperature

shifts. After determining the real and imaginary specific heats, a linear background

was subtracted from all data as described previously [7] to determine the excess

specific heat ∆Cp. Using the Eq. (1.8) divided by the sample mass, the imaginary

specific heat C ′′
p was also determined and used to gain insight into the energy dis-

persion at the transition as well as fixing the transition temperature (taken as the

high-temperature point where C ′′
p 6= 0, i.e. the high-temperature limit of the I+N

coexistence). Figure 2.1 provides an overlay of ∆Cp for the six aligned 8CB+sil

samples studied with ρS from 0.030 to 0.150 near the I -N transition. As with the

random sil system, a double feature is clearly seen and this is currently understood

to be marking the crossover from random-dilution to random-field dominated dis-

order [29]. In addition, a dramatic suppression of the dilution dominated sharper,

high-temperature, ∆Cp for ρS ≥ 0.100 is also seen in the aligned samples, marking

the boundary between the soft and stiff gel regime [7].

To highlight the effect of alignment on the 8CB+sil system, two samples from

the same mixture batch at low and high ρS were also studied without alignment

(random) under identical experimental conditions. Comparisons between the ran-

dom and aligned samples are shown in Fig. 2.2 for the ρS = 0.050 and Fig. 2.3 for

the ρS = 0.130 sample. For the low density sample, alignment appears to broaden

and enhance both ∆Cp transition features, while the imaginary part indicates that

the lower-temperature, random-field dominated, peak is less dispersive and the

width of the coexistence is nearly unchanged. For the high density sample, the

excess specific heat is somewhat broadened but is largely unchanged by alignment.

As with the low density comparison, the dispersive nature of the low-temperature

peak is suppressed by the alignment but its width remains similar to that for

the random sample. In both cases, the imaginary enthalpy (integrated area un-

der Cp) is smaller for the aligned as compared to the random samples while the

real effective enthalpy δH∗
IN is only somewhat larger for the low density aligned

sample and is nearly identical for the pair of high density samples. Figure 2.4

indicates that the δH∗
IN variation as a function of ρS is nearly the same for the

aligned and unaligned 8CB+sil samples. The ∆Cp wings far away from TIN for

aligned 8CB+sil samples and bulk 8CB overlap each other. Thus the wings yield

an aerosil-density-independent enthalpic contribution δHIN = 5.5 J g−1, which is
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Figure 2.1. Overview of the excess specific heat near the two-phase I+N coexistence
region of the I -N phase transition for the aligned 8CB+sil samples. The inset denotes
the symbols for the ρS values of the six samples. Note that the transition temperature
TIN is taken as the high-temperature limit of the coexistence region.

consistent with previous measurements on unaligned 8CB+sil samples [7]. It is

important to note that adiabatic calorimetry shows that the latent heat decreases

with increasing ρS, and is expected to vanish at ρS ≈ 0.8 [7, 38], far above the

densities studied here. Thus, the decrease of δH∗
IN with increasing ρS is due en-

tirely to the decrease in enthalpy in the two phase region, H , associated with the

decrease in the latent heat.

While the excess specific heat is only subtly altered by alignment, and then

only close to the transition, a more dramatic effect is seen in the behavior of the

transition temperatures. Qualitatively, the I -N transition shifts to lower temper-

ature as ρS increases in a similar manner as for the random samples. However,
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Figure 2.2. Comparison of the real excess specific heat, ∆Cp, and imaginary (dispersive)
specific heat, C ′′

p , for the aligned and unaligned, random ρS = 0.050 8CB+sil sample as
a function of temperature near TIN . Note the broadening and enhancement of the low-
temperature ∆C ′

p peak along with a suppression of its dispersive nature for the aligned
compared to the random sample.

for all aligned samples, the magnitude of the shift with respect to the pure bulk

value ∆TIN = TIN (ρS)− T bulk
IN is ∼ 0.5 K larger ; see Figure 2.5. A comparison of

the width of the nematic temperature range, shown in Fig. 2.6 for the aligned and

random samples, reveals that ∆Tnem for aligned samples is ∼ 0.2 K less than for

bulk 8CB while ∆Tnem for unaligned samples is essentially independent of ρS in

the range of values studied here. Finally, the isotropic+nematic coexistence range

δTI+N , determined by the temperature width of C ′′
p 6= 0, for the aligned samples
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Figure 2.3. Comparison of the real excess specific heat, ∆Cp, and imaginary (dis-
persive) specific heat, C ′′

p , for the aligned and unaligned, random ρS = 0.130 8CB+sil
sample as a function of temperature near TIN . Note the slight broadening of the low-
temperature ∆C ′

p peak along with a partial suppression of its dispersive nature for the
aligned compared to the random sample.

is essentially identical to that for random samples as seen in Fig. 2.7.

Despite 8CB being a relatively stable compound, the alignment procedure re-

quiring the 8CB+sil samples to be thermal-cycled many times into the isotropic

phase may account for some of the larger transition shifts relative to the more

gently handled unaligned 8CB+sil samples. However, it seems that this cannot

account for all of the observed shift as sample degradation would be expected to

affect both the I -N and the N -SmA roughly equally, which is not observed. Also,
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Figure 2.4. Effective integrated enthalpy δH∗
IN , for the aligned and unaligned, random

(from Ref. [7] + two from this study indicated by the arrows) 8CB+sil samples as a
function of ρS . These values were obtained by integrating ∆Cp(ac) from −13 K below
to +6 K above TIN with subtraction of the N -SmA contribution [7]. Due to ambiguities
in the choice of backgrounds, the uncertainties are ∼ 10 %. Note that the variation of
this effective enthalpy with ρS is essentially independent of the alignment. The pointed
values are from the same bottle as the aligned ones.

the coexistence width δTI+N , which should be quite sensitive to the quality of the

LC, appears to be unaffected by the thermal cycling. If the alignment is imprinted

on the aerosil gel at only long length scales [16] and the local aerosil gel distri-

bution remains unchanged, then the larger transition temperature shifts for the

aligned samples may be the result of the larger nematic domains encompassing

more aerosil gel (disorder). Table 2.1 summarizes the transition temperatures,

nematic temperature range, width of the two-phase coexistence, and the effective

enthalpy for the I -N transition in six aligned and two unaligned (random) 8CB+sil
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Figure 2.5. The isotropic to nematic phase transition temperature TIN for the aligned
and unaligned, random (from Ref. [7] + two from this study indicated by the arrows)
8CB+sil samples as a function of ρS . The uncertainties in TIN , taken as lowest stable
isotropic temperature, is ≈ 6 mK. Note the similar dependence but larger shift with ρS

for aligned samples.

samples studied.

2.4 Discussion of the I -N Transition

2.4.1 Partitioning of the I -N Double-Cp Peak

The most striking effect of an aerosil gel on the I -N transition for both the aligned

and unaligned (random) samples is the appearance of two closely-spaced transition

features [7, 52, 24, 38, 39, 43, 29, 42, 44]. This effect is especially pronounced in
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Figure 2.6. The nematic temperature range, ∆TNem = TIN − T ∗
NA, for the aligned

and unaligned, random (from Ref. [7] + two from this study indicated by the arrows)
8CB+sil samples as a function of ρS . Note the narrowing of ∆TNem for the aligned
samples.

the heat capacity data. This phenomena is understood as a consequence of the

soft-systems exhibiting a temperature-dependent disorder strength near the transi-

tion which results in a crossover from random-dilution to random-field effects [29].

The results of the present study are completely consistent with the literature and

indicate only minor modification to the distribution of dilution and field effects for

aligned samples.

To better quantify the partition between the high-temperature, dilution dom-

inated, and the lower-temperature, random-field dominated, I -N Cp peaks, a fit

was performed on these peaks over a narrow range of temperatures capturing the

entire two-phase coexistence region. The functional form to be used assumes that
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Figure 2.7. The isotropic+nematic coexistence temperature range, δTI+N , for the
aligned and unaligned, random (from Ref. [7] + two from this study indicated by the ar-
rows) 8CB+sil samples as a function of ρS . As determined by the width of the dispersion
(imaginary) C ′′

p peak, δTI+N has an uncertainty of ∼ 20 mK. Note that the coexistence
width is insensitive to the alignment.

the I+N coexistence at the transition in LC+sil systems consists of two processes

that each obey a normal statistical distribution and are essentially independent.

These assumptions naturally lead to a form that consists of the superposition of

two Gaussian terms such as

∆Cp =
a1

σ1

exp

(
−(∆T − µ1)

2

2σ2
1

)
+

a2

σ2

exp

(
−(∆T − µ2)

2

2σ2
2

)
, (2.1)

where the subscripts 1 and 2 denote the high and low temperature peaks; re-

spectively, ∆Cp is the excess specific heat, ∆T = T − TIN is the distance from
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Table 2.1. Summary of the calorimetric results for the isotropic to nematic phase
transition in the six aligned and two unaligned 8CB+sil samples. The units for conjugate
aerosil density ρS are grams of aerosil per cm3 8CB; the transition temperature TIN ,
nematic range ∆TNem, and coexistence width δTI+N are Kelvin; effective ac-enthalpy
δH∗

IN and the contribution of the high-temperature peak h1 and low-temperature peak
h2 effective enthalpies are are in Joule per gram 8CB (see text for details). For all
parameters, the uncertainties are ±2 in the last digit except for δH∗

IN , which is ±0.05
and the effective enthalpies h1 and h2 has the ∼ 10% error that had been mentioned.

