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Ø MRS-S Activities: Past, Present and Future
The Materials Research Society of Singapore (MRS-S) organized six International and
four National Conferences in Singapore since 2001. The biennial 'International
Conference on Materials for Advanced Technologies (ICMAT)' series were held in 2001,
2003, 2005, 2007, 2009 and 2011.
The biennial National Conferences were held in 2004, 2006, 2008 and 2010.
MRS-S also sponsored/supported several other conferences, workshops, symposia and
public lectures. To reach out to the public, MRS-S has organized number of public lectures by Nobel Laureates and also an Astronaut.
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MRS-S also instituted several 'MRS-S Medals', 'Book Prizes' and 'Bursaries' for students
at the National University of Singapore (NUS), at the Nanyang Technological
University (NTU) and at the Republic Polytechnic, Singapore.
The International Conference of Young Researchers on Advanced Materials (ICYRAM2012) under the aegis of the International Union of Materials Research Societies
(IUMRS) will be organized by the MRS-S during 1-6 July, 2012 in Singapore.
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Year 2001: 1-6, July 2001; 16 Symposia; 10 Plenary Lectures; 4 Public Lectures by Nobel
Laureates; 1400 delegates; 18 Best Poster Awards; 36 Exhibitors.
Year 2003: 7-12, Dec., 2003; 16 Symposia; 9 Plenary Lectures; 2 Public Lectures by Nobel
Laureates; 1500 delegates; 19 Best Poster Awards ; 29 Exhibitors.
Year 2005: 3-8, July 2005; 25 Symposia; 9 Plenary Lectures; 2 Theme Lectures; 3 Public
Lectures by Nobel Laureates; 2200 Delegates; 28 Best Poster Awards ; 43 Exhibitors.
Year 2007: 1-6, July 2007; 18+6 Symposia; 9 Plenary Lectures; 2 Theme Lectures; 2 Public
Lectures by Nobel Laureates; 2300 Delegates; 25 Best Poster Awards; 41 Exhibitors.
Year 2009: 28 June -3, July 2009; 23 Symposia, 9 Plenary and 3 Theme Lectures, 3 Public
Lectures by Nobel Laureates; 2170 Participants; 37 Best Poster Awards; 43 Exhibitors.
Year 2011: 26 June -1, July 2011; 40 Symposia, 9 Plenary and 3 Theme Lectures; 2 Public
Lectures by Nobel Laureates; 3139 Papers; 3212 Participants from 64 countries; 48 Best
Poster Awards; 68 Exhibitors.
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KAUST: King Abdulla University of Science & Technology, Saudi Arabia

Year 2004: 6 Aug., 2004; 20 Invited Talks; 130 Poster
Papers; 4 Best Poster Awards.
Year 2006: 18–20, Jan., 2006; Includes the Symposium on Physics and Mechanic of Advanced Materials; 60 Invited Talks; 200 Poster Papers; 1 Public
Lecture; 5 Best Poster Awards.
Year 2008: Feb., 25–27, 2008. Incorporated the MRS-I
Mumbai (India)-Chapter Joint Indo-Singapore Meeting; 2 Keynote Talks, 60 Invited Talks; 211 Poster
Papers; 10 Best Poster Awards.
Year 2010: March, 17–19, 2010. 1 Keynote Talk, 26
Invited Talks; 137 Poster Papers; 7 Best Poster Awards.
Year 2012: March, 20–22, 2012. 2 Keynote Talks,
36 Invited Talks; 190 Poster Papers; 10 Best Poster
Awards.

Highlights of ACCMS-6 Conference
Jointly Organized by MRS-S in Singapore
Year 2011: Sept., 6–9, 2011.
Jointly organized by the
National University of Singapore (NUS), Materials
Research Society of Singapore (MRS-S), Institute of
High Performance Computing (IHPC), and Institute of
Advanced Studies (IAS) at the Nanyang Technological
University.
180 participants from 19 countries; 2 Plenary Talks;
1 ACCMS Award lecture; Several Invited Talks; 84
Poster Papers; 5 Best Poster Awards.
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Highlights of Recent Literature
(Contributed by the Editor)

