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Phase diagram s of a binary smectic- A mixture

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

(Receivel 28 Octobe 1996 acceptd 28 July 1997

A variety of smectc pha® diagrans involving smectic-isotrogi and smectic-nematic-isotropic
transitiors hawe been calculatel basel on a combinatian of Flory—Huggirs (FH) theosy for isotropic
mixing and Maier—Saug—McMillan (MSM) theory for smecticA orderirg of liquid crystak (LC).
To descrite the mesophas transitions two nematc orde parametes and two smectc order
parametes hawe been coupled throuch the normalizel orientation distribution and partition
functions Flory—Huggirs interaction paramete () for isotropic mixing and the coupling term
involving the nematc interaction paramete(v) and the McMillan smectic interaction parametey
for pha transitiors of liquid crystak hawe been incorporatd in the calculation The predictive
capabiliyy of the presem combinel FH/MSM modé for determinirg the coexistene regiors of a
binaly smecticA mixture has been demonstrate by critically testirg with areportel smectc phase
diagram © 1997 American Institute of Physics [S0021-960807)51441-3

I. INTRODUCTION

Understandig thermodynand pha® equilibria in mix-
tures of polymers ard liquid crystak (LC) has becone in-
creasingy importart for successfuapplicatiors of flat panel
displays particularly in the area of polyme dispersd liquid
crystd (PDLC) ard polyme stabilized liquid crystal
(PSLO.13In this connectionther is agrowing interes on
experimenth determinatios as well as theoretich predic-
tions of pha® diagrans of various nematc LC systens such
as polymer/nematics;® side-chan liquid crystalline polymer
(SCLCP/nematic€ and concomitan kinetics of pha® sepa-
ration in thosee PDLC systems. Recently we have developed
atheory’ basel on acombinatia of the Flory—Huggins (FH)
theoy for isotropc mixing® ard the Maier—Saup—
McMillan (MSM) theory®~** for smecticA orderirg of lig-
uid crystab (LC) to predid¢ pha® diagrans of the mixtures
of polyme and smectc liquid crystab undergoiy phase
transitiors from smecticA (S,,s) directly to an isotropic
pha® or by passig through a nematc phase During that
time, it was recognizd tha the FH/MSM theoly can be ex-
tendel to elucidatirg the inducel smectc phag diagranin a
nematc mixture as well as to predictirg the pha® diagrams
of binary smectt LC mixtures.

In this paper a varietly of smectc pha diagrans in-
volving smectic-A—isotropt (Syal) aswell as smectic-A—
nematic—isotropi (S,,aN 1) transitiors hawe been calculated
by coupling the nematt interaction parametes and the
smectt interaction parametersFurther two nematc order
parametes and two smectt orde parametes corresponding
to the constitueth smecte liquid crystak are also couplal via
the normalizel orientation distribution function and partition
function The predictive capabiliy of the presemh combined
FH/MSM modd for determinirg the coexistene regiors of
the binaty smecticA mixture has been testal rigorousy with

the reportel smectt pha diagram®>1®

3 Author to whom correspondereshout! be addressed.
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IIl. THEORETICAL SCHEME

The dimensionles totd free enery densiy of mixing,
g, for a binary smectc mixture may be representsg by a
simple addition of the free enery of mixing of isotropic
liquids, g', and the free energ of anisotropt orderirg of the
smectt liquid crystals g3, i.e, g=g'+g° In general the
free energy densiy of isotropcc mixing of a binary polymer
blend may be beg describe in terns of the Flory—Huggins
theory, viz.,

G
glzn_kT: %1 In ¢+ %2 In ¢o+ xh16b2, @

where k is Boltzmam constah ard T is absolué tempera-
ture r4 isthe numbe of sites occupiel by one liquid crystal
molecuk (unity for a low mola mas liquid crysta),

wherea r, represert the numbe of statistich segmers or

sites occupial by a single polyme chain. ¢, and ¢, repre-
sen the volume fractiors of componeh 1 and 2, respec-
tively, which may be given by ¢;=n;r;/n and ¢,

=n,r,/n, where n; ard n, are the numbes of liquid crystal
and polyme moleculesrespectivelyard n=nyr;+n,r,.% x

is known as the Flory—Huggirs interaction paramete which

is generaly assumd to be afunction of reciproc absolute
temperaturg viz., y=A+B/T, where A and B are
constants.

