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Thermo-Optical Investigations of
Polysiloxane/Liquid Crystal Mixtures

N. GOGIBUS?®, U. MASCHKE?, F. BENMOUNAS, B. EWEN®,
X. COQUERET? and M. BENMOUNA®

3L aboratoire de Chimie Macromoléculaire (UPRESA CNRS N° 8009), Bitiment

C6, Université des Sciences et Technologies de Lille, F-59655 Villeneuve d'Ascq

Cedex, France, ®Max-Planck-Institut Jiir Polymer-forschung, Postfach 3148,

D-55121 Mainz, Germany and “Faculté des Sciences, Université Aboubakr
Belkaid, BP119, 13000 Tlemcen, Algeria

Thermo-optical properties of poly(dimethylsiloxane)/liquid crystal and poly(methylphenylsi-
loxane)/liquid crystal blends are investigated. Two low molecular weight liquid crystals are
considered: 4-cyano-4'-n-pentyl-bipheny! or SCB and the eutectic mixture of cyanoparaphe-
nylene derivatives known as E7. Equilibrium phase diagrams are established by polarized
optical microscopy and analyzed within mean field theories of isotropic mixing and nematic
order. Effects of the methyl-phenyl substitution, the nature of liquid crystal and the polymer
molecular weight on the phase diagram are discussed.

Keywords: Liquid crystal; monomer; phase diagram; Flory-Huggins; Maier-Saupe; micros-
copy
INTRODUCTION
Blends of polymers and low molecular weight liquid crystals
(LMWLCs) consist of micron-sized droplets dispersed in a polymer
matrix. They are useful in a number of applications making use of

electro-optical properties“‘". They can be switched from opaque to

[1631]/675



Downloaded by [University of California, San Diego] at 02:42 16 August 2012

676/[1632] N. GOGIBUS et al.

translucid films by applying an electric field. The -electro-optical
response of these systems is tightly correlated with their thermo-
physical properties. The purpose of this paper is to see how the nature
and molecular weight of the polymer and the nature of the LMWLC
affect the phase behavior of the mixture. In particular, the loss of
miscibility of the polymer/LC system is evaluated when a phenyl group
is changed into a methyl group in the monomer. The miscibility also
depends on the molecular weight of polymer and the nature of LC.
Equilibrium phase diagrams are established by polarized optical
microscopy (POM) and analyzed using a combination of the Flory-
Huggins!®! theory of isotropic mixing and the Maier-Saupe'*! theory of

nematic order.

EXPERIMENTAL PART

Materials

PDMS and PMPS were prepared by anionic living polymerization using
n-butyllithium as initiating species and trimethylchlorosilane as end-
capper. The obtained products were purified and characterized by gel
permeation chromatography (GPC). The molecular weight and the
degree of polydispersity (My/Mjy) are obtained from toluene solutions at
25°C  giving M,=5500g/mol (PDMS) with M./ M,=1.3,
M,,=45000g/mol (PDMS) with M./M,=1.1, and M,~26000g/mol with
M./M,=1.3 (PMPS). These polymers will be referred to as PDMS5500,
PDMS45000, and PMPS26000, respectively. The LMWLC 4-cyano-4'-
n-pentyl-biphenyl (SCB) and E7 were purchased from Merck Encolab
GmbH (Germany). SCB can be characterized by the following
transition temperatures: Tyn=23°C, and Tw=35.3°C. E7 exhibits a

single nematic-isotropic transition temperature at Tyn=61°C.
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Sample preparation

The sample preparation was made with a combination of the solvent
induced phase separation (SIPS) and the thermal induced phase
separation (TIPS)!'?) methods. The polymer and the LC were dissolved
in a common organic solvent THF at 55 weight-percent (wt%) for
PDMS5500 and PMPS26000 and 70wt% for PDMS45000 at room
temperature. These mixtures were stirred mechanically for two hours
before a small quantity was cast on a clean glass slide. Then THF was

evaporated completely at room temperature for 24 hours.

POM measurements

The thermo-optical studies were performed on a POM ZEISS equipped
with a heating/cooling stage Linkam temperature control unit. Samples
were heated from room temperature to approximately 15 degrees above
the transition temperature leading to the isotropic phase. The samples
were left for about 15 min in the isotropic state. The subsequent thermal
processes applied to the samples depend on the kinetics of reaching the
thermodynamic equilibrium state. Further details on the experimental
procedure and data recording can be found elsewherel®>”). At least two
samples were prepared independently with the same composition to

check reproducibility of the results.

RESULTS AND DISCUSSION

In this section, we discuss the results of POM measurements on
PDMS/5CB and PDMS/E7 for the two systems with M,=5500g/mol
and 45000g/mol of PDMS. These results allow us to assess the effect of
LC and polymer molecular weight on the phase diagrams. Then we
discuss the results of PMPS/5CB and PMPS/E7 with M,, (PMPS)=
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26000g/mol. An induced miscibility of the blend following a
substitution of a methyl group into a phenyl group in the monomer is
shown. Before discussing the results, we briefly present the theoretical

formalism used to analyze the phase diagrams.

