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Phase diagrams of monomer and uv-cured difunctional-acrylatenematic-liquid-crystal systems

Frederick Roussef* Ulrich Maschke? Jean-Marc Buisiné Xavier Coqueref,and Mustapha Benmouh
ILaboratoire de Thermophysique de la Magie€Condense, Equipe de 'TUPRESA CNRS 8024, UnivérsiteLittoral Ctte d’Opale,
MREID, F-59140 Dunkerque, France
2Laboratoire de Chimie Macromatelaire, UPRESA CNRS 8009, Universites Sciences et Technologies de Lille,
F-59655 Villeneuve d’Ascq Cedex, France
(Received 5 June 2001; revised manuscript received 3 August 2001; published 18 December 2001

This paper deals with the thermal properties of systems made of the difunctional monomer 1,6-
hexanedioldiacrylat¢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 nuner61.30-v, 64.70.Md, 64.75tg, 42.70.Df
[. INTRODUCTION systems. HDDA is a difunctional monomer characterized by

a high transparency and a low viscosity and offers favorable

Molecular compounds showing ordered structures are theonditions for film processing using the uv-curing technique
subject of intensive investigations both from a fundamentaﬁO—lz‘]- Exposm:cre of H'ﬁDA/E7 5t°|'~;“025tt9 "jlt\_/ rtadlatlog In

and an applied point of vieWl—3]. An important class of 1€ Presence of a smail amount o photonitiator produces
these compounds are known as polymer dispersed quuiqud—crystal(LC) domains dispersed in a crosslinked poly-

crystals(PDLC9 and consists of micron sized droplets dis- mer network with remarkable mechanical, optical, and di-
Y . i | flexibl I P ~_electric properties suitable for EO applications. The low-
persed in a solid, more or less flexible, polymer matrixys|ecylar-weight liquid crystal E7 is an eutectic mixture

[4—6]. These systems have potential applications in areas Qdnown for its high birefringence and the wide range of tem-
high technology such as display devices and privacy winperature where it shows a nematic order. In spite of the fact
dows. Most applications are based on the peculiar electrahat it is a mixture of four paraphenylene derivatives, it pre-
optical response behavior of these systems, which, undesents the advantage of having a single nematic-isotropic
standard conditions, can be switched from an opaque to @N-I) transition at 61 °C and no other transitions down to
transparent state when a sufficient electric field is applied—62°C where it shows a glass transitigh5]. Complica-
Various physical properties are involved in this responsdions related with phase separation among its components in
such as optical, dielectric, and phase characteristics. Undef?® Presence of polymer have been reported in few cases. In
standing the correlation between those characteristics and tig"ticular, peculiar observations were made on various sys-
electro-opticalEO) response behavior of PDLCs is the sub- €MS Such as polytbutylacrylat/E7 [16], Norland 65/E7
ject of important studies in the literature and among the mairEjltgj’ ?ongrgg¥§$?§tgﬂ:g?gsgggz géﬁgix\lggﬁp{gﬁeﬁglg} E7
topics of discussion in '|nternat|'onal meetmb"s,S]._ Itis a on the polymer. Further investigation along these lines are
real challenge to establish precisely the correlation betwee

; ; Being pursued in our laboratory but it is quite clear to us that
fundamental properties of PDLC compounds and their pery,eqe complications are not encountered here. In this paper,
formance in practical applications. In a recent study,

! . : we havge explore the phase behavior of uv-cured and uncured sys-
investigated the phase diagrams and the morphology qtms in the range from-100°C to 100°C. The phase dia-

PDLCs based on nematic-liquid-crystal-monofunctional-grams of these systems are established using a polarized op-
acrylate mixtures9]. The present work goes along thesetical microscope (POM) and a differential scanning
lines but focuses more on establishing the phase diagram @hjlorimeter(DSC) and the data analyzed within a formalism
1,6-hexanedioldiacrylatéHDDA)/E7 mixtures considering combining the Flory-Hugging19] and Flory-Rehnef20]
both the case of monoméuncured and polymer(uv cured  theories of isotropic mixing and the Maier-SaJgd] theory
of nematic order. The correlation between experimental data
and theoretical formalism requires adjustable parameters that
* Author to whom correspondence should be addressed. Email agéie chosen in a way to reach a compromise between a best
dress: Frederick.Roussel@purple.univ-littoral.fr data fit and a reasonable representation of the systems under
"Present address: Laboratoire de Recherche sur les Macromatonsideration. In the next section, we describe the theoretical
ecules, Faculteles Sciences, Universifboubakr Belkal Bel Ho-  model while in Sec. IIl, we give some experimental consid-
rizon, 13000 Tlemcen, Algeria. erations and in Sec. IV, we discuss the results.
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[l. THEORETICAL FORMALISM where we designate the two phases by the superseriptsd
B. The spinodal equation is simp@?f/acp§=0. Generally, it

