Hans ﬁ(elker/ Rolf Hatz

Handbook of Liquid Crystals

With a Contribution by

Christian Schumann

Eigentum der Firma
- Kurt Eichweber
Hamburg-Aliona

Verlag Chemie
Weinheim - Deerfield Beach, Florida - Basel - 1980



Contents —a Summary

WD B W

Microscopic Investigations Including Basic Concepts, Phenomenology, and Mor-
phology

Chemical Constltutlon

Theory of the Liquid- Crystal]me State

Behavior in Magnetic and Electric Fields L
X-Ray and Neutron Scattering, Positron Annihilation, Mossbauer Investlgatlons and
Cherenkov Radiation . . . . .

Optical Properties of Optically Inactlve Mesophases

Optical Properties of Optically Active Mesophases

Thermodynamic Properties . .
Liquid Crystals as Solvents in Gas Chromatography and in Chemlcal Reactlons
Nuclear Magnetic Resonance and Electron Spin Resonance Studies (by Ch. Schumann)
Lyotropic Mesomorphism . .

Liquid Crystals in Living Systems

Liquid-Crystalline Order in Polymers .

Technical Applications

History, Reviews, and Books

References

Subject Index

Legal Note

33
115
155

221
253
293
339
385
425
511
553
593
603
627
633
899
911



Contents

1.1
1.2
fl35

14
1441
142
143
144
14.5
il
1.6

1.7

2.1

%)
221

Microscopic Investigations Including Basic Concepts,
Morphology . . . . . . . . . ..o

Introduction

Polymorphism

Solid Surface Boundary Action
Textures in Nematic Phases
Homogeneous Texture
Homeotropic Texture

Schlieren Texture (Centered Texture)
Nematic Droplets

Mauguin Texture and Nematlc Cholesterlc Phases

Textures in Smectic Phases
Lyotropic Mesophases
Selected Mesogens . .

Chemical Constitution
Structural Features

Aromatic and Heteroaromatic Rings
Linear Molecules

Phenomenology,

11
13
13
14
16
19
21
26
28
30

33
34

37
37



XII

222
223

23

231
232
233
234

24
2.5
2.6
2.7
2.8
29
2.10
2.11
2.12
2.13

3.1
3.2
33
34
35
3.6
3.7
3.8
39
3.10
311

4.1

4141
4.1.2
413
414
4.1.5
4.1.6
4.1.7

Contents

Sheet Molecules (Platelets, Disc-Shaped Molecules)
Heteroaromatic Rings

Bridging Groups
Azomethines

Azo Compounds
Azoxy Compounds
Biphenyl Compounds

Terminal Groups and Homologous Series
Broadening of Molecules

Aromatic Carboxylic Acids

Carboxylic Acid Salts and Ammonium Salts
Steroids

Aliphatic Compounds

Inorganic and Miscellaneous Compounds
Conclusion

Classification of Mesogens

Table of Mesogens

Theory of the Liquid-Crystalline State
Introduction

The Continuum Theory

Explanation of Some Texture Characteristics
The Maier-Saupe Theory (Mean-Field Approximations)
Hydrodynamics, Equilibrium Theories

The de Gennes Theory

Pretransition Phenomena

Viscosity and Flow Studies

Diffusion and Heat Conductivity

Ultrasonic Studies

Surface and Interface Properties

Behavior in Magnetic and Electric Fields

Nematic Phases in Magnetic Fields

Magnetic Susceptibility e

Elastic Deformation (Frederiks Deformation) . .
Action of a Rotating Magnetic Field (Tsvetkov Effect)
Thermal Effects of a Magnetic Field (Moll-Ornstein Effect)
Optical Rotatory Power and Linear Electro-Optical Effect
Other Investigations in Magnetic Fields

