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The electrically driven deformations of side chain nematic networks swollen by nematic solventssnematic
gelsd have been investigated. The strains of freely suspended gels between electrodes were measured as a
function of field strengthsEd. The deformation of the gels composed of a network and solvent with identical
signs of dielectric anisotropysD«d is dominated by the electrically induced alignment of the nematogens. As a
result, the stretching direction is variable according to the sign ofD«: The gel with positive or negativeD« is
elongated parallel or normal to the field axis, respectively. The maximum strain among the samples examined
is as large as 20% atE<0.5 MV/m. The gels composed of a network and solvent with opposite signs ofD«

are compressed along the field axis since the electrostrictive effect becomes dominant because of a large
reduction in the mesogen alignment effect due to the discord in the director directions of the constituent
nematogens. The gels in the isotropic phase show compressive strains along the field direction in proportion to
E2 purely originating from electrostriction, independently of the sign ofD«. The nematic gels are quickly
deformed within a second upon field application, while the shape recovery after field removal requires a finite
time on the order of 103 s, which reflects the structural relaxation in the polydomain texture from the oriented
to the random state. The influences of elastic modulus as well as network nematicity on the electrical defor-
mation are also examined.
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I. INTRODUCTION

The unique feature of nematic polymer networks exhibit-
ing the properties of both polymer networks and liquid crys-
tals has received much attention from the viewpoint of aca-
demic interest as well as their potential applicationsf1,2g.
The hybrid character of nematic networks yields some inter-
esting phenomena such as spontaneous shape changef3–5g
and volume phase transition in solventsf6–10g at the
nematic-isotropicsN-Id transition. The macroscopic defor-
mation caused by electrically induced alignment of the con-
stituent mesogens is also an interesting behavior of nematic
networks. Electrically driven actuation in nematic networks
is expected to be a promising device for artificial muscles
and microscopic pumps and valves, because it is much faster
due to the direct coupling of the molecular alignment to ex-
ternal fields than the electrical deformation based on ionic
diffusion in polymer networksf11g.

The electrical distortion of nematic networks swollen by
nematic solventssnematic gelsd, first observed by Zentel
f12g, has been investigated by several reseachersf13–17g.
Markedly high electric fields are needed to deform apprecia-
bly dry nematic networkssnematic rubbersd because of the
strong resistance stemming from the high elastic modulus,
excepting some nematic rubbers with ferroelectricityf18g
and filled with aligned carbon nanotubesf19g. The reduction
in elastic modulus on swelling realizes a finite deformation
of nematic networks under moderate electric fields.

The electrical deformation of conventional paraelectric
materials without global polarization is dominated by elec-

trostriction f20–22g. In the case of nematic gels, the strain
induced by electrical alignment of the constituent nemato-
gens can exceed the electrostrictive strain because of the
strong nematic interaction as well as a large dielectric aniso-
tropy sD«d, D«=«i−«', where«i and «' are the static di-
electric constants alongsid and normals'd to the long axis
of the moleculessdirectord, respectively. In principle, the
sign of D« governs the correlation between the directions of
the electric field and the induced director orientation: The
director of nematogens with positive or negativeD« aligns
parallel or perpendicular to the field direction, respectively
f23,24g. Thus the sign ofD« is an important molecular char-
acteristic of nematogens in the applications of liquid crystal
sLCd displays. The sign ofD« for the constituent nematogens
si.e., the mesogen on the network and the nematic solventd in
nematic gels is also expected to play an important role in the
electrical deformation. Most earlier studiesf12,13,15,16g
used combinations of the nematic networks and solvents
both of which have positiveD«, while Huanget al. f17g
employed networks with negativeD« swollen by a solvent
with positiveD«. The role of the dielectric anisotropy of the
constituent nematogens in electrical deformations, however,
still remains unclear because there is no study varying sys-
tematically the signs ofD« for the networks and swelling
solvents.

In the present paper, we elucidate the role of dielectric
anisotropy for each constituent nematogen in the electrical
deformation of nematic gels by employing four combinations
of the networks and solvents with positive and negativeD«.
We also reveal the difference in electrical deformation be-
havior between the nematic and isotropic phases, and clarify
the effect of nematic order of the mesogenic molecules. The
influences of network nematicity as well as network modulus
on electrical deformations are studied using networks with
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various mesogen contents and cross-linking densities. The
time dependence of the deformation in response to the appli-
cation and removal of electrical fields is also investigated.
The results in the present study offer a basis for the under-
standing of electrically driven deformations of nematic gels
as well as their applications to soft actuators.

