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A kinetic analysis on the aluminum salen-catalyzed ring-opening polymerization (ROP) of
(macro)lactones is presented. which focuses on how chain transfer agents and the steric
hindrance at the a-methylene groups of both the growing chain and the (macro)lactones affect
the polymerization rate. It is shown that for branched macrolactones the choice of initiator does
not only influence the initiation rate but surprisingly also the apparent rate of polymerization. The
increased polymerization rate. when an unbranched initiator was used, was ascribed to
transesterification reactions taking place at the polymer chain end, which effectively results in an
unprecedented chain growth at the other end of the polymer chain compared to normal ROP.
Furthermore, application of a kinetic model including initiation, propagation, and
transesterification led to the ability to accurately quantify the effect of steric hindrance for various
alkoxide initiators by determining individual rate constants for initiation. It appeared that
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Ultrafast Room-Temperature Single Photon Emission from Quantum
Dots Coupled to Plasmonic Nanocavities

Thang B. Hoang,"" Gleb M. Akseln)d,“§ and Maiken H. Mikkelsen®
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ABSTRACT: Efficient and bright single photon sources at room QD on
S ra ‘ p are critical p for quantum ion systems f R ] glass

such as quantum key distribution, quantum state teleportation, and 3 r=68ns

quantum computation. However, the intrinsic radiative lifetime of 2

quantum emitters is typically ~10 ns, which severely limits the go1 QDin

maximum single photon emission rate and thus entanglement mtes. S nanocauity

Here, we demonstrate the regime of ultrafast spontaneous emission r=13ps

(~10 ps) from a single quantum emitter coupled to a plasmonic O

at room temp The integrated with a single Time {ns)
colloidal semiconductor quantum dot produces a $40-fold decrease in

Table of Contents
Body Text

Acknowledgemen

Supporting Info

References

the emi

ion lifetime and a simultaneous 1900-fold increase in the total

emission intensity. At the same time, the nanocavity acts as a highly efficient optical antenna directing the emission into a single
lobe normal to the surface. This plasmonic platform is a versatile geometry into which a variety of other quantum emitters, such
as crystal color centers, can be integrated for directional, room-temperature single photon emission rates exceeding 80 GHz.

KEYWORDS: Plasmonics, quantum dots, nanocavity, nanocube, single photon source, quantum optics

e most common way to generate single photons is to use

spontaneous emission from a twolevel system, which
cannot emit more than one photon simultaneously.’” Typical
two-level solid state systems used as single photon sources
include molecules,® colloidal** and epitaxial quantum dots
(QDs),*” and color centers in crystals such as diamond®~'® and
silicon carbide.'’ A number of factors limit the maximum
photon count rate from these emitters including low collection
efficiency and low quantum yield. However, the most
fundamental limitation on the maximum photon rate is the
relatively long intrinsic lifetime (~2—20 ns) of the electronic
excited state of typical emitters.

To increase the spontaneous emission rate of the excited
state, and hence the maximum single photon rate, the emitter
can be placed in a photonic environment with an increased
local density of optical states."” This increased spontaneous
emission rate, known as the Purcell effect, can be achieved by
integrating the emitter into an optical cavity with either a small
mode volume or a high quality factor (Q). Microcavities with
high quality factors have been coupled to nitrogen vacancy
centers in diamond'®'” and epitaxial QDs."*"™' Yet, despite
intensive efforts in the past decade, the maximum enhance-
ments in the spontaneous emission rate (Purcell factors) for
single emitters have been limited to F, & 30. In addition to the
limited enhancements, high-Q cavities require good spectral
matching between a emitter and the

Alternatively, quantum emitters can be integrated with
plasmonic structures, which can offer small optical mode
volumes while having a relatively low Q, which avoids the
challenge of spectral matching the emitters to the cavity. Single
photon emitters coupled to plasmonic structures have been
demonstrated using molecules,”” nitrogen-vacancy centers in
nanodiamonds,” diamond pillars,” epitaxial QDs,"® and colloidal
QDs.*"** However, as with dielectric cavities, the Purcell
factors for single emitters have thus far been limited to ~30 due
to relatively large mode volumes. Larger enhancements in the
total decay rate have been observed, but the role of radiative
rate enhancement is unclear’” or the nonradiative quenching is
dominant™ A promising geometry that has been theoretically
proposed as a single photon source is the plasmonic patch
antenna,”” which consists of a flat metal nanoparticle situated
over a metal ground plane. This structure has been used for
large Purcell enhancement of ensembles of molecules,”
ensembles of QDs,”** and few or single QDs showing
multiphoton emission;” however, single photon emi:
remained an outstanding challenge until now.

Here, we report ultrafast spontaneous emission with a
lifetime of ~10 ps from a single QD coupled to a plasmonic
structure that acts both as a small mode volume nanocavity and
a nanopatch optical antenna. This emission lifetime corre-
sponds to a detector-imited 540-fold enhancement in the

on has

cavity resonance, involving challenging nanofabrication and
limiting scalability, and hence high-Q_ cavities are inherently
unsuitable for broadband room temperature emitters.

NS © 2015 Amencan Chemical Sodiety
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