_ _ exhibits two branches separated by the transition lpg
For the problem under consideration, the free energy den- T/Ty, Where gy, is the threshold LC volume fraction be-

sity f is the sum of two terms, one describes_the isotropiqgy which there is no nematic order. Fen less thanpy,
statef) and the second represents the nematic ofley one recovers the isotropic spinodal branch.

A. The isotropic free energy model

f=f0 4§ (2.1
B. The nematic order

According to the Flory-Huggins lattice theof$9], which The nematic order is described using the Maier-Saupe

is used for the monomer HDDA system, the isotropic free[21] free energy model
energy density is given by

Mol nzeliee
KeT Ny "4z

5 Ve, 2.7

fO oy ®2
kB_T:N_lln 991+N—2|n P2t X192, (2.2

whereSis an order parameteZ, the partition function, ana
wherekg is the Boltzmann constarif, the absolute tempera- S known as the Maier-Saupe quadrupole interaction param-
ture, ¢, and ¢, are the volume fractions of E7 and HDDA, €ter[1,21]. Itis proportional to the ratidy, /T
respectivelyN,;=1 assuming that the LC has a single repeat

unit and N, is the number of repeat units of HDDA,; the V=4 51TNI 2.9
interaction parametex depends on temperature following T '
the form

The orientation order paramet8ris defined by

a2 2.3
XTATT 29 S=%[3(c0§9)—1], 2.9

A andB are numerical constants independent of temperature ) ) )
and composition. where 6 is the angle between a reference axis and the direc-
In the case of uv-cured samples, the polymer matrix is 4ion of LC molecules, the symbgl - -) denotes an average

crosslinked network and Ed2.2) should be modified ac- with respect to the equilibrium distribution functidif6)
cordingly. Using the rubber elasticity theory of Flory-Rehner

[20], one has e u(o)
| ()= —2 (2.10
f(l) Sa(PrZIS 1/3 IB(PZ ®1 Z ' '
T (¢7°= @)+ =N+ —IN@o1+ xp107,
ksT 2N, Nc N, _ . .
(2.4 The potentialJ (6) is proportional to the zero order Leg-

endre polynomial and te, a mean field parameter that is a
whereN, is the mean number of repeat units between conmeasure of the strength of nematic interaction
secutive crosslinkse, is the initial monomer volume frac-
tion at crosslinking. Polymerization/crosslinking under uv-
curing takes placén situ meaning thatp, = ¢,. The rubber
elasticity parametera and 8 are model dependent. To im-
prove the fit in analyzing data for the present system, we wilMinimizing the free energy with respect to the order param-
allow these quantities to depend on the functionafitygf  eter yields
monomers at crosslinks and the volume fraction

m
Uo)=-5I[3 cogo—1]. (2.11)

Assuming incompressibility, one has m= ¢, vS. (2.12
n;N; Combining these results, it is easy to show that the nematic
P1= = 1-¢s, (2.5  contributions to the chemical potentials 482—25
. . . . . M(n) v 252
No is the total number of sites in the lattice. For convenience Bi_ nze 2 (2.13
and without loss of generality, we let the reference volume of kgT 2
a unit cell in the lattice to be 1.
To calculate the coexistence curve in regions where two M(zn) IN L,
phases are in equilibrium, we solve the following set of kB_TZEN_lwls' (2.14

equations for the chemical potentials:

o B o B Likewise, the spinodal equation requires the second deriva-
MI= ML, M= My, (2.6 tive of the free energy
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52§ 1 9InzZ tion of photoinitiator in the uv case can be chosen to adjust