Sample ρS TIN ∆TNem δTI+N δH∗
IN h1 h2

Aligned 0.030 313.226 6.941 0.19 6.88 0.62 0.83
0.050 312.855 6.929 0.22 6.62 0.39 0.80
0.070 312.721 6.870 0.26 6.41 0.24 0.74
0.100 313.044 6.903 0.24 6.30 0.09 0.78
0.130 313.064 6.904 0.28 6.32 0.01 0.88
0.150 313.009 6.909 0.30 6.25 0.03 0.79

Unaligned 0.050 313.184 7.038 0.21 6.45 0.34 0.78
0.130 313.410 7.116 0.30 6.36 0.12 0.90

the transition temperature, σi, µi, and ai are the standard normal distribution

parameters describing the width, center (relative to TIN), and amplitude of each

distribution (process). The application of Eq. (2.1) requires it to be truncated at

the high-temperature limit of the coexistence region. A more realistic expression

would be required to go to zero at this limit and so, take on a distorted Gaussian

form. However, this refinement seems unnecessary given the purpose of the present

exercise. It should be stressed that this empirical form does not represent any the-

ory but is only a means of characterizing the partition of the enthalpy between

the random-dilution and random-field effects. In addition, the integration of the

ac-determined ∆Cp would yield only an effective enthalpy that includes part but

not all of the first-order latent heat (see Section 2.2 and Ref. [7]). However, all

measurements in this study were conducted under identical experimental condi-

tions, thus the effect of both alignment and aerosil density should be isolated by

this analysis as a proxy for a more detailed experimental measurement of the true

total transition enthalpy.

An example of the application of Eq. (2.1) to the ∆Cp data through the I+N
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Figure 2.8. Fit (solid line) using the two-Gaussian model given by Eq. 2.1 to the excess
specific heat over the entire two-phase (I+N ) coexistence region of the ρS = 0.100
aligned 8CB+sil sample. Dashed and dotted lines indicate the contributions of the low-
temperature (H1) and high-temperature (H2) peaks, respectively. See inset. Note that
the fit must be truncated at the high-temperature limit of the coexistence region and
that a constant baseline value was subtracted. Fits made to the other samples were of
similar quality.

coexistence region is shown in Fig. 2.8. Similar quality fits were obtained for all

aligned and unaligned samples studied. The fits suggest that the distribution of

phase conversion in the presence of each effect, random dilution, and field, is nearly

normal and so, represent independent events. That is, the nematic conversion of

either a dilution or field dominated domain is not coupled strongly to a neighboring

domain’s conversion.

From the fit results, the area for each term (each truncated at the high-

temperature limit of the coexistence range) H1 and H2, respectively, can be calcu-
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lated. However, as seen in Fig. 2.8 and similarly for all such fits, Eq. (2.1) fails to

model the peak farther than about 0.2 K from TIN and so the total integration of

Eq. (2.1) would not yield the correct H as obtained experimentally. By assuming

that the ratio of each term’s area, R ≡ H1/H2 is close to being correct and taking

the measured H , a reasonable estimate of each peak’s area may be calculated by

h1 = RH/(1 + R) and h2 = H/(1 + R) for the high and low temperature peaks,

respectively (with h1+h2 ≡ H). The uncertainties in h1 and h2, which are ∼ 10 %,

are due to the fitting while the uncertainty in H is typically ±0.05 J g−1 and the

results are listed in Table 2.1 for all samples studied. Comparison of the h1 and

h2 contributions for the random and aligned samples with ρS = 0.050 indicates

that despite the obvious broadening seen in Fig. 2.2 for the aligned sample, the

relative contributions of dilution and field effects remains unchanged. However, for

the sample with ρS = 0.130, there is a significant increase in the random-dilution

contribution to the transition enthalpy for the aligned sample.

A plot of the ρS dependence of the peak areas h1 and h2 is shown in Fig. 2.9.

The low-temperature, random-field dominated, effective enthalpy h2 is effectively

constant through this low range of aerosil densities, while the high-temperature,

random-dilution dominated, effective enthalpy h1 decreases rapidly with ρS, mir-

roring the decrease of the total effective enthalpy H , until it essentially vanishes at

ρS ≈ 0.13. Although this can be inferred from the behavior shown in Fig. 2.1, this

analysis makes it clear that the decrease in the I -N transition enthalpy occurs in

two stages. In the low-density range (ρS ≤ 0.1), the random-dilution dominated

peak decays, while the random-field dominated peak is nearly ρS-independent.

Given the results of the wider ρS range studies of Refs. [7] and [38], the remaining

random-field dominated peak should begin to decrease for larger ρS and eventually

disappear at ρS ≈ 0.8. Such a scenario, coupled with the temperature dependent

total disorder strength of the random dilution to random field crossover [29], may

be important in explaining the non-monotonic transition temperature decrease

with ρS.

The fact that the graph of the specific heat is fitted very well with a sum of two

gaussian functions, make one entitled to speculate that the quantity missing from

the specific heat graph due to the imperfection of the AC-calorimetry technique

might be a constant. If that was not true, then the shape of the graph would be
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Figure 2.9. Plot of the ρS dependence of the random-dilution dominated high-
temperature peak enthalpy h1 (open circles), the random-field dominated, low-
temperature peak, enthalpy h2 (solid circles), and the measured coexistence area H
(solid squares) for the aligned 8CB+sil samples. The solid lines are guides to the eye.
Note the near constant behavior of h2 in contrast to the rapid decrease in h1.

distorted from a gaussian and the fit could not be reached.

2.4.2 Dimensional Analysis: ∆TIN

Another striking feature of the effect of the aerosil gel on the I -N transition is the

non-monotonic shift in the transition temperature, ∆TIN , as shown in Fig. 2.5.

Various mechanisms have been explored to account for the observed behavior such

as finite-size nucleation (due to the first-order character of the I -N ), elastic strain,

random pinning (see Ref. [5, 7] for a discussion of these three), and more recently
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an extended ”single-pore” model to account for surface anchoring [40]. However,

all these current models yield smoothly varying functions of confining length or

disorder (silica) density and the non-monotonic behavior remains unexplained.

Recently, it has been shown that the I -N transition in the presence of quenched

random disorder proceeds is via a two-step process of cooling, first random-dilution

and then random-field, and this successfully accounts for the doubling of the I -N

transition features [29]. Further, it was speculated that this might also account for

the behavior of ∆TIN for these systems via the required temperature dependent

disorder strength (see also Ref. [39]) but this idea remains unexplored.

The experimental observations on the behavior of the LC+sil system as a func-

tion of ρS, such as the evolution of the critical behavior of the N -SmA [7, 43] and

∆CP peak shape of the SmA-SmC [44] transitions, rheological studies [16, 41],

and dynamic x-ray scattering studies [27, 45], strongly suggest that the colloidal

dispersion of the aerosil gel alters the effective elastic (and perhaps other material)

properties of the host LC fluid.

To expand on the notion that the LC material parameters may become ρS

dependent, a dimensional analysis may be performed on ∆Tc based on four im-

portant quantities: the effective elastic constant, K̄ in (J m−1), surface interaction

energy density, W in (J m−2), conjugate aerosil density, ρS in (Kg m−3), and the

transition entropy change, ∆Sc in (J K−1 Kg−1), yielding

|∆Tc| ∼
W 2

K̄ρS∆Sc

∼ W 2Tc

K̄ρS∆Hc

, (2.2)

where the entropy change at Tc is related to the enthalpy change (latent heat) by

∆Hc = Tc∆Sc. Note that if the bulk value of K̄ as well as the anchoring energy

density W were assumed constant, Eq. (2.2) would also not yield the observed

non-monotonic behavior of ∆Tc. However, if K̄ and W were aerosil dependent,

then this analysis could be used to shed light on the ρS dependence of the effective

material parameters of the composite system. Equation (2.2) may be rearranged

to group together the experimentally accessible quantities to give

|∆Tc|
Tc

∆HcρS ∼
W 2

K̄
, (2.3)
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which has units of (J m−3) and can be termed the LC+QRD energy density.

Accurate ac-calorimetric data are available for the liquid crystal 8CB in controlled

porous glass [40], aerogel [46], random aerosil gel [7], and aligned aerosil gel of

this work. However, each data set, although taken under similar ac-calorimetric

experimental conditions, is missing a significant portion of the latent heat. Thus,

the effective transitional enthalpies available from these studies are used only as a

proxy for the true value of ∆HIN .

With Eq. (2.3), the ρS dependence of W 2/K̄ is found and plotted in Fig. 2.10.

Given the uncertainties (primarily in estimating ∆HIN from ∆H∗
IN), the behavior

of the LC+QRD energy density is reasonably describable by a power-law, W 2/K̄ ∼
ρn

S where the exponent for both the low-density (ρS < 0.1) aerosil and the aerogel is

n = 1.5 (see solid lines in Fig. 2.10). Since the low-density aerosil gel is extremely

soft as compared to the aerogel (or CPG or high-density aerosil with ρS > 0.1),

the non-monotonic behavior of TIN(ρS) reflects a change in the effective stiffness

and anchoring of the LC to the QRD surfaces.

Given the behavior of the LC+QRD energy density, the functional dependence

of W and K̄ separately may be inferred. Using the observed power-law and the

condition that as ρS → 0, W → 0 (no surfaces present) and K̄ → K̄0 (the bare

bulk liquid crystal value), suggests W ∼ ρw
S and K̄ ∼ K̄0 + cρk

S. Noting that

the exponents n, w, and k must be positive, a relationship among them depends

on the magnitude of K̄0 relative to the diverging part. If K̄0 is negligibly small,

then the exponents must satisfy 2w − k = n > 0. Otherwise, the general relation

2w − k < n < 2w applies. Overall, this analysis is intuitively reasonable as one

would expect the composite to effectively stiffen and the random nature of the

solid surfaces to trap more disorder energy as the solid’s density increases.

