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Phase diagrams of monomer and uv-cured difunctional-acrylate–nematic-liquid-crystal systems
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This paper deals with the thermal properties of systems made of the difunctional monomer 1,6-
hexanedioldiacrylate~HDDA! and the low-molecular-weight liquid crystal E7. Experimental phase diagrams
of uv-cured and uncured solutions of HDDA/E7 systems are established with a polarized optical microscope
and a differential scanning calorimeter and the data analyzed within a theoretical formalism that combines the
Flory-Huggins model of isotropic mixing and the Maier-Saupe model of nematic order. Ultraviolet-curing
samples with a difunctional monomer such as HDDA leads to a crosslinked polymer network and consequently
an elastic contribution to the free energy is introduced according to the Flory-Rehner theory of rubber elastic-
ity. The amount of liquid crystal segregated is evaluated to assess the efficiency of the phase separation
mechanism.

DOI: 10.1103/PhysRevE.65.011706 PACS number~s!: 61.30.2v, 64.70.Md, 64.75.1g, 42.70.Df
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I. INTRODUCTION

Molecular compounds showing ordered structures are
subject of intensive investigations both from a fundamen
and an applied point of view@1–3#. An important class of
these compounds are known as polymer dispersed liq
crystals~PDLCs! and consists of micron sized droplets d
persed in a solid, more or less flexible, polymer mat
@4–6#. These systems have potential applications in area
high technology such as display devices and privacy w
dows. Most applications are based on the peculiar elec
optical response behavior of these systems, which, un
standard conditions, can be switched from an opaque
transparent state when a sufficient electric field is appl
Various physical properties are involved in this respon
such as optical, dielectric, and phase characteristics. Un
standing the correlation between those characteristics an
electro-optical~EO! response behavior of PDLCs is the su
ject of important studies in the literature and among the m
topics of discussion in international meetings@7,8#. It is a
real challenge to establish precisely the correlation betw
fundamental properties of PDLC compounds and their p
formance in practical applications. In a recent study, we h
investigated the phase diagrams and the morphology
PDLCs based on nematic-liquid-crystal–monofunction
acrylate mixtures@9#. The present work goes along the
lines but focuses more on establishing the phase diagra
1,6-hexanedioldiacrylate~HDDA!/E7 mixtures considering
both the case of monomer~uncured! and polymer~uv cured!

*Author to whom correspondence should be addressed. Emai
dress: Frederick.Roussel@purple.univ-littoral.fr

†Present address: Laboratoire de Recherche sur les Macro
écules, Faculte´ des Sciences, Universite´ Aboubakr Belkaı¨d Bel Ho-
rizon, 13000 Tlemcen, Algeria.
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systems. HDDA is a difunctional monomer characterized
a high transparency and a low viscosity and offers favora
conditions for film processing using the uv-curing techniq
@10–14#. Exposure of HDDA/E7 solutions to uv radiation i
the presence of a small amount of photoinitiator produ
liquid-crystal ~LC! domains dispersed in a crosslinked pol
mer network with remarkable mechanical, optical, and
electric properties suitable for EO applications. The lo
molecular-weight liquid crystal E7 is an eutectic mixtu
known for its high birefringence and the wide range of te
perature where it shows a nematic order. In spite of the
that it is a mixture of four paraphenylene derivatives, it p
sents the advantage of having a single nematic-isotro
(N-I ) transition at 61 °C and no other transitions down
262 °C where it shows a glass transition@15#. Complica-
tions related with phase separation among its componen
the presence of polymer have been reported in few case
particular, peculiar observations were made on various s
tems such as poly(n-butylacrylate!/E7 @16#, Norland 65/E7
@17#, and poly~dimethylsiloxane!/E7 @18#, which are attrib-
uted to preferential adsorption of certain components of
on the polymer. Further investigation along these lines
being pursued in our laboratory but it is quite clear to us t
these complications are not encountered here. In this pa
we explore the phase behavior of uv-cured and uncured
tems in the range from2100 °C to 100 °C. The phase dia
grams of these systems are established using a polarized
tical microscope ~POM! and a differential scanning
calorimeter~DSC! and the data analyzed within a formalis
combining the Flory-Huggins@19# and Flory-Rehner@20#
theories of isotropic mixing and the Maier-Saupe@21# theory
of nematic order. The correlation between experimental d
and theoretical formalism requires adjustable parameters
are chosen in a way to reach a compromise between a
data fit and a reasonable representation of the systems u
consideration. In the next section, we describe the theore
model while in Sec. III, we give some experimental cons
erations and in Sec. IV, we discuss the results.
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II. THEORETICAL FORMALISM

A. The isotropic free energy model

For the problem under consideration, the free energy d
sity f is the sum of two terms, one describes the isotro
statef ( i ) and the second represents the nematic orderf (n),

f 5 f ( i )1 f (n). ~2.1!

