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The physics of liquid crystals is a fascinating area of study that bridges the gap

between conventional  solid-state physics  and fluid  dynamics.  Liquid crystals  are

unique  states  of  matter  that  exhibit  properties  between  those  of  liquids  and

crystalline solids.  Their  distinctive behavior underpins many modern technologies,

especially  in  display devices like  LCD screens,  making an understanding of  their

physics both scientifically intriguing and practically essential. In this article, we delve

into  the  fundamental  physics  behind  liquid  crystals,  their  phases,  molecular

structures,  and  the  mechanisms  that  govern  their  unique  optical  and  electrical

properties. Whether you're a physics student, a researcher, or simply curious about

how these remarkable materials work, this comprehensive guide will provide valuable

insights into the physics of liquid crystals. What Are Liquid Crystals? Liquid crystals are

substances  that  flow  like  liquids  but  have  some  degree  of  long-range  order

characteristic  of  crystals.  This  duality  results  in  unique  optical  and  mechanical

properties that are highly sensitive to external stimuli such as temperature, electric

fields, and magnetic fields. Historical Context The study of liquid crystals began in the

late 19th century, with the first discovery by Friedrich Reinitzer in 1888. He observed

that cholesteryl benzoate exhibited a strange cloudy appearance and changed color

with temperature—behaviors that hinted at an intermediate state between solid and

liquid.  Since  then,  liquid  crystals  have  been  extensively  studied,  leading  to  their

widespread application in display technology, sensors, and photonics. Importance in

Modern Technology The ability to control the optical properties of liquid crystals using

electric fields has revolutionized display technology. Liquid crystal displays (LCDs) are

now ubiquitous in televisions,  monitors,  smartphones, and digital signage. Beyond

displays,  liquid  crystals  are  used  in  tunable  lenses,  optical  filters,  and  even  in

biomedical  applications.  Molecular  Structure  and  Phases  of  Liquid  Crystals

Understanding  the  physics  of  liquid  crystals  requires  a  grasp  of  their  molecular

structure 2 and the various phases they can adopt. Molecular Structure Liquid crystal

molecules  are  typically  elongated  or  disc-shaped,  facilitating  anisotropic

interactions. These molecules tend to have a rigid core with flexible side chains, which

determine their phase behavior.  Common molecular types include: - Rod-shaped

molecules (calamitic) - Disc-shaped molecules (discotics) - Bent-core molecules

(banana- shaped) The anisotropic shape leads to directional properties critical for

their  phase behavior  and optical  characteristics.  Phases of  Liquid Crystals  Liquid

crystals can exist in multiple phases, each with distinct degrees of order: Nematically
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Ordered Phase:1. Molecules are aligned along a common direction called the director.

Positional  order  is  absent;  molecules  are  free  to  move  translationally.  Optically

uniaxial, exhibiting birefringence. Smectic Phases:2. Molecules form layers with varying

degrees of positional and orientational order.  Examples include Smectic A (layers

perpendicular  to  the  director)  and  Smectic  C  (layers  tilted).  Cholesteric  (Chiral

Nematic) Phase:3. Molecules are arranged in a helical structure, resulting in unique

optical properties like selective reflection. Discotic Phases:4. Disc-shaped molecules

stack into columns, exhibiting liquid crystalline order along one dimension. The phase

a liquid crystal adopts depends on temperature, molecular structure, and external

stimuli. Physical Principles Governing Liquid Crystals The behavior of liquid crystals is

governed by several physical principles that explain their unique properties. Molecular

Interactions and Anisotropy The anisotropic shape of liquid crystal molecules leads to

directional interactions, such as: - Van der Waals forces favoring alignment. - Dipole-

dipole interactions influencing phase 3 stability.  These interactions promote long-

range  orientational  order,  especially  in  nematic  and  smectic  phases.  Order

Parameters  The  degree  of  order  in  liquid  crystals  is  quantified  using  an  order

parameter (S), ranging from 0 (completely disordered, isotropic liquid) to 1 (perfect

alignment). Mathematically: \[ S = \frac{1}{2} \langle 3 \cos^2 \theta - 1 \rangle \]

where \(\theta\) is the angle between a molecule’s long axis and the director. The

temperature dependence of S explains phase transitions and the optical anisotropy

of liquid crystals.  Elasticity and Continuum Theory Liquid crystal  behavior  can be

modeled using continuum elasticity theory, which describes distortions of the director

field:  -  Splay  -  Twist  -  Bend  The  Frank  free  energy  density  encapsulates  these

distortions:  \[ F = \frac{1}{2} K_1 (\nabla \cdot \mathbf{n})^2 + \frac{1}{2} K_2