On the othe hand the free energy densiy of the aniso-
tropic orderirg of smectc liquid crystd mixtures may be
expressed in terms of the Maier—Saug—McMillan
theory* (plea® see Appendk for the detaile derivation
in what follows:

S

S__ _ _E _E _ E 2+ 2 2
g “hkT 191— 226> 2 v11(S1+ a107) ¢7

1
3 sz(s§+ aga'g) d)%
— V1 S1S2+ @120103) p16ho, 2
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wher X ; and X, represert the decreas of entropy due to
the alignmen of the individud LC molecuk of componehl
and the mesogerd groyp of componeh 2, respectively.vq,
and v,, are the nematc interaction parametes of the pure
componentswhereasv,, represert the cross-nemati inter-
action betwee the dissimila mesogensa; and a, are the
dimensionles smectc interaction parametes introducel by
McMillan*? for the constituen smecte LCs, as follows:

aj=2exd —(mro;/d))?], ©)

wheee r; represerg the molecula lengh of componen j

(j=1 or 2) (i.e, it is of the orde of the lengh of the rigid
portion of the LC moleculg ard d; represerg the interlayer
distan@ of the componen j in the smectc phase.q; is a
paramete tha characterize the interaction strengh of the
smecticA phag which determing whethe pha® transition
occus from a smectc directly to an isotropic phag when
a>0.98 or the transition otherwig occuss via a nematic
phase The a; value may vary from O to 2. The cross-
interaction strengh betwea two-dissimila smectics, a5,

may be expresse by equatirg it to its geometrt mean i.e.,

A= 1), (4)

The nematc orde parameterss; and s,, and smectc order
parametersy; ando,, are further definal ast'?

sj=3(3cos §,—1), ®)
oj=13 (cos(2mz/d;)(3 cos 6,—1)), (6)

in which the subscrip j = 1,2 and ¢; is the angke betwea the
directa of a liquid crystd molecuk belongirg to the com-
ponert j and the referene axis z. The angk bracket ( ),
denote the ensemkd avera@ which is defined as

(cos(2mz/d;)cos 0,->=f f cos(2mz/d;)cos’ 6,

-f(z,cos 6;)dzd);, (7)

whete (); denote the solid angle f(z,cos#) represersthe
normalizel orientatian distribution function and is consid-
ered to be symmetre arourd the referene axis which may
be definal by coupling the nematt and smectc orderirg as
follows:

1 1
f(z,cos6;)= To7 & 5Mn, (3 cos 6,—1)
J

1
xex;{— ms; cos(2mz/d;)(3 cos ej—l)},

2
8
whete Z; is the partition function given as
ZJ-=J J exfd s M, j(3cos 6;—1)]
Xexd 3 mg; cos(2mz/d;)(3cos ¢,—1)]dzdQ;,
€)
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in which m,, ; and mg ; are dimensionles nematc and smec-
tic mean-fietl parametersrespectively which characterize
the strengtls of the respectie potentid fields'® m,
=vj;Sj¢; and mg;=vj;a;o;¢;. The orde parameterss;
andaj, can then be related to Z; through

1
Si:f f f(z,cosej)-§(3COS°' 6;—1)dzd;

1 dz 10
Zj dmnlj,
1
a,:f f f(Z,COSHj)-EC(HZWZ/dj)
3002 6~ 1)dzd0 == 2 11
and the entropy 2, can be deduce as
EJ-:—f f f(z,cos 6;)-In[47f(z,cos 6;)]dzdQ;
=In Zj_mn'ij_mS‘j(Tj . (12)

It shoutl be pointed out that the integration over z in Egs.
(7), (9)=(12) mug be carried out in the limit of [0,d;] and
then normalizel by the distance d; . When pha transition
occuisin asequene of the smectic-nematic-isotropphases,
the ordea parametes (s#0,0#0) in the smectic phase
changs to s#0, 0=0 in the nematic phase, then $0,
o=0in the isotropic phase To descrite the abowe transition
phenomenonit is necessarto know the temperatue depen-
dene of both nematc and smectc interaction parameters.
The temperatue dependene of the nematc interaction pa-
rameters,v,; and v,,, of the individud mesogerd compo-
nert may be given on the bass of the nematc isotropic (NI)
transitian temperaturs as before*®

