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Free energy density due to spatial variation of nematic director.





Euler Lagrange eqn
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Energy of wedge planar line in isotropic elasticity
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Cylindrical coordinates:

constant),( += φφθ mr

φ

)(φθ

n

x

y

( )
2

2 ˆ1ˆ
2
1

2
1









∂
∂

+
∂
∂

=∇= ϕ
ϕ
θθθ

r
r

r
KKf

2

22

2
11

2
1

r
mK

r
Kf =








∂
∂

=
ϕ
θ



Topology constrains m to be integer, or half-integer.

Energy / length
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2D disclinations in nematic



Topology constrains m to be integer, or half-integer.

Energy / length

Planar lines of low topological 
rank are favored.

Only ± 1 and ±1/2 are observed.
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The character of the disclinations changes when elastic anistropy is considered.

Important for liquid crystalline polymers and colloidal liquid crystals.
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Balance of torques

Linear stability analysis





concentration

fluid crystal

hard spheres

Entropy driven phase transitions 
Hard core repulsion

49% volume fraction

more configurations in crystal than fluid

Presenter Notes
Presentation Notes
Entropy driven phase transitions
Hard spheres
Hard rods




Excluded volume

loss of translational entropy

excluded volume of sphere

volume fraction of phase transition
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entropy dependent of configurationS
)( iBi SNkTF −=

ijij STF ∆−=∆free energy difference:

phase with 
largest entropy        S

lowest free energy   F
and the phase transition is 

athermal

Hard particle suspensions

Free energy

energy independent of configurationU TNkU B=

TSUF −=



TMV

L = 300 nm 

D = 18 nm 

Tobacco Mosaic Virus





length      L          1000 nm
              diameter  D             10 nm
persistence length P          2000 nm
    surface charge     10 e- /nm

fd virus



isotropic - nematic two phase coexistence
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Onsager,
Ann. NY 

Acad. Sci. 
vol 51, 

627 (1949)



Isotropic – Nematic Transition: Onsager Theory

rotational entropy decreases

Isotropic Nematic

excluded volume entropy increases

γ
γ

b ~2D2 Lsin γ

excluded volume: 2L2D

2D
L

πD2

L

excluded volume:  πD2L

L

L2D

total entropy

at transition1 rodc =
L
Dφ = cV = 4 volume fraction at transition o



Virial expansion – hard particle
Helmholtz 
free energy
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Viral Surface Charge

orange: hydrophobic,   purple: positive,    green: negative



electrostatics 

screened Coulomb repulsion between charged rods
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Virial expansion – charged particle
Helmholtz 
free energy
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5 e-/nm
10 e-/nm

20 e-/nm

high salt

Deff

low salt

Deff

2
eff4

LDπEffective diameter
in isotropic

average over all 
orientations

Manning condensation
is result of non-linear 
Poisson-Boltzmann
equation.



phase co-existence

high salt

Deff

low salt

Deff

fd virus in buffer

volume fraction at transition
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crossed polarizerswhite light

isotropic

nematic

Wetter, Biologie in unserer Zeit 3, 81-89 (1985)



10 µm

Smectic Phase
of fd virus

co-existence of 
nematic and smectic



nematic uniform

density
smectic modulated

density

excluded 
volume

S

Hosino,Nakano,Kimura, J. Phys.Soc.Jap. 46, 1709 (1979)

Frenkel,Lekkerkerker,Stroobants, Nature 332, 822 (1988)



Monte Carlo  
Aligned Spherocylinders

Center of mass only

full spherocylinder

Pressure jump:   nematic         smectic transition



smectic layers
four mutants of m13,   0.4 µm to 1.2 µm



Concentration AND temperature are both important in phase behavior of amphiphiles
Energy and Entropy contribute equally

Lyotropic liquid crystals

Mesophase occurrence often caused by same reason: molecular frustration



Gold bound to genetically modified m13 virus

Phil Huang

DNA bound to genetically modified m13 virus
NEXT

programmed self-assembly



Engineering entropy with shape surfactants



Engineering entropy with shape amphiphiles

with attraction
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