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ABSTRACT
A finite deformation phase field model is developed to quan-

tify micron scale liquid crystal domain structure evolution within
an elastomer network. The polymer network is described by a
hyperelastic energy function and combined with a liquid crys-
tal Landau and distortional energy function that simulates liq-
uid crystal domain structure coupling. A theoretical framework
is given which illustrates how finite deformation contributes to
coupling between the liquid crystal domains and elastomer with-
out introducing explicit phenomenological coupling constants.
The model is implemented numerically using a finite element
phase field approach. Domain structure evolution under thermo-
mechanical loads are modeled to illustrate active structure re-
sponses due to the underlying liquid crystal reorientation. The
model illustrates a simplified approach to predict a broad class
of liquid crystal elastomer mechanics problems by implementing
finite deformation within the field-coupled phase field modeling
approach.

INTRODUCTION
Liquid crystal elastomers are are a fascinating class of soft

actuator materials that exhibit a number of field coupled charac-
teristics relevent to information technology, biomedical devices,
and robotic systems. Liquid crystals flow like a fluid but may
be oriented like a solid crystal. When these materials are syn-
thesized within a light-weight elastomer, a number of novel ma-

terial properties can be achieved such as large elastic anisotropy
(E2/E1 ' 75) [1, 2], photomechanics [3–5], flexoelectricity [6],
shape memory [7] and electrostriction [8,9]. This properties pro-
vide opportunities to design self-powered artificial organs, re-
versible adhesion for climbing robots [10, 11], or negative index
materials for ”cloaking” applications [12, 13].

Material engineering of liquid crystal elastomers requires a
strong understanding of coupling between liquid crystals and the
host elastomer network. Although this problem has been exten-
sively studied [14–22], there are many open questions on the
nonlinear field-coupled mechanics of these materials. A non-
linear continuum mechanics model of an elastomer network cou-
pled with energetics of liquid crystals was presented in a previous
analysis which focused on isotropic or spherical small deforma-
tion as a function of the liquid crystal orientation [23]. Here we
expand this model to include finite deformation, anisotropy, and
thermomechanical behavior. Coupling with finite deformation il-
lustrates how shape changes are induced by reorientation of the
liquid crystal domain structures without the need for any phe-
nomenological parameters. Prior theoretical formulations typi-
cally introduce explicit constants between the liquid crystal or-
der parameter and strain [24]. It is shown here that this is not
necessary to predict the nonlinear constitutive behavior.

Ericksen has proposed a modeling framework for liquid
crystals that includes a scalar order parameter Q and a liquid
crystal director [25]. A more recent review of variational meth-
ods of liquid crystals and defect analysis can be found in [26–28]
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which describes this order parameter. The scalar order parameter
is a measure of anisotropy of permittivity or index of refraction.
The director defines the effective orientation of the liquid crys-
tal molecules and is constrained to be a unit vector according
to the relation, n ·n = 1 everwhere in the material body. This
is combined with the scalar order parameter using the relation
Qi j = Q/2(3nin j − δi j) where δi j is the Kronecker delta. This
description is ill-defined when Q ⇒ 0 as observed experimen-
tally. The director, however, is a unit vector everywhere in the
material which can create strain incompatibilities [27]. Here we
propose a new order parameter that avoids this issue and com-
bines the effect of the scalar parameter Q and director ni into
a pseudo-director n∗i that includes key features governing mi-
croscale liquid crystal domain structure evolution. The resulting
model provides a phase field modeling approach that explains
many of the unusual material characteristics governing this class
of materials. A similar approach has been used that describes
“Maxwell-like” stress in a dielectric elastomer [29, 30], except
the anisotropic behavior in a liquid crystal elastomer gives rise to
a number of challenging and interesting nonlinear field-coupled
mechanics relations.