II. EXPERIMENT

A. Sample preparation

The side chain nematic networks with positive or negative
dielectric anisotropysdesignated as LCN-P or LCN-Nd were
prepared by using the acrylate mesogenic monomer MP or
MN, respectively. The molecular structures of MP and MN
are shown in Fig. 1, and they were synthesized by the meth-
ods in the literaturef25,26g. 1,6-hexanediol diacrylate and
2,28-azobisisobutyronitrile were employed as cross-linker
and initiator, respectively. To prepare the nematic networks
with various nematicity, the mixtures with different compo-
sitions of the monomer MP and the nonmesomorphic styrene
monomer were copolymerized. The details of the network
preparation were described elsewheref27g. The nematic net-
works were made by radical polymerization of the reactant
mixtures in capillaries with diameters of several hundreds of
micrometers. The cross-linking reaction was carried out at
80 °C where both MP and MN were in the isotropic phase.
The resulting cylindrical gels were separated from the capil-
laries, and immersed in toluene to wash out the unreacted
materials. The swollen gels were gradually deswollen in the
mixtures of toluene and methanol with successive composi-
tions, increasing the methanol content stepwise. The fully
deswollen gels were completely dried in air. Table I summa-
rizes the characteristics of each network. The numeralm in
the sample code LCN-P-m represents the molar fraction of
MP in the feed. The cross-linker concentration in the feed for
all samples excepting LCN-P-100-H is 1 mol % in the total
reactants.

The dry networks were allowed to swell in a low molecu-
lar mass LC, SP or SN with positive or negative dielectric

anisotropy, respectively. The solvent SP, conventionally
called 5CB, was purchased from Aldrich. The solvent SN
was a miscible mixture of SN-1 and SN-2 with the molar
ratio 50:50. The molecular structures of SP, SN-1, and SN-2
are illustrated in Fig. 1. The mixing of SN-1 and SN-2 broad-
ens the temperature range of the nematic phase. Each of
SN-1 and SN-2 was synthesized in almost the same manner
as the monomer MN. The nematic-isotropicsN-Id transition
temperatures of SP and SN were 34.2 and 76.7 °C, respec-
tively. The fully swollen nematic gels showed a single nem-
atic phase composed of the nematic networks and solvents,
and no phase separation inside the gels was observed. Table
II tabulates theN-I transition temperature in the fully swol-
len state of each network and the degree of equilibrium
swelling sQd at the temperatures in electrical deformation
measurements. All networks swelled isotropically even in the
nematic phase owing to the polydomain texture with a finite
orientational order in the individual domains but without glo-
bal orientation of the director. Thus the swelling degreeQ,
defined as the ratio of the volumes in the dry and fully swol-
len states, was evaluated from the cube of the ratio of the gel
diameters.

B. Measurements of electrically induced deformation

The deformation of the gels under dc fields was observed
by optical microscopy as schematically shown in Fig. 2. The
swollen cylindrical gels with diameter of ca. 1 mm were
placed without mechanical constraint between Pt electrodes
separated by 2 mm, and the cell was filled with the nematic
solvent. The surface level of the solvent was adjusted to be
low enough so that the outline of the gel was distinctly vis-
ible when viewed through the microscopesbut high enough
to immerse the gel completelyd. The temperature of the cell
was controlled by a hot stage Mettler FP-82. The swelling
was equilibrated at each temperature before applying electric
fields.

The dimensions of the gelsdi si =x,yd parallel and normal
to the field direction were measured as a function of the

FIG. 1. Molecular structures of employed acrylate mesogenic
monomers and nematic solvents. The molar ratio of SN-1 and SN-2
in SN is 50:50.

TABLE I. Characteristics of the network samples.

Network

Mesogenic
monomer contenta

fmol %g

Cross-linker
concentrationb

fmol %g
TNI

N c

s°Cd

LCN-P-100 100 1 131

LCN-P-100-H 100 10 120

LCN-P-95 95 1 122

LCN-P-80 80 1 115

LCN-P-70 70 1 99

LCN-P-50 50 1 d

LCN-N-100 100 1 125

aMolar fraction of mesogenic monomerM: fMg / sfMg
+fstyrene monomergd.
bMolar fraction of the cross-linker in the total reactants.
cNematic-isotropic transition temperature in the dry state evaluated
by polarized microscopy.
dNo nematicity.
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strength of electric fieldsEd. As shown in Fig. 2, the field
direction coincides with thex axis in the orthogonal coordi-
nates. The dimension in thez direction was not directly mea-
sured, butdz was evaluated from the volume constancy be-
fore and after deformation, i.e.,dxdydz=dx0dy0

