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ABSTRACT: Polymer-stabilized liquid crystals (PSLCs) are
materials composed of a polymer mesh in a continuous phase
of liquid crystal. The polymer mesh provides an anchor point
for alignment of the liquid crystalline bulk. The macroscopic
extent of order in such systems depends on the order
parameter of the liquid crystal (given by the temperature) and
the domain order parameter, induced by external stimuli, such
as (rubbed) substrates or magnetic or electric ﬁelds. We
studied thick PSLCs where substrate interactions cannot be
employed and used magnetic ﬁelds instead. We show how the
polymerization conditions, i.e., the temperature and the
magnetic ﬁeld, inﬂuence the overall order parameter in 4octyl-4′-cyanobiphenyl (8CB)-based PSLCs. Optimal macroscopic alignment was obtained in samples polymerized at room temperature and at magnetic ﬁelds in excess of 5 T. The eﬀect of
mesh network can be quantiﬁed by introducing a phenomenological constant, which is correlated to the order parameter at the
polymerization conditions, into a straightforward model that describes the overall order parameter in terms of a thermally
dependent local order parameter and a magnetic ﬁeld dependent domain order parameter.

■

deﬁne their typical ﬁelds of application, for instance actuation
for the elastomers. Besides for displays, LC networks and gels
may be used in a wide variety of other applications, ranging
from as tunable ﬁlters sensors to actuators and photonics.6,20−25
In addition, PSLCs can be used to stabilize mesophases that are
observed otherwise only over narrow temperature ranges, such
as blue phases,26−28 which in turn can be used as a scaﬀold for
(controlled) organization at the micron scale.28,29
One of the main features of PSLCs is their high ﬂuidity in the
material as the liquid crystal bulk is free to move in the network
pores. This ﬂuidity can primarily be adjusted with the cross-link
density in the mixture, which can be readily set by the reactive
mesogen concentration in the sample.8,30,31 While in common
LC devices the substrate plays a key role in the (macroscopic)
alignment of the mesogens, in PSLCs, the network is the
anchoring point of the LC molecules and dictates the bulk
alignment in the material. The combination of dimensional
stability and high mobility (i.e., low response times) makes
these materials ideal for (bio)sensing applications,32 where it is
able to sense and even amplify external stimuli.33,34
Much of the PSLC work has been devoted to display
applications wherein the macroscopic organization is readily set
by interactions with (mechanically treated) substrates. For
thicker PSLCs with (nematic) domain sizes much smaller than

INTRODUCTION
Self-assembly is an extremely useful bottom-up tool in the
development of well-deﬁned nanostructured materials.1−7
Although the nanometer-scale structure in self-assembled
materials is commonly well-deﬁned, a high degree of
organization at device dimensions remains diﬃcult to achieve
and often require top-down techniques, which can overcome
the random organization of the assemblies at these length
scales. Liquid crystals (LCs) in combination with externally
applied stimuli such as electric, magnetic, or optical ﬁelds
provide an excellent approach to direct such an assembly
process, in particular at higher length scales. Subsequent crosslinking of such structure aﬀords permanent dimensional
stability. The LC networks often display a highly anisotropic
response that is often directly related to the applied
stimulus.8−13 Three main classes of LC/polymer materials are
typically distinguished: LC elastomers, networks, and polymerstabilized LCs (PSLC or also referred to as LC gels). LC
elastomers and networks are bulk cross-linked LC polymers
with low and high cross-link densities, respectively. PSLCs or
LC gels are composites and should rather be considered as
oriented LC ﬂuids with their long-range molecular orientation
permanently held by a polymer network. While LC elastomers
are typically aligned with mechanical forces, macroscopic
uniaxially oriented ﬁlms of networks and gels are commonly
obtained by other techniques such as surface alignment,
external ﬁelds, polarized light, etc.14−19 The diﬀerent
mechanical properties of the cross-linked materials directly
© 2015 American Chemical Society
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Table 1. Mixture Compositiona and Polymerization
Conditions Used in This Study

