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Ligqutdl Crystals

States between crystalline and isotropic liquid




SELF-ORGANIZING SYSTEMS
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liquid crystals
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SYNTHETIC SUPRAMOLECULAR SYSTEMS




form-anisotropic molecules
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mesogen Csﬂnoc”

self-organization
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crystal thermotropic liquid crystal liquid
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1288: Prof. Reltnitzer, botantst

CRYSTAL, Cr CHIRAL NEMATIC PHASE, N*
(CHOLESTERIC PHASE, Ch*)

ISOTROPIC LIQUID, I
A schematic representation of the melting of crystalline cholesteryl benzoate

(1) at 145.5 °C to form a chiral nematic (cholesteric) glzase, which in turn
forms the isotropic liquid on further heating to 178.5 °C.303!
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CRYSTAL, Cr SMECTIC NEMATIC ISOT
PHASE, S PHASE, N LIQUID,

Schematic representation of the structures of a solid, a smectic phase
the nematic phase and the isotropic liquid state formed by calamitic organic
molecules with a large length-to-breadth ratio.




nematLe phase

-> long-range orientational order
-> no positional order

-> center of mass positions are randomly distributed as in
a liquid

-> most nematics are uniaxial (approximated as cylinders)

-> can be aligned by an external magnetic / electric field



smectLe phase

-> form well-defined layers
-> Smectic A: molecules oriented along the layer normal

-> Smectic C: molecules tilted away from the layer
normal

-> liquid-like within the layers

-> many different smectic phases



chiral newmatic (cholesteric) phase

< chiral nematic:
| g -> twisting of the molecules perpendicular to the director
p f —— -> finite twist angle due fo asymmetric packing
> i
' £
//\/4/’ '.‘-(
'\ .
RN
oy

chiral smectic C*:
“(\“ A 4. -> positional ordering in a layered structure

fq | \\ -> molecules ftilted by a finite angle with respect fo the
&\‘ \ ,\, { A layer normal
"N )
j l" / ’/ ) -> chirality induces azimuthal twist from one layer to the
Y A I/ | next, producing spiral twisting of molecular axis along the
/7/( f layer normal
VY,



chiral nematie phase: chrial P_L’cclfl P

-> distance over which the LC molecules undergo a full 360° twist

-> pitch, p, typically changes when temperature is altered or when other molecules are
added to the LC host

-> if pitch is of the same order as the wavelength of visible light, causes systems to
exhibit unique optical properties, such as selective reflection
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oroer parameter S

-> generally decreases as the
temperature is raised

S=0, isotropic
S=1, Ordered

Nematic, S=0.5-0.6

S = (Py(cosf)) = <3COS—29_1>




smectile LCs

00000 2007000 =
ﬂi@ﬂ 0\0 /0 0000 t A type: molecular alignment
OQ “OUO “0/00/ perpendicular to the surface of the layer,

Qs but lack of order within the layer.

l J ////ﬂ///ﬂo i C type: having a tilted angle between
//09(7/0//////] ’ molecular alignment and the surface of
00020 0002000 e layer

Smectic C
0 “ B type: molecular alignment

perpendicular fo the surface of the layer,
0 0 having order within the layer.

0
0
0000000000

Smectic B

J 1000 =
( 0000 1T




smectle B LC

CeH13

Molecular array in an sy phasce. The molecules are perpendicular to the layer's
planc. cach at the centre of a hexagonal system. and are free 1o rotate around their longi-
tudinal axis. 4-Pentylbenzylidene-4'-hexylaniline is such an example
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calamitic LCs

discotic LCs
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banana-shaped LCs




discotie LCs
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discotie LCs

Nematic phase Columnar hexagonal phase Helical columnar phase

Core centers:
-> benzene

-> triphenylene
-> Coronene

->




hasmidic wmesophase




hexabenzocoronene




hexabenzocoronene




hexabenzocoronene




THF
THF/Water
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alky Lcawobihewl, howologues

Table 3.1.  Transition temperatures for alkylcyanobiphenyl homologues.