Cotton-Mouton Effect

40
40

M
43
44
45
45

46
55
59
60
61
66
66
67
67
69

115
116
117
120
128
134
138
141
142
145
146
152

155

158
159
160
163
164
165
167
167



Contents X111

4.2 Cholesteric Phases in Magnetic Fields . . . . . . . . . . .. . . .. . . 168
421 Helical Unwinding . . . . . . . . . . . . . . . . ... ... .... 168
422 Periodic Deformations . . . . . . . . . . . . . . . . . .. ... ... 169
423 Elastic Deformation . . . . . . . . . . . . . . . ... ... . .... 17N
424 Storage Effect . . . . . . .. oo L 000172
43 Smectic Phases in Magnetic Fields . . . . . . . . . . . . . . ... ... 173
44 Nematic Phases in Electric Fields . . . . . . . . . . . . .. .. .. .. 174
441 Dielectric Susceptibility ; Dielectric Constants P L
442  Electric Conductivity . . . . . R £
443  Elastic Deformation of Ordlnary Nematlcs (Frederlks Deformatlon) T 1
444 Elastic Deformation of Twisted Nematics (Schadt-Helfrich Mode, TN Devices) . 192
445  Electrohydrodynamic Instabilities . . . . . . . . . . . . . . . . . ... 192
4451  Electrochemical Behavior . . e LR )
4452  Periodic Deformations, Type Wllhams Domams T
4453  Dynamic Scattering Mode (DSM) . . . . . . . . . . . . . . . . .. ... 19
4454  Theory of Electrohydrodynamic Instabilities . . . . . . . . . . . . . . . . . 198
4455  Special Observations . . . . . . . . . .. ..o 201
44.6 Fast Turn-off Mode . . . . . e e o203
447  Curvature Electricity (Piezo- or F lexo electrlclty) e o203
448 Ferroelectric Effects . . . . ) 0
449 Phase Transitions in External Flelds P §
4410  KerrEffect . . . . . . . . . . L ..o 2006
4.5 Cholesteric Phases in Electric Fields . . . . . . . . . . . . . . . .. .. 207
451 Dielectric Susceptibility; Dielectric Constants . . . . . . . . . . . . . . . 207
452 Electric Conductivity . . . . . . . . . . . . . . . . . . .. ... .. 210
453 Electro-Optical Effects . . . . . . . . . . . . . . . . ... ... ... 21
4531  Storage Modes . . . . . .. L L. Lo s 212
4532  Periodic Deformations e s 12
4533  Helical Unwinding . . . )
4534  Conical Deformation, Blue Shlft Mode A e
4535 Special Observations . . . . . . . . . . . . . . . . . .. ... ... 216
4.6 Smectic Phases in Electric Fields . . . . . . . . . . . . . . .. . ... 217
4.6.1 Dielectric Constants . . . . . . . . . . . . . . .. ... 207
4.6.2 Electric Conductivity . . . . . . . . . . . . . .27
4.6.3 Electric Deformations . . . . . . . . . . . .. . ... ... 218
5 X-Ray and Neutron Scattering, Positron Annihilation, Mossbauer Investigations,

and Cherenkov Radiation . . . . . . . . . . . . . . . . .. ... ... 22
5.1 X-Ray Scattering . . . . . . . . .. ... .22
52 X-Ray Studies of Special Mesophases . . . . . . . . . . . . .. . ... 231
3:2.1 Nematic Phases . . . . . . . . . . . . . . . . . . . .. . ... ... 23
512.2 Cholesteric Phases . . . . . . . . . . . . . . . . . .. ... ... 234
52.3 Smectic Phases . . . e e oo 236
524 Mesophases of Carboxyhc Ac1d Sdlts e oo 240

