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Equilibrium phase behavior of nematic mixtures

Hao-Wen Chiu and Thein Kyu®
Institute of Polymer Engineering, The University of Akron, Akron, Ohio 44325-0301

(Received 13 June 1995; accepted 26 July 1995

A phenomenological model for predicting phase diagrams of a binary nematic mixture containing
side chain liquid crystalline polymers and/or low molar mass liquid crystals has been proposed by
combining Flory—Huggins free energy of isotropic mixing and Maier—Saupe free energy for
nematic ordering of the nematogens. Two orientational order paramsieasd s,, of the two
components in the mixtures having two different clearing temperatures are taken into consideration
in the calculation. The Flory—Huggins interaction paramejgr,and the nematic interaction
parameter of the Maier—Saupe theary, and v,,, are assumed to be functions of inverse absolute
temperature. Further the cross-nematic interaction is assumed to be proportional to the square root
of the product of the nematic interaction parameters of the two mesogens; j=ec, (vy;- v,)"2

The theory predicts a variety of phase diagrams depending on a single paramethich is a
measure of a relative strength of interaction between two dissimilar mesogens to that in the same
species. The predicted phase diagrams have been tested rigorously with experimental phase
diagrams of various nematic mixtures reported by others as well as by U99® American
Institute of Physics.

INTRODUCTION nematic mixture having two different orientational order pa-
rameters,s; and s,, and two different nematic—isotropic

In pursuit of liquid crystal optical materials for flat panel transition points for the constituent$The combined FH/MS
display application$? liquid crystal, and polymer mixtures theory is basically a mean-field model in which the detailed
have received considerable attention, particularly polymethemical structures of the side chain liquid crystalline poly-
dispersed liquid crystallPDLC)® and polymer stabilized lig- mer(SCLCP or low molecular weight nematic liquid crystal
uid crystals(PSLO.* These PDLC and PSLC materials are (LC) such as chain rigidityor persistence lengtrand length
basically inhomogeneous liquid crystal composite films con-of methylene linkageéspacer unitsof the two mesogens are
taining dispersions of monomeric liquid crystals stabilizednot taken into consideration. We assume that the stability of
by polymer binders. The domain morphologies of LC disperthe nematic phase arises from the anisotropic dispersion
sions such as size, shape, and uniformity are some of therces of the mesogenic dipoles and there is no strong spe-
important criteria for electro-optical performance of thesecific interaction between the SCLCP and the nematogen. Fur-
materials® It has been recognized that thermodynamic phaséher, we neglect the interaction between the side group me-
diagrams and kinetic of phase separation in liquid crystalsogen and the backbone polymer because the plasticization
polymer mixtures play an important role in determining of the nematic ordering of side group mesogens by the poly-
these domain structures, and ultimately their electro-opticainer has already been reflected in the lowering of the
properties*® The fundamental understanding of thermal nematic—isotropic transition of the liquid crystafsOther
guench and/or reaction induced phase separation of PDL@ansitions such as smectic—nematic, crystal-smectic, and
systems is essential for their successful applications, anpolymer glass transitions are not considered here since these
therefore it is of interest to us. phenomena are, if they exist, expected to occur at much

In a previous paper,we have calculated a “tea-pot” lower temperatures and evidently beyond the scope of this
phase diagram for a mixture of homopolymer and mono-work. The Flory—Huggins interaction parametgr,and the
meric liquid crystals by combining the Flory—Huggins free nematic interaction parameter of the two liquid crystal me-
energy of isotropic mixing® and Maier—Saupe free energy sogens,»;; and v,,, are assumed to be repulsive and have
for nematic orderintf~*2 of the liquid crystals. The calcu- inverse temperature dependence. The effects of relative
lated phase diagram consists of a liquid—liquid coexistencstrength of nematic interactioft parametey, critical tem-
region overlapped with a nematic-liquid coexistence regionperature(y interaction parametgrand molecular weight on
A new nematic-liquid spinodal is also predicted to exist inphase diagrams have been demonstrated. The calculated
the narrow nematic-liquid coexistence regfonhe theoreti- phase diagrams have been tested critically with the experi-
cal prediction is tested favorably well with the experimentalmental phase diagrams of various side chain liquid crystal-
cloud point phase diagrams of polybenzyl methacrylate/ETine polymer/monomeric liquid crystal mixtures reported by
systems. otherst®~1"and also by ug®*°

In the present study, we focus on the establishment oﬁ’HEORY
phase diagrams of nematic mixtures by combining the
Flory—Huggins(FH) and Maier—SaupéMS) theories for a Model descriptions

In the proposed FH/MS theory, the total Gibbs free en-
3To whom correspondence should be addressed. ergy of mixing for binary nematic mixtures may be ex-
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7472 H.-W. Chiu and T. Kyu: Equilibrium phase behavior of nematic mixtures

pressed in terms of a simple addition of the free energy of
mixing of isotropic liquids,g', and the free energy of nem- (cog 0j>:f cos 6;-f(6;)d cos 6. (7)

atic ordering of the liquid crystalg", i.e., . . ) o
Here,f(6;) represents the normalized orientation distribution

g=g'+g", (1) function and is considered to be symmetric around the refer-
whereg represents the dimensionless total free energy derNCe axis, which can be expressed by

sity of the system. u(é;)
The free energy of isotropic mixing of a binary polymer  f(6;,)= 71— expg — : (8)
blend may be described in terms of the Flory—Huggins
theory®° viz., whereZ; is the partition function defined as
.G b1 b2 _ f _ u(6))

wherek is Boltzmann constant anl absolute temperature. andu(#) is the potential of a director orientation which can
r, is the number of sites occupied by one liquid crystal mol-Pe taken to be proportional to the second order Legendre
ecule and is equal to unity for a low molar mass liquid crys-Polynomials as

tal, whereas , represents the number of sites occupied by a u(e;) 1
single liquid crystalline polymer chainp, and ¢, represent KT -3 m;(3 cog 0;—1), (10
the volume fractions of components 1 and 2, respectively,
which may be given by in whichm; is a dimensionless mean field parameter charac-
oy o terizing the strength of the potential fiell.
bp=— p=—— (3) The order parameters;, can then be related t@;
Nyri+nar; Nyra+Narp through
where,n; andn, are the numbers of liquid crystal molecules 1 1 dz
and liquid crystalline polymer molecules, respectively, andsJ-:J f(0;)- > (3 cog 9;—1)d cos =7 d_mJ (11
i 9

n=n4r;+n,r,. x is known as the Flory—Huggins interac-
tion parameter which is generally assumed to be a functioand the entropy,; can be deduced as
of reciprocal absolute temperature, i.e.,

B
X=A+=, (4) , ,
T where (); denotes the solid angle. In a previous paper, the
whereA andB are constant. nematic interaction parameteug, andv,,, of the individual

The contribution of nematic liquid crystals to the total Mesogenic component have shown to have an inverse tem-
free energy of binary nematic mixtures has been generallerature dependence as follows:

given by the Maier—Saupe mean-field thédry? represent- Ty

ing the free energy of nematic ordering. Following a theo- v;;=4.541 Tl’l, (13
retical scheme of Brochast al,’® the free energy density of

binary nematic mixtures containing side chain liquid crystal- T2

line polymers and low molar mass liquid crystals may be = ¥22=4.541 -|-' : (14)

described as . :
The exact relation of;, to v;; andv,, is not known, thus we

" propose thaiy,=1,, and is proportional to the square root of

g"=——==-31$1—3,¢ 1 52(1)2—111 S5¢3
kT 1¥1 222111122222

n the product ofy;; andv,,, i.e.,
— V125152012, 5 V12
c= : (15)
where3; and3, represent the decrease of entropy due to the VV11V22

alignment of individual LC molecule of component 1 and the
mesogenic group of component 2, respectively. and v,,
are the nematic interaction parameters of the pure comp

where c is the proportionality constant characterizing the
relative strength of the cross interaction between the two

. . Yissimilar mesogens as compared to that in the same species.
nents whereags;, represents the cross-interaction betwee

o ) ! . he physical significance of theparameter will be clarified
the dissimilar mesogens. The self-consistent orientational or- :
; in a latter section.
der parameters, ands, are further defined &%

1
si== (3(cog 6;)—1 o
12 (3 01> )y ® Free energy minimization approach
in which ¢, is the angle between a reference axis and the To calculate the free energy of a nematic mixture, the
director of a liquid crystal molecule belonging to componentrelation between the two orientational order parameters cor-
i (=1 or 2. The angle bracket, ), denotes the ensemble responding to the two mesogens in the mixtures needs to be
average which is defined as evaluated as a function of composition and temperature. This

J. Chem. Phys., Vol. 103, No. 17, 1 November 1995
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FIG. 1. Orientational order parametess,ands,, as a function of temperature and composition for a mixture of two nematogens having nematic-isotropic
transition temperatures of 60 and 70 °C, respectively, for the three @ses0.8, (b) c=1.0, and(c) c=1.2. The dotted lines represent the constant volume
fractions of the nematic component 1.

can be accomplished by minimizing the free energy of nemsogens is weak as compared to that in the same species. It is
atic ordering with respect to the order parametsyands,, seen that the order parameter of the mesogenic mixtures is

and then equating them to zero, i.e., smaller than that of the pure components at a given tempera-
ag" ag" ture, which in tur_n implies that the mesogenic mixtures are
— =0 and —=0, (16) less stable than in their pure states. In the case>1, the
981 S, nematic order parameter of the mesogenic mixture is greater
which gives the following equations: than that of the pure mesogens at a given temperature, indi-

cating that the interaction between the dissimilar mesogens is
(17) stronger than those of the same mesogens in their neat states.
The case(b) c=1 represents the idealized case where the

das,
T s, V11S1¢1— V125,¢$,=0,

ds nematic ordering of the different mesogens in the mixture
— d_2_ VoS ho— 112511 =0. (18)  occurs with the same'magn'itude as compared to those within
S the same mesogens in their pure states.
Inserting Eq(12) into Egs.(17) and(18) leads to the follow- Figure 2 shows the temperature dependence of the total
ing equations: free energy of the nematic mixtures as a function of volume

_ 4 (19 fraction for the corresponding three casasc<1, (b) c=1,

My = v118161F V128262, and(c) c>1. In the cas€a), the free energy of the mixtures
My= 1,8, o+ V1551 P1 . (20) is higher than that of the pure components at a given tem-
perature, suggesting that the nematic mixtures are less stable
than their pure nematics. Thus the conditiors1, implies

that the cross interaction between the dissimilar mesogens is
weak relative to that in the same species. The ¢ajsis just

the opposite to the cag@) where the cross interaction be-
tween the two mesogens is stronger than the nematic inter-
action within the same mesogens. As a result, the free energy

There is always a solution & =s,=0 corresponding to of the nematic mixtures is lower, and thus the nematics in the

0 - X . -
g"=0. The critical nematic order parameter is determined 19 ixtures are more stable than in their pure components.

be 0.429. Ev_e_n if one of the nema_tlc order par_ameters fa“igain the caséb) represents an ideal case where all nemat-
below the critical value, we can still have a minimum free .

. . S ics interact with equal strength, thus the free energy of the
energy to facilitate nematic ordering in the other component, i mixtures follows a simple additivity rule.
Only when both parameters fall below this critical value, we
have a solution corresponding to the local maximum free
energy and therefore the nematic ordering would be unstablghase equilibrium criteria

leading to the transformation of the nematic to the isotropic . A .
state. The conditions for phase equilibrium require that the

Figure 1 shows the relationships between the two Orienghemical potentialg of eac.:h compone.nt in every phase are
tational order parameters, representing the two mesogel%';uwalent. For a binary mixture the criteria can be stated as

From Eqgs.(19) and(20), it is obvious that the nematic order
parameter¢s; ands,) depend on the volume fraction and the
nematic interaction parametefs,;, vy, and vy, which
themselves are functions of temperature. For a govealue,
the s; ands, can be evaluated numerically as a function of
temperature and compositiég) through Eqs(19) and(20).

having two different nematic—isotropic transitio(&,), for wi=u?, (21)
three casesa) c<1, (b) c=1, and(c) c>1. The casga) . B
c<1, signifies that the cross interaction of the dissimilar me-  M2= M43, (22

J. Chem. Phys., Vol. 103, No. 17, 1 November 1995
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FIG. 2. Temperature dependence of the free energy density of nematic ordering as a function of volume fraction for the tlieee €8s8gb) c=1.0, and
(c) c=1.2.

wherea and g represent the two equilibrium phases. g*—gP ag\ @
The chemical potentials can be calculated by taking the m= (ﬁ) , 27
first derivative of the free energy of the system with respect
to the number of molecules of each component. Similar to g“—gP ag\P
the free energy of mixing, the total chemical potential of m: Ery (28)

mesogenic mixtures is contributed by the isotropic mixing
and the nematic ordering, i.u;=pu;+ uj. The chemical
potentials resulting from the isotropic mixing can be derived

The first derivative of total free energy of the system with
volume fraction of component 1 can be deduced to give

to give g 1 1 1 1
i £:r|n b1~ In ot —— —+x(1-241)
My ri ) 1 N 2 1 2
=N dy | 1—— ot X163, (23
kT ro Z,
. +In > (29
i Zl
B2 i ot | 1= 2] ot xrp2 (24
KT 2 ry b1t X241, Figure 3 shows the temperature dependence of total free

. . . . energy with composition for a hypothetical nematic mixture
and the chemical potentials due to the nematic ordering can 9y P yp

be deduced as

n
mrp 1 1 0.10
KT 2 rivy1STs+ 5 [1V22S55+ 111581512 c=0.8
—r,InZz,, (25) |
Mg 1 0.00

1
. 2,2 2 42
ﬁ = E r2V1151¢1+ E r2V2232¢2+ r2V125182¢1¢2

—ryInZ,. (26)

By solving Egs.(21) and(22) simultaneously, the solutions
with respect to temperatures will give the binodal curves of
the phase diagram.

g -0.10

-0.20

Double tangent method

The equilibrium coexistence points at a given tempera-

- " | L | L ! ' | t
ture can be determined by a double tangent method where 0'300.0 0.2 0.4 06 0.8 1.0
the equilibrium volume fractions of the individual phag&
and ¢P) fall on the same tangent line of the free energy ¢,

curve. The first derivatives of the total free energy with vol-
ume fraction are equivalent at _these two compgsmo_ns anfic. 3. variations of the total free energy density with volume fraction of
also equal to the slope connecting these two points, i.e., the component 1 for various temperatures.

J. Chem. Phys., Vol. 103, No. 17, 1 November 1995
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80 @) 80 (b) 80 ©
c=08 ¢=095 c=0.97

FIG. 4. The effect of t” parameter on phase diagrams of nematic mixtures havigef 60 and 70 °C, respectively. Tlrevalues signify the relative strength
of nematic interactions changing frofa) weak to(f) strong.

with  Ty,,=60°C, Ty ,=70°C, and T,=50°C; Maz= 111Saz1°+ v12Saz(1— ¢17), (30
r,/r;=2.25/1 andc=0.8. At low temperature$0—40 °Q, Az Az
dual minima can be discerned in the free energy curves. A  Maz= V2Spz(1— ¢17) + v12Saz P71, (3D

double tangent can be drawn through these minimum point§,q the composition of the azeotrope can then be deduced
to determine the coexistence phases according to @gs. ;43,20

and (28). When the temperature approaches the nematic—
isotropic transitions, a small cusp can be noticed in the total Az Va7 V12

free energy curveée.g., at 50 °Q. It is customary to observe Lyt ve—2v, (32)

a cusp in the total free energy at a composition where th -
nematic ordering starts to take into play. At some temperai%y combining Egs(13), (14), (15), and(32), thec parameter

L . e n rivi iv
tures near the nematic—isotropic transitigns., 50-70 °Q, can be derived to give

SNO or.thrﬁe fdouble tangents or adtriple tangent may be (1= 1) T~ H15Tas @3
rawn in the free energy curves to determine two or more = A R
coexistence phases. By connecting the loci of the coexistence (1=2¢1 VT T2

points, the temperature versus composition phase diagraihis obvious that thee parameter depends only on the com-
can be established as exemplified in the subsequent sectigposition of the azeotropic point and the NI transition tem-
peratures of the two components. Once the azeotrope is

found in the experimental phase diagram, the value oén
One of the striking features of the present model is thabe determined easily.

the ¢ parameter can be actually measured experimentally in

some nematic mixtures that exhibit azeotropes. By definitionRESULTS AND DISCUSSION
an azeotrope is the point at which the two equilibrium iso-
tropic and nematic phases have the same composition, |eE
o) = ¢ = ¢7% .132%According to Brocharet al,** the ori- Figures 4a)—4(f) depict the predicted phase diagrams
entational order parameters of both components of the mder a hypothetical nematic mixture as a function of a single
sogenic mixture are equivalent at the azeotropic point, i.eparameter,c, for a situation where the critical point of
s;=5,=5,; . Under these two conditions, Eq4.9) and(20) liquid—liquid equilibrium is located at a lower temperature
may be rewritten as than the nematic—isotropic transition temperatures of the

Determination of ¢ parameter

ffect of ¢ parameter on phase diagrams

J. Chem. Phys., Vol. 103, No. 17, 1 November 1995
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constituents. Physically, the parameter is a measure of the intermediate between the tvilg, , the liquid—liquid coexist-

relative strength of interaction of the dissimilar mesogens tence region begins to develop while theN region [Fig.

that of the same mesogens. The smallealue implies that 4(d)] separates into the &N, and N +L, regions[Fig.

the nematic tends to be more stable in their pure phase tha{c)]. Concurrently the single nematic regioN) separates

in the mixed state, and vice versa. into the two pure N and N, regions at the extreme compo-
The phase diagram in Fig(@ belongs to a weakly in- sitions. When theT, is higher than bothT,,, the Lj+L,

teracting systenfc=0.8) which consists of a liquid—liquid region becomes more pronoundédg. 5(d)].

(L;+L,) equilibrium at the intermediate compositions and In the case ofc=1.2, the nematic ordering can take

two nematic—liquid coexistencéN,+L,) and (N;+L,) re-  place in the mixtures above the NI transition temperatures of

gions at outer compositions being rich in either mesogenboth mesogenfFig. 4(f)]. However, if the Flory—Hugging

The pure nematic phaséddl; or N,) exist at the extreme parameter becomes strongly repulsive, the critical point of

compositions. The coexistence of nematic—nem@tic-N,)  the liquid—liquid equilibrium ;) would increase to a tem-

region is predicted below the peritectic lines shown by theperature higher than one or bolk, points. When the critical

dotted lines. As the relative strength of interaction betweeriemperature is intermediate between the fWg points, a

the dissimilar pair increases, the liquid—liquid coexistencdiquid—liquid region still cannot exist due to the strong nem-

region vanishes and the nematic—liquid region gets narroweatic interaction between the two mesogéRig. 5€)], thus it

[Fig. 4(b)] and is concave upward. Concurrently, the pureappears to be similar to that of Fig(f4 except that the

nematic regiongN; and N,) expand toward the middle and N;+N, region shifts to a higher temperature. Only when the

subsequently form a single phase nem#&hi¢ region[Fig.  critical point of the liquid—liquid equilibrium is significantly

4(c)]. The curvature of the nematic—liquid region becomeshigher than thd, of both constituent§i.e., above the azeo-

subtle while the nematic—nematic region is depressed to @opic poiny, the liquid—liquid coexistence region exists

lower temperature. At=1.0, where all mesogenic units in- above the nematic—liquid regiofibig. 5f)]. It may be con-

teract with equal magnitude, isotropic phase, nematic—liquid¢luded that a number of phase diagrams can be computed by

single phase nematic, and nematic—nematic coexistence reensidering th& parameter representing the relative strength

gions can be identified in the descending order of temperasf cross interaction between the two mesogens and their neat

ture [Fig. 4(d)]. When thec value exceeds unity, the phases and thg interaction parameter representing the in-

nematic—liquid region becomes convex downward and théermolecular interaction between the isotropic phases of the

single phase nematic region gets larger as the nematicmmonomeric liquid crystal and the side group liquid crystal-

nematic region is continually suppressdtlg. 4(e)]. When line polymer.

the ¢ value is increased to 1.2, the nematic interaction be-

tween the two mesogens becomes very large so much so thatfect of molecular weight on phase diagram

a nematic phase can form in the mixtures above the

nematic—isotropic transition temperatures of the individuald

constituenfFig. 4(f)].

Figures @a)—6(f) show the molecular weight depen-

ence of phase diagrams for three cg$es=0.8, (ii) c=1.0
and (i) c=1.2 by varying the ratio of ,/r; (from 1/1 to
16/1), representing the relative size of the SCLCP and LC
molecules. Figs. ®), 5(d), and 4f) are the intermediate

Next we calculate the phase diagrams for the three casesses wittr ,/r;=9/1 corresponding to the above three cases
for c=0.8,c=1.0, andc=1.2 by varying the critical point [Figs. 6a), 6(b); Figs. Gc), 6(d); and Figs. 6e), 6(f)]. In-
(T.) of the liquid—liquid equilibrium(UCST) relative to the  creasing the molecular weight of the SCLCP causes the criti-
nematic—isotropic transition poinidy,; and Ty, ,) of the cal point of the liquid—liquid equilibrium to shift to a higher
constituents. Figures (8§-5(f) illustrates suchT. depen- LC content for bothc=0.8 and 1.0 cases. In the case of
dence on phase diagrams. Figurés and §b) may be com- c¢=1.2, where the cross-nematic interaction is very strong,
pared with Figs. @) for the case ofc=0.8. In polymer the shape of the#N region changes drastically, especially at
blends, it is generally known that increase in repulsive interthe high LC compositions. There is no liquid-liquid region
action (larger positivey values raises the UCST tempera- in the system under consideration; it can be discerned only
ture. As the critical point of the UCST is raised to a tempera-when they is strongly repulsive, i.eT, is much higher than
ture between the two NI transition temperatures, the liquid-the T\, of the constituents as shown in Figf The critical
liquid region opens up while the area of thgN_, and composition of the N+N, region moves to a higher LC
N,+L, regions get slightly smaller. Concurrently, the areascontent with increasing,/r ratio.
of the pure N and N, regions at the outer compositions have Similar phase diagrams, if not all, have been predicted
reduced Fig. 5(b)]. When the critical point is above the NI primarily by Brochardet al,'® and to a lesser extent by
transition points of the constituents, the+L, region wid-  others?®~?2In the case of Brochardt al,'® the analysis in-
ens, causing the areas of thettN, and N,+L, coexistence volves considerable adjustable parameters which make the
regions as well as of the neat lnd N, regions to be some- physical interpretation difficult. The present calculation re-
what smaller. quires a single parameter, viz, which is simply a measure

Next we examine the effect af, on phase diagrams of of the relative strength of the cross interaction of the two
nematic mixtures by comparing Figsicband 8d) with Fig.  mesogens relative to that in the same species. Another ad-
4(d). When T, is lower than bothTy,, there is no liquid— vantage is that the calculated phase diagrams are expressed
liquid coexistence region. A3, is raised to a temperature by the actual temperaturésot by the reduced temperature

Effect of T, on phase diagram

J. Chem. Phys., Vol. 103, No. 17, 1 November 1995
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FIG. 5. The effect ofT, (or x) on phase diagrams of nematic mixtures haviRg of 60 and 70 °C, respectively, for variogsvalues.

as done in the referencdé€-23 comparable to the NI tran- Tests with experimental phase diagrams

sitions of various nematic mesogens in a more realistic tem- Figure 7 exhibits a cloud point temperature versus com-
perature range. As pointed out before, thiparameter can position phase diagram of a mixture of EGDE-C6/E7.
be determined experimentally, if an azeotropic point exists IEGDE-C6 is a side chain liquid crystalline polymer in which

the phase diagram. aminoalkoxy cyanobiphenyl with 6 methylene linkagdes-
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FIG. 6. The effect of molecular weight £/r,) on phase diagrams of nematic mixtures haviRhg of 60 and 70 °C, respectively, for variogsvalues.

ignated C6 is grafted to ethylene glycol diglycidyl ether turbation of the polymer chain exerting on the nematic or-
(EGDE) epoxy backbone chairt. The nematic—isotropic dering of the side group mesogen. This plasticization effect
transition temperature of pure C6 is about 90 °C, but it re-may be reduced by increasing the spacer length to decouple
duces to about 30 °C upon grafting to the EGDE backbon¢he polymer and the side group mesogen. E7 is a commercial
chain. This lowering ofT, may be attributed to strong per- liquid crystal and reported to consist of cyanobiphenyl, oxy-
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FIG. 7. A temperature versus composition phase diagram of a mixture of. IG.' 8. A ter_nperature Versus composi_tion phage diagram of a side chain
slide chain liquid crystalline polymeethylene glycol diglycidyl ether with iquid crystalline polymexpolydimethy siloxane with methoxyphenyl ben-

] - ) g Ao zoate side group connected by four methylene Viaitel monomeric liquid
Dt ion Grysa 100y pheny| 4hexylory benzoaen comparison wih te
phase diagram using=0.8 (solid lines. cal_culated phase diagram u5|(_ngtO.97(so||d lineg. The experlmenta_l data

points are reproduced from Finkelmaahal. (Ref. 15. The closed circles
and triangles represent data from differential scanning calorimetry and op-
tical microscopy, respectively.

cyanobiphenyl and cyanoterphenyl derivatives. Although the

chemical composition of E7 is seemingly complex, it is a

eutectic nematic mixture having a single nematic—isotropid¢o the mesogenic group of the SCLCP. This mesogen has the
temperature at 60 °C and a single crystal-nematic transitioarystal-nematic transition at 60 °C and the nematic-isotropic
at —30 °C, and thus its mixture with EGDE-C6 may be con- transition at 87 °C.

sidered as a pseudobinary system. The solid curve is calculated using=0.97 and

The solid curve is the theoretical coexistence curve calf,/r;=16/1 as the information on the molecular weights of
culated assuming the densities of SCLCP and E7 to béhe SCLCP is not available. Theparameter is inconsequen-
equivalent and using=0.8 andr,/r;=9/1 (analogous to tial in the present calculation as the liquid—liquid phase sepa-
their molecular weight ratio The . value is usually dictated ration will not affect the azeotropic point once the critical
by the critical temperature of the liquid—liqui{tl;+L,) equi-  temperature is set to below the azeotrope. The phase diagram
librium which can be estimated from the experimental cloudof this system is relatively straight forward and consists of
point curve'®® Hence,c is the only adjustable parameter isotropic, isotropic—nematic, and a single nematic phase
used in the present calculation. The dotted lines represent tHehere the two mesogens are intimately mixéu the de-
peritectic lines. The phase diagram consists of a narrgw N scending order of temperature. The theory predicts the coex-
but a wide N region at the extreme compositions. There areistence of nematic—nematic region at a lower temperature, if
two nematic—liquid coexistence regions labelegtN, and  no other transition such as crystal-smectic, smectic—nematic
N,+L;. The theory also predicts a coexistence of two sepaer glass transition, exists in the vicinity of this region. It
rate nematidN,;+N,) phases at a lower temperature belowshould be emphasized that our calculation accords well with
the second peritectic lingFigs. 4a) and 7. their experimental phase diagrdffigs. 4c) and §.

Figure 8 shows the replot of temperature versus compo- Casagrande and co-work&tseported another type of
sition phase diagrarfassuming the densities of the SCLCP phase diagram for a SCLCP/LC system and is replotted here
and LC are equivalepfor a mixture of a side chain crystal- in Fig. 9 in comparison with the theoretical fit. The SCLCP is
line polymer and a monomeric nematogen reported byhe same polidimethyl siloxang with a methoxyphehylben-
Finkelmann and co-workerS.As pointed out earlier, the zoate in the side chain, connected to the main chain by a
crystal-nematic transition and glass transition of the systerflexible spacer of four methylene units. The mesogen
are out of the scope of this work, and thus omitted. Theis another type of phenylbenzoate derivative, i.e.,
SCLCP is polydimethyl siloxang with methoxyphenyl ben- 4-octyloxyphenyl 4-hexyloxy benzoate, which exhibits a
zoate side groups connected by a flexible spéenethyl- smectic C—nematic transition at 65 °C a nematic—isotropic
ene unit$ to the backbone chain. This SCLCP ha3 aof  transition at 92 °C. The phase diagram is more complex than
15 °C andT), of 97 °C. The mesogen is 4-propyloxy phenyl the previous system, but it is well within our predicted capa-
4'-hexyloxybenzoate which has a similar chemical structurebility, that is to say it is strikingly similar to our predicted
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FIG. 9. A temperature versus composition phase diagram of a side chaifilG. 10. A temperature versus composition phase diagram of a side chain
liquid crystalline polymei(polydimethyl siloxane with methoxyphenyl ben- liquid crystalline polymer(poly[4-methoxyphenyl 4propyloxy benzoate
zoate side group connected by four methylene mitsl monomeric liquid ~ methyl siloxang) and a monomeric liquid crystdd-cyano 4-pentyloxy
crystal(4-octyloxyphenyl 4-hexyloxybenzoatein comparison with the cal-  biphenyl (5OCB)] in comparison with the calculated phase diagram using
culated phase diagram usieg=0.985(the solid and dashed lines represent ¢=1.105(solid lineg. The experimental data points are reproduced from

binodal and spinodal, respectivilfThe experimental data points are repro- Hwanget al. (Ref. 17. The closed triangles and circles represent the data
duced from Casagrand al. (Ref. 16. from differential scanning calorimetry and optical microscopy, respectively.

be determined directly from this point by applying E§3).
phase diagram shown in Fig(d. By choosing an appropri- The ¢ value was experimentally determined to be 1.105 at
atec value=0.985 and setting,/r,;=32/1 in order to corre-  4/*=0.6. Using the observeavalue and taking ,/r,;=9/1,
spond to the critical composition of the phase diagram, it ishe calculated coexistence curve is then compared with the
shown that the calculated coexistence cuisalid line) and  experimental data in Fig. 10. Theinteraction parameter is
liquid—liquid spinodal curvédashed lingconform very well  inconsequential here, except for the position of the coexist-
with the experimental points. Although our calculated coex-ence of two separate nemath; +N,) phases which may be
istence curve is slightly different from the original lines masked in practice by other transitions such as crystal—
drawn by the authors, it captures all essential features of thgematic and glass transitions. It is striking to see a remark-
phase diagram such as the coexistence of liquid—liquidable resemblance between the experiment and the theory
liquid—nematic, nematic—nematic, and two pure nematic refFig. 4(f)] without using any adjustable parameter. The con-
gions. vex curvature of the +N coexistence region suggests that

Another interesting development is the induced smectiGematic ordering can take place even aboveTtgeof both
phase in the nematic mixtures of SCLCP and monomeric LCmesogens, indicating that the cross interaction must be very
reported recently by Hwang and co-workefsThe induced  strong. In their nematic mixtur€, the cross interaction be-
smectic phase is obviously beyond the scope of the preseffeen the two nematogens is extremely strong so much so
study, but it should be pointed out that this induced smectighat a smectic phase can be induced. This subject is left to
phase is due to the strong interaction between the two mehe scope of future studiés.
sogens. The SCLCP is a similar polydimethyl siloxane de-
r|v§t|ve w_|th a phenylbenzoate side group mterlmked_to FheCONCLUSIONS
main chain by a flexible spacer of three methylene units, i.e.,
poly(4-methoxyphenyl 4propyloxy benzoate methyl silox- We have demonstrated that the combined FH/MS theory
ane (termed PS3EM It exhibits a nematic—isotropic transi- with two nematic order parameters is capable of predicting a
tion at 61 °C and &, of 15 °C. The nematogen is 4-cyano variety of phase diagrams for binary nematic mixtures with a
4'-pentyloxy biphenyl(50CB) having a nematic—isotropic single parameter, denoted Physically, thisc parameter is a
transition at 68 °C. The phase diagram of the PS3EM/50CBneasure of the relative strength of interaction between the
is reproduced in Fig. 10 which consists of isotropic phasetwo mesogens as compared to that in the same species. The
the coexistence of isotropic—nematie-N), a single nematic shape of phase diagrams is extremely sensitive tatpa-
phase(i.e., two nematogens are intimately miyeahd the rameter relative to the other effects such as molecular weight
coexistence of two separate nematic phases. An azeotrofe,/r,) andT, (or x) parameter. The Flory—Hugginginter-
was found in this phase diagram; therefarggarameter can action parameter may play an important role especially when
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