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The Pople-Karasz theory of order-disorder transition is extended from single- to multi-compo-
nent mixtures of symmetric, rod-like molecules. A set of equations which determine the orienta-
tional and the positional order parameters of all componentsare derived. Thermodynamic quan-
tities such as the pressure and the entropy of the mixtures are obtained as functions of the volume,
the temperature and the mole fractions of the components.

This theory is applied to investigations of binary mixtures of nematogens. It is shown that the
phase diagrams are strongly affected by the interaction energy between molecules of different
kinds.

1 INTRODUCTION

In most cases the nematic liquid crystals which are applied to display devices
are mixtures of more than two nematogens. Therefore, it is interesting and
important not only from the viewpoint of fundamental studies on molecular
interaction but also from the viewpoint of application to investigate the mole
fraction dependence of the properties of multi-component mixtures.
Recently, orientational properties of dichroic dye molecules in nematic lig-
uid crystals have been actively investigated in connection with application to

T Presented at the Eighth International Liquid Crystal Conference, Kyoto, July 1980.
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guest-host type display devices. These types of mixtures, i.e., mixtures of nem-
atogens and non-nematogens, also exhibit nematic phase.

Theoretical understanding of the multi-component orientational system
seems to be not enough to date. Humphries, James and Luckhurst have ex-
tended the Maier-Saupe theory of the nematic mesophase to multi-component
systems.' They have investigated the nematic-isotropic transition temperature
of binary mixtures of nematogens and mixtures of a nematogen and a non-
nematogen. Another approach is based on the lattice model.? Peterson, Mar-
tire and Cotter have studied a binary mixture of hard rods of different length.’
This corresponds to a binary mixture of nematogens. Agren and Martire have
investigated a binary mixture of hard rods and hard cubes.* This corresponds
to a binary mixture of a nematogen and a non-nematogen.

These two approaches take only the orientational order into account.
Therefore, we can not discuss the solid-nematic transition properties by these
approaches.

The simplest approach that contains both of orientational and positional
order is the Pople-Karasz theory.’ In the present paper, we will extend this
theory from single- to multi-component mixtures of symmetric rod-like mole-
cules in Section 2. The formulated equations will be applied to the investiga-
tion of binary mixtures of nematogens in Section 3. In Section 4, the limita-
tions of this theory are discussed.

2 EXTENSION OF POPLE-KARASZ THEORY TO
MULTI-COMPONENT MIXTURES

In this section, the Pople-Karasz theory of positional and orientational order-
disorder transition is extended from single- to multi-component mixtures of
symmetric, rod-like molecules.

Let us consider K-component molecular system. If the total number of
molecules is n, the number of the J-th component is #,and the mole fraction of
the I-th component is ¢;, we obtain

n=nc/(I=12,...,K) (D
where
K
ZC} =1. (2)
I=i

Following the method of Pople and Karasz, we can split the Helmholtz free
energy A into two parts as

A=4"+4". 3)

The first part A’ gives the contribution of the completely ordered system,
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whereas the second part 4” gives the contribution due to the disordering of the
positions and orientations of the molecules.

2.1 Calculation of A’

Lennard-Jones and Devonshire® derived the thermodynamic functions of a
liquid (or dense gas) in terms of intermolecular forces using the cell model (or
free volume theory). Wentorf et al.” developed this theory, calculated several
thermodynamic quantities such as pv/nkT and compared theoretical results
with experimental results on argon, nitrogen and hydrogen. Their calculation
of A" was employed by Pople and Karasz.

Now, we must extend this theory (Lennard-Jones and Devonshire, Bentorf
et al.) to multi-component systems. The extension is rather tedious but
straightforward, so we describe the outline only briefly.

The interaction energy between an I-molecule and a J-molecule can be rep-
resented by the Lennard-Jones type potential:

6 12
¢u(r) = —46011[(_"'0’]) - (_rOIJ) } (4)
r r

Here r is the separation of molecules, €, is the maximum energy of interac-
tion, and ro;; is the value of r for which ¢;; = 0.

