
Simulation of surface-enhanced ordering in smectic films 

Nasser Mohieddin Abukhdeir1, a, Alejandro D Rey1,b 
1McGill University – Dept. of Chemical Engineering 

3610 University St. 

Montreal, Quebec H3H 2B2, Canada  

anasser.abukhdeir@mcgill.ca, balejandro.rey@mcgill.ca 

Keywords: liquid crystal mesophase surface ordering smectic-A lamellar layer 

Abstract. A Landau-de Gennes type model for the direct isotropic/smectic A phase transition is 

used to study surface-enhanced smectic ordering in the stable smectic temperature regime.  A 

unified surface-free energy functional is proposed which can be utilized for homeotropic and planar 

surface anchoring.  The time-dependent complex Landau-Ginzburg evolution equations and 

boundary conditions are derived for thin-film geometry.  Simulation results are presented for the 

two types of anchoring and compared to observations from experiments and previous simulations.  

Simple visualization software for smectic layering was developed and is also presented that is 

compatible with discretized numerical solutions of the model. 

 

Introduction 

 

 Surface enhanced ordering is a pervasive phenomenon in the study and application of liquid 

crystal systems.  The vast majority of applications involving liquid crystals either directly or 

indirectly rely on interfacial properties.  These surfaces effect the molecular ordering in the 

neighborhood of the surface which also determines the texture formation in the bulk.  An 

understanding of surface effects includes a broad range of applications including lubrication [1], 

display technology, flexible polymer crystallization [2] et al. 

 Experimentally observed surface induced mesophase transitions have been studied mainly 

for the isotropic/nematic transition series [3-5].  The nematic/smectic A and isotropic/smectic 

surface induced transitions have been studied less [1,6-10].  The isotropic/smectic A transition is of 

great practical interest because of the its appearance in sheared flexible polymer melts.  Thus the 

further understanding of the effect of free surfaces on the smectic A phase moves one step closer to 

other fundamental problems such as the core structure of smectic defects and nucleation/growth of 

the smectic phase. 

Liquid crystals encompass a diverse set of molecules that exhibit some degree of anisotropic 

molecular order in the appropriate physical setting.  Thermotropic liquid crystals exhibit mesophase 

ordering depending mainly on temperature while lyotropic liquid crystals strongly depend on 

concentration (and to a lesser extent temperature). 

Of the many types of liquid crystalline order two are focused on in this work.  The simplest 

type is nematic order where the molecules exhibit orientational order.  Typically this order is 

characterized by a symmetric and traceless tensor Q = S(nn - I/3) [11].  This tensor is composed of 

a scalar S, the scalar nematic order parameter, and a unit vector n, the nematic director.  The 

nematic director is parallel to the average orientational axis and is a measure of long range order.  

The scalar nematic order parameter characterizes the extent to which the molecules conform to the 

director and is a measure of short range order.  Thus models using the Q-tensor such as the Landau-

de Gennes model are mesoscopic models. 

The next more complex mesophase exhibits one-dimensional positional order in addition to 

orientational order. It is called the smectic A phase and can be visualized as planes of positional 

isotropic liquid stacked upon each other.  Characterization of this density modulation uses the 

complex order parameter in addition to the Q tensor [11].  The complex order parameter,   
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=ψexp(φi), is composed of short and long range terms.  The scalar smectic order parameter ψ is the 

magnitude of the density wave and  a=∇∇∇∇φ/|∇∇∇∇φ| is the layer normal unit vector, or wave vector. 

 

The Model 

 

 A Landau-de Gennes type model for the isotropic/smectic A phase transition is used that 

was presented by Mukherjee, Pleiner, and Brand [12,13].  We extend the model by adding a 

nematic elastic term, l1, to model smectic defects [14-16] in addition to nucleation and growth.  An 

important aspect of the model is the inclusion of a second order derivative term of the complex 

order parameter.  This term directly penalizes curvature of the layers. In addition to this, nematic 

elastic terms are necessary to account for smectic disclinations and interfaces during nucleation and 

growth [17-19].  The effect of including the l1, l2 and l3 is an interesting problem that is currently 

being studied. 

