Liquid crystals (LC) Kunagkue kpuctannbi)

The liquid state has short-range order but no long-range order:
It has the highest possible symmetry. The crystalline solid has
long-range positional and rotational order; it has a much lower
symmetry than the liquid and can have the lowest possible
symmetry consistent with a regular filling of space. There are
systems with intermediate symmetries that exhibit short-range
correlations in some directions and long-range order in others.

One form of this intermediate order is orientational order.

In a periodic crystal, there iIs only a discrete set of directions
defined by vectors between nearest neighbor particles, which
occupy sites on a lattice. These directions are the same
throughout the lattice and define a long-range orientational
order often called bond-angle order. Remarkably, it is possible
to have long-range orientational order in the absence of
translational order. Among the materials that show
Intermediate order, the most widely studied are liquid crystals.



Some molecules forming liquid crystal (LC) phases
and their phase sequences as a function of temperature.
(the benzene (benzol) rings give rigidity to the molecules).

- dimethyloxyazoxybenzene (p-azoxyanisole) 4 n-pentylbenzenethio-4™-n-heptyloxybenzoate (7S5)

37C 81C
118.2C 135.3C Sm-C <« » N« » ][
solid« » N« »]
29.57kJ 0.57kJ

2-(4-n-pentylphenyl)-5-(4-n-pentyloxyphenyl)-pyrimidine

102.7C 113.8C 144C 210C
solid < > Sm-G <« » Sm-F <« »Sm-C=<« »Sm-A=« »I
34.98k]J 0.58kJ 0.5kJ 11.45kJ 0.2kJ
Notations of LC phases: Molecule 7S5 and its model

N — nematic; Sm - smectic; | - irregular as a rigid rod or ellipsoid.



Schematic representation of the position and orientation of

anisotropic molecules in (a) isotropic, (b) nematic,
(c) smectic-A, and (d) smectic-C phases.
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Schematic representation of X-ray scattering intensities profiles from
(a) isotropic, (b)&(c) nematic, (d) smectic-A and (e)&(f) smectic-C phases.

The structure factor is isotropic but shows
rings at wave numbers corresponding to the e,
two characteristic lengths of the individual /

molecules - their length | and diameter a. ~3f
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Cholesteric state of liquid crystal (LC)

Chiral molecules (such as cholesterol nonanoate) are molecules with no mirror plane.
When such molecules are added to a nematic liquid crystal, a twisted or chiral nematic
(N*) state results. This state is often referred to as the cholesteric state. In this state, the
direction of average molecular alignment rotates in a helical pattern. The pitch (distance
between equivalent planes) depends on the concentration and degree of chirality of the
chiral molecules and typically of order several thousand angstroms. This means that
cholesterics Bragg scatter visible light. Their X-ray scattering intensity is, however,
generally similar to that of a nematic.

(a) Cholesterol
nonanoate
molecule

(b) Schematic representation of the molecules in the cholesteric
phase. The director n rotates in a helical fashion.



Hexatic state of LC

When smectic-A phases are cooled, they condense into what was historically called a
smectic-B phase. It is now known that a smectic-B phase can be a crystalline-B phase
with a three-dimensional crystal structure and Bragg scattering at points in a three-
dimensional reciprocal lattice. In some cases, however, the smectic-B phase is not a
true crystal. It has hexagonal orientational order manifested by the development of a six-
fold modulation in the intensity of the diffuse ring at q = 2n/a in the X-ray scattering
intensity of the smectic-A phase. Whereas the smectic-A phase is invariant with respect
to arbitrary rotations about n, this hexatic-B phase is invariant only with respect to
rotations of 2xt/6 about n.

The existence of long-range orientational order in hexatics is quite remarkable. The
breaking of rotational symmetry in the nematic phase is easy to accept. The molecules
comprising the nematic phase have a rigid core produced by strong chemical bonds.
Orientational order is produced by the collective alignment of rigid bar-like molecules. In
hexatics, on the other hand, there is no chemical bond between neighboring molecules,
and orientational order is a reflection of the long-range alignment of the position vectors
connecting nearest neighbor molecules. In fact the hexatic-bond-angle order can be
viewed as resulting from the loss of long-range positional but not orientational order of a
hexagonal crystal.



Hexatic state of liquid crystal (LC)
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(a) hexagonal crystal (b) Hexatic phase of LC

(a) Separated groups of nearest neighbor atoms in a hexagonal crystalline phase.
Atoms occupy lattice sites on a triangular lattice, indicated by grid lines. Each atom has
six nearest neighbors forming a hexagon. There is both long-range translational and
orienta-tional order. The figure at the side shows the hexagonal pattern of Bragg peaks
In the X-ray scattering intensity at the shortest reciprocal lattice vectors,

(b) Separated groups of atoms in a hexatic phase. Each atom has six nearest neighbors
forming a local hexagon. Distant hexagons have the same orientation relative to some
fixed axis. Atoms do not, however, occupy sites of a triangular lattice. There is long-
range orientational but no long-range positional order. The X-ray scattering intensity
from a hexatic phase has a six-fold symmetry but no Bragg peaks.



