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Topological defects and droplets
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Liquid crystal:

a state of matter with longangeorientationalbrder and

A complete flematio

A partial smecticscolumnar phasgs

absenceoflong ange positional or der
(molecules, viruses, aggregates, etc.)

Our goal: Develop an
Intuitive understanding
of what kind of new
physics theorientational
order brings to soft
matter




Crystals liquid crystals liquids

1.2 nm . pentykcyanobipheny(5CB):
room temperaturaematic

Directorn = optic axis
<€ >

> o /
- > -l > - >
> \
-l >
a5 N
orientational and orientational order, nr?ooggsr;%%t%%rmrggg
positional order: no positional order: Isotropic liquid
Molecular crystal ematic LC

Temperature



Nematic LCh e mdad hr ead: a koa

50 microns «e———

Nematicdropletpancake sheared between two
glass plates; polarizing optical microscope

q\

1922, G Friedel

Na mengmafice, t he
LC, after observing linear defect
n e mthread, under a polarized
light microscope


../../eudora/attach/Georges Friedel Photo.jpg

Nematic LC: Calamitic and Discotic
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Nematic LC: Calamitic and Discotic. Biaxial?

Uniaxial Uniaxial

calamitic discotic Biaxial

Existence established Existence debated,

Uniaxial N often mimicdiaxiality
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Chiral molecule (does not overlap with its chiral

iImage)
COOH : HOOC
I
" )\ NH, : HN A "
CH; | HsC

(S)-alanine  mirror plane  (R)-alanine

Cholesterol benzoate: Rdite molecule
with a chiral C atom,;

A similar cholesterol derivative was the
subject of the first known publication on
LCs, reporting double melting point and
selective reflection of light, J. Planer, Ann
Chem Pharmi18 25 (1861)

Carbon atom with 4 different attachmer




Add chiral molecules to nematic and obtain a
cholesteric:

pitch~0.5mm Where do the@ors come from?

Bragg reflection at the periodic structure with period close to the
wavelength of visible light

Why P>>molecular scale? Weakness of chiral contribution to the
intermolecular potential, see Harris et al, Rev Mod Ptlyd.745
(1999)




Comparative chemistry

CN Nematic 5CB molecule

14

/‘L@_@_ Cholesteric CB15 molecule
\ / CN

What would happen when two CB molecules are connected by a flexible
ali phati c c bhimasogeoa nadmedn@ r m a 0

Answer: depends on oeklren character of aliphatic chain

even number m of Cjyyroups odd number m of Ckroups

How can we pack these molecules in space?



Packing bimesogens .
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Even m, rodike molecules:
Easy! Nematic!

Go to 3D:
Uniform bent
IS achieved
through twist!
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Odd m, bent shape: i 3 ﬁ;
Di fficultéc o}, i
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sustain uniform bend in
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Predictions:

R.B. Meyer (1973, Les Houches)
R. Kamien,J. Phys 116, 461 (1996)
|. Dozov,EPL56, 247 (2001)

J. Selinger et aPRE87, 052503
(2013)

E. Virga, PREB9 052502 (2014)

b= (sing, codz , sing sinz |, cos );



Freeze Fracture TEM

CB7CB quenched from the AX0 temperatu
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Period 8.05 nm

(molecular scal¢! Frozen
rotations? 3
Not visible under regular optical
microscope, need an electron
microscope)

Chen,Walba Clark et al, PNAS.10, 15931 (2013)
Borshch, Gao et al, Natu@omm4, 2635 (2013)




Freeze Fracture TEM

FreezeFractures in TEM: most likely to occur parallel to the long axes of
molecules, thanks to the lowest molecular density
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8 nm period *
The 8 nm period is not visible in-kay studies; thus there is no
modulation of density
How do we know that the structure is indeed tMishd as opposed
to a simple cholesteric, or, say, splagnd, also predicted to exist?



Tilted fractures: Bouligand arches are
differentin Ch and N,

32

Cholesteric:
Bouligand
arches are
symmetric

5 O A=

N,,: Bouligand arches
are either asymmetric or
Incomplete

Bouligand et al, Chromosonzal, 251 (1968)