2.5 Conclusions for the I -N Transition

This chapter presents a high-resolution calorimetric study of the effect of sil align-

ment on the isotropic to nematic phase transition of the quenched disordered

8CB+aerosil system. As expected, the overall specific heat signature of I -N transi-

tion in this system is weakly affected by the alignment, reflecting the scalar nature

of energy fluctuation. The results are largely consistent with results on unaligned
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Figure 2.10. Comparison of the derived LC+QRD energy density W 2/K̄ as a function
of ρS for the 8CB+QRD (8CB+aerogel [46], 8CB+CPG [40], random 8CB+sil [7], and
aligned 8CB+sil [this work]). See inset for symbol labels. Both solid lines indicate a
power-law with an exponent of n = 1.5. See text for details.

(random gel) samples, again revealing as the most significant features the doubling

of the I -N transition and a non-monotonic decrease in the transition temperature

with aerosil density. Differences emerge in the magnitude of the transition tem-

perature shift, being unexpectedly larger for the alignment, and small changes in

the Cp peak shapes in the coexistence range. How the sil alignment causes these

effects is not entirely clear but it may be related to the aligned samples having

larger nematic domains and so, forced to encompass more aerosil surface (disor-

der). In addition, there is the possibility that the aligned aerosil gel may be stiffer

than the random gel and so impose greater disorder.

An empirical analysis of the specific heat peak shapes using a two-Gaussian
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model yielded the effective enthalpy contribution for the dilution-dominated and

field-dominated peaks. While not containing any physics of the disorder, the decent

fits indicate the normal distribution of the isotropic to nematic phase conversion

under the influence of random-dilution and random-field effects with relatively

little coupling. In addition, the aerosil density dependence indicates that the

random-field dominated peak h2 is nearly constant from the percolation threshold

(ρS ∼ 0.015) to 0.15, while the random-dilution dominated peak h1 decays rapidly.

This analysis combined with the results of Refs. [7] and [38] indicates that the

decrease in the I -N transition enthalpy H determined from Cp(ac) data (and

presumably the total latent heat as well) occurs in two stages. As ρS increases,

there is a rapid decrease in the random-dilution dominated contribution, which

disappears at ρS
∼= 0.13, and this is followed by an eventual decrease in the random-

field dominated contribution when the aerosil density is increased above 0.15.

A dimensional analysis of the transition temperature shifts as a function of

aerosil density resulted in a relationship that involves an effective elastic constant

as well as a surface interaction energy, both of which behave as power-laws. This

reflects the effective stiffening of the colloidal dispersion with increasing aerosil

content. In addition, the same analysis applied to a variety of 8CB systems with

quenched random disorder such as unaligned (random) aerosil gels, aerogel gels,

and controlled-porous glasses, reveal a general behavior and indicate that the re-

sulting exponents are topology independent. High-resolution latent heat mea-

surements through the double peak feature would greatly aid the peak partition

analysis as well as better refine the LC+QRD energy density estimate.



Chapter 3
THE NEMATIC TO SMECTIC-A

PHASE TRANSITION

3.1 Introduction to the Nematic - Smectic-A Tran-

sition

3.1.1 Universality Classes

The nematic to smectic-A phase transition is a second order one. According to

the Ehrenfest classification, these transitions are those which have the second order

partial derivative of a thermodynamical potential discontinuous when passing from

one state to another. A different way to identify a second order transition is to

observe a certain extensive thermodynamical parameter having a value different

from zero only in one of the two phases involved in the transition. An example

would be the transition that iron undergoes at 1042 K when it transforms from

a paramagnetic to a ferromagnetic state. The parameter that is non-zero only in

ferromagnetic state is the spontaneous magnetization. Ehrenfest predicted a ”n”-

th order phase transition which has not been found experimentally. In Landau

approach, there is a change in symmetry when passing from one phase to another.

This imposes the existence of an ”order parameter” which is non-zero in the less

symmetric phase (higher order), and null in the higher symmetry phase.

The nematic to smectic-A phase transition has been given an enormous amount
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of attention by the scientific world due to Pierre de Gennes theoretical approach [8]

of using the very same formulae as Landau did for the normal-superconductor phase

transition [9]. His approach was pretty fertile, leading to numerous publications.

Another way to explain what universality class is: if one has already found a

behavior in the last cited experiment, they should look for one similar in N -SmA

transition. In the ”vicinity” of the critical point, many important measurable

quantities obey a power law whose exponents are called: critical exponents. These

exponents have the same values for any transition that obeys a universality class,

without depending on the particular field it is referred to. In conclusion, the fact

that one can consider two apparently unrelated phenomena as obeying the same

physical formula, is called ”universality class”.

3.1.2 Characteristics of the Random-Field 3D-XY Model

The model giving the closest fit between the theory and the experimental data is

random-field 3D-XY. This model originated in the normal-superconductor transi-

tion. The Hamiltonian for this transition is:

H = J
∑

x,y

−→sx · −→sy +
∑

x

−→
hx · −→sx −

∑

x

−→
H · −→sx (3.1)

where
−→
H is an external field and

−→
hx represents a local, randomly varying field,

modeling the influence of the quenched disorder. The first term in Eq. (3.1) models

the pure bulk 3D-XY universality class. The local random field must satisfy

<
−→
h x >−→r = 0; <

−→
h x ·
−→
h x >−→r = h2

o (3.2)

where <>−→r is the spatial average. The XY notation reflects that the spins can

only rotate in a plan thus requiring a vector representation. For liquid crystals,

the uniform external field
−→
H may be either electric or magnetic in nature while

the local field
−→
hx typically emerges from the van der Waal interactions of dispersed

surfaces within the LC.
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3.1.3 The de Gennes Superconductor Analog: Mean-field

The smectic-nematic phase transition was approached by deGennes [8] with an

extension of the Landau theory for the order parameter. For the smectic phase,

one can take as order parameter the one following in the next discussion. Because

in the smectic phase the molecules form layers, the density can be expressed as:

ρ(−→r ) = ρ(z) = ρo + ρ1cos(qSz − Φ) (3.3)

where z is the direction perpendicular to the layer, ρ1 is the amplitude of the first

harmonic, qS is the amplitude of the wave vector and Φ is an arbitrary phase. The

order parameter chosen by deGennes was ρ1 which is obviously null in the nematic

phase as required. With this parameter, the free energy per unit volume takes

form:

fs =
1

2
rρ2

1 +
1

4
uoρ

4
1 + · · · (3.4)

In order to introduce the layer fluctuations, one can choose a smectic order

parameter of the following form:

Ψ(−→r ) = ρ1(
−→r )eiΦ(r) (3.5)

where:

Φ(−→r ) = −qsu(−→r ) (3.6)

with u(−→r ) the layer displacement and now allowing to fluctuate and hence to

depend on position. A final formula for the free energy is :

FNA =
1

2

∫
d3x{r |Ψ|2 +

u

2
|Ψ|4 + C|∇ − iqsδn̂⊥Ψ|2 + K̃1div2δn̂⊥

+K̃2(ẑ · curlδn̂⊥)2 + K̃3(
∂

∂z
δn̂⊥)2.

As deGennes pointed out, this formula resembles very well with that of the free

energy in Landau-Ginzburg theory for normal-superconductor transition:

FSC =
1

2

∫
d3x{r |Ψ|2 +

u

2
|Ψ|4 +

1

m
|(~∇− i

q

c
A)Ψ|2 +

1

8πµ
(curl A)2} (3.7)
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Comparing these two members of the same 3D-XY universality class, there emerges

the following correspondence [8]:

δn̂⊥ −→ A (magnetic vector potential)

C −→ m−1 (m mass of superconducting pair)

qs −→ q/c (charge of superconducting pair divided by the speed of light)

K1 −→ 1/µ (µ is magnetic permittivity)

gradient of free-energy energy −→ kinetic energy

Frank-Olsen elastic energy −→ magnetic energy.

3.1.4 Smectic Issues

When talking about any phase transition, one can focus on two aspects: order

and symmetry. Higher order is lower symmetry and vice versa. The pure melting

process is a clear change from higher order (lower symmetry) of the solid state

to a lower order (higher symmetry) of the liquid phase. For the first order, the

explanation of the transition is clear. One degree of freedom is frozen (on cooling),

so one loses symmetry and gains order. For the second order transition, nothing like

that happens. Therefore, how can one use the same approach as they did for the

first order transition? The answer is in a new category called dynamic symmetry.

Ergo, during the second order transition a dynamic symmetry is broken. This is

the reason why there is now jump in enthalpy. Intimately, in the nematic state,

molecules are free to migrate (translation) while still obeying the nematic directory,

whereas in the smectic phase there are layers of molecules. Even if molecules can

migrate between the layers, this kind of motion is drastically limited. In conclusion,

the transition from nematic to smectic can be understood as a reduction in mobility.

For a better understanding of this idea, one can observe in Fig.3.1 the behavior

of a generic enthalpy in the vicinity of the phase transition. The formula used

to calculate the the enthalpy was obtained by analytically integrating the formula

that fits the specific heat behavior for the critical region of the smectic-nematic

transition 3.11. The result of energy for one wing is:

H = |t| A

1− α
|t|−α[1 +

1− α

∆− α + 1
D|t|∆] (3.8)

The graph was done considering D, the amplitude correction to scaling, as it should
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Figure 3.1. Generic behavior of enthalpy in a nematic-smectic-A phase transition. The
transition in the range ±10−2 in the reduced temperature is given for different values of
α. For α = 0.3 there are both sides of the of the graph. The bottom right side is an
exemplification of how the correction to scaling looks like.

be, negligible comparative to A. Only the graph for α = 0.3 was done for both

before and after the critical point. One can notice the following trend: as α in-

creases towards unity, the entrance in the critical point and the exit are steeper and

steeper until, for values close to 1, it has a jump and it would become a first order

transition if it was not for the limiting value α = 0.5. Now, as critical exponent α

decreases to zero, both upper and lower branches become flatter so at α = 0, the

correction to scaling becomes dominant. Nevertheless, the contribution is very flat

as one can see from the lowest graph on the right hand side. Mathematically, the

slope of the enthalpy changes from concave to convex at the critical point. Also,

the critical exponent being negative, makes the curvature to be inverted compar-

ative to positive α. An observation to this paragraph is that the fitting Eq. (3.11)

lacks a term that depends on the density of the mixture element in the liquid
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crystal in hand.