T T
,,11=4_541$, V22=4.541%'2, (13)

where Ty, ; is the nematic-isotrop transitian temperatures
of the componenj. By choosirg an appropriater; value the
smectic-nemati (S,AN) transition temperaturgecan be com-
puted easily through the relationshp for the «; values and
phag transitim temperaturge involving NI, S, N or
smectic-isotropic (Spal) transitions established by
McMillan.'? The S,,4N transition is a first orde for 0.7<a
<0.98 but the transiticm becoms a secom orde when
a<0.7. When the smectc directly transforns to an isotropic
phasegi.e., @;>0.98, v1; and v,, may be expresse by cou-
pling with the smectc interactiom parametes («;) as fol-
lows:

TSI,l

.
27, vy0= 45412

V11a1=4.541 T

(14)

wheee Tg, ; represergtemperatureof the Syl transitiors of

the componeh j. The cross-nemati interaction parameter,
v1,, May be to accommodat ary departue from its geo-
metric mean definal as follow:® i.e.,

J. Chem. Phys., Vol. 107, No. 17, 1 November 1997
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V12=C\V11V2, (15

where c is the proportionaliy constan characterizig the
relative strengh of the cross-interactin betwee the two dis-
similar mesogesn as compare to tha in the sanme nematics.

Next, it is importart to teg the validity of Eq. (2) by
reducirg the free energ densiy to the limit of a single com-
ponernt smectc LC by letting ¢,=1 and ¢,=0. Then the
free enery densiy becomes

.. G 1 2 2
g :nkT:_El_E v1(S1+ a107),

(16)

which is exactly the sarre as the origind McMillan equation
for describirg isotropic nematc and smecticA phase
transitions'* The predictian for the SN or Sl transi-
tions in the single componeh smectis by the McMillan
theory? has been borre out experimentally! In the absence
of the smecte ordering Eq. (2) will be deduce to the con-
ventiona free enery equatio for the nemate mixtures>®
The recovey of the origind McMillan free enery expres-
sion in the single componeh smecte limit along with the
fact tha the free energy equatian of the nematt mixtures is
recoveral® in the absene of smectc orderirg assurs the
validity of Eq. (2) for a binary smect¢ mixture.

The orientationa orde” parameterss; and o;, may be
evaluaté by minimizing the free energy of anisotropc or-
dering with respet to the nematc and smectc orde param-
etersi.e.,

ag® ag®
(?_Sj =0 and (7—0_1 =0 (17)
which yields the equationsviz.;

ag®

s, =My 1= V118101 — V15526, =0, (18
ag®

75y My 2~ V23S ho— 115811 =0, (19
ag®

dor M1~ V111011~ V10012026 =0, (20
ag®

G0, Mg o= Voo 0o pr— V100120101 =0. (21)

From Eqgs (18)—(21), it is obviows that the orientation& or-
der parametes (s; and o;) are composition-dependent.
Moreover the coupling terms comprisel of the smectc in-
teraction parametes (a4, a5, and aq,) ard the nematc in-
teraction parametes (vq;, vy, and vy, themselve are
temperature-dependere.g, Eq. (14)]. For a given c value,
the s; and o can be evaluaté numericaly as functiors of
temperatue (T) and composition (¢,) using Eqs (18)—(21).
Once the orde parametes hawe bea determined the free
enery densiy of anisotropt orderirg can be calculatel ac-
cordingly. The equilibrium coexistene points of the phase
diagran may then be computel by equatig the chemical
potentiab of each componehin two equilibrium phass («
and B), viz.,

6861
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FIG. 1. Nematt and smectt orde parametes as functiors of temperature
and compositia for a mixture of two smectc liquid crystak having smectic-

nematic-isotrop transitiors at Ty ;=60, Tgy=25 Ty =40, and

Tsn,2=5 °Cfor (a) c=0.85 and (b) c=1.20 The solid lines and dashel lines

correspod to ¢,=0.9 and ¢, = 0.5Q respectively.

