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Liquid crystal disclinations seen through cross-polars
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Free energy density due to spatial variation of nematic director.
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Energy of wedge planar line in isotropic elasticity
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2D disclinations in nematic

O=tmp+0,

m=-+1/2




, Topology constrains m to be integer, or half-integer.
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Liquid crystal disclinations seen through cross-polars
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Liguid crystal disclinations seen through cross-polars, Adam Squires - Microsoft Internet Explorer |Z||E|[z|

e Edit  Wiew Favortes  Tools  Help 11'

) Back - \_/'l \ﬂ @ : h /-__\J Search \3';1‘\'( Favorites -E‘E <] :,_‘_ - _J ﬂ ﬁ

dress |$§| hittp: v, chem rdg. ac. ukideptystaffiphys)ams/ crosspalar s, kel V| G0 Links **

Dn.'.lglEv| v| |G| search - 5‘} @194 blocked ~ *3F Check - i Autolink  ~ £e @ <
A

nteractive educational material

Aquid crystal disclinations seen through cross-polars

This interactive cartoon illustrates how the appearance of a liquid crystal disclination depends on the relative
orientations of the molecules and the polarising filters.
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Rotate
Rotate
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Set the disclination strength to +1, and drag both sliders to their bottam position. This shows the familiar "maltese
cross” pattern from structures with circular (or spherical) symmetry. You should convince yourself that areas where the
molecules are aligned parallel / perpendicular ta the polarisers appear darkest, whereas areas where the malecules are
at 45 degrees to the polarisers are the brightest.

Rotate the polarisers through 360 degrees by dragging the appropriate slider upwards. The darkilight pattern should also
rotate through 360 degrees, in the same direction. This is why the disclination is called "Strength +1". Rotate the
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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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Novel Colloidal Interactions in Anisotropic Fluids

B Philippe Poulin, Holger Stark,” T. C. Lubensky, D. A. Weitz
SCIENCE  VOL. 275 * 21 MARCH 1997

Fig. 1. (A) Microscope image of a nematic multiple emulsion taken under crossed polarizers. (B) A chain
of water droplets under high magnification. (C) A nematic drop containing a single water droplet.
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Balance of torques
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Linear stability analysis
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Entropy driven phase transitions
Hard core repulsion

hard spheres

49% volume fraction

crystal

concentration T

more configurations in crystal than fluid


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



Excluded volume

excluded volume of sphere V,, =8V

loss of translational entropy
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volume fraction of phase transition



Hard particle suspensions

J
Free energy F=U-T1S§

[/ energy independent of configuration U = Nk,T

S entropy dependent of configuration
F,=T(Nk, -S,)
free energy difference: AEj =—TAS 5

. largest entropy S | and the phase transition is
phase with

lowest free energy F| athermal
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1sotropic - nematic two phase coexistence

1sotropic

white light crossed polarizers

isotropic ><

nematic
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Onsager,
Ann. NY
A Ca d_ SCi Introduction. The shapes of colloidal particles are often reasonably com-

pact, so that no diameter greatly exceeds the cube root of the volume of
VOI 51 the particle. On the other hand, we know many colloids whose particles
)

are greatly extended into sheets (bentonite), rods (tobacco virus), or flexible
chains (myosin, various linear polymers).

6 2 7 1 949 In some instances, at least, solutions of such highly anisometric particles
are known to exhibit remarkably great deviations from Raoult’s law, even
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Isotropic — Nematic Transition: Onsager Theory

Nematic

rotational entropy decreases
-

/7N Y~

Isotropic

! excluded volume entropy increases
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Virial expansion — hard particle

Helmholtz o entropy of packing
free energy entropy of mixing excluded volume
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PHYSTCAT

pressure

REVIEW A

VOLUME 17, NUMRBRER 6

JUNE 19

Bifurcation in Onsager’s model of the isotropic-nematic transition

isotropic

binodal

Richard F. Kayser, Jr. and Harold J. Raveché

National Bureau of Standards, Washington D. C. 20234
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Viral Surface Charge

purple: positive, green: negative



electrostatics

screened Coulomb repulsion between charged rods
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Virial expansion — charged particle

Helmholtz o entropy of packing
free energy entropy of mixing excluded volume
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concentration T

smectic U

white light crossed polarizers

1sotropic

nematic

e in unserer Zeit 3,‘251-89 (1985)




Smectic Phase
of fd virus
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. uniform . modulated
nematic smectic

density density

excluded
volume

Hosino,Nakano,Kimura, J. Phys.Soc.Jap. 46, 1709 (1979)
Frenkel,Lekkerkerker,Stroobants, Nature 332, 822 (1988)




Monte Carlo
Aligned Spherocylinders

Pressure jump: nematic — smectic transition

Center of mass only

full spherocylinder




smectic layers
four mutants of m13, 0.4 umto 1.2 um




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

3 3 ° K =
Lyotropic liquid crystals S Y.
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/ Filamentous phage architecture \
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Length = 880nm

Diameter =6.6nm

Persistence length = 2200nm
\ Surface charge = 10e/nm

Phil Huang

Gold bound to genetically modified m13 virus

NEXT
DNA bound to genetically modified m13 virus

programmed self-assembly




Engineering entropy with shape surfactants
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Engineering entropy with shape amphiphiles

with attraction




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Excluded volume
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	�Onsager,�Ann. NY Acad. Sci. vol 51, �627 (1949)
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Monte Carlo  �Aligned Spherocylinders
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46