According to the Flory-Huggins lattice theory@19#, which
is used for the monomer HDDA system, the isotropic fr
energy density is given by

f ( i )

kBT
5

w1

N1
ln w11

w2

N2
ln w21xw1w2 , ~2.2!

wherekB is the Boltzmann constant,T the absolute tempera
ture,w1 andw2 are the volume fractions of E7 and HDDA
respectively;N151 assuming that the LC has a single rep
unit and N2 is the number of repeat units of HDDA; th
interaction parameterx depends on temperature followin
the form

x5A1
B

T
, ~2.3!

A andB are numerical constants independent of tempera
and composition.

In the case of uv-cured samples, the polymer matrix i
crosslinked network and Eq.~2.2! should be modified ac
cordingly. Using the rubber elasticity theory of Flory-Rehn
@20#, one has

f ( i )

kBT
5

3aw r
2/3

2Nc
~w2

1/32w2!1
bw2

Nc
ln w21

w1

N1
ln w11xw1w2 ,

~2.4!

whereNc is the mean number of repeat units between c
secutive crosslinks,w r is the initial monomer volume frac
tion at crosslinking. Polymerization/crosslinking under u
curing takes placein situ meaning thatw r5w2. The rubber
elasticity parametersa and b are model dependent. To im
prove the fit in analyzing data for the present system, we
allow these quantities to depend on the functionalityf of
monomers at crosslinks and the volume fractionw2.

Assuming incompressibility, one has

w15
n1N1

n0
512w2 , ~2.5!

n0 is the total number of sites in the lattice. For convenien
and without loss of generality, we let the reference volume
a unit cell in the lattice to be 1.

To calculate the coexistence curve in regions where
phases are in equilibrium, we solve the following set
equations for the chemical potentials:

m1
a5m1

b , m2
a5m2

b , ~2.6!
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where we designate the two phases by the superscriptsa and
b. The spinodal equation is simply]2f /]w2

250. Generally, it
exhibits two branches separated by the transition linewNI
5T/TNI wherewNI is the threshold LC volume fraction be
low which there is no nematic order. Forw1 less thanwNI ,
one recovers the isotropic spinodal branch.

B. The nematic order

The nematic order is described using the Maier-Sa
@21# free energy model

f (n)

kBT
5

w1

N1
F2 ln Z1

1

2
nw1S2G , ~2.7!

whereS is an order parameter,Z the partition function, andn
is known as the Maier-Saupe quadrupole interaction par
eter @1,21#. It is proportional to the ratioTNI /T

n54.54
TNI

T
. ~2.8!

The orientation order parameterS is defined by

S5
1

2
@3^cos2u&21#, ~2.9!

whereu is the angle between a reference axis and the di
tion of LC molecules, the symbol^•••& denotes an averag
with respect to the equilibrium distribution functionf (u)

f ~u!5

e2
U~u!

kBT

Z
. ~2.10!

The potentialU(u) is proportional to the zero order Leg
endre polynomial and tom, a mean field parameter that is
measure of the strength of nematic interaction

U~u!52
m

2
@3 cos2u21#. ~2.11!

Minimizing the free energy with respect to the order para
eter yields

m5w1nS. ~2.12!

Combining these results, it is easy to show that the nem
contributions to the chemical potentials are@22–25#

m1
(n)

kBT
52 ln Z1

nw1
2S2

2
, ~2.13!

m2
(n)

kBT
5

1

2

N2

N1
nw1

2S2. ~2.14!

Likewise, the spinodal equation requires the second der
tive of the free energy
6-2
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S ]2f (n)

]w1
2 D

T

52
1

N1

] ln Z

]w1
, ~2.15!

or more explicitly

S ]2f (n)

]w1
2 D

T

52
nS

N1
FS1w1

]S

]w1
G . ~2.16!