Re-emerging Superconductivity at 48 K in
Iron Chalcogenides
Pressure has an essential role in the production and
control of superconductivity in iron-based superconductors. Substitution of a large cation by a smaller rareearth ion to simulate the pressure effect has raised the
superconducting transition temperature, Tc to a record
high of 55 K in these materials. In the same way as Tc
exhibits a bell-shaped curve of dependence on chemical doping, pressure-tuned Tc typically drops monotonically after passing the optimal pressure.
Here, Sun et al1 report that in the superconducting
iron chalcogenides, a second superconducting phase
suddenly re-emerges above 11.5 GPa, after the Tc
drops from the first maximum of 32 K at 1 GPa. The
Tc of the re-emerging superconducting phase is considerably higher than the first maximum, reaching 48.0–
48.7 K for (Tl0.6 Rb0.4 )Fe1.67 Se2 , (K0.8 )Fe1.7 Se2 and
(K0.8 )Fe1.78 Se2 .
Reference
1. L. Sun, X.-J. Chen, J. Guo, P. Gao, Q.-Z. Huang, H.
Wang, M. Fang, X. Chen, G. Chen, Q. Wu, C. Zhang,
D. Gu, X. Dong, L. Wang, K. Yang, A. Li, X. Dai, H.K. Mao and Z. Zhao, Nature 483(7387), 67–69 (2012) (1
March, Issue).

Imaging Ultrafast Molecular Dynamics with
Laser-Induced Electron Diffraction
Establishing the structure of molecules and solids has
always had an essential role in physics, chemistry and
biology. The methods of choice are X-ray and electron diffraction, which are routinely used to determine atomic positions with sub-Å spatial resolution.
Although both methods are currently limited to probing dynamics on timescales longer than a picosecond, the recent development of femtosecond sources
of X-ray pulses and electron beams suggests that they
might soon be capable of taking ultrafast snapshots
of biological molecules and condensed-phase systems
undergoing structural changes. The past decade has

also witnessed the emergence of an alternative imaging approach based on laser-ionized bursts of coherent
electron wave packets that self-interrogate the parent
molecular structure’.
Here, Blaga et al.1 show that this phenomenon can
indeed be exploited for laser-induced electron diffraction (LIED), to image molecular structures with sub-Å
precision and exposure times of a few femtoseconds.
The authors apply the method to oxygen and nitrogen
molecules, which on strong-field ionization at three
mid-infrared wavelengths (1.7, 2.0 and 2.3 µm) emit
photoelectrons with a momentum distribution from
which they extracted the diffraction patterns. The long
wavelength is essential for achieving atomic-scale spatial resolution, and the wavelength variation is equivalent to taking snapshots at different times. The authors
show that the method has the sensitivity to measure a
0.1 Å displacement in the oxygen bond length occurring in a time interval of ∼5 fs, which establishes LIED
as a promising approach for the imaging of gas-phase
molecules with unprecedented spatio-temporal resolution.

Highlights of Recent Literature
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Reference
1. C. I. Blaga, J. Xu, A. D. DiChiara, E. Sistrunk, K. Zhang,
P. Agostini, T. A. Miller, L. F. DiMauro and C. D. Lin,
Nature, 483(7388), 194–197 (2012) (8 March, Issue).

Laser Scribing of High-Performance and
Flexible Graphene-Based Electrochemical
Capacitors
Here, El-Kady et al.1 used a standard LightScribe
DVD optical drive to do the direct laser reduction of
graphite oxide films to graphene. The produced films
are mechanically robust, show high electrical conductivity (1738 S/ m) and specific surface area (1520 m2
/g), and can thus be used directly as electrochemical capacitor (EC)- electrodes without the need for
binders or current collectors, as is the case for conventional ECs. Devices made with these electrodes
exhibite ultrahigh energy density values in different
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electrolytes while maintaining the high power density and excellent cycle stability of ECs. The authors
state that, ‘these ECs maintain excellent electrochemical attributes under high mechanical stress and thus
hold promise for high-power, flexible electronics.’
Reference
1. M. F. El-Kady, V. Strong, S. Dubin and R. B. Kaner, Science, 335(6074), 1326–1330 (2012) (16 March Issue).

Scaling Hetero-Epitaxy from Layers to
Three-Dimensional Crystals
Quantum structures made from epitaxial semiconductor layers have revolutionized our understanding of
low-dimensional systems and are used for ultrafast
transistors, semiconductor lasers, and detectors. Strain
induced by different lattice parameters and thermal
properties offers additional degrees of freedom for tailoring materials, but often at the expense of dislocation
generation, wafer bowing, and cracks.
Here, Falub et al.1 eliminated these drawbacks
by fast, low-temperature epitaxial growth of Ge and
SiGe crystals onto µm-scale tall pillars etched into Si
(001) substrates. Faceted crystals were shown to be
strain- and defect-free by x-ray diffraction, electron
microscopy and defect etching. They formed spacefilling arrays up to tens of µms in height by a mechanism of self-limited lateral growth. The mechanism is
explained by reduced surface diffusion and flux shielding by nearest-neighbor crystals.
Reference
1. C. V. Falub, H. von Känel, F. Isa, R. Bergamaschini, A.
Marzegalli, D. Chrastina, G. Isella, E. Müller, P. Niedermann and L. Miglio, Science, 335 (6074), 1330-1334
(2012) (16 March Issue).