(\mathbf{n}  \cdot  \nabla  \times \mathbf{n})^2  +  \frac{1}{2}  K_3 (\mathbf{n}

\times  \nabla  \times  \mathbf{n})^2  \]  where  \(K_1,  K_2,  K_3\)  are  elastic

constants, and \(\mathbf{n}\) is the director. This elasticity underpins phenomena

like defect  formation and response to  external  fields.  Optical  Properties  of  Liquid

Crystals  One  of  the  most  remarkable  features  of  liquid  crystals  is  their  optical

anisotropy, which forms the basis of display technology. Birefringence Liquid crystals

are birefringent, meaning they have different refractive indices along different axes: -

Ordinary refractive index (\(n_o\)) - Extraordinary refractive index (\(n_e\)) The

difference (\(\Delta n = n_e - n_o\)) allows manipulation of light passing through

the  material.  Light  Modulation  The  orientation  of  molecules  influences  how  light

propagates: - When aligned parallel or perpendicular to incident light, the phase of

transmitted  light  changes.  -  External  electric  or  magnetic  fields  can  reorient

molecules, modulating transmitted light. Optical Effects in Devices Devices such as

LCDs exploit these properties: - Applying voltage reorients the director. - This changes

the birefringence, controlling light transmission. - Polarizers and filters are 4 used in
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conjunction to produce images. Electrical and Magnetic Control of Liquid Crystals The

responsiveness  of  liquid  crystals  to  external  electric  and  magnetic  fields  is

fundamental  to  their  application.  Electro-optic  Effect  The  dielectric  anisotropy

(\(\Delta \varepsilon\)) of liquid crystals determines how they respond to electric

fields: - Positive \(\Delta \varepsilon\): molecules align with the field. - Negative

\(\Delta  \varepsilon\):  molecules  align  perpendicular  to  the  field.  Applying  an

electric field causes molecules to reorient, changing the optical properties. Magneto-

optic Effects Magnetic fields can also influence molecular alignment, although their

effects  are  generally  weaker  than  electric  fields.  Phase  Transitions  and

Thermodynamics Liquid crystal phases are sensitive to temperature changes, leading

to  phase transitions  that  are  both  thermodynamic  and kinetic  in  nature.  Order-

Disorder  Transitions  As  temperature  increases:  -  Nematic  phases  transition  to

isotropic  liquids.  -  Smectic  phases  melt  into  nematic  or  isotropic  phases.  These

transitions can be first  or second order,  characterized by latent heat and critical

phenomena. Thermodynamic Models Models like the Maier-Saupe theory describe

the  orientation-dependent  interactions  and  predict  phase  behavior  based  on

temperature  and  molecular  parameters.  Applications  and  Future  Directions

Understanding the physics of liquid crystals continues to drive innovations in various

fields:  -  Display  Technology:  High-resolution,  energy-efficient  LCDs.  -  Photonic

Devices: Tunable lenses, filters, and beam steerers. - Sensors: Detecting biological or

chemical agents through optical changes. - Biomedical Applications: Liquid crystal-

based biosensors and drug delivery systems. Emerging research focuses on novel

liquid crystalline materials, such as ferroelectric and blue phase liquid crystals, which

promise faster response times and new functionalities. 5 Conclusion The physics of

liquid  crystals  is  a  rich  and  multidisciplinary  field  that  combines  elements  of

molecular  physics,  thermodynamics,  optics,  and  materials  science.  Their  unique

properties stem from their anisotropic molecular structures and the resulting ordered

phases,  which influence their  optical  and electrical  behaviors.  Understanding the

fundamental principles governing liquid crystals not only illuminates their intriguing

scientific nature but also enables the development of cutting-edge technologies that

impact  daily  life.  As  research  advances,  new  liquid  crystalline  materials  and

phenomena continue to emerge, promising further innovations in displays, photonics,

and beyond. Grasping the underlying physics ensures that scientists and engineers

can continue harnessing the remarkable properties of these versatile materials for

future applications. QuestionAnswer What are liquid crystals and how do they differ

from conventional liquids and solids? Liquid crystals are states of matter that have

properties between those of liquids and solids. They flow like liquids but have some

degree of ordered molecular arrangement like crystals,  which gives them unique

optical and electrical properties. How does the molecular alignment in liquid crystals
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influence  their  optical  properties?  The  molecular  alignment  in  liquid  crystals

determines how they interact with light, affecting their birefringence and polarization.