III. EXPERIMENT

The monomer HDDA was purchased from UCB Chem
cals ~Drogenbos, Belgium! and used without purification
HDDA presents a crystalline to isotropic transition atTCrI
50.2 °C with an enthalpy change ofDHNI5139 J g21. The
LC purchased from Merck-Cle´venot ~Sainte Genevie`ve des
Bois, France! is the eutectic mixture E7 exhibiting a glas
transition atTg5262 °C and a nematic to isotropic trans
tion at TNI561 °C with DHNI54.4 J g21. HDDA/E7 mix-
tures were prepared with various LC contents and stir
mechanically until they became homogeneous. The polym
ization process was induced by 2 weight percent~wt%! of
Darocur 1173~Ciba, Rueil Malmaison, France! with respect
to the amount of monomer used. The uv curing was p
formed using a Seiko-UV 1 unit. The wavelength of the
radiation was set atl5365 nm with a beam intensity o
17.5 mW cm22. The uv-exposure time was fixed at 3 mi
Samples for calorimetric measurements were prepared b
troducing approximately 3 mg of the initial mixture into alu
minum DSC pans, which have been sealed to avoid eva
ration effects during the temperature treatment. Samples
microscopy observations were prepared by placing one d
of the reactive mixture between standard glass slides.

The polarized optical microscope~POM! measurements
were performed on a Leica DMRXP microscope equipp
with a heating/cooling stage Chaixmeca. Samples were
heated from room temperature to a temperature loca
15 °C above the isotropic phase limit then quenched
100 °C min21 to 280 °C for the uncured mixtures and t
20 °C for the cured mixtures. Subsequently another hea
cycle with a rate of 5 °C min21 up to the isotropic state wa
carried out. The whole procedure was repeated twice.
both uncured and cured mixtures, two independent sam
of the same composition were analyzed.

DSC measurements were performed on a Seiko D
220C calorimeter. The DSC cell was purged w
50 ml min21 of nitrogen. Rates of 10 °C min21 ~heating!
and 30 °C min21 ~cooling! were used in the temperatur
range2100 to1100 °C. The program consists first in coo
ing the sample followed by several heating and cool
cycles. Data analysis have been carried out on the sec
heating ramp.

These methods of sample preparation and experime
procedures for recording DSC thermograms or making P
observations were adopted for several polymer/LC syst
@9,26–29#. They are based upon the polymerization induc
phase separation method using either uv or EB radiatio
The beam intensity, the time of exposure, and the concen
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tion of photoinitiator in the uv case can be chosen to ad
the rate of polymerization/crosslinking and crosslinking de
sity. In all cases the kinetics of phase separation is slo
than the kinetics of polymerization/crosslinking in such
way that the LC remains trapped within the polymer n
work. The amount of LC segregated from the polymer a
forming droplets dispersed in the polymer matrix depen
upon temperature and composition. One of the aims of
study is to evaluate this amount. Even systems that are c
acterized by much higher degree of incompatibility~e.g.,
poly~dimethylsiloxane!/E7 @18#, propoxylated glyceroltri-
acrylate/E7@30#!, and which tend to phase separation mu
more quickly, exhibit LC droplets dispersed in the polym
matrix under similar conditions of film preparation. It
worthwhile to note that the methods of sample preparat
used in this work are quite different from those adopted
Refs.@31–34#. Therefore, the properties of the obtained m
terials are not expected to follow similar trends.

IV. RESULTS AND DISCUSSION

A. Uncured samples

The knowledge of the phase behavior of prepolymer/
systems is crucial for the preparation of PDLC films. It d
fines the thermodynamic stability of the starting mixture v
variations of the interaction parameter as a function of co
position and temperature. Moreover, the variation of this
rameter during the process of polymerization/crosslink
controls to a large extend the morphology and the elec
optical properties of the obtained PDLC films@35–37#. The
phase behavior of monomer HDDA/E7 mixtures has be
partially investigated in Ref.@38# and briefly discussed in
Ref. @8# but only a limited range of temperature has be
considered. Here, we cover a wide range of temperatur
illustrate the complexity and yet the richness of the ph
behavior of this system. For example, Fig. 1 gives the
perimental phase diagram of the uncured system as obta
by POM and DSC techniques. Four distinct regions
found. A wide isotropic phase in the upper left-hand side
the diagram. This region covers a large area expressing
extend of miscibility of the two constituents in the mixtur
On the right-hand side, as the LC concentration increase
miscibility gap of the type (N1I ) emerges and widen
showing a LC phase in the nematic order coexisting with
monomer rich phase in the isotropic state. The nematic ph
consists of birefringent spherical droplets dispersed in
monomer isotropic rich phase~black background! as shown
in Fig. 2 ~top!. Through crossed polarizers, the nematic dro
exhibit a radial/twisted radial structure, indicating that t
LC molecules adopt a homeotropic anchoring at
monomer/LC interface@39#. In principle, a single nematic
phase should appear in the vicinity ofwLC51 with a trace
amount of monomer but this phase was not observed un
the present conditions. In the lower part of the diagram as
system is cooled down from the isotropic region, the mon
mer crystallizes and forms a phase that coexists with an
tropic LC phase@Fig. 2 ~middle!#. If a system at composition
0.2<w2<0.4 is cooled down from the (N1I ) region, a simi-
lar crystallization phenomenon occurs leading to coexist
6-3
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phases with a dispersion of crystallites as shown in Fig
~bottom!: the monomer rich phase hosts the crystallites a
the nematic LC rich phase consists of spherical dropl
Both POM and DSC data corroborate these splitting tra
tions and yield consistent results.

