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Supramolecular alignment of gold nanorods via cucurbit[8]uril ternary complex formation
Jones, S. T.; Zayed, J. M.; Scherman, O. A. Nanoscale 2013, 5, 5299‐5302.
Abstract:

We have shown, for the first time, that a three component system is capable of aligning gold
nanorods (AuNRs) through supramolecular host–guest interactions leading to control over AuNR
end‐to‐end assembly. Viologen end‐functionalised AuNRs were prepared that were capable of
selectively binding to a cucurbit[8]uril (CB[8]) macrocyclic host molecule. These end‐functionalised
AuNRs could participate in 1 : 1 : 1 ternary complexation with synthesised telechelic linker molecules
bearing second guest moieties, in the presence of CB[8]. When the linker length was long and flexible
aggregation and precipitation of AuNRs were readily observed, but with no control over the AuNR
conformation. On the other hand, when the linker length was shortened thereby imparting a more
rigid connection between neighboring gold nanorods, the end‐to‐end assembly of AuNRs was
achieved. We also note that in the presence of amolecule capable of occupying the entirety of the
CB[8] cavity, end‐to‐end assembly is not observed as the system's ability to form a 1 : 1 : 1 ternary
complex is halted. Thus, the end‐to‐end assembly relies upon both having a relatively short and rigid
linker as well as the specific, yet tuneable supramolecular 1 : 1 : 1 ternary complexation between the
three components.


Regenerative electronic biosensors using supramolecular approaches
Duan, X.; Rajan, N. K.; Routenberg, D. A.; Huskens, J.; Reed, M. A. ACS Nano 2013, 7, 4014‐
4021.
Abstract:

A supramolecular interface for Si nanowire FETs has been developed with the aim of creating
regenerative electronic biosensors. The key to the approach is Si‐NWs functionalized with β‐
cyclodextrin (β‐CD), to which receptor moieties can be attached with an orthogonal supramolecular
linker. Here we demonstrate full recycling using the strongest biomolecular system known,
streptavidin (SAv)_biotin. The bound SAv and the linkers can be selectively removed from the surface
through competitive desorption with concentrated β‐CD, regenerating the sensor for repeated use.
An added advantage of β‐CD is the possibility of stereoselective sensors, and we demonstrate here
the ability to quantify the enantiomeric composition of chiral targets.


A review of nanotechnological approaches for the prophylaxis of HIV/AIDS
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Date, A. A.; Destache, C. J. Biomaterials 2013, 34, 6202‐6228.
Abstract:

Successful treatment and control of HIV/AIDS is one of the biggest challenges of 21st century. More
than 33 million individuals are infected with HIV worldwide and more than 2 million new cases of HIV
infection have been reported. The situation demands development of effective prevention strategies
to control the pandemic of AIDS. Due to lack of availability of an effective HIV vaccine, antiretroviral
drugs and nucleic acid therapeutics like siRNA have been explored for HIV prophylaxis. Clinical trials
shave shown that antiretroviral drugs, tenofovir and emtricitabine can offer some degree of HIV
prevention. However, complete prevention of HIV infection has not been achieved yet.
Nanotechnology has brought a paradigm shift in the diagnosis, treatment and prevention of many
diseases. The current review discusses potential of various nanocarriers such as dendrimers,
polymeric nanoparticles, liposomes, lipid nanocarriers, drug nanocrystals, inorganic nanocarriers and
nanofibers in improving efficacy of various modalities available for HIV prophylaxis.


A review of the current status of siRNA nanomedicines in the treatment of cancer
Resnier, P.; Montier, T.; Mathieu, V.; Benoit, J.‐P.; Passirani, C. Biomaterials 2013, 34, 6429‐
6443.
Abstract:

RNA interference currently offers new opportunities for gene therapy by the specific extinction of
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targeted gene(s) in cancer diseases. However, the main challenge for nucleic acid delivery still
remains its efficacy through intravenous administration. Over the last decade, many delivery systems
have been developed and optimized to encapsulate siRNA and to specifically promote their delivery
into tumor cells and improve their pharmacokinetics for anti‐cancer purposes. This review aims to
sum up the potential targets in numerous pathways and the properties of recently optimized siRNA
synthetic nanomedicines with their preclinical applications and efficacy. Future perspectives in cancer
treatment are discussed including promising concomitant treatment with chemotherapies or other
siRNA. The outcomes in human clinical trials are also presented.


Highly Elastic Supramolecular Hydrogels Using Host‐Guest Inclusion Complexes with
Cyclodextrins
Kakuta, T.; Takashima, Y.; Harada, A. Macromolecules 2013, 46, 4575‐4579.
Abstract:

Supramolecular hydrogels, which are cross‐linked via host‐guest interactions, show high‐performance
physical properties, such as elasticity and toughness. Herein we prepare a supramolecular hydrogel
without chemical cross‐linker. The supramolecular hydrogel was prepared by polymerization of the
inclusion complexes between β‐cyclodextrin acrylamide and adamantane acrylamide monomers. The
β‐cyclodextrin‐adamantane gel (βCD‐Ad gel) shows a high stretching property (990%). The initial
strain (0%) is restored in several minutes for a βCD‐Ad gel stretched to 180% of the initial strain
without altering the physical history. However, chemically cross‐linked poly(acrylamide) does not
show the reversible stretching property. These results indicate that host‐guest interaction inside the
supramolecular hydrogel plays an important role in the shape recovery properties.