pi=pf and pg=pub. (22)

Alternatively, the binodd points at a given temperature
may be determind by a doubk tanget methal where the
equilibrium volume fractiors of the individud pha (¢ and
¢P) fall on the same tangen line of the free enery curve.
The first derivatives of the totd free energy with respet to
volume fraction are equivalen at thes two compositiors and
also equd to the slope connectirg thes two points i.e.,

g*-g” [ag\“
=l )
9°-g® [4g\*
e 29

Thefirst derivative of totd free energ of the systen with the
volume fraction of the componeh1 can be deducd to give

9 gm0 ot =t x(1-24)
d1 11 s r{ ro
+In é (25
Z;

A similar calculation can be performel for the componeh?2.
For the detaile calculations the intereste reades are re-
ferred to our previows paper®

Ill. RESULTS AND DISCUSSION

Figure 1 illustrates the relationshig betwea the two
nematc orde parametes and two smectc orde parameters
of a binaly smecte mixture having two differernt smectic-
nematc transitiors as well as two different nematic-isotropic
transitions In the ca® (a) where c< 1, the cross interaction
of the dissimila mesogen is we& relative to tha in the
sane mesogenslt can be notical tha the smectic-nematic
transitian as well as the nematic-isotrop transitian tempera-
tures are lower for the mixture (e.g., »=0.5) relative to that
for the pure LC stat (e.g., $=0.99 suggesting that both
nematt and smectc phass in the mixtures are less stable
than tha in the constituentstha is to say, the mesophases
are favored to form in the pure constituers as compare to
tha in the LC mixtures On the contray wher c>1, i.e.,

J. Chem. Phys., Vol. 107, No. 17, 1 November 1997
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FIG. 2. Temperatue dependene of free enery densiy of anisotropt or-
dering as afunction of volume fraction for a mixture of two smectc liquid
crystab having smectic-nematic-isotropi transitiors at Ty, ;=60, Tgy 1
=25, Ty 2=40, ard Tgy =5 °C for (a) 0.85 ard (b) c=1.20.

ca® (b), both the smectic-nemati as well as the nematic-
isotropic transition temperature are highea for the middle
compositiors relative to the constituentsHence the nematic
and smectc phass in the mixtures are more stabk than that
in the pure states which is just opposit to the ca® (a).

Figures 2(a) and 2(b) exhibit the free enery densiy of
the anisotropt orderirg of the smectc mixtures as afunction
of temperatue and volume fraction for the two correspond-
ing cases When c<1, the free enery curves are convex
downward indicating tha the free energ isthe lowed in the
constituents This implies tha both nematic and smectics
are more stabk in the pure states than in their mixtures On
the othe hand the free enery curves of the ca® (b) show
the concae upwad trend suggestig tha the nematis as
well as the smectis in the intermediaé compositiors are
more stabk relative to those in the pure LC phasesThese
stabk nematic and smectis are induced by the strorg cross-
interactiors of the dissimila mesogensthus they may be
regarde as induced nematis and induced smectics respec-
tively.

Once the totd free energy of the binaly smectc mixture
has been determined the coexistene curves of smectic
pha diagrans can be obtainal by a doubk tangem method
accordig to Eqs (23)—(25). Figures 3(a)—3(c) depid the
influene of the ¢ paramete from (a) wee to (c) strong

70
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cross-interactiom by setting Ty, ;=60 °C, Ty, ,=40°C,
Tsn1=25°C, ard Tgy =5 °C (correspondig to a;=0.755
and a,=0.742. When the cross-mesogeaiinteraction is
weake than tho= in the constituentsnematic are favored
to form amory the sane mesoges as manifeste by the
large ned stae (N, or N,) at high compositiors of either
constituent A similar trerd has been observe for the large
pure smectt regiors (Sya1 OF Spa2)- In the descendig or-
der of temperaturgpha® transitian occuss from the isotropic
to the nematt pha® via an extremey narrav coexistence
region of the L;+N; pha® at high concentratios of either
LC componeh(j =1 or 2). Upon further cooling pha® tran-
sition takes place from the pure nematc to the pure smectic
by passig through the N;+Sy,; coexistene region At
sone intermedia¢ compositions a liquid+liquid (L;+L5)
coexistene regian is evident but it change to various co-
existene phase in the following orde with decreasig tem-
perature N;+L,, N;+Nj, Spait Ny, and Syt Shaz-