58 Neutron Scattering . . . . . . . . . . . . ... 242



XIV  Contents

54
5.5
5.6
5.7

6.1

6.1.1
6.12
6.1.3

6.2

6.2.1
622
6.2.3

6.3
6.4

6.5
6.5.1
6.5.2

0.6
6.6.1
6.6.2

6.7

7.1

7.1.1
712
7.13
7.14
7.1.5
7.1.6

7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

Positron Annihilation
Mossbauer Investigations
Cherenkov Structure Radiation

Bibliography of X-Ray Studies on Liquid Crystals

Optical Properties of Optically Inactive Mesophases

Birefringence .
Experimental Results
Theoretical Considerations
Special Refractive Modes

Rayleigh Scattering
Nematic Liquid Crystals
Smectic Liquid Crystals
Pretransition Phenomena

UV- and Visible Absorption Spectroscopy
Fluorescence Spectroscopy

IR Spectroscopy . . .
Nematic Phases Coe
Smectic and Other Mesophases

Raman Scattering
Nematic Phases S
Smectic and Other Mesophases .

Brillouin Scattering

Optical Properties of Optically Active Mesophases

Selective Reflection and Optical Activity
Helical Structures

Basic Observations .

Theory of Light Propagation .
Influence of Temperature and Pressure
Special Observations

Behavior of Mixtures

UV- and Visible Absorption Spectfoscopy
Fluorescence Spectroscopy

IR Spectroscopy . .

Raman Scattering

Birefringence

Rayleigh Scattering

Brillouin Scattering

Nonlinear Optics

246
248
249
250

253

254
255
259
262

262
262
268
269

272
279

281
281
285

287
287
289

290

293

294
295
296
301
310
312
315

322
326
327
329
330
332
332
334



7.10
7.11
712

8.1
8.2
83

84
84.1
8.4.2

8.5
8.6
8.7

8.8
8.8.1

8.8.2

9.1
9.11
9.1.1.1
9.1.1.2
9.1.1.3
9114
912
9.1.21
9.1.2.2
9.1.23
9.1.2.4
9.1.2.5
9.1.2.6

92

921
922
923

10

10.1

10.2
10.2.1
10.2.2

Contents

Other Optical Observations
Twisted Nematic Phases

Twisted Smectic Phases

Thermodynamic Properties
Classification of Phase Transitions
Theory of Phase Transitions
Pretransition Phenomena

Calorimetric Measurements
Molar Heat
Transition Enthalpy and Entropy

Kinetics of Phase Transitions, Glassy State
Temperature-Dependence of Density
High-Pressure Investigations

Mixed Systems with Mesophases

Mixtures of an Enantiotropic Mesogenic Substance Wlth a Monotroplc or Non-

mesogenic Substance .
Mixtures of Two Enantiotropic Mesogemc Substances

Liquid Crystals as Solvents in Gas Chromatography and in Chemical Reactions

Liquid Crystals in Gas Chromatography

Experimental Results

First Statement

Second Statement

Third Statement

Summary .

Models and Theory

Theoretical Background

The Regular-Solution Concept

The Entropic Part of f

The Free Energy Concept .
The Liquid-Crystalline/Isotropic Transmon asa Correspondlng State Condmon
Pretransition Phenomena

Chemical Reactions in Anisotropic Liquids
Thermotropic Mesophases

Polymerization Reactions in Thermotroplc Mesophases
Lyotropic Mesophases

Nuclear Magnetic Resonance and Electron Spin Resonance Studies
(by Ch. Schumann)

Introduction

NMR Studies of Mesophases
Basic Principles
Available Information

XV

335
335
336

339
340
343
351

354
355
357

364
366
370
372

372
376

385

386
387
392
394
395
395
398
398
400
401
403
406
409

412
412
415
422

425

426

427
427
428



XVI

10.2.3
10.24
10.2.5
10.2.6
10.2.7

10.3

10.3.1
10.3.2
10.3.3
10.3.4
10.3.5
10.3.6

104

10.4.1
10.4.2
10.4.3

11

111
11.2
11.3
11.4

11.5

11.5.1
11.52
1153

11.6
11.7

118
11.8.1
11.8.2

119
11.10
11.10.1
11.10.2
11.10.3

12

121
122
123

12.3.1
1232

Contents

Experimental Methods e
Results . . . e
Table of Thermotroplc Mesophases

Table of Synthetic Lyophases

Table of Biological Lyophases

NMR Studies of Mesophase-Oriented Solutes
Basic Principles

Available Information

Experimental Methods

Results .