Systematic Synthesis of Block Copolymers Consisting of Topological Amphiphilic Segment
Pairs from kyklo‐ and kentro‐Telechelic PEO and Poly(THF)
Hatakeyama, F.; Yamamoto, T.; Tezuka, Y. ACS Macro Lett. 2013, 2, 427‐431.
Abstract:

A set of four types of block copolymers consisting of topological amphiphilic segment pairs was
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effectively synthesized via kyklo‐(functionalized cyclic) and kentro‐ (center‐functionalized linear)
telechelic poly(ethylene oxide) (PEO) and poly(tetrahydrofuran) (poly(THF)). Accordingly, kyklo‐ and
kentro‐telechelic PEO with an ethynyl group was newly prepared from relevant linear PEO precursors
with quinuclidinium end groups and an ethynyl‐functionalized dicarboxylate counteranion by the
electrostatic self‐assembly and covalent fixation (ESA‐CF) process. Similarly, kyklo‐ and kentro‐
telechelic poly(THF) with an azido group was obtained. The PEO and poly(THF) telechelics were
subjected to click chemistry to systematically produce amphiphilic block copolymers with two
symmetric topological forms, that is, an “8” shape (IC∙IIC) and a four‐armed star shape (IL∙IIL), and two
asymmetric topological forms, that is, twin‐tailed tadpole shapes (IL∙IIC and IC∙IIL) with respect to the
hydrophilic‐hydrophobic plane.


Total Synthesis of (±)‐Gelsemoxonine
Diethelm, S.; Carreira, E. M. J. Am. Chem. Soc. 2013, 135, 8500–8503.
Abstract:

Gelsemoxonine (1) is a Gelsemium alkaloid incorporating an unusual azetidine. Its total synthesis was
achieved employing a novel ring contraction of a spirocyclopropane isoxazolidine to furnish a β‐
lactam intermediate. This β‐lactam ring was further elaborated into the azetidine of Gelsemoxonine.
In addition, the synthesis includes a highly diastereoselective reductive Heck cyclization for the
installation of the oxindole ring system as well as a directed hydrosilylation of an alkyne to access the
ethyl ketone of the natural product.


Photooxidation of Ammonia on TiO2 as a Source of NO and NO2 under Atmospheric
Conditions
Kebede, M. A.; Varner, M. E.; Scharko, N. K.; Benny Gerber, R.; Raff, J. D. J. Am. Chem. Soc.
2013, 135, 8606–8615.
Abstract:

Ammonia is the most abundant reduced nitrogen species in the atmosphere and an important
precursor in the industrial‐scale production of nitric acid. A coated‐wall flow tube coupled to a
chemiluminescence NOx analyzer was used to study the kinetics of NH3 uptake and NOx formation
from photochemistry initiated on irradiated (λ > 290 nm) TiO2 surfaces under atmospherically
relevant conditions. The speciation of NH3 on TiO2 surfaces in the presence of surface‐adsorbed water
was determined using diffuse reflection infrared Fourier transform spectroscopy. The uptake kinetics
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exhibit an inverse dependence on NH3 concentration as expected for reactions proceeding via a
Langmuir–Hinshelwood mechanism. The mechanism of NOx formation is shown to be humidity
dependent: Water‐catalyzed reactions promote NOx formation up to a relative humidity of 50%. Less
NOx is formed above 50%, where increasing amounts of adsorbed water may hinder access to
reactive sites, promote formation of unreactive NH4+, and reduce oxidant levels due to higher OH
radical recombination rates. A theoretical study of the reaction between the NH2 photoproduct and
O2 in the presence of H2O supports the experimental conclusion that NOx formation is catalyzed by
water. Calculations at the MP2 and CCSD(T) level on the bare NH2 + O2 reaction and the reaction of
NH2 + O2 in small water clusters were carried out. Solvation of NH2OO and NHOOH intermediates
likely facilitates isomerization via proton transfer along water wires, such that the steps leading
ultimately to NO are exothermic. These results show that photooxidation of low levels of NH3 on TiO2
surfaces represents a source of atmospheric NOx, which is a precursor to ozone. The proposed
mechanism may be broadly applicable to dissociative chemisorption of NH3 on other metal oxide
surfaces encountered in rural and urban environments and employed in pollution control applications
(selective catalytic oxidation/reduction) and during some industrial processes.