3.2 Previous Results on Quenched Random Dis-

order in Liquid Crystals

Numerous experiments have been done with liquid crystals influenced by QRD.

The disorder was produced by silica colloids, aerogel structures or by immersing

the liquid crystal in porus materials. A general observation, the QRD smeared

the transition and also suppressed the long range nematic and smectic ordering in

aerogel mixture [46, 1, 2, 3].

A theoretical approach [12] which modeled the QRD by introducing random

fields predicted a destruction of the smectic-A phase by small random field. The

same study also predicted the apparition of a ”smectic Bragg glass”. That last

aspect appeared to be discovered by our collaborators in their x-ray experiment

[48].

3.3 Calorimetric Results

3.3.1 Preamble

The focus for the phase transition we studied here is on the critical range :

± 0.005 × TC . In this range the excess specific heat δCp (obtained by a recipe

given below) is proportional to the reduced temperature risen to an under unit

value of critical parameter:

Cp ∝ |t|−α (3.9)

The second part of the calorimetry endeavor has a counterpart already published

by our collaborators [16] and [48]. The conclusions in their X-rays article are the

starting point of this second part that deals with the N -SmA transition. According

to that, ”smectic 8CB possesses a narrow distribution of layer normal orientations,

indicating long range nematic order” [16]. Also, the authors of the above cited

paper think that the gel can stabilize the macroscopic nematic alignment along a

soft axis. In their second paper they found, unlike in the first paper, that their
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data prove a XY Bragg glass behavior [48]. Starting with these, we found changes

that can stand for the same kind of conclusions. Our technique gives us complete

confidence that the changes we have seen are due to the magnetic field influence.

Another aspect of the comparison with the above cited paper is to put the critical

coefficients side by side, specifically: α from the calorimetric measurement and ν‖,

ν⊥ from the x-ray scattering experiment. A side by side comparison between the

two sets of parameters will be presented in this chapter. The values found for the

critical coefficient α are shown in the Table 3.2.

3.3.2 Overview of ∆Cp versus ∆TNA

Before obtaining the printed form, the raw graph was transformed by subtracting

an assumed linear background the same for the lower and upper part of the graph.

After that, we had to isolate just the N -SmA transition and we did that by sub-

tracting a fitted wing of the I -N transition from the second order transition range.

The formula of the wing was:

∆Cp = b + l

{
T − Tc

Tc

}
+ a

∣∣∣∣
T − Tc

Tc

∣∣∣∣
−α

(3.10)

In this equation, Tc was chosen at the beginning of the I -N transition temperature

from the isotropic side while a, b and l are fitting parameters. The limits of the

N -SmA transition were taken at about ±0.005 × Tc. The initial trial was twice

that big, but the the fittings of the parameters were worse than those presented

here.

Figures 3.2 and 3.3 are two different expanded views of the overlap of the six

densities of samples in the range of ±3 K around the transition temperature N -

SmA. The starting data of the six densities overlap very well. This is interpretable

as the silica presence being manifested only at the very critical limits of the tran-

sition. Now, from Fig. 3.2, where the peaks are, one can notice that the nematic

side of the graphs have the same shape while the smectic ones start being almost

linear after 0.07 g cm−3 complementary density. The lower temperature branch

represents the formation of the nematic domains inside smectic while in the higher

temperature branch is what is left from the smectic domains to be changed into
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Figure 3.2. The above figure shows, overlapped, the nematic-smectic-A transition with
the focus on the very act of transition. The overlap is done for 6 different conjugate
densities of silica in liquid crystal (unit in legend is grams of aerosil per cm3 of liquid
crystal).

nematic. In other words, at low temperature there are islands of nematic in a

”sea” of smectic and at high temperature the situation is reversed.

Moreover, the peaks start to individualize closer to the very critical region.

The height of the peaks is smaller and smaller with the increase in silica density.

If one takes into consideration the explanation for the QRD in Chapter 3, this

decrease comes naturally because of the increased number of molecules ”trapped”

in a different phase around the silica beads.

After this first step, we could calculate the enthalpy per unit mass of the

transition by integrating the area under the peak. These results are displayed in

Table 3.1. In Fig. 3.4, one can see the enthalpy behavior of both random and

aligned samples. The enthalpy does not measure any latent heat, as the second

order transition does not have one. The general idea is that the trend of enthalpy
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Figure 3.3. The expanded view of the baseline for the N -SmA ∆Cp peaks shown in
Fig. 3.2.

with the silica density is complicated to interpret. Nevertheless, one can notice that

the enthalpy is increasing as a result of the alignment. If this enthalpy measures

how much mobility molecules lost or gained as an effect of the transition, one can

tell that indeed the alignment created a sharply anisotropic silica gel as stated

by Leheny and coworkers [48]. Now, the gel made the molecules to have higher

mobility in nematic phase. This mobility is lost in smectic phase. And that is

reflected in the increase of enthalpy as observed. The extra trend gained, with one

minima and one maxima, is something that has to be studied more in the future.

3.3.3 Power-law Fitting and Scaling Analysis

The next step is applying the theory of the critical phenomena for the second order

transitions. We fitted both sides of the transition peak with the power law given

by the Landau theory [8]. Before the fitting, we eliminated the part of the peak
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Table 3.1. Transition temperatures and enthalpy of the N -SmA transition for pure,
aligned (superscript A), and unaligned (random, superscript R) 8CB+sil samples. Units
for TNA are Kelvin and enthalpy J g−1. The value for pure 8CB is independent of
alignment.

ρS TA
NA TR

NA ∆HA
NA ∆HR

NA

pure 306.898 306.898 0.731 0.731
.0292 306.293 — 0.506 —
0.0501 305.935 306.092 0.538 0.588
0.0698 305.856 — 0.668 —
0.1011 306.086 — 0.618 —
0.134 306.177 306.327 0.503 0.393
0.1503 306.072 — 0.512 —

where the transition is no longer critical, from just before to just after the peak, at

visible inflexion points. A computer program based on the Levenberg-Marquardt

algorithm [31] was used to fit the two wings with a formula such as the one below

:

∆Cp = Bc + A±|t|−α(1 + D±|t|∆) (3.11)

where:t = (T − Tc)/Tc is the reduced temperature, α is the critical exponent, A is

the amplitude of the power law and term D±|t|∆ is the correction to scaling term

with D the amplitude of it and ∆ is the exponent of the correction to scaling. For

the specific heat formula the value ∆ = 0.504 is to be found in the theory of the

critical exponents [8]. Table 3.2 contains the parameters given by these fittings.

The trend of critical exponent α before and after the alignment is an important

part of the analysis. Figure 3.5 contains the 6 aligned samples, two random den-

sities from the same batch with the aligned ones and 4 unaligned densities from

Ref. [7]. The trend of the random points is a continuous decrease in the critical

parameter up to 0.1 g cm−3 in conjugate density followed by a recovery for higher

densities. As one can see by inspecting the aligned points, the value of α ”stabi-

lizes” in a narrow band between −0.025 and 0.0. Actually, the size of the above

mentioned band is the same as the accuracy of determining the critical exponent,

so the aligning gives stability to the transition. One might speculate that, after

alignment, the critical exponent does not depend on the concentration of silica any

more and that stabilizes it to the very value of the 3D-XY model which is −0.013.
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Figure 3.4. The ratio of the N -SmA enthalpy for the 8CB+sil samples versus the bulk
8CB value as a function of ρS.

Further more, the stabilization of critical exponent value can be due to the possible

fact that before alignment the silica gel might have had dangling branches. When

those are in place, the mobility is proportional to the density, whereas when they

disappear, the mobility per molecule will be the same regardless of the density.

Another element of the critical behavior indicative of the universality class is

the amplitude ratio A+/A−. The 3D-XY value is 1.027 (or its inverse 0.9495). The

fitting results yield amplitude ratios that are close to the expected 3D-XY value

but with much larger uncertainties. Despite this uncertainty, the critical behavior

immediately approaches that of the underlying 3D-XY character.
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Figure 3.5. The trend of the heat capacity effective power-law exponent α versus
reduced density. The filled circles are the aligned samples. The ones from the same
batch with the aligned densities are 0.05 and 0.13 g cm−3 in conjugate density. The
doted line represents the 3D-XY value αXY = −0.013.

Another parameter that should be analyzed is the transition temperature. As a

prime observation there is a noticeable shift in this parameter. Figure 3.6 contains

the N -SmA transition temperatures vs. complementary density. The filled circles

are the aligned samples. At a brief inspection one can see that the temperatures

are lower in the aligned case. Nevertheless, the trend is the same with the random

one.

