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Blue phases of liquid crystals represent unique ordered states of
matter in which arrays of defects are organized into striking patterns.
Most studies of blue phases to date have focused on bulk properties.
In this work, we present a systematic study of blue phases confined
into spherical droplets. It is found that, in addition to the so-called
blue phases I and II, several new morphologies arise under confine-
ment, with a complexity that increases with the chirality of the me-
dium and with a nature that can be altered by surface anchoring.
Through a combination of simulations and experiments, it is also
found that one can control the wavelength at which blue-phase
droplets absorb light by manipulating either their size or the strength
of the anchoring, thereby providing a liquid–state analog of nano-
particles, where dimensions are used to control absorbance or emis-
sion. The results presented in this work also suggest that there are
conditions where confinement increases the range of stability of blue
phases, thereby providing intriguing prospects for applications.
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Blue phases of liquid crystals (LCs) are characterized by a local
director field that forms double-twisted cylinders, arranged

into defect regions that are periodically repeated in space (1, 2).
The symmetry properties of blue phases (BPs) have attracted
considerable attention, as have their potential applications in a
wide range of technologies (3–7). Theoretical and computational
studies of the bulk structure and dynamics of BPs have helped
elucidate their nature (1, 8, 9–15) in considerable detail. In the
bulk, however, BPs are only found in a narrow range of tempera-
ture, between the cholesteric and the isotropic phases (1–6, 10–18),
thereby placing limits on their practical utility. Recent efforts have
therefore focused on increasing their stability over wider ranges of
temperature and chirality, for example through addition of nano-
particles (19, 20, 21–23), polymers (24–26), or by manipulating
their flexoelectricity (14).
Confined chiral liquid crystals are of interest for applications

in optical devices (27–31). Simulations of chiral LCs in channels
have shown that their defect structure can be manipulated
through confinement, thereby raising intriguing prospects for
technology (32–35). Chiral LC droplets have also been studied both
numerically (36–38) and experimentally (39, 40). More recent, in-
triguing simulations of planar chiral droplets with strong anchoring
by Seč et al. (41) have examined their phase behavior as a function
of chirality. In particular, it was reported that the twist bipolar
structure (BS) is stable in the low chirality regime, whereas the
radial spherical structure (RSS) is preferred at high chirality. The
BS state has a cylindrical symmetry, where the director field is
uniform along the symmetry axis of the droplet and rotates in the
perpendicular direction forming bent cholesteric layers. In the RSS
state, the director field also forms curved cholesteric layers, but in
this case there are two λ+1 disclination lines that form a double helix
from the bottom to the surface. The radial direction is normal to
the cholesteric layers everywhere except in the vicinity of the dis-
clination lines (41). Other configurations, such as the so-called
diametrical spherical structure (DSS), where the director field
forms concentric tori of double twist cylinders, the lyre and the yeti
morphologies, which are related each other and the structure of the
first one resembles a lyre instrument, represent metastable states

whose free energy is well above that of the RSS configuration (by
approximately 104 kT). For droplets with strong homeotropic an-
choring, the defects form different types of “knots,” particularly at
high pitch (p≥ 0.75 μm) (42). A key feature of that work is that the
topological complexity of the system arises from a balance between
the tendency by the low-chirality medium in the bulk to adopt a
smectic-like structure, and the strong homeotropic anchoring that
governs orientation at the droplet’s interface.
Motivated by this body of work, in this study we examine the

morphology of chiral LC droplets with planar degenerate an-
choring, under conditions that correspond to droplets of com-
mon liquid crystals suspended in water. Building on past studies,
we present an analysis of such systems under conditions that
more closely resemble those realized in experiments, thereby
providing an analysis of blue-phase droplets that can be com-
pared with experiments. Overall, our findings indicate that weak,
experimentally relevant anchoring conditions lead to a behavior
that is at times markedly different from that anticipated on the
basis of earlier, strong anchoring assumptions.