As for the ided ca® of c=1, the | + N coexistene re-
gion ard the N+ S5 coexistene region are extremey nar-
row as thouch the coexistene curves are almog overlapped,
suggestig that the nematc and smectc interactiors do fol-
low a simple geometrt mean It shoutl be pointed out that
the determinatio of these coexistene lines is technically
feasibk only if the nematt and smectc transition tempera-
tures are sufficiently far apart Figure 3(b) exhibits phase
transitiors from the isotropc (1), the | + N coexistene re-
gion, the single nematc pha (N), the N+ S5 coexistence
region ard the single smectc pha (S,,,) in the descending
orde of temperature.

When the cross-interactio gets stronge (c=1.2), the
coexistene (I +N and N+ S,») curves shav conve curva-
ture althoudn the sequene of isotropig coexistene of |
+N, the pure N, the N+ S, and the pure smecticA phases
in the descendig orde of temperatue remairs the sane as
tha in the cae for c=1 [Fig. 3(b)]. The convexiy of the
coexistene curves strorg suggest tha the pure smectic-A
can be induced in sone middle compositios for the small
values of a4 and @,<<0.98 At high compositios of either
constituent the inducal nematc pha® tends to be more

100

c=1 c=1.20
60 | !
80 |
50 | 1+ N
5 40 __eo} I+N " I+N
€ a0t N o
- -
- 20F N+S,, 40
N; + Sy s
1 S Ly 8 N+ S, N+ S,
A1 20 |
0} o Sma S,
Srfg"/  Srai f Sz, 10 . : 0 : -
00 02 04 06 08 10 00 02 06 08 1.0 00 02 04 06 08 10
(a) , b) b, (©) b

FIG. 3. The effed of “ ¢ parameteon pha® diagrans of two smectt mixtures undergoig smectic-nematic-isotropitransitiors at Ty, ;= 60, Tgy =25,
Tni2=40, anrd Tgy ;=5 °C alorg with the correspondingy; and a, values of @;=0.7% and a,=0.742 The othe parametes are se to r,/r;=2.25/1,x
=—1+969/T for ca®e (a), and y=—1+ 605/ for (b) and(c). Thec value signifies the relative strength of cross-interaction changing fepmveak to(c)

strong.
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FIG. 4. The effed of “ ¢’ parameteon pha® diagrans of two smectt mixtures undergoiy smectic-isotrop transitiors at Tg; ;=60 ard Tg ,=55 °C along
with @;=1.0317,0,=1.0323 r,/r,=2.25/1 andy= —1+784IT. Thec value signifies the relative strength of cross-interaction changing fapnveak to

(c) strong.

stabk as compare to the constitueh nematis [Fig. 3(c)].
On the sarre token the inducel smectc pha® is more stable
than the pure smectics.

In the cae of two smectc mixtures undergoiry the
smectic-isotrof phag transitions the phag diagrans are
reminiscen of thos of two nematc mixtures therely appre-
ciably simple [Figs 4(a)—4(c)]. When the cross-interaction
is relatively weak e.g, c=0.85 the L;+L, coexistene re-
gion appeas in the intermedia¢ compositios while the pure
Smai Phag can be discernd in the high compositiors of
eithe constituentThe L, + Spa» ard Spa 1+ L, regiors can
be predictel betwee the isotropc and pure smectc phases.
Below the lower peritectt line, there is the coexistene of
two separag smectt phase (Syai1+Sma2). In the cas of
c=1.0, the binaly smectc mixture simply follows the geo-
metric mean exhibiting the isotropig isotropict+smectc and
pure smectc regiors [Fig. 4(b)]. When c=1.1, the cross-
mesogerd interactiors gets stronge which in turn induces a
smecticA pha® in their mixtures [Fig. 4(c)]. The convexity
of the | +S,,, coexistene curves suggest that the induced
smectt LCs are more stabk in the mixtures than in the con-
stituert pure smectics Moreover the azeotropt point can be
discernd clearl in the coexistene curves.

