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FIG. 1. (Color online) Fullerene deposition from the bulk dispersion onto
substrates via illumination at 488 nm. [(a) and b)] n(r) in an unwound
cholesteric cell doped with Cg, (a) before and (b) after the illumination. (c)
FCPM vertical cross section shows deposition of Cg, upon illumination for
30 s with the light focused at the top surface (marked 1), bottom surface (3),
and in the cell midplane (2 and 4). Areas around deposits are dark due to
optical absorption and fluorescence quenching caused by Cgp.

Stable Torons are also induced using a 1064 nm laser
beam in a process similar to what we reported previously;2
the required powers are typically higher than for blue light
(=10 mW) but still three to five times smaller than for un-
doped samples (~50 mW). The decrease of the threshold
laser power needed to induce the T3-1s with a 1064 nm
beam is due to the enhancement of the optical reorientation
of n(r) enabled by fullerene doping, similar to that in dye-
doped LCs."*** However, these Torons do not reappear after
turning off U, in contrast to the ones generated by blue light
[Figs. 2(d)-2(i)] because, due to the low absorption, infrared
beam does not deposit fullerene.

To get insights into the internal structure of Torons, we
have studied n(r) in lateral and vertical cross sections similar
to the ones shown in Figs. 3(a) and 3(b). The structures gen-
erated by infrared laser light are the regular triple twisted
Torons, T3-1s, composed of a looped double twist cylinder
(i.e., a loop of twist-escaped “+1” disclination) and accom-
panying hyg)erbolic bulk point defects bound by the twist
[Fig. 3(d)].© However, the Torons induced via the optical
deposition of fullerene, while also possessing the looped
double twist cylinder, have point defects (boojums) located
at the cell substrates in the place of the fullerene deposit and
will be referred to as T3g-1, with “sfd” indicating the sur-
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FIG. 3. (Color online) FCPM imaging and n(r) of Torons. [(a) and (b)]
Confocal images in the lateral and vertical planes of the T3,-1. (c) Recon-
structed n(r) of the T3¢4-1 in the vertical cross section corresponding to the
image shown in (b). [(d) and (e)] Reconstructed n(r) for the T3-1 and
T3q-1 structures.

face fullerene deposit location of the defects. For certain
fullerene deposits, we have also observed half-integer sur-
face disclination rings replacing the boojums on one
(T3:4-2) or both sides (T34-3) of the Toron structure shown
in Fig. 3(e), which resembles the regular Torons of T3-2 and
T3-3 types having similar defect loops but in the LC bulk
rather than at surfaces.’

The lateral size of Torons is comparable to p (Fig. 4).
T3gq-1 s with the surface-bound boojums are 1.2-1.45
times larger than T3-1s with bulk point defects. T3¢-1 and
T3-1 shrink with increasing U because of the LC’s positive
dielectric anisotropy. T3-1 disappears at a certain U (show-
ing discontinuous voltage dependence of its size), while
T3sig-1 uniformly shrinks in size until it becomes compa-
rable to the size of the fullerene deposit. Switching behavior
can be controlled by tuning the deposit size as shown in Figs.
2(a)-2(c): after turning U off, the T34,-1 reappears only in
two preselected locations of the array that have larger Cgg
deposits.

FIG. 2. (Color online) Laser-induced patterns of T3-1s
and T34-1s. [(a)-(c)] An array of T3-1s induced via
the illumination at 488 nm that deposits Cg,. [(b) and
(c)] The T34-1s can be designed (c) to fully reappear
or not after turning off U (c). [(d)-f)] Voltage-controlled
pattern containing T3g-1s induced by 488 nm illumi-
nation and T3-1s induced by a 1064 nm laser. [(g)—(i)]
T3-1 and T34,-1 Torons induced next to each other: the
T3-1 induced at 1064 nm (right) has no detectable de-
posit of fullerene on the surface and [(h) and (i)] does
not reappear (h) after application and (i) turning off U.
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Nucleation of T344-1s is driven by the surface anchoring
transition due to deposition of fullerene and corresponding
surface anchoring free energy F,~WL? where W
~107° J/m? is the typical polar anchoring coefficient and
L~10"® m is the lateral size of the deposit. Placing two
point defects at the surface rather than in the bulk also re-
duces the defect core energy by Fc~47rrc3sc/3 (thus, reduc-
ing the free energy barrier between the twisted and untwisted
states), where r,, is the core radius of the point defect and &,
is the LC’s melting free energy density. However, for typical
g.~10m



