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Phase Behavior of Poly(Ethylhexylacrylate)/E7 
Mixtures 

F. ROUSSELa, U. MASCHKEb, X. COQUERETb and J.-M. BUISINEa 

aLaboratoire de Dynamique et Structure des Matiriaux Moliculaires, Equipe de 
Thermophysique de la MatiPre Condensie, CNRS (URA N" 801), Universite' du 
Littoral, MREID, 59140 Dunkerque, France and bLaboratoire de Chimie 
Macromole'culaire, CNRS (URA N" 351), Bdtiment C6, Universite' des Sciences 

et Technologies de Lille, 59655 Villeneuve d'Ascq, France 

Reactive blends of monofunctional 2-ethylhexyl acrylate monomer and the low molecular 
weight liquid crystal (LC) mixture E7 have been efficiently polymerized by a polymerization 
induced phase separation (PIPS) mechanism using UV radiation. An experimental phase dia- 
gram of the obtained Poly(ethylhexylacrylate)/E7 blends has been investigated as a function 
of temperature and composition of the initial reactive mixtures. Polarized optical microscopy 
and DSC techniques were employed to determine the phase behavior. The observed tempera- 
turekomposition phase diagram shows qualitatively an Upper Critical Solution Temperature 
(UCST) behavior. At LC concentrations below 50 wt%, a direct transition from the 
(nematic + isotropic)(N+I) to the isotropic (I) phase is detected. From 50 to 90 wt% LC, there 
is clear evidence of the existence of an (I+I) phase located between the (N+I) and the I 
phases. Above 90 wt% LC, the ([+I) phase is also expected but has not been observed exper- 
imentally. 

Keywords: Phase diagram; ultraviolet radiation; phase separation; nematic liquid crystals: 
polymer dispersed liquid crystals 

INTRODUCTION 

In recent years, mixtures of nematic liquid crystals (LCs) and polymers have 

received considerable attention. In particular, Polymer Dispersed Liquid 
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Crystals (PDLCS) are important materials for optical  application^"^'^. PDLC 

films consist commonly of low molecular weight LC dispersed as micron-sized 

droplets within a solid polymer matrix. The morphology including the size., 

shape, spatial distribution and number density of LC droplets is particularly 

influencing the electro-optical properties of these films. The above mentioned 

parameters are controlled by the phase behavior and the phase separation 

process. To understand the phase properties of LC/polymer mixtures, studies 

on theoretical equilibrium phase diagrams for various hypothetical LC/polymer 

systems were reported""21. Less attention has been given to experimental 

determinations of phase diagrams. Kyu et al. investigated the phase behavior of 

Poly(benzylrnetha~rylate)/E7~*~, P0ly(styrene)/E7[~', Polfimethyhthacrylate) 

(PMMA)/E7"01, and functionalized PMMA/E7'"', whereas Carpaneto et al.['31 

studied the Poly(n-butylmethacrylate)iE7 and the P W 7  system 

Generally, only the cloud point curve observed by polarized optical 

microscopy (POM) and light scattering (LS) was reported by these authors. A 

more detailed investigation of the phase diagram of P W 7 C B  and PS/7CB 

has been performed by Ahn et al.["I using POM, LS and differential scanning 

calorimetry (DSC) techniques. These authors have found nematic, nematic- 

isotropic (N+I), isotropic-isotropic (I+I) and isotropic (I) phases. 

The previously mentioned studies were conducted by a solvent induced 

phase separation mechanism followed by a thermally induced phase separation 

process. To our knowledge, phase diagrams of hea r  homopolymer/LC blends 

obtained by a PIPS process have not been mentioned in literature. Only phase 

diagrams of NOA65 (Norland Optical Adhesive, commercial product fiom 

Norland Products)-E7"" and 2-ethylhexyl acrylate (2-EHA)-E8'I6], both in the 

uncured state before undergoing a PIPS process, have been reported. 
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In the present paper, an experimental phase diagram for mixtures of Poly(2- 

EHA) (PEHA) and E7 is presented. Blends covering the whole concentration 

range have been prepared by a photoinitiated PIPS process. The phase 

behavior has been entirely explored by DSC and POM, and the results of these 

complementary techniques are compared. 