The outline of this paper is given as follows. A set of govern-
ing equations are presented followed by a free energy description
that includes mechanical energy of the host elastomer, a Landau
and distortional energy afforded by liquid crystals, and thermal
effects. The model is then implemented in a nonlinear finite el-
ement phase field model to quantify domain structure evolution
under large deformation and thermal loads. Several numerical
examples are given to validate the theoretical model including a
monodomain with a circular hole under uniaxial stretching and
bending deformation under a thermal gradient. This is followed
by discussion and concluding remarks in the final section.

GOVERNING EQUATIONS
A free energy function is constructed to formulate the gov-

erning equations for a nematic phase liquid crystal elastomer.
The function consists of the energy components per unit current
volume

ψ = ψM(FiK)+ψL(n∗i ,n
∗
i, j) (1)

where ψL(n∗i ,n
∗
i, j) is the free energy of the liquid crystal and n∗i

is an effective order parameter defining orientation of the liq-
uid crystal mesogen units (e.g., liquid crystal forming molecule).
The gradient on the liquid crystal is defined by n∗i, j. Note that
the liquid crystal director n∗i and its gradient n∗i, j are both defined
in the spatial configuration. The free energy of the elastomer
network is denoted by ψM(FiK) and FiK is deformation gradient
defined by [31]

FiK =
∂xi

∂XK
. (2)

The effective liquid crystal director order parameter is lim-
ited to the range 0≤ |n∗i | ≤ 1. This is different than the traditional
director ni which is constrained to the magnitude of one every-
where in the material body. Instead, the typically used scalar
parameter Q is combined with ni to give the following second
order liquid crystal tensor

Q∗
i j =

1
2
(3n∗i n∗j −δi j) (3)

which is a traceless tensor that defines uniaxial liquid crystal
anisotropy in the spatial or current configuration. This tensor
is proportional to the material anisotropy such as index of refrac-
tion or dielectric permittivity. This higher order tensor will be
implemented in the liquid crystal energy function to quantify ne-
matic phase behavior and coupling to the elastomer network. In
the following section, we will define the liquid crystal free en-
ergy as ψL = ψL(Q∗

i j,n
∗
i, j). Prior to introducing this form of the

energy function, the governing equation are written explicitly in
terms of the order parameter n∗i for simplification.

The free energy of liquid crystal energy is defined to be de-
coupled in the spatial configuration; however, coupling between
the deformation gradient and liquid crystal director occurs when
the energy is written in the reference configuration. This is illus-
trated by transforming the liquid crystal energy to the reference
configuration

ψ̃L = ψ̃L(FiK , ñ∗K , ñ∗K,L) (4)

where ñ∗L and ñ∗K,L are the liquid crystal director and the gra-
dient of a liquid crystal director in the reference configuration,
respectively. The relationships of the director and its gradient in
reference and spatial configurations are

n∗i = J−1FiK ñ∗K
n∗i, j = J−1FiKFjLñ∗K,L

Qi j = J−1FiKFjLQ̃∗
KL

(5)

where these relations can be obtained from virtual work prin-
ciples; see [32, 33]. A rotational invariant director could have
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also be obtained using the rotation tensor Ri j given in F = RU
where U is the material stretch [30], but this form is more com-
plex. Note however that either approach yields identical field or
director-coupled stresses.

The free energy function in the reference configuration is
therefore denoted by

ψ̃ = ψ̃M(FiK)+ ψ̃L(FiK , ñ∗K , ñ∗K,L). (6)

Apply the variational method to the free energy function in
the reference configuration gives

δψ̃ = δψ̃M(FiK)+δψ̃L(FiK , ñ∗K , ñ∗K,L)