Results
We focus on chiral micro droplets (CμDP) of diameter D= 1.5 μm.
For completeness, simulations are carried out from different initial
conditions, including a uniform state, a random configuration, the
bulk ansatz for BPI and BPII (10, 12), and the DSS and RSS
configurations (see Supporting Information for details about these
initial configurations). Note that the RSS structure represents the
stable state for strong planar anchoring and high chirality (41). For
droplets of fixed diameter D, the pitch p is varied through a pa-
rameter N, defined as N = 2D=p, which corresponds to the number
of π-turns of the director along a distance D in a bulk chiral liquid
crystal (41). The resulting phase diagram, shown in Fig. 1, is given
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in terms of the reduced temperature, τ, and N or 1=p. A com-
parison with the behavior corresponding to the same material in
the bulk is also included in Fig. 1; the dotted line divides the cho-
lesteric and BPI regions and shows that BPI is expected at higher
chiralities. An alternative representation of the phase diagram,
common in the literature for chiral LCs in the bulk (10, 12, 15), can
be obtained by replacing N by the definition of chirality, namely
κ= ðπNξN

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
108=U

p Þ=D, where ξN =
ffiffiffiffiffiffiffiffiffi
L=A

p
is the nematic co-

herence length and U is a phenomenological parameter that de-
pends on temperature (Methods).
Our results indicate that the twist cylindrical structure (TC) is

stable in the region of low chirality (NK 2). The director field of
this structure forms a double twist cylinder, as illustrated in Fig.
2A. For strong planar anchoring, one finds a bipolar structure in
this region of the phase diagram (41). As the chirality increases,
other double twist cylinders appear, leading to formation of well-
defined disclination lines. The structures, however, preserve
well-defined symmetries. The splay–bend order parameter (SSB),

defined as SSB =
∂2Qij

∂xi∂xj, can be used to quantify the extent of splay
and bend deformations. For 2.5KNK 3.5 and τ< 0, the mini-
mum free energy configurations are obtained from the ansatz for
RSS; however, the final states do not exhibit the RSS symmetry.
This can be explained from the fact that a weak planar anchoring
allows droplets to adopt a perpendicular orientation at the surface
(Fig. S1), leading to what we call a “frustrated radial spherical
morphology” (FRSS). Fig. 2B shows the splay–bend isosurfaces for
the FRSS structure. In the high-chirality region, N ≥ 3.7, the twist
cylindrical structure appears again but is now somewhat deformed,
mainly in the central region of the droplet, as a result of bend and
splay distortions induced by the high chirality of the system (Fig.
2C). In this case the splay–bend isosurfaces show that the de-
formation of the director field is a twist paraboloid.
Blue phases arise for NJ 2.5 and in the vicinity of the iso-

tropic phase. The simulated BPII structure actually corresponds
to a confined BPII unit cell (Fig. 2D and Fig. S2). However, as
discussed later, it is possible to trap a network of such cells by
increasing chirality. As in the bulk, BPI (Fig. 2E) occurs over a
wider range of temperature and chirality than BPII. As expected,
the number of unit cells increases with N (Fig. 3). Fig. 4 shows
representative structures for BPI and BPII at N = 10 (p= 300 nm).
For this system, BPI corresponds to the minimum energy con-
figuration and BPII is a metastable state. Confinement increases
and breaks the symmetry of the blue phases in the neighborhood
of the interface. Although weak, the anchoring strength is suffi-
cient to bend the disclination lines of the blue phases in the

proximity of the droplet interface. This can be appreciated in the
simulated ideal cross-polarizer images of Fig. 4, which show a
well-defined pattern in the central region of the droplet that
becomes diffusive or dark near the interface. Note that cross-
polarizer images were obtained for a wavelength λ∼ 150 nm, which
is well below the visible spectrum and therefore corresponds to
polarized UV rays. From a theoretical point of view, such images
provide a useful simulation tool with which to assess the structure
of these phases. As with strong homeotropic anchoring, the splay–
bend isosurfaces in the BPs can exhibit a helical structure around
the defects (42).
It is of interest to discuss how the lambda defect cores are

distributed on the droplet’s surface. For BPII droplets, either
positive or negative defects form a hexagonal array, each having
different “lattice” parameters. In contrast, in the case of BPI
they do not exhibit a regular structure (Fig. 4). The surface
structure of these defects raises intriguing possibilities for con-
trolled localization of nanoparticles. Indeed, recent work has
shown that nanoparticles segregate to liquid crystal defects to
minimize the free energy of the system (16, 17, 19). The results
shown in Fig. 4 indicate that the behavior of the director field on
the surface of BP droplets confers an advantage of these systems
over their nonchiral counterparts. For example, nanoparticles at
the interface of BPII droplets could potentially assembly in dif-
ferent arrays, mediated by the positive and negative defects on
the BPII droplet and the type of anchoring, homeotropic or
planar, of the nanoparticles.
Going back to the phase diagram of CμDP (Fig. 1), it is of