In their experiments on organic photovoltaic cells,
these states were accessed for a short time (< 1
picosecond) via infrared (IR) optical excitation of
electron-hole pairs bound at the heterojunction. Atomistic modeling showed that the IR photons promote
bound charge pairs to delocalized band states, similar
to those formed just after singlet exciton dissociation,
which indicates that such states act as the gateway for
charge separation. The results suggest that charge separation in efficient organic photoconversion systems
occurs through hot-state charge delocalization rather
than energy-gradient–driven intermolecular hopping.
Reference
1. A. A. Bakulin, A. Rao, V. G. Pavelyev, P. H. M. van Loosdrecht, M. S. Pshenichnikov, D. Niedzialek, J. Cornil, D.
Beljonne and R. H. Friend, Science, 335 (6074), 13401344 (2012) (16 March Issue).

Experimental Realization of a Magnetic
Cloak
Invisibility to electromagnetic fields has become an
exciting theoretical possibility. However, the experimental realization of electromagnetic cloaks has only
been achieved starting from simplified approaches (for
instance, based on ray approximation, canceling only
some terms of the scattering fields, or hiding a bulge in
a plane instead of an object in free space).
Here, Gömöry et al.1 demonstrate, directly from
Maxwell equations, that a specially designed cylindrical superconductor-ferromagnetic bilayer can exactly
cloak uniform static magnetic fields, and they experimentally confirmed this effect in an actual setup comprising a HTSC superconductor and ferromagnetic
alloy, FeNiCr for fields of 40 mT and at liquid-nitrogen
temperatures (77 K).
Reference

The Role of Driving Energy and Delocalized
States for Charge Separation in Organic
Semiconductors
The electron-hole pair created via photon absorption in
organic photoconversion systems must overcome the
Coulomb attraction to achieve long-range charge separation. Here, Bakulin et al.1 show that this process is
facilitated through the formation of excited, delocalized band states.
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1. F. Gömöry, M. Solovyov, J. Šouc, C. Navau, J. PratCamps and A. Sanchez, Science, 335(6075), 1466–1468
(2012) (23 March Issue).

Renewable Cathode Materials from
Biopolymer/Conjugated Polymer
Interpenetrating Networks
Renewable and cheap materials in electrodes could
meet the need for low-cost, intermittent electrical
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Reference
1. G. Milczarek and O. Inganäs, Science, 335(6075), 1468–
1471 (2012) (23 March Issue).

Energy Capture from Thermolytic Solutions
in Microbial Reverse-Electrodialysis Cells
Reverse electrodialysis allows for the capture of energy
from salinity gradients between salt and fresh waters,
but potential applications are currently limited to
coastal areas and the need for a large number of membrane pairs. Using salt solutions that could be continuously regenerated with waste heat (≥ 40◦ C) and conventional technologies would allow much wider applications of salinity-gradient power production.
Here, Cusick et al.1 used reverse electrodialysis
ion-exchange membrane stacks in microbial reverseelectrodialysis cells to efficiently capture salinitygradient energy from ammonium bicarbonate salt
solutions. The maximum power density using acetate
reached 5.6 W/m2 of cathode surface area, which was
five times that produced without the dialysis stack, and
3.0 ± 0.05 W/m2 with domestic wastewater. Maximum
energy recovery with acetate reached 30 ± 0.5%.
Reference
1. R. D. Cusick, Y. Kim and B. E. Logan, Science,
335(6075), 1474–1477 (2012) (23 March Issue).

Designer Dirac Fermions and Topological
Phases in Molecular Graphene

that behave relativistically within solid-state materials.
Both massless and massive Dirac fermions have been
studied and proposed in a growing class of Dirac materials that includes bilayer graphene, surface states of
topological insulators and iron-based high-temperature
superconductors.
Here, Gomes et al.1 report the emergence of Dirac
fermions in a fully tunable condensed-matter system — molecular graphene — assembled by atomic
manipulation of carbon monoxide molecules over a
conventional two-dimensional electron system at a
copper surface.
Using low-temperature scanning tunnelling
microscopy and spectroscopy, we embed the symmetries underlying the two-dimensional Dirac equation
into electron lattices, and then visualize and shape
the resulting ground states. These experiments show
the existence within the system of linearly dispersing, massless quasi-particles accompanied by a density of states characteristic of graphene. The authors
also tuned the quantum tunneling between lattice sites
locally to adjust the phase accrual of propagating electrons. Spatial texturing of lattice distortions produces
atomically sharp p–n and p–n–p junction devices with
two-dimensional control of Dirac fermion density and
the power to endow Dirac particles with mass. They
also apply scalar and vector potentials locally and globally to engender topologically distinct ground states
and, ultimately, embedded gauge fields, wherein Dirac
electrons react to ‘pseudo’ electric and magnetic fields
present in their reference frame but absent from the
laboratory frame. Finally, they demonstrate that Landau levels created by these gauge fields can be taken to
the relativistic magnetic quantum limit, which has so
far been inaccessible in natural graphene. The authors
state that, ‘molecular graphene provides a versatile
means of synthesizing exotic topological electronic
phases in condensed matter using tailored nanostructures.’