=
(

∂ψ̃M

∂FiK
+

∂ψ̃L

∂FiK

)
δFiK +

(
∂ψ̃L

∂ñK

)
δñ∗K

+

(
∂ψ̃L

∂ñ∗K,L

)
δñ∗K,L

(7)

and the total energy is given by integrating (7) over the reference
volume V0

δΨ̃ =
∫

Ω0

δψ̃dV0

=
∫

Ω0

(
∂ψ̃M

∂FiK
+

∂ψ̃L

∂FiK

)
δFiKdV0 +

∫

Ω0

∂ψ̃L

∂ñ∗K
δñ∗KdV0

+
∫

Ω0

∂ψ̃L

∂ñ∗K,L
δñ∗K,LdV0

(8)

Use divergence theorem on the first and third terms in (8)
results in a set of governing equations

∂(siK + sL
iK)

∂XK
= 0

∂ξ̃∗KL
∂XK

− η̃∗L = 0

(9)

in the reference volume subjected to a set of boundary condi-
tions [34]. Here, siK is the nominal stress of the elastomer net-
work and sL

iK is the nominal stress contributed by liquid crystal
materials. ξ̃∗KL and η̃∗L are the director-stress and liquid crystal
director force, respectively. They are defined as

siK =
∂ψ̃M

∂FiK
, sL

iK =
∂ψ̃L

M
∂FiK

ξ̃∗KM =
∂ψ̃L

∂ñ∗K,M

η̃∗K =
∂ψ̃L

∂ñ∗K

(10)

The subsections below are dedicated to each component of
the free energy function. In the first subsection, the neo-Hookean
model is used to define mechanical energy of the host elastomer.
The free energy of the liquid crystals is comprised of two parts:
the Landau energy for a monodomain and Frank elastic energy
for polydomain behavior. In the second and third subsections,
phenomenological energy functions for different components of
the liquid crystal energy are introduced and used to quantify
fields and stresses in the reference and spatial configurations.

Mechanical Energy
The neo-Hookean hyperelastic energy function is introduced

to quantify liquid crystal coupling to the elastomer network. This
model is defined as a function of the first and third strain invari-
ants. The principal stretches are λi for i = 1,2,3. The first and
third strain invariants are I1 = λ2

1 +λ2
2 +λ2

3 and I3 = λ1λ2λ3, re-
spectively. This function is

ψM(I1, I3) =
µ
2

(I1−3)− p(I3−1)− p2

2κ
(11)

where µ and κ is the shear and bulk moduli, respectively. Note
that we have assumed incompressible material behavior, typical
of most liquid crystal elastomers, where p serves as an indeter-
minate Lagrange multiplier.

The nominal stress can be obtained from

sM
iK = 2FiL

∂ψM

∂CKL
(12)

where CKL = FiKFiL [34]. Using (11), a simplified form of the
nominal stress in terms of the strain invariants is

sM
iK = µMFiK − pI3F−T

iK (13)

see [34] for details. This hyperelastic constitutive relation is im-
plemented in the finite element model in the following section to
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quantify liquid crystal elastomer constitutive behavior for mon-
odomain and polydomain configurations.

Landau Liquid Crystal Energy
The Landau energy component for the liquid crystal energy

is defined by a truncated polynomial in terms of the second order
liquid crystal tensor Q∗

i j. In the spatial configuration, the Landau
energy is

ψL = aQ∗
ii +

a
2

Q∗
i jQ

∗
i j +

b
3

Q∗
i jQ

∗
jlQ

∗
li (14)

where a, a and b are phenomenological constants that define the
liquid crystal phase characteristics. These terms are often tem-
perature dependent. Thermoeffects will be considered in the later
section. These coefficients are also considered to be independent
of the deformation gradient. The effective molecular field in the
spatial configuration is

ηi =
∂ψ

∂Q∗
kl

∂Q∗
kl

∂n∗i
η∗i = (aKL +aKLMNQ∗

MN +bKLMNABQ∗
MNQ∗

AB)× . . .