An explanation of the behavior of the N -SmA transition temperature versus

complementary density is the subject of this paragraph. We believe that there

is competition between two phenomena. First of all, there is a decrease in the

critical point value with the increasing of the conjugate silica density. This is due

to the reduction of the mean void size which makes the fluctuations have a better

reflection (it is ”felt” stronger) in the overall domain (the smectic phase here). In

other words, the smaller the domain, the higher probability of a domain or part
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Figure 3.6. Transition temperature of N -SmA transition. The empty squares are the
random values taken from [7]. The data pointed with arrows are the random 0.05 and
0.13 g cm−3 conjugate silica density. The absolute error is in the range of ±5 mK.

of it to be switched from a higher order to a lower order phase by a fluctuation

in temperature. Some of the domains can get enough energy to boost them up

even into the isotropic phase. We regard this last assertion as an explanation

of the coupling of the two transitions. This type of behavior is dominant up to

conjugate densities of about 0.07 g cm−3, where an increasing back of the transition

temperature is dominant. See Figure 3.6. We could interpret that a conformal

transformation of better filling the space between the beads causes the mean void

to increase right back, leading to an increase in transition temperature up to

0.1 g cm−3, in conjugate density of silica. From then on, the first process is

dominant again. The conformal transformation process has a gaussian shape and

the quantitative analysis of this is a topic for a future paper.
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Also, one can speculate another possible reason to explain the changes mea-

sured. The magnetic field might change the long range nematic domains. This

can be understood in a way that the ”amount of order” of the nematic is less in

aligned than in random so automatically the transition happens at lower temper-

atures. This stands for the I -N transition as well. Because the two transitions

are very close (7 K), hence coupled, the N -SmA and I -N transitions influence

reciprocally. The size of the change in the second-order transition is ∼ 3 times

smaller than for the first-order transition.

3.3.4 X-ray and Calorimetry Critical Behavior Compari-

son

A scaling and hyper-scaling analysis is something to be done to prove the case in

favor of the modern theories about second order transitions. Studying the critical

exponents theory [8], the scaling laws reads:

ξ‖ = ξot
−ν‖ (3.12)

ξ⊥ = ξot
−ν⊥ (3.13)

δK2 ∝ ξ2
⊥/ξ‖ (3.14)

δK3 ∝ ξ‖ (3.15)

B ∝ ξ‖/ξ
2
⊥ (3.16)

D ∝ ξ−1
‖ (3.17)

2− α = ν‖ + 2ν⊥ (3.18)

γ = (2− η⊥)ν⊥ (3.19)

Note that the α from Table 3.2 was inserted in Eq. (3.18) and the values of ν⊥

and ν‖ were taken from an article of our collaborators [48]. We did the simple

calculations starting from densities in the above cited paper and interpolating or,

by the case, extrapolating the value for α. The results can be read in Table 3.3.

As one can see, the correspondence between the two sets of data is very good.
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Table 3.2. The values in next table are the critical parameters of N -SmA transition.

ρs α Tc Bc A+ A−/A+ D+ D−/D+

Aligned
0.0 0.30±0.01 306.972 -0.421 0.076 1.049 5.171 0.723
0.03 -0.03±0.02 306.293 6.552 -7.672 1.031 -0.168 3.859
0.05 -0.02±0.04 305.931 8.430 -9.309 1.024 -0.055 7.040
0.07 -0.04±0.05 305.858 4.316 -5.299 1.051 -0.137 6.524
0.10 -0.04±0.05 306.143 2.834 -3.268 1.081 0.530 -1.079
0.13 0.01±0.05 306.175 -7.973 7.748 0.979 -0.191 -0.428
0.15 -0.04±0.07 306.090 2.884 -3.482 1.045 -0.006 79.881

Random
0.05 0.15±0.05 305.926 -1.410 0.990 0.922 0.007 150.88
0.13 0.06±0.05 306.270 -1.292 0.980 0.940 -0.074 -9.29

Table 3.3. The values in the table beneath were obtained from Leheny et.al. [48]. The
calculation reports the range of values propagating errors.

ρS 2− α ν‖ − 2ν⊥
pure 1.70 1.69
0.027 2.01 - 2.05 2.07 - 2.18
0.042 1.98 - 2.08 1.97 - 2.11
0.071 1.91 - 2.01 2.01 - 2.13
0.100 2.01 - 2.07 1.95 - 2.11

Taking into account that the experiments were done two years apart with different

samples obtained in different places, one can tell that it is a very good proof for

efficacy of the critical exponents theory.

As for the meaning that the annealing makes the critical coefficient α almost

constant, there are other ways to speculate. Looking at Eq. (3.17) and with the

contribution of Eq. (3.12) one can extract D ∝ ξ−1
o tν‖ . From the already cited

Eq. (3.18) if α becomes lower, ν‖ becomes lower so, for common values of t between

10−5 − 10−2, D becomes smaller. On the other hand, D is regarded as the energy

needed to tilt the director away from the layer normal [8]. The conclusion is that

the alignment makes the mixture more rigid for some and also less dependent on

the silica density. In other words, a significant increase in silica density does not
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contribute as much as the small density did. The last statement is similar to the

one already mentioned at the beginning of the chapter that ”the alignment can

stabilize the macroscopic nematic alignment along a ”soft axis”.

3.4 Discussion and Conclusions for the N -SmA

Transition

This part of the experiment, analyzing the nematic to smectic-A transition of a

set of samples that were previously ”aligned” in a magnetic field, had proved its

purpose. We measured the well known macroscopic parameters and they changed

in a way that it made sense for, in part for the theories in hand and in part for

some new logical consequences.

With respect to the random, unaligned samples, the N -SmA transition tem-

perature is diminishing for all the samples. The critical exponent stabilizes im-

mediately, beginning at the lowest ρS sample studied, to a near 3D-XY value.

Although, the amplitude ratio is consistent, the uncertainties are much larger.

The comparison between the present calorimetry data and the x-ray counter-

part [48] reveal a consistent behavior with that expected from scaling. Although

orientationally aligned, the random pinning of the SmA layers still exist and so

the random-field like model should still hold.



Chapter 4
DIELECTRIC SPECTROSCOPY

4.1 Overview of Dielectric Spectroscopy

The technique of dielectric spectroscopy is an old, though very accurate technique

for measuring the dielectric constant (electric permittivity) of various materials and

substances. One reason we are still using it today is to do research on materials

never before investigated. Another reason is because accuracy has been improved

dramatically with the appearance of the lock-in amplifier. Also, the use of high-

speed, extensive memory computers to completely automatize the experiment has

been essential. This last aspect allows the obtaining of much higher accuracy in our

experiments because the computer can run the experiment without interruption

for days or months and also the computer never fails one reading.

Another kind of measurement involves a relaxation process. This consists in

spanning the frequency to discover the relaxation time of different processes. More

specifically, by applying a sinusoidal signal of various increasing frequencies, one

might find values where the molecules can no longer follow the input frequency.

That last aspect is a qualitative identification of a relaxation process hence a

rotational mode of the molecules. To quantitatively find the frequencies one should

use the Debye formula:

ǫ = ǫ∞ +
∆ǫ

1 + iωt
(4.1)

with ∆ǫ = ǫS − ǫ∞, ǫS permittivity under DC current or very low frequency, ǫ∞

permittivity at very high frequency. The quantity ǫ = ǫ
′
+iǫ

′′
is a complex value for
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the dielectric constant which puts on the same foot the alignment of the sample by

the real ǫ
′
and the loss by the imaginary one ǫ

′′
. For multiple relaxation processes

the Havriliak-Negami formula should be used. Another procedure for extracting

new facts from the experiment is to use Arrhenius formula:

τ = τo e∆E/(kBT ) (4.2)

with τ the relaxation time, ∆E the activation energy, kB the Boltzmann constant,

and T the absolute temperature. The value of activation energy can help speculate

about the energy attributable to a molecular rotational mode. Keep in mind that

the above formula is severely trespassed for liquids with higher viscosity which

most of the liquid crystals are.

4.1.1 Proxy for Nematic Order

What makes dielectric constants to be so valuable? The more aligned the molecules

are, the bigger the capacitance is. By excellence, liquid crystals are all about the

order. There polar molecules generate a electric dipole. These dipoles align in

the nematic state which leads to an increase of the capacitance which is due to a

change in dielectric constant. So, there is a direct link between the permittivity

and the order parameter of the liquid crystal. Nevertheless, the connection is very

complicated and it has not yet rigorously discovered.

The dielectric constant being an easily measurable quantity, theoreticians tried

to connect it with the parameter that intimately governs the liquid crystals. Among

the theories currently used by the scientific community, the one of interest here

belong to Maier and Meier (M-M) [50, 53, 56]. Starting from the Osanger theory

of liquid crystals, M-M developed the formula:

∆ǫ = ǫ‖ − ǫ⊥ =
NhF

ǫo

[(αl − αt)−
Fµ2

2kT
(1− 3 cos2 φ)]S (4.3)

where αl and αt are the parallel and perpendicular polarization, N is density, φ is

the angle between the dipole and the long molecular axis; for 8CB that could be

zero , h = 3ǫ
2ǫ+1

, F = (1− ǫ−2Nα
2α+3ǫo

)−1 with ǫ = (ǫ‖ + 2ǫ⊥)/3 and α = (α‖ + 2α⊥)/3.

If one compares the above formula with the temperature dependency of the
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order parameter from the Landau-deGennes model for the nematic phase:

S = So + S1(
TC − T

TC
)β, (4.4)

one should be able to extract the critical coefficient β and to compare it with the

one from different other models. Landau-deGennes theory [8] predicts for bulk

liquid crystal value for β of 0.5.

4.1.2 Previous Experimental Results

The formulas that end the previous paragraph were cross cited from the work of

J. Thoen [50] where he reported the value that had been mentioned for the criti-

cal parameter β but also the parallel and perpendicular static dielectric constant

for 8CB. The data they got for 8CB, published in the above cited paper can be

seen in Fig. 4.11 with both parallel and perpendicular values for the permittivity.

There are many later contributions in the research of liquid crystal with dielectric

spectroscopy but we will mention only the ones where QRD has a role.

J. Thoen et.al. had studied [51] 7CB and 8CB liquid crystals with dielectric

spectroscopy to find three different relaxation frequencies 34.3, 225 and 600 MHz

at 44.4 oC, which is in isotropic. They found only one frequency in the parallel

alignment and they claim that the frequency is temperature independent for a very

significant range of temperatures.

In 1998, Sinha and Aliev [55] did broad band dielectric spectroscopy on 5CB

and 8CB confined in random interconnected silica glass pores. They used 0.01 and

0.1 nm size porus which correspond to silica beads dispersion of 0.5 and 0.07 g cm−3.

