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General Introduction

Liquid crystals are now well established in
basic research as well as in development for
applications and commercial use. Because
they represent a state intermediate between
ordinary liquids and three-dimensional sol-
ids. the investigation of their physical prop-
erties is very complex and makes use of
many different tools and techniques. Liquid
crystals play an important role in materials
science, they are model materials for the
organic chemist in order to investigate the
connection between chemical structure and
physical propertics, and they provide in-
sight into certain phenomena of biological
systems. Since their main application is in
displays, some knowledge of the particulars
of display technology is necessary for a
complete understanding of the matter.

In 1980 VCH published the Handbook of

Liquid Crystals, written by H. Kelker and
R. Hatz, with a contribution by C. Schu-
mann, which had a total of about 900 pag-
es. Evenin 1980 it was no easy task for this
small number of authors to put together the
Handbook, which comprised so many spe-
cialities; the Handbook took about 12 years
to complete. In the meantime the amount of
information about liquid crystals has grown
nearly exponentially. This is reflected in the
number of known liquid-crystalline com-
pounds: in 1974 about 5000 (D. Demus, H.
Demus., H. Zaschke, Fliissige Kristalle in
Tabellen) and in 1997 about 70000 (V. Vill.
electronic data base LIQCRYST). Accord-
ing to a recent estimate by V. Vill. the cur-

rent number of publications is about 65000
papers and patents. This development
shows that, for a single author or a small
group of authors, it may be impossible to
produce a representative review of all the
topics that are relevant to liquid crystals —
on the one hand because of the necessarily
high degree of specialization, and on the
other because of the factor of time.

Owing to the regrettable early decease of H.
Kelker and the poor health of R. Hatz, nei-
ther of the former main authors was able to
continue their work and to participate in a
new edition of the Handbook. Therefore, it
was decided to appoint five new editors
to be responsible for the structure of the
book and for the selection of specialized
authors for the individual chapters. We are
now happy to be able to present the result
of the work of more than 80 experienced au-
thors from the international scientific com-
munity.

The idea behind the structure of the Hand-
book is to provide in Volume 1 a basic over-
view of the fundamentals of the science and
applications of the entire field of liquid crys-
tals. This volume should be suitable as an
introduction to liquid crystals for the non-
specialist, as well as a source of current
knowledge about the state-of-the-art for the
specialist. It contains chapters about the his-
torical development, theory, synthesis and
chemical structure, physical properties,
characterization methods. and applications
of all kinds of liquid crystals. Two subse-
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quent volumes provide more specialized in-
formation.

The two volumes on Low Molecular Weight
Liquid Crystals are divided into parts deal-
ing with calamitic liquid crystals (contain-
ing chapters about phase structures, nemat-
ics, cholesterics, and smectics), discotic lig-
uid crystals, and non-conventional liquid
crystals.

The last volume is devoted to polymeric lig-
uid crystals (with chapters about main-chain
and side-group thermotropic liquid crystal
polymers), amphiphilic liquid crystals, and
natural polymers with liquid-crystalline
properties.

The various chapters of the Handbook have
been written by single authors, sometimes
with one or more coauthors. This provides
the advantage that most of the chapters can
be read alone, without necessarily having
read the preceding chapters. On the other
hand, despite great efforts on the part of the
editors, the chapters are different in style,
and some overlap of several chapters could
not be avoided. This sometimes results
in the discussion of the same topic from

quite different viewpoints by authors
who use quite different methods in their re-
search.

The editors express their gratitude to the au-
thors for their efforts to produce, in a rela-
tively short time, overviews of the topics,
limited in the number of pages, but repre-
sentative in the selection of the material and
up to date in the cited references.

The editors are indebted to the editorial and
production staff of WILEY-VCH for their
constantly good and fruitful cooperation,
beginning with the idea of producing a com-
pletely new edition of the Handbook of Lig-
uid Crystals continuing with support for the
editors in collecting the manuscripts of so
many authors, and finally in transforming a
large number of individual chapters into
well-presented volumes.

In particular we thank Dr. P. Gregory, Dr. U.
Anton, and Dr. J. Ritterbusch of the Mate-
rials Science Editorial Department of
WILEY-VCH for their advice and support
in overcoming all difficulties arising in the
partnership between the authors, the editors,
and the publishers.