3
2
(δKIn∗L +δLIn∗K)

(15)

where we have introduced material parameters as functions of
the deformation gradient

aKL(Θ) = FiKFiLa

aKLMN(Θ) = J−1FiKFjLFiMFjNa

bKLMNAB = J−2FiKFjLFjMFlNFlAFiBb

(16)

Using the relation ψ̃ = Jψ [34], (5)3 and (14), the Landau
energy is rewritten in the reference configuration

ψ̃La(FiK , Q̃∗
KL) = aKLQ̃∗

KL +
aKLMN

2
Q̃∗

KLQ̃∗
MN

+
bKLMNAB

3
Q̃∗

KLQ̃∗
MNQ̃∗

AB

(17)

which gives an effective molecular field in the reference config-
uration

η̃I =
3
2

(
aKL +aKLMNQ̃∗

MN +bKLMNABQ̃∗
MNQ̃∗

AB

)
× . . .

(δIK ñ∗L +δLI ñ∗K).
(18)

The energy given by (17) has been defined such that the field
in (18) is consistent with the spatial field relation given by
(15). Consistency between the two fields can be shown by pre-
multiplication of (18) by the inverse deformation gradient HrK

The mechanical coupling between the liquid crystal director
and elastomer network is obtained by calculating the nominal
stress relation from the energy function (17) according to

sL(La)
iK =

∂ψ̃La

∂FiK
(19)

which gives

sL(La)
rS = 2aFrMQSM +

a
2

J−1(FjLFrMFjN +FiKFiMFrNδSL . . .

+FrKFjLFjNδMS +FiKFrLFiMδSN)Q̃KLQ̃MN . . .

−a
2

J−1HrSFiKFjLFiMFjNQ̃KLQ̃MN +O(3)
(20)

Where the first and second order Landau effects are considered.
The Cauchy stress is then

σL(La)
i j = 2aQi j +2aQikQ jk− a

2
QmnQmnδi j +2bQ∗

imQ∗
mlQ

∗
m j . . .

−2b
3

Q∗
klQ

∗
lnQ∗

nkδi j.

(21)
which is based on the definition σL(La)

i j = J−1FiKs jK [31].

Frank Distortion Energy
Liquid crystals often form into polydomain structures con-

taining several regions of uniform director orientation separated
by domain walls or line or point defects. During deformation, the
internal liquid crystal structure may evolve from a monodomain
to a polydomain state which depends on the stress, loading rate,
liquid crystal phase, elastomer network, etc. Frank elastic en-
ergy [35] is introduced in this section to accommodate such do-
main structure evolution. Coupling to the Cauchy stress is pre-
sented here using similar arguments as presented in the previous
section.
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A generalized energy function for the Frank elastic energy
is defined by

ψFr(n∗i, j) =
ai jst

2
n∗i, jn

∗
s,t (22)

in the spatial domain. The micro-stress tensor is

ξ∗i j =
∂ψ

∂n∗i, j
= ai jstn∗s,t (23)

Note that this tensor includes both symmetric and anti-symmetric
terms, ξ∗i j = ξs

i j +ξa
i j.

A self-consistent energy relation can be written in the refer-
ence domain to illustrate coupling between the director gradient
and stress. The Frank elastic energy in the reference domain is

ψ̃Fr(FiK , ñ∗K,L) = ai jstJ−1FiKFjLFsMFtN ñ∗K,Lñ∗M,N (24)

The gradient field based on the reference description is given by

ξ̃∗KL =
∂ψ̃

∂ñ∗K,L
= ai jstJ−1FiKFjLFsMFtN ñ∗M,N (25)

which reduces to (23) by substitution of (5)2 into (25).
The stress due to a polydomain configuration is obtained

similar to the monodomain liquid crystal stress by first introduc-
ing the nominal stress component. In this case, the nominal stress
component due to polydomain structures is

sL(Fr)
rP =

∂ψ̃Fr

∂FrP

= 2ar jstJ−1FjLFsMFtN ñ∗P,Lñ∗M,N

−ai jst

2
FiKFjLFsMFtN ñ∗K,Lñ∗M,NHrP

(26)

and the Cauchy liquid crystal stress component is

σL(Fr)
ji = (ailstn∗j,l +alistn∗l, j)n

∗
s,t −

aqrmn

2
n∗q,rn

∗
m,nδi j (27)

