Soft Matter Mathematical Modelling
Cortona 12t-16™" September 2005

Biaxial Nematics
Fact, Theory and Simulation

Geoffrey Luckhurst
School of Chemistry

University of Southampton



Fact

The elusive biaxial nematic

Claimsto discovery

Recognition of the biaxial nematic



Biaxial Nematic N
molecular organisation
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M acr oscopic definition

Frank

Symmetry of average tensorial property,T,

such as the dielectric susceptibility or the quadrupolar splitting in NMR is

biaxial.

Principal components N . . - -~ .
TXX;iTYY;iTZZ . for NB n :3(TXX_TYY)/(2 TZZ_(TXX+TYY>)

(n.b. TXX:TYY#TZZ for NU) ~

Thedirectors, n, |, m are identified with the principal axes ofT



TEMPERATURE

IJEI.'.I CONCENTRATION, ¥T X

&7.4d 41,6

m -
H ! ;
L
+
m -
h’\\h\“'_____*:
g4 = * Ao . )
i TSOTROPIC r
1] . - 1 }
258 5.8 2.0 2%.2 264

KL CONCENTRATION, ¥T %
L AT B.24 WT ¥ OF 1-DECANDL 1




ldentifying a Biaxial Nematic

F P Nicoletta, G Chidichimo, A Golemme, P Picci,
Lig.Cryst., 1991, 10, 665-674

Phase transitions in a biaxial nematic
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Thermotropic Biaxial Nematics?




Thermotropic Biaxial Nematics 2004

V -shaped molecules
L A Madsen, T JDingemans, M Nakata, and E T Samulski, Phys. Rev. Lett., 2004, 92, 145505
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Thermotropic Biaxial Nematics 2005

Tetrapodes:

JL Figueirinhas, C Cruz,

D Filip, G Feio, A C Ribeiro,

Y Frereand T Meyer, GH Mehl
Phys. Rev. Lett., 2005, 94, 107802







Theory

Molecular field approach

L andau approach



Molecular Field Theory

General Notation
Single molecule potential
2 2
U= Z u, (140 )(1+0  )(1+0 p2)<Rpm>an(Q)
Symmetry adapted functlons

Dependence on Euler anj;l es

Rgo(Q):(3cosz[5 —1//2

2 3/ . 2 2
R, (Q)= /88111 B cos” vy

2 13/ . 2 2
Rzo(‘Q)_“/Ssm B cos™2 «x

1 1
R;Z(Q):/z(/z(l—l—coszﬁ )cos20(cos2y—cosB sin 2 Xsin 2 Y

Order parameters are averages of R

Strength parameters

%00 “220(

”zoz> 222



Orientational Order Parameters

Axes. molecular xyz

and space XY Z

Biaxial molecule in biaxial phase Limit
major )
S 22=<(3 2— 1)/2> 1 (R)
molecular biaxial 3
S, % - SWZZ — <3(|X22 _ |y22)/2> 0 §<R02>
phase biaxial .
Szzxx — SzzYY = <3(IZX2 - IzYZ)/2> 0 §<R§0>
phase biaxial
(Sxxxx _ SXXYY) _ (Syyxx _ SyyYY) — 6<R2 >

<3{(2— D - (2 -1,A12> 3 2



Molecular Field Theory

N Boccara, R Medjani, L de Seze, J.Phys., 1977, 38, 149-151
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Phase diagram
(molecular biaxiality € = AV6 * /
/
Geometric mean approximation |
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Boundson € of 0and 3 correspond to uniaxial molecules
€ = listhe maximum biaxiality giving the Landau point






Landau Theory

Uniaxial nematic of uniaxial molecules

Key order parameter for nematic-isotropic transition: S
A=A +BS’+CS’+DS’

Free energy expansion of invariants

Assumption:
B=b(T-T°)

Dependence on S and magnitude of other coefficients related to
experimental quantities



Landau Theory

Biaxial phase of biaxial molecules
Order parameters

Major
S=(3cos B —1/2)

Molecular biaxial

T=(sin" B cos

Phase biaxial

U=(sin"B cos2 )

2

Y)



Landau Theory

Phase / molecular biaxial
V:<1/2(1—|—cos2[3 Jcos2 xcos2Y —cos P sin2xsin2y) :2<R22>