If the number of nearest neighbors is z; and the distance between nearest
neighborsis a, the averaged potential of an I-molecle within a cell can be writ-
ten as

Vou

Yr(r) — yu(0) = E 21016011[ TL(y)—2 _M( )] &)

where r is the distance from the equilibrium position and y = r*/a’. InEq. (5).
we considered f.c.c. lattice and the total volume of the system, v, is equal to
na’/~/2, and vo;; = nrirs. In the nearest neighbor approximation (Lennard-
Jones and Devonshire),

{L(y) =1(»),

(6)
M(y)=m(y),
and up to the third neighbor approximation (Bentorf et al.),
1 2 |y
Lor=100+ )+ 2.40)
W=t + 53] T 729"\
(7

1o, 2 (z)
M(») = m(y)+16m(2)+27m3’
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where

{ )=+ 12y + 252> + 12y + (1 — y) ' —
(3)

m(y)=1+y(1—y)*-

In the following calculation, we use Eq. (7).
The partition function of an I-molecule is given by

fi(T)= QamkT)*n> ,[ “4mr? exp{—[vi(r) — $:(0)]1/kT }dr

N K 4
= QumkTYh2na’ f exp{ Yy == crhsy [(M) L(y)

) =1 KT

-2 (V"”) M( y)]}dr ©)
v

where m;, is the mass of an I-molecule, k is Boltzmann constant, 4 is Plank
constant, A;; = z €5 and

V2

/3
—) = (.55267.
8
The total energy when all molecules are at equilibrium positions is given by

Eo = 2 E cicsyrs(0) (10)
207

2 "
v (0) = —Au{p( vo,,) — q_( Vou) } (11
v 2\ v

In Eq. (11), p = ¢ = 2 when only nearest neighbor interactions are consi-
dered, and p = 2.4090, ¢ = 2.0219 when other interactions are taken into
account.

The partition function of the total system is

where

E,
F(T)= H (AT exp (— E) (12)
Then, the Helmholtz free energy is given by
AI
—_—=—- ln F
nkT n (7}

1
=— }; crin f(TY + T %:CIC.NII”(O) (13)
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where

3 2wmkT
mﬁujzim(JZZ—)+m(mr

- V)+mg, (14)

n

and

¢ K
o= ywexp{—z_j“k—’;”[(v‘;”)L()—z( Jun[Jo. a9

Equation (13) reduces to the Lennard-Jones and Devonshire’s (or Bentorf
et al.) equation for single-component system. It must be noted here that Eq.
(13) [or Eq. (12)] does not contain the contribution of the entropy of mixing.
This contribution will be included in A4”.

2.2 Calculation of A"

Let us consider n normal a-sites and n interstitial S-sites. We suppose that the
system is a solid state (at zero temperature) if all molecules occupy a-sites (or
B-sites), and it is a liquid state if a half occupy a-sites and the other half occupy
B-sites. Further, following the Pople and Karasz’s model, we assume that the
molecules take two kinds of orientational state 1 and 2 on each site. We sup-
pose that the orientational order is perfect if all molecules are in 1-state (or
2-state) and there is no orientational order if a half are in 1-state and the other
half are in 2-state. These two states must not be considered to correspond to
up and down directions because in liquid crystals these two directions are
equivalent. We regard these two states as two mutually perpendicular direc-
tions in the two-dimensional space. An extension of the treatment to more
than two discrete orientations are possible® (for example, three mutually per-
pendicular orientations in the three-dimensional space), but we adopt the
original Pople-Karasz’s model for our preliminary study on mixtures.

After all, it is possible for each molecule to take four kinds of state, ay, a2, B)
and B,. Each a-site is supposed to be surrounded by z equivalent neighboring
B-sites and each B-site by z a-sites. We also write 2’ for the number of a-sites
(B-sites) closest to any given a-site (8-site).

We assume that there is a positional repulsive force between a-f neighbors
and also an orientational repulsive force between a;-a» neighbors or gi-8:
neighbors. Then, the interaction energy between neighboring molecules (one
is an I-molecule on £-site in i-orientational state and the other is a J-molecule
on 7-site in j-orientational state) can be written as

Wit = Wil — 5{») + Wi J5fn(1 &) (16)

where W, is the positional repulsive energy, W,, is the orientational repulsive
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energy and
LJ=12,...,K
£n=oa,B
i,j=12.

Here, it must be noted that W,,and W, are not necessarily repulsive energies,
that is, they are energy differences between unfavorable pairs and favorable
pairs.

If Nygi. 1,518 the number of neighboring pairs between I ¢i-molecules and J nj-
molecules, the partition function of this system is given by

Z=F(T)Q(T)
oT) = Y. “exp[— Y WigoNigisn/kT] (17
Léi
JonJ

where F(T) is the partition function of the completely ordered system ob-
tained in section 2.1 and Q(T) is the contribution due to disordering of the
positions and orientations of the molecules. The symbol 3° means the summa-
tion over all configurations.