 A key motivation for the use of weak surface anchoring (surface free energy) as opposed to 

strong anchoring (Dirichlet conditions) is that self-selected mesophase ordering at the boundary is 

physically realistic.  This is critically important for further applications of the model including 

studying surface enhanced pre-ordering in the unstable liquid crystal temperature regime. 

Free Energy Equations.  The complex order parameter is divided into its real and imaginary 

parts, Ψ=A+Bi and the resulting free energy equation is as follows: 
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where terms 1-5 are the bulk contributions to the free energy with ( )0 NIa a T T= −  and 

( )0 AIT Tα α= − .  Term 6 is a quadratic coupling between nematic and smectic ordering.  Term 7 is 

the nematic elastic contribution and terms 8-9 are the smectic elastic contributions.  Finally, term 10 

is a coupling between long range nematic (director) and smectic ordering (wave vector). 

 The surface free energy is as follows: 
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where terms 1-2 characterize weak smectic anchoring [1,9] and term 3 weak nematic anchoring 

[20,21].  In this model r1,r2 > 0, r3≥0 is necessary homeotropic anchoring and r1=r2=0,r3>0 

characterizes planar anchoring.  The orientation of the nematic anchoring is determined by the unit 

tensor H. 

 In order to simulate thin film geometry, a two-dimensional square computational domain of 

size L
2
 is used with periodic conditions at the boundaries not corresponding to a surface.  The 

surfaces contribute two sets of boundary conditions: a constant phase/layer [1,9] and a contribution 

to the scalar order parameters resulting from the surface free energy minimization. 

 The phenomenological constants utilized are computed incorporating experimental data 

from the 12CB liquid crystal [22-24] and using a nonlinear programming formulation to determine 

a suitable set of coefficients [25]. 

 Time-dependent Formulation.  The Landau-Ginzburg time-dependent formulation is 

utilized in these simulations in order to capture the kinetics of layer formation.  Due to the higher 

order derivative term in the free energy functional the resulting time-dependent equations are 

reformulated to be compatible with the source/divergence formulation required by the finite element 
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package employed.  The higher order terms also result in additional boundary conditions [26].  The 

general form of the time-dependent formulation incorporating the surface free energy is as follows: 
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where µ is a viscosity term, τ is time, η is the order parameter, fb is the bulk free energy, and fs is the 

surface free energy.  Eq. 3a is evaluated over the bulk and Eqs. 3b-c are boundary conditions.  An 

important point in implementing the smectic boundary conditions is that the phase is chose such 

that A=ψ and B=0 at the boundaries.  Thus Eqs. 3b-c are applied to the A-component and Dirichlet 

conditions are used for the B-component. 

 

Visualization.  A simple visualization package using MATLAB and Comsol scripting was 

developed to facilitate the display of simulation results.  Due to the plethora of data to be displayed 

for even a simple smectic volume, custom visualization methods greatly facilitate the post-

processing of data.  A sample of the output of this software can be seen in Fig. 1.  Smectic layers 

are enclosed layered regions with central dotted lines proportional to the magnitude of the scalar 

smectic order parameter.  Only the director portion of nematic ordering is displayed and the scalar 

nematic order is not necessary in for use with these results given the lack of smectic disclinations 

and strong coupling between the director and wave vector.  This software will be extended for use 

as a visualization and analysis tool including: the characterization/display of nematic/smectic 

defects and of mesophase front growth. 

