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In this paper, we demonstrate a system in which we use a
topological line defect in the LC that traps QDs and well-
de� ned gold nanorods (GNRs) along two dimensions but
allows for controlled movement along one dimension (along
the defect line) (Figure 1). The GNRs can be moved along the
defect line by using infrared laser tweezers and can be
manipulated to form a linear“sandwich” structure, where the
QD is localized between the tips of two nanorods, so that it
resides in a well-de� ned optical� eld geometry. In this way, we
can study the emission behavior of a single dot, as well as how
the emission is in� uenced when the QD is sandwiched between
GNRs inducing a well-de� ned plasmon-enhanced electro-
magnetic� eld. We show that the plasmon coupling induces
multiphoton emission and discuss how our� ndings may have
an impact on the ability to design and realize mesostructured
composite materials with unique physical behavior arising from
controlled plasmon−exciton interactions.

RESULTS AND DISCUSSION
Elastic Trapping of Nanoparticles in a LC Line Defect.

We used 40× 65 nm GNRs (Figure 1), which were synthesized
by following the seed-mediated method described in detail
elsewhere25−27 (seeMaterials and Methods ). We also utilized
commercially available CdSe/ZnS core−shell QDs (Ocean
Nanotech) shown inFigure 1e, which were selected for their
emission peak at 620 nm. These QDs are characterized by an
average diameter of 10 nm with a CdSe core and a thin outer
shell of ZnS forming a core−shell-type structure. The design of
our experiments was aimed to control the optical coupling
between QDs and GNRs. For this reason, we chose to use
GNRs that exhibit a longitudinal surface plasmon resonance
(SPR) peak at about 620 nm, matching the emission peak of

QD particles (as measured when deposited on a glass
substrate). The 10 nm silica shells of GNRs e� ectively make
their SPR properties insensitive to the LC’s dielectric and order
parameter tensor structures around nanoparticles within the
surrounding host medium. As designed, our estimates show
that, because of the shells, variations of the director structure
within the LC do not cause shifts of SPR peaks for more than 3
nm. The core−shell QD particles also provide a high quantum
e�





the sample andWc is energy per unit length of the isotropic
disclination core.31 By following ref31, one can calculate the
reduction in defect’s energy that enables the trapping of
nanoparticles as≈23kBT for QDs and≈450kBT for GNRs.
Owing to the smaller polarizable volume of the QDs, laser
tweezers at moderate powers of up to 50 mW for the
polarizability of nanoparticles do not exert optical trapping





0.25, indicating single photon emission, with an exciton lifetime
� = 14.2 ns, which is close to the value previously reported for
CdSe QDs with core−shell structure.53 Following this



of the emission light due to the antenna-like arrangement.54

Furthermore, we have performed a detailed analysis of the
blinking trajectories by constant thresholding method and
calculated the probability distribution of“on” (ton) and “o� ”
(toff) times of the� uorescence emission, as shown inFigure
5c,d. A power law dependence, typical of the QD emission with

increased“on”