We can evaluate () by Bragg-Williams approximation. Let 7;be the fraction
of I-molecules on a-site and o, the fraction of I-molecules with 1-orientational
state. Then, the number of I-molecules in £i state, n,;, is given by

Ny = My7104,

R =nmril — o1),

nigy = ndl — r)ay,

nig = ni(1 ~ 7)(1 — oy). (18)

The configurational partition function can be written as a sum of Q({},
{o:}), the partition functions for given {7,} and {0/}, as

0=Y adnhiol) (19)
{riffort
where {r,} is the abbreviation of 7, 72,. . ., rxand {o/}01, 02, . . ., 0k In
Eq. (19), Q({7:},{a,}) is given by
{rijdodd
Q({r}.{or}) = E exp [’_ 2 Wlfi:lqlegi:.lnj/kT] (20)
ey
Where ¥ {7V means the summation over the configurations for given {7,}

and {01}.

According to the Bragg-Williams approximation, we replace the exponent
in Eq. (20) by its average value. Then, the summation reduces to the multipli-
cation of y({7,},{0:}), the number of terms for given { 7;} and {o,}. Therefore,
Eq. (20) reduces to

Qrihion) = y({rihlor}) exp| = 2 Wlfi:Jle:i:hu'/kT] (21

L€
Jind
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where Ny ,,;is the average number of I¢i-Jnjneighbors for given {r;} and {a/}.
In Eq. (21), ¥({7:}.{o/} is given by

n!

(ZK: n,r,) {Zn,(l - r,)}
(fer)

y({r:i}.to}) =

K
H[(”ITIOI)' {n,7i(1 — on}!]

{i ni(l — -r,)}

=1

X " . (22)
I tin 1 = 7ot tn(l — 7(1 — an)}!]
=1

As the pair interaction energy is given by Eq. (16), the exponent in Eq. (21)
reduces to

Y {ZW” ces(ri+ 1 — 21r1)
- = T — LT
2 T kT AT T T 1

Z’W’”
kT

Substituting Egs. (22) and (23) into Eq. (21) and using Stirling’s theorem, we
obtain

+ cci2rry— 11— 10+ Dot + a5 — 20101)}- (23)

K
w(r}{a) =n" In Q({ri}{er}) = — Z_j crln ¢

(Eern(Fen)-{Fett-m){Eea -}

=1 1=\

K
~ Y efrulnr+(0—1)In(l—17)+o0:lno;
=1

1« (zw,,
+(1 —oy)In (1 —01)}—' Z{ CICJ(T1+ TJ—'2T1TJ)
21=\0 kT

Z'W’”
kT

+

cics2rry— 11— 1+ Yo+ o5 — 20101);- (24)
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Applying equilibrium condition,

dw _ dw _

ar oo

we obtain

K
TI E oty
J=1

In

K
(=71 =Y )

J=1

X ZW lel
=;{k;+ “yamw—w—oncﬂn—n,an

"W
In —4—= E Ll c2rry— 11— 15+ )20y — 1). (26)

1 —o J=1

Equations (25) and (26) are 2K simultaneous equations of 2K unknowns, {7}
and {o,;}. When K = 1 (single-component), they reduce to the equations ob-
tained by Pople and Karasz.

Now, let us define the positional and orientational order parameters by

{QIEZTI— 19
Sr=20,—-1. (27)

Perfect order corresponds to @, = §; = 1 and complete disorder to @, =
S;r=0. Subsmutmg Eq. (27) into Eqgs. (25) and (26), we obtain,

(1+ 01+ E ¢sQ1)

{ Wi, Z 'Wis
In

kT (I_S]SJ)}CJQJ, (28)

(1—0)t =Y 00

J=1
LY
J=i

1+8, i Wiy
1 -8, = 2T
Apparently, @;=8,=0(=1,2,. . .,K), ie., isotropic liquid phase, is
always a solution of Egs. (28) and (29).