The generalized energy relation defined in (22) and liquid
crystal stresses can be simplified using the typical Frank elastic

energy given in the literature in terms of three phenomenological
parameters [24, 35]. This energy function is

ψFr(n∗i, j) =
1
2

K1
(
n∗i,in

∗
j, j

)
+

1
2

K2
(∈p jk∈pst n∗pn∗qn∗k, jn

∗
t,s

)

+
1
2

K3
(∈pmi∈p jk∈qmr∈qst n∗i n∗k, jn

∗
r n∗t,s

) (28)

where the first term penalizes splay, the second term penalizes
twist, and the third term penalizes bending of the liquid crystal
director. In the single constant approximation, this energy re-
duces to

ψFr(ni, j) =
1
2

Kn∗i, jn
∗
i, j (29)

and using the single constant approximation, the fourth order ten-
sor ai jkl is related to K by

ai jkl = Kδikδ jl (30)

The distortional stress is found to be symmetric in the single
constant approximation by substitution of (30) into (27). This
allows conventional elastic energy functions to be used to con-
struct mechanical energy functions for stretching an elastomer
network in the presence of liquid crystals without violating an-
gular momentum relations. For more general cases, liquid crystal
director forces enter the angular momentum relations which give
rise to similar symmetric Cauchy stress relations on “mechani-
cal” stresses and non-symmetric “liquid crystal” Cauchy stress
components [36]. This single constant approximation will be
used for numerical implementation in combination with an hy-
perelastic energy function given in the first subsection.

THEORY OF THERMOEFFECTS
This section is divided into two subsections. In the first sub-

section, the thermoeffect is introduced and coupled with the liq-
uid crystal Landau free energy. In the next subsection, the gov-
erning equation of heat transfer are formulated.

Introduction Of Thermoeffect To Landau Energy
The phenomenological Landau parameters a and a are as-

sumed to be functions of temperature

a = a0(Θ−Θ0)

a = a0(Θ−Θ0)
(31)
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where Θ is temperature and Θ0 is the hypothetical phase transi-
tion temperature. By use of these expressions, the nominal stress
contributed by Landau energy (20) becomes temperature depen-
dent.

Governing Equation Of Heat Transfer
Thermal effects are introduced into the mechanical energy

function

ψM(I1, I3,Θ) =
µ
2

(I1−3)− p(I3−1)− p2

2κ

+Cv

[
(Θ−Θ0)−Θ log

(
Θ
Θ0

)] (32)

The entropy per unit reference volume is defined by equa-

tion s̃ = −∂ψ̃
∂Θ

[32, 34]. Note that the free energy function now
consist of mechanical, thermal, and liquid crystal Landau free
energy terms. The entropy change in this case is a function of
temperature and the tensor Q

s̃ = Cv ln
(

Θ
Θ0

)
−aKLQ̃∗

KL−
aKLMN

2
Q̃KLQ̃MN (33)

From the second law of thermodynamics

Θ˙̃s≥ R−QI,I +
QI

Θ
Θ,I (34)

where QI is the heat flux in the reference frame and R is the heat
generation rate in the volume. We define ˙̃sg as entropy produc-
tion to include dissipative mechanisms in addition to the thermal
gradient term so that the Eqn. (34) is balanced:

Θ˙̃s = R−QI,I +
QI

Θ
Θ,I +Θ˙̃sg (35)

By use of Duhamel’s law of heat conduction [34], the caloric
equation of state governing heat transfer is formulated as

QI =−JkmnHmIHnJΘ,J (36)

where kmn is the spatial thermal conductivity coefficient. After
substituting (36) into (35) and using (33), we have the governing
equation of heat transfer

CvΘ̇ = R+ JkmnHmIHnJΘ,IJ − JkmnHmIHnJΘ,J

Θ
Θ,I + . . .