Theoretical formalism

The data are analyzed using a formalism starting from a free energy that
is a sum of two terms. One is the Flory-Huggins'® free energy of
isotropic mixing /' and the other is the Maier-Saupe!*! free energy of

nematic order /™

SU _elne,  ¢,lne,

+ 1
KT N N, 19,9, (H
(n) 2
__{ . =%_[-1n2+——"“’2's ] @
B 1

kT is the thermal energy, ¢;=1-¢; the volume fraction of LC, N;=1 and
N, is the number of polymer repeat units, y is the Flory-Huggins'!
interaction parameter, Z is the nematic partition function, v=4.54T\/T,
Twi represents the nematic-isotropic transiton temperature of the pure
LMWLC, s is the nematic order parameter. Both quantities s and Z
depend on temperature and composition while the isotropic parameter x
is function of temperature only according to y=A+B/T where 4 and B
are constants. The binodal is calculated following the standard
procedurel®®! of equating the chemical potential of liquid crystal and
polymer in the two coexisting phases (a ) and () A ®@=Ap® and
A ®= Ap,® with Ap|=(6AF / omy )T,nz , AF being the total free energy

of the blend, n; the number of LC molecules, n; the number of polymer
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molecules. The spinodal curve is plotted by solving the equation

azf/a<p§ =0 while the critical point is obtained by solving the set of

equations 62f/6<p§ =0and 63f/6(pg =0. These calculations lead to the

phase diagrams represented in the figures below where solid lines are

binodals and dashed lines are spinodals.
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FIGURE 1 The phase diagram of PDMS with M,=5500g/mol and E7
(a) or 5CB (b). The symbols represent POM data. The solid
(binodal) and dashed (spinodal) curves are calculated using
Ni=1, N;=16 and for E7, y=-11.63+4619/T; Ty=61°C and

for 5CB %=-0.7+565/T; Tn=35.3°C.

PDMS/LC blends

Figure 1 shows the (T,¢;) phase diagram of PDMS5500/5CB and
PDMS5500/E7>%). A substantial loss of miscibility of PDMS in E7 is

obtained as compared to SCB. The critical point is approximately the
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same in both diagrams since they correspond to the same polymer.
Away from this point however, the miscibility is different. For example,
the solubility limit of SCB at 25°C is nearly 25wt% but less than 2wt%
for E7. Hence, the nature of the low molecular weight LC has an
important impact on the miscibility of the PDMS/LC systems. On the
other hand, investigation of PDMS45000/E7 and PDMS45000/5CB
systems allows us to give an estimate of the miscibility loss for a
relatively high polymer molecular weight but Figure 2 shows that only

a small difference is found between the two systems corresponding to
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FIGURE 2 The same as in Figure 1 with M,=45000 and N,=80. For
E7 x=-11.63+4619/T (a), and for 5CB x=-4.4+1950/T (b)
For high M,, the nature of LC is not very important.

E7 and 5CB. For example, at 25°C the solubility limit of PDMS45000
in both E7 and 5CB is few percents. A slight miscibility enhancement

in 5CB is seen instead of a factor 10 obtained previously in the case of
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M,,=5500g/mol. Hence, if the polymer molecular weight is high, the
choice of LC is irrelevent and has a little impact on the equilibrium

phase diagram.

PMPS/L.C blends

Figure 3 shows the phase diagrams of PMPS/5CB and PMPS/E7 with
M,.(PMPS)=26000g/mol that is intermediate between the molecular
weights of PDMS considered before™®. One observes that the
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FIGURE 3 Phase diagrams of PMPS/E7 (upper curves) and
PMPS/5CB (lower curves) with My, of PMPS=26000g/mol.
The theoretical curves are calculated using N\=1; N>=30;
for E7 . Tn(E7)=61°C; y=-7.23+2618/T (upper
diagram), and for 5CB 7Ty;=35.3°C; x=-1.6+713/T (lower
diagram). The nature of LC is important in mixtures
involving PMPS.

miscibility of PMPS in E7 is much lower than in 5CB. At room
temperature, the limit of solubility of E7 in PMPS is about 10wt%
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while that of SCB is 40wt%. At 40°C, the solubility of E7 is less than
20wt% while 5CB is soluble in PMPS at any composition. Note that
PMPS and PDMS differ via a methyl/phenyl group substitution and it is
interesting to compare the phase diagrams of these two systems and to

see the changes in the solubility of LC as a result of this substitution.
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FIGURE 4 Phase diagrams of a) PDMS5500/5CB and b)
PMPS26000/E7. The theoretical curves are obtained using
the same parameters as in the previous figures.

Comparing Figures 1 and 3 shows that the miscibility of 5CB is much
higher in PMPS than in PDMS even with M,(PDMS)=5500g/mol.
Interestingly, Figure 4 shows that the phase diagrams of
PMPS26000/E7 and PDMS5500/5CB are different in the whole (T, ¢;)
frame. Below 50°C, PMPS is only slightly miscible in E7 while above
50°C, an inversion takes place whereby the miscibility of PMPS in E7
is much higher than PDMS5500 in 5CB.



Downloaded by [University of California, San Diego] at 02:42 16 August 2012

THERMO-OPTICAL INVESTIGATIONS... [1639)/683

CONCLUSIONS
The phase diagrams studied here call for at least three remarks.1)

Miscibility of PDMS/E7 is not very sensitive to M,, of the polymer. 2)
Miscibility of PDMS/5CB is significantly reduced when My, of PDMS
increases. 3) Miscibility is significantly enhanced for PMPS in both

liquid crystals as compared to PDMS, namely when a methyl is

changed into a phenyl group.
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