Highlights of Recent Literature

energy storage in a renewable energy system if sufficient charge density is obtained. Brown liquor, the
waste product from paper processing, contains lignin
derivatives.
Here, Milczarek and Inganäs demonstrate that
polymer cathodes can be prepared by electrochemical oxidation of pyrrole to polypyrrole in solutions
of lignin derivatives. The quinone group in lignin is
used for electron and proton storage and exchange during redox cycling, thus combining charge storage in
lignin and polypyrrole in an interpenetrating polypyrrole/lignin composite.
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Reference
1. K. K. Gomes, W. Mar, W. Ko, F. Guinea and H.
C. Manoharan,Nature, 483(7389), 306–310 (2012) (15
March, Issue).

The observation of massless Dirac fermions in monolayer graphene has generated a new area of science
and technology seeking to harness charge carriers
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Quantum Plasmon Resonances of
Individual Metallic Nanoparticles
The plasmon resonances of metallic nanoparticles have
received considerable attention for their applications
in nanophotonics, biology, sensing, spectroscopy and
solar energy harvesting.
Here, Scholl et al.1 investigated the plasmon resonances of individual ligand-free silver nanoparticles using aberration-corrected transmission electron
microscope (TEM) imaging and monochromated scanning TEM electron energy-loss spectroscopy (EELS).
This technique allows direct correlation between a particle’s geometry and its plasmon resonance. As the
nanoparticle diameter decreases from 20 nm to less
than 2 nm, the plasmon resonance shifts to higher
energy by 0.5 eV, a substantial deviation from classical predictions. The authors present an analytical quantum mechanical model that describes this shift due to a
change in particle permittivity. Their results highlight
the quantum plasmonic properties of small metallic
nanospheres, with direct application to understanding
and exploiting catalytically active and biologically relevant nanoparticles.
Reference
1. J. A. Scholl, A. L. Koh and J. A. Dionne, Nature,
483(7390), 421–427 (2012) (22 March, Issue).

Electron Tomography at 2.4-Å Resolution
Here, Scott et al.1 report the experimental demonstration of a general electron tomography method
that achieves atomic-scale resolution without initial
assumptions about the sample structure. By combining a novel projection alignment and tomographic
reconstruction method with scanning transmission
electron microscopy, they have determined the threedimensional (3D) structure of an approximately 10 nm
gold nanoparticle at 2.4-Å resolution. Although the
authors could not definitively locate all of the atoms
inside the nanoparticle, individual atoms are observed
in some regions of the particle and several grains
are identified in three dimensions. The 3D surface
morphology and the internal lattice structure revealed
are consistent with a distorted icosahedral multiplytwinned particle. The authors state that, ‘they anticipate that this general method can be applied not only to
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determine the 3D structure of nanomaterials at atomicscale resolution, but also to improve the spatial resolution and image quality in other tomography fields.’
Reference
1. M. C. Scott, C.-C. Chen, M. Mecklenburg, C. Zhu, R. Xu,
P. Ercius, U. Dahmen, B. C. Regan and J. Miao, Nature,
483(7390), 444–447 (2012) (22 March, Issue).

The Coexistence of Superconductivity and
Topological Order in the Bi2 Se3 Thin Films
Three-dimensional topological insulators (TIs) are
characterized by their nontrivial surface states, in
which electrons have their spin locked at a right
angle to their momentum under the protection of timereversal symmetry. The topologically ordered phase
in TIs does not break any symmetry. The interplay
between topological order and symmetry breaking,
such as that observed in superconductivity, can lead to
new quantum phenomena and devices.
Here, Wang et al.1 fabricated a superconducting
TI/superconductor heterostructure by growing dibismuth triselenide (Bi2 Se3 ) thin films on superconductor niobium diselenide substrate. Using scanning
tunneling microscopy and angle-resolved photoemission spectroscopy, they observed the superconducting
gap at the Bi2 Se3 surface in the regime of Bi2 Se3 film
thickness where topological surface states form. The
authors state that, ‘this observation lays the groundwork for experimentally realizing Majorana fermions
in condensed matter physics.’
Reference
1. M.-X. Wang, C. Liu, J.-P. Xu, F. Yang, L. Miao, M.-Y.
Yao, C. L. Gao, C. Shen, X. Ma, X. Chen, Z.-A. Xu, Y.
Liu, S.-C. Zhang, D. Qian, J.-F. Jia and Q.-K. Xue, Science, 336(6077), 52–55 (2012) (6 April Issue).