Template Control over Dimerization and Guest Selectivity of Interpenetrated Coordination
Cages
Freye, S.; Michel, R.; Stalke, D.; Pawliczek, M.; Frauendorf, H.; Clever, G. H. J. Am. Chem. Soc.
2013, 135, 8476–8479.
Abstract:

We have previously shown that the self‐assembly of dibenzosuberone‐based bis‐monodentate pyridyl
ligands L1 with PdII cations leads to the quantitative formation of interpenetrated coordination cages
[BF4@Pd4L18]. The BF4– anion inside the central cavity serves as a template, causing the outer two
pockets to show a tremendous affinity for allosteric binding of two small chloride anions. Here we
show that derivatization of the ligand backbone with a bulky aryl substituent allows us to control the
dimerization and hence the guest‐binding ability of the cage by the choice of the templating anion.
Steric constraints imposed by L2 prevent the large BF4– anion from serving as a template for the
formation of interpenetrated double cages. Instead, a single isomer of the monomeric cage [Pd2L24] is
formed. Addition of the small anionic template Cl– permits dimerization, yielding the interpenetrated
double cage [Cl@Pd4L28], whose enlarged outer pockets show a preference for the binding of large
anions such as ReO4–.


Solution‐Processed and High‐Performance Organic Solar Cells Using Small Molecules with a
Benzodithiophene Unit
Zhou, J.; Zuo, Y.; Wan, X.; Long, G.; Zhang, Q.; Ni, W.; Liu, Y.; Li, Z.; He, G.; Li, C.; Kan, B.; Li, M.;
Chen, Y. J. Am. Chem. Soc. 2013, 135, 8484–8487.
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Abstract:

Three small molecules named DR3TBDTT, DR3TBDTT‐HD, and DR3TBD2T with a benzo[1,2‐b:4,5‐
b′]dithiophene (BDT) unit as the central building block have been designed and synthesized for
solution‐processed bulk‐heterojunction solar cells. Power conversion efficiencies (PCEs) of 8.12%
(certified 7.61%) and 8.02% under AM 1.5G irradiation (100 mW cm–2) have been achieved for
DR3TBDTT‐ and DR3TBDT2T‐based organic photovoltaic devices (OPVs) with PC71BM as the acceptor,
respectively. The better PCEs were achieved by improving the short‐circuit current density without
sacrificing the high open‐circuit voltage and fill factor through the strategy of incorporating the
advantages of both conventional small molecules and polymers for OPVs.


Printed electrically conductive composites: conductive filler designs and surface engineering
Yang, C.; Wong, C. P.; Yuen, M. M. F. J. Mater. Chem. C 2013, 1, 4052‐4069.
Abstract:

Enormous efforts have been made towards the next generation of flexible, low‐cost, environmentally
benign printed electronics. In this regard, advanced materials for the printed conductive lines and
interconnects are of significant importance. To improve efficiency and effectiveness, for several
decades, conductive fillers have been filled into dispersants, which lead to the so‐called electrically
conductive composites (ECCs), which are a key material to the printed electronics varying from
substituting the traditional solders to finding new applications in the blooming field of flexible printed
electronics. ECCs in various formulations have converged in the current efforts to develop platforms
with the desired specifications of electrical and thermal conductance, mechanical strength, and
others. This platform is highly versatile and valuable for the emerging novel electronic devices, which
emphasize tailoring processing conditions to cater to the key functional materials to optimize
outcomes. The properties obtained can facilitate decisions about modifications to treatment. Noble
metal fillers, such as silver flakes, have long been studied as active fillers for the ECCs. Owing to the
recent progress in nanotechnology and surface modifications, many new avenues have opened for

6

Literature 17‐06‐13
them. By taking advantage of the well‐developed surface chemistry of these materials, researchers
are enhancing their electrical conductivity, which is essential for broader applications. In recent years,
the advances of ECCs have benefited the development of the applications of optoelectronics, e‐
papers, electromagnetic shielding, clinical diagnosis, radio frequency devices, etc. Despite the various
advantages that they can offer over the traditional technologies, their limitations, e.g. low electrical
conductivity, poor impact strength, increased contact resistance at elevated temperatures and
humidity aging, have been considered as the major obstacles. In this feature article, we introduce the
surface engineering techniques of the conductive filler materials that we and others have developed,
with an emphasis on how these techniques influence the performance of the ECCs, especially for the
improvement of the filler‐to‐filler electron transfer in the resin dispersants, some of which have
potentially been approaching the theoretical upper limit of what they can reach in electrical
conductivity. We and others have developed a set of chemical and engineering methods to modify
the conductive fillers, enabling tailor‐made surface functionalities and charges. These features, in
turn, can be harnessed to adjust the electrical property and reliability of the ECCs, and further, to
cater to various novel printed electronics, based on e.g. low temperature processing conditions.


Organic microbelt array based on hydrogen‐bond architecture showing polarized
fluorescence and two‐photon emission
Yan, D.; Jones, W.; Fan, G.; Wei, M.; Evans, D. G. J. Mater. Chem. C 2013, 1, 4138‐4145.
Abstract:

While organic micro/nanostructures for optoelectronic applications have attracted increasing recent
attention, the assembly of aligned micro/nanostructure arrays continues to be a challenge. Herein, a
one‐dimensional (1D) microbelt has been fabricated by a hydrogen bonding assembly strategy with
guanidinium cations and stilbene‐based sulfonate anions as the building blocks. X‐ray diffraction and
high‐resolution transmission electron microscopy demonstrate that the microbelt possesses a
periodic layered structure with guanidinium cations and anionic stilbene‐based chromophores
regularly assembled within the microcrystal. The individual 1D microbelts show enhanced
luminescent properties compared with pure stilbene‐based units, with strong blue emission with a
photoluminescent quantum yield of 46% and fluorescence lifetime of 2.8 ns, as well as well‐defined
polarized luminescence (an anisotropy value of 0.71). Moreover, a macroscopic 1D microbelt array
can be fabricated by means of the spontaneous alignment of individual microbelts resulting from an
evaporation‐induced deposition process. The regularly oriented microbelt array maintains a uniform
and highly polarized fluorescence and also exhibits both strong two‐photon emission and an
interesting second‐harmonic response upon excitation with near‐infrared laser pulses. Therefore, this
work provides a procedure for the facile bottom‐up self‐assembly of highly ordered 1D organic
microcrystal and microarray structures with high luminescent efficiency as well as polarized emission,
which have potential applications in the areas of light displays, polarized thin films, frequency

7

Literature 17‐06‐13
doubling materials and miniaturized optoelectronic devices.


Voltage‐controlled domain wall traps in ferromagnetic nanowires
Bauer, U.; Emori, S.; Beach, G. S. D. Nature Nano 2013, 8, 411–416.
Abstract:

Electrical control of magnetism has the potential to bring about revolutionary new spintronic devices,
many of which rely on efficient manipulation of magnetic domain walls in ferromagnetic nanowires.
Recently, it has been shown that voltage‐induced charge accumulation at a metal–oxide interface can
influence domain wall motion in ultrathin metallic ferromagnets, but the effects have been relatively
modest and limited to the slow, thermally activated regime. Here we show that a voltage can
generate non‐volatile switching of magnetic properties at the nanoscale by modulating interfacial
chemistry rather than charge density. Using a solid‐state ionic conductor as a gate dielectric, we
generate unprecedentedly strong voltage‐controlled domain wall traps that function as non‐volatile,
electrically programmable and switchable pinning sites. Pinning strengths of at least 650 Oe can be
readily achieved, enough to bring to a standstill domain walls travelling at speeds of at least ~20 m
s−1. We exploit this new magneto‐ionic effect to demonstrate a prototype non‐volatile memory device
in which voltage‐controlled domain wall traps facilitate electrical bit selection in a magnetic nanowire
register.


Charging a Li–O2 battery using a redox mediator
Chen, Y.; Freunberger, S. A.; Peng, Z.; Fontaine, O.; Bruce, P. G. Nature Chem. 2013, 5, 489–
494.
Abstract:

The non‐aqueous Li–air (O2) battery is receiving intense interest because its theoretical specific
energy exceeds that of Li‐ion batteries. Recharging the Li–O2 battery depends on oxidizing solid
lithium peroxide (Li2O2), which is formed on discharge within the porous cathode. However,
transporting charge between Li2O2 particles and the solid electrode surface is at best very difficult
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and leads to voltage polarization on charging, even at modest rates. This is a significant problem
facing the non‐aqueous Li–O2 battery. Here we show that incorporation of a redox mediator,
tetrathiafulvalene (TTF), enables recharging at rates that are impossible for the cell in the absence of
the mediator. On charging, TTF is oxidized to TTF+ at the cathode surface; TTF+ in turn oxidizes the
solid Li2O2, which results in the regeneration of TTF. The mediator acts as an electron–hole transfer
agent that permits efficient oxidation of solid Li2O2. The cell with the mediator demonstrated 100
charge/discharge cycles.


Bottom‐Up Formation of Dodecane‐in‐Water Nanoemulsions
Homogeneous Solutions
Deguchi, S.; Ifuku, N. Angew. Chem. Int. Ed. 2013, 52, 6409 –6412.
Abstract:

from

Hydrothermal

Only 10 seconds: Hydrocarbons and water do not mix under standard conditions, but they do mix
freely at high temperature and high pressure near the gas/liquid critical point of water
(Tc=374 °C, Pc=22.1 MPa). Quenching of homogeneous solutions of dodecane and water at such
extreme conditions in the presence of a surfactant results in bottom‐up formation of nanosized oil
droplets in water in only 10 seconds.


A Brief History of G‐Protein Coupled Receptors
Lefkowitz, R. J. Angew. Chem. Int. Ed. 2013, 52, 6367–6378.
Abstract:

The idea of receptors has fascinated scientists for more than a century. Today it is known that the G‐
protein coupled receptors (GPCRs) represent by far the largest, most versatile and most ubiquitous of
the several families of plasma membrane receptors. The Nobel Prize for Chemistry 2012 was awarded
for studies on GPCRs.
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Evidence for Multicenter Bonding in Dianionic Tetracyanoethylene Dimers by Raman
Spectroscopy
Casado, J.; Burrezo, P. M.; Ramírez, F. J.; Navarrete, J. T. L.; Lapidus, S. H.; Stephens, P. W.; Vo,
H.‐L.; Miller, J. S.; Mota, F.; Novoa, J. J. Angew. Chem. Int. Ed. 2013, 52, 6421–6425.
Abstract:

Long C‐C bonds: Analysis of the 1064 nm Raman vibrational spectrum of K2[TCNE]2possessing isolated
π‐[TCNE]22−(TCNE=tetracyanoethylene) dimers shows several low‐energy symmetric intradimer
breathing modes at 198, 173, 155, 131, 107, and 85 cm−1. These data confirm the presence of a long
two‐electron/four‐center C‐C bond (see picture).


