Contents

Part I MESOMORPHIC BEHAVIOUR

1. Introduction......... .. ... .. ... .. .. . 3

1.1 Mesomorphic Behaviour...................... ... ... 3

1.2 Mesogenic Compounds ..........ooiviiniiiiniinianin... 9

1.3 Classification of the Mesophases.......................... 15

2. Nematic Liquid Crystals................................... 20

2.1 Nematics Proper... ..o, 20

2.2 Chiral Nematics. .. .oovuiiiiiiniiiii it 25

3. Smectic Liquid Crystals.................................... 29

3.1 Broken Symmetry and the Organization of Smectics ...... 29

3.2 Smectics with Liquid Layers............... ...l 33

3.2.1 Smectics Aot e 35

3.2.2 Smectics C.ovnrrii e 37

3.3 Smectics with Bond-Orientational Order.................. 41

3.4 Smectics with Ordered Layers ............................ 44

4. Other Liquid Crystalline Systems......................... 48

4.1 Cubic Thermotropic Mesophases.......... e 48

4.2 Mesophases of Disc-Like Molecules........................ 49

4.3 Liquid Crystalline Polymers...............cc oo, 53

4.3.1 Liquid Crystalline Main-Chain Polymers........... 53

4.3.2 Liquid Crystalline Side-Chain Polymers............ 55

4.4 Lyotropic Liquid Crystals .............. ... ool 57
Part II CONTINUUM THEORY

5. Static Continuum Theory .......... ..., 65

5.1 Cartesian Tensors ..........ouoeviiiiiniiiirn i, 65

IX

Bibliografische Informationen
http://d-nb.info/880810505



http://d-nb.info/880810505

5.2 Macroscopic Order Parameter ..............covoiininnns 70

5.3 The Frank Free Energy ... . ...ooovvneieniiiiiiaienns 74

54 General Properties of the Director Field .................. 82

5.5 APPENdiX . .c..iiiiii e 86

6. Effects of External Fields .......... ... ...t 89

6.1 Interaction Between Applied Fields and Director Fields ... 89

6.2 Frederiks Transitions .......oovurervimeniereieiiinennnens 92

6.3 The Cholesteric-Nematic Transition.................ooonne 101

6.4 FElastic Constants and Molecular Structure................ 103

7. Applications of Continuum Theory .................oovnes 106

71 DiISClNAations . ..vvvirrereiaiee i 106

7.1.1 The Axial Disclination Line........................ 108

7.1.2 The Perpendicular Disclination Line ............... 112

7.2 Fluctuations in the Nematic Phase..................... ... 114

7.3 Light Scattering by Nematics...............oooviiinennn. 120

7.4 Optical Properties of Chiral Nematics .................... 125

7.4.1 Introduction........c.ooeiiniiniiieninnn. 125

7.4.2 General Theory .........oviiiiiiiiiinins 128

7.5 Correlations in the Smectic A Phase...................... 134

8. Fluid Dynamics of Nematics. ...t 137

8.1 Fluid Dynamics of Isotropic Liquids ............ ..ot 137

8.2 Nematodynamics. .....oovuermrareranieiiia e, 140

8.3 Viscosity Measurements ..........covueiniiien e 147

8.4 Electrohydrodynamic Instabilities......................o0. 155
Part IIT ORIENTATIONAL ORDER

AND ANISOTROPIC PROPERTIES

9. Orientational Order ......... ... ... il iiiiinn, 167

9.1 Microscopic Order Parameters............. ... ..ot 167

9.2 Magnetic ANISOLTOPY « ..t vvrvrinr i 173

9.3 Nuclear Magnetic Resonance . ................ ..ot 176

9.4 Polarized Raman Scattering ............ ... ...l 182

9.5 X-Ray Scattering...........cooiriiiiiiiiniinainnnncennnns 185

10. Anisotropic Physical Properties........................... 190

10.1 The Refractive Index ..o veiin i 190



10.2 The Dielectric Permittivity ................ ... ..o ... 195

10.3 Transport Properties................. ... il 201
10.3.1 Mass Diffusion ...t 201

10.3.2 Electrical Conduction ................... ... ... 204

11. Dynamic Behaviour of the Molecules..................... 207
11.1 Neutron Scattering............ccooviiiiiiiiiinnana... 207
11.2 Nuclear Magnetic Resonance and Relaxation............. 209
11.3 Dielectric Relaxation............ ... 214

Part IV LIQUID CRYSTALLINE PHASES
AND PHASE TRANSITIONS

12. Landau Theory of Liquid Crystalline Phases........... ..o 221
12.1 The Basic Ideas of Landau Theory ...................... 221
12.2 The Nematic-Isotropic Transition........................ 224
12.3 Fluctuations in the Isotropic Phase.................. ..., 231
12.4 The Smectic-Nematic Transition......................... 238

13. Molecular Statistical Theory of the Nematic Phase..... 245
13.1 Introduction to the Theory of Simple Liquids............ 245
13.2 The Equation of State of Nematics...................... 251
13.3 The Onsager Approach..............cooiiiiiiiiiiii.., 266
13.4 The Maier-Saupe Approach .............ooviiiii.a.. 271
13.5 Theory of the Chiral Nematic Phase..................... 276
13.6 On the Relevance of Molecular Models................... 280

14. Molecular Statistical Theory of the Smectic Phases..... 283
14.1 Theory of the Smectic A-Nematic Transition............. 283

14.1.1 The Meyer-Lubensky Model..................... 284
14.1.2 The Kobayashi-McMillan Model ................. 292
14.2 Theory of the Smectic C Phase.......................... 298
14.3 Theory of the Chiral Smectic C Phase................... 304

References............c.c.oiiiieiiiiiniiiiiiiiiiiiiiiieiieinaens 309

Index of Compounds..........ccoviiiieiiiiiiiiiiiiiiin.. 317

Subject Index.........cciiiiiii i e 321