Mechanical Writing of Ferroelectric
Polarization
Ferroelectric materials are characterized by a permanent electric dipole that can be reversed through the
application of an external voltage, but a strong intrinsic
coupling between polarization and deformation also
causes all ferroelectrics to be piezoelectric, leading to
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Seki et al.1 report the experimental discovery of magnetoelectric skyrmions in an insulating chiral-lattice
magnet Cu2 OSeO3 through Lorentz transmission electron microscopy and magnetic susceptibility measurements. They find that the skyrmion can magnetically
induce electric polarization. The authors state that,
‘the observed magnetoelectric coupling may potentially enable the manipulation of the skyrmion by an
external electric field without losses due to joule heating.’
Reference

Reference
1. H. Lu, C.-W. Bark, D. Esque de los Ojos, J. Alcala, C. B.
Eom, G. Catalan, and A. Gruverman, Science, 336(6077),
59–61 (2012) (6 April Issue).

High-Resolution EM of Colloidal
Nanocrystal Growth Using Graphene
Liquid Cells
Here, Yuk et al.1 introduce a new type of liquid cell
for in situ transmission electron microscopy (TEM)
based on entrapment of a liquid film between layers of
graphene. The graphene liquid cell facilitates atomiclevel resolution imaging while sustaining the most realistic liquid conditions achievable under electron-beam
radiation. The authors employ this cell to explore the
mechanism of colloidal platinum nanocrystal growth.
Direct atomic-resolution imaging allowed them to
visualize critical steps in the process, including siteselective coalescence, structural reshaping after coalescence, and surface faceting.

1. S. Seki, X. Z. Yu, S. Ishiwata and Y. Tokura, Science,
336(6078), 198–201 (2012) (13 April Issue).

Topological Transitions in Metamaterials
Light-matter interactions can be controlled by manipulating the photonic environment. Krishnamoorthy
et al.1 uncovered an optical topological transition in
strongly anisotropic metamaterials that results in a dramatic increase in the photon density of states — an
effect that can be used to engineer this interaction.
The authors describe a transition in the topology of
the iso-frequency surface from a closed ellipsoid to an
open hyperboloid by use of artificially nanostructured
metamaterials. They show that this topological transition manifests itself in increased rates of spontaneous
emission of emitters positioned near the metamaterial.
The authors state that, ‘altering the topology of the isofrequency surface by using metamaterials provides a
fundamentally new route to manipulating light-matter
interactions.’

Highlights of Recent Literature

applications in sensors and high-displacement actuators. A less explored property is flexoelectricity, the
coupling between polarization and a strain gradient.
Here, Lu et al.1 demonstrate that the stress gradient generated by the tip of an atomic force microscope can mechanically switch the polarization in the
nanoscale volume of a ferroelectric film. The authors
state that, ‘pure mechanical force can therefore be used
as a dynamic tool for polarization control and may
enable applications in which memory bits are written
mechanically and read electrically.’

Volume 7 • No.1 • July–September, 2012

Reference
Reference
1. J. M. Yuk, J. Park, P. Ercius, K. Kim, D. J. Hellebusch,
M. F. Crommie, J. Y. Lee, A. Zettl, and A. P. Alivisatos,
Science, 336(6077), 61–64 (2012) (6 April Issue).

1. H. N. S. Krishnamoorthy, Z. Jacob, E. Narimanov, I. Kretzschmar and V. M. Menon,Science, 336(6078), 205–209
(2012) (13 April Issue).

Observation of Skyrmions in a Multiferroic
Material

Ferroelectric Columnar Liquid Crystal
Featuring Confined Polar Groups Within
Core–Shell Architecture

A magnetic skyrmion is a topologically stable particlelike object that appears as a vortex-like spin texture at the nanometer scale in a chiral-lattice magnet.
Skyrmions have been observed in metallic materials,
where they are controllable by electric currents. Here,

Ferroelectric liquid crystals are materials that have a
remnant and electrically invertible polar order. Columnar liquid crystals with a ferroelectric nature have
potential use in ultrahigh-density memory devices, if
electrical polarization occurs along the columnar axis.
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However, columnar liquid crystals having an axial nonzero polarization at zero electric field and its electrical
invertibility have not been demonstrated.
Here, Miyajima, et al.1 report a ferroelectric
response for a columnar liquid crystal adopting a core–
shell architecture that accommodates an array of polar
cyano groups confined by a hydrogen-bonded amide
network with an optimal strength. Under an applied
electric field, both columns and core cyano groups
align unidirectionally, thereby developing an extremely
large macroscopic remnant polarization.

Reference
1. D. Miyajima, F. Araoka, H. Takezoe, J. Kim, K. Kato, M.
Takata and T. Aida,Science, 336(6078), 209–213 (2012)
(13 April Issue).