This alignment allows liquid crystals to control light transmission, which is essential in

display technologies like LCDs. What are the common phases of liquid crystals and

how are they characterized physically? Common phases include nematic, smectic,

and cholesteric. They are characterized by the degree and type of molecular order:

nematic  has  orientational  order,  smectic  has  both  orientational  and  layered

positional  order,  and  cholesteric  exhibits  a  helical  structure  affecting  optical

properties.  What  role  does  temperature  play  in  the  phase  transitions  of  liquid

crystals? Temperature influences the ordering of liquid crystal molecules,  causing

phase transitions such as from nematic to isotropic liquid.  These transitions alter

optical  and electrical  properties,  which are  crucial  for  device operation.  How do

electro-optic  effects  in  liquid  crystals  enable  display  technologies?  Applying  an

electric field reorients the liquid crystal molecules, changing their optical properties

like birefringence. This control over light transmission is harnessed in LCD screens to

produce images and displays. What is the significance of the elastic constants in the

physics of liquid crystals? Elastic constants quantify the energy cost associated with

distortions in the liquid crystal's molecular alignment, such as splay, twist, and bend.

They are essential for understanding and controlling the behavior of liquid crystals

under  various  conditions.  6  How  are  defects  and  disclinations  in  liquid  crystals

described physically?  Defects  and disclinations  are  regions  where  the  molecular

order is disrupted, characterized by singularities in the director field. They influence

the  material's  optical  properties  and  are  studied  using  topological  and  elastic

theories. What are recent advancements in the physics of liquid crystals related to

soft robotics and flexible electronics? Recent research leverages the responsive and

adaptable nature of liquid crystals to develop soft actuators, sensors, and flexible

electronic components, enabling new functionalities in soft robotics and wearable

devices. How does the chirality of liquid crystals affect their physical properties? Chiral

liquid crystals possess a helical molecular arrangement, leading to unique optical

phenomena like selective reflection of circularly polarized light,  which is utilized in

technologies such as reflective displays and tunable photonic devices. The Physics of

Liquid Crystals:  An In-Depth Exploration Liquid crystals (LCs) occupy a fascinating

niche in  the realm of  condensed matter  physics,  embodying properties  that  are

intermediate  between  conventional  liquids  and  crystalline  solids.  Their  unique

behavior arises from a delicate balance of molecular order and fluidity, making them

pivotal not only in scientific research but also in numerous technological applications

such as displays, sensors, and photonic devices. This comprehensive review delves

into the fundamental  physics  underlying liquid crystals,  exploring their  molecular

structure, phase behavior, theoretical models, and dynamic properties. Introduction
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to Liquid Crystals Liquid crystals are a state of matter characterized by anisotropic

molecular  arrangements  that  confer  unique  optical  and  mechanical  properties.

Unlike isotropic liquids,  which lack long-range order,  and crystalline solids,  which

possess fixed positional order, liquid crystals exhibit a range of ordered phases with

varying degrees of positional and orientational order. Key features of liquid crystals

include:  - Anisotropy:  Direction- dependent physical  properties such as refractive

index,  dielectric  constant,  and viscosity.  -  Fluidity:  Ability  to flow like liquids while

maintaining  some  degree  of  molecular  order.  -  Phase  diversity:  Multiple  phases

(nematic, smectic, cholesteric, etc.) distinguished by their specific ordering patterns.

Understanding these features requires a detailed look into molecular structures and

interactions  that  give  rise  to  liquid  crystalline  phases.  Molecular  Structure  and

Interactions  The  physical  properties  of  liquid  crystals  stem  directly  from  their

molecular architecture and intermolecular forces. The Physics Of Liquid Crystals 7

Molecular  Shape  and  Aspect  Ratio  -  Rod-like  molecules:  Many  liquid  crystalline

materials  consist  of  elongated,  anisotropic  molecules  (e.g.,  biphenyl  derivatives).