interest to highlight the main differences with respect to the
behavior of the corresponding bulk material (8, 10, 12). First, the
range of stability of the blue phases is different: for the droplet’s
size and anchoring strength considered here, BPI is stable over a
wider range of temperature. For CμDP, there is a region of the
diagram where the structure of the material adopts the symmetry
of a unit BII cell, which is stabilized by confinement; this region
is very narrow and could either increase or disappear by changing
the droplet’s size or the strength of the anchoring.
It is well known that the stability of a confined LC phase de-

pends on the thermodynamic conditions and the interplay be-
tween the bulk behavior and the restrictions imposed by surfaces
or interfaces. For a given material, such an interplay is largely
dictated by the droplet’s size and the anchoring strength (Tables
S1 and S2). An example is provided by the work of Seč et al.
(41), for chiral droplets with strong planar anchoring at con-
stant temperature, where the RSS configuration, theoretically
obtained from the ansatz of a pure tangential field, agrees
with the strong planar anchoring imposed on the surface and

Fig. 1. (Left) Simulated phase diagram of CμDP with weak planar de-
generate anchoring. The morphologies found in the diagram include the
twist cylinder (A), the FRSS (B), the deformed twist cylinder (DTC) (C), BPI (E)
and blue phase II-unit cell (D). See caption to Fig. 2 for definition of different
morphologies and their schematic representation. The solid lines are drawn
to delineate the boundaries between different phases. The dotted line di-
vides the cholesteric and BPI regions in the bulk for a system with the same
parameters used in this work. (Right) Phase diagram of the bulk behavior
where N is the number of π turns of the director over a distance equal to the
droplet’s diameter.

Fig. 2. Representative morphology of chiral liquid crystal droplets. (A, B, C)
The splay–bend isosurfaces for SSB =−0.0001 and SSB = 0.0001 are shown in
red and green, respectively. We show the z view (Upper) and lateral view
(Lower) of the director field for TC (A), FRSS (B), and DTC (C) morphologies.
The DTC configuration exhibits a defect region represented by the isosurface
with S= 0.57. For BPII (D) and BPI (E), the splay–bend isosurfaces correspond
to SSB =−0.001 in red and SSB = 0.001 in green, respectively, and rotate along
the line defect with S= 0.35 (Fig. S2).
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corresponds to the minimum-energy configuration at high chi-
rality. The influence of temperature on the stabilization of the
RSS structure, even for strong planar anchoring, must also be
considered. Fig. 5A shows the effect of anchoring on the BPI and
RSS configurations with p= 500 nm, where BPI appears as the
minimum-energy configuration in the small anchoring regime.
An anchoring mediated BPI–RSS transition is predicted at
W ∼ 1× 10−4 J/m2; strong planar anchoring destroys the sym-
metry of the BP. Note, however, that the possibility of having a
stable BPI phase in large droplets with these anchoring condi-
tions cannot be ruled out. On the other hand, weak planar an-
choring allows the material to be tilted at the surface, and the
RSS configuration is no longer preferred (Fig. S1). It is also of
interest to examine the temperature dependence of the BPI and
RSS droplets for anchoring values just below the transition to the
RSS morphology. Our results are shown in Fig. 5B. One can ap-
preciate that the temperature range of stability of BPI is decreased
as the strength of the anchoring increases. This, in fact, is one of
the reasons that BPI droplets are difficult to generate in ex-
periments. From Fig. 5B one can see how the λ−1=2 disclination
lines (isosurfaces for S= 0.35) shrink as the temperature is de-
creased, due to the increment of the nematic order parameter of
the bulk. The structure of the phase, however, remains stable; with
respect to the RSS, the two escaped disclination lines λ+1 follow a
helical pattern and fuse at the center of the droplet (see the red SSB
isosurfaces), in agreement with the observations originally reported
by Seč et al. (41). At high temperatures, a λ−1=2 disclination line
forms a long ring that is surrounded by the splay–bend isosurfaces;
the increment of the distortions makes this phase metastable.
As mentioned earlier, the periodic structure of disclination

lines in blue phases gives rise to Bragg-like reflections. For a
normally incident line, the reflection wavelength is related to the
lattice constant of the BP, a, the refractive index n, and the in-
cident plane ½hkl� according to λ½hkl� = 2naffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

h2 + k2 + l2
p .