 

Results and Discussion 

  

The bulk of the results presented deal with the homeotropic case based upon experimental 

observations and past theoretical studies [1,6-10].  Fig. 1 shows two different test simulations with a 

commensurate geometry and initial conditions; the domain length is an integer multiple of the 

smectic layer spacing.  In this case the surface coupling and bulk ordering are compatible with the 

number of layers (an initial condition) and the system is in a stable state.  As a result of the use of 

periodic boundary conditions, undulation of the layers is restricted to a wavelength less than the 

length of the computational domain, L.  This wavelength is characterized by the smectic correlation 

length and the domain length [27]: 
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where λs is the smectic correlation length and λu is the undulation period.  The value of λu at these 

length scales is on the order of 20µm and the undulation mode does not contribute substantially 

until larger film thicknesses.  A study of this was performed but is out of the scope of this report. 

A layer expansion study was performed in order to observe a first-order n/n+1 layer 

transition.  A simulation series was performed starting with the stable case shown in Fig. 1a/c where 

L/d = 4 = the number of layers.  At each L/d value a stable solution was obtained and used as an 

initial condition for the following simulation with increased L/d.  Each simulation solution provides 

time evolution from the initial state to the final stable state.  Fig. 2 shows the free  
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Figure 1: a) Re(Ψ) and n, homeotropic boundary conditions with r1=10
6
 J/cm

2
,r2=2.5x10

6
 J/cm

2
, 

and r3=0 J/cm
2
 b) displayed with the visualization package c) Re(Ψ) and n, planar boundary 

conditions with r1=0 J/cm
2
,r2=0 J/cm

2
, and r3=10

4
 J/cm

2
 d) displayed with the visualization package. 

    

energy results from the stable solutions where, as expected, the behavior deviates from the second 

order de Gennes layer transition [1]. The mechanism by which the layer transition occurs is in 

agreement with theoretical predictions as can be seen in Fig. 3.  Melting of the smectic order and 

reformation of a new layer occurs at an L/d ratio of 5.3. 

 

 
 

Figure 2: Dimensionless free energy F/(α0∆T) versus L/d, the phenomenological constants used in 

these simulations are a0=1.3333x10
5
 J/m

3
, b=1.2447x10

7
 J/m

3
, c=5.5360x10

6
 J/m

3
, α0=1.9071x10

6
 

J/m
3
, β=4.1131x10

8
 J/m

3
, δ=1.3333x10

6 
J/m

3
, l1=10

-12 
J/m, b1=2x10

-12
 J/m, b2=4.4394x10

-30
 Jm, and 

e=1.8315x10
-11
 J/m with TNI=322.85 K, TAI=330.5 K, and T=330 K. 

 

The melting transition is one of the two mechanisms predicted for an n/n+1 layer transition.  The 

second is a mechanism where layers form as a result of dislocation loops.  This mechanism was 

proposed and experimentally observed by Pankratz et al [28,29] and the kinetics of this mechanism 

are not well understood.  Preliminary data shows that the presented model is capable of capturing 
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this mechanism as is seen in Fig. 4.  Further study is in progress to determine the kinetics of this 

mechanism and relationship between L/d and the n/n+1 mechanism. 

 

Conclusions 

A proposed surface free energy was used to simulate weak heterogeneous and planer 

smectic anchoring at a surface.  Results were presented showing correct behavior in a 

commensurate geometry.  An n/n+1 layer transition study was presented showing that the model 

predicts a first order transition via melting.  This result deviates from the ideal second order case  
 

 
Figure 3: The evolution diagram for 4/5 layer transition where L/d=5.3 where the shading 

represents ψ, the scalar smectic order parameter. 

 

which is expected for a liquid crystal system exhibiting a first order I/SmA phase transition.  

Preliminary data shows that this model captures a more complex layer transition mechanism via the 

formation of dislocation loops.  Further study is required to characterize the conditions under which 

each mechanism is observed and the kinetics of the dislocation loop mechanism. 

 

 

 
Figure 4: The beginning of a 25/27 layer transition via the dislocation loop mechanism, a) the 

density wave and n b) ψ and n. 
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