Uniaxial nematic

S#0 T#0 U=0 V=0

Biaxial nematic

S0 T#0 U#A0 V#0



Landau Theory

D W, Allender, M A Lee, N Hafiz, Mal. Cryst. Liqg. Cryst., 1985, 124, 45-52
Free energy

A,—A=A(S’124T°+U’+V?/18)
+B(S°14—=3SU%12—38T?/2+SV?/12+TUV)
+C (S?12+T°+U’+V?/18)°
+C,(VSI2—2TU)?
+D (S*/2+T°+U*+V?/18)
L(S14—=3ST?12—-3SU*I12+SV?/12+TUV)
+D, (SVI3—2TU)(SV?/4—TV?/2—U’V/2+V’/108)

+...



Landau Theory

Free energy (continued)
L HE (SY2+T°+U’+V?/18)°
+E (S*/2+T*+U’+V?/18)(SV/3—-2TU)’
+E_ (S°14—ST?12—3SU?/2+TUV+SV?*/12)°
+E,(S°V/4—U"VI2—T*V/2-3STU+V"/108)"

Assumptions
A islinear intemperature~ (T—-T")

B,C,C,D,,D,, E,E,, E;, E,, E; aretemperature independent.



C,=0,C,=1,D,=1,
D,=1,E,=1E,=1E,
=1,E,=1E=-7




Landau Theory for Biaxial Nematics

Problems:

(b) Large number of unknown parameters

(c) Single characteristic temperature, might have expected more
(d) Four nematic phases are predicted

Phase Order Parameter
| 0 -
N, 1 S
N, 2 S, T
Ng 2 S, U
Ng* 4 S, T,UV




Strategy of Katriel et al.

J Katriel, GF Kventsel, GR Luckhurst, T J Sluckin, Lig. Cryst., 1986, 1, 337-355

(1) Freeenergy AZ—;—M200<P2>2‘|‘]<BTI f(B )ln2f(B )SiIl BdB
=U-TS

(4) Order parameter <P2>:f Pz(cosB )f(B 'sin Bdp

(6) Entropy a S:S[f(ﬁ )]

functional of
distribution
function f(p

But A isnot yet afunction of OP !



Strategy of Katriel et al.

A=k, T [ £(B)In2r(B |sin BdP —éu200<P2>2=U—TS
Maximise entropy term subject to given OP

(1) f() afunction of f(B ): 1
auxiliary parameter Z(rl)

exp an(cos B )

(3) Partition function Z(n):f eXp npz(COS B )sin BdB

:81nZ(r])

5) OP afunction of P
(5) n (P,) o

A 1snow afunction of nand OP



Strategy of Katriel et al.

A=k, T [ £(B|In2s(B sin BdB —éuzOOP_zzzU—TS

(1) Invert equation: p— OlnZ ( rl)
(3) Awasafunction of Expand (P 2> INn a power
OPand n seriesinn

Invert power seriesto required order

(6) Aisnowafunctionof EXpand A In power seriesin OP

. A:AKPQ







Landau Theory for Biaxial Nematics

A molecular field approach
Energy

= Yy, (148, (148 )(1+8 (R (R )

222<

~—1 2 2
U, = /2(”200(5 +2U")+4u,, (STH+2UV)+4u

T2+2V2))

n.b. expansion coefficients are components of supertensor and not scalars



Simulation

Rod-Disc Mixtures
Rod-Disc Dimers

Flexibility









The Phase Behaviour of Rod-Disc Dimers

M A Bates, G R Luckhurst, PCCP, 2005, 7, 2821-2829

The Lebwohl-Lasher lattice M odel

f‘--dT _--.-\" - . - -
M vy - Wl J

Anisotropic interactions

ij RR" 2
U"=€,,P, 1, d)
Ui =€, P,ld T
U =—€,,P,|dd,

Torsional potential
Uf)lr)szeaPz(ri-dl_)

g > 0 symmetry axes orthogonal
g < 0 symmetry axes parall€el



Parameterisation

Scaling Parameter

6 __
ERR eg T _kBT/ERR
Relative anisotropy

‘_
€ —eDD/eRR

Controls the molecular biaxiality

Geometric mean or Berthelot approximation
€E__—|€E € ”
RD ( DD ~RR

Scaled torsional strength

P _
ea—ea/eRR
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Flexible Rod-Disc Dimers

Orientational order parameters
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