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Molecular Semiconductors in Organic Photovoltaic Cells
Hains, A. W.; Liang, Z.; Woodhouse, M. A.; Gregg, B. A. Chem. Rev. 2010, 110, 6689–6735.
Abstract:

We begin with a general description of the chemical, physical, and electrical properties of organic
semiconductors, OSCs, a class of materials that includes molecular semiconductors, MSCs, the focus
of the rest of this Review, as well as π‐conjugated polymers. The term excitonic semiconductor, XSC,
is a mechanistic description that refers to materials in which electrostatically bound excitons are
formed upon light absorption; this seems to include all OSCs at room temperature and most
inorganic semiconductors at low temperature. Excitons formed in quantum dots are distinct,
however, because they are spatially, rather than electrostatically, confined. We review the
mechanisms of photoconversion, the testing and analysis of organic photovoltaic, OPV, cells, and
conclude with an extensive review of the recent literature of small molecule OPV. The number of
papers published in the fields of MSCs and OPV has been growing exponentially in the past decade,
and we could cover only a fraction of them here. Some common abbreviations employed in this
Review are included in section.
•

Dye‐Sensitized Solar Cells
Hagfeldt, A.; Boschloo, G.; Sun, L.; Kloo, L.; Pettersson, H. Chem. Rev. 2010, 110, 6595–6663.
Abstract:

At the end of last century, the possibility to use devices based on molecular components for the
construction of a robust large‐scale solar electricity production facility seemed utopic. But the
seminal paper by O’Regan and Grätzel in 1991 spurred researchers to take on the challenge. With the
development of dye‐sensitized solar cells (DSCs), conventional solid‐state photovoltaic technologies
are now challenged by devices functioning at a molecular and nanolevel. Record efficiencies of up to
12% for small cells and about 9% for minimodules, promising stability data, passing, for example, the
critical 1000 h stability test at 80°C with a durable efficiency of 8−9%, and means of energy‐efficient
production methods have been accomplished. The prospect of low‐cost investments and fabrication
are key features. DSCs perform also relatively better compared with other solar cell technologies
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under diffuse light conditions and at higher temperatures. DSCs offer the possibilities to design solar
cells with a large flexibility in shape, color, and transparency. Integration into different products
opens up new commercial opportunities.
After some brief notes on solar energy in general and DSC in particular (sections a and d), we go
through the operational principles of DSC (energetics and kinetics) in section 4. The development of
material components is treated in section and some specific experimental techniques to characterize
DSC in the following section. Section deals with the current status of module development, and
finally we end up with a brief future outlook.
•

Enamides Accessed from Aminothioesters via a Pd(0)‐Catalyzed Decarbonylative/Beta‐
Hydride Elimination Sequence
Min, G. K.; Hernández, D.; Lindhardt, A. T.; Skrydstrup, T. Org. Lett. 2010, 12, 4716‐4719.
Abstract:

A facile synthesis of various enamides from aminothioesters via a palladium(0)‐catalyzed
decarbonylation/beta‐hydride elimination is reported. This protocol was applied to mercaptopyridyl
C‐terminal modified peptides for the generation of enamides without epimerization at stereogenic
centers. Generation of enamides has been a long‐standing interest to the biological and chemical
community as these motifs are contained in several bioactive natural products
•

Formal [4 + 2] Cycloaddition of Alkoxy‐Substituted Donor−Acceptor Cyclobutanes and
Aldehydes Catalyzed by Yb(OTf)3
Moustafa, M. M. A. R.; Stevens, A. C.; Machin, B. P.; Pagenkopf, B. L. Org. Lett. 2010, 12,
4736‐4738.
Abstract:

The cycloaddition between 2‐alkoxy‐1,1‐cyclobutane diesters and aromatic, heteroaromatic, or
aliphatic aldehydes under Yb(OTf)3 catalysis generates tetrahydropyrans in high yields with exclusive
cis‐stereochemistry. Donor‐acceptor (DA) cyclopropanes are now firmly established as effective
partners in formal [3 + 2] dipolar cycloaddition reactions for the rapid assembly of highly
functionalized molecules, including precursors in natural product total syntheses.
•