The nematic phase corresponds to @, = 0 and S, # 0. Eq. (28) is always
satisfled by 9, =0 =1, 2,. . ., K). Then, S, is determined from
1+S, & ZWh
l - S[ J=1 2kT

In (l + Q]QJ)CJSJ. (29)

In ¢Sy (30)
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The plastic crystal phase corresponds to S; = 0and @, # 0. Eq. (29) is al-
ways satisfied by §; =0 ([ = . .,K). Then, Q,is determined from

1+ 9,01+ 2 Q1)
J=1

In =

(1— QN1 — ) Q)
J=1

Ma

(ﬂ__z_ﬂ/ﬂ)cjgl_ €3
kT 2kT

P
il

The ordinary solid phase corresponds to @,, S; # 0. Which phase is realized
depends on which phase minimizes the Helmholtz free energy 4” given by

A _ = n"]nﬂ—zx:clnc
L p=— =
nkT =1 ! !

(oo (e
oo

}

K
}n{ECI(l Q’)}'i" ZCI{I+QI In L+ 0O
=] 2 1 2 2
1-Q; n 1—Q,+1+s,ln1+s,+1—s,ln1—s,}
2 2 2 2 2 2

+

ll(
+Z”.{kT el — 0:Qy)

IWI
+ zZWwWp
2kT

cesl + Q:05)(1 — SISJ)}- (32)

That depends on zW,;/kT, ZW7,;/kT and c;,.

2.3 Thermodynamic quantities of the system

Using the Helmholtz free energy 4 derived in section 2.1 and 2.2, we can calcu-
late the thermodynamic quantities of the system. Here, we derive the pressure
and the entropy explicitly.

The pressure of the system is given by

LY, ) (aA') (aA" )
==—) =—{—) —{—) =p +p". 33
p av /¢ av /r ov /¢ P P (33)
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Using Eq. (13), we obtain

p'v 1 { ( Vors )2 (Vou )4}
2L A —
nkT kT ; creibup v 7 v
4 2 4
gl (e o
kT T v 81 v g1
where

. K 4
¢ A 1 vors
= 2L(y) ex {— LA [(—)L
gL ly () exp E e | el £262

2
—2(“;“ ) M(y)]]dy (35)

and

K 4
= [, _ ﬂ[(m)
- _[ y M(y)exp{ Y e (2] 1 y)

J=t
_2(

To evaluate p”, it is necessary to specify the dependence of W;yand Wi on
volume v. Pople and Karaszassumed W = W, (vo/v)* for their study on plas-
tic crystals. Later, Chandrasekhar et a/.’ pointed out that in the case of liquid
crystals for which the orientational barriers are large, the assumption of
W =W, (vo/v)* and W’ = W; (vo/v)® reproduces the experimental results
better than the Pople-Karasz’s assumption. Therefore, we also assume that
Wi = Wori(Vors/v)* and Wi; = Wors(vors/v)’. Then, from Eq. (32), we obtain

p"v _ {zu’l.l
_— = cic l —_
nkT ; kT el 0:0.)

2
V"V”) M(y)]}dy. (36)

L 3ZW
8

C[CJ(I + Q[Q])(l - S[Sj)] (37)

The parameter Wy, and the parameter eo,s in Eq. (4) are not independent be-
cause they come from the same origin. Bentorf er al. determined the ratio
Wo/e0 = 0.977 so as to reproduce the correct melting temperature of argon.
Therefore, we also take Wos/€01s = 0.977.

The entropy of the system is given by

s=—(ﬂ) =—(ﬁ) —(iA—) =S +S5" (38)
ar |/, arl, \ar/,



Downloaded by [Tomsk State University of Control Systems and Radio] at 03:06 23 February 2013

ORDER-DISORDER TRANSITIONS [1345] 67

Using Eq. (13), we obtain

S’ X 2am kT V2
2y (—TTL}:I-ZI—)-FIn(%r V)

nk 270 n
K 3 l K
| S+ — 39
+ ; cr ng1+2+ T [Z:;CIX' (39)
where
1 t:
xi=— [ y"euy) CXP{— M}dy (40)
grJo kT
and
. 0 Y ]
i)=Y cJAu[( ”)L( )—2( °”)M(y)J.
J=1 v \%
From Eq. (32), we obtain
s” el + Q,)} { K oedl+ 00
—=— ¢rln —{ _— —_
Z: 1 Cr IZ; ; ) )
_{i edl —Ql)}ln{icl(l—gﬁ}
=1 2 I=1 2
X 140, 1+0, 1—-0,. 1—-0,
?;1 C’{ h—"t— I,
LIS 1+s,+1—s,ln1—sl}_ (@)
2 2 2 2

The first term of the right hand side of Eq. (41) is the entropy of mixing.