3
(

aIA +aIAMNQ̃∗
MN

)
Θñ∗A ˙̃n

∗
I

(37)

where entropy production is neglected, so s̃g = 0. This illustrates
that by formulating the energy balance in the reference config-
uration, thermal rate dependent effects on liquid crystal motion
is obtained. This equation is coupled with governing equations
of both liquid crystals and elastomer network in the following
section.

FINITE ELEMENT IMPLEMENTATION
A nonlinear finite element approach is applied to implement

the liquid crystal elastomer model. The weak form of the gov-
erning equations (9) are

∫

Ω0

wi,J(sM
iJ + sL

iJ)dV0 =
∫

Γ0

wi(sM
iJ + sL

iJ)N̂JdS0

∫

Ω0

(
wI,J ξ̃∗JI +wIη̃∗I

)
dV0 =

∫

Γ0

wI ξ̃∗JIN̂JdS0

(38)

where the weight function for mechanical equilibrium is wi and
the weight function for the liquid crystal director force balance
is denoted by wI . A unit normal in the reference configuration
has been denoted by N̂J . Note that the nominal stress sL

iJ has
contributions from both Landau energy (20) and Frank energy
(26).

The weak form of heat transfer equation (37) can be for-
mulated similarly. For simplicity, we assume here that no heat
source is in liquid crystal elastomers, so R = 0 and ˙̃n∗ = 0. The
liquid crystal elastomer will be in a temperature gradient field.
The details of simulations will be given in the next section.

The geometry of the liquid crystal elastomer is 1× 1 µm2

rectangle. In the center there is a hole whose radius is 0.06
µm. Traction and micro-stress are zero on the boundaries. The
bottom is on a roller and the bottom left corner is fixed in the
vertical and horizontal directions. Our simulations have shown
the results are independent of mesh size, so a relatively coarse
mesh is used in order to reduce computing costs. Note that this
is strongly dependent on monodomain versus polydomain sim-
ulations. The parameters used in numerical implementation are
given in Tab. 1. It is interesting to note that predictions of do-
main structures is achieved with two Landau phenomenological
constants. The third order effects using b are neglected.
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Table 1. PARAMETERS USED IN THE FINITE ELEMENT MODEL.

Name Value Unit
K 7×10−12 N
a −1.5×105 N/m2K
a 1×105 N/m2K
b 0 N/m2

κ 1×106 N/m2

µ 2×105 N/m2

NUMERICAL RESULTS
First a monodomain LCE has been considered. The initial

condition is n∗1 = 0.1 and n∗2 = 0. At equilibrium pseudo-director
increases to 0.94 and only points to the n∗1 direction. The simula-
tion result is shown in Fig. 1. The anisotropic spontaneous strain
predicted is 8.05% along x axis and -13.4 % along y axis, which
is much larger than the one (10−4) by use of infinitesimal ap-
proximation described in [23]. Further increases in spontaneous
strain can be achieved by increasing the Landau parameters, but
not presented here.

Figure 1. MONODOMAIN LIQUID CRYSTAL ELASTOMER (LCE) WITH
A HOLE IN THE CENTER AT EQUILIBRIUM. THE SQUARE IS
THE ORIGINAL GEOMETRY OF THE LCE FOR A ZERO PSEUDO-
DIRECTOR MAGNITUDE. THE HORIZONTAL DIRECTOR COMPO-
NENT IS SHOWN AND CORRESPONDING ARROWS.

In Figs.2 and 3, the liquid crystal polymer has been stretched
along y axis. Because of coupling between liquid crystals and
polymer network, the pseudo-director is reoriented along the di-
rection of stretching. The nucleation from a monodomain and
reorientation to the loading direction is illustrated in in these fig-

Figure 2. STRETCH OF A MONODOMAIN LIQUID CRYSTAL ELAS-
TOMER AT 43% STRAIN.