The Editors
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— chiral nematics  2: 311 ff tricatenar compounds, mesogenic properties 1: 160

— chiral smectics  2: 493 tricatenars  2: 874 f
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triclinic symmetries, ferroelectrics 2: 609

tricritical behavior, SmA-SmC transitions 2: 30 f,
453

tricritical point

— anchoring diagram 1: 538

— external fields 1:482

— fluctuations 1: 377

— phase transitions 1: 328, 366

tricyclodecane, chiral nematics  2: 328

tricycloquinazolines, synthesis 2: 726

triesters, phasmids  2: 868

triethylamines  3: 31

triethylene glycol monomethyl ether (TRIMM)
3: 467 ff, 476

trifluoroacetic acids, cellulosics 32 465

trimers

— hydrocarbon cores  2: 716

— mesogenic properties 1: 163

— oligomeric systems 2: 813

trinitrofiuorene (TNF)

— charge transfer systems 2: 950

— columnar nematics 2: 757

trinitrofluoronone (TNF)  3: 332

triphenyl, celluiosics 3: 458

triphenylene compounds, columnar phases  2: 766

triphenylene derivatives, discotics  2: 749 ff

triphenylenes 2: 702 f

— charge transfer systems 2: 954

— discotic cores  1: 173

— SCLCP  3:207

triplet excitons, columnar discotics  2: 790 f, 795

triplet quenching, solvents 1: 852, 874

tripodal materials, amphotropics  3: 327

triptycene, mesogenic properties 1: 168

tris(dimethylaminojsulfonium 3: 132

tristable switching, antiferroelectrics  2: 675

Triton X-100, surfactants 3: 364

tropone 1: 140

truxenes 2: 713

— columnar phases 2: 753 f

— discotic cores  1: 173

trypan red, chromonics  2: 984

tubular compounds  1: 176

tubular mesophases  2: 755

— saturated cores  2: 742

tumbling

— anisotropic  2: 257

— flow/viscosity 1: 459

tumbling regimes, nematic MCLCP  3: 116

tunability, columnar discotics  2: 792

tungsten, stilbazole ligands 2: 904

tungsten complexes, ROMP  3: 142

tungsten tip surface scanning by scew spindle  1: 369

turbidity measurements, phase transitions 1: 359
turbulent flows, thermography 1: 827

turn on delay, STN 2:214

Twaron

- MCLCP 3:26

— polyamides 3:22

twins, mesogenic properties 1: 162 f

twist-bend distortions  1: 262

twist/bend director 1: 704

twist-bend structure, ferroelectrics 2: 576

twist angles  1: 738; 2: 208

twist deformation

— elastic properties  1: 267

— thermography 1: 823

— torsional elasticity 1: 256

twist director distortions, nematics 2: 62

twist disclination, defects 1: 429

twist distortions  2: 303; 3: 94

twist elastic constants

- nematics 2: 171

— nonchiral smectics 2: 471

twist elastic deformations, chiral nematics 2: 370 £

twist grain boundary (TGB) 1:22, 130

— external fields 1:485f

— fluctuations 1: 382

— high-pressure experiments 1: 360

— phase transitions 1: 286,294

— XRD 1:641,659f

twist sense, chiral nematics  2: 309

twist transitions, optical-field-induced 1: 573

twistane derived mesogens, chiral nematics  2: 328

twistanol derivatives, chiral nematics  2: 329

twisted Heilmeier cell 2: 278

twisted nematics  2: 199-229

— chiral 2:341f

- displays 1:746; 2: 277

— ferroelectrics  2: 598, 632

— guest-host effect 2:273

twisted nematics/cholesterics 1: 497

twisted phases, external fields 1: 485

twisted transitions, displays 1: 735

twisting, cellulosics  3: 468

twisting power

— ferroelectrics  2: 549

— nematics 1: 847

two-branch configuration, active matrix
displays 2:231

two-dimensional approach, instabilities 1: 523

two-frequency addressed SmA devices 2: 486

two-ring matertals, STN  2: 222

two-ring systems 1: 138

— SCLCP  3:209

type I chiral nematics 2: 311

type IVIII chiral nematics  2: 325 f

Tyr-35, living systems  3: 433

U phases, SCLCP  3:216

Ullman coupling, hydrocarbon cores 2: 707
Ullmann synthesis  1: 94

ultrasonic properties 1:; 549-568

ultrasonic studies, LCE  3: 293

ultrasound

— absorption 1: 564

— intensity 1: 550



— phasc transitions  1: 373

- radiation detection 1: 833

- studies  1: 563

ultrasoud methods, shear viscosity  2: 150
umbelliferyl derivatives. amphotropics  3: 324
unactivated states, TN displays  2: 200
unaligned samples, diffraction patterns  1: 638
uniaxial-biaxial nematic transitions 1: 379
uniaxial nematic MCLCP, defects  3: 99
uniaxial nematic transitions  1: 280