Using Eq. (34) and (37), we can obtain the isotherm of the system, that is, if
the interaction parameter ess, Wo,yand the mole fraction ¢, are given, p can be
calculated as a function of v with T as a parameter. Actual procedure of nu-
merical calculations are rather complicated and tedious. In the following, we
only discuss special examples of binary mixtures of nematogens.

3 PHASE TRANSITION OF BINARY
MIXTURES OF NEMATOGENS

In this section, the theory derived in section 2 is applied to the investigation of
binary mixtures of 4 and B components.
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First, let us investigate the isotherm of this system. The parameters involved
in the calculations of p’ are €044, €085, €048, Vo4, Voss, Vo4 pand ¢4 (mole frac-
tion of A component). Therefore, in general case, the calculation is very com-
plicated. So, we restrict the investigation to the case where ep44 = €088 = €048
= eand vo44 = Voss = Voas = Vo. Inthis case, Eqgs. (34),(35)and (36) reduce
to those calculated by Bentorf et al. Then, we can calculate p'vo/nkT as a func-
tion of (v/ve) with kT/¢, as a parameter uniquely.

The parameters involved in the calculation of p” other than those involved
in the calculation of p’ are Wo 44, Woss, Wous, Woaa, Wossand W 45. But, as
mentioned in section 2.3 (Wo s/€01s = 0.977, we must put Wos = Wops =
Woas = 0.977¢o. Therefore, only four parameters Woa4, Woss, Woasand c4
are left free to be given. Among them Wy 44 and Wggpare determined by the
properties of single-component systems. Therefore, the parameters that are
necessary for the investigation of the effect of mixing are only W5 4pand c4.

Now, let us introduce parameters defined by

{pp = Woua/Woss, vp = Woas/Wogs,
po = Woaa/Whoss, vo = Woas/Woss, (42)

K=kp=2ZWips/z2Wosp, ka4 = 2ZWona/zWos4 = kpo/ Kp.

The parameters kpand « 4 are measures of the relative barriers for the rotation
of a molecule and for its diffusion to an interstitial site in pure B-molecule sys-
tem and pure A-molecule system, respectively. These parameters determine
which phases appear in pure 4-molecule system or pure B-molecule system.
Chandrasekhar et al.”'° have shown that when « (in their paper, it is denoted
by v instead of «) is greater than 0.975, nematic phase appears as an interme-
diate phase between the solid phase and the isotropic liquid phase.

In the restriction stated above (Wo 4 = Wops = Wo45), we must put u, =
vp = 1. The parameters uo and vo are the relative orientational barriers of 4-A
pairs and A-B pairs with respect to B-B pairs. If we give k(= «3) and po, k4 is
determined uniquely. Therefore, if we give the values of «, po, vo and c4 (u, =
v, = 1), we can calculate an isotherm, i.e., pvo/nkT as a function of v/v, with
kT/e as a parameter.

Figure 1 shows an example when «(=«3g) = 1.15, up = v, = 1, o = 1.1,
vo = \/pto, €4 = 0.5 and kT/eo = 0.66. In this case, x4 = 1.265. So, both of 4
and B are nematogens. The sigmoid portions in Figure 1 correspond to phase
transitions, i.e., the two phases will be in equilibrium at a given pressure and
temperature when the areas enclosed by the curve above and below the pres-
sure line are equal (Maxwell’s equal-area rule). In Figure 1, C (v/vo = 1.056,
Ppvo/nkT = —0.128) corresponds to a solid (Q.4 = 0.930, Q5 = 0.930, S, =
1.000, S5 = 1.000)and E (v/vo = 1.300, pve/nkT = —0.128) correspondstoa
nematic phase (Q4 = Qs = 0,54 = 0.690, Sz = 0.669). Therefore, C and E
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x=11%
H=1.0,% =1.0 _ousF
L“):,":){) =JH&;
— Ca=05
Z \ kT/€,=0-66 -0~20-i: -~
=
n>i’ -0-22
é
35
a
o 0
o
-1
1.0 11 1.2 1.3 1.4

Volume: V/Vo

FIGURE 1 Theoretical isotherm of the binary mixture of A- and B-nematogens whenc,4 = 0.5
and kT/e = 0.66.

are in equilibrium at a pressure pve/nkT = —0.128. Also, we find that a ne-
matic phase F(v/vo = 1.334, 04 = Q5= 0,54 = 0.567, Sz = 0.546) and an
isotropic phase (v/vo = 1.394, Q4 = Qs = S4 = Sz = 0) are in equilibrium
at a pressure pvo/nkT = —0.203.

