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through exploiting the polarization-dependent SPR resonances
of aligned nanoparticles.

SGNRs and LGNRs functionalized by mPEG self-align
with their long axes roughly parallel to N [Fig. 1(b)]. This
spontaneous alignment is reminiscent to that of individual
dispersions of SGNRs and LGNRs in LCs [2] and is driven
by minimization of the surface anchoring free energy due to
the finite-strength tangential boundary conditions on nanopar-
ticle surfaces. Polarizing optical microscopy [Figs. 2(a) and
2(b)] shows that GNRs do not perturb the uniform alignment
of the LC host while dispersed at rather high concentrations
up to 1.6 wt. %. Dark field imaging [Fig. 2(c)] of the SGNR
and LGNR codispersion in the aligned LC reveals Brownian

motion of the nanoparticles on an individual basis, without
forming aggregates, which was assessed on the basis of their
diffusion [5]. Polarized extinction spectra have three peaks,
one corresponding to the transverse SPR modes at ≈530 nm
of both SGNRs and LGNRs and two peaks corresponding to
the spectrally separated longitudinal SPR modes of the two types
of nanorods. When the effects of a relatively high polarization-
dependent effective refractive index of the LC host are
accounted for, the spectral locations of all SPR peaks [Fig. 2(d)]
appear consistent with those of the same GNRs in an isotropic
host [Fig. 1(e)]. In a planar cell, the extinction spectra exhibit
strong dependencies on the polarization of light P and applied
AC voltage U (at 1 kHz), with the maximum extinction values
at P‖N0 corresponding to the two longitudinal SPR modes of
the constituent GNRs. At P⊥N0, an extinction peak is located
at the transverse SPR mode wavelength [Fig. 2(d)]. The voltage
dependence of light transmission through the cell exhibits a
threshold-like behavior [Fig. 2(e)], showing no or little change
up to a threshold voltage U th and then changing dramatically
with the increase of U . This behavior is consistent with the
U -dependent extinction spectra [Fig. 2(d)] and the synchronous
field-induced realignment of N and GNRs schematically shown
in the insets of Fig. 2(e). Since the longitudinal SPR modes are
polarized along the long axes of the nanorods, the extinction
spectra allow us to determine the scalar order parameters (defined
as SGNR � h3 cos2 θGNR − 1i∕2) characterizing the orienta-
tional order of both SGNRs and LGNRs. Using the peak
extinction values A‖ and A⊥ of longitudinal SPR for P‖N0
and P⊥N0 and a relation SGNR � �A‖ − A⊥�∕�A‖ � 2A⊥�,
we find that the order of GNRs is characterized by SLGNR �
0.58 and SSGNR � 0.50, respectively.



anchoring energy [2,3]. As the polarization of probing light is
switched between P‖N0 and P⊥N0, the longitudinal SPR
peaks due to the two GNRs alternate while varying between
maximum and minimum values of extinction at the corre-
sponding wavelengths. The finite SGNR–values characterizing
the LC-induced order of both GNRs manifest themselves in
that the longitudinal peaks of the two rods never disappear with
rotating P