Figure 3. STRETCH OF A MONODOMAIN LIQUID CRYSTAL ELAS-
TOMER AT 300% STRAIN.

ures. Note that the surface plot shows the magnitude of vertical
component of pseudo-director and the deformation in these fig-
ures have been scaled for visualization purposes. The stretching
is approximately 300%. It is also interesting to note the cor-
responding stress versus stretch behavior. As shown in Fig. 4,
a nonlinear constitutive response is shown that corresponds to
the deformation in the previous figures. This corresponds well
with soft elasticity which is a controversial subject governing
this materials [24]. Here, the domain structure formation illus-
trates new insight on this behavior that has previously only been
shown using “coarse-grain” methods [22]. The flat region on
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Figure 4. THE CORRESPONDING STRESS VS. STRETCH BEHAV-
IOR OF THE LIQUID CRYSTAL ELASTOMER WITH A CIRCULAR
HOLE.

the plot is due to the reorientation of the liquid crystals with no
energy penalty since they can rotate similar to a fluid, however,
they provide anisotropic structure and deformation induced in
the host elastomer. The circular hole is not believed to be critical
in predicting this behavior since local defects are expected to be
present in most compositions. Note again that this prediction is
solely due to incorporation of finite deformation into the model
and correct treatment of the liquid crystal pseudo-director.

In Fig. 5, the initial condition for the polydomain liquid crys-
tal elastomer as shown. The initial conditions were created by a
random number generator using Matlab. The equilibrium do-
main structures in spatial configuration is shown in Fig. 6. It
is noted that the same order of spontaneous strains is predicted
but they are not uniform on the boundaries. The domain sizes ob-
tained are of similar to size as ones observed experimentally [24].
These results were obtained by implementing typically values for
the liquid crystal energetics and hyperelastic coefficients for the
elastomer network.

Lastly, we conduct simulations on a monodomain in the
presence of a thermal gradient. In Fig. 7, a monodomain is sim-
ulated with the pseudo-director initially in the y (vertical) direc-
tion. A thermal gradient is introduced by applying a temperature
that is larger than the isotropic liquid crystal phase transition tem-
perature. The temperature is fixed to room temperature (below
the isotropic-to-nematic) transition on the bottom of the simula-
tion. The steady-state results of the psuedo-director reorientation
and subsequent bending mode deformation is shown in Fig. 7.
As expected, an isotropic phase transition occurs and results in
bending deformation due to the liquid crystal reorientation. This
behavior has implications on modeling photomechanical bend-
ing mode deformation of similar liquid crystal elastomers which

Figure 5. THE INITIAL CONDITION FOR A POLYDOMAIN LIQUID
CRYSTAL ELASTOMER.

Figure 6. A POLYDOMAIN LIQUID CRYSTAL ELASTOMER AT EQUI-
LIBRIUM.

is currently under investigation [37].

CONCLUDING REMARKS
A finite deformation model has been developed for study-

ing the domain structure evolution in liquid crystal elastomers.
The implementation of nonlinear continuum mechanics illus-
trates how coupling can occur between a set of liquid crystal
director forces and an elastomer network without the need to in-
troduce phenomenological coupling. This gives qualitative pre-
dictions using only two Landau parameters on spontaneous de-
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Figure 7. A MONODOMAIN LCE IN A TEMPERATURE GRADIENT
FIELD. THE TEMPERATURE CONTOUR IS SHOWN ALONG WITH
DEFORMATION AND THE ARROWS REPRESENTING THE LIQUID
CRYSTAL ORIENTATION.

formation and liquid crystal reorientation from external thermo-
mechanical loading. This also has implications on other “active”
structure responses such as photo-responsive liquid crystal net-
works [3, 37, 38]. This behavior is currently under investigation.
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