Table of Nematic Solvents

Table of Solutes

ESR Investigations

Table of Mesophases .

Table of Paramagnetic Solutes

List of Spin Label Studies in Biological Systems

Lyotropic Mesomorphism

Introduction . . . . . . . L L0 0000 L

Mesophases in Soap Solutions and their Textures
X-Ray Analysis
Electron Microscopy

Composition of Lyotropic Mesophases
Binary Systems with Soaps .
Binary Systems with other Amphlphlles
Ternary and Multicomponent Systems

Solubilization
Other Properties of Lyotropic Mesophases

Mesomorphous Solutions of Synthetic Polymers and Copolymers
Polymers . . . . . ..
Copolymers . . . . . . .

Mesomorphous Solutions of Miscellaneous Types of Substances
Technical Importance of Lyotropic Mesophases

Foams and “Black Foam Films”

Emulsions . . . . . . . ..

Suspensions

Liquid Crystals in Living Systems

Polypeptide Model Substances

Cholesteric Pseudomorphosis in Crustacean and Insect Cuticles
Binary Aqueous Mesophases of Lipids

Monoglycerides R

Phospholipids . . . . . . ..

429
431
435
445
451

452
452
453
455
458
463
465

495
495
500
509

511
512
516
516
523

525
525
528
532

537
540

543
543
544

548
549
549
550
551

553
554

560
563
564
565



124

12.5
12,51
1252

12.6

127

1271
1272
12.7.3
1274

12.8
129
12.10
1211
1212

13

131
132
13.3
134

13.5

14
14.1
14.2

14.3

14.3.1
1432
1433
14.34

14.4

144.1
1442
1443
14.4.4
1445
14.4.6
14.4.7

Contents XVII

Classification of Biological Lipids 569
Phase Characteristics of Lipids in Systems with Three or More Components . 570
Bile Analog Systems 572
Atherosclerotic Lesions 573
Myelin 574
The Liquid-Crystalline State in Biological Membranes 575
Constituents of Membranes 576
Solubilization and Reconstitution 577
Structure and Membrane Models 577
Properties and Membrane Functions 581
Nucleic Acids and Viruses 587
Blood 588
Muscle Tissue 589
Other Biological Objects 590
Final Remark . 591
Liquid-Crystalline Order in Polymers 593
Introduction 594
Polymers without a Typical Mesogenic Group 596
Polymers with a Typical Mesogenic Group in the Main Chain .. . . 600
Polymers with a Typical Mesogenic Group in the Side Chain Directly Attached

to the Main Chain T 103
Polymers with a Typical Mesogenic Group in the Side Chain and a Flexible

Spacer Inserted between the Main Chain and the Rigid Mesogenic Group .. 601
Technical Applications 603
Embodiments 604
Optical Devices 606
Thermography 606
Medical Applications 608
Nondestructive Testing 609
Electromagnetic Radiation Detectors 609
Sound Wave and Pressure Detectors 610
Electro-Optical Display Devices . . . . . . . . . . . . . . . . .. .. 611
The DAP Mode 615
The Color-Switching Mode 616
The Schadt-Helfrich Mode 616
The Dynamic Scattering Mode 617
The Cholesteric Storage Mode . 620
Liquid-Crystal Cells with Photoconductors 621
Special Electro-Optical Devices 622



XVIII Contents

14.5 Holography and Interferometry

14.6 Miscellaneous Possibilities of Application
15 History, Reviews, and Books

15.1 History

15.2 Reviews

153 Books and Monographs

154 Symposia

References

Subject Index .

Legal Note . . .

624
625

627
628
628
629
631

633

899

911