For 8CB, they found a frequency around 5 MHz attributed to the rotation of the

molecule around the short axis and also one of 70 MHz attributed to a librational

(hampered tumbling mode). The first one was an Arrhenius relaxation type. A

very trustfully temperature dependency for 0.1 nm pores shows a sharp decrease of

the frequency of the rotation around the short axis with temperature decreasing.

In confined liquid crystal the processes are not frozen even at temperatures 20 K

below the crystallization point. Another novelty found was a relaxation which is

not seen in bulk and which they attributed it to the hampered rotation of molecules

next to the silica wall. By this they made an estimate of the size of the interaction
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energy between liquid crystal molecules and silica wall being ∼ 0.05 J m−2. A very

counterintuitive observation is that the highest frequency mode, due to tumbling,

is vanishing in the isotropic phase where there is no defined director.

In 2001, Hourri et.al. [52] performed broadband dielectric measurement on 5

silica density dispersed in 7CB. This liquid crystal does not have a smectic phase.

For ones the trend of the transition temperature versus the silica density is the

same for 8CB meaning that the same mechanism is behind both. Here too a small

frequency process not observable in bulk is noticed and attributed to a hindered

rotation of the molecules in the layer next to the silica beads.

A new experimental technique was used by Aliev et.al. [56] where a 0.2 nm

diameter cylindrical pores Anopore membrane was treated with lecithin. The

authors claim that they have created a radial alignment of the molecules in pores

and thus a perpendicular alignment to the electric field applied. Even thou we

doubt that claim, they might of changed the forces of interaction with the wall.

A qualitative discussion, was done using dielectric strength of the M-M theory

given by Eq. (4.3) mentioned above. According to that, the orientational order

parameter decreases while the temperature approaches the clearing point.

In 2005, Sinha et.al. [54] studied 5CB in treated and untreated Anopore mem-

branes and in 3 densities of samples with dispersed silica. For the latter part they

treated the electrodes clamming to have the molecules homeotropically aligned for

a good comparison with the Anopore case. Their conclusion was that relaxation

time decreases with an increase in silica concentration. Another important con-

clusion was obtained with dielectric strength analysis, which ultimately measures

orientational order parameter. That was a decrease of the order parameter with

an increase of silica concentration.

The same group has studied 10CB in treated and untreated Anopore and in

Vycor porus glass. The 10CB does not have a nematic phase and exhibit an

isotropic-smectic transition at 50.2 oC. The author now made a rule that there are

3 modes. A fast rotation around the short axis, an even faster librational mode

due to tumbling and a slow process due to surface interaction. In Vycor one can

see similar processes, even a kind of surface interaction. The systems in Vycor

glass can be supercooled at least 185 K below the crystallization temperature and

which was the lowest they had to test. In that they saw a glass like transition. The
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group also studied 0.08 and 0.31 g cm−3 dispersed hydrophillic silica. The main

relaxation process slows down with the temperature and has a jump at the I -SmA

phase transition. The two mentioned densities have almost the same values. For

the surface interaction mode there is close to no temperature dependency for either

density.

Rivera and Aliev [57] investigated 8CB in Anopore with 3 different filling per-

centage: 100, 15, and 8 %. There was a increase in relaxation time of the low

frequency process (due to interaction with the walls) with the diminishing filling

percentage. That was attributed to an increase in viscosity in thinner layers. The

high frequency rotational mode in isotropic becomes a librational mode in nematic

and can be observed even in parallel alignment attributed only to the fluctuations

of the dipole moment.

Finally, there is an exotic experiment by Aliev et.al. [58] with 5CB in nano-

pores only 2−3 nm in diameter. As a consequence, one pore can only accommodate

one molecule, considered a 1-D system. They found no nematic phase and also

the possibility of supercool it indefinitely. That is understandable because the

molecules were unable to interact with each other.

4.2 Experimental Technique

4.2.1 Theory for Capacitive Measurements

As a principle, the dielectric spectrometer is a capacitor (preferably a parallel

plates one) with the dielectric material inserted in between the two plates. The

fringe effects are completely negligible because the distance between the plates

is very small and also because this distance is two orders of magnitude smaller

than the diameter of the plates. By applying an AC current, one can measure the

capacitance and obtain the electric relative permittivity (for simplicity, from now

on we will call it just permittivity). Ultimately one can link permittivity with the

order parameter of the substance.

The formulas governing the plane capacitor are:

C = Cinv +
ǫoSair

d
+

ǫoǫrSsample

d
(4.5)
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Cempty = Cinv +
ǫo(Sair + Ssample)

d
(4.6)

with Cinv is the capacitance of the environment, Sair is the area not filled with

the sample, d is the distance between the plates, ǫo = 8.8542× 10−12 F m−1 is the

absolute permittivity of the free space - almost equal to the air, ǫr is the relative

permittivity, and Cempty is the capacitance of the empty capacitor. This relative

permittivity is also called the real one as opposed to an imaginary one derived

from electrical resistance as will be seen further more. Thus, the final formula for

real dielectric constant is:

ǫr ≡ ǫ
′

= 1 +
d

ǫoSsample
(C − Cempty) (4.7)

Now, because the measurements are taking place in an AC current, there is also

a resistance of the sample involved due to the ions migration. In a widely spread

approach, one can consider permittivity to be a real one and permittivity derived

as follows to be an imaginary one. If one considers resistance R and capacitive

reactance XC ←→ R (being alike quantities) than from R = XC = 1
ωC

(where the

equal sign is informal meaning just that the two are alike quantities) and C = ǫoǫ
′′
S

d

it results:

ǫ
′′

=
1

ω( ǫoS
d

)R
(4.8)

so one can define a complex relative permittivity:

ǫ∗ = ǫ
′

+ iǫ
′′

. (4.9)

From a phasor representation of an AC circuit, one can extract the resistance of

the sample and imaginary permittivity. The geometric relations are

tanϕ =
IC

IR
⇒ tanϕ =

1

ωCR
⇒ R =

1

ωCtanϕ
(4.10)

where C is the capacitance, ω = 2πν, ν is the frequency, and ϕ is the angular

phase difference between the current phase an the one measured at the beginning

with the bridge balanced. Of course, the imaginary permittivity is given by:

ǫ
′′

= ǫ
′

tan ϕ (4.11)
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Figure 4.1. Electric circuit diagram for the ac-capacitive bridge dielectric spectrometer.

4.2.2 Experimental Setup and Characteristics

By measuring the capacitance directly, one can not surpass a certain precision level

due to the omnipresent noise. If a capacitance bridge (also known as a Wien or

Wheatstone bridge) is used, as we have done in our experiments, then the precision

can go up to 10−4 pF. The electrical circuit of the experimental set-up can be seen

in Fig. 4.1. The manual capacitance bridge type-1610A made by General Radio

was used. The lock-in amplifier was a Stanford Research Systems model-840, the

multimeter was a Keithley model-2000 of 1 pA precision, and the temperature was

controlled with a Lake Shore model-340 dedicated device.

The lock-in amplifier was also used to apply the reference signal in one arm of

the capacitance bridge but only up to 5 V which was the upper limit of that partic-

ular one. Later, that was compensated by introducing a powerful amplifier which

could output a voltage of up to 50 V, but for the capacitor in hand, that meant

almost the limit of electric breaking of the air surrounding the active substance.

The frequency of the input voltage was up to 100 kHz but the one actually used

was 10 kHz. That limited our experiments from covering the typical main relax-

ation processes. The lock-in amplifier was also used as a detector in the other arm

of the bridge, also being capable of measuring the phase shift of the signal. The

latter, intimately meant to measure the very small conductivity of the dielectrics.
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This is important in phase transitions because the conductivity can bring one more

parameter for the understanding of the process at hand.

The most used way of the set-up was to ramp the temperature up and down

and to measure the capacitance while the sample was in between the capacitor’s

plates.

In Fig. 4.2, one can see the experimental setup which basically consists of two

small cylinders, two pucks , with very flat surfaces facing each other. A dielectric

ring keeps them apart at a very precise distance (in this experiment was 250 µm).

The dielectric under study had to be inserted in the gap between the plates. The

pucks were held apart with a dielectric ring. The upper puck has a hole drilled

to accommodate a 100 Ω platinum thermometer which measures the temperature

in the very vicinity of the of the sample, thus assuring a very high confidence in

temperature value. The two pucks are held together tightly by discs at one end of

each; the discs are bolted together. The ensemble described hangs from the cap of

a copper cylinder. The latter has a whole drilled in the side meat where a diode

thermometer was inserted. All around the copper cylinder there is a foil heater

which provides the necessary heat, controlled by the thermometer just described.

The copper cylinder is fit into a bigger aluminum cylinder which provides a better

insulation from the environment thus a higher stability of the temperature. Inside

the copper cylinder there is a desiccant which absorbs the humidity. The electric

wiring is passed through the caps with dedicated connectors.

The capacitance bridge being manual, one cannot use it fully in the balanced

position. Thus, it has been used by balancing it at a temperature where we knew

that from then on the capacitance would only increase or only decrease, taking it

away from the equilibrium position. Nevertheless, the capacitance is proportional

with the amplitude measured by the lock-in amplifier. The multimeter was there

only for the part of the experiment where an increasing voltage was applied to the

sample.

4.2.3 Sample Preparation and Loading

The samples for the current experiment were mixtures of silica and 8CB liquid

crystal from the same batch (same vials) like the ones used in the AC experiment.
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Figure 4.2. The scheme of the sample holder. The heater is a sheet surrounding the
outer cylinder.