> TN el (2.15 the rate of polymerization/crosslinking and crosslinking den-

Iey |+ 1 0% sity. In all cases the kinetics of phase separation is slower

than the kinetics of polymerization/crosslinking in such a

or more explicitly way that the LC remains trapped within the polymer net-

work. The amount of LC segregated from the polymer and
9 forming droplets dispersed in the polymer matrix depends
+(p107—}. (2.16 upon temperature and composition. One of the aims of this
#1 study is to evaluate this amount. Even systems that are char-
acterized by much higher degree of incompatibilig.g.,
poly(dimethylsiloxan¢/E7 [18], propoxylated glyceroltri-
acrylate/E7[30]), and which tend to phase separation much
The monomer HDDA was purchased from UCB Chemi-more quickly, exhibit LC droplets dispersed in the polymer
cals (Drogenbos, Belgiumand used without purification. matrix under similar conditions of film preparation. It is
HDDA presents a crystalline to isotropic transition T, worthwhile to note that the methods of sample preparation
=0.2 °C with an enthalpy change aH,,=139 Jg The used in this work are quite different from those adopted in
LC purchased from Merck-Olenot (Sainte Geneviee des Refs.[31-34. Therefore, the properties of the obtained ma-
Bois, Francg is the eutectic mixture E7 exhibiting a glass terials are not expected to follow similar trends.
transition atTy=—62°C and a nematic to isotropic transi-

9%f (M vS
=——|S
&go% T Ny

Ill. EXPERIMENT

tion at Ty, =61°C with AHy,=4.4 Jg 1. HDDA/E7 mix- IV. RESULTS AND DISCUSSION

tures were prepared with various LC contents and stirred

mechanically until they became homogeneous. The polymer- A. Uncured samples

ization process was induced by 2 weight percemifb) of The knowledge of the phase behavior of prepolymer/LC

Darocur 1173Ciba, Rueil Malmaison, Frangevith respect  systems is crucial for the preparation of PDLC films. It de-
to the amount of monomer used. The uv curing was perfines the thermodynamic stability of the starting mixture via
formed using a Seiko-UV 1 unit. The wavelength of the uvvariations of the interaction parameter as a function of com-
radiation was set ak =365 nm with a beam intensity of position and temperature. Moreover, the variation of this pa-
17.5 mW cm 2. The uv-exposure time was fixed at 3 min. rameter during the process of polymerization/crosslinking
Samples for calorimetric measurements were prepared by irtontrols to a large extend the morphology and the electro-
troducing approximately 3 mg of the initial mixture into alu- optical properties of the obtained PDLC filfi35—37. The
minum DSC pans, which have been sealed to avoid evapghase behavior of monomer HDDA/E7 mixtures has been
ration effects during the temperature treatment. Samples fgsartially investigated in Ref[38] and briefly discussed in
microscopy observations were prepared by placing one droRef. [8] but only a limited range of temperature has been
of the reactive mixture between standard glass slides. considered. Here, we cover a wide range of temperature to
The polarized optical microscop@OM) measurements illustrate the complexity and yet the richness of the phase
were performed on a Leica DMRXP microscope equippecbehavior of this system. For example, Fig. 1 gives the ex-
with a heating/cooling stage Chaixmeca. Samples were firgierimental phase diagram of the uncured system as obtained
heated from room temperature to a temperature locatedy POM and DSC techniques. Four distinct regions are
15°C above the isotropic phase limit then quenched afound. A wide isotropic phase in the upper left-hand side of
100°Cmint to —80°C for the uncured mixtures and to the diagram. This region covers a large area expressing the
20 °C for the cured mixtures. Subsequently another heatingxtend of miscibility of the two constituents in the mixture.
cycle with a rate of 5 °C min* up to the isotropic state was On the right-hand side, as the LC concentration increases, a
carried out. The whole procedure was repeated twice. Famiscibility gap of the type Kl+1) emerges and widens
both uncured and cured mixtures, two independent sampleshowing a LC phase in the nematic order coexisting with a
of the same composition were analyzed. monomer rich phase in the isotropic state. The nematic phase
DSC measurements were performed on a Seiko DSConsists of birefringent spherical droplets dispersed in the
220C calorimeter. The DSC cell was purged with monomer isotropic rich phadelack backgroundas shown
50 mimin ! of nitrogen. Rates of 10°C mirt (heating in Fig. 2 (top). Through crossed polarizers, the nematic drops
and 30°Cmin' (cooling were used in the temperature exhibit a radial/twisted radial structure, indicating that the
range— 100 to + 100 °C. The program consists first in cool- LC molecules adopt a homeotropic anchoring at the
ing the sample followed by several heating and coolingmonomer/LC interfacé39]. In principle, a single nematic
cycles. Data analysis have been carried out on the secormhase should appear in the vicinity of .=1 with a trace
heating ramp. amount of monomer but this phase was not observed under
These methods of sample preparation and experimentéhe present conditions. In the lower part of the diagram as the
procedures for recording DSC thermograms or making POMystem is cooled down from the isotropic region, the mono-
observations were adopted for several polymer/LC systemmer crystallizes and forms a phase that coexists with an iso-
[9,26-29. They are based upon the polymerization inducedropic LC phasgFig. 2 (middle)]. If a system at composition
phase separation method using either uv or EB radiation®).2< ¢,=<0.4 is cooled down from theN+ ) region, a simi-
The beam intensity, the time of exposure, and the concentrdar crystallization phenomenon occurs leading to coexisting
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FIG. 1. Experimental phase diagram of the monomer HDDA/E7
system as obtained by POM and DSC spectra in an extended range
of temperature. Four distinct regions are observed: isotroic (
nematic + isotropic (N+1), crystalline/isotropic (Ct), and
crystalline/isotropict+ nematic (Crl+N). T,, is the melting tem-
perature of HDDA (Cr-1).