In Fig. 5(a), one can immediatey notice the intermediate
ca® of two smectt mixtures whete the first componethun-

c=0.85 c=1.10

[
e 1+N,
| 1+ S
¢ ' y . ‘ ¢ Nz + S

Sa

08 1.0 0.2 04 0.6 0.8 1.0

@ 13 ) 4

FIG. 5. The effed of “ ¢’ paramete on pha® diagrans of two smectic
mixtures undergoilg smectic-isotrop and smectic-nematic-isotropitransi-
tions at Tg; 1=55, Ty 2=55, and Tgy =52 °C alorg with «;=1.032 and
a,=0.956 Thevalues of r,/r, andy are the same as in Fig. 4. Thevalue
signifies the relative strengh of cross-interactio changirg from (a) week to
(b) strong.

dergos the smectic-isotrogi transitin (Tg, ;=55 °C and
a,=1.0323, wherea the secomnl componeh undergos the
smectic-nematic-isotropi transitiors (Ty,=55°C, Tgn.2
=52 °C, anda,=0.956. In the regian where the component
1isrich, acoexistene region of S, a1+ L, appeas between
the isotropc and the pure smecticA region In the other
region where the componen 2 is rich, the coexistene re-
gions of L;+ N, the pure nematc (N;), N+ Sya, and the
pure Sy 4, are observe in the descendig orde of tempera-
ture In the middle compositionsliquid—liquid pha® sepa-
ration (L;+L,) ard two-separa smectt (Spaot+ Sma1)
phass hawe bee predictal by the presem theory.

When c=1.1, the coexistene regian of |+ S5 along
with the azeotropt point can be discerné in the composi-
tions rich in the componeh 1, which is accompanié by the
inducadl smecticA resultig from the strorg cross-
interaction of the dissimila mesogea [Fig. 5(b)]. In the
compositiors where componeh?2 is rich, the theoly predicts
the coexistene of the | + N>, the pure N,, the N,+ S, and
the pure S5 in the descendig orde of temperature.

To evaluae the predictie capabiliy of the present
theory, it is imperati\e to teg with the experimenthphase
diagrans of two-smectt mixtures althoudh they are ex-
tremey rare to come by in open literature Figure 6 shows

40
0.0

0.4 06

b,

0.2 0.8
FIG. 6. Temperatue vs compositim pha® diagran (filled circles
for a mixture of two low mola mas liquid crystak (4-nitro-
pentyl-4octyloxybenzoate and  4-n-hexyloxyphenyl-4-n-decyloxy-
benzoatg from Ref. 15 in comparisa with the calculatel coexistence
curves for nemate and induced smectc coexistene pha® boundaris (solid
lines).
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a temperatug vs compositin pha® diagran for a mixture
of two low mola mas liquid crystak (4-nitropentyl-4
octyloxybenzoa and 4-n-hexyloxyphenyl-4-n-decyloxy-
benzoatE®1®in comparisa with the calculatel coexistence
curves for the nematc and induced smectc coexistence
pha® boundaries The closal circles are the experimental
dat points®*® ard the solid lines representhe calculated
coexistene curves usirg Tgy ;=61 °C ard Ty, ;=68 °C and
Tsn2=83°C ard Ty ;=89 °C of the constituens from the
experiment® The «; and «, values were computel to be
a1=0.943 and @,= 0.953 respectively The compositio of
the azeotrop was estimate to be ¢/**=0.42 from the ex-
perimenta phae diagran tha in turn gives ¢=1.185 and
thus the ¢ parameteis no longe an adjustabt parametein
the presen case Since there existad no liquid-liquid coex-
istene region the Flory—Huggirs interaction parametewas
taken as y=—1+969/T which should be inconsequential
for the inducal nematt or smectc pha diagrams.