A Universal Method to Produce Low–Work
Function Electrodes for Organic
Electronics
Organic and printed electronics technologies require
conductors with a work function (WF) that is sufficiently low to facilitate the transport of electrons in
and out of various optoelectronic devices. Here, Zhou
et al.1 show that surface modifiers based on polymers
containing simple aliphatic amine groups substantially
reduce the WF of conductors including metals, transparent conductive metal oxides, conducting polymers,
and graphene. The reduction arises from physisorption of the neutral polymer, which turns the modified
conductors into efficient electron-selective electrodes
in organic optoelectronic devices. These polymer surface modifiers are processed in air from solution, providing an appealing alternative to chemically reactive
low–WF metals. The authors state that, ‘their use can
pave the way to simplified manufacturing of low-cost
and large-area organic electronic technologies.’

Reference
1. Y. Zhou, C. Fuentes-Hernandez, J. Shim, J. Meyer, A. J.
Giordano, H. Li, P. Winget, T. Papadopoulos, H. Cheun,
J. Kim, M. Fenoll, A. Dindar, W. Haske, E. Najafabadi,
T. M. Khan, H. Sojoudi, S. Barlow, S. Graham, J.-L.
Brédas, S. R. Marder, A. Kahn and B. Kippelen, Science,
336(6079), 327–332 (2012) (20 April Issue).
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Sub-10 nm Carbon Nanotube Transistor
Although carbon nanotube (CNT) transistors have
been promoted for years as a replacement for silicon technology, there is limited theoretical work and
no experimental reports on how nanotubes will perform at sub-10 nm channel lengths. Here, Franklin
et al.1 demonstrate the first sub-10 nm CNT transistor,
which is shown to outperform the best competing silicon devices with more than four times the diameternormalized current density (2.41 mA/µm) at a low
operating voltage of 0.5 V. The nanotube transistor
exhibits an impressively small inverse sub-threshold
slope of 94 mV/decade — nearly half of the value
expected from a previous theoretical study. Numerical
simulations show the critical role of the metal–CNT
contacts in determining the performance of sub-10 nm
channel length transistors, signifying the need for more
accurate theoretical modeling of transport between the
metal and nanotube. The authors state that, ‘the superior low-voltage performance of the sub-10 nm CNT
transistor proves the viability of nanotubes for consideration in future aggressively scaled transistor technologies.’
Reference
1. A. D. Franklin, M. Luisier, S.-J. Han, G. Tulevski, C. M.
Breslin, L. Gignac, M. S. Lundstrom and W. Haensch,
Nano Lett., 12(2), 758–762 (2012).

Silicene: Compelling Experimental
Evidence for Graphenelike
Two-Dimensional Silicon
Because of its unique physical properties, graphene,
a two dimensional (2D) honeycomb arrangement of
carbon atoms, has attracted tremendous attention. Silicene, the graphene equivalent for silicon, could follow
this trend, opening new perspectives for applications,
especially due to its compatibility with Si-based electronics. Silicene has been theoretically predicted as a
buckled honeycomb arrangement of Si atoms and having an electronic dispersion resembling that of relativistic Dirac fermions.
Here, Vogt et al.1 provide compelling evidence,
from both structural and electronic properties, for the
synthesis of epitaxial silicene sheets on a silver (111)
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Reference
1. P. Vogt, P. De Padova, C. Quaresima, J. Avila, E.
Frantzeskakis, M. C. Asensio, A. Resta, B. Ealet and G.
Le Lay, Phys. Rev. Lett., 108, 155501 (2012) (5 pages).

Light-Induced Liquid Crystallinity
Liquid crystals are traditionally classified as thermotropic, lyotropic or polymeric, based on the stimulus that governs the organization and order of the
molecular system. The most widely known and applied
class of liquid crystals are a subset of thermotropic
liquid crystals known as calamitic, in which adding
heat can result in phase transitions from or into the
nematic, cholesteric and smectic mesophases. Photoresponsive liquid-crystal materials and mixtures can
undergo isothermal phase transitions if light affects the
order parameter of the system within a mesophase sufficiently. A direct, photo-induced transition from the

isotropic to the nematic phase has been observed in a
mixture of spiropyran molecules and a nematic liquid
crystal.
Here, Kosa et al.1 report a class of naphthopyranbased materials that exhibit photo-induced conformational changes in molecular structure capable of
yielding order-increasing phase transitions. Appropriate functionalisation of the naphthopyran molecules
leads to an exceedingly large order parameter in the
open form, which results in a clear to strongly absorbing dichroic state. The authors state that, ‘the increase
in order with light exposure has profound implications in optics, photonics, lasing and displays and will
merit further consideration for applications in solar
energy harvesting. The large, photo-induced dichroism
exhibited by the material system has been long sought
in ophthalmic applications such as photochromic and
polarized variable transmission sunglasses’.