2 where the
subscript 0 denotes the undeformed state. As demonstrated
later, the volume of the gels under electric fields does not
noticeably change even after long times. The voltage was
stepwise increased, and the dimensionsdx anddy at eachE
were measured, ca. 30 s after the application of the corre-
sponding voltage. This time was long enough to achieve the
deformation in the steady state under the voltage concerned.
The time dependence of the deformation in response to the
application and removal of electric fields was also examined
in a separate experiment. The principal straingi si =x,y,zd in
each direction is evaluated by

gi = sdi − di0d/di0. s1d

In the geometry employed, the field strength effectively
acting on the gelsEgd is related to that between the elec-

trodes sEd separated by the distancedt as Eg=Edt / hdx

+s«g/«sddsj where«g and «s are the dielectric constants of
the gel and surrounding solvent along the field axis, respec-
tively, and dss=dt−dxd is the length occupied by the sur-
rounding solvent. The high solvent contents of all gelssex-
cept for LCN-P-100-Hd, over 85 vol %, may allow us to
assume«g<«s syielding Eg<Ed, but the difference in orien-
tation between the nematogens inside and outside the gel
markedly complicates the accurate estimation ofEg f28g.
Thus we employ the apparent field strengthE for the discus-
sion hereafter.

III. RESULTS AND DISCUSSION

A. Electrical deformations of LCN-P-100/SP

Figure 3 shows the optical micrographs for LCN-P-100-
1/SP at 25 °C in the totally nematic phase before and after
applying the electric field ofE=0.6 MV/m. The gel is
stretched in the field direction and compressed in the direc-
tion normal to the field axis. Figure 4sad displays gi si
=x,y,zd as a function ofE for LCN-P-100-1/SP at 25 °C in
the totally nematicsN/Nd phase, and 38 °C in theN/ I phase
where the gel is nematic whereas the surrounding solvent is
isotropic. Hereafter we designate the phases inside and out-
side the gel asNsgeld / Issurrounding solventd whereN and I
denote the nematic and isotropic phases, respectively. At
both temperatures, the gel is elongated in the field direction
sgx.0d, and laterally compressed along they andz axes in
the same way due to the incompressibilitysgy<gz,0d, al-
though the data ofgi si =y,zd in the N/ I phase were not
displayed in the figure. The stretching direction coincides
with the director axis in the electrical orientation of the con-
stituent nematogens MP and SP with positiveD«. The degree
of deformation grows with increasingE, and becomes almost
constant at the high field strengths ofE.0.6 MV/m. LCN-

TABLE II. Nematic-isotropic transition temperatures of nematic gels and swelling degrees at the tem-
peratures in electrical deformation measurements.

Network/solvent
TNI

G a

s°Cd
Phase

sgel/surrounding solventdb
Temperature

s°Cd Qc

LCN-P-100/SP 50.3 N/N 25 15

N/ I 38 4.5

I / I 60 17

LCN-P-100/SN 102 N/ I 81 2.6

LCN-N-100/SN 85.8 N/ I 81 8.9

I / I 100 33

LCN-N-100/SP 45.8 N/N 25 29

LCN-P-100-H/SP 64.2 N/N 25 2.7

LCN-P-95/SP 49.2 N/N 25 7.1

LCN-P-80/SP 48.2 N/N 25 7.8

LCN-P-70/SP 41.2 N/N 25 7.9

LCN-P-50/SP 34.2 N/N 25 9.7

aNematic-isotropic transition temperature in the fully swollen state evaluated by polarized microscopy.
bN, nematic phase;I, isotropic phase.
cVolume ratio in the fully swollen and dry states.

FIG. 2. Schematics of the measurement for the electrical defor-
mation of nematic gels.
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P-100/SP in theN/N phase exhibits the largest electrical
strain sca. 20%d among the samples examined. The maxi-
mum strain in theN/ I phasesca. 10%d is lower than that in
the N/N phasef29g, primarily due to the smaller swelling
degree yielding the higher elastic modulus: The ratio of the
maximum strains at the two temperaturessca. 2d is not far
from the elastic compliance ratio expected from the classical
rubber elasticity theoryf30g, sQN/N/QN/Id1/3<1.5. This sug-
gests that the phase of the surrounding solvent influences the
swelling degreeselastic modulusd but does not alter the es-
sential characteristics of electrical deformations such as the
stretching direction. A threshold ofE saround 0.1 MV/md to
yield a finite deformation in theN/N or N/ I phase is present,
the details of which will be discussed later.

