


trapping force Ft is calculated using the Stokesí law Ft

<6p2Da4qr. Here the effective viscosity of the LC is ap-

proximated by the Leslie coef cient a4.
9

We measure the

velocity of the bead at the moment of escape from the trap

and thus determine Ft. The Reynolds numbers were kept low

enough sø10−5d to justify the use of the Stokes’ law.
10,12

The optical trapping forces in LC increase with the laser

power, [Fig. 1(a)]. These forces in ZLI2806 are weaker than

for the same particles dispersed in water (as the difference

between the refractive index of the particle and the surround-

ing medium is larger in the case of water) but still suffi-

ciently strong to enable laser manipulation. The inset in Fig.

1(a) is a qualitative illustration of optical trapping of colloi-

dal particles in the nematic bulk: the letters “LC” have been

assembled by manipulating the 3-mm MR beads.

The spherical aberrations that often arise due to the re-

fractive index mismatch at the coverslip-sample interface can

weaken the trapping forces, especially if one uses oil immer-

sion objectives for trapping particles in low-refractive index

fluids such as water.
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Because of the spherical aberrations,

the spatial size of the focused light spot increases with the

depth of trapping and the originally sharp intensity distribu-

tion is blurred. The spherical aberration effect on the trap-

ping in the LC is small as the average refractive index of



align parallel to the rubbing direction and form chains. For

large interparticle separation distances d, when the short-

range repulsion force due to the hyperbolic defect can be

neglected, the attraction force along the rubbing direction has

been predicted to be
8,14

Fa <
3

2
pKa2SD

d
D4

, s2d

where the high-order terms in the multipole expansion are

neglected, and a is a constant.

To verify Eq. (2), we studied colloidal interaction of D
=3 mm particles (MR microspheres treated with a surfactant

lecithin) in ZLI2806. The uniform planar alignment in the

nematic cell of thickness <40 mm (much larger than the

particle size) was set by rubbing polyimide layers (PI2555)
that were deposited at the inner surfaces of glass plates. Two

particles are trapped in the middle of the cell, one by a fixed

beam and another by a beam that can be scanned. The elastic

dipoles and the separation vector between the particles are

parallel
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and along the rubbing direction. For each distance

d between the beads, the laser power is slowly decreased

until beads escape from their traps. At the moment of escape,