In blue phases, the minimum free energy corresponds to a
lattice spacing that is higher than the cholesteric pitch (8, 10). On
the other hand, the BP lattice cell contracts as the temperature
increases, resulting in a gradual color change of the BP (43). This
effect can be described by multiplying the magnitude of the
original blue phase wave vector by a red shift, rs. Fig. 6 shows, for
N = 10, the free energy of a BP droplet as a function of the red
shift at two reduced temperatures. For τ=−0.56, the lattice
spacing is a= 312 nm, but when it increases to τ= 0.8 the spacing
decreases to a= 295 nm. For incident light normal to the in-
terface, on the [110] plane, and a refractive index of n= 1.5,
droplets of N = 10 (p= 300 nm) should reflect light at a wave-
length of λ= 661.8 nm (red), when τ=−0.56, and at a wavelength
of λ= 625.8 nm (orange) when τ= 0.8. The structure of dis-
clination lines is altered by confinement, and can also influence
reflection. To measure this effect, one can compare the peri-
odicity of the BPI structure in the droplet to that of the bulk
through a scalar order parameter along the x axis at the middle
of both systems. As shown in Fig. 7A, in the core of the droplet
(x= 0) the BPI structure is essentially identical to that of the
bulk; however, as one moves radially toward the droplet in-
terface (in order of increasing x), the cells shrink slightly until
they eventually stretch and deform in the immediate vicinity of

the interface. It is important to note that such a deformation
occurs primarily in a region whose dimensions are comparable to
those of the unit cell size, and should not alter considerably the
wavelength of reflected light.
To explore possible size effects, we also performed simula-

tions of larger BPI droplets with weak planar anchoring, W = 4  ×
10−6 J/m2, chiral pitch p= 300 nm and D= 3.0 and 3.75μ, which
correspond to N = 20 and 26, respectively. The results show ba-
sically the same behavior obtained for droplets with D= 1.5μ: a
unaltered BPI at the core of the system, surrounded by increas-
ingly stretched unit cells in the proximity of the interface (Fig. 7 B
and C). These results suggest that simulations of CμD with D= 1.5μ
are sufficiently large to anticipate the structural properties of larger
droplets, particularly when we recall that for the anchoring condi-
tions considered here confinement deforms the BP unit cells mainly
in the first 200 nm from the interface along the radial direction.
Recent experiments on confined BPμD phases have been

reported by Kemiklioglu and Chien for polymer-encapsulated
droplets (44). Although the diameters considered in that work
were larger than those examined here, typically above 10 μm, it
has now become possible to reach smaller sizes through strate-
gies presented in the recent literature (45). By adopting such
strategies, we were able to generate in our laboratory droplets of
comparable size to those addressed in our simulations. Fig. 7D
shows experimental micrographs corresponding to BPI droplets
with p∼ 250 nm and D∼ 8 μm, along with the corresponding
images in reflection mode of polarized light. These experimental
results serve to confirm that the BPI structure is indeed stable,
and that the wavelength of the reflected light is basically the
same than in bulk, but with a red shift in the vicinity of the in-
terphase, thereby confirming our theoretical prediction con-
cerning the strain of the unit cells as the interface is approached.
To provide an additional experimental verification of the pre-

dictions outlined above, we also conducted measurements of the
temperature dependence of the color appearance of BP droplets.
Specifically, we characterized optically the colors reflected from
small and large BPI droplets dispersed in water. Fig. 7D (Top and
Center) show micrographs from reflection mode polarized light of
2- and 8-μm diameter BPI droplets at two different temperatures.

Fig. 3. BPI disclination lines in a droplet with D= 1.5 μm. As expected, the
number of unit cells increases with the chirality.

Fig. 4. Metastable BPII (Upper) and BPI (Lower) for N=10. (Left) Nematic
order parameter isosurfaces of S=0.35. (Center) Transverse section showing
the splay–bend red (SSB =−0.008) and green (SSB = 0.008) isosurfaces. The dis-
clination lines are bent in the proximity of the droplet interface, where the
corresponding cross-polarizer images become dark or diffusive. In the central
region, however, the structure is well defined. (Right) Director field in the vi-
cinity of the droplet’s surface; the field is characterized by positive and neg-
ative lambda defects. The colors correspond to director’s orientation: blue
when the director has radial direction and red when it is parallel to the surface.
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The similarities in the colors between two different droplets are
evident in the images. At elevated temperatures, the droplets are
green, whereas at lower temperatures the droplets are yellow-
orange, indicating an expansion of the lattice size upon cooling for
both sizes. We note that the experiments performed in the heating
direction confirm that the colors indeed correspond to the equi-
librium colors reflected from droplets (Fig. 7, Bottom). To deter-
mine the extent of expansion upon cooling, we collected UV-vis
spectra of 20-μm-thick BPI films sandwiched between two glass
slides. We determined that the green and yellow-orange colors
reflected from the droplets correspond to the reflections from
[110] planes of the BPI lattice. The wavelengths were measured as
530 nm at 44.0 °C, and 570 nm at 43.0 °C, which correspond to
lattice sizes of 250 nm at 44.0 °C, and 270 nm at 43.0 °C (here we
note that these colors correspond to the phase boundaries of the
BPI in films). These values correspond to a lattice expansion of 8%
upon cooling 1 °C, which is also consistent with the 5.8% expansion
predicted in our simulations. Taken together, our experimental
observations serve to confirm the predictions of the model, par-
ticularly the temperature-dependent BP lattice expansion, and
provide evidence suggesting that simulations of small droplets
can be used to anticipate the behavior of larger sized droplets.