As shown in Fig. 4sbd, the gel at 60 °C in the totally
isotropic sI / Id phase exhibits compression in the field direc-
tion sgx,0d in contrast to the stretchingsgx.0d in the nem-
atic phase. The compressive strain linearly depends onE2 in
accordance with the familiar electrostriction, indicating that
the gel in the isotropic phase behaves like the usual paraelec-
tric materials. This result also demonstrates that the electrical
deformation dominated by the nematogen alignment needs
nematic order as well as large dielectric anisotropy. The
shear modulus of the gel in the isotropic phasesGid is esti-
mated to be 1.03103 Pa from the electrostrictive coefficient
a sa is defined bygx=−aE2d on the basis of the relation for
paraelectric materialsf21,22,31g:

a = «0s« − 1d2/s9Gid s2d

where« and«0 are the dielectric constants of materials and
vacuum. In the calculation, the literature value of the dielec-
tric constant of the solvent SP in the isotropic phase was used
as « because of the high solvent content in the gel
s94 vol %d as well as the similar chemical structures of MP
and SP. The modulus of the gel in the nematic phase is un-
known but will be on the same order of magnitude as that in
the isotropic phase, because the modulus of the dry polydo-
main nematic networks is not significantly influenced by the
N-I transitionf32g, and the swelling degree in theN/N phase
is comparable to that in theI / I phase.

B. Electrical deformations of LCN-N-100/SN

Figure 5sad illustrates theE dependence ofgi si =x,y,zd
for LCN-N-100/SN at 81 °C in theN/ I phase. Measurement
in theN/N phase was not possible; the outline of the gel was
invisible because there was almost no optical contrast be-
tween the swollen gel and the surrounding solvent. As shown
before, the phase of the surrounding solvent alters the swell-
ing degree but does not influence the orientation direction of
the gel under electric fields. LCN-N-100/SN in theN/ I phase
is compressed in the field directionsgx,0d, in other words,
stretched normal to the field directionsgy<gz.0d. The
stretching directions agree with the director axes in the elec-
trical alignment of the constituent nematogens MN and SN
with negativeDg: The director of the dielectrically negative
nematogens is electrically oriented not in a unique direction
but in the planesincluding y andz directionsd normal to the
field axis. The compressive strainsgx are almost constant in
the region ofE.0.5 MV/m. As seen in Fig. 5sbd, gx in the
I / I phase is also compressive and in proportion toE2. The
compression along the field axis is different in major origin
between the nematic and isotropic phases: The former is
mainly driven by the electrical orientation of the nemato-
gens, while the latter is purely caused by electrostriction. The
plateau value ofgx in theN/ I phasesca. 7%d is rather higher
thangx sless than 1%d in the I / I phase at the corresponding
E, despite the much smaller swelling degree of the nematic
gel sQN/I <QI/I /4d, suggesting the large effect of the nemato-
gen alignment on the deformation.

FIG. 4. Optical micrographs of LCN-P-100/SPsad before and
sbd after applying the electric field ofE=0.6 MV/m.

FIG. 3. Principal strains of LCN-P-100/SPsad in the N/N
sQ=15d andN/ I phasessQ=4.5d as a function of field strengthsEd
and sbd in the I / I phasesQ=17d as a function ofE2.
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C. Electrical deformations of LCN-P-100/SN
and LCN-N-100/SP

Figure 6 displays theE dependence ofgx for LCN-P-
100/SN and LCN-N-100/SP, i.e., the combinations of net-
works and solvents with opposite signs ofD«. The former
system is examined in theN/ I phase because of insufficient
optical contrast between the gel and surrounding solvent in
theN/N phase, while the latter system is studied in theN/N
phase. Of importance is that both systems show compressive
strains in the field direction. It should be noticed that the
deformation of LCN-N-100/SP is not governed by the posi-
tive dielectric anisotropysi.e., not elongated in the field di-
rectiond, despite the markedly high content of the solvent
s97 vol %d with a positive largeD«. According to the results
in Figs. 3–6 only the system of the network and solvent both
of which have positiveD« sLCN-P-100/SPd is stretched in
the field direction whereas all other three systems are com-
pressed. This indicates that combinations of the network and
solvent with identical signs ofD« are needed for the electri-
cal deformation dominated by the nematogen orientation ef-
fect. When the signs ofD« of the components are opposite,
the effect of mesogen alignment on the deformation is much
reduced or diminished because of the discord in the director
directions of the constituent nematogens. As a result, the
electrostrictive effect becomes dominant yielding a compres-
sion along the field axis. However, the resulting strain is not
linearly dependent onE2, implying that there exists a finite
contribution of the mesogen orientation effect and/or the ef-

fect of a strong dipole interaction between the nematic do-
mains on electrostriction.