Discotic state of liquid crystal (LC)

lll SR (c)
Fig. 1. Some plate-like molecules forming
discotic liquid crystalline phases.

Fig. 2. Plate-like molecules in (a)
discotic nematic, (b) hexagonal
columnar discotic, and (c) a
rectangular columnar discotic.

Plate-like molecules can form discotic nematic phases,

In which the plate normals are aligned, and phases with
crystalline order in two dimensions and liquid-like order
in the third direction (called columnar) .

The plate-like molecules segregate into columns with the plate normals either parallel to
or tilted at an angle to the columnar axes. There is no long-range positional order within
a column. The columns themselves form any of the two-dimensional crystals.



Lyotropic liquid crystals and microemulsions

In the preceding discussion, we have focused on liquid crystals whose phases change in
response to changes in the temperature. They are called thermotropic liquid crystals.
Liquid crystalline phases also appear in response to changes in concentrations of water,
oil, surfactants, or other species in a wide variety of molecular mixtures. These are called
lyotropic liquid crystals and are generally formed by amphiphilic molecules consisting
of two parts that repel each other and/or are soluble in different solvents.

For example, lipids with hydrophilic (water "liking") and hydrophobic (water "fearing")
parts. The hydrophobic part consists of one or two hydrocarbon chains containing 8 to
20 carbon atoms. The hydrophilic group generally has a charge or a dipole moment.

Examples of lipids: (a) SDS, a soap
with a single tail, and (b) DMPC, a
phospholipid with two tails.




Lyotropic liquid crystals and microemulsions

When in contact with water, lipids will self-organize into structures in
which hydrophobic tails are shielded from contact with water. Common
structures include spherical and cylindrical micelles, inverted micelles,
bilayer sheets, vesicles. The origin of these geometrical structures can
be understood in terms of the packing of lipids of different shapes.
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phases with water, oil, and surfactant layers.



Lyotropic liquid crystals and microemulsions

These structures can arrange into arrays of equilibrium phases,
including nematic, lamellar (smectic), and columnar phases.

| Schematic representation
| of a surfactant surface in
0 Water Content (% 10( the triply periodic phase
"plumber's nightmare®,
having cubic symmetry.
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Phase diagram and schematic representation of phases
of aliphatic chains in water showing micellar solutions:
lamellar (L,), and hexagonal columnar H, and H, phases.



LCD-moHuTOpbI. ACTOpMA.

JKpaHbl LCD-monutopoB (Liquid Crystal Display, xuakokpuctannmyeckue MOHMTOPLI) cAenaHbl
U3 BelecTBa, KOTOPOe HAXOAMTCA B XKUAKOM COCTOSSHUM, HO MPKU 3TOM 0ONagaeT aHM30Tponuen
CBOWCTB (B YaCTHOCTU ONTUYECKUX), CBA3AHHBIX C YNOPAAOYEHHOCTbIO B OPMEHTALIUN MOSEKY.
Kak H1 cTpaHHO, HO Xupakue Kpuctannbl ctapwe JJIT noyT Ha aecATb NeT, nepBoe onncaHue
3TUX BellecTB Ob1no caenaHo ewe B 1888 r. OgHako aonroe Bpems HUKTO He 3Han, Kak ux
NPUMEHUTb Ha npakTuke. XXUAKOKpUcTannuyeckne matepumansi Obinm oTKpbIThI ewe B 1888 roay
aBCTPUMUCKUM Y4eHbIM @. PeHuUTLEepOM, HO TONbKO B 1930-m nccnegosaTteny n3 6pUTaHCKOM
Kkopnopauuu Marconi nony4Ynunu naTeHT Ha UX NPOMbILLNIEHHOe NPUMeHeHue. Bnpoyem, panblue
3TOro Aeno He NOLWJIO, NOCKONbLKY TeXHonorn4yeckasa 6asa B To BpeMs Obina ewe cnviwkom cnaba.
MepBbIN HacTOAWMI NPOPLIB coBeplnnmn yyeHble PeprecoH (Fergason) n Bunbamc (Williams) n3
kopnopauun RCA (Radio Corporation of America). OauH U3 HUX co3pan Ha 6a3e XUAKUxX
KPUCTaNIOB TepMOAaTUMK, UCMONb3YA UX M3bMpaTenbHbIN oTpaxaTenbHbIN 3ddeKT, apyroun
U3y4an BO3fenNCTBUE ANEKTPUYECKOro NoNs Ha HemaTuyeckne Kpuctannbl. B koHue 1966 r.
kopnopauusa RCA npoaemoHcTpupoana npototun LCD-moHuTOpa — undpoBbIe Yachl.
3HauuTenbHy ponb B pa3sutum LCD-TexHonoruu coirpana kopnopauuma Sharp. Mepebik B Mupe
kanbkynatop CS10A 6611 nponsseaeH B 1964 r. umeHHo B Sharp. B oktabpe 1975 r. yxe no
TexHonoruvm TN LCD Obinu usrotoBneHbl nepBbie KOMNakTHbIE L poBble Yackl. Bo BTopon
nonoBuHe 70-X Hayancs nepexon 0T BOCbMUCErMEHTHbIX XUAKOKPUCTANNNYEeCKUX UHANKATOPOB
K NPOM3BOACTBY MaTpuL, C agpecaumen kKaxaon Touku. Tak, B 1976 r. Sharp BbinycTuna YepHo-
OenbIv TeNeBU3Op C AUaroHanblo aKpaHa 5,5 AmMa, BbINONHEHHOro Ha 6a3e LCD-maTpuubl
pa3peweHuem 160x120 nukcenos.