Discussion
Overall, the findings presented in this work show that the phase
behavior of chiral liquid crystals confined into microdroplets
with weak planar degenerate anchoring is significantly different
from that of the corresponding bulk material. In particular, the
BPI morphology is stable in a region close to the isotropic phase
and in the high-chirality regime. At the same time, confinement
into droplets with weak planar anchoring enlarges considerably
the range of stability of blue phases with respect to that observed
in the bulk. For example, a phase with a BPII unit cell symmetry

exists in a narrow region of the phase diagram, and the BPII
phase appears as a metastable state for other values of τ and N.
The main effect of anchoring, even weak anchoring, is to change
the topology of the defects in the vicinity of the droplet’s in-
terface. However, this effect is not strong enough to completely
destabilize the material’s morphology. Our simulations suggest
that blue phases are only destabilized when either the diameter is
reduced, or when the anchoring is increased (Tables S1 and S2).
In the latter case, anchoring-mediated phase transitions may
even take place. Our experiments serve to confirm predictions
that BP droplets show Bragg reflections in the visible regime, as

A

B

Fig. 5. (A) (Left) Anchoring dependence of the free energy difference (FBPI − FRSS) between BPI and RSS droplets with N= 6 (p= 500 nm). (Right) Final configu-
rations showing the effect of anchoring strength on the RSS and BPI morphologies; line defects correspond to isosurfaces with S= 0.35. (B) (Left) FBPI − FRSS vs. τ;
(Right) Final configurations showing the effect of temperature (line defects as before). Splay–bend isosurfaces correspond to SSB =−0.005 and SSB =0.005.
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Fig. 6. Free energy dependence of the redshift (reduced units) for a droplet
with N= 10. The unit cell and the redshift for a BPI are related through
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aÞ, where p is the pitch.
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they do in the bulk, and that one can control these by manipu-
lating droplet size and temperature. With respect to the droplet’s
color, simulations show that for a given droplet diameter the size
of the unit cells depends on temperature and anchoring. The
former determines the size of the unit cells at the core of the
droplet, and the latter is responsible of how these cells deform
when confined, leading to the redshift observed at the borders of
the droplets in the experimental images (Fig. 7D). Based on the
results shown in Fig. 6, we anticipate that there is only a unit cell
size that fully minimizes the free energy of the system for a given
temperature, implying that the gradual color change observed in
experiments is the same upon heating and upon cooling. Our
results also show that, depending on the particular blue phase, it
is possible to form ordered arrays of defect cores at the droplet’s
surfaces, thereby offering opportunities for controlled place-
ment of functionalized nanoparticles. More generally, the behav-
ior outlined in this work points to intriguing possibilities for using
BP droplets in sensing or hierarchical materials applications that
rely on a rich but controllable phase behavior.

Methods
Simulations. The liquid crystals considered here are described in terms of a
continuum mean field Landau–de Gennes free energy model. The direction
of a given molecule and the local average molecular orientation are rep-
resented as a and n, respectively. The scalar order parameter is defined as
S= Æ32cos

2θ− 1
2æ, with cos θ= a ·n; the brackets Æ æ denote a spatial average. The

tensor order parameter, Q, is defined by Qij = S
�
ninj − 1

3 δij
�
and is used to

express the total free energy Ftotal as

Ftotal =
Z

bulk

�
Fphase + Fel

�
dV +

Z
surf

Fsurf   dS. [1]