LCN-N-100/SN in the nematic phase is expected to be
elastically rather harder than LCN-N-100/SP on the basis of
the considerably smallerQ. Nevertheless, the values ofgx at
high E in the two systemsfFigs. 5sad and 6g are comparable.
This also reveals a significant contribution of the coupling of
the network and solvent with identical signs ofD« to the
electrical deformation.

All nematic gels examined here exhibited no appreciable
change in birefringence before and after deformations, indi-
cating that the electric fields do not induce a definite orien-
tation of the polydomain structure. The electric fields cause a
finite orientation of the individual domains yielding the mac-
roscopic deformation observed, but the induced variation in
local orientation is so small that the change in global bire-
fringence may be masked due to a relatively large sample
thicknesssca. 1 mmd. It is likely that the saturation of the
strain at high fields reflects the limitation of the electrical
orientation of the polydomain structure. The electrical defor-
mation of monodomain nematic gels with global director ori-
entation is an interesting issue, and it will be investigated in
a separate studyf33g.

D. Effect of cross-linking density on electrical deformations

Figure 7 shows the comparison ofgx for the swollen net-
works LCN-P-100/SP with different cross-linking densities
in the N/N phase. The swelling degree of LCN-P-100-H is
considerably lower than that of LCN-P-100 due to the higher
elastic modulus. The network with the higher cross-linking
density shows less maximum deformabilitysca. 5%d, and
needs a higherE sca. 1.4 MV/md to reach the maximum
deformation. These are attributed to two effects of high
cross-linking density: One is to enhance the elastic modulus
of swollen networks; the other is to reduce the spatial free-
dom for the pendant mesogens, which hinders the growth of
the orientation.

E. Effect of network nematicity on electrical deformations

Figure 8 depicts theE dependence ofgx for the LCN-P-
m/SP with various molar fractions of MPsmd in the N/N

FIG. 6. Principal strain along the field direction for LCN-P-
100/SN in theN/ I phasesQ=2.6d and LCN-N-100/SP in theN/N
phasesQ=25d as a function of field strengthsEd.

FIG. 5. Principal strains of LCN-N-100/SNsad in theN/ I phase
sQ=8.9d as a function of field strengthsEd andsbd in the I / I phase
sQ=33d as a function ofE2.
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phase. As can be seen in Table I, a decrease inm yields a
reduction inTN

N, i.e., a reduction in network nematicity. A
decrease in network nematicity gives rise to two pronounced
effects on the electric deformation: The first is to increase the
threshold field strengthsEcd to yield a finite deformation; the
second is to lessen the tensile strain in the field direction. Of
interest is that the deformation along the field axis exhibits a
crossover from stretchingsgx.0d to compressionsgx,0d
aroundm=0.5. The networks withm,0.4 showed no appre-
ciable electrical distortion due to the low degrees of swelling
sQ,5d as well as the low MP content.

The presence ofEc for LCN-P/SP totally composed of
dielectrically positive nematogens stems from the cancella-
tion of the two strains in the opposite directions: the tensile
strain induced by the nematogen alignment, and the com-
pressive strain originating from electrostriction. In contrast,
as is evident in Figs. 5 and 6, such a threshold field strength
is absent for LCN-N/SN, LCN-P/SN, and LCN-N/SP all of
which contain dielectrically negative nematogens. For LCN-
P/SP, the extensive strain driven by the mesogen alignment
becomes smaller with decreasingm owing to a reduction in
network nematicity. Meanwhile, the compressive strain
caused by electrostriction will be almost unaltered bym: The

swelling degrees of the networks withm.0.5 are high and
almost independent ofm, implying that neither the dielectric
constant nor the elastic modulus governing the electrostiction
significantly differs among LCN-P/SP withm.0.5. As a
consequence, theE region showing almost zero strain is ap-
parently broadened with decreasingm. When the network
nematicity becomes quite small, the compressive strain by
electrostriction in the highE region exceeds the extensive
strain by the weak effect of nematogen orientation. This ex-
plains the crossover fromgx.0 selongationd to gx,0 scom-
pressiond aroundm=0.5 observed.

