dynamics

2
static equilibrium: torque unbalance = &2 975 + sinfcosf =0
z

2
20 0 0+80A8E2 sin@cos

dynamic torque unbalance = } = K —
ot z
) . .. yd’
reorientation time T=— 5
7’K(1—(E/E.)")

chirality - blue phases

A
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Cladis/ Pieranski (1990)

flexoelectricity

P=en(V-n) g §QL
splay = ) %
o= Ven~E
s
P=ey(VXn)Xn G2 (@% §
bend c? & %
(Vxn)xn ~E
P E
for bend in an electric field:
R.B. Meyer, PRL (1969)
g =K/2[(Vxn)xn]?+E*[(Vxn)xn]
(Vxn)xn ~E
Abrikosov phase
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chiral line nematic glass

deGennes analogy

local TGB structure

short range smectic order
nematic-like helix T

shearable at high T

370
chiral liquid domains T(K)

(a conglomerate of achiral
molecules ) (b)

. VORTEX .,
VORTEX FLumD. -
1" GLASS

OR
VORTEX
LATTICE

MEISSNE
0 MEISSNER

0

liquid crystal phases
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nematic smectic A

normal super-

superconductors
superfluids

smedctic liquid crystals

("4
#

smectic order parameter

W) = ip(r)
9 B ¢(r) = 2rfu(r)/d]

| Pl
o Vo(r) = 6(p)

-
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the analogy

exclusion of bend and twist

Superconductor

Liquid Crystal

y - Cooper pair amplitude

A = vector potential

H = V x A = magnetic induction
normal metal

normal metal in a magnetic field
Meissner phase

Meissner effect

London penetration depth, A

superconducting coherence length, &
vortex (magnetic flux tube)
Abrikosov flux lattice

Vortex Liquid

y = density wave amplitude
n nematic director
Q=n-Vxn = twist

nematic phase

cholesteric (N*) phase
smectic-A phase

twist expulsion

twist penetration depth, A,
smectic correlation lenght, &
screw dislocation

twist grain boundary (TGB) phas
N, * phase

D

TGB phase (liquid crystal Abrikosov phase)

bend of n

twist of n

74

* layers without defects: must have
$h-dl=[(Vxh)-dA=0

+ so elastic constants K, , K, diverge at S, transition

. n corresponds to magnetic potential

+ Vxn is expelled (Meissner effect)

liquid crystals and the Higgs boson

AI2 ' 0(2)
0 /
b
i
(2)
z

VoJeg == \
0 Ib

ws
#

“Are Sponge Phases of Membranes SMECTIC
Experimental Gauge-Higgs Systems?”

sponge phase

1/ (edge energy)

B P
B2 [ .
CONFINEMENT e
Loog
NS ]
UNCONFINED ! HIGES

7fo=de(ro+ ;— K()HZ+ E()K)

NEMATIC
with
FREE EDGES

/
Asywm- |
METRIC |

i
PONGE  VESICLES

NEMATIC
with

Huse & Leibler, PRL 1993

SYMMETRIC
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layer chemical potential
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chiral SmC* helix

e . .
. XC% selective reflection

Smectic
Hilt cone

Helfrich and Oh (1970)
Joo :
= ' 50.5nm P
7. i A
£801\V\ A | "he
gso- | J
& Bl
}— I
0
600 650 700 750 =

Wavelength (nm)

Coles & Morris (2010)

fluid ferroelectric domains

incident

bookshelf Je
geometry onalyzer®a

5>

up-+ DOWN-* i
polariser P4 s layers

PO

| X

SmC* polar fluid

tilt & chirality => polarity

ol Iy /

/ V|
| / / polar axis (C )
p 0 / / I/ /// / collective dipole

S Tares VA

LA

chiral molecules
Meyer (1974) _ J\/\/\/
RN N S 0‘@‘@_{)Q ok
o) NO» il_%
B2 banana phases

tilt & polarity => chirality
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the “B2” banana phases: fluid layer smectics

conglomerate EO in NOBOW

fluid layer smectics
CsPr CaPa  CsPa CaPe

r'b\ £ X ﬂ‘*
< =

~40A

egpogp g
& &
Fogp gpog
Fogh N Pog

B4 phase: conglomerate domains

NOBOW cooling - | = 173° =& B2, B3 = 155° & B4

upon cooling the B2 the B4 phase appears in many materials

+ weakly birefringentfluid phase
¢ spontaneously & homogeneously chiral

+ Spontaneous reflection
symmetry breaking in smectics

CsHyy

NonylOxyBOW (NOBOW): B4 — 155 B2 — 1731 pis

twisted ribbons

nanofilaments \ bent-core
mesogens
a
in-layer
mismatch

’

G o

polar & chiral
splay smectic layers




NOBOW filaments freeze fracture of the bulk B4 phase

isotropic conglomerate domains of achiral molecules w508 “fingerprints”