It is striking to notice that the pure smecticA can be
inducal in sone middle compositiors for the smal values of
a, anda,<0.98 Hence this pha transitin of the induced
smecticA directly to isotroptc pha® is contray to the Mc-
Millan criterion which states that @ must be greater than 0.98
in orde to see the smectic-isotropi transitian in the constitu-
ert smectc LC. We beliew tha this induced smectc phase
is due to significantly strorg cross-mesogeaiinteractio in
the mixtures as compare to tha in the same species sug-
gestirg the neal for taking into consideratia the important
role of the “ ¢’’ cross-interactio parameteof the mesogens.
As can be sea in Fig. 6, our theoreticé calculation shows
gualitative agreemenwith the experimenthpha® diagrams
or at leag capture the experimenthtrends attesting to the
rigor of its predictive capability.

IV. CONCLUSIONS

We hawe demonstrate tha a variety of smectc phase
diagrans involving two nematc ordea parametes and two
smectc orde parametes hawe been predictel basel on the
combinatia of the Flory—Huggirs (FH) theoly for isotropic
mixing ard the Maier—Saug—McMillan (MSM) theowy for
smectc orderirg of liquid crystak (LC). The calculated
phag diagrans of binaly smectc mixture involving the
smectic-nematic-isotropitransitiors hawe reveale the L,
+Ly, Ny+Ly, Ni+Ny, Syart+ Ny, amd Syait+ Spaz CO-
existene regiors in the descendig orde of temperatureln
the compositiors rich in eithe componentthe N;+L, and
N,+L4 coexistene regiors exid betwea the isotropic and
pure nematc (N;) phase Similarly, the coexistene of the
N;+Syaj phase has been predictel to exist betwea the
pure N; and the pure Sy,; regions In the cas of two-
smectt mixtures undergoirg the smectic-isotrop transition,
the pha® diagrans are similar to thos of the two-nematic
mixtures and showv strorg dependene on the cross-
mesogera parameterc. Our combinel FH/MSM modé for
determiniry the coexistene regiors of the binary smectic
mixture has shown to captue the experimenthsmectc phase
diagramsconfirming the reasonaly goad predictive capabil-

H.-W. Chiu and T. Kyu: Phase diagrams of a binary smectic-A mixture

ity of our theory We also demonstrate tha in the single
componeh smectc limit, the origind McMillan’s equation
can be recoveredDuring the review processit cane to our
attention tha a new theory’’ basel on Landai modd for
pha® transitiors of the pure smectis could be equally use-
ful, if not more for elucidatirg pha® diagrans of a binary
smectt mixture. There is no doult that it shoutl be of inter-
eg to compae the predictive capabiliy of tha theoly with
our theoretica predictiors of a binaly smectt mixture, but
we did nat purste this aspet as it is obviously beyord the
scope of the presein work.
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APPENDIX: EXTENSION OF MCMILLAN’S THEORY
TO A BINARY SMECTIC MIXTURE

In the origind McMillan’s derivation!? the self-
consisteh one particle potential u, for a single component
liquid crystd undergoirg nematic-smeati pha transitions,
consiss of the nemate field potentia) u", and the smectic
field potentia) u®, which is expressd as

u(z,cosd) u"(z,coso) N us(z,cos 0)

kT kT KT
3 1
=— VS(E cos 69— 5) —vao cog2mz/d)
> g9 1) Al
X 5 C0s 0= 3], (A1)

whete s and ¢ are the nematic and smectic order parameters,

respectively given as
s= 3(3cog #—1), (A2)
o= 3{cos(2mz/d)(3 cog #—1)). (A3)

The normalizeal orientation distribution function f(z,cosé) is
definal as

1
f(z,cos0)= 17 exd —u(z,cos 0)/kT], (A4)
where Z is the partition function given by
Z=J J exf —u(z,cos §)/kT]dzd. (A5)

The orde parameters s and o, are coupled through
f(z,cos6),

S=J J f(z,cos6)- 3 (3cos §—1)dzdQ, (AB)
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=f f f(z,cos6)- 3 cos(2mz/d)

X (3cog —1)dzdQ. (A7)

The internd enery of the system is the thermodynant av-
erage of the two-partick interaction viz.,

_n _n n n S
U=Z(u)=5uh+5 U

[

nkT
-f(z,cos 6)dzdQ + -

3 1
XJ f —vao COS(Zﬂ'Z/d)(—COS? 0— —)

2 2
-f(z,cos 6)dzd)

1
=— — nkT(vs’+ vao?).