Switchable Nanoporous Sheets by the Aqueous Self‐Assembly of Aromatic Macrobicycles
Kim, Y.; Shin, S.; Kim, T.; Lee, D.; Seok, C.; Lee, M. Angew. Chem. Int. Ed. 2013, 52, 6426–
6429.
Abstract:

Slim guests are welcome: Aromatic macrobicyclic amphiphiles underwent self‐assembly through a
face‐to‐face interaction to form dimeric micelles, which further associated laterally to form porous
sheets with nanometer‐sized pores. The resulting sheets efficiently intercalated planar aromatic guest
molecules, whereupon the porous sheets were reversibly transformed into closed sheets (see
picture).


A Supramolecular Peptide Synthesizer
Bertran‐Vicente, J.; Hackenberger, C. P. R. Angew. Chem. Int. Ed. 2013, 52, 6140–6142.
Abstract:
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Line up for synthesis! In a recent report the Leigh group described a rotaxane‐based setup for the
sequence‐specific synthesis of small peptides, which runs automatically once started. This molecular
machine combines elements from both chemical and biochemical peptide (bio‐) syntheses, which are
discussed in this Highlight.


A Thermoresponsive Hydrogel Formed from a Star–Star Supramolecular Architecture
Zhang, Z.‐X.; Liu, K. L.; Li, J. Angew. Chem. Int. Ed. 2013, 52, 6180–6184.
Abstract:

Smart stars: A novel star–star supramolecular architecture was self‐assembled from a star‐shaped
adamantyl‐terminated 8‐arm poly (ethylene glycol) and a star‐shaped poly (N‐isopropylacrylamide)
with a β‐cyclodextrin core through inclusion complexation. The star–star supramolecules further self‐
aggregated into a 3D network in response to temperature change, forming a thermoresponsive
reversible “smart” hydrogel.


Ferromagnetic superexchange in a 1D –[LaIII–radical]– coordination polymer
Fatila, E. M.; Clérac, R.; Rouzières, M.; Soldatov, D. V.; Jennings, M.; Preuss, K. E. Chem.
Commun. 2013, 49, 6271‐6273.
Abstract:

The first coordination polymer of a bridging radical 1,2,3,5‐dithiadiazolyl ligand is reported. Upon
coordination with the La(hfac)3 fragment, the paramagnetic 4‐(benzoxazol‐2′‐yl)‐1,2,3,5‐dithiadiazolyl
(boaDTDA) ligand forms a one‐dimensional (1D) alternating –[La(hfac)3–boaDTDA]n– polymer
exhibiting ferromagnetic (FM) coupling between the radicals, mediated through the diamagnetic LaIII
ion (hfac = 1,1,1,5,5,5‐hexafluoroacetylacetonato).
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Domain‐like ultra‐thin layers deposited electrochemically from carbazole‐functionalized
perylene bisimides for electron collection in inverted photovoltaic cells
T. Feng; B. Xiao; Y. Lv; Z. Xie; Wu, H.; Ma, Y. Chem. Commun. 2013, 49, 6283‐6285.
Abstract :

Domain‐like ultra‐thin layers deposited electrochemically on an ITO electrode from perylene bisimide
derivatives are found to improve the electron collection effectively in inverted photovoltaic cells.


Impact Excitation and Electron–Hole Multiplication in Graphene and Carbon Nanotubes
Gabor, N. M. Acc. Chem. Res. 2013, 46, 1348–1357.
Abstract:

In semiconductor photovoltaics, photoconversion efficiency is governed by a simple competition: the
incident photon energy is either transferred to the crystal lattice (heat) or transferred to electrons. In
conventional materials, energy loss to the lattice is more efficient than energy transferred to
electrons, thus limiting the power conversion efficiency. Quantum electronic systems, such as
quantum dots, nanowires, and two‐dimensional electronic membranes, promise to tip the balance in
this competition by simultaneously limiting energy transfer to the lattice and enhancing energy
transfer to electrons. By exploring the optical, thermal, and electronic properties of quantum
materials, we may perhaps find an ideal optoelectronic material that provides low cost fabrication,
facile systems integration, and a means to surpass the standard limit for photoconversion efficiency.
Nanoscale carbon materials, such as graphene and carbon nanotubes, provide ideal experimental
quantum systems in which to explore optoelectronic behavior for applications in solar energy
harvesting. Within essentially the same material, researchers can achieve a broad spectrum of
energetic configurations, from a gapless semimetal to a large band‐gap semiconducting nanowire.
Owing to their nanoscale dimensions, graphene and carbon nanotubes exhibit electronic and optical
properties that reflect strong electron–electron interactions. Such strong interactions may lead to
exotic low‐energy electron transport behavior and high‐energy electron scattering processes such as
impact excitation and the inverse process of Auger recombination. High‐energy processes, which
become very important under photoexcitation, may be particularly efficient in nanoscale carbon
materials due to the relativistic‐like, charged particle band structure and sensitivity to the dielectric
environment. In addition, due to the covalently bonded carbon framework that makes up these
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materials, electron–phonon coupling is very weak. In carbon nanomaterials, strong electron–electron
interactions combined with weak electron–phonon interactions results in excellent optical, thermal
and electronic properties, the exploration of which promises to reveal fundamentally new physical
processes and deliver advanced nanotechnologies.
In this Account, we review the results of novel optoelectronic experiments that explore the intrinsic
photoresponse of carbon nanomaterials integrated into nanoscale devices. By fabricating gate
voltage‐controlled photodetectors composed of atomically thin sheets of graphene and individual
carbon nanotubes, we are able to fully explore electron transport in these systems under optical
illumination. We find that strong electron–electron interactions play a key role in the intrinsic
photoresponse of both materials, as evidenced by hot carrier transport in graphene and highly
efficient multiple electron‐hole pair generation in nanotubes. In both of these quantum systems,
photoexcitation leads to high‐energy electron–hole pairs that relax energy predominantly into the
electronic system, rather than heating the lattice. Due to highly efficient energy transfer from
photons into electrons, graphene and carbon nanotubes may be ideal materials for solar energy
harvesting devices with efficiencies that could exceed the Shockley–Queisser limit.