EXPERIMENTAL 
Materials 

The monomer 2-EHA was purchased from Aldrich (Saint Quentin Fallavier, 

France) and used without &her purification. The eutectic LC mixture E7 

(Merck Ltd, Poole, GB) has been employed during this work exhibiting a 

nematic phase in a wide temperature range fiom -10°C up to 58°C. The 

nematic-isotropic transition of E7 occurs at T~r=61"C"']. The UV poly- 

merization was induced by 0.8 *'YO of Darocur 1173 (CIBA, Rueil 

Malmaison, France) with respect to the amount of monomer used. 

PmDaration of PEHA/E7 blends 

2-EHA and E7 with various LC compositions were mixed together at room 

temperature for several hours. Samples for calorimetric measurements were 

prepared by introducing 2 . M .  1 mg of the initial mixture into aluminium DSC 

pans, which have been sealed after UV exposure to avoid evaporation effects 

during the temperature treatment. Samples for optical microscopy observations 

were prepared between standard glass slides resulting in a film thickness of 

approximately 3 pm. 

UV radiation was carried out in the DSC h c e  under isothermal 

conditions (T=22"C) and nitrogen atmosphere. The wavelength of the UV 

lamp was fixed at 11=365 nm with a beam intensity of 17.5 mWlcm'. The UV 

exposure time was set at three minutes. 
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In this way, four monomer samples were polymerized between standard 

glass slides under identical conditions in the absence of E7. The molecular 

weights and molecular weight distributions of the obtained PEHA samples 

were determined by gel penneation chromatography (GPC), calibrated with PS 

standards. GPC measurements were performed in tetrahydrofuran at room 

temperature yielding .Gw =10800~5000 g/mol and Gw /kn=2.1k0.2. 

These results represent averages from one GPC measurement performed on 

each of the four PEHA samples. 

Characterization methods 

The DSC measurements were performed on a Seiko DSC 220C. A liquid 

nitrogen system allows cooling experiments. The DSC cell was purged with 50 

d m i n  of nitrogen. Rates of lO"C/min (heating) and 30"C/min (cooling) were 

used in the temperature range from -120 to 100OC. The program consists first 

in cooling the sample followed by several heating and cooling cycles. Data 

analysis has been carried out on the second heating ramp. 

The thermo-microscopy studies were performed on an optical polanzing 

microscope Leica DMRXP, equipped with a heatmg/coohg stage Chaixmeca. 

Samples were first heated with a rate of S"C/min tiom room temperature to a 

temperature located 15 degrees above the isotropic phase limit. Secondly, 

applyins a rate of -1"C/min, the samples were cooled down to a temperature 

situated 15 degrees below the (N+I)fi or (I+I)/I transition temperature. 

Another heating cycle with a rate of l0C/min up to the isotropic state was 

carried out. Transition temperatures have been deduced from the second 

heating ramp. Two independently prepared samples of the same composition 

have been analyzed. Optical micrographs were taken at different given 

temperatures with magnifications tiom 200 to 320. 
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RESULTS AND DISCUSSIONS 

N+I 

FIGURE 1 Phase diagram of PEHAIE7 obtained fiom DSC and POM 

guidelines for the eyes. 
techniques. The continuous b s  and thc dashcd b are 

Figure 1 shorn th: phase diagram of the P E W 7  system. For a given 

cmpo*% two identic* but in&pe&n* Impated smlpks were 

investigated both in the heating and cooling mode. The results for POM given 

inFigure 1 are the heating measurements. The open symbols represent the first 

samplewhcreastbt~symbols comespond to the results obtained h m t h e  
second samples. Circks indicate the (I+l)/I transition temperature whereas the 
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tliatiiotid sliaped syniiwles represent the (N +i)/(lti) or (N+1)/1 traisilion. 

1 licse results wete obtaiiicd from 1'OM Iiicasurciiiciils. X'lie x-syn~lmls ate 

I)SC tla~a obtained ftorii tlie iiernatic-isotropic transition temperaturc. 'I'he 

coiit iiiuous lines and the. dashed line rcpreseiit guideliiies for the cycs. 

1 heoretical iiivestigalioiis are uiiderway to coiilirtii with a theriiiodynamic 

niodel tlie positioti of tliesc lilies. 'l'lie l'is o f  the tiiixtures are not included in 

the phase diagram. Their ratige is located far below tlie scaliiig of Figure 1. 