The Fphase accounts for the short-range interactions, it is given by

Fphase =
A
2

�
1−

U
3

�
QijQji +

AU
3

QijQjkQki +
AU
4

�
QijQji

�2,
where A is a constant and U is a dimensionless parameter related to the
reduced temperature by τ= 9ð3−UÞ=U. In Eq. 1, Fel represents the long-
range elastic free energy, Fel = L

2
∂Qij

∂xk
∂Qij

∂xk
+ 2q0LeiklQij

∂Qlj

∂xk
, where L is the elastic

constant, and q0 = 2π
p0
is the inverse of the pitch that measures the chirality of

the system (and vanishes for nonchiral systems). Here eikl is the Levi–Civita

tensor. The surface free energy Fsurf is given by a Fournier–Galatola (46)
expression of the form, Fsurf =Wð~Qij − ~Q

⊥
ij Þ2 where W is the degenerate

planar anchoring strength. The Q tensor satisfies ~Qij =Qij + 1
3 Seqδij, with

Seq = 1
4

�
1+ 3

ffiffiffiffiffiffiffiffiffiffiffiffi
1− 8

3U

q �
. Note that ~Q

⊥
ij denotes the projection of ~Qij on the

surface, defined with surface normal νi as ~Q
⊥
ij =Pik ~QklPlj, where Pij = δij − νiνj is

the projection operator.
The following values, which are well in the range expected for common

chiral liquid crystals, were used for all calculations: L  =   6  ×   10−12 N,
A  =   1.067  × 105 J/m3 (1, 23). A lattice array with mesh size of ξN =

ffiffiffiffiffiffiffiffiffi
L=A

p
nm was used to perform the simulations (approximately four million
lattice sites were used to simulate a droplet). The minimization of the free
energy was achieved by means of the Euler–Lagrange equation with appro-
priate boundary conditions [additional details are provided in the Supporting
Information and in the literature (47, 48)]. Cross-polarizer images were
obtained trough the Jones 2×2 formalism, which enables simulation of the
changes in polarization and phase shift when the light passes through a
polarizer, the droplet, and the analyzer. A detailed explanation can be found
in the original literature (49). In this work we used λ= 150 nm with the goal of
providing an additional means of interrogating the structure of the droplet.

Experiments. The 37.5 wt% 4-(1-methylheptyloxycarbonyl)phenyl-4-hex-
yloxybenzoate (S-811) inMLC 2142mixtures were prepared by using toluene as a
cosolvent. After mixing with an ultrasonic cleaner, toluene was evaporated
overnight under vacuum at 60 °C. Blue-phase droplet emulsions were prepared
by emulsifying 6 μL of 37.5 wt% S-811/MLC 2142 mixtures in 2 mL deionized
water using a T25 digital ULTRA-TURRAX homogenizer equipped with an S25
N-10G dispersing element. Emulsions were then introduced into the optical cell
made by sandwiching a glass slide and a coverslip using 100-μm-thick spacers and
sealed using 1-min epoxy. Optical characterization was performed using
cross-polarized and reflection mode with an Olympus BX60 microscope
with a 50x objective. Samples were cooled from the isotropic phase using a
Mettler Toledo FP90 central processor controlling FP82HT hot stage at a
rate 0.5 °C/min. Additional information about the materials used here is
provided in the SI Materials.

ACKNOWLEDGMENTS. This work is supported by the Department of Energy,
Basic Energy Sciences, Materials Science and Engineering Division, Bio-
materials Program, through DE-SC004025. The calculations reported here
were performed on The University of Chicago Research Computing Center.
The authors also acknowledge an Innovative and Novel Computational
Impact on Theory and Experiment (INCITE) grant at Argonne National
Laboratory which permitted additional large-scale simulations of droplets.
J.A.M.-G. is grateful for the Consejo Nacional de Ciencia y Tecnologia
(CONACYT) Fellowship 250263.

BA C D

Fig. 7. (A–C) (Upper) BPI droplets with p= 300 and D = 1.5, 3.0, and 3.75 μm, respectively. (A) (Center) Projection on the x − y plane of the defect structure of
a BPI droplet with N= 10 for bulk (red) and droplet (black). (A–C) (Lower) Scalar order parameter along the x axis. The reduced distance, x*, satisfies x*= x=ξN.
Each minimum corresponds to a region in the proximity of a disclination line core. (D) Crossed-polarized reflection mode micrographs of BPI droplets.
Droplets in Top and Center were subjected to cooling from the isotropic phase whereas the droplet in Bottom was heated from the cholesteric phase.
Scale bars, (Upper) 2 μm, (Center and Bottom) 4 μm.
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