MpuHumn paborbl LCD-moHuTOpPOB

PaboTa XXK[1 ocHoBaHa Ha ABNeHMM NONSpU3aLmMn CBETOBOro nNoToka. Monspouabl CNOCOOHDI
NPOMYCKaTb TONbKO Ty COCTaBNALIYIO CBETA, BEKTOP 3MIEKTPOMarHUTHOW UHAYKLUN KOTOPOU
NEXWUT B NJIOCKOCTH, NapannenbHOU ONTUYECKON NNOCKOCTH nonapouaa. [ina octaBLwencs 4actu
CBETOBOro NOoToKa nonspouna 6yaet Henpo3payHbiM. [laHHbIN 3hheKkT Ha3bIBaeTCA nonApu3aumen
cseTa. [inuHHble monekynbl XK 4yBCTBUTENbHbI K 3M1IEKTPOCTAaTUYECKOMY U 3NIEKTPOMAarHUTHOMY
MOMI0 U CNOCOOHbLI MONSAPM30BaTh CBET, => NOABMNACh BO3MOXHOCTb YNPaBMATbL NONSAPU3aLmen.
OcHOBbIBasACb Ha 3TOM OTKPLITUM U B pe3ynbTaTe AaNbHeUWUX UCCNeaoBaHNUM, CTano
BO3MOXHbIM OOHAPYXUTb CBAI3b MEXAY NOBbIWEHNEM 3MEKTPUYECKOro HanpsXKeHUs U
U3MEeHEeHWeM OpMEeHTaLMM MOMEKYN KpMCTannoB Ans obecneyeHns co3gaHns M30opaxeHus.
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Bo3MoOXHbIe TeMbl AN KYPCOBOM

1. X Kngkme KpucTtannbl U UX NIPpUMeHeHue (06wt 0630p).
2. Mneoxpon3am XMAKUX KpUCTAaINoOB.

3. MNopgpobHee 0 KAKOM-HMOYyAb U3 NPUMEHEeHUM
XMAKUX KPUCTaNNOB (BO3MOXHbI pa3nuyHble NPUMEHEHHS,
OCHOBaHHbIe Ha pPa3HbIX cbusuqecxux csoucnaax => HeCKOJbKO TeM).
(Mpumep: Tepmorpadusn) : .
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Tema 2: NneoxXpousam XUAKUX KPpUCTanNNoBs.

Mneoxpousm (0T rpey. pleon — 6onee MHOrOYUCHEHHbIN U Chroa — UBeT), CBOMCTBO
aHU3OTPONHbBIX TeM, Hanp. KPUCTanNNoB, 0OHAPYXMBaTb Pa3NUYHYIO OKPACKy Npu
paccmaTpuBaHuu uX B 6enom cBeTe B pa3HbIX HanpaBneHUAX.

O6ycnoBneH pasnuymeM CNeKTPOB NOrMOLWEHNA BelecTBa ANs nyvyeu, UMeKLWmMX
pa3Hoe HanpaBneHue 1 NonApu3aumio. YacTtHbin criyyan nneoxponsma — OUXPOU3M.

NpumeHeHue

(1) usrotoBrieHue NonNApMU3auNOHHbLIX PUNLTPOB (NonsapouaoBs).
(2) Ona naeHTUUKaumMm camouBeTOB, HapAAY C APYrMMn MeTooamMMu.

Aamxpousm kopaueputa lNneoxpousam KpacHOro TypmanuHa
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