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Journal of Chemical & Engineering Data AR Al 1.835 17,089
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Industrial & Engineering Chemistry Research
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Energy & Fuels

(&E JF*I]%H))

ACS Energy Letters
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ACS Earth & Space Chemistry
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{ACS Earth & Space Chemistry) IXAJGF 20174
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Nanotechnology: Delivering on the Promise Volume 1

Ranotechnology: Delivering
on ihe Promise

Editor(s): H. N. Cheng. Laurence Doemeny, Charles L. ISBN13: 9780841231313
Geraci. and Diane Grob Schmidt elSBN: 9780841231306
Volume 1220 DOI: 10.1021/bk-2016-1220

Publication Date (Web): August 29, 2016

Green Chemistry Experiments in Undergraduate Laboratories

Editor(s): Jodie T. Fahey and Lynn E. Maelia ISBN13: 9780841231771
Volume 1233 elSBN: 9780841231764
Publication Date (Web): November 16, 2016 DOI: 10.1021/bk-2016-1233
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Boron Reagents in Synthesis

Editor(s): Adiel Coca ISBN13: 9780841231832
Volume 1236 elSBN: 9780841231825
Publication Date (Web): November 30, 2016 DOI: 10.1021/bk-2016-1236

Persistent Organic Chemicals in the Environment: Status and
Trends in the Pacific Basin Countries Il Temporal Trends

Editor(s): Bommanna G. Loganathan, Jong Seong Khim, ISBN13: 9780841231993
Prasada Rao S. Kodavanti, and Shigeki Masunaga elSBN: 9780841231986
Volume 1244 DOI: 10.1021/bk-2016-1244

Publication Date (Web): December 7, 2016
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We wish to submit our manuscript “TITLE” for publication in ACS Central Science.
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We describe a new, non-natural enzyme-catalyzed reaction, aziridination of olefins
via intermolecular nitrene transfer.

We discovered that a variant of cytochrome P450BM3 used in our previous studies
of intermolecular sulfimidation also catalyzes aziridination.

We were able to improve this activity more than 50-fold and the enantioselectivity
of enzyme-catalyzed aziridination was improved to 99% ee for a range of styrenyl
Substrates.
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This work should be of interest to the broad audience that ACS Central
Science wishes to reach. It touches on evolution—how new enzyme activities can
appear and be improved through evolution—as well as inorganic catalysis,
biocatalysis, and chemical synthesis.
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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®

"Department of Physics, *Center for ials and Integrated
Engineering, Duke University, Durham, North Carolina 27708, United States
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ABSTRACT: Efficient and bright single photon sources at room

are critical for quantum

maximum single photon emi

P

colloidal semiconductor quantum dot produces a $40-fold decrease in

! s, and *Dep

systems
such as quantum key :lmnbnnnn, quantum state teleportation, and
quantum computation. However, the intrinsic radiative lifetime of
quantum emitters is typically ~10 ns, which severely limits the
ssion rate and thus entanglement rates.
Here, we demonstrate the regime of ultrafast spontaneous emission
(~10 ps) from a single quantum emitter coupled to a plasmonic

at mom The ity integrated with a single

of Electrical and Computer

Qb on
T 1 et glass

3 r=68ns
o

@

£01 QDin

= nanocavity

r=13ps
oot
] 1
Time (ns)

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

emission inten:

ty. 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,” coll 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 p]nmum: structures have been
demonstrated u.ung 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
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 emission has
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 [ifetime corre-
sponds to a detector-limited 540-fold enhancement in the

cavity resonance, involving challenging nanofabrication and
limiting scalability, and hence high-Q_ cavities are inherently
unsuitable for broadband room temperature emitters.
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ADMET: The Future Revealed Review
Pascale Atallah, Kenneth B. Wagener,® and Michael D. Schulz ﬁﬁ%yﬁk

The George and Josephine Butler Polymer Research Laboratory, Department of Chemistry and Center for Macromolecular Science
and Engineering, University of Florida, Gainesville, Florida 32611-7200, United States

ABSTRACT: Olefin metathesis has been embraced by polymer chemists as a method for
creating well-defined polymers. In particular, ADMET and ROMP have emerged as the
primary modes of metathesis polymerization. ADMET reactions are now common, found
in textbooks, and easy to perform if the proper techniques are chosen. Much remains to be
done, however, with work now focusing on silicon chemistry, direct control of tacticity in
precision polymers, biological applications, modeling crystal lattices in common

polyolefins, exploring solid-state metathesis reactions, and creating water-soluble
ADMET polymers.
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A. HISTORY BEHIND ADMET'S DISCOVERY