Their  high aspect ratio (length-to-width) favors orientational  ordering.  -  Disc-like

molecules: Some LC phases, such as discotic liquid crystals, are formed by flat, disc-

shaped molecules that tend to stack in columns. - Flexible molecules: Variations in

molecular  rigidity  influence  phase  stability  and  transition  temperatures.

Intermolecular  Forces  -  Van  der  Waals  interactions:  Predominant  in  stabilizing

ordered  phases.  -  Dipole-dipole  interactions:  Can  induce  specific  alignments,

especially  in  polar  molecules.  -  Steric  effects:  Molecular  shape  and  packing

constraints influence phase formation. The competition and balance among these

forces  determine  the  type  of  liquid  crystalline  phase  that  emerges  under  given

temperature  and pressure  conditions.  Phases  of  Liquid  Crystals  Liquid  crystalline

phases are classified based on the nature and degree of molecular order. Nematic

Phase  -  Description:  Molecules  are  oriented  along  a  common  director  but  lack

positional order. - Properties: - Anisotropic optical properties. - Exhibits flow with a

preferred molecular orientation. - Significance: The simplest LC phase, widely used in

display  technologies.  Smectic  Phases  -  Description:  Molecules  are  arranged  in

layered structures with varying degrees of positional order within layers. - Types: -

Smectic A: Molecules are perpendicular to the layers. - Smectic C: Molecules are tilted

relative to the layer normal. - Other variants: Include chiral and ferroelectric smectic

phases.  -  Properties:  More rigid than nematic phases,  with layered elasticity and

unique electro-optic  behaviors.  Cholesteric  (Chiral  Nematic)  Phase -  Description:

Nematic phase with a helical twist induced by chiral molecules. - Features: - Selective

reflection  of  light,  producing  iridescent  colors.  -  Helical  pitch  determines  optical

properties.  The  Physics  Of  Liquid  Crystals  8  Other  Phases  -  Columnar:  Discotic

molecules stack into columns forming two-dimensional lattices. - Blue phases: Occur
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in  chiral  systems with complex three-dimensional  arrangements,  exhibiting cubic

symmetry. Theoretical Frameworks for Liquid Crystal Physics Understanding the rich

phase  behavior  and  properties  of  liquid  crystals  necessitates  sophisticated

theoretical  models.  Continuum  Elastic  Theory  -  Frank-Oseen  Elasticity:  Describes

distortions in the LC director field via three principal elastic constants: - Splay (K₁):

Divergence of the director. - Twist (K₂): Rotation around an axis perpendicular to the

director. - Bend (K₃): Curvature of the director. - Applications: Explains phenomena

like defect formation, response to external fields, and stability of configurations. Order

Parameter  Descriptions  -  Tensor  Order  Parameter  (Q):  Captures  the  degree  of

orientational order, ranging from isotropic (Q=0) to fully ordered states. - Landau-de

Gennes Theory: Utilizes free energy expansion in powers of the order parameter to

study  phase  transitions.  Statistical  Mechanical  Models  -  Maier-Saupe  Theory:

Simplifies interactions to explain nematic ordering via mean-field approximation. -

Lattice Models: Such as the Lebwohl-Lasher model, simulate molecules on a lattice

with anisotropic interactions to study phase behavior.  Phase Transitions in  Liquid

Crystals  Liquid  crystal  phases  undergo  various  phase  transitions  driven  by

temperature, pressure, or external fields. Common transitions include: - Isotropic to

nematic (I–N): Usually second-order or weakly first-order; characterized by the onset

of orientational order. - Nematic to smectic (N–Sm): Often first-order; involves the

emergence  of  positional  layering.  -  Chiral  phase  transitions:  From  nematic  to

cholesteric or blue phases, often involving handedness and pitch modulation. These

transitions  are  studied through thermodynamic models,  critical  phenomena,  and

phenomenological theories, revealing the interplay between entropy, enthalpy, and

molecular  interactions.  The  Physics  Of  Liquid  Crystals  9  Dynamic  and  Optical

Properties  Liquid  crystals  exhibit  complex  dynamic  behaviors  that  influence their

optical responses. Director Fluctuations - Thermal fluctuations cause deviations in the

director orientation. - These fluctuations affect light scattering and optical stability.