Humidity Responsive Asymmetric Free‐Standing Multilayered Film
Shen, L.; Fu, J.; Fu, K.; Picart, C.; Ji, J. Langmuir 2010, 26, 16634–16637.
Abstract:
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A humido‐responsive free‐standing film has been created using layer‐by‐layer assembly technique.
Polyethylenimine (PEI) at high pH was assembled with poly(acrylic acid) (PAA) at low pH on a Teflon
substrate to yield a micro‐nanostructured surface that can be made superhydrophobic after being
coated with a low surface energy compound. The resulting asymmetric free‐standing film with one
surface being superhydrophobic while the other is hydrophilic after detachment from the substrate
can undergo reversible bending/unbending shape transitions when the environmental humidity is
changed. The bending/unbending movement of the free‐standing film can be ascribed to the
different responses of these two surfaces to humidity.
•

Hollow Nanoparticles of Metal Oxides and Sulfides: Fast Preparation via Laser Ablation in
Liquid
Niu, K. Y.; Yang, J.; Kulinich, S. A.; Sun, J.; Du, X. W. Langmuir 2010, 26, 16652‐16657.
Abstract:

In this work, diverse hollow nanoparticles of metal oxides and sulfides were prepared by simply laser
ablating metal targets in properly chosen liquids. The Kirkendall voiding and the selective heating
with an infrared laser were shown to work as two independent mechanisms for the formation of
such hollow nanoparticles in only one‐ or two‐step synthesis approaches. One of the prepared
materials, ZnS hollow nanoparticles, showed high performance in gas sensing. The simple, fast,
inexpensive technique that is proposed demonstrates very promising perspectives.
•

Two‐Dimensional Polymer Formation on Surfaces: Insight into the Roles of Precursor Mobility
and Reactivity
Bieri, M.; Nguyen, M. T.; Gruning, O.; Cai, J.; Treier, M.; Mansour, K. A.; Ruffieux, P.;
Pignedoli, C. A.; Passerone, D.; Kastler, M.; Mullen, K.; Fasel, R. J. Am. Chem. Soc. 2010, 132,
16669–16676.
Abstract:
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We report on a combined scanning tunneling microscopy (STM), X‐ray photoelectron spectroscopy
(XPS), and density functional theory (DFT) study on the surface‐assisted assembly of the hexaiodo‐
substituted macrocycle cyclohexa‐m‐phenylene (CHP) toward covalently bonded polyphenylene
networks on Cu(111), Au(111), and Ag(111) surfaces. STM and XPS indicate room temperature
dehalogenation of CHP on either surface, leading to surface‐stabilized CHP radicals (CHPRs) and
coadsorbed iodine. Subsequent covalent intermolecular bond formation between CHPRs is thermally
activated and is found to proceed at different temperatures on the three coinage metals. The
resulting polyphenylene networks differ significantly in morphology on the three substrates: On Cu,
the networks are dominated by “open” branched structures, on the Au surface a mixture of branched
and small domains of compact network clusters are observed, and highly ordered and dense
polyphenylene networks form on the Ag surface. Ab initio DFT calculations allow one to elucidate the
diffusion and coupling mechanisms of CHPRs on the Cu(111) and Ag(111) surfaces. On Cu, the energy
barrier for diffusion is significantly higher than the one for covalent intermolecular bond formation,
whereas on Ag the reverse relation holds. By using a Monte Carlo simulation, we show that different
balances between diffusion and intermolecular coupling determine the observed branched and
compact polyphenylene networks on the Cu and Ag surface, respectively, demonstrating that the
choice of the substrate plays a crucial role in the formation of two‐dimensional polymers.
•

Synthesis and Photophysical Studies of Chiral Helical Macrocyclic Scaffolds via Coordination‐
Driven Self‐Assembly of 1,8,9,16‐Tetraethynyltetraphenylene. Formation of Monometallic
Platinum(II) and Dimetallic Platinum(II)−Ruthenium(II) Complexes
Lin, F.; Peng, H. Y.; Chen, J. X.; Chik, D. T. W.; Cai, Z.; Wong, K. M. C.; Yam, V. W. W.; Wong, H.
N. C. J. Am. Chem. Soc. 2010, 132, 16383–16392.
Abstract:

This paper is concerned with the synthesis and reactions of enantiopure 1,8,9,16‐
tetraethynyltetraphenylene (3). We obtained 3 in 34% yield through four steps starting from 1,8,9,16‐
tetrahydroxytetraphenylene (2a) via a functional group interconversion strategy. On the basis of this
chiral “helical” building block, three rigid helical macrocycles 14, 15, and 22 were designed.
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Complexes 14 and 15 were constructed via coordination‐driven self‐assembly with platinum(II)
complexes 8 and 9b, while 22 cannot be obtained successfully. Then macrocycle 28 was designed on
the structural basis of 22 to which octyl chains were introduced, in the hope of improving the
solubility of the complex. Macrocycle 28 was finally formed and was characterized by NMR
spectroscopy, elemental analysis, and electrospray mass spectrometry. For the enantiopure 15 and
28, circular dichroism (CD) spectra also exhibited chiral properties. Complexes 27 and 28 both
exhibited an intense emission band at 621 nm in acetonitrile at 298 K upon excitation at λ > 420 nm.
•

The Rylene Colorant Family—Tailored Nanoemitters for Photonics Research and Applications
Weil, T.; Vosch, T.; Hofkens, J.; Peneva, K.; Müllen, K. Angew. Chem. Int. Ed. 2010, 49, 9068‐
9093.
Abstract:

This Review summarizes the latest advances in the field of rylene dyes and rylene nanoemitters for
applications in photonics, and describes the influence of the dye design on the optical properties, the
self‐assembly, the molecular interactions, as well as the labeling specificity of the compounds. The
interplay between tailored (macro)molecular design and bulk/single‐molecule spectroscopy enables
complex processes to be explained, for example, the kinetics of energy‐transfer processes or
(bio)catalysis. Such investigations are essential for the ultimate design of optimized nanoemitters,
and require a close cooperation between spectroscopists and preparative organic chemists.
•

A Metal‐Ion‐Driven Supramolecular Chirality Pendulum
Haberhauer, G. Angew. Chem. Int. Ed. 2010, 49, 9286‐9289.
Abstract:

Tick tock: The arms of a chirality pendulum can be completely and reversibly moved forward and
backward like the pendulum of a clock by coordination and removal of a metal center (see picture).
Each motion leads to a complete inversion of the configuration (swinging forth: P→M and swinging
back: M→P).
•

Flowerlike supramolecular architectures assembled from C60 equipped with a pyridine
substituent
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Zhang, X.; Nakanishi, T.; Ogawa, T.; Saeki, A.; Seki, S.; Shen, Y.; Yamauchi, Y.; Takeuchi, M.
Chem. Commun. 2010, 46, 8752‐8754.
Abstract:

Fullerene (C60)‐rich and photoconductive flowerlike supramolecular assembly was constructed from
self‐organization of pyridine substituted C60 by a facile drop‐casting method.
•

Bio‐templated CdSe nanoparticle synthesis in a cage shaped protein, Listeria‐Dps, and their
two dimensional ordered array self‐assembly
Okuda, M.; Suzumoto, Y.; Iwahori, K.; Kang, S.; Uchida, M.; Douglas, T.; Yamashita, I. Chem.
Commun. 2010, 46, 8797‐8799.
Abstract:

We report here, for the first time, a biotemplated synthesis of uniform CdSe nanoparticle (4.1 ± 0.5
nm) and a fabrication of two‐dimensional CdSe nanoparticles (over one micrometre) with
nanometric gaps by cage‐like protein, Listeria‐Dps.
•

Tailoring Properties of Carbon Nanotube Dispersions and Nanocomposites Using
Temperature‐Responsive Copolymers of Pyrene‐Modified Poly(N‐cyclopropylacrylamide)
Etika, K. C.; Jochum, F. D.; Cox, M. A.; Schattling, P.; Theato, P.; Grunlan, J. C. Macromolecules
2010, 43, 9447–9453.
Abstract:

Despite their immense potential, the ability to control the dispersion and microstructure of carbon
nanotubes remains a hurdle for their widespread use. Stimuli‐responsive polymers show
conformational changes with an applied external stimulus (pH, temperature, light, etc.). The
dispersion of carbon nanotubes by thermoresponsive polymers is shown to enable the macroscopic
properties of aqueous suspensions to be tailored as a function of temperature. This work presents
the synthesis, characterization, and use of temperature‐responsive poly(N‐cyclopropylacrylamide)
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(PNCPA) polymers containing 1, 3, and 5 mol % pyrene‐bearing repeat units to tailor the dispersion
state of single‐walled carbon nanotubes (SWNT) in water. Turbidity measurements show that the
lower critical solution temperature (LCST) of PNCPA decreases with increasing pyrene content.
Viscosity measurements on aqueous SWNT suspensions stabilized with pyrene‐functionalized PNCPA
show highly entangled and well‐dispersed nanotube microstructure above and below the LCST of the
polymer, respectively. UV−vis spectra also confirm that nanotube stabilization by these polymers is
dependent upon the pyrene content. Drying of these suspensions produces composites whose
microstructure and electrical conductivity vary with drying temperature and pyrene content of the
stabilizing polymer. This temperature‐dependent dispersion behavior has significant implications for
the processing of carbon nanotubes and tailoring of composite properties. Such stimuli‐controlled
dispersion of carbon nanotubes could have a variety of applications in nanoelectronics, sensing, and
drug and gene delivery systems.
•

Structural Analysis of the Synthetic Peptide (Ala‐Gly‐Ser‐Gly‐Ala‐Gly)5, a Model for the
Crystalline Domain of Bombyx mori Silk Fibroin, Studied with 13C CP/MAS NMR, REDOR, and
Statistical Mechanical Calculations
Suzuki, Y.; Aoki, A.; Nakazawa, Y; Knight, D. P.; Asakura T. Macromolecules 2010, 43, 9434–
9440.
Abstract:

In our previous study, we have proposed a lamellar structure for Ala‐Gly repeated copolymeric
peptide, a model for crystalline region of Bombyx mori silk fibroin. Here, we propose the structure of
(AGSGAG)5 with silk II form which is a more mimic of the crystalline region of B. mori silk fibroin than
(AG)15. The local structure for each Ala residue was determined from 13C CP/MAS NMR spectra of 10
different [3‐13C]Ala‐(AGSGAG)5 peptides differing in their 13C labeling positions. The highest field peak
for the Ala Cβ carbon (16.7 ppm) assigned to a distorted β‐turn structure and/or random coil changes
significantly depending on the 13C labeling position. In addition, the fractions of the random coil
and/or distorted β‐turn component of each Ser residue were determined by REDOR experiments
from the 13C−15N atomic distances of five versions of the above peptide with different [1‐13C]Gly‐Ser‐
[15N]Gly positions. By combining the structural information of Ala and Ser residues from solid state
NMR, with statistical mechanical calculation previously used for (AG)15, the probable lamellar
structures of (AGSGAG)5 in the solid state are proposed. The models of two turns in the central part
of the sequence of (AGSGAG)5 consist of approximately 8−12 amino acids. The effect of the
introduction of Ser residue on the local structure of Ala‐Gly copolymeric peptides is also discussed on
the basis of the evidence from 13C solid state spin−lattice relaxation experiments.
•

Rotaxanes Capable of Recognising Chloride in Aqueous Media
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Hancock, L. M.; Gilday, L. C.; Carvalho, S.; Costa, P. J.; Félix, V.; Serpell, C. J.; Kilah, N. L.; Beer,
P. D. Chem.‐Eur. J. 2010, 16, 13082‐13094.
Abstract:

A new, versatile chloride‐anion‐templating synthetic pathway is exploited for the preparation of a
series of eight new [2]rotaxane host molecules, including the first sulfonamide interlocked system.
1H NMR spectroscopic titration investigations demonstrate the rotaxanes’ capability to selectively
recognise the chloride anion in competitive aqueous solvent media. The interlocked host’s halide
binding affinity can be further enhanced and tuned through the attachment of electron‐withdrawing
substituents and by increasing its positive charge. A dicationic rotaxane selectively binds chloride in
35 % water, wherein no evidence of oxoanion binding is observed. NMR spectroscopy, X‐ray
structural analysis and computational molecular dynamics simulations are used to account for
rotaxane formation yields, anion binding strengths and selectivity trends.
•

Determination of the Surfactant Density on SWCNTs by Analytical Ultracentrifugation
Backes, C.; Karabudak, E.; Schmidt, C. D.; Hauke, F.; Hirsch, A.; Wohlleben, W. Chem.‐Eur. J.
2010, 16, 13176‐13184.
Abstract:
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We report on the extensive characterization of single‐walled carbon nanotubes (SWCNTs) dispersed
in a variety of surfactants, such as sodium dodecyl benzene sulfonate (SDBS), sodium cholate (SC),
and three synthesized perylene‐based surfactants, by using differential sedimentation in H2O and
D2O. Multidimensional evaluation of the absorption profiles over radius, wavelength, and time allows
the determination of the anhydrous specific volumes of the SWCNT–surfactant complexes as well as
the concentration of the surfactant reservoir in free micelles with very slow sedimentation
coefficients (<1 Svedberg). Among the perylene bisimide surfactants, the smallest derivative is
densely adsorbed on the nanotube backbone with an anhydrous specific volume significantly above
that of SC or SDBS. Bulky Newkome dendritic groups on one or both ends of the perylene moiety
gradually reduce the adsorption density, in accord with the absolute adsorption between 0.66 and
1.7 mmol surfactant per gram SWCNTs. Furthermore, hydrodynamic analysis reveals that SDBS favors
the “tails‐on” configuration. The distribution of sedimentation coefficients of SWCNTs prepared by
high‐pressure carbon monoxide decomposition (HiPco) is broader and shifted to faster
sedimentation than those prepared by using cobalt–molybdenum catalysis (CoMoCAT), which
reflects the polydispersity in diameter and length.
•

Magnetic Resonance and Microfluidics
Utz, M.; Landers, J. Science 2010, 330, 1056‐1058.
Abstract:

Magnetic resonance imaging (MRI) is a well‐established clinical tool that is routinely used to locate
cartilage or ligament damage, cancerous lesions, and blood vessel occlusions; when combined with
magnetic resonance spectroscopy (MRS), it can even map brain function. The image contrast in MRI
instruments comes from the change in orientation of the rotational axis (precession) of atomic nuclei
in a magnetic field, and can be adjusted to selectively image tissues on the basis of oxygen content,
diffusivity, flow velocity, and other properties. Microfluidic “lab‐on‐a‐chip” (LOC) devices represent
an emerging technology with potential applications in medical diagnostics. These devices flow
samples (which often consist of suspensions of cells) and reagents through miniaturized chemical
reactors, and are typically fabricated via lithographic methods similar to those used in
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microelectronics. Although in principle, MRI should be the ideal tool for monitoring reactions on LOC
devices, in practice this turns out to be notoriously difficult because of limitations in sensitivity and
resolution. On page 1078 of this issue, Bajaj et al. (1) present an ingenious method that allows
sensitive MRI measurements on an LOC device by recording magnetic resonance signals from the
spent fluid that exits the device.
•

Quantum tunnelling of the magnetization in a monolayer of oriented single‐molecule
magnets
Mannini, M.; Pineider, F.; Danieli, C.; Totti, F.; Sorace, L.; Sainctavit, Ph.; Arrio, M.‐A.; Otero,
E.; Joly, L.; Cezar, J. C.; Cornia, A.; Sessoli, R. Nature 2010, 468, 417–421.
Abstract:

A fundamental step towards atomic‐ or molecular‐scale spintronic devices has recently been made
by demonstrating that the spin of an individual atom deposited on a surface, or of a small
paramagnetic molecule embedded in a nanojunction, can be externally controlled. An appealing next
step is the extension of such a capability to the field of information storage, by taking advantage of
the magnetic bistability and rich quantum behaviour of single‐molecule magnets (SMMs). Recently, a
proof of concept that the magnetic memory effect is retained when SMMs are chemically anchored
to a metallic surface was provided. However, control of the nanoscale organization of these complex
systems is required for SMMs to be integrated into molecular spintronic devices. Here we show that
a preferential orientation of Fe4 complexes on a gold surface can be achieved by chemical tailoring.
As a result, the most striking quantum feature of SMMs—their stepped hysteresis loop, which results
from resonant quantum tunnelling of the magnetization—can be clearly detected using synchrotron‐
based spectroscopic techniques. With the aid of multiple theoretical approaches, we relate the
angular dependence of the quantum tunnelling resonances to the adsorption geometry, and
demonstrate that molecules predominantly lie with their easy axes close to the surface normal. Our
findings prove that the quantum spin dynamics can be observed in SMMs chemically grafted to
surfaces, and offer a tool to reveal the organization of matter at the nanoscale.
•

Free‐standing mesoporous silica films with tunable chiral nematic structures
Shopsowitz, K. E.; Qi, H.; Hamad, W. Y.; MacLachlan, M. J. Nature 2010, 468, 422–425.
Abstract:
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Chirality at the molecular level is found in diverse biological structures, such as polysaccharides,
proteins and DNA, and is responsible for many of their unique properties. Introducing chirality into
porous inorganic solids may produce new types of materials that could be useful for chiral
separation, stereospecific catalysis, chiral recognition (sensing) and photonic materials. Template
synthesis of inorganic solids using the self‐assembly of lyotropic liquid crystals offers access to
materials with well‐defined porous structures, but only recently has chirality been introduced into
hexagonal mesostructures through the use of a chiral surfactant. Efforts to impart chirality at a larger
length scale using self‐assembly are almost unknown. Here we describe the development of a
photonic mesoporous inorganic solid that is a cast of a chiral nematic liquid crystal formed from
nanocrystalline cellulose. These materials may be obtained as free‐standing films with high surface
area. The peak reflected wavelength of the films can be varied across the entire visible spectrum and
into the near‐infrared through simple changes in the synthetic conditions. To the best of our
knowledge these are the first materials to combine mesoporosity with long‐range chiral ordering that
produces photonic properties. Our findings could lead to the development of new materials for
applications in, for example, tuneable reflective filters and sensors. In addition, this type of material
could be used as a hard template to generate other new materials with chiral nematic structures.
•

Conformations of high‐generation dendritic polyelectrolytes
Huißmann, S.; Likos, C. N.; Blaak, R. J. Mater. Chem. 2010, 20, 10486‐10494.
Abstract:

We perform monomer‐resolved computer simulations of high‐generation dendritic molecules,
varying the amount of charge and the spacer length between subsequent generations. Charged
entities (monomers and counterions) are simulated with the explicit Coulomb interaction, employing
the Ewald summation technique. We discover considerable stretching of the molecules with
increasing generation number and spacer length, whereas the effects of charging are less
pronounced on the overall size of the molecule than those of the former two parameters. For large
generations and spacer lengths, charging of the molecules leads to both the opening of large voids
within the dendrimer and to charge distributions that are nearly uniform along the molecule's extent.
These findings suggest both the possible usage of charge dendrimers as efficient encapsulating
agents and their character as realizations of model charged colloids with a uniform charge
distribution in their interior.
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Inflicting Controlled Nonthermal Damage to Subcellular Structures by Laser‐Activated Gold
Nanoparticles
Krpetić, Z.; Nativo, P.; Sée, V.; Prior, I. A.; Brust, M.; Volk, M. Nano Lett. 2010, 10, 4549–4554.
Abstract:

We show that low‐intensity laser irradiation of cancer cells containing endosomal gold nanoparticles
leads to endosome rupture and escape of the nanoparticles into the cytosol without affecting the
cells’ viability. The low light intensity of our experiments allows us to rule out photothermal effects
as the underlying mechanism, and we present results that suggest photoinduced radicals as the
photogenerated active species. This nonthermal mechanism may also be important in the context of
cell death at higher laser intensities, which had been reported previously.
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