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microscopy (FCPM).13�19 In this approach, the absorption and
fluorescence transition dipoles of the dye molecules spontaneously

follow n(r) while the dye molecules homogeneously distributes
within the LC sample. Two-photon excitation fluorescence

Figure 1. Alignment of amphiphilic dye molecules in the calamitic and discotic micelles. (a) A schematic of the self-oriented DiOC18(3) dye molecules
(red) having anisotropic aromatic cores along the axis of a cylindrical SDS/1-decanol micelle. (b) A schematic of alignment of the dye molecules along
n(r) in the calamitic nematic phase. (c) A schematic of alignment of the dye molecules along n(r) in the cholesteric phase formed by the cylindrical
micelles. (d) A schematic of the oriented self-assembly of DiOC18(3) dye molecules (red) in a discoid SDS/1-decanol micelle (note that the
hydrocarbon chains of the dye molecule are about 2 times longer than those of SDS). (e) A schematic of alignment of the dye molecules in the discotic
nematic phase. (f) A schematic of alignment of the dye molecules in the cholesteric phase formed by the discoid micelles. (g) The orthorhombic micelles
of nematic liquid crystals originate the different nematic phases by different orientational fluctuations, giving rise to (h) discotic nematic phase and (i)
calamitic nematic phase. Molecular structures of (j) the amphiphilic molecule of sodium decyl sulfate (SDS), (k) chiral agent molecule of brucine sulfate
heptahydrate, and (l) the dye molecule of DiOC18(3). We note that the schematics a�i represent highly idealized models of micelles and their self-
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polarizing microscopy (2PEFPM) works in a similar way but
excites the dye molecules through the two-photon absorption
process using a pulsed laser beam and provides images with higher
spatial resolution with a stronger sensitivity to the molecular
orientations patterns.16�18 By use of linearly polarized excitation
and fluorescence detection, the FCPM and 2PEFPM techniques
yield 3D patterns of fluorescence intensity that visualize the 3D
structures of n(r).14�18 Furthermore, 2PEFPM is capable of
dynamic imaging of various fast processes related to field-induced
transformation of 3D director fields in thermotropic liquid
crystals.20 The rodlike fluorescent probe dyes are commonly
employed to visualize n(r) of thermotropic LCs by detecting the
polarized fluorescence of probe dyes aligned along the director and
parallel to the calamitic LC molecules. Dye intercalation between
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micelles of the surfactant-based nematic LCs, orientational
fluctuations of micelles that predetermine the symmetry axis of
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polarizing microscopy. This approach can be further extended to
imaging of lyotropic LCs composed of biaxial micelles, undulat-
ing bilayers, as well as to studying the features of orientational
ordering in uniaxial and biaxial nematic phases, ripple phases,
etc.29,34,35 3D imaging of lyotropic surfactant-based LCs with
similar molecular labeling can be also further extended to the use
of various other nonlinear optical microscopy techniques, in-
cluding coherent anti-Stokes Raman scattering polarizing
microscopy,18,36 multiphoton excitation fluorescence and multi-
ple harmonic generation microscopies,16,17,37 and multimodal
nonlinear optical polarizing microscopy.18,38 The nonlinear
optical microscopy based on stimulated Raman scattering39

and several new techniques enabling subdiffraction-limited high-
resolution optical imaging (see, for example, refs 40 and 41) can be
extended to the use for purposes of orientation-sensitive imaging
as well. The demonstrated capability of 3D imaging of orienta-
tional ordering in these lyotropic mesophases will further expand
their utility in optical, photonic, biodetection,3 templating, and
other applications11 and enhance our fundamental understanding
of these intriguing soft matter systems.

’AUTHOR INFORMATION

Corresponding Author
*Tel: 1-303-492-7277. Fax: 1-303-492-2998. E-mail: ivan.
smalyukh@colorado.edu.

’ACKNOWLEDGMENT

This work was supported by the International Institute for
Complex Adaptive Matter (ICAM-I2CAM), Renewable and
Sustainable Energy Initiative and Innovation Initiative Seed
Grant Programs of University of Colorado, the NSF grants
DMR-0645461, DMR-0820579, and DMR-0847782, and the