To load the sample, the desired amount of mixture should be chosen as to not

overshoot the space delimited by the two parallel plates and the separation data

ring. Then, this quantity is deposited on the lower puck and placed under vacuum

(again ∼ 10−3 Torr) at ∼ 39 oC for about two hours. The procedure is used

to get rid of the water and the temperature used for that is a cautionary value

because a higher one would led to boiling and spiling the mixture all over the

place and loosing it. Once this is done, the lower puck is put together with the

upper one and bolted. Then the assemble is placed in the aforementioned copper

cylinder mentioned before. At the bottom of that cylinder a granular desiccant is

placed to absorb the water vapors which otherwise will reach the sample. All the

connectors are plugged into the cap of the copper cylinder and this one is placed

inside the bigger aluminum cylinder. The aluminum cylinder has an insulating

fabric wrapped around its inner surface. On the bottom of the aluminum cylinder,

a wooden ring assures a proper exit of the wiring of the control thermometer, which

allows for the wires to be placed in the groove of that ring.
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Figure 4.3. Empty sample holder capacitance as a function of temperature over the
same range as the 8CB liquid crystal undergoes two phase transitions. The linearity is
quite good with a long-term stability of approximately ±5× 10−4 pF.

4.2.4 Experimental Procedures

Various computer programs, written in C++, have been used to run the experi-

ments. This allowed the collection of thousands of data points in a matter of hours,

while the temperature or the amplitude was varied, maintaining the other param-

eters constant. The experiments performed with the dielectric spectrometer were

to reveal aspects that other techniques could not. A proof of the performances

our set-up could attain is the Fig. 4.3 representing the capacitance of the empty

capacitor while the temperature spanned the main range used in the experiment:

∼ 300−320 K. The data were obtained without mediation and precision was better

than 10−4 pF. One can calculate, with very high accuracy, the dilation of the brass

material the pucks are made of using our set-up.

Experimental Procedure Part 1.



59

0 10 20 30 40 50
309.990

309.995

310.000

310.005

310.010

310.015
 

 

Sa
m

pl
e 

Te
m

pe
ra

tu
re

 ( 
K

 )

Time ( hours )

Stability Sample Temperature

Figure 4.4. The stability of the temperature of the first experimental procedure for
two days. This indicates an absolute thermal stability of ±0.015 K.

In this procedure, the samples were kept at a constant temperature of ∼ 310 K.

That was achieved by fixing a control temperature at 311.5 K but, due to an inter-

nal lag, had the approximate value mentioned before. Nevertheless, the precision

of maintaining a specific value for temperature for the duration of the experiment

was ±10 mK. This aspect is revealed in Fig. 4.4. At that temperature, the sample

was subject to application of AC voltage in portions of two minutes with increase

in amplitude from zero to ∼ 45 V. This was the equivalent to a ∼ 180 kV/m

electric field. After each of those ”shocks”, the capacitance was measured. The

final outcome of the experiment was a dependency established between the applied

electric field and the new capacitance measured right after that.

Experimental Procedure Part 2.
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For the second procedure the mixtures were subjected to three cooling scans.

The first was done right after the sample was loaded and heated up to its isotropic

state. The second scan was done after the application of a procedure that tried to

mimic the one performed with the magnetic field as described in the first chapters.

This time we applied a field of 80 kV/m (produced with 20 V) for 48 hours while

the temperature was ramped up and down, over one hundred times, in between

∼ 310 and ∼ 318 K. In fact, an intermediate scan was done with no field applied.

Thus, all three cooling scans were done from ∼ 319 K down to ∼ 300 K. In

this experiment the goal was to see changes of the transition temperature and to

interpret them. Another goal was to see the possible changes in permittivity which

had to ultimately be related to the order parameter.

4.3 Results

4.3.1 Annealing Electric-Field Study

After every applied pulse mentioned above, the capacitance was measured. We

expected to initially see a plateau where the capacitance was unchanged after every

”shock” applied, followed by a constant increase in capacitance after surpassing

a certain value of the voltage. In the end, we would expect to see a new plateau

with the impossibility of being surpassed by any applied voltage. The difference

between the electric field giving the higher plateau and that giving the lower one

should be a measure of the strength of the interaction between the liquid crystal

molecules and the silica beads. Furthermore, the the difference in capacitance

would also have to be a measure of that interaction.

The above experimental procedure was meant to reveal a possible alignment

of the liquid crystal molecules around the silica beads. The idea was that liquid

crystal molecules arrange locally around the silica beads as in Fig. 4.5. Farther

away from the beads, the liquid crystal molecules become arranged according to

the nematic director or the smectic layering, depending on the phase they are

in. By applying an electric field of a specific intensity, at some point this will be

stronger than the force which makes the molecules and the silica beads to attract

each other. Thus, the molecules will align better with the electric field direction,
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Figure 4.5. The figure depicts the colloidal mixture between the silica beads and the
rod-like molecules (similar to 8CB). The arrow exaggerates the preferred direction of the
molecule in the space away from the silica beads. That is supposed to be the nematic
director.

even locally. The situation is depicted in Fig. 4.6. The best way to picture what is

happening is to imagine a colic in ones human hair. The same way liquid crystal

molecules should align, leaving a ”colic” around the equator of the beads after

the applying of the electric field . This is professor Iannacchione’s idea and the

following calculations seems to consider it a possible explanation.

So, the liquid crystal molecules which are interacting directly with the beads

should change the preferred average position from a radial one to one where they

point more in one direction. This would be due to the increase of the alignment

and, as a consequence, of permittivity.

The actual results of the experiment were not very clear in confirming the

plateau theory. A different approach is to calculate the change in energy in two

ways. The first is to consider the change in capacitance with the elementary

formula:

∆W1 =
∆C U2

2
(4.12)

The second is to calculate the energy as a dipolar interaction multiplied by the
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Figure 4.6. The picture depicts the hypothetical influence that the AC-field would
have towards the liquid crystal molecules that are initially radial around the silica beads
and after applying the electric field arrange themselves as seen in the right part of the
picture.

assumed number of molecules considered to be involved in the process:

∆W2 = −N−→p · −→E . (4.13)

If one calculates the values for the two energies, they should consider some generic

values for the quantities involved which are: the dipole moment for 8CB liquid

crystal of ∼ 5 D (the international unit for the electric dipole, 1Debye = 3.33564×
10−30 C m); the electric field E = U/d with U = 0.2 V the voltage used to measure

the capacitance and d = 250 µm the distance between the plates; we chose ∼ 35o as

being an assumed possible new average angular position of the molecules and not

taking into account any distribution of that angle. N is the number of molecules

that underwent the process described and its calculation is not a trivial task. For

the first energy, a generic value of the change in capacitance ∆C ≃ 20 pF is
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Figure 4.7. Capacitance versus applied field for ρS = 0.03 g cm−3.

observed from Figures 4.7, 4.8, 4.9, and 4.10. The results of that calculation are:

∆W1 ≃ 4× 10−15 J ∆W2 ≃ P × 8.5× 10−15 J (4.14)

where P is the percentage from all liquid crystal molecules that are in the position

to undergo the change in relative position around the silica beads. The mass used

was a generic value of 20 mg.

As one can see, the two values are fairly close especially if the percentage of

molecules involved would be ∼ 10% range. If the range we are looking for is ∼ 1%,

some other mechanism should be accounted for the increase in capacitance as will

be seen in the last paragraph.

We used 7 different densities but only the lower ones gave relevant data and

are shown in Figures 4.7, 4.8, 4.9, and 4.10. For the higher densities there was now

change in capacitance recorded and the reasons for that are not clearly understood

by any of the models discussed previously. We speculate later on other possible
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Figure 4.8. Capacitance versus applied field for ρS = 0.05 g cm−3.

mechanisms in play.

4.3.2 Temperature and Electric-Field Cycling Study

The results for pure 8CB could be verified with our main reference [50], as one can

see in Fig. 4.11, representing permittivity versus temperature, in the domain range

where this liquid crystal undergoes two transitions. The results of our pure 8CB

in the form of a quantity proportional to the order parameter is in Fig. 4.12. The

difference between the results is that the first one had a bigger range covered and

also the possibility to obtain molecules aligned parallel and perpendicular. Our

data could much better map the transition - there are around 5000 points per any

of the graphs - a quality that has not yet been exploited.

The results obtained from reading the plots of the resistance or the imaginary

permittivity are not relevant. In Fig. 4.13 for the resistance of a generic density

and for the imaginary permittivity both taken versus temperature, do not give any

insight of the behavior of the mix 8CB liquid crystal and hydrophilic silica beads.
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Figure 4.9. Capacitance versus applied field for ρS = 0.07 g cm−3.

The main approach in this section is to consider a simplified formula from Maier

and Meier’s theory (see Ref. [56]). According to that, the dielectric strength ∆ǫ

has the following connection with the order parameter:

∆ǫ ≃ µ2(1− S)

kBT
(4.15)

where ∆ǫ = ǫS − ǫ∞, µ is the dipole moment, and kB is the Boltzmann constant.

With our technique we did not get ǫ∞ and ǫS. The first one represents the

permittivity at very high frequency where all the rotational and vibrational modes

could not follow the input signal frequency and the value will be given only by

polarization of the atoms and molecules as wholes. The second value, the static

one, has all rotational and vibrational modes unperturbed, the translation not

being ”seen”. Thus, the difference between the two is a measure of the average

angular position of the dipolar molecules with the polarization being ”subtracted”.

However, this is just what the order parameter represents.

In our case, we subtract out the current value from the one at the isotropic to
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Figure 4.10. Capacitance versus applied field for ρS = 0.10 g cm−3.

nematic phase transition. This measures the changes in order parameter caused

by the transition so the value reflects major qualitative and quantitative - still,

unscaled - changes due to the transition. In other words, it might not follow some

modes that are manifest in both phases, but it was a good measure for the mode

that changes at the transition.

If one extracts S from Eq. (4.15), the temperature dependence is given by

S = 1−K ∆ǫ(T ) T (4.16)

with K just a constant of proportionality. The picture is not complete because

one needs a reference point to compare the different densities. The most natural

mode is to consider the value for S as being zero at the transition which leads to:

S = 1− ∆ǫ(T )

∆ǫ(TNI)

T

TNI
(4.17)

The above formula follows two figures that group together 6 different densities and
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Figure 4.11. The plot was extracted from the work of J. Thoen and G. Menu (see
Ref. [50]) and it represents a temperature scan of pure 8CB liquid crystal in the follow-
ing three cases: magnetic field aligning parallel with measuring electric field, aligning
perpendicular, and not under the influence of the magnetic field.

the value of the bulk. The values for ρS = 0.03 g cm−3 were affected by artifacts

not showing a clean behavior. Figures 4.14 and 4.15 show the data obtained with

the above formula Eq. (4.17). As a general idea all the values are under-unit which

is correct. The values for the bulk are the highest which again is understandable

by the fact that QRD disturbs the alignment. Moreover the data give the same

range of values as had been shown in the paper cited above.

The second test we can relay on is to compare the samples before and after

the annealing as phase transition temperatures. Figure 4.16 for the second-order

N -SmA transition and Fig. 4.17 for the first-order I -N transition. Both tell the

same thing: the transition temperature is increasing. There is an initial increase

just after the zero field procedure and again another one after the annealing itself.
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Figure 4.12. The quantity which is proportional to the order parameter for the bulk
8CB before and after a ”zero” field annealing procedure preceded and followed by cooling
scans.

The shape of the dependency of the transition temperature of density is the same

for all three cases.

In the previous two chapters, we indicated that the magnetic field is producing

an opposite effect on the transition temperature. For the electric field the two

tests give the same conclusion, that the order is decreasing. Thus, magnetic field is

increasing the order but the electric field is decreasing it. There is no contradiction

in that. The magnetic field applied was constant versus an alternating electric field.

Acting continuously, the magnetic field could rearrange the silica colloid by making

it more rigid. We speculate that an alternating field is breaking the domains so

more domains mean more energy to spend to go to a more disordered phase which

leads to an increase in the transition temperature. The same conclusion was drawn

by J. Thoen and collaborators [54] speaking for 5CB liquid crystal.
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Figure 4.13. Resistance( top ) and imaginary relative permittivity for the ρS =
0.13 g cm−3, in conjugate density units, 8CB+sil sample.

4.3.3 Liquid Crystal Disorder Hypotheses

This chapter presents an idea regarding liquid crystal in the nematic phase. A

paradigm will be tested in explaining the results we obtained along with any re-

sults obtained in liquid crystal experiments. The main idea is that liquid crystals

molecules having an elongated shape, will prefer rotation circumscribing a cylinder

rather than a sphere. Thus, in the nematic phase, molecules rotate preferring a

direction which we assimilate with the nematic director. The fixed point of the

molecule of the bulk, when rotating, is its center of mass. In Fig. 4.18, there are

envisioned two types of molecules. The ones out of the vicinity of the beads, behave

exactly like the bulk molecules; they are, however, in a ”fractal world” when they

have any beads around them. That aspect makes the distance from the edges of

the blob longer for molecules that are in the middle of it - if it will be only for that
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Figure 4.14. The estimated scalar part of the nematic order parameter for 3 different
densities of 8CB+sil.

the higher the silica density, the higher the transition temperature would be. Now

the molecules that are next to the beads, rotate with a quasi fixed point on the

bead. Actually, the molecule and the bead attract each other. Molecules rotate

with a precession now with the fixed point at one end. Thus, the molecules around

the beads are not in the phase the bulk molecules are in, and they form a layer

that thickens the silica strands just limiting the space for the bulk-like molecules.

The fact that they are attracted by the beads, causes them to require an energy

that is too large to change their state by thermal collisions. Still, one can do that

by applying a strong enough external field.

With the described model in mind let us try to explain the phenomena encoun-

tered.

The application of an AC electric field make some molecules to snap out of the

influence of the beads. The molecules remaining attached to the beads will widen

the precession angle, and this way the layer around the bead will be thinner. The
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Figure 4.15. The estimated scalar part of the nematic order parameter for the remain-
ing 3 densities of 8CB+sil as well as the bulk resuls.

molecules in the bulk will increase in number. The more molecules in the bulk the

bigger the transition temperature.

The magnetic field applying procedure - see first chapter - can be explained

in the above paradigm. Everything starts with the cold welding of a cup and

lid with the mixture in between the two. That leads the fractal structure of the

silica colloids to be distorted in a ring around the edges. Thus, some molecules

were pushed in the bulk right from the sample formation. When the molecules are

under the influence of a very intense magnetic field, some of them will reconnect

with the silica bead and the number of molecules in the bulk diminishes. The

less molecules in the bulk the smaller the energy required for the transition so

the smaller transition temperature is noticed. The ring where the molecules are

affected is big enough to accommodate sufficient molecules and thin enough as

well. A brief inspection of the cold welding envelope will tell that size would make

a difference in the way discussed previously .
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Figure 4.16. The nematic to smectic-A transition temperature for the three stages.
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Figure 4.17. The nematic-isotropic temperature transition for the three stages.
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Figure 4.18. The second schematic picture of the rod-like molecules of a generic liquid
crystal and silica beads.



Chapter 5
CONCLUSIONS

The two techniques applied to aligned 8CB+sil samples in this thesis have impor-

tant outcomes. These results are considered relatively robust in that two control

samples (of low and high density) experienced identical thermal history but in the

absence of any external field. These control samples reproduced well previously

reported results of unaligned random 8CB+sil samples.

The results of the application of an external uniform magnetic and ac-electric

fields to six densities of an aerosil and 8CB liquid crystal colloidal mixtures are

apparent at both the I -N and N -SmA phase transitions. On average, the N -

SmA transition temperature is shifted down by ∼ 150 mK and by ∼ 350 mK

for I -N transition with respect to the unaligned random mixture samples. One

possible mechanism may be due to the silica aerosil gel structure becoming more

rigid (more aerogel-like) as the alignment procedure (repeated thermal cycling

in the presence of an external field) alters the initially fractal-like gel into one

more foam-like. A more rigid gel would be more disordering. This mechanism is

thought to account for a similar shift in transition temperatures for the 8OCB+sil

system after crystallization [43]. However, low-angle x-ray studies on identically

prepared aligned samples do not indicate any significant changes in the background

scattering due to the aerosil gel [48]. Of course, changes in the gel structure could

have occurred on much longer length scales, but this would be difficult to reconcile

with a presumably increased rigidity.

Furthermore, the nematic range (the difference in temperature between the I -N

and N -SmA) becomes smaller and nearly ρS independent for the aligned samples.
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This reducing in nematic range indicates that orientational order, though uniform,

is less stable after alignment relative to the smectic order.

The critical exponent α appears to stabilize to the 3D-XY value of −0.013 for

all the densities in hand. The behavior for the unaligned samples was a decreasing

trend with respect to the increase of silica density. The values of α were verified

with the ones given by the x-ray scattering of Leheny et. al. [48] 3.3.

We also speculate that, due to the alignment, the silica lattice was rearranged

in a way that the average mean void became a little bigger and also the silica

structure became more rigid. Therefore, by the combined action of the liquid

crystal molecules, a new equilibrium relative position has been achieved. This

position could not been achieved when the gel was formed. In that process, the

lattice formed just with local influence by the time the acetone was leaving the site.

Now, during the alignment, liquid crystal molecules are ”pushing”, due to their

magnetic dipole, in one direction only (It was an unidirectional magnetic field.).

Also, because the temperature was ramped up and down around the nematic-

isotropic transition temperature, the newly formed nematic domains, while cooling,

will have a preferred order parameter direction for all of them. This last fact makes

the strength of the influence of the liquid crystal molecules against the silica lattice

even stronger.

The data we got for the I -N coexistence region size shows that the nematic

director had not changed its elasticity in the process of alignment. For the part

of the enthalpy that we had found smaller after the density of 0.07 g cm−3 we do

not have enough data to draw a conclusion. A nonadiabatic calorimetric study of

the aligned samples would useful and shed further light on the two-step transition

process.

Finally, the side by side aligned and random densities are being presented in

Figs. 2.2 and 2.3. For the 0.05 g cm−3 density, one can see very clearly that

the aligned sample has a bigger enthalpy in both of the two processes than was

encountered during the first order transition. The imaginary enthalpy graph shows

the opposite of the real one. This can be explained by the fact that the amount

of order which makes the heat loss sideways (not reaching the thermometer) is

smaller. One should notice the difference in magnitude between the two enthalpies.

As for the 0.13 g cm−3, it is a similar explanation with the particularity that the
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second kind of process is dominant now.

In the dielectric experiment, the transition temperatures increased as a result of

the application of a strong alternating electric field. The intensity of the field was

chosen to represent the same range of forces that the magnetic field would produce

in the first experiment. Another effect of the alignment was that the capacitance

went higher after applying successive higher and higher pulses of alternating electric

field.

Here the explanations are could be due to a different cause. Firstly, the electric

field applied was alternating. Rather than increasing the rigidity the silica lattice,

the electric field could change the distribution of molecules in the layer surrounding

the silica beads. That could be either a rearrange more closer to a parallel to the

electric field position or, yanking some of the molecules from the mentioned layer

or both.

For the future one can continue the especially the dielectric experiment. A

more rigourously procedure in terms of avoiding any impurity (including water)

should be pursued. Also can be used higher intensity electric field. A comple-

mentary experiment with the constituents would be a dilatometry one. A DNMR

(deuterium nuclear magnetic resonance) with the hydrogen bonds at silica beads

partially replaced by deuterium will reveal the change in silica lattice.
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