Metathesis chemistry has been used to build macromolecules as
far back as the 1960s."” Most of the research at that time dealt
with ring-opening metathesis polymerization (later called
ROMP chemistry, a term coined by Tim Swager).’
Dicyclopentadiene was polymerized using “classical” catalyst
systems (meaning ill-defined catalysts) to yield tough, intract-
able polymers.' These materials remain in commercial
production today but are prepared with modern catalysts
from Materia, Inc.’ The condensation of dienes to yield
unsaturated polymers is known as acyclic diene metathesis
(ADMET). It was attempted several decades ago but yielded

REFESEE

B. ADMET: IT IS NOT CHAIN POLYMERIZATION
CHEMISTRY. IT IS STEP POLYCONDENSATION

CHEMISTRY

As interest in condensation metathesis polymerization
(ADMET) increased over the years, the reaction was
performed under conditions that are relevant mainly to chain
polymerization. Solvents were almost always employed, and
reaction temperatures were kept relatively low. Doing so yields

low molecular weight polymer.

RREX S]E
ERE=E

C. ADMET: THE FUTURE REVEALED

1. Silicon Additives for Surface Modification. Because
of their enhanced properties, such as high thermal stability,
good electrical resistance, low surface tension, low glass
transition temperature, and high hydrophobicity,” investigation
of silicon—carbon hybrid materials is a rapidly developing area.
This interest is further heightened by the many applications
available for these polymers in biomedical materials, electronic
devices, coatings, and fibers.

2. Biological Possibilities: There Are Many. The use of
ADMET in a biological context is just beginning. In part, this is
because water—Nature’s solvent of choice—will not solublize
the typical, polyethylene-like ADMET polymer. Nevertheless,
ADMET has been used to create p‘olymels comprising amino
acids,’® sunscreen chromophores,”’ and nonsteroidal anti-

inflammatory drugs (NSAIDs) (Figure 4).** The application

3. Water-Soluble ADMET Polymers. Many problems in
biology and medicine have been addressed by use of water-
soluble polymers.” Surprisingly, there has been no report of an
ADMET polymer with a water-soluble main chain. Much of
what has already been synthesized in the field of biologically
oriented ADMET polymers will be revisited when this water-
soluble backbone is created. This field is largely unexplored, for
now, and the opportunities are virtually boundless.

IRE R
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4. Tacticity under Control. Tacticity represents one of the
most fundamental concepts in polymer chemistry.”® One has
only to compare the properties of syndiotactic, isotactic, and
atactic polypropylene to understand the important consequen-
ces that controlling (or not controlling) the tacticity of a
polymer has on the properties of a material.** The result of the
creation of these materials was the Nobel prize awarded jointly
to Karl Ziegler and Giulio Natta in 1963, in part for the creation

of polypropylene.””

5. Systematically Modeling Polyethylene. Branching
has a significant impact on the ultimate properties of any
ethylene-based polymer (LDPE, LLDPE, HDPE). In chain-
made PE, branches are formed through uncontrolled intra-
molecular and intermolecular chain transfer, resulting in
branches of random chain lengths and distribution on the
backbone (Figure 6a). Since ADMET offers a method of

6. Solid-State Chemistry Is Important, Too. As
mentioned previously, solution or melt polymerizations are
the norm. While these approaches are successful, they remain
inadequate for creating intractable polymers. In such cases,
solid-state polymerization presents a viable alternative.

\
RS KR

D. ADMET: IT IS NOT JUST US

Although we can predict the future of ADMET in the Wagener
group, the same cannot be said for other scientists in the field.
However, the past is often the most accurate predictor of the
future, and so we can look to what other groups have
published”™° for a clue as to what the future holds for
ADMET around the world.

One of the major research efforts of several groups has been
the synthesis of complex macromolecular architectures, and
ADMET has played a significant role in this endeavor.’'™>
Hyperbranched ‘?olymers via ADMET have been especially
well-studied.**™>

ADMET polymerization has also had an impact in the field
of green chemistry.’” The Meier group has been particularly
innovative in producing ADMET polymers from biorenewable
sources.” ™®* This is a new and exciting area that could open
new research avenues.
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