Highlights of Recent Literature

substrate, through the combination of scanning tunneling microscopy and angular-resolved photoemission
spectroscopy in conjunction with calculations based on
density functional theory.
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1

Graphene-Based Semiconductor
Photocatalysts
By Q. Xiang, J. Yu and M. Jaroniec, Chem. Soc.
Rev.,
41(2), 782–796 (2012).
Abstract
Graphene, a single layer of graphite, possesses a
unique two-dimensional structure, high conductivity,
superior electron mobility and extremely high specific surface area, and can be produced on a large
scale at low cost. Thus, it has been regarded as
an important component for making various functional composite materials. Especially, graphene-based
semiconductor photocatalysts have attracted extensive
attention because of their usefulness in environmental
and energy applications.
This review summarizes the recent progress in the
design and fabrication of graphene-based semiconductor photocatalysts via various strategies including
in situ growth, solution mixing, hydrothermal and/or
solvothermal methods. Furthermore, the photocatalytic
properties of the resulting graphene-based composite
systems are discussed in relation to the environmental
and energy applications such as photocatalytic degradation of pollutants, photocatalytic hydrogen generation and photocatalytic disinfection. The article ends
with a summary and some perspectives on the challenges and new directions in this emerging area of
research. 158 References.
2

A Review of Electrode Materials for
Electrochemical Supercapacitors
By G. Wang, L. Zhang and J. Zhang, Chem. Soc.
Rev.,
41(2), 797–828 (2012).

Abstract
In this article, metal oxides-based materials for electrochemical supercapacitor (ES) electrodes are reviewed
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in detail together with a brief review of carbon
materials and conducting polymers. Their advantages,
disadvantages, and performance in ES electrodes are
discussed through extensive analysis of the literature, and new trends in material development are also
reviewed. Two important future research directions are
indicated and summarized, based on results published
in the literature: the development of composite and
nanostructured ES materials to overcome the major
challenge posed by the low energy density of ES.
476 References.
3

Dynamic Combinatorial Chemistry as
a Tool for the Design of Functional
Materials and Devices
By E. Moulin, G. Cormos and N. Giuseppone,
Chem. Soc. Rev.,
41(3), 1031–1049 (2012).

Abstract
This review presents emerging lines of investigations
directed towards the development of dynamic combinatorial materials and devices. These can be defined
as multi-component chemical systems which, thanks
to the reversibility of their interconnections within
networks of competing reactions, and thanks to their
sensitivity to environmental parameters, aim at performing modular functional tasks by responding to
external stimuli. The behavior of such dynamic materials is by essence more complex than the one produced by their static or single-component counterparts
and as such, they hold higher potentialities in terms
of information processing and functionality tuning.
Key examples are selected to illustrate the variety of
their chemical nature and physical properties which
can be implemented for the fabrication of devices as
diverse as sensors, ion channels, self-healable materials, mesophases for the controlled release of bioactive compounds, or dynamic functional nanostructures.
84 References.
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Charge Transfer in Organic Molecules
for Solar Cells: Theoretical
Perspective
By Y. Zhao and W. Z. Liang, Chem. Soc. Rev.,
41(3), 1075–1087 (2012).

Abstract
This review primarily illustrates rate theories for
charge transfer and separation in organic molecules
for solar cells. Starting from the Fermi’s golden rule
for weak electronic coupling, the authors display the
microcanonical and canonical rates, as well as the
relationship with the Marcus formula. The fluctuation
effect of bridges on the rate is further emphasized.
Then, several rate approaches beyond the perturbation
limit are revealed. Finally, the authors discuss the electronic structure theory for calculations of the electronic
coupling and reorganization energy that are two key
parameters in charge transfer, and show several applications. 55 References.
5

Layered Nanocomposites Inspired by
the Structure and Mechanical
Properties of Nacre
By J. Wang, Q. Cheng and Z. Tang, Chem. Soc.
Rev.,
41(3), 1111–1129 (2012).