Figure 3 shows the DSC thermal spectra for the sa
system with compositions ranging from zero~pure HDDA
monomer! to 100 wt% ~pure E7! with 10% increment. It
gives the transitions existing in the temperature range fr
2105 °C to 95 °C. The bottom curve corresponding to p
E7 exhibits a glass transition atTgE75262 °C and a nem-
atic to isotropic transition atTNI561 °C. By adding mono-
meric HDDA, both transitions are shifted to lower tempe
tures. From 20 wt % HDDA, a second glass transition
observed atTgHDDA5296 °C corresponding to a supe
cooled isotropic monomer rich phase, which recrystalliz
then melts upon heating. The melting peak widens and sh
to higher temperatures when HDDA concentration increa
For pure HDDA, the melting transitionTm is found near
0 °C. TheTg andN→I transitions are shown by small kink
while the recrystallization and melting transitions correspo
to relatively large peaks indicating substantial energy tra
fers. Variations of these energy transfers with the comp
tion will be analyzed below in the case of uv-cured samp

B. Ultraviolet-cured systems

Figure 4 gives the DSC thermograms of uv-cur
HDDA/E7 system covering the whole range of compositi
from pure HDDA to pure E7. A wide range of temperatu
extending from290 to 1100 °C is explored. Remarkabl
differences are found compared to the uncured systems
volving HDDA monomer. The number of DSC peaks is s

FIG. 1. Experimental phase diagram of the monomer HDDA/
system as obtained by POM and DSC spectra in an extended r
of temperature. Four distinct regions are observed: isotropicI ),
nematic 1 isotropic (N1I ), crystalline/isotropic (Cr/I ), and
crystalline/isotropic1 nematic (Cr/I 1N). Tm is the melting tem-
perature of HDDA (Cr→I ).
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nificantly reduced, and the thermograms show no evide
of recrystallization or melting transitions due to the u
curing. TheN→I transition temperature of the phase sep
rated LC is close to that of pure E7, i.e.,TNI;61 °C. The
glass transition temperature of the LC domains also rem
nearly constant, i.e., aroundTgE7;262 °C. These results
clearly indicate that the phase separated LC domains
rather pure or at least behave as pure E7. However, this
not imply that the LC forms a single macrophase complet
separated from the polymer network. It simply means t
one has domains in the form of droplets containing orien
LC molecules. These features are obtained from a comb

7
ge

FIG. 2. Optical microphotographs showing the texture of mon
meric HDDA/E7 mixtures: top, (N1I ) region atT55 °C andw2

518 wt % ~crossed polarizers mode,P'A, magnification 2003);
middle, (Cr/I ) region atT529 °C andw2540 wt % ~crossed po-
larizers mode,P'A, magnification 3203); bottom, (Cr/I 1N) re-
gion at T5225 °C andw2540 wt % ~crossed polarizers mode
P'A, magnification 3203).
6-4
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PHASE DIAGRAMS OF MONOMER AND UV-CURED . . . PHYSICAL REVIEW E65 011706
tion of thermograms and POM observations and help es
lish the phase diagram as shown in Fig. 5. Obviously
cured and uncured HDDA/E7 systems exhibit complet
different phase properties. While both diagrams show
single isotropic phase and a two phases (N1I ) region, uv-
cured samples are characterized by a miscibility gap of
type (I 1I ) even at high temperatures. This is typical of t
phase behavior of crosslinked polymers where elastic fo

FIG. 3. DSC spectra~heating rate 10 °C min21) of the mono-
meric HDDA/E7 system for several compositions and in an
tended temperature range as indicated on this figure.TgHDDA and
TgE7 are the glass transition temperatures of the supercooled m
mer and the LC, respectively, andTNI is the nematic to isotropic
tansition temperature of E7.