phases with a dispersion of crystallites as shown in Fig. 2
(bottom): the monomer rich phase hosts the crystallites and
the nematic LC rich phase consists of spherical droplets.
Both POM and DSC data corroborate these splitting transi-
tions and yield consistent results.

Figure 3 shows the DSC thermal spectra for the same
system with compositions ranging from zefjoure HDDA
monomey to 100 wt% (pure E7 with 10% increment. It
gives the transitions existing in the temperature range from
—105°C to 95°C. The bottom curve corresponding to pure
E7 exhibits a glass transition dte;=—62°C and a nem-
atic to isotropic transition aty, =61 °C. By adding mono-
meric HDDA, both transitions are shifted to lower tempera-
tures. From 20 wt% HDDA, a second glass transition IS eric HDDA/E7 mixtures: top. N1 region atT=5 °C ande,

Observe.d atTg.HDDA:_QG C Correspondlng to a Super-_ ;g wt % (crossed polarizers modB,L A, magnification 20&);
cooled isotropic monomer rich phase, which recrystalllze%iddle’ (Crl) region atT=—9 °C ande,=40 wt % (crossed po-

then melts upon heating. The melting peak widens and shiftg,;i,ers modeP.L A, magnification 326); bottom, (Crl +N) re-
to higher temperatures when HDDA concentration increasegjion at T=—25°C ande,=40 wt% (crossed polarizers mode,
For pure HDDA, the melting transitiofi,, is found near p, A magnification 326).

0°C. TheTy andN—1 transitions are shown by small kinks
while the recrystallization and melting transitions correspond

to relatively large peaks indicating substantial energy transr—"f'c"’lntly reduced, and the thermograms show no evidence

fers. Variations of these energy transfers with the Composi9f recrystallization or melting transitions due to the uv-

: 4 ; ) curing. TheN—1 transition temperature of the phase sepa-
tion will be analyzed below in the case of uv-cured samples.rateol LC is close to that of pure E7, i.dy~61°C. The
glass transition temperature of the LC domains also remains
nearly constant, i.e., arountlye;~—62°C. These results
Figure 4 gives the DSC thermograms of uv-curedclearly indicate that the phase separated LC domains are
HDDA/E7 system covering the whole range of compositionrather pure or at least behave as pure E7. However, this does
from pure HDDA to pure E7. A wide range of temperature not imply that the LC forms a single macrophase completely
extending from—90 to +100°C is explored. Remarkable separated from the polymer network. It simply means that
differences are found compared to the uncured systems imne has domains in the form of droplets containing oriented

volving HDDA monomer. The number of DSC peaks is sig- LC molecules. These features are obtained from a combina-

FIG. 2. Optical microphotographs showing the texture of mono-

B. Ultraviolet-cured systems
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FIG. 3. DSC spectrgheating rate 10 °C min') of the mono- Concentration (wt.% E7)

meric HDDAJ/E7 system for several compositions and in an ex- FIG. 5. Equilibrium phase diagrams of HDDA/E7 systems ob-

tended temperature range as indicated on this figlygpp and tained from POM and DSC techniques. The upper f@rcorre-

