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on one of its sides. We also fabricated flat thin polymer
microfilms by curing NOA63 between two flat substrates at
the same illumination. To create TPDLC films containing
nematic drops, we infiltrated a room-temperature nematic
mixture E31 (from EM Chemicals) into a gap between a
flat polymer sheet and the film with microstructures and
pressed the two together as well as sealed by additional
UV curing. This procedure yields polymer films containing
LC drops with g ¼ 1–5 and with rounded-square cross
sections [16].

3D imaging was performed with three-photon excitation
fluorescence polarizing microscopy (3PEF-PM) based on
an inverted microscope IX 81 (Olympus), a tunable
Ti-sapphire oscillator (680–1080 nm, Coherent) uct8xtng





[13,20], whereK is an average elastic constant,L is the system
size, rcore andTcore are the radius and energy of the defect core.
Assuming an isotropic (melted) core, Tcore ¼ πK=4 and
rcore∼10 nm. For K ¼ 10 pN, one finds Td ¼ ð60–75Þ pN.
Stretchingsuchadefect lineby100nmincreases freeenergyby
∼10−17 J,muchlarger thanthermalenergyat roomtemperature
so that the defect annihilation within these pairs cannot
be thermally activated. Self-compensating defect lines are bent
toward each other as arches in diametrically opposite corners
of the square cross section [Figs. 1(f)–1(h)],which is becauseof
the competition between the energetic cost of extending defect
lengths and the energetic benefit of reducing strong elastic
distortions in between the defect lines of opposite s. Within the
self-compensating pairs, the shorter and longer defects have
winding numbers of s ¼ −1=2 and s ¼ 1=2, respectively
[Fig. 1(g)]. This is caused by their different line tensions and
surface energies associated with the mismatch between their
bulk fielddistributions andboundaryconditions.Byquenching
the samples from isotropic phase multiple times in both
experiments and modeling, we have verified that the location
of defects is not linked to surface imperfections. Although
many defects appear immediately following a temperature
quench as the system cools from the isotropic to nematic phase,
mostofthemannihilate, leavingthetopologicallyrequiredones,
with occasional metastable structures [Figs. 1(f)–1(h)].

Only point defects, including surface boojums and bulk
hedgehogs, or closed disclination loops topologically
equivalent to them have been observed and modeled
theoretically in g ≥ 0 nematic drops [24–27]. We show
that closed g > 1 surfaces can also generate topology-
satisfying defect lines pinned to opposite sides of droplet

surfaces and running through their bulk. These findings
show equivalence of surface-pinned line defects and
boojums in such confinement geometries. In principle,
topological constraints in spherical drops with tangential
anchoring could be also satisfied by half-integer droplet-
crossing disclinations with ends pinned to surfaces, but
such structures have never been observed due to their high
energetic cost. For g > 1, however, defect lines are key to
realizing equilibrium structures and have well-defined
locations in intertori junctions [Figs. 2(e), 2(f), 2(j), 3(l),
3(m), 4(d), and 4(e)]. Their appearance is unrelated to the
core structure of point defects as the size of such ringlike
cores [22] is of the order of a coherence length (∼15 nm).
Our bulk-crossing defect lines are observed in experimental
and numerical minimum-energy structures for g > 1 drops
with the size of 65–1000 nematic coherence lengths. In the
largest 15-μm droplets that we studied, boojums and half-



sophisticated surface topology, such as freestanding knots,
links, Seiphert surfaces, and Möbius strips and shells
formed by them [1,28–30], thus opening a new experi-
mental playground for low-dimensional topology in physi-
cal systems. TPDLC drops can be fabricated to have one
surface exposed to polar fluids such as water, thus
potentially expanding the spectrum of LC-based techniques
used for chemical and biological detection [31–33].

To conclude, we developed PDLCs with topologically
nontrivial shapes of drops, dubbed “TPDLCs.
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