5 (A8)

The entropy S, of n molecules in the one-partick potential
[Eg. (A1)] can be describd as

S=nk3, (A9)
where
—f f f(z,cos0)-In[47f(z,cos6)]dzd])
=In Z— (v$*+ vao?) (A10)

ard the free enery densiy of the systen due to the aniso-
tropic orderirg of the LC is

_ G TS Lo
9= kT~ nkT > g (vSTtvad).

(A11)

In orde to exterd the McMillan’ s theory!? of the pure smec-
tics to a binary smecte mixture, the volume fraction of each
constitueh mug be incorporate into the field potentiad [Eq.
(A1)] such that

ujj(z,cos 6;) _ ufi(z,cos 6;) N usi(z,cos 6))
kT kT KT

3 1
_ijSj ECOS2 01_5 ¢J
— Vjj@jOj COS(Z’]TZ/dI)

(A12)

3 1
X ECOS2 61_5 ¢j'

where j=1,2 and uj; represergthe field potentid due to the
interaction within the sane mesogensAs definal in a previ-
ous section the volume fraction of componenhj is given as
¢j=njr;/n, where n=n;ry+n,r,. The internd energy

6865

density U?j/nkT, for componenj arising from the nematic
field potentia of the interaction betweea the sarme mesogens
is then given by

U_J”i_”JfJ uj ﬁ ujj
nkT kT kT
3 1
_% ff v“s,<§c0320 2)

1
X ¢;-f;(z,cos 0;)dzd);= >V qul, (A13)

wherea the internd energy densiy for componeh|j due to
the smectc field potentia is

U_J?'j_ njri JJ d’l
nkT kT kT

¢.
:7] j j — Vjj ajOj C(E(Z’ITZ/dJ)

3 1
X E cos 0]_5) ¢]
-f;(z,cos 6;)dzd(};

1 2,2
The internd energy densiy due to the cross-nemati interac-
tion may be definal in terms of relative strengh of the nem-
atic energy densities of the dissimila mesoges with that of
the pure mesogensc, to accommoda ary deviation from
their geometrc mean Assumirg U],=U?},, it may be ex-
pressd as

n n n n

2 _Fa_ 1 F2
nkT nkT nkT nkT
1
) C\V11V2581S:P1 P2

1
-3 V1551S21 6, (A15)

wherev,,=C\/v11v,. Likewise the internd energy density
due to the cross-smecti interaction is given by

S S S
Ui, Uan__  [Un Uz
nkT nkT nankT

1
- EC V11V a1 0010201 ¢

~ V12012010 2¢1 62, (A16)
wherea1,= \aja,. Finally, the totd internd energ density
of the systen due to the mesogertd interactiors can be de-
scribel as follows:
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u

KT nKkT (U1 + UL+ Ugp+ Ut U+ U+ U+ U3

1 1
== 5 vu(si+ a109) $i— SvaaS3+ az0%) 5

—v1S1So+ @120102) h1¢h5- (A17)

Further the decreas of entrofy associatd with the aniso-
tropic orderirg of componenj is given by

Combinirg Egs (A17) and (A18), the anisotropt pait of the
totd free energy densiy of the systen can be deduce to Eq.
(2) in what follows:

G U-T(S+S)
9% kT~ nkT

1 2 2\ 2
=—21¢01— 20— §V11(51+ a101) 1

_E 2. 2y 42
2V22(32 @y0%) p3— v1S1S;

+ @10107) P15 (A19)

In the limit of a single componen smectc LC, i.e., letting
$1=1 and ¢,=0, the free enery densiy of the original
McMillan equatiort? for the pure smecticA can be recov-
ered viz.,

H.-W. Chiu and T. Kyu: Phase diagrams of a binary smectic-A mixture

G 2 2
_21__ Vll(sl+a10'l). (AZO)

9= kT 2

Thus the derivation of Eq. (A19) can be justified in extend-
ing the Maier—Saug—McMillan theoy of the pure
smecticA to the smecticA mixtures.
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