Theoretical Insights into Photoinduced Charge Transfer and Catalysis at Oxide Interfaces
Akimov, A. V.; Neukirch, A. J.; Prezhdo, O. V. Chem. Rev. 2013, 113, 4496–4565.
Abstract:

As the world’s population increases and substantial industrial growth continues, the energy demands
of society increase rapidly. Although the earth’s oil, natural gas, and coal deposits constitute the main
source of energy and fuel currently, their exploration and production are difficult and problematic.
The byproducts and chemicals used in the extraction and refinement of fossil fuels can cause
significant harm to the environment. The consumption of organic fuel is not sustainable and results in
severe damage to the environment, causing pollution and other effects that lead to global warming.
The energy produced by the sun and carried down to earth by its radiation provides an alternative
and clean source of energy to meet and exceed the world’s energy consumption demands.
A remaining fundamental challenge is in the development of efficient methods of harvesting solar
energy that are accessible and cost‐effective. This challenge has stimulated a large number of
experimental and theoretical studies aimed at finding materials capable of either transforming solar
energy into electricity (photovoltaics) or inducing chemical reactions, such as water oxidation or
hydrogen production (photocatalysis). Silicon and germanium were some of the first materials used
for transforming solar energy into electric current. Currently dominating the solar cell market, these
materials are expensive, require excessive maintenance, are short‐lived, and result in relatively low
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energy conversion efficiencies.
A number of alternative materials have been proposed for photovoltaic and photochemical systems,
with the main focus aimed at lowering cost. Oxides are usually significantly cheaper than pure
elements, that is, silicon versus silicon oxide. However, oxides function typically as wide‐band gap
semiconductors, transparent to solar light. An important breakthrough was achieved by Grätzel, who
proposed a novel photovoltaic cell, the dye‐sensitized semiconductor solar cell (DSSC), that is
composed of colloid titanium dioxide TiO2 coated with a light‐sensitizer (dye) and sintered to an
electrode to harvest solar energy (Figure 1a). This material is inexpensive, stable, and shows light‐to‐
electric energy conversion efficiency comparable to those of the conventional silicon/germanium
semiconductors (7.1–12%). The large surface area of the colloid TiO2 increases energy conversion
efficiency by at least an order of magnitude over setups based on a monolayer of dye deposited on a
flat or corrugated semiconductor surface.


Stimuli‐Responsive Magnetic Nanomicelles as Multifunctional Heat and Cargo Delivery
Vehicles
Kim, D‐H.; Vitol, E. A.; Liu, J.; Balasubramanian, S.; Gosztola, D. J.; Cohen, E. E.; Novosad, V.;
Rozhkova, E. A. Langmuir 2013, 29, 7425–7432.
Abstract:

Hybrid nanoarchitectures are among the most promising nanotechnology‐enabled materials for
biomedical applications. Interfacing of nanoparticles with active materials gives rise to the structures
with unique multiple functionality. Superparamagnetic iron oxide nanoparticles particles SPION are
widely employed in the biology and in developing of advanced medical technologies. Polymeric
micelles offer the advantage of multifunctional carriers which can serve as delivery vehicles carrying
nanoparticles, hydrophobic chemotherapeutics and other functional materials and molecules.
Stimuli‐responsive polymers are especially attractive since their properties can be modulated in a
controlled manner. Here we report on multifunctional thermo‐responsive poly(N‐
isopropylacrylamide‐co‐acrylamide)‐block‐poly(ε‐caprolactone) random block copolymer micelles as
magnetic hyperthermia‐mediated payload release and imaging agents. The combination of
copolymers, nanoparticles and doxorubicin drug was tailored the way that the loaded micelles were
cable to respond to magnetic heating at physiologically‐relevant temperatures. A surface
functionalization of the micelles with the integrin β4 antibody and consequent interfacing of the
resulting nanobio hybrid with squamous head and neck carcinoma cells which is known to specifically
over‐express the A9 antigen resulted in concentration of the micelles on the surface of cells. No
inherent cytotoxicity was detected for the magnetic micelles without external stimuli application.
Furthermore, SPION‐loaded micelles demonstrate significant MRI contrast enhancement abilities.
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Incorporation of Amphiphilic Cyclodextrins into Liposomes as Artificial Receptor Units
Kauscher, U.; Stuart, M. C. A.; Drücker, P.; Galla, H‐J.; Ravoo, B. J. Langmuir 2013, 29, 7377–
7383.
Abstract:

In this article, we describe the introduction of amphiphilic β‐cyclodextrins into liposomes to act as
artificial receptor units. Using dynamic light scattering, dye encapsulation, and cryogenic transmission
electron microscopy, we show that amphiphilic β‐cyclodextrins can be mixed in any proportion with a
typical mixture of phospholipids and cholesterol to provide stable, spherical, and unilamellar mixed
vesicles. It is also possible to form giant unilamellar vesicles with mixtures of lipids and cyclodextrin.
The permeability of the mixed vesicles increases with the percentage of cyclodextrin. The
cyclodextrins can act as host molecules for hydrophobic guest molecules, even when they are
dispersed at a low percentage in the vesicle membrane. It is shown that mixed vesicles can be
decorated with carbohydrate‐functionalized guest molecules, with photoresponsive guest molecules,
and with dye‐functionalized guest molecules. Taken together, it is demonstrated that the host–guest
chemistry of amphiphilic cyclodextrins is fully compatible with a liposomal bilayer membrane and the
advantages of each can be combined to give superior nanocontainers.


Three‐Dimensional Architectures Incorporating Stereoregular Donor–Acceptor Stacks
Cao, D.; Juríček, M. ; Brown, Z. J.; Sue, A. C. H.; Liu, Z.; Lei, J.; Blackburn, A. K.; Grunder, S.;
Sarjeant, A. A.; Coskun, A.; Wang, C.; Farha, O. K.; Hupp, J. T. ; Stoddart, J. F. Chem. Eur. J.
2013, 26, 8457‐8465.
Abstract:

We report the synthesis of two [2]catenane‐containing struts that are composed of a tetracationic
cyclophane (TC4+) encircling a 1,5‐dioxynaphthalene (DNP)‐based crown ether, which bears two
terphenylene arms. The TC4+ rings comprise either 1) two bipyridinium (BIPY2+) units or 2) a BIPY2+
and a diazapyrenium (DAP2+) unit. These degenerate and nondegenerate catenanes were reacted in
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the presence of Cu(NO3)2 2.5 H2O to yield Cu‐paddlewheel‐based MOF‐1050 and MOF‐1051. The
solid‐state structures of these MOFs reveal that the metal clusters serve to join the heptaphenylene
struts into grid‐like 2D networks. These 2D sheets are then held together by infinite donor–acceptor
stacks involving the [2]catenanes to produce interpenetrated 3D architectures. As a consequence of
the planar chirality associated with both the DNP and hydroquinone (HQ) units present in the crown
ether, each catenane can exist as four stereoisomers. In the case of the nondegenerate (bistable)
catenane, the situation is further complicated by the presence of translational isomers. Upon
crystallization, however, only two of the four possible stereoisomers—namely, the enantiomeric RR
and SS forms—are observed in the crystals. An additional element of co‐conformational selectivity is
present in MOF‐1051 as a consequence of the substitution of one of the BIPY2+ units by a DAP2+ unit:
only the translational isomer in which the DAP2+ unit is encircled by the crown ether is observed. The
overall topologies of MOF‐1050 and MOF‐1051, and the selective formation of stereoisomers and
translational isomers during the kinetically driven crystallization, provide evidence that weak
noncovalent bonding interactions play a significant role in the assembly of these extended
(super)structures.


Chiral Hexa‐ and Nonamethylene‐Bridged Bis(L‐Leu‐oxalamide) Gelators: The First Oxalamide
Gels Containing Aggregates with a Chiral Morphology
Vujičić, N. S.; Glasovac, Z.; Zweep, N.; Van Esch, J. H.; Vinkovic, M.: Popovic, J.; Zinic, M. Chem.
Eur. J. 2013, 26, 8558‐8572.
Abstract:

Chiral amino acid‐ and amino alcohol‐oxalamides are well‐known as versatile and efficient gelators of
various lipophilic and polar organic solvents and water. To further explore the capacity of the amino
acid/oxalamide structural fragment as a gelation‐generating motif, the dioxalamide dimethyl esters
16Me and 19Me, and dicarboxylic acid 26OH/29OH derivatives containing flexible methylene bridges
with odd (9; n=7) and even (6; n=4) numbers of methylene groups were prepared. Their self‐assembly
motifs and gelation properties were studied by using a number of methods (FTIR, 1H NMR
spectroscopy, CD, TEM, DSC, XRPD, molecular modeling, MMFF94, and DFT). In contrast to the
previously studied chiral bis(amino acid or amino alcohol) oxalamide gelators, in which no chiral
morphology was ever observed in the gels, the conformationally more flexible 16Me, 19Me, 26OH,
and 29OH provide gelators that are capable of forming diverse aggregates of achiral and chiral
morphologies, such as helical fibers, twisted tapes, nanotubules, straight fibers, and tapes, in some
cases coexisting in the same gel sample. It is shown that the differential scanning calorimetry (DSC)‐
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determined gelation enthalpies could not be correlated with gelator and solvent clogP values.
Spectroscopic results show that intermolecular hydrogen‐bonding between the oxalamide units
provides the major and self‐assembly directing intermolecular interaction in the aggregates.
Molecular modeling studies reveal that molecular flexibility of gelators due to the presence of the
polymethylene bridges gives three conformations (zz, p1, and p2) close in energy, which could form
oxalamide hydrogen‐bonded layers. The aggregates of the p1 and p2 conformations tend to twist due
to steric repulsion between neighboring iBu groups at chiral centers. The X‐ray powder diffraction
(XRPD) results of 16Me and 19Me xerogels prove the formation of p1 and p2 gel aggregates,
respectively. The latter results explain the formation of gel aggregates with chiral morphology and
also the simultaneous presence of aggregates of diverse morphology in the same gel system.


Thiosquaraine Rotaxanes: Synthesis, Dynamic Structure, and Oxygen Photosensitization
Peck, E. M.; Collins, C. G.; Smith, B. D. Org. Lett. 2013, 15, 2762‐2765.
Abstract:

Thiosquaraine dyes have sulfur atoms instead of oxygens on the central squaraine core, and they are
powerful singlet oxygen photosensitizers. Stability studies show that they are susceptible to attack by
nucleophiles. This problem was circumvented by preparing a mechanically interlocked thiosquaraine
rotaxane. NMR studies of the rotaxane indicate an unusual dynamic molecular structure due to a
nonsymmetrical coconformation. Upon irradiation with red light, the thiosquaraine rotaxane
generates the same amount of singlet oxygen as the known photosensitizer methylene blue.


Synthesis of a Functionalizable Water‐Soluble Cryptophane‐111
Dubost, E.; Kotera, N.; Garcia‐Argote, S.; Boulard, Y.; Léonce, E.; Boutin, C.; Berthault, P.;
Dugave, C.; Rousseau, B. Org. Lett. 2013, 15, 2866‐2868.
Abstract:

The development of optimized xenon host systems is of crucial importance for the success of
molecular imaging using hyperpolarized 129Xe MRI. Cryptophane‐111 is a promising candidate
because of its encapsulation properties. The synthesis of cryptophane‐111‐based biosensors requires
both water‐solubilizing and chemically activatable groups. An expeditious synthesis of a water‐soluble
and functionalizable cryptophane‐111 is described.


Self‐Assembly of π‐Conjugated Amphiphiles: Free Standing, Ordered Sheets with Enhanced
Mobility
Narayan, B.; Senanayak, S. P.; Jain, A.; Narayan, K. S.; George, S. J. Adv. Funct. Mater. 2013, 23,
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3053–3060.
Abstract:

Oligo(p‐phenylenevinylenes) (OPVs) with amphiphilic character are synthesized and their self‐
assembly characteristics studied. Careful studies point at two morphologically different states of
assemblies, with one being two dimensional sheets and the other as rolled tubes. This is also the first
time that self‐assembled sheets are achieved for OPVs. Morphological and photo‐physical studies
reveal a unique aggregate to aggregate transition between rolled tubes and two dimensional sheets,
which is outlined as a more thermodynamic aggregate. The thermodynamic aggregate (2D sheet) is
better ordered and consists of chromophores that are better excitonically coupled. The mobilities of
these aggregates are also studied for a field effect transistor device and as expected sheets supersede
rolled tubes by a couple of orders. More interestingly, the mobility values obtained for the well
ordered chromophores in sheets is three orders higher than any other self‐assembled OPV previously
reported. It is hypothesized that the better π interactions enforced by the amphiphilic design and the
resultant supramolecular organization is a prime factor for such a remarkable rise in mobilities.


Impact of Materials versus Geometric Parameters on the Contact Resistance in Organic Thin‐
Film Transistors
Gruber, M.; Zojer, E.; Schürrer, F.; Zojer, K. Adv. Funct. Mater. 2013, 23, 2941–2952.
Abstract:

The contact resistance is known to severely hamper the performance of organic thin‐film transistors,
especially when dealing with large injection barriers, high mobility organic semiconductors, or short
channel lengths. Here, the relative significance of how it is affected by materials‐parameters (mobility
and interfacial level‐offsets) and geometric factors (bottom‐contact vs top‐contact geometries) is
assessed. This is done using drift‐diffusion‐based simulations on idealized device structures aiming at
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a characterization of the “intrinsic” situation in the absence of traps, differences in the film
morphology, or metal‐atoms diffusing into the organic semiconductor. It is found that, in contrast to
common wisdom, in such a situation the top‐contact devices do not always outperform the bottom‐
contact ones. In fact, the observed ratio between the contact resistances of the two device structures
changes by up to two orders of magnitude depending on the assumed materials parameters. The
contact resistance is also shown to be strongly dependent on the hole mobility in the organic
semiconductor and influenced by the chosen point of operation of the device.
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