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Laser trapping in anisotropic fluids and
polarization-controlled particle dynamics
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contr anglng polarization of the beam. The unique
trapping properties arise because of the following factors. A linearly

A o . ) il ’ ¢ polarized beam propagating in the anisotropic fluid “sees” the local
L I ' o effective refractive index n
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L light polarization state. A spherical particle in the LC with a

uniform far-field director N, causes local director distortions, which
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spheres and demonstrate that the angular pattern of trapping forces
mimics that of the RIC. Trapping of the beads depends on the
., 4a . - directorstructure, which can be changed by surface treatment of the
-2 particles or applying an external field (24). The direction-sensitive
" trapping resembles that of objects with an anisotropic shape such as
discs and rods. Optical forces are varied by changing beam polar-
ization, even up to an extreme situation when a particle is trapped
at some polarizations, but repelled from the beam with other
polarization states. Control of particle dynamics by polarization of
a stationary trap has potential optomechanic and photonic
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otr ic| s, the uniaxial liquid crystals (LCs). LCs are
ely kno@® for their applications in dkphys‘é gelecommuni-
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LC phases not only in vitro but even mol&aztﬁggmgcrﬂﬁﬁopy (PM) images of particles with different R1Cs.
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(11). Anisotropic suspensions (12, 13) arluememvttbeﬂl@oad director and a polarizer in PM. Experimental

molecules (14) have attracted a great degjyfify Ké%”é'l‘é‘ S8FRiistent with director structures (Fig. 1 E-L) that we

of their unique properties and potential
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biological function and is readily observe®hSHeahEee BRENgY (12, 13, 25, 26) for respective boundary condi-
gence imaging (15, 16). Recently, theretimassteethe pantidde’s surface. We also calculate the patterns of nes
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Y direc orRP iE H) and parallel to it (Fig. 1 I-L). Clearly, the

RICs around beads are polarization dependent (Fig. 1 E-L).
Surface treatment and confinement allow us to control the
director N and RIC (Fig. 1). The particles with tangential boundary
conditions (Fig. 1A) produce a quadrupolar pattern of N and RIC
(19). At the bead-LC interface, N is parallel to the surface and
continuously transforms to the far-field director N || No far from the
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bead (Fig. 1 E and I). The only defects are two surface point defects
(called *boojums”) at the poles of a particle along No. The colloidal
beads that align N perpendicular to their surfaces can produce
dipolar (Fig. 1B) or quadrupolar (Fig. 1C) director structures and
RICs; the structure type is controlled by the particle confinement
into chambers of different thickness h (13). A dipole-type structure
is formed in thick chambers of h 30 'm much larger than the
particle radius R~ 1 m (Fig. 1B); the bead is accompanied by a
point defectin N, the hyperbolic hedgehog. A quadrupolar “Saturn-
ring” configuration is observed inanh 6 m cell and contains a
line defect (the disclination of a half-integer strength) encircling the
particle in the equatorial plane perpendicular to Ny (Fig. 1 C, G, and
K). Finally, when surface anchoring forces are weak compared with
bulk elastic forces, the uniform director structure is barely per-
turbed by the beads and N strongly deviates from the tangential
(Fig. 1 D and L) or perpendicular (Fig. 1H) orientations at their
surfaces.

All director structures in Fig. 1 have a rotational symmetry
axis crossing the particle’s center parallel to the far-field director
No. The respective RICs have a mirror symmetry plane orthog-
onal to the substrates and crossing the particle’s center parallel
to Ng
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that would be mirror images of those shown in Fig. 2 C and E



the far-field director N, than perpendicular to it (Fig. 4 A and B),
consistent with the theory (13, 27) and recent experiments (28).

We determine diffusion coefficients Dy, 7./2 and find the
ratio D)/



shows that the studied anisotropic trapping properties are
unique for anisotropic fluids.

Ta, %' fB ..ta R ¢s. In addition to thermotropic LCs, we
also studied trapping in biological anisotropic fluids: aqueous
solutions of phage DNA with optical anisotropy n n. no
0and FD viruswith n 0. Inboth cases,| n| 0.01is small and
theaverage LCindexf,c [(2n?  n2)/3]*2is close to that of water
ny 1.33. The anisotropy of trapping forces F; in these systems is
observed ( 10%) when trapping silica beads with n, 1.45.
However, optical trapping is strong but direction insensitive for MR
particleswithn,  1.69. Moreover, F



(19, 21). This behavior is in contrast to that in isotropic fluids,
where calibration for only one direction in the lateral plane is
sufficient (2). Moreover, Fig. 5B demonstrates that quantitative
studies can be performed only for relatively low power. The
measurements are easier in materials with low n for which the