Viscoelasticity  -  The  flow  behavior  combines  viscous  and  elastic  responses.  -

Viscosity  is  anisotropic,  varying  with  molecular  alignment  and  phase.  Optical

Anisotropy - Birefringence arises from anisotropic refractive indices. - External stimuli

(electric/magnetic  fields)  can  reorient  molecules,  modulating  light  transmission.

External Fields and Control The responsiveness of liquid crystals to external fields is

fundamental  to  their  technological  applications.  Electro-optic  effects  include:  -

Freedericksz transition: Reorientation of molecules under an electric or magnetic field

exceeding a threshold. - Switching behaviors: Rapid and reversible changes in optical

properties,  exploited  in  displays.  Other  control  methods:  -  Surface  alignment

techniques (e.g.,  rubbing, photoalignment). - Temperature tuning to induce phase

changes. Applications and Technological Significance The physics of liquid crystals

underpins a multitude of  devices and materials.  -  Liquid Crystal  Displays (LCDs):
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Utilize controlled reorientation of LC molecules to modulate light. - Optical Devices:

Tunable filters, phase shifters, and lasers. - Sensors: Exploit LC responses to detect

chemical or biological agents. - Photonic and Nonlinear Optical Applications: Use of

LC's anisotropic nonlinearities for advanced photonics. Recent Advances and Future

Directions Research continues to deepen understanding of LC physics, exploring: -

Nanoscale confinement effects:  How reduced dimensions alter  phase behavior.  -

Topological  defects:  Studying defect  dynamics  and their  potential  in  information

storage. - New materials: Synthesis of novel LC molecules with tailored properties. -

Active and responsive LCs: Incorporating stimuli-responsive functionalities for smart

materials.  Emerging  areas  include  soft  robotics,  metamaterials,  and  quantum

information interfaces leveraging the The Physics Of Liquid Crystals 10 unique physics

of liquid crystals. Conclusion The physics of liquid crystals embodies a rich interplay of

molecular interactions, phase behavior, and dynamic phenomena. Their intermediate

nature between liquids and solids gives rise to properties that are both scientifically

intriguing and technologically invaluable. Continued research into their fundamental

physics not only deepens our understanding of soft condensed matter but also paves

the way for innovative applications in displays, photonics, and beyond. As the field

advances,  the synergy between experimental  insights and theoretical  models will

remain crucial  in  unlocking the full  potential  of  liquid crystalline materials.  liquid

crystal phases, nematic liquid crystals, smectic liquid crystals, birefringence, liquid

crystal display,  elasticity,  director field,  phase transition,  optical anisotropy,  elastic

constants
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this 2001 book provides hands on details of several important techniques for the study

of liquid crystals

liquid crystals are partially ordered systems without a rigid long range structure the

study of these materials covers a wide area chemical structure physical properties

and technical applications due to their dual nature anisotropic physical properties of

solids and rheological behavior of liquids and easy response to externally applied

electric magnetic optical and surface fields liquid crystals are of greatest potential for

scientific  and  technological  applications  the  subject  has  come  of  age  and  has

achieved the status of being a very exciting interdisciplinary field of scientific and

industrial research this book is an outgrowth of the enormous advances made during

the last three decades in both our understanding of liquid crystals and our ability to

use them in applications it  presents a systematic self  contained and up to date

overview of the structure and properties of liquid crystals it will be of great value to

graduates  and research workers  in  condensed matter  physics  chemical  physics

biology materials science chemical and electrical engineering and technology from a

materials science and physics viewpoint of liquid crystals

types and classification of liquid crystals theories of liquid crystals dynamic scattering

mode lcds

this text relies on only introductory level physics and chemistry as the foundation for

understanding liquid crystal science liquid crystals combine the material properties

of solids with the flow properties of fluids as such they have provided the foundation

for  a revolution in  low power flat  panel  display technology lcds in  this  book the

essential elements of liquid crystal science are introduced and explained from the

perspectives of both the chemist and the physicist the text begins with an historical

account of the discovery of liquid crystals and continues with a description of how

different  phases  are  generated and how different  molecular  architectures  affect

liquid crystalline properties the rest of the book is concerned with understanding and

explaining the properties of the various types of liquid crystals and in the final part of