_No. | R IC  Sa 0N T

@

® & & & " 2 " 2 8 8~

* first nematics commercially available for display devices
* still used in LC displays for watches, calculators, etc.




alky LcawobihewL Varltants
CHqs 56.0 | C7His CN

14 15
C47.5N61.01 C 35.0 (N 5.0) |

26.0 |

(@)
CeHys 0] cetn =< > H-on
018

C240N35.0]! C 56.0 (N 52.0) |
20.0 33.0

CsH 14 CsHy {}@' CN
19

16
C31.0N55.0]1 C 74.0 (N 19.0) |

45.0
CN CsH 1y —(::»—Q CN
17 20

C62.0N100.01 C 98.0 | (supercools to 28.0)

Figure 3.7. Effects of alicyclic core changes on transition temperatures.



alky chéawoloip_heng Vartants
ety X P on  (gntaze

25
CsH11 Q Q @ CN ¢ 159N 2691




alky Lbijgheng VarLants

32
CsHi1 @ @ CsHit c26.0547.655221

33
CsH11 "O‘O‘ CsHit c40.08g 11041
34
CsHys O‘@' CsHit  c.08(S-80N-5.0)1

changes of the core results in dramatic changes for the LC
in compound 34: incompatibility of two distinct different core regions!

b.

- Lo R

Decreasing phase stability—




Lunker variations

9e
C240N35.0|

57
C46.4N 7501

58
C 89.0 (N 86.5) |

99
CO91.0N126.01

* some linking groups are easily synthesized!
* much higher nematic phase stability
* but melting points are also higher



Lunker variations

142.6

=N=N- 92 139
=CH=CH~- 97 126
-CO0- 87 96
-C2C- 78 94
~CH=N- 62 93
Single bond 53 67.5

* a smectic A phase also occurs up to 107.2°C

* some linking groups are easily synthesized!
* much higher nematic phase stability
* but melting points are also higher
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0
11 O—@—Can C 34.8 (N 26.0) |
O
CaHyn < _ P4 29
O-@— CsHit  C36.0(S529.0)N48.01

o O_O_I(O 75
o7 o—@- OCgH;; C63.0Sc74.0N91.0
0

CsHyy X 76
. Q O CN C53.0N70.5 |

* longer terminal chains stabilize a lamellar arrangement
* resulting smectic phase is titled because of the arrangement of the
lateral dipolar units



Lateral substituents

X

cut OO Do

C-N(°C) S-N(°C) N-I(°C)

196.0 -

79.2 142.8
- 96.1
- 86.5
- 80.8
43.1 79.5
- 57.0

X
H
F
Cl
Me
Br
CN
NOz2




Lateral substituents

79
C67.0S5, 119.0N 1440 |

80
C40.0N 108.0 |

81
C 59.0 (S 34.0) N 108.0 |

a b

H;, C194.5Sg211.0 S, 22151

H; C 69.0 G 83.0 B 100.5 S 124.0 S, 158.0 N 161.0 |

F, C47.0(J40.0) S,53.5 S 116.5 S, 130.0 N 155.0 |
C

NI

SS883
(AU U G
nmunuu
L S

OCoUo
L | L

F; C 48.5Sc 95.0N 141.5 |




Lateral substituents

doesnt work always:

O
Can -'@—'Q 82
O-O—CSHﬁ N 64.5 |

511 . 2 >
C” N 65.01




terminal g rOUPS

X

H

F

Cl

Br

I
COCH3
CN
Nz
NMe?
NO2
NCS
OCHa
CHa
Cs Hs
OCOCH3




structural temaplate for discoties




benzene based compounds

Table 7.3. Benzene based compounds; (a) hexaalkanoyloxy benzenes, (b) hexa
(alkoxyphenyl) benzenes.

K 68.3 D;¢86.01L K 68.0 D,q97.0IL




