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Phenomena and Classical Models 

Â Molecular symmetry and shape 

Â Different phases 

Â Defects 

Â Classical models 



Molecules 

Â Rigid rod /disk 

 

 

Â Polar molecule 

 

 

Â Bent-core molecule 
P-n-(O)PIMBs 

Hexasubstituted Phenylesters 



Phases 

Â Rod:   

    

    I -> N               -phase transition-> SA                  -> SC 

Â Disk: 

    I -> N -> Col.  

Â Polar: 

    I -> N*               -> SA* -> SC*           -> Blue 

Â Bent-core: 

    biaxial nematic   

     I -> B1(Col.) -> B2(SmCP) ->é 

 



Defects 

Â Classification: 
        Point defects                                             Disclination Lines 

 

 
Â Inducement: 
     1. Boundary condition 

        2. Geometrical restriction 

            Hairy ball theorem: There is no nonvanishing continuous tangent vector field 

on even dimensional n-spheres. 

        3. Dynamics  

Â Question: Can defect be a stable or meta-stable state? 

 



Classic Static Models 

Rigid rod Nematic Smectic - A Smectic - C 

MM  [Ons], [MS], [Doi], [MG], 

[McM]  

[McM]  

TM  [LG], [BM (LG*)]  

VM  [OF], [Eri], [CL]  [CL]  [CL]  

[OF]:   C.W. Oseen, Transactions of the Faraday Society , 29 (1933). 

[Ons]:  L. Onsager, Ann NY. Acad. Sci., 51,627, (1949). 

[MS]:  W. Marer and A. Saupe, Z. Naturf. a,14a, 882, (1959); 15a, 287, (1960). 

[McM]: W. L. McMillan, Phys. Rev. A4, 1238, (1971). 

[CL]: J. Chen and T. Lubensky, Phys. Rev. A, 14, pp. 1202-1297, (1976). 

[Doi]:  M. Doi, Journal of Polymer Science: Polymer Physics Edition,19,229-243, (1981). 

[Eri]:  J.L. Ericksen, Archive for Rational Mechanics and Analysis,113 2,(1991). 

[MG]:  G. Marrucci and F. Greco, Mol. Cryst. Liq. Cryst, 206, 17-30, (1991). 

[LG]:   P.G. de Gennes and J. Prost, Oxford University Press, USA, (1995). 

[BM]:  J.M. Ball and A. Majumdar, Oxford University Eprints archive (2009). 

Disk:  Columnar (?)  



Classic Static Models 

Bent-Core molecule:  

Nematic (Uniaxial, Biaxial) :  Geoffrey R. Luckhurst et.al, Phys. Rev.  

E 85 , 031705 (2012) 

B1(Columnar):  Arun Roy et.al, PRL 82, 1466 (1999) 

B2(SmCP): Natasa Vaupotic et.al, PRL 98, 247802 (2007) 

Polar molecule:  

Nematic* (Cholesterics) :  Continuum theory (Oseen-Frank, etc.), 

Landau-de Gennes 

Blue: de Gennes, P.G., Mol. Cryst. Liquid Cryst. 12, 193 (1971). 

Hornreich,  R. M., Kugler, M., and Shtrikman, S. Phys. Rev. Lett. 48, 

1404 (1982). 

Smectic-A*, Smectic-C*: (?) 

 



Questions: 

 
Â Representation for the configuration space? 

Â How to choose order parameters?  

Â Molecular model Ą Tensor model Ą Vector model? 

Â Stability of nematic phases? 

Â Modeling of smectic phases? 



Molecular Symmetry 

Order Parameters 



Configuration of a rigid molecule 



Density functional theory 
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Pairwise interaction 



Rod-like and bent-core molecules 



Properties of kernel function 



Spatially homogeneous phases 



Order parameters 



Properties of the homogeneous kernel 

function 



Properties of the homogeneous kernel 

function 



Moments as order parameters 



Polynomial approximations of kernel function 



Polynomial approximations of kernel function 

The coefficients of these terms rely on temperature and molecular  

parameters. They also affect the choice of order parameters.  



Rod-like molecules 

[1] H. Liu, H. Zhang and P. Zhang, Comm. Math. Sci., 2005. 

[2] I. Fatkullin and V. Slastikov, Nonlinearity , 2005. 

[3] H. Zhou, H. Wang, M. G. Forest and Q. Wang, Nonlinearity , 2005. 



Polar rods 
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Bent-core molecules 



  

Molecular Model 

Tensor Model 

Vector Model 



Modelling 

OP: Order Parameter 



Bingham Closure 

There are a variety of Closure Models: 
Â The quadratic closure (Doi closure): 

Â Two HinchïLeal closures; 

Â Bingham closure:   

where  Z  is the normalization constant: 



Molecular Theory 

Energy: 

where  

Let                 . Using Taylor expansion: 

or 