The Physics Of Liquid Crystals

9 The Physics Of Liquid Crystals

the book the technology of lcds is discussed and illustrated

the handbook of liquid crystals is a unique compendium of knowledge on all aspects

of liquid crystals in over 2000 pages the handbook provides detailed information on

the basic principles of both low and high molecular weight materials as well as the

synthesis  characterization  modification  and  applications  such  as  in  computer

displays or as structural materials of all types of liquid crystals the five editors of the

handbook are internationally renowned experts from both industry and academia

and have drawn together over 70 leading figures in the field as authors the four

volumes of the handbook are designed both to be used together or as stand alone

reference sources some users will require the whole set others will be best served with

one or two of the volumes volume 1  deals with the basic physical and chemical

principles of liquid crystals including structure property relationships nomenclature

phase behavior  characterization methods and general  synthesis  and application

strategies as such this volume provides an excellent introduction to the field and a

powerful learning and teaching tool for graduate students and above volumes 2a

and 2b concentrate on low molecular weight materials for example those typically

used in display technology a high quality survey of the literature is provided along

with full details of molecular design strategies phase characterization and control

and applications development these volumes are therefore by far the most detailed

reference sources on these industrially very important materials ideally suited for

professionals  in  the  field  volume  3  concentrates  on  high  molecular  weight  or

polymeric  liquid crystals  some of  which are found in  structural  applications and

others occur as natural products of living systems a high quality literature survey is

complemented by full detail of the synthesis processing analysis and applications of

all  important materials classes this volume is the most comprehensive reference

source on these materials and is therefore ideally suited for professionals in the field

this handbook is a unique compendium of knowledge on all aspects of the physics of

liquid crystals in over 500 pages it  provides detailed information on the physical

properties  of  liquid crystals  as  well  as  the recent  theories  and results  on phase

transitions  defects  and  textures  of  different  types  of  liquid  crystals  an  in  depth

understanding of the physical fundamentals is a prerequisite for everyone working in

the field of liquid crystal research with this book the experts as well  as graduate

students entering the field get all the information they need

this is a new and greatly revised edition of professor chandrasekhar s classic book

liquid crystals first published in 1977 the subject of liquid crystals has grown into an

exciting interdisciplinary research field with important practical applications this book

presents a systematic and self contained treatment of the physics of the different

types of thermotropic liquid crystals the three classical types nematic cholesteric and
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smectic  and the newly  discovered discotic  type included is  a  description of  the

structures  of  these  four  main  types  and  their  polymorphic  modifications  their

thermodynamical  optical  and  mechanical  properties  and  their  behaviour  under

external fields the basic principles underlying the major applications of liquid crystals

in display technology and in thermography are also discussed this book will be of

great value to advanced students and researchers in condensed matter physics

chemical physics materials science and technology with an interest in the physics

chemistry and applications of liquid crystals

over the past ten years liquid crystals have attracted much interest and considerable

progress  has  been made with  respect  to  our  knowledge in  this  field  the  recent

development was initiated mainly by the work of j l fergason and g h heilmeier who

pointed out the importance of liquid crystals for thermographic and electro optic

applications the first part of this book is a brief introduction to the physics of liquid

crystals the structures and properties of the three basic types of liquid crystals are

discussed a special paragraph is devoted to electric field effects which are important

in display applications the chapter on scientific applications gives an insight into the

potential  applications  of  liquid  crystals  in  fundamental  research  with  special

emphasis on explaining the principles involved two groups of potential applications

are discussed in  detail  1  the use of  liquid crystals  as anisotropic  solvent  for  the

determination of molecular properties by means of spectroscopy and 2 their use in

analytical chemistry particularly in gas chromatography the reverse process involves

the use of the dissolved molecules as microscopic probes in the investigation of the

dynamical molecular structure of anisotropic fluid systems e g biological membranes

this extremely important technique is also described

publisher description

good no highlights no markup all pages are intact slight shelfwear may have the

corners slightly dented may have slight color changes slightly damaged spine

liquid crystals had a controversial discovery at the end of the 19th century but were

later accepted as a fourth state of matter and finally used throughout the world in

modern displays and new materials this book explains the fascinating science in

accessible terms and puts it into social political and historical perspectives

the existence of liquid crystals has been known for nearly a centu ry yet it is only in the

last ten years that their unique optical electri cal electro optic and thermal properties

have been exploited to any significant extent in such technological applications as

digital  d  plays  and  thermography  digital  watches  equipped  with  liquid  crys  tal