By changing a temperature, we can obtain the pressure dependence of phase
transition temperature. An example is shown in Figure 2whenx = 1.15, u, =
vp=1luo=11po= Voand ¢4 = 0.5. From this figure, we can determine
the phase transition temperature at zero pressure. The solid-nematic transi-
tion temperature is kT/¢o = 0.6668 and the nematic-isotropic transition
temperature is kT/eo = 0.6783. Figure 3 shows the temperature dependence
of order parameters at zero pressure. At the solid-nematic transition tempera-
ture, Q4, O35, S4 and S change discontinuously (@4 = 0.928 — 0, Q5=
0.928 — 0,54 = 1.000 — 0.711, S5 = 1.000 — 0.690). Also at a nematic-iso-
tropic transition temperature, S 4 and S gchange discontinuously (S 4 = 0.482
— 0, S5 = 0.463 — 0). Both transitions are first order.

By changing the mole fraction of 4 molecules (c4), we can construct a
phase diagram of the binary mixture of 4 molecules and B molecules. Figures
4 and 5 show these phase diagrams with po as a parameter. The parameters «,
ip, vpand po are kept constant in these calculations. The phase diagrams are
very sensitive to the value of v,.
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FIGURE 2 Pressure dependence of the phase transition temperatures from the solid solution
to the nematic solution and from the nematic solution to the isotropic solution when ¢4 = 0.5.

Figures 6 and 7 show mole fraction dependence of phase transition temper-
atures from a nematic solution to an isotropic solution, and from a solid solu-
tion to a nematic solution, respectively. These are not linear to ¢ 4 in general.
Only when yo = \/,u—o, the phase transition temperature changes almost line-
arly to c 4. Strictly speaking, we can show that the transition temperature
changes linearly to ¢4 only when v, = \/up, vo = \/;4; and p, = po.

The condition vo = \/uo corresponds to Wz = (W% ..W3s)"?. Therefore,
when the orientational interaction energy between an 4-molecule and a B-
molecule is geometric mean of the orientational energies between A-molecules
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FIGURE 3 Temperature dependence of order parameters at zero pressure when ¢4 = 0.5.
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FIGURE 4 Phasec diagrams of the binary mixtures of 4- and B-nematogens whenps = 1.1,/ o
and 1.0.
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FIGURE 5 Phase diagrams of the binary mixtures of 4-and B-nematogens when vy = 0.9and
1.2.

and B-molecules, the clearing temperature of the binary mixture depends line-
arly on the mole fraction of A-molecules. Humphries et al.' also derived this
result by extending the Maier-Saupe theory to binary mixtures.

In Figure 8, the volume changes at phase transition points are shown. Also
these values are affected by the values of »o. Using eq. (41), we can calculate
the transition entropy. It is shown in Figure 9.

4 DISCUSSION

Numerical calculations given in section 3 implicitly assume that the compo-
nents of mixtures are mutually soluble at any mole fractions because of the
assumption of ep44 = €028 = €04a = €o. It has been known that in the iso-
tropic and nematic phase many binary mixtures of nematogens show this sol-
ubility. This perfect solubility, however, is not true in the solid phase. Smith
et al."' observed a solid solution in MBBA-EBBA mixtures. But, it seems that
the binary systems of nematogens that constitute a solid solution are rather
rare.
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FIGURE 6 Mole fraction dependence of the clearing temperature.
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FIGURE 7 Mole fraction dependence of the melting temperature.

1.0

To study the solubility problem, we must treat more general cases where 044,
eopnand e 4 ptake different values from each other. In such cases, numerical
calculations based on the model stated here become very complicated, but

they are still possible. This problem will be studied in near future.

5 CONCLUSION

The Pople-Karasz theory was extended from single- to multi-component mix-
tures of symmetric, rod-like molecules. A set of equations which determine the
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FIGURE 8 Mole fractiondependence of the volume changes at phase transition temperatures.
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FIGURE 9 Mole fraction dependence of the transition entropies.
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orientational and positional order parameters of all components were de-
rived. Thermodynamic quantities such as the pressure and the entropy of the
mixtures were obtained.

This theory was applied to investigations of binary mixtures of nematogens.
It was shown that the phase diagrams, 1.e., mole fraction dependence of phase
transition temperatures from the solid solution to the nematic solution and
from the nematic solution to the isotropic solution are strongly affected by the
interaction energy between molecules of different kinds.
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