uniaxial nematics, flow/viscosity  1: 454
uniaxial structures, mean field model  1: 299
uniform alignment, SmC* polymers  3: 218
united atom model  1: 77
- mesogens  1: 82
untwisting dynamics, cholesteric helix 1z 502
uracil/diamino pyridine system  2: 975 ff
urethane linkage, polypeptides  3: 70

V shaped switching, antiferroelectrics  2: 675 f, 682
vacuum, X rays 1: 620
valency, head groups  3: 345
d-valerolactones, living polymerization  3: 133
van der Meer-Vertogen model  1: 68
van der Waals forces, charge transfer systems  2: 945
van der Waals interaction 1: 134
— elastic properties 1: 274 f
molecular theories 1: 44
nematics  1: 55
van der Waals interlayer interactions  2: 451
van der Waals models, nematics  2: 80
van der Waals spheres, dimers  2: 824
vanadium
- diketonate ligands 2: 912
lyotropic metallomesogens 2: 927
vanadyl, salicylaldimine ligands 2:917
vapor interfaces, nematic  1: 543
variable angle spinning (MAS) 1: 604
variable grating mode, external ficlds  1: 496
vector matrix multiplier  1: 798
vector processor  1: 811
Vectra
- aromatic polyesters  3: 14
— defeets 3: 98
- MCLCP  3:26
— refractive indices  3: 105
veratole, reagents  2: 716
vertically aligned nematic displays (VAN)  1: 741
viewing angle
- AFLCD  2: 679
dynamic scattering 2: 251
FLCP 3:229
- Heilmeier displays  2; 277
- nematic devices  1: 744
- STN 2:216f
TN displays  2: 202
vinyl monomers, living polymerization  3: 127
Virchow substance, living systems  3: 395
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virtual work, nematics  1: 27
viscoelastic properties, NMR  1: 611
viscosity 1: 253 ff, 454-476
- aromatic polyesters 3: §
— chiral nematics 2: 374 f
- chiral smectics  2: 495
diffusion 1: 584
dynamic scattering  2: 243
- clastomers  3: 62
- external fields 1: 490
ferroeleetrics  2: 547, 654
light scattering  1: 704
nematics  2: 142169
rotational modes  2: 613, 617
scaling laws  2: 602
- transitions under pressure  1: 373

see also. Leslie viscosity
viscous coefficients
— fluctuations  1: 381
— nematics  1: 36
viscous isotropic phases, surfactants  3: 350
Vogel-Fulcher model, dielectric properties  1: 249
Vogel-Fulcher plot  2: 190
voids, thermography 1: 832
voltage—temperature phase diagram, 14PIM7  1: 488
voltage breakdown, X rays 1: 620
Volterra process  1: 418; 2: 350
volume changes, phase transitions  1: 333
volume effects, Onsager theory 1: 52
Vorlinder zirkulare Infektion. living systems  3: 427
vortex formation, instabilities  1: 518 f
vortex generator, thermography  1: 829
vortex patterns, two-dimensional  1: 523
Vuks equations, nematics  2: 133
Vuks field correction factor  2: 348
Vuzhva theory, ultrasonic propertics 1z 561

WT7-W82 mixture, ferroclectric devices  2: 640
walls
ferroclectric devices  2: 639, 634 ¢
- textures 1:439
Warner—Flory lattice model, cellulosics ~ 3: 476
warpage. aromatic polyesters 3: 15
water mixtures, amphotropics  3: 307 f
water molecule interaction, chromonics 2: 986
water solubility, surtactants  3: 341
water structure concept  3: 343
Watson-Crick double helix  2: 1003
wave equation approach, optical propagation  2: 356 f
wave guiding regime, cellulosics  3: 455
wave interactions, nematics  1: 559 f
wave propagation, Brillouin scattering  1: 719
wavelength
— chiral nematics  2: 339
-- dichroic dyes  2: 239
dynamic scattering  2: 251
- thermography  1: 823
XRD  1:636