displays lcd s have recently made their debut in the electronic watch market and the
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large scale use of lcd s in a variety of other applications requiring reliable low power

digital displays is immi nent there is good reason to believe that liquid crystals will be

the  first  electro  optic  materials  to  find  widespread  commercial  use  apart  from

applications liquid crystals are unique among the phases of matter lurking beneath

their  garish  display  of  color  and  texture  is  a  great  complexity  of  physical  and

chemical interaction that is only now beginning to unfold in the face of a decade old

resurgence in all aspects of liquid rystal research rca laboratories has participated in

this resurgence from its beginning in the early 1960 s and at present maintains active

liquid crystal programs both in basic re search and in device engineering in view of

the widespread interest in liquid crystals at rca labo ratories an in house weekly

seminar devoted to the subject of liquid crystals was organized in the fall of 1973 the

resulting lectures were subsequently published in three issues of the rca review and

with the incorporation of much additional material eventually grew into the present

volume

introduction to liquid crystals chemistry and physics second edition relies on only

introductory level chemistry and physics as the foundation for understanding liquid

crystal science liquid crystals combine the material properties of solids with the flow

properties of fluids as such they have provided the foundation for a revolution in low

power flat panel display technology lcds in this book the essential elements of liquid

crystal  science are  introduced and explained from the perspectives  of  both  the

chemist and physicist this new edition relies on only introductory level physics and

chemistry as the foundation for understanding liquid crystal science and is therefore

ideal  for  students  and  recent  graduates  features  introduces  and  explains  the

essential elements of liquid crystal science including discussion of how liquid crystals

have been utilized for innovative and important applications new to this edition are

over 300 figures 90 end of chapter exercises and an increased scope that includes

recent developments combines the knowledge of two eminent scientists in the field

they have fully updated and expanded the text to cover undergraduate graduate

course work  as  well  as  current  research in  what  is  now a billion  dollar  industry

immerses the reader in the vocabulary structures data and kinetic models rapidly

building up an understanding of the theories and models in current use begins with a

historical account of the discovery of liquid crystals and continues with a description

of how different phases are generated and how different molecular architectures

affect liquid crystal properties

over 100 scientists met at the ibm research laboratory in san jose california for a

symposium on  the  physics  and chemistry  of  liquid  crystal  devices  the  two day

meeting  was  intellectually  stimulating  with  excellent  oral  presentations  and with

person  to  person  discussions  the  applications  of  liquid  crystals  have  developed
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dramatically in the past ten years in these few years they have moved from being a

laboratory curiosity to products in the market place the first commercial application

1940  s  of  liquid  crystals  was  the  preparation  of  a  light  polarizer  the  second

commercial  application  was  their  use  as  temperature  sensors  the  third  major

application  of  liquid  crystals  dealt  with  commercial  displays  other  current

applications include polymeric and graphitic fibers and light attenuators the future of

liquid crystals  looks  very  promising indeed one can expect  to  see new fibers  of

qualities which will  be superior to those presently known graphitic fibers or other

physical forms of graphitic materials will be used as catalytic surfaces for chemical

synthesis in the display area one can expect to see television screens using liquid

crystals larger displays than are now used in wrist watches and pocket calculators

will become available liquid crystals using color displays will become commercially

practical watches calculators and television screens will have color

the handbook of liquid crystals is a unique compendium of knowledge on all aspects

of liquid crystals in over 2000 pages the handbook provides detailed information on

the basic principles of both low and high molecular weight materials as well as the

synthesis  characterization  modification  and  applications  such  as  in  computer

displays or as structural materials of all types of liquid crystals the five editors of the

handbook are internationally renowned experts from both industry and academia

and have drawn together over 70 leading figures in the field as authors the four

volumes of the handbook are designed both to be used together or as stand alone

reference sources some users will require the whole set others will be best served with

one or two of the volumes volume 1  deals with the basic physical and chemical

principles of liquid crystals including structure property relationships nomenclature

phase behavior  characterization methods and general  synthesis  and application

strategies as such this volume provides an excellent introduction to the field and a

powerful learning and teaching tool for graduate students and above volumes 2a

and 2b concentrate on low molecular weight materials for example those typically

used in display technology a high quality survey of the literature is provided along

with full details of molecular design strategies phase characterization and control

and applications development these volumes are therefore by far the most detailed

reference sources on these industrially very important materials ideally suited for

