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MOLECULAR IDEALIZATION (LIKE-BRICKS)

• Orientation of a nematogen

Λ = I− Tr{I}
3

1 = λω1,

where

ω1 =
1
2

Ñ
−1−∆ 0 0

0 −1 + ∆ 0
0 0 2

é
,

and

∆ =
b2 − a2

a2 + b2 − 2c2 .
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ZWANZIG APPROXIMATION
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THE LGMSZ MODEL

Hamiltonian

H = −A
∑
(i,j)

γiΩi : γjΩj + U
∑
(i,j)

γiγj com A > 0,

Thermodynamic behavior of the system

Z =
∑
{Ωi}

∑
{γi}

exp

(
βA
∑
(i,j)

γiΩi : γjΩj −U
∑
(i,j)

γiγj

)
.

(i) {Ωi} −→ Orientational degree of freedom.
(ii) {γi} −→ Occupation degree of freedom.
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ANNEALED CASE

System with N sites and Nm nematogens such that (N ≤ Nm)

ZA =
∑
{Ωi}

∑
{γi}

′ exp

(
βA
∑
(i,j)

γiΩi : γjΩj −U
∑
(i,j)

γiγj

)
.

where
1
N

N∑
i=1

γi =
Nm

N
= φ −→ concentration.

Grand canonical ensemble

ΞA =
∑
{Ωi}

∑
{γi}

exp

(
βA
∑
(i,j)

γiΩi : γjΩj −U
∑
(i,j)

γiγj + βµ

N∑
i=1

γi

)
.
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MEAN-FIELD SOLUTION

Integral representation of ΞA

ΞA ∝
∫
R4

exp
[
−NβΨ(Q, φ; {αi})

]
d[Q] dφ.

where {αi} := {β,∆, µ} and

Q = 〈Ωi〉 =
1
2

Ñ
−S− η 0 0

0 −S + η 0
0 0 2S

é
(i) S = η = 0 −→ isotropic phase (ISO),

(ii) S 6= 0 e η = 0 (or η = ±3S) −→ uniaxial nematic phase
(N±U ),

(iii) η 6= 0 −→ biaxial nematic phase (NB).
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INTRINSICALLY BIAXIAL NEMATOGENS (U = 0)
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I P. I. C. Teixeira, Liquid Crystals 25, 721 (1998).
I M. A. Bates, Physical Review E 64, 051702 (2001).
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INTRINSICALLY BIAXIAL NEMATOGENS (U = 0)
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INTRINSICALLY BIAXIAL NEMATOGENS (U = 0)

• Landau Point
I ∆ = 1.
I (βA− 1)eβµ − 1 = 0.
I βA = 1/φ.

• Landau Tricritical Point
I (φ, β, µ,∆) = (1

2 ,
2
A , 0, 1) 0
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INTRINSICALLY BIAXIAL NEMATOGENS
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INTRINSICALLY BIAXIAL NEMATOGENS
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MAXIMUM DEGREE OF BIAXIALITY (∆ = 1)

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.2 0.4 0.6 0.8 1

T

φ

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.2 0.4 0.6 0.8 1

NB

IV IL

LE

C

(a) U = −5

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

T

φ

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

IL

C NB

IV
LTC

(b) U = −3

I H. Zhang and M. Widom, Physical Review E 49, R3591
(1994).
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MAXIMUM DEGREE OF BIAXIALITY (∆ = 1)
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MAXIMUM DEGREE OF BIAXIALITY (∆ = 1)
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MULTICRITICAL LINES (ISOTROPIC INTERACTION)

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

-5 -4 -3 -2 -1 0

MCE

0

0.04

0.08

0.12

0.9 1.1 1.3 1.5

MCE

T

U

Triple
Critical

(a) ∆ = 0

0

0.2

0.4

0.6

0.8

1

1.2

-5 -4 -3 -2 -1 0 1 2 3

T

U

Triple
Landau End

Critical
Landau Tricritical

0

0.2

0.4

0.6

0.8

1

1.2

-5 -4 -3 -2 -1 0 1 2 3

ML3

ML2

MCE

fully-occupied model

Landau-Zone

(b) ∆ = 1



BRIEF INTRODUCTION THE LGMSZ MODEL PHASE BEHAVIOR CONCLUSIONS EXTRAS

MULTICRITICAL LINES (DEGREE OF BIAXIALITY)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2 2.5 3

LTC
MCE

0.724

0.728

0.732

0.736

0.99 1 1.01

M+
1

M−
1T

∆

Critical End
Critical
Landau
Triple

(a) U = −3

0

0.1

0.2

0.3

0.4

0.5 1 1.5 2 2.5

M−
2

M+
2

LE

M−
3

M+
3T

∆

Triple
Critical End

Tricritical
Critical
Landau

(b) U = 1



BRIEF INTRODUCTION THE LGMSZ MODEL PHASE BEHAVIOR CONCLUSIONS EXTRAS

CONCLUSIONS

I We considered a lattice-gas version of the Maier–Saupe
model for biaxial nematics with discrete orientations, in
addition to an energetic term that described an isotropic
interaction.

I We find different types of high-density–low-density
transitions (off-lattice models).

I Large number of critical phenomena, mainly for the
maximum degree of biaxiality of nematogens (all
analytically described).

I Our results widen the possibilities of relating the
phenomenological coefficients of the Landau–de Gennes
expansion to microscopic parameters.
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THE END
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MEAN-FIELD FREE-ENERGY FUNCTIONAL

Ψ(S, η, φ; {αi}) =
A
4

(3S2 + η2) +
U
2
φ2 − µφ

+
1
β

ï
(1− φ) ln

Å
1− φ

6

ã
+ φ ln(φ)

ò
− φ

β
ln[Λ(S, η)]

where

Λ(S, η) = 2e
3βA

2 S cosh

Å
3βA

2
η∆

ã
+ 2e−

3βA
4 (S+η) cosh

ï
3βA

4

(
S− η

3

)
∆

ò
+ 2e−

3βA
4 (S−η) cosh

ï
3βA

4

(
S +

η

3

)
∆

ò
.
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