the ﬁlm thickness, surface alignment techniques will not suﬃce
and alternative external ﬁelds such as electric or magnetic ﬁelds
should be applied. In such systems, the macroscopic alignment,
represented by the overall order parameter QT should be
considered a convolution of the local order parameter QL and
the domain order parameter QD. The former describes the
strength of the local correlation among molecules within a
given domain (roughly 10 μm length scale) and is largely
dependent on temperature but not on externally applied ﬁelds.
The latter represents the sum of all individual domain
contributions projected on a common axis and is determined
by the external ﬁeld applied.35
In this paper, we report on the order formation in PSLCs
with a thickness realistic for membrane applications (100 μm).
In such ﬁlms, indeed, surface alignment techniques pose a
challenge, and we used magnetic ﬁelds as external stimulus to
achieve macroscopic alignment. We study the role of the
polymerization conditions (temperature and magnetic ﬁeld
strength) on QT and thus on the birefringence Δn of the ﬁlm.
The outcome of the experiments gives directions on how to
prepare such highly birefringent yet porous ﬁlms and yields the
upper limit for the order parameter in these ﬁlm and thus
ultimately for the sensitivity of the ﬁnal system when applied in
sensor devices.

samples mixture
(Tpolym, Bpolym)

monomer

Tpolym
(°C)

mesophaseb

Bpolym
(T)

A(23,20)
A(28,20)
A(32,20)
A(28,2)
A(32,2)
B(25,20)
B(39,20)
C(26,20)

BA
BA
BA
BA
BA
RM305
RM305
BA + RM305c

23
28
32
28
32
25
39
26

SmA
N
N
N
N
SmA
N
N

20
20
20
2
2
20
20
20

a

Mixture composition: host liquid crystal 8CB (90 wt %), cross-linker
RM257 (2 wt %), monomer (butyl acrylate and/or RM305, 8 wt %)
adding up to 100%. In addition, 2 wt % Irgacure 901 initiator is added.
b
SmA = smectic A; N = nematic; I = isotropic. cBA-RM305 mixture in
in a 1:1 weight ratio.

The experiments were conducted at diﬀerent temperatures
and magnetic ﬁelds. The temperature is an important factor to
tune the (local) order parameter in the ﬁlm and thus is
expected to have a large impact on the properties of the ﬁlm.
We considered three diﬀerent temperatures for mixture A: at
room temperature (in the SmA phase) and two experiments in
the nematic phase. The other mixtures were studied at similar,
albeit not exactly the same, temperatures.
The samples in the magnetic ﬁeld were sealed using epoxy
glue (see cell preparation in Supporting Information) and were
not readily opened for morphological studies afterward. We
carried out morphology studies on similar (surface aligned thin
ﬁlms) but found insuﬃcient quantitative results to continue this
line (details are given in Figure S17); hence, we focused on the
macroscopic optical properties using birefringence studies.
The mesophase behavior of the diﬀerent mixtures was
investigated by optical polarized microscopy (OPM). In
addition, the phase transitions were identiﬁed in the optical
setup in the magnet (vide inf ra) as the high magnetic ﬁeld
present is known to have a small inﬂuence on the transition
temperatures (Supporting Information Table S2). As expected,
the analysis showed the formation of a nematic (N) phase
between a room temperature smectic A (SmA) and an isotropic
(I) phase. The phase transition temperatures resemble those of
pure 8CB,38 although the presence of the cross-linker,
monomer, and initiator induce a small decrease in transition
temperatures for the samples.37
PSLC Formation. Each mixture was placed in a 100 μm
thick glass cell without any surface treatment (dictating a
random planar alignment); see Supporting Information for
more details. The samples were then placed in a tunable
magnetic ﬁeld (B = 0−20 T) at a controlled temperature.
Magnetic ﬁeld induced alignment of the molecules in the cell
was probed measuring the diﬀerence of the refractive index for
light polarized parallel and perpendicular with respect to the
magnetic ﬁeld using a birefringence setup (see Supporting
Information). This setup allows us to follow birefringence and
intensity at a single point in the sample during the entire
experiment. An optical ﬁber placed inside the magnet provides
the necessary UV light to polymerize the mesogenic mixtures at
the desired temperature and ﬁeld. During the polymerization
step, which approximately takes several seconds, the UV light
source prevents direct monitoring of the experiment with the
laser. On the basis of results obtained by the OPM experiments,
we selected the thermal conditions to carry out the polymer-

■

RESULTS AND DISCUSSION
Samples and Sample Preparation. As the host liquid
crystal in this work, we used the well-studied liquid crystal
8CB.36,37 Although we carried out some preliminary experiments with the nematic mixture BL087, which has a much
broader nematic phase range, we switched to 8CB as it displays
an additional smectic phase at room temperature next to the
nematic phase at slightly elevated temperatures. The gel is
composed of a liquid crystalline diacrylate cross-linker RM257,
which is a strong (monotropic) nematogen exhibiting a
monotropic mesophase as well as a monoacrylate chain
extender. For the latter we used the small nonmesogenic
butyl acrylate (BA, series A), the nematic reactive mesogen
RM305 (series B), or a combination of both (series C). To
initiate the polymerization reaction, we added a small amount
of photoinitiator to the reaction mixture (Irgacure 901). For
the sample preparation, all components were dissolved in
dichloromethane, mixed, and dried under vacuum. To avoid
early polymerization, the sample preparation was carried out in
the absence of light. The molecular structures of the diﬀerent
components in our mixtures are shown in Figure 1, and the
composition of the samples and the polymerization conditions
are summarized in Table 1.

Figure 1. Molecular structures of the used compounds.
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order in the sample is retained. Moreover, cooling the sample
after polymerization shows an increase in birefringence (see
Figure 2 beyond t ≈ 1350 s and, much clearer, in Figure 3; vide

ization of each mixture. The change in temperature changes
both the order parameter and the mesophase in our samples. In
addition, we studied the inﬂuence of the magnetic ﬁeld strength
by preparing samples in high and low magnetic ﬁelds. For each
sample, the experimental conditions are summarized in Table 1.
As an illustration of the followed procedure, Figure 2 shows
the time trace of a standard experiment in the magnetic ﬁeld of

Figure 3. Birefringence as a function of temperature for series A
polymerized between T = 23−32 °C and at B = 2−20 T. The
polymerization point is indicated in the ﬁgure with an arrow labeled
“p”. Note that the addition of monomer, cross-linker, and initiator
slightly decreased the nematic−isotropic transition temperature of
8CB.

inf ra), indicating that the bulk of 8CB in the sample is still ﬂuid.
As the network is the anchoring point for LC alignment, the
conditions of network generation (temperature, ﬁeld) are
expected to impact the ﬁnal degree of orientational order
present in the PSLC.
We tested this hypothesis by polymerizing the same mixture
at diﬀerent temperatures (phases) and magnetic ﬁelds. We
choose 8CB for this study, since its SmA phase at room
temperature provides an additional increase in the orientational
order parameter of the sample.36 Samples A(32,20) and
A(28,20) were prepared analogously to sample A(23,20) but
were polymerized at T = 32 and 28 °C (both in the N phase),
respectively. The time traces of the experiments corresponding
to these samples are given in the Supporting Information.
Overall, the samples behave similarly; an increase in
birefringence is observed for decreasing temperatures. Depending on the polymerization conditions (temperature and ﬁeld),
we found diﬀerent absolute birefringence values before
polymerization (in the presence of the ﬁeld) and after
polymerization (in the absence of the ﬁeld). The birefringence
data of the polymerized samples are summarized in Table 2.
Samples A(32,20) and A(28,20) exhibit a nematic phase
before polymerization. The signiﬁcantly higher birefringence
value for the sample A(28,20) is in line with a higher order
parameter present after removing the ﬁeld. This means that,
indeed, the templating capability of the network strongly
depends on the thermal conditions present during the
polymerization process. The absolute values of the birefringence at room temperature are only slightly below the value
measured for unpolymerized samples that are fully aligned in
the high magnetic ﬁeld. The addition of the isotropic monomer
(butyl acrylate) and initiator reduces the birefringence of 8CB
somewhat. Sample A(23,20) showed a smectic phase before
polymerization; however, after polymerization the same
birefringence values were obtained for sample A(28,20). To
understand these results, the mesophase of sample A(23,20)
before and after polymerization was characterized by X-ray
diﬀraction studies (Supporting Information, Figures S11−S13).

Figure 2. Time trace of the experiment of A(23,20): intensity (blue)
and birefringence (Δn, green) as a function of temperature T (red)
and magnetic ﬁeld strength B (orange). The N−I phase transitions
(marked) are most clearly observed in the intensity trace due to strong
scattering of the nematic−isotropic biphasic regime. This is much less
distinct for the N−SmA transition, which is more easily characterized
by a small jump in the birefringence (in the presence of the magnetic
ﬁeld). The polymerization reaction is marked “p”.

sample A(23,20) (i.e., the sample from series A polymerized at
T = 23 °C and B = 20 T). In the top panel, the variables
temperature T and magnetic ﬁeld strength B are plotted against
time t and in the bottom panel the experimental quantities from
the sample, the intensity I, and the birefringence Δn are shown.
At the start of the experiment (t = 0 s), a low birefringence was
observed due to the formation of multidomain structure. To
break up the structure, the sample was heated to the isotropic
phase (t ≈ 0−500 s). The transition temperature is easily
recognized by looking at the total intensity from the sample. At
the N−I phase transition, the intensity shows a sharp drop as a
result of domain scattering. The stabilized high intensity
indicates that the isotropic phase is reached. At this
temperature (T = 45 °C) the magnetic ﬁeld was ramped to
20 T, and the sample was cooled in the presence of the
magnetic ﬁeld into the nematic phase (t ≈ 500−1000 s). Again
the sharp drop in the intensity signal marks the phase transition
(t ≈ 800 s), which now coincides with a sudden increase in the
birefringence signalthe result of a monodomain structure.
The latter continuously increases upon cooling the sample to
the polymerization temperature. Once the sample reached the
desired temperature (23 °C, SmA phase in this sample) it was
photopolymerized (marked “p”, t ≈ 1350 s) by UV light (λmax =
365 nm), and the PSLC A(23,20) was generated. Subsequently, the sample was cooled to room temperature, and
the magnetic ﬁeld was ramped to 0 T.
The experiment clearly shows that polymerization does not
impact the birefringence signiﬁcantly, and thus the orientational
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Table 2. Birefringence and Domain Order Parameters for All
Samples Measured
sample series
(Tpolym, Bpolym)
A(23,20)
A(28,20)
A(32,20)
A(28,2)
B(25,20)
B(39,20)e
C(26,20)

QDa

Δn

QTb

±
±
±
±
±
±
±

0.16
0.13
0.11
0.13
0.15
0.10
0.15

0.53
0.44
0.37
0.44
0.46
0.30
0.48

0.89
0.93
0.93
0.89
0.95
0.3
0.92

0.02
0.02
0.03
0.01
0.03
0.1
0.01

ηpolymc QT,polymd
1.01
0.80
0.67
0.84
0.79
1.52
0.86

0.55
0.50
0.42
0.50
0.57
0.35
0.56

a

Determined from birefringence measurements; the error given is the
standard deviation of at least three measurements at diﬀerent positions
in the sample. bQT is the (estimated, see text) total order parameter at
room temperature based on the birefringence and clearing temperature
and using Haller’s equation. cηpolym = QT(QLQD)−1, where QL was
taken as the order parameter of 8CB at 22 °C, corrected for the change
in clearing temperatures introduced by the monomers and cross-linker.
d
QT,polym is the estimated total order parameter under the polymerization conditions, determined from the birefringence of the sample
and Haller’s equation. eMultiple domains in this sample (Figure 6c,d)
give unreliable results.

Figure 4. Birefringence results from series B before and after
polymerization (at T = 39 and 25 °C and at B = 20 T) as a function
of the temperature present during the time trace of the experiment.
The polymerization reaction is marked “p”.

that of sample B(25,20), which was polymerized in the smectic
A phase. The birefringence of this sample at room temperature
without the ﬁeld present compares well to the birefringence of
the samples of series A.
To mutually compare the eﬀect of the composition of the
polymer network component of the PSLC on the overall
orientational order in the sample one additional sample was
prepared: C(26,20) with the monomer in ratio 1:1 (w/w) of
butyl acrylate and RM305. The birefringence proﬁles of this
sample and the corresponding full butyl acrylate A(24,20) and
the full RM305 B(23,20) samples are shown in Figure 5.

At room temperature, the nonpolymerized mixture showed
sharp small-angle reﬂections in combination with diﬀuse wideangle reﬂections, characteristic of a SmA layered phase. After
polymerization, however, the sharp reﬂections were replaced by
diﬀuse halos, pointing toward the formation of a nematic phase.
Polymerization, in our mixtures, distorts the SmA mesophase to
such an extent that a nematic phase is formed instead. This may
well explain the similar Δn values obtained for samples
A(28,20) and A(23,20) at room temperature, after polymerization.
In addition, we carried out measurements at lower, more
generally accessible magnetic ﬁelds. At room temperature and
after removal of the magnetic ﬁeld, sample A(28,2) showed a
signiﬁcantly lower birefringence compared to the corresponding A(28,20). By looking at the saturation curve of the
monomeric mixture in the nematic phase (Supporting
Information, Figure S16), one sees that at approximately B =
5 T the molecular alignment is optimal and that higher ﬁelds
are not expected to further improve the templating capacity of
the network. For many applications, however, ﬁelds of 2 T may
be suﬃcient, provided that the polymerization takes place at a
low enough temperature. The measurements carried out with
series A highlight the importance of selecting the proper
thermal (and magnetic) conditions for polymerization to
achieve optimal optical properties for a PSLC materials.
In the application of PSLC or LCG membranes, the pore size
of the network is an important parameter.8,39−41 It is readily
tuned by changing the concentrations of the monomer and/or
cross-linker in the polymerization mixture or the polymerization conditions.31,37,40,42 We replaced the chain extender
butyl acrylate by the reactive mesogenic monomer RM305 (at
same weight fraction, but at much lower mole fraction),
yielding series B. The birefringence values of the polymerized
samples B(39,20) and B(25,20) as a function of temperature
are shown in Figure 4.
Sample B(39,20) was polymerized at the I−N transition
temperature, and consequently, the birefringence does not
develop as eﬃcient as for the samples polymerized low in the N
or in the SmA phase. The Δn value measured at room
temperature in the absence of the magnetic ﬁeld is about half of

Figure 5. Mutual comparison of the birefringence data of the samples
in series A, B, and C polymerized in the SmA phase and at high
magnetic ﬁelds. Besides the diﬀerences in the birefringence, caused by
the diﬀerence in the contribution of the monomer to the total
birefringence, also a change in N−I transition temperature is clearly
observed. The polymerization reaction is marked “p”.

Depending on mixture composition, the samples show
diﬀerent clearing temperatures with a diﬀerence up to about
a 5 °C between series A and B. As the only diﬀerence between
the samples is the monomer, this is attributed to the
destabilizing eﬀect of butyl acrylate on the nematic phase and
the stabilizing eﬀect of RM305, a strong nematogen. The
diﬀerence in birefringence of the samples of the diﬀerent
compositions is mainly the result of the change in the N−I
transition temperature TNI. Corrected for TNI, the curves nearly
overlap (Supporting Information, Figure S15). We observe that
in such gels the birefringence and thus the total order
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samples. Similar images were obtained for the other samples,
besides for B(39,20), which was polymerized at the N−I phase
transition (Figure 6c,d). The microscopy images show that this
sample displays no macroscopic alignment, and therefore, a
much lower QD can be anticipated.
In a separate experiment, the birefringence of the samples
was measured by rotating the samples between a crossed
polarizer and analyzer and recording the transmission as a
function of the azimuthal rotation angle α. In a multidomain
sample the transmission I/I0 will depend on sum of domain
contributions:

parameter are determined mostly by the large fraction of the
8CB as well as the polymerization conditions. The composition
of the network and its morphology resulting from this
composition has, at least in our investigated mixtures, a limited
eﬀect.
From the birefringence and thus the total order parameter
QT measured in the setup, the individual contributions of the
domain QD and the local order parameter QL cannot be
distinguished. Using the same samples prepared in the
magnetic ﬁeld, we performed qualitative optical microscopy
studies to evaluate the macroscopic domain structure as well as
more quantitative birefringence measurements to extract the
domain order parameter QD. Microscopy studies of all samples
that were polymerized below their clearing temperature showed
well-developed monodomain structures at room temperature
(Figure 6a,b), indicating that QD approaches unity for these

I = I0 sin 2(b) ∑ cos2(2αi)
i

(1)

2

where the term sin (b) includes the temperature-dependent
local order (within a domain) and molecular constants as well
as sample thickness.35 Field-dependent retardation measurements, indeed, conﬁrm that this term is does not depend on the
magnetic ﬁeld strength (Supporting Information, Figure S14).
A 100 μm thick nematic sample without macroscopic alignment
will show a constant transmission, independent of α, because
the diﬀerent domains average the signal. From the angular
dependence of the transmission, we calculate QD. Because of
the 4-fold symmetry of the axis, the azimuthal angle dependent
transmission can be expressed as
I(α) = Q D cos2(2α) + c

(2)

where c is a constant that includes some nonpolarized
scattering from the setup.35
Figure 7a shows the normalized experimental results of our
transmission experiment at two diﬀerent locations in the
polymerized sample A(28,20). The experiment substantiates
the microscopy experiment that indicated a high domain order
parameter. The experiment also allows us to measure the
birefringence as a function of temperature in the absence of the
magnetic ﬁeld, which was recorded for sample B(25,20)
(Figure 7b). When heated close to the clearing temperature,
the birefringence strongly decreases, although the domain
structure remains intact. In the isotropic phase (at T = 42 °C),
a very low level of birefringence is still observed that we
attribute to the polymer that in the B series contains the liquid

Figure 6. Polarizing optical microscopy images of (a, b) samples
B(25,20) polymerized in the N phase close to the SmA phase and (c,
d) B(39,20) (polymerized in the nematic phase close to the isotropic
phase); all pictures were taken at room temperature. The direction of
magnetic ﬁeld B⃗ (pink) and the (crossed) polarizer and analyzer
(white) are shown in the ﬁgure. The scale bar in each case is 25 μm.

Figure 7. (a) Normalized intensity I as a function of the azimuthal angle α of sample A(28,20). The data of two measurements at diﬀerent positions
in the sample are shown (nearly overlapping). (b) Normalized intensity I as a function of the azimuthal angle α of sample B(25,20) recorded at
room temperature (T = 25 °C, purple), the nematic phase (T = 35 °C, blue), the isotropic phase (T = 42 °C, pink), and after cooling back to room
temperature (T = 25 °C, orange).
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overall order parameter, though ﬁeld strengths higher than 5 T
are not expected to contribute a lot extra. Much to our surprise,
the network morphology, as determined by using a liquid
crystalline (co)monomer in the sample, has no large inﬂuence
on the observed order parameter in our PSLCs. This work
shows the importance of optimizing the polymerization
conditions for applications of PSLCs, in particular for thick
samples where surface alignment techniques are out of reach.
The next step is to prepare self-supporting birefringent ﬁlms
and use them in microﬂuidic technology. Our ﬁrst attempts in
this direction showed that the ﬁlms were mechanically not
tough enough and require thermoset support ﬁlm such as SU-8.

crystalline monomers RM305 and RM257. More importantly,
on cooling the birefringence and thus the order parameter in
the sample fully recover, indicating that the anisotropically
polymerized network acts as an eﬀective anchor for liquid
crystal alignment.
From these experiments values for QD were determined for
all materials (see Table 2). The results clearly indicate that,
overall, the domain order parameters in these gels are highin
line with the qualitative microscopy datairrespective of
composition and polymerization conditions. The birefringence
of the samples after polymerization and cooling to room
temperature, however, does clearly show an eﬀect of the
polymerization reaction in the composite (Table 2). As such,
the simple model described by Boamfa and co-workers,35 which
describes the total order parameter QT as the product of the
local and domain order parameter (QLQD), does not hold in
these PSLCs, since at room temperature the local order
parameter is expected to be roughly the same in all our
(porous) samples at room temperature. Clearly, QT depends on
the presence of the polymer network. We can capture the
network contribution by introducing an additional phenomenological parameter η that, we can assume, depends on the
polymerization conditions of the sample (eq 3). The
birefringence of the sample now depends on QL, which is
only temperature dependent, and on QD and η, which are set by
the polymerization conditions, where we note that for nearly all
our samples QD is high (approaching unity).
Δn ∝ QT = η(Bpolym , Tpolym)Q L(T )Q D(Bpolym )
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(3)

To evaluate this additional parameter, we equated QT from the
birefringence (magnet experiments) in the sample completely
cooled to room temperature. It was then estimated using the
Haller’s extrapolation method43 and the associated parameters
determined for 8CB,44 which were then corrected for our
mixtures.45 The local order parameter at room temperature was
estimated from the values of 8CB (again corrected for the
decreased clearing temperatures of the samples). The calculated
values for η (Table 2) show, as expected, a decrease with
increasing polymerization temperatures (entries 1−3) and a
(smaller) decrease with reduced magnetic ﬁeld (entries 1 and
4). In fact, we analogously estimated the order parameter
QT,polym at the polymerization conditions from the birefringence
data (Haller’s method, as described before) and found a good
correlation between η and the order parameter at the point of
polymerization. This crude analysis indicates that the polymerization conditions set the upper limit of the order parameter
that is achievable in the sample. Preliminary SEM studies on
similar samples (that were opened after polymerization, see
Supporting Information and Figure S17) show limited polymer
network alignment, which may indicate the liquid crystal
anchoring dominates the eﬀects of network anisotropy.
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