I~urtlicriiiore, tluc to the low valuc o f  o f  the polyiiier, the phase behavior 

ctiii olso be explored h the expcriiiieritally accessible teiiiperature range for LC 

I:I( ii IRE 2 Optical micrograph showing the riiorpliology of a E7/13HA 
(5050) U V polyitierized blcid (cross-polarized trimsnlisshi 
niode); 'f-2 1 "C, I ciii-SOpiii. 
(See Color Plate VIII at the back of this issue) 

concentratioits lower thaii 30 wt%. A siiiall aniouiit of LC remains dissolved in 

tlie polyiiier Tor I,(: coocciitratioiis below 30 wt%. 'Ihis well-known 

plienoriieiioii leads lo a tlecrcase of Tg (polyiiier) ;tiid can be explained by thc 
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plasticizing effect of the LC. Above 30 wt% of LC, the T, of the polymer does 

not m h e r  change, indicating the limited solubility ofthe LC in the polymer. 

In the range &om 25 up to 50 wt% of LC, only the direct transition fiom the 

@+I) to the I phase is observed by POM. Above 50 wt% and below 90 wt% 

of LC, two different transitions have been detected by means of POM : The 

first corresponding to approximately 61 "C indicates the transition fiom @+I) 

to (I+I) whereas the second Corresponding to higher temperatures represents 

the (I+I) to I transition. DSC data, obtained fkom the @+I) transition 

temperature, are in reasonable agreement with the POM measurements. 

However, it can be observed that DSC results give slightly lower transition 

temperatures than those obtained from POM. In the pure LC state, POM 

measurements give T~f62.5"C whereas DSC data yield Te59.6'C. 

Approximately the same difference can also be detected for P E W 7  blends 

in the range fiom 60 to 100 wt% of LC. This discrepancy is probably due to 

the different analyzing methods and calibration techniques. Furthermore, one 

can easily see that the (N+I)/(I+I) transition temperature remains nearly 

constant above 50 wt% of LC and represents roughly the same value as that of 

pure LC. These observations indicate that the phase separated LC is essentially 

pure and not contaminated by remaining monomer. 

Figure 2 represents an optical micrograph of the blend 50 wt% LC/50 wt% 

PEHA at T=21°C using the cross-polarixd mode. An optical micrograph of 

the blend 65 wt% LC/35 wt% P E W  at TZ62.3"C is given in Figure 3, where 

polarizer and analyzer were oriented parallel to each other. Microscopy 

observations in the cross-polarized mode could not prove the existence of the 

(I+I) phase. The @+I) phase is presented in Figure 2 whereas Figure 3 shows 

unambigously the (I+I) morphology. The phase diagram suggests that there is 

no (I+I) region above 90 wt% of LC. This behavior has already been discussed 
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in ~iteriit~ire"~~'" anr~ attritxited to the diniciilty to tlistinguisii experimentally 

the transitions between tlie (N+I)/I and the (N-tl)/(l.t I )  boundary. Ilubault et 

a\.'"' 11ns sIiown tiiat tlie piiasc sclw;ttittti process b r  poly i t l t :r /~~  mixtures 

1 '1 (  i l  IRE 3 C)ptical riiicrograph showing the niorpliology of a E7/EHA 
(65:35) UV polyinerized hletitl (troiisniission mode, polarizer 
and onalyzer were parakl); 'I'-G2.3"0, I cnidopi.  
(See Color Plate IX at the back of this issue) 

witti low polymer concentrations may require several days, which is beyond 

the liiiiescale used for our experiments. 'l'lie (1 f 1 ) / 1  lraiisition cannot he 

observed by DSC nieasurenients since his transition is oiily accoiiipagnied by 

a sniall entlialpy change. 

CONCLCISIONS 

Ileactive bleiids of El 114 and 8 7  have been elliciently polymerized by a 

plitrtoinitiated 1'1 1% process. An experiiiiental phase diagratii of the I'EHNE7 

system obtained by DSC and POM tecliniques is presented and discussed. Tlie 

tlependeiice of the highest transilion temperatures, leading to the isotropic 
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phase, on the LC content is qualitatively similar to a phase diagram 

characterized by an UCST. DSC measurements allowed to obtain the glass 

transition temperatures of the mixtures as well as the oJ+I)/I and the 

(N+I)/(I+I) transition temperatures. (N+I), (I+I) and (I) phases have been 

found by POM measurements. Further analysis is in progress to compare the 

experimental findings with theoretical resutts obtained f?om the calculations of 

the 6ee energy involving the Flory-Huggins and Maier-Saupe approaches. 
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