T,e7 are the glass transition temperatures of the supercooled mong- . ) : 3
gE? -

mer and the LC, respectively, ard,, is the nematic to isotropic %ponds 0 the uv-cured systefplain text legengl while the lower

" r is for the monomer italic legend. Ty, andT _
tansition temperature of E7. part(b) is for the monomer systefitalic legend. Ty, and Ty,
represent the transition temperature of the phase separated liquid
) ] crystal between the nematic and isotropic stafgg, )+ is the
tion of thermograms and POM observations and help estalinematicrisotropia to (isotropictisotropid transition temperature,

lish the phase diagram as shown in Fig. 5. Obviously uv-andT.,,_, is the(isotropict+isotropiq to isotropic transition tem-
cured and uncured HDDA/E7 systems exhibit completelyperature. The soliduncured and dasheduv-cured lines are theo-
different phase properties. While both diagrams show aetical calculations made usinga) N;=1, N.=5, y=-1.6
single isotropic phase and a two phasBsH() region, uv-  +823/T, a={[f—2(1—¢y)]/f}, B=[(2¢,)/f], and =3 [40];
cured samples are characterized by a miscibility gap of th€) N;=1, N,=2, andy=—1.88+887T. In both cases, we have
type (I+1) even at high temperatures. This is typical of theusedTy,=61°C.

phase behavior of crosslinked polymers where elastic forces

at the cross links oppose polymer stretching beyond the satu-
ration limit. At this limit, any additional amount of LC forms
an excess pure LC macrophase in contrast with linear poly-

0 T

Exotherm ——

.

Heat Flow (mW)

-4500

-90 -40

cured
Nﬂ 0
Neo
\:30
60:40

50:50

40:60
30:70

20:80

10:90
M E7
T9e, T

NI

10
Temperature (°C)

60 110

mers and monomers where the LC phase is in principle never
entirely pure. Figure 6 shows optical micrographs of uv-
cured HDDA/E7 (18:82 samples atT=45°C using the
crossed polarizer modéottom), and T=65°C where the
polarizer (P) and the analyze(A) were oriented parallel to
each other(top). The nematic+ isotropic (N+1) phase is
characterized by a large number of small birefringent micro-
droplets as shown in Fig. @ottom). This micrograph gives
the clear evidence that LC droplets are dispersed in the poly-
mer network and do not form a single macrophase com-
pletely separated from the polymer film. Figurdtép) cor-
responds to the isotropic miscibility gap1). The close
refractive indices of the two isotropic phases combined to the
high density and the small size of the LC domains lead to a
relatively low contrast. This is the major difficulty of obser-
vation of the (+1) morphology, especially in the LC con-

centration range 08¢,=<0.45. However, it should be noted
that the (+1) domain of the uv-cured HDDA/E7 system
covers a wide range of temperature and concentration. Cal-
culation of the binodal curvéFig. 5, dashed lineis made
using a mean number of repeat units between crosslinks

FIG. 4. Thermograms obtained from DSC measuremg@reat-
ing rate 10 °C min?) for a series of uv-cured HDDA/E7 mixtures
for LC concentrations ranging from 0 to 100 wt% yg; is the
glass transition temperature of the LC, ahg, is the nematic to
isotropic tansition temperature.
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FIG. 7. Variation of the enthalpyHy, at theN— 1 transition
(right y axig) and the heat capacityC, at T, (left y axis) vs ¢ ¢
=¢;. Both monomer and uv-cured systems are represented for
comparison.

cially at low LC compositions, showing the increased
miscibility of the monomer and the LC before polymeriza-
FIG. 6. Optical microphotographs showing the texture of a uv-tion. In order to estimate quantitatively these results, the LC

cured HDDAJE7 mixture: top, I+1) region atT=65°C andg,  Solubility limit » has been determined by linear regression of

=18 wt% (parallel polarizers modeP||A, magnification 326); the experimental data sets, followed by calculatingxlaeis
bottom, (N+1) region atT=45°C andg,=18 wt % (crossed po- intercepts. In the case of the monomer HDDA/E7 mixtures,

larizers modeP_ A, magnification 32&). the value ofy was 68%, whereas in the case of polymerized
samples, a value of 38% was found. For the cured system,

N.=5, which is a reasonable value for a polymer networkiN€ value ofy extracted fromAC, (7=18%)] is lower than
prepared with a difunctional monomer like HDDA. from AHy, (77=38%). This can be explained by the fact that