Abstract
Nacre (mother-of-pearl), made of inorganic and
organic constituents (95 vol % aragonite calcium
carbonate (CaCO3 ) platelets and 5 vol % elastic
biopolymers), possesses a unique combination of
remarkable strength and toughness, which is compatible for conventional high performance materials.
The excellent mechanical properties are related to its
hierarchical structure and precisely designed organic–
inorganic interface. The rational design of aragonite
platelet strength, aspect ratio of aragonite platelets, and
interface strength ensures that the strength of nacre
is maximized under platelet pull-out failure mode. At
the same time, the synergy of strain hardening mechanisms acting over multiple scales results in platelets
sliding on one another, and thus maximizes the energy

dissipation of viscoplastic biopolymers. The excellent integrated mechanical properties with hierarchical
structure have inspired chemists and materials scientists to develop biomimetic strategies for artificial
nacre materials.
This review presents a broad overview of the
state-of-the-art work on the preparation of layered
organic–inorganic nanocomposites inspired by nacre,
in particular, the advantages and disadvantages of various biomimetic strategies. Discussion is focused on the
effect of the layered structure, interface, and component loading on strength and toughness of nacre-mimic
layered nanocomposites. 148 References.
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6

Oil–Water Interfacial Self-Assembly: A
Novel Strategy for Nanofilm and
Nanodevice Fabrication
By L. Hu, M. Chen, X. Fang and L. Wu, Chem.
Soc. Rev.,
41(3), 1350–1362 (2012).

Abstract
How to integrate individual nanostructures into macroscopic thin films has become one of the most intriguing
fields in nanoscience and nanotechnology due to the
unique properties and important applications of these
functional films. Since being discovered in 2004, oil–
water interfacial self-assembly of nanostructures has
become a novel strategy for fabrication of nanofilms. It
is a powerful bottom-up approach for film fabrication
due to the low cost and high efficiency, and is simple
and universal for almost all low-dimensional nanostructures.
This article provides a review of the state-ofthe-art research activities in this burgeoning selfassembly strategy. The authors first discuss the
thermodynamic mechanism of the oil–water interfacial self-assembly, then the self-assembly of various
low-dimensional nanostructures including nanoparticles, one-dimensional (1D) nanostructures, twodimensional (2D) nanostructures at an oil–water
interface developed so far to fabricate high-quality
nanofilms. Finally, they present some progress on
the construction of functional nanofilm-based nanodevices from this novel strategy based on the authors’
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researches. The review concludes with critical comments on advantages and the experimental challenges,
and further proposes the future research and development of this self-assembly strategy for nanodevice construction. 105 References.
7
Plasmonic Solar Water Splitting
By S. C. Warren and E. Thimsen, Energy &
Environ. Sci.,
5(1), 5133–5146 (2012).

Abstract

9

The study of the optoelectronic effects of plasmonic
metal nanoparticles on semiconductors has led to compelling evidence for plasmon-enhanced water splitting.
The authors review the relevant physics, device geometries, and research progress in this area. They also focus
on localized surface plasmons and their effects on
semiconductors, particularly in terms of energy transfer, scattering, and hot electron transfer. 77 References.

Abstract

8

Perspectives on Thermoelectrics:
From Fundamentals to Device
Applications
By M. Zebarjadi, K. Esfarjani, M. S. Dresselhaus,
Z. F. Ren and G. Chen, Energy & Environ. Sci.,
5(1), 5147–5162 (2012).

Abstract
This review is an update of a previous review (A. J.
Minnich, et al., Energy Environ. Sci., 2009, 2, 466)
published two years ago by some of the co-authors,
focusing on progress made in thermoelectrics over the
past two years on charge and heat carrier transport,
strategies to improve the thermoelectric figure of merit,
with new discussions on device physics and applications, and assessing challenges on these topics.
Understanding of phonon transport in bulk materials has advanced significantly as the first-principles
calculations are applied to thermoelectric materials,
and experimental tools are being developed. Some
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new strategies have been developed to improve electron transport in thermoelectric materials. Fundamental questions on phonon and electron transport across
interfaces and in thermoelectric materials remain. With
thermoelectric materials reaching high ZT values well
above one, the field is ready to take a step forward
and go beyond the materials’ figure of merit. Developing device contacts and module fabrication techniques,
developing a platform for efficiency measurements,
and identifying applications are becoming increasingly
important for the future of thermoelectrics. 77 References.
Understanding and Recent
Development of Carbon Coating on
LiFePO4 Cathode Materials for
Lithium-Ion Batteries
By J. Wang and X. Sun, Energy & Environ. Sci.,
5(1), 5163–5185 (2012).

Olivine-structured LiFePO4 has been the focus of
research in developing low cost, high performance
cathode materials for lithium ion batteries. Various processes have been developed to synthesize LiFePO4 or
C/LiFePO4 (carbon coating on LiFePO4 ), and some of
them are being used to mass produce C/LiFePO4 at
the commercial or pilot scale. Due to the low intrinsic electronic and ionic conductivities of LiFePO4 , the
decrease of particle size and the nano-layer of carbon
coating on LiFePO4 particle surfaces are necessary to
achieve a high electrochemical performance. Significant progress has been made in understanding and controlling phase purity, particle size and carbon coating
of the C/LiFePO4 composite material in the past. However, there are still many challenges in achieving a high
quality product with high consistency.
In this review, the authors summarize some of the
recