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We present a new method to control the orientation
of thermotropic nematic liquid crystals (NLC) by means
of weak magnetic fields1. A NLC with negative dielec-
tric anisotropy is doped with paramagnetic asymmetric
microparticles, and then introduced in a cell made of
ITO-glass plates with homeotropic anchoring conditions.
In the absence of magnetic field, when applying a po-
tential difference between the two ITO-glass plates, the
NLC molecules acquire a planar degenerate estate, and
the microparticles locally align with the NLC director.
The application of a magnetic field parallel to the ITO-
glass leads to a collective reorientation of particles and
NLC molecules altogether. This phenomenon is already
observed with magnetic fields ranging from 1 to 3 mT,
far below the magnetic field threshold for the Frederiks
transition. This effect, already visible using individual
microparticles (Fig. 1), is quite amplified when particles
are assembled into clusters.

A simple model is proposed to account quantitatively
for the observed reflectivity pattern around an isolated
ellipsoid. Similar modeling approaches have been applied
to forced free-standing Smectic-C films2,3. We start with
the usual one-constant approximation to express the elas-
tic free energy as

Fel =
∫

1
2
K (∂αnβ∂αnβ) d~r, (1)

where K accounts for an average elastic constant, and
~n = (cosφ, sinφ, 0). A two-dimensional approach is here
justified for symmetry reasons and this permits to write
the above free energy density in terms of the azimuthal
angle φ(~r):

Fel =
∫

1
2
K (∇φ)2 d~r. (2)

Minimizing eq. (2) under steady state conditions leads
to the Laplace equation for in-plane distortions, ∆φ = 0.
This harmonic approximation is easily solved in terms of
close- and far-field boundary conditions φ(r = r0) = φp,
φ(r = R) = φb. The first condition refers to the liquid
crystal distortion at the contact surface with the ellipsoid
and is simply taken as the (measured) angle of rotation of
the particle itself. The second prescription refers to the
spontaneous azimuth alignment that spans submillimeter
regions in the planar NLC configuration. We attribute
this phenomenon to the unavoidable presence of orienta-
tional quenched disorder on the confining surfaces and,
even though it results in weak bulk forces that are eas-
ily overcome by the applied magnetic torques, it never-
theless provides a fixed boundary condition far from the

colloidal inclusions. We take into account such effect by
assuming that at some cut-off distance R from the cen-
ter of the analyzed particle, the orientation of the liquid
crystal recovers its bulk pinned local value φb. The latter
is taken equal to zero according to the initial condition
of the experiment. The closed solution of eq. (2) then
reads:

φ(r) =
φP ln

(
r
R

)

ln
(

r0
R

) . (3)

Fitting for R and r0 (r0 ≤ ellipsoid short axis) permits
to reconstruct a pattern of transmitted light intensity for
arbitrary rotation angles of the magnetic inclusion, which
compares favorably well with the experimental data.

Figura 1. Distortion generated by a 25µm long, 10µm wide
ellipsoid rotated CCW inside a 30±2µm thick cell. The four
insets are enlargements (factor 1.8) of the central ellipsoid.
Initial (field-free) orientation is taken as 0◦ (a). The mag-
netic field (3mT) is applied in (a), and then particle rotates,
following the magnetic field, by an angle of 80◦ (b), 140◦ (c),
and 240◦ (d).
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