The theoretical analysis of the phase diagram of thdhe solubilit.y_ of LC molecules in the polymer network at the
monomer system in the upper temperature range has be@{SS transition temperatuige;~ — 62 °C is lower than that
reported elsewher8]. We give it here for the sake of com- at the nematic-isotropic transition temperatdrg,~61°C
parison and completeness. The lower part displays the die{-41’_26|- o
gram in a temperature range where the monomer does not Figureé 8 shows the variation of, the amount of LC
exhibit a crystalline structure. Note the consistency betweefegregated in the nematic droplets as a functiop,@f. This
experimental datésymbol3 and the calculated curvsolid 1S @ central quantity in the thermody_nz_;\mlc analysis of PDLC
line). Neither the spinodal curve nor the critical point appearSyStéms and is a measure of the efficiency of the phase sepa-
in this figure because they lie outside the ¢J) domain ration mechanism. The upper curve corresponds to the uv-
considered here. The agreement between experiments afdred HDDA/E7 system alye;~—62°C. It shows that the
theory is reached with a reasonable choice of parameter@mount of LC segregated at a low temperature is larger than
However, the single nematic phase predicted by the calculdhat at theN—I transition. As the LC concentration in-
tions on the right-hand side for the uncured system is nofréases,y first raises and tends to level off agc ap-
observed experimentally because this observation is at throaches 1. This highly nonlinear behavior is consistent with
edge of accuracy of the techniques used fieee, POM and the theoretical prediction of Eq4.1) represented by the

DSO. solid and dashed linggl1-43,27,26
Figure 7 shows the variations dfHy, and AC, vs ¢, D
p m é
=@, ¢ for monomer and uv-cured HDDA/E7 systemsC, y=—=— 4.
andAHy, are inferred from the heat capacity changeTl gt m; ¢

and from the enthalpy change at tNe- 1| transition, respec-

tively. Both quantities AHy, and AC,) increase linearly wherem? is the mass of LC in the nematic domain amg
with the LC concentratiop, - and are nearly parallel. When is the one in the whole mixture. Letting be the ratio of
the monomer crystallizes, the solubility of E7 is sharply re-enthalpy changes at the—| transition or heat capacity
duced. The variation cAHy; vs ¢| ¢ for the monomer sys- changes afl 47 for the mixture at compositio, and for
tem is linear and lies below that of the cured sample espethe bulk LC,
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similar thermal properties and the polymer in the LC phase
does not contribute tdHy,(¢;) or ACp(e4).

0.8
V. CONCLUSION

Ultraviolet-curing mixtures of the difunctional monomer
HDDA and E7 lead to PDLC systems with a crosslinked
polymer network in which a dispersion of LC droplets takes
place. The phase diagrams of those systems and those of
analogous monomer/LC mixtures are established by POM
and DSC techniques in a range of temperature going from
—100 to+100°C. The phase diagram of uncured mixtures
exhibits characteristic regions such as crystalline, nematic
and isotropic phases due to crystallization of the monomer.
For the cured system, an isotropic miscibility gdp-() has
been clearly evidenced, consistent with the theoretical pre-
0 ' ' ' ' dictions. The experimental results of both systems were ana-
0 20 40 60 80 100 o . ; o
Concentration (wt.% E7) lyzed reasonably v_veII \_Nlthln a_5|mple_ forma_lllsm associating

mean field approximations of isotropic mixing, rubber elas-

FIG. 8. Variation of y the amount of segregated LC vs ticity theory, and nematic ordering. The amount of heat ca-
= ¢, for the uv-cured HDDAJ/E7 system. The open diamonds rep-pacity change at the glass transition and of the enthalpy
resenty calculated from Eq(4.1) using Eq.(4.2) with AHy, val-  change at thé&N— 1 transition are found to decrease linearly
ues, whereas the filled circles were determined udifig data. The  with decreasing LC concentration. Extrapolation to zero of
dashed and solid lines are the theoretical predictions of(£q) the heat capacity change and of the enthalpy change vyields
using Eq.(4.3). the solubility limit of the LC in the polymer or monomer

substrate, consistent with the phase diagrams inThe, ()
AHpni(e1) AC,(¢1) frame. The amount of LC segregated drops suddenly at a
" AHy(@1=1) _ACp(<P1=1)’ certain composition showing a highly nonlinear variation
with the composition.
The rule of inverse segments yields a relationship between
and the solubility limity as
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