professionals  in  the  field  volume  3  concentrates  on  high  molecular  weight  or

polymeric  liquid crystals  some of  which are found in  structural  applications and

others occur as natural products of living systems a high quality literature survey is

complemented by full detail of the synthesis processing analysis and applications of

all  important materials classes this volume is the most comprehensive reference

source on these materials and is therefore ideally suited for professionals in the field
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in 1959 about 1400 compounds forming liquid crystalline phases were known by 1992

this number had increased to about 50 000 in portable devices like wristwatches

pocket caculators measuring instruments and laptop computers the liquid crystal

display technology has gained total acceptance and is on the way to encompass the

market of  colour tv screens this development makes a volume devoted to liquid

crystals in the series topics in physical chemistry desirable following the concept of

this  series an easy introduction to liquid crystals is  given enabling the reader to

understand the basic problems of liquid crystals research and application because of

the widespread field of different research activities in liquid crystals and applications

various competent authors have been involved in writing chapters on phase types

structures and chemistry of liquid crystals thermodynamical behavior and physical

properties of thermotropic liquid crystals liquid crystalline polymers lyotropic liquid

crystals application of liquid crystals in spectroscopy application of liquid crystals in

display technology

this book by lev m blinov is ideal to guide researchers from their very first encounter

with liquid crystals to the level where they can perform independent experiments on

liquid crystals with a thorough understanding of their behaviour also in relation to the

theoretical framework liquid crystals can be found everywhere around us they are

used in virtually every display device whether it  is for domestic appliances of for

specialized technological  instruments their  finely  tunable optical  properties make

them  suitable  also  for  thermo  sensing  and  laser  technologies  there  are  many

monographs  written  by  prominent  scholars  on  the  subject  of  liquid  crystals  the

majority  of  them presents  the  subject  in  great  depth  sometimes  focusing  on  a

particular research aspect and in general  they require a significant level  of  prior

knowledge in contrast this books aims at an audience of advanced undergraduate

and graduate students in physics chemistry and materials science the book consists

of  three  parts  the  first  part  on  structure  starts  from  the  fundamental  principles

underlying the structure of liquid crystals their rich phase behaviour and the methods

used to study them the second part on physical properties emphasizes the influence

of anisotropy on all aspects of liquid crystals behaviour the third focuses on electro

optics  the  most  important  properties  from  the  applications  standpoint  this  part

covers only the main effects and illustrates the underlying principles in greater detail

professor lev m blinov has had a long carrier as an experimentalist he made major

contributions in the field of ferroelectric mesophases in 1985 he received the ussr

state prize for investigations of electro optical effects in liquid crystals for spatial light

modulators in 1999 he was awarded the frederiks medal of the soviet liquid crystal

society and in 2000 he was honoured with the g gray silver medal of the british liquid

crystal  society  he has held many visiting academic positions in  universities  and

laboratories across europe and in japan
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current understanding of different phases as well as the phase transitions between

them has only been achieved following recent theoretical advances on the effects of

dimensionality in statistical physics p s pershan explains the connection between

these  two  separate  areas  and  gives  some  examples  of  problems  where  the

understanding is still not complete the most important example is the second order

phase  transition  between  the  nematic  and  smectic  a  phase  others  include  the

relation between the several hexatic phases that have been observed and the first

order restacking transitions between phases that were all  previously identified as

smectic  b  but  which  should  more  properly  be  identified  as  crystalline  b  some

relatively  recent  experimental  developments  on  the  discotic  phase  liquid  crystal

surfaces and lyotropic phases are also included the book includes 41 major reprints of

some  of  the  recent  seminal  work  on  the  structure  of  liquid  crystals  they  are

introduced  by  a  brief  review  of  the  symmetries  and  other  properties  of  liquid

crystalline phases in addition there is a discussion of the differences between true

liquid crystalline phases and others that were described as liquid crystalline in the

early  literature  but  which  have  since  been  shown  to  be  true  three  dimensional

crystals the progression from the isotropic fluid through the nematic smectic and

various crystalline phases can be understood in terms of a systematic decrease in

symmetry together with an accompanying variation in structure is explained a guide

to  the  selected reprints  and a  sort  of  rosetta  stone for  these various  phases  is

provided the goal of this book is to explain the systematics of this progression to

students and others that are new to this field as well as to provide a useful handbook

for people already working in the field
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