The results in Fig. 8 show the presence of the electrostric-
tive effect for LCN-P/SP in the nematic phase. On the basis
of this result, it is expected that strains at highE do not
saturate in LCN-N/SN where the nematogen alignment
yields compressive strain in the same direction as the elec-
trostriction. However, the experimental data exhibit a plateau
in strain at highE in disagreement with this expectation,
which may be because the electrostrictive effect in LCN-
N/SN is too small to appear definitely in theE range exam-
ined. For instance, the electrostriction for LCN-N/SN in the
isotropic phasefFig. 5sbdg is much smaller than that for
LCN-P/SPfFig. 4sbdg probably due to the rather smaller di-
electric constant.

F. Time dependence of electrical deformations

Figure 9 illustrates the time dependence ofgx andgy for
LCN-P-100/SP in response to the electric fields according to
the protocol shown in the figure. Upon the application of the
electric field, the induced deformation reaches the steady
state within a second. Field application for ca. 3 hsregion Id
yields no noticeable change ing, indicating that the swelling
degree is almost unaltered by the electric fields. After the
removal of the electric field att=1.03104 s, the gel exhibits
shape recovery but perfect shape recovery requires a finite

FIG. 7. Principal strain along the field direction for LCN-P-
100/SPsQ=15d and LCN-P-100-H/SPsQ=2.7d in theN/N phase as
a function of field strengthsEd.

FIG. 8. Principal strain along the field direction for LCN-P-
m/SP with different MP contentsmd in theN/N phase as a function
of field strengthsEd.

FIG. 9. Time dependence of the strains for LCN-P-100/SP in the
N/N phase in response to the application and removal of the electric
field of E=0.53 MV/m. The protocol for the electric field is indi-
cated in the figure.
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time. When an electric field with identical strength is applied
again halfway in the recovery process att<1.33104 s, the
gel is elongated again up to almost the same degree asgx
upon the first field application. Region III corresponds to the
whole process of shape recovery after the removal of the
electric field. About 93103 s is needed to recover the origi-
nal shape perfectly.

Figure 10 displays a semilog plot ofDgstd /Dg for the
data in region III whereDgstd=gstd−gs`d, Dg=gs0d−gs`d:
gs0d and gs`d are the strains just after the field application
and in the undeformed statesor in the long time limitd, re-
spectively; t=0 in Fig. 10 corresponds to the time at field
removal. No significant difference in the relaxation process
betweengx andgy is observed, indicating that there exists no
anisotropy in the shape recovery process. The data at rela-
tively long times oft.900 s fall on the straight line. The
longest relaxation timet for shape recovery is evaluated to
be 4.03103 s from the slope of the line. The upward devia-
tion of the data at short times from the straight line suggests
that faster relaxation modes are present, and that the whole
process can be described by a multiexponential relaxation
function. The slow process of shape recovery probably re-

flects structural relaxation in the polydomain nematic texture
from the oriented state to the random state.

IV. CONCLUSIONS

The nematic networks swollen by nematic solvents under
electric fields are stretched in the director direction of elec-
trically induced alignment of the nematogens, when the signs
of D« for the network and solvent are identical: The dielec-
trically positive snegatived nematic gels are elongatedscom-
pressedd along the field axis. The nematogen alignment effect
yields a maximum strain of ca. 20% atE<0.5 MV/m
among the samples examined. In the case where the signs of
D« for the constituent nematogens are opposite, the strain in
the field direction is compressive because the effect of nem-
atogen orientation becomes too small to exceed the electros-
trictive effect due to the discord in the director directions of
the constituent nematogens. In the isotropic phase, all gels
show compressive strain along the field axis in proportion to
E2 purely originating from electrostriction. These results in-
dicate that electrical deformation governed by the nematogen
alignment effect requires nematic order as well as largeD«
with identical signs.

In a system of network and solvent both of which have
positiveD«, a threshold value ofE to yield a finite deforma-
tion is present in the lowE region as a result of the cancel-
lation of the two strains in the opposite directions: the exten-
sive strain stemming from the nematogen alignment effect,
and the compressive strain originating from electrostriction.
As the network nematicity gets smaller,Ec becomes larger
and the tensile strain along the field axis decreases because
of a reduction in the mesogen orientation effect.

The application of an electric field quickly deforms the
nematic gels, while perfect shape recovery after the removal
of the field needs a finite time in the order of 103 s. The slow
process of shape recovery presumably results from structural
relaxation in the polydomain nematic texture from the ori-
ented to the random state.
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