FIG. 4. Thermograms obtained from DSC measurements~heat-
ing rate 10 °C min21) for a series of uv-cured HDDA/E7 mixture
for LC concentrations ranging from 0 to 100 wt %.TgE7 is the
glass transition temperature of the LC, andTNI is the nematic to
isotropic tansition temperature.
01170
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at the cross links oppose polymer stretching beyond the s
ration limit. At this limit, any additional amount of LC forms
an excess pure LC macrophase in contrast with linear p
mers and monomers where the LC phase is in principle ne
entirely pure. Figure 6 shows optical micrographs of u
cured HDDA/E7 ~18:82! samples atT545 °C using the
crossed polarizer mode~bottom!, and T565 °C where the
polarizer ~P! and the analyzer~A! were oriented parallel to
each other~top!. The nematic1 isotropic (N1I ) phase is
characterized by a large number of small birefringent mic
droplets as shown in Fig. 6~bottom!. This micrograph gives
the clear evidence that LC droplets are dispersed in the p
mer network and do not form a single macrophase co
pletely separated from the polymer film. Figure 6~top! cor-
responds to the isotropic miscibility gap (I 1I ). The close
refractive indices of the two isotropic phases combined to
high density and the small size of the LC domains lead t
relatively low contrast. This is the major difficulty of obse
vation of the (I 1I ) morphology, especially in the LC con
centration range 0.3<w1<0.45. However, it should be note
that the (I 1I ) domain of the uv-cured HDDA/E7 system
covers a wide range of temperature and concentration.
culation of the binodal curve~Fig. 5, dashed line! is made
using a mean number of repeat units between crossl

-

o-

FIG. 5. Equilibrium phase diagrams of HDDA/E7 systems o
tained from POM and DSC techniques. The upper part~a! corre-
sponds to the uv-cured system~plain text legend!, while the lower
part~b! is for the monomer system~italic legend!. TNI andT(N1I )2I

represent the transition temperature of the phase separated l
crystal between the nematic and isotropic states,T(N1I )2(I 1I ) is the
~nematic1isotropic! to ~isotropic1isotropic! transition temperature
andT(I 1I )2I is the~isotropic1isotropic! to isotropic transition tem-
perature. The solid~uncured! and dashed~uv-cured! lines are theo-
retical calculations made using~a! N151, Nc55, x521.6
1823/T, a5$@ f 22(12w2)#/ f %, b5@(2w2)/ f #, and f 53 @40#;
~b! N151, N252, andx521.881887/T. In both cases, we have
usedTNI561 °C.
6-5



r

th
be
-
d
n

ee

a

a
te
ul
no
t

n
re

p

d
a-
LC
of

es,
ed
em,

at
e

LC
epa-
uv-

han
-

ith

uv

for
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Nc55, which is a reasonable value for a polymer netwo
prepared with a difunctional monomer like HDDA.

The theoretical analysis of the phase diagram of
monomer system in the upper temperature range has
reported elsewhere@8#. We give it here for the sake of com
parison and completeness. The lower part displays the
gram in a temperature range where the monomer does
exhibit a crystalline structure. Note the consistency betw
experimental data~symbols! and the calculated curve~solid
line!. Neither the spinodal curve nor the critical point appe
in this figure because they lie outside the (T,w1) domain
considered here. The agreement between experiments
theory is reached with a reasonable choice of parame
However, the single nematic phase predicted by the calc
tions on the right-hand side for the uncured system is
observed experimentally because this observation is at
edge of accuracy of the techniques used here~i.e., POM and
DSC!.

