
http://science.sciencemag.org/


http://science.sciencemag.org/


DN21 = N2 − N1 = (0.4 to 1.1) × 10−3 and DN31 =
N3 − N1 ≈ 0.2. Values of DN31 >> DN21 are com-
mon for biaxial optical crystals in both solid-
state (19) and soft-matter (7, 20) systems, where
typical biaxial birefringence is ~10−3. Experi-
mental conoscopic images, produced by optical

interference of diverging light rays traveling
through a biaxial NLC (19), match the ones sim-
ulated with the use of separately measured DN21

and DN31 (Fig. 2, D to G). For nm
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reveals their biaxial orientational distributions
at different T and fc (Fig. 4, B to E), as well as
facile electric and magnetic switching of nc

(fig. S5). In the vicinity offcUB, we detected only
small changes of Sc ≈ −0.49 but find that Dc

jumps from zero to ≈0.6 at fc ≈ 0:12% (in the
beginning of the two-phase coexistence) and
then increases with fc to ≈0.95 at fc > 0:16%
in the biaxial phase (Fig. 4C). Orientational dis-
tribution functions are biaxial for both molecular
and colloidal rods, though biaxiality of colloidal
ordering is much stronger than the weak in-
duced biaxiality in molecular ordering (Fig. 4).
The biaxial NLC is not merely a superposition
of two uniaxial nematic molecular and colloi-
dal states with orthogonal ordering directions.
Anisotropic molecular interactions at interfaces
of orientationally ordered nanorods lift the uni-
axial symmetry of molecular order and, simul-
taneously, induce biaxiality in the distribution of
colloidal nanorod orientations. Tensorial order
parameters describing this behavior of molecules
and colloids, Qm,c = diag{Sm,c,(Dm,c − Sm,c)/2,
−(Dm,c + Sm,c)/2}, determine physical properties—
such as the optical anisotropies characterized in
Figs. 1 and 2—
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biaxial liquid crystal.
ordered orthogonally to the solvent molecules, thus giving the mixture the type of properties that one would expect from a
into a nematic solvent (see the Perspective by Poulin). Within a range of temperature and concentration, the rods 

 dispersed colloidal rodset al.be possible to create nematics with biaxial ordering, but this has proven elusive. Mundoor 
orientational control bestows unusual optical properties. In theory, with the right sort of two-dimensional shape, it should 

In nematic liquid crystals, the local orientation of the molecules hovers around an average direction. The
Finding order in twos
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