N4

« optically isotropic fluid phase
+ spontaneously & homogeneously chiral

o o
weoe_y_ oty
o 2
O
SE D. Walba (Colorado) CRIHE

Cooling: |1-172-Dark cg-133-X
Heating: X—145-SmCP-175-1




continuous layers yield homochirality

fd virus

Fraden, Dogic, Meyer (Brandeis)
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mesophase spindle structure and dynamics active nematics
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D. Needleman (Brandeis)

equilibrium nematic

force parellel to each rod axis

Glaser (Colorado)



nucleosome core particle liquid crystals lipid bilayer structure

101 A NUMBER NUMBER
@ & E 2 >
Calf. thymus front side g2
: g L 2
nu'clei inverse hexagonal phase 2D/3D columnar hexagonal phase 21, 4 2 I-o 2
N Soo, & kS
1 e et = a
ik o W BF
S8 4 &
= S B . z
N g v
f % lamello— osmotie i
L AN = G | coumnar
fragments ¥ § = | | a4 I ; isotzopic phase
vy &
1) i) .
purified native NCP .
e e S 0oLl BN S. White (UC Irvine)
F. Livolant (Paris) DISTANCE FROM HC CENTER (1)
DNA cationic lipid and protein lipid complexes liquid crystals and the origin of life
t
wo E o
] :, 002
i .:
‘/\J\__‘_‘_
0 0‘05 0‘10 0‘15 0'20 0'25 0‘30 035
scattering vector, ¢ (A™)
Lbp ~0.33 nm

Y. Fang, J. Phys. Chem B (1997)

X Ap ~50 nm

C. Safinya (UCSB)



duplex DNA chiral nematic phase

(N =146 bp)

L=50nm~Ap

5

dmoflagelate
shape: chromosome
L/D ~ 25/1
N
i~
model: hard rods
100 Bolhuis, Frenkel, JCP (1997)
L
. crystals” L ~
P E
0.80 {/E)
55 B A~ . .
060 | \_\\ sm, Cy flexibility, polyd,spersuty
— replaces smectic phase
Q@ ' T by columnar phase
0.40

0.20

0.00

Onsager (1949)

—
nematic @E |
/

f—

2

0.0

N4
-
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nematic only for L > 5D

1.0 15

log (L/D +1)

.0

duplex DNA columnar phase

[

N =146 bp, L =

™

50 nm, L/D = 25:1

& J. P. Benoiti

The highly concentrated liquid-
crystalline phase of DNA is
columnar hexagonal

F. Livolant®, A. M. Levelut?, J. Douceti

Nature (1989)
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duplex DNA phase diagram

crystal (X)
500 columnar (Cy)
E S
(®)]
.g. nematic (N*)
O isotropic (1)
Lol Ll L MR e .—-—
101 102 108 104
N (bp)

effective DNA duplex
diamater = 40A

Merchant, Rill, Biophysical Journal (1997)
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“nanoDNA” liquid crystals of nanoDNA

20bp 5-AACGCAAAGATCTTTGCGTT-3’ (L~6.1nm)

16bp 5-CGCGAAAATTTTCGCG-3'  (~5.4nm) 16 bp
14bp 5-ACGCGAATTCGCGT-3’ (~ 4.8 nm)

12bp 5-CGCGAATTCGCG-3’ (~4.1 nm)

12bp 5-AACGCATGCGTT-3' (~4.1 nm)

10bp 5-CGCAATTGCG-3’ (~3.4nm)

8bp 5-CGCATGCG-3’ (~2.7 nm)

6bp 5-CGATCG-3’ (~2.0 nm) 10bp

12bp &’- CCTCAAAACTCC-3'+
5’- GGAG GAGG-3’

6b
and many others! 4
~N
a8
the end of DNA sticky ends — nematic & columnar phases
——__5—/2 14 T T T
5; 12 N 1
= sunset yellow or c 7 “living polymerization”
= y ! '§ 8l _
8 o
Q O 503 — ONa = /
4
2=
Na0 —502 «—— 10.8A — 92 of3 of4 ols
¢

. Kurablova, Betterton, Glaser,
oil Advanced Materials (2010)

¢ ~ 2KT / 10A2
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end-to-end adhesion

-
V forms
A }] liquid
crystal
end-to-end phases
stacking...

nanoDNA.|.

y-x

complementary oligomers

hydrophobic...

hydrophilic...

uniaxial columnar (C ) ~

RT=—"T3

LC condensation of complementary strands

+ non enzymatic ligation
— water soluble carbodiimide

...add ligation in
the LC phase

\% — thiolene click chemistry (Chris Bowman)
Uin

nanoDNA phase diagram
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timeline
RNA :
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R ¢
Formation Stable Prebiotic Pre-RNA RNA First DNA/ Diversification
of Earth hydrosphere chemistry world world protein life of life
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G. Joyce , Nature (2002)
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random sequence DNA

5-Ci

NNNNNNNNG-3' C(8N)G

5'- NNNNNNNNNNNNNNNNNNNN-3' 20N

16<R=Ny<30 ¢

\
R \ “e (c)
(WAN) R=Ng [ XX 7%
(CNN..NN + NN..NNG) N1 \\ x 4 < -
(CVN..NNG) Ng2 [V e b o columna
(CGNN.NCG) N4 %76 o M nematic
X noLC

(all determined)

ol mEan

10 12 14 16 18 20 30

4 6 8
oligomer length, N
a « g o X X R
0 1 3 4 4 8
DD DDN DDNN DDNNN  DDNNNN NNDDNN  NNNNDDNNNN  (d)

the future

<14 mers - association too weak: no LCs
14-20 mers - kinetic arrest into duplexes with random tails: gives LCs

n/
o
4

>30 mers - kinetic arrest into a gel: no LCs