Figure 7 shows the variations ofDHNI and DCp vs w1
5wLC for monomer and uv-cured HDDA/E7 systems.DCp
and DHNI are inferred from the heat capacity change atTg
and from the enthalpy change at theN→I transition, respec-
tively. Both quantities (DHNI and DCp) increase linearly
with the LC concentrationwLC and are nearly parallel. Whe
the monomer crystallizes, the solubility of E7 is sharply
duced. The variation ofDHNI vs wLC for the monomer sys-
tem is linear and lies below that of the cured sample es

FIG. 6. Optical microphotographs showing the texture of a
cured HDDA/E7 mixture: top, (I 1I ) region atT565 °C andw2

518 wt % ~parallel polarizers mode,PiA, magnification 3203);
bottom, (N1I ) region atT545 °C andw2518 wt % ~crossed po-
larizers mode,P'A, magnification 3203).
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cially at low LC compositions, showing the increase
miscibility of the monomer and the LC before polymeriz
tion. In order to estimate quantitatively these results, the
solubility limit h has been determined by linear regression
the experimental data sets, followed by calculating thex axis
intercepts. In the case of the monomer HDDA/E7 mixtur
the value ofh was 68%, whereas in the case of polymeriz
samples, a value of 38% was found. For the cured syst
the value ofh extracted fromDCp (h518%) is lower than
from DHNI (h538%). This can be explained by the fact th
the solubility of LC molecules in the polymer network at th
glass transition temperatureTgE7;262 °C is lower than that
at the nematic-isotropic transition temperatureTNI;61 °C
@41,26#.

Figure 8 shows the variation ofg, the amount of LC
segregated in the nematic droplets as a function ofwLC . This
is a central quantity in the thermodynamic analysis of PD
systems and is a measure of the efficiency of the phase s
ration mechanism. The upper curve corresponds to the
cured HDDA/E7 system atTgE7;262 °C. It shows that the
amount of LC segregated at a low temperature is larger t
that at theN→I transition. As the LC concentration in
creases,g first raises and tends to level off aswLC ap-
proaches 1. This highly nonlinear behavior is consistent w
the theoretical prediction of Eq.~4.1! represented by the
solid and dashed lines@41–43,27,26#

g5
m1

D

m1
5

d

w1
, ~4.1!

wherem1
D is the mass of LC in the nematic domain andm1

is the one in the whole mixture. Lettingd be the ratio of
enthalpy changes at theN→I transition or heat capacity
changes atTgE7 for the mixture at compositionw1 and for
the bulk LC,

-

FIG. 7. Variation of the enthalpyDHNI at theN→I transition
~right y axis! and the heat capacityDCp at Tg ~left y axis! vs wLC

5w1. Both monomer and uv-cured systems are represented
comparison.
6-6
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d5
DHNI~w1!

DHNI~w151!
5

DCp~w1!

DCp~w151!
, ~4.2!

The rule of inverse segments yields a relationship betweed
and the solubility limith as

d5
~w12h!

~12h!
, ~4.3!

wherew1.h, otherwised50. These equations assume th
the LC inside nematic domains and in the pure state h

FIG. 8. Variation ofg the amount of segregated LC vswLC

5w1 for the uv-cured HDDA/E7 system. The open diamonds r
resentg calculated from Eq.~4.1! using Eq.~4.2! with DHNI val-
ues, whereas the filled circles were determined usingDCp data. The
dashed and solid lines are the theoretical predictions of Eq.~4.1!
using Eq.~4.3!.
,

, i
r-

.
98

01170
t
e

similar thermal properties and the polymer in the LC pha
does not contribute toDHNI(w1) or DCp(w1).

V. CONCLUSION

Ultraviolet-curing mixtures of the difunctional monome
HDDA and E7 lead to PDLC systems with a crosslink
polymer network in which a dispersion of LC droplets tak
place. The phase diagrams of those systems and thos
analogous monomer/LC mixtures are established by P
and DSC techniques in a range of temperature going fro
2100 to1100 °C. The phase diagram of uncured mixtur
exhibits characteristic regions such as crystalline, nem
and isotropic phases due to crystallization of the monom
For the cured system, an isotropic miscibility gap (I 1I ) has
been clearly evidenced, consistent with the theoretical p
dictions. The experimental results of both systems were a
lyzed reasonably well within a simple formalism associati
mean field approximations of isotropic mixing, rubber ela
ticity theory, and nematic ordering. The amount of heat
pacity change at the glass transition and of the entha
change at theN→I transition are found to decrease linear
with decreasing LC concentration. Extrapolation to zero
the heat capacity change and of the enthalpy change yi
the solubility limit of the LC in the polymer or monome
substrate, consistent with the phase diagrams in the (T,wLC)
frame. The amount of LC segregated drops suddenly a
certain composition showing a highly nonlinear variati
with the composition.
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