Day 2

Classification by thermodynamic variable.

Pure LC fluids: thermotropic. Meaning temperature 1s the important
thermodynamic variable governing phase behavior.
LCDs are mixtures of liquid crystals, but have no solvent.

LC solutions (polymer LC, colloidal LC, amphiphile LC):
lyotropic. Meaning concentration is the important
thermodynamic variable governing phase behavior.

Appearance of nematic liquid crystal.

Cholesterol melts from a solid to a turbid
liquid at 145 °C.

Turbid liquid turns to a clear liquid at 178 °C.

Turbid liquid 1s cholesteric (chiral nematic)
liquid crystal.



Hybrid molecular form and molecular frustration

octane
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8CB: octane + 4-cyanobiphenyl
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Low molecular weight LCs are thermotropics. Meaning no solvent, only liquid crystal.
Commercial LCs are mixtures.



http://omm.hut.fi/opetus/pofy/luento7.pdf
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Mean-Field Diblock Phase Diagram
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Most block co-polymers are melts
but solvent can be added without bulk phase separation



Examples of LC Gels

1. Liquid Crystal Elastomers - Weakly crosslinked
liquid crystal polymers
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2. Tanaka gels with hard-rod
dispersion

3. Anisotropic membranes g‘v
| ? e —a—3

4. Glasses with orientational order
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Lyotropic Liquid Crystals

Lyotropic liquid crystals are multi component systems formed in mixtures of amphiphilic
molecules and a polar solvent. Amphiphilic molecules are consisted of a hydrophilic polar
head attached to a hydrophobic hydrocarbon tail containing one or two alkyl chains.

Temperature

W H i H H H H ‘ H ‘ Concentration of Amphiphilic Molecules
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Big point.

Mesophase occurrence often caused by same reason: molecular frustration

Thermotropic LC

Block co-polymer
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http://polymers.nist.gov/combi/NCMC-9%20CD/Presentations%20for%20Web/Fiona%?20Case.pdf

N
Lyotropic liquid crystals 4
k<1/3 V — f\g%’)‘
) — Yo Cone Spheres
13 <k <112 m— 555

Truncated
Cone

e B —

Cylinder

Bilayers



Mesophase occurrence often caused by same reason: molecular frustration

Hard rods. Perfect lyotropic. Onsager model.

Isotropic »' _Nema_tlc |

Smectic

http://research.yale.edu/boulder/Boulder-2002/Lectures/Frenkel/part3.pdf
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white light crossed polarizers

1sotropic

nematic

e in unserer Zeit 3,‘251-89 (1985)




C.Wetter
Biologie in unserer Zeit 3, (1985) '

— / Bragg diffraction with
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Chaikin exaggerates when he says
real space beats Fourier space.

Real space (microscopy) is unparalleled for study of local structure:
defects, microstructure, single molecule dynamics,
high frequency spatial modulations

Reciprocal, or Fourier space 1s best for 3D averaged structure:
order parameters, symmetry, phase transitions, hydrodynamic modes,
high frequency spatial (and temporal) modulations

Soft matter is best studied experimentally
using

MmICroscopy
PLUS
scattering



John Godfrey Saxe's ( 1816-1887) version of the famous Indian
legend,

It was six men of Indostan,
To learning much inclined,
Who went to see the Elephant
(Though all of them were blind),
That each by observation

\\% Might satisfy his mind.

The First approach'd the Elephant,
And happening to fall
Against his broad and sturdy side,
At once began to bawl:
"God bless me! but the Elephant
Is very like a wall!"

The Second, feeling of the tusk,
Cried, -"Ho! what have we here
So very round and smooth and sharp?
To me 'tis mighty clear,

This wonder of an Elephant
Is very like a spear!"

The Third approach'd the animal,
And happening to take
The squirming trunk within his hands,
Thus boldly up and spake:
"I see," -quoth he- "the Elephant
Is very like a snake!"



Phase transitions

Spectrum of Phases Exhibited by Liquid Crystals

e NN Higher symmetry: decreasing order
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nematic

hexatic
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Characterization, SAXS

Small angle X-ray scattering
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1sotropic - nematic two phase coexistence

1sotropic

white light crossed polarizers
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Measuring nematic order of colloidal rods by x-ray diffraction

X-ray

/
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angular distribution, f(0)

form factor, P(q, £2)




data model
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Clay liquid crystals

(a) (b) (d)

Flgure X, [sotropic — nematie phase sepamtion as observed batween crossed polanzers, sl volume fractions ranging Irom (a) 159, (b) 163, ic)
12, 1o (dy 1 7.4% (vi'v), The 1sotropc upper phase shows streaming birelnagence when the mibe 15 shghtly <haken, inchicanng the presence of free
ahignable plnelets, The lower phise s permanently birelnngent due 1o nematie ordenng and shows s higuid coystalline nature by Howmg hke a
moderstely viscous liguid when the tabe is tilied
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model

I(q) = | f(Q)P(g)d2
ngular distribution
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Nematic liquid crystals

» orientational order parameter?

i [ =sinfcos¢
» two equivalent directions: l | =sinésin ¢
y
1, [, =cosd

« expressions which treat these the same:

1/1/:/'\1\2 = 0!
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Nematic Liquid Crystals

* orientational variable:
— second rank tensor
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« orientational order parameter:
— traceless symmetric
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Nematic liquid crystals

* order parameter:
« symmetric traceless
./ . tensor

* eigenvectors:
— direction of alignment:

S =028 nematic director N

* eigenvalues:
— degree of alignment:
Al
order parameter S

Summer School on
Soft Matter Physics
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http://dept.kent.edu/spie/liquidcrystals/nematics1.html
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http://dept.kent.edu/spie/liquidcrystals/nematics1.html
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Elastic constants K have units of force.
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V>0 =0 has an electrostatic analogue & —> V o0 S E

) 0z
VIV =0

If the voltage is constant in a plane, then the electric field is constant.
parallel plate capacitor Vv

Hm ..S-'f'ru::f'inmjﬁ




http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13

Liquid crystal disclinations seen through cross-polars

Y

birefringence


http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13
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2D disclinations in nematic

O=tmp+0,

m=-+1/2




http:// www.chem.rdg.ac.uk/dept/staft/phys/ams/crosspolars.html

Liquid crystal disclinations seen through cross-polars

http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13

Liguid crystal disclinations seen through cross-polars, Adam Squires - Microsoft Internet Explorer |Z||E|[z|
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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.

Disclination
strength

b [5]

Polarizers L_|l|.|.||lnlnlul
Lulllllllllllll

Rotate
Rotate
Molecules

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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http://www.chem.rdg.ac.uk/dept/staff/phys/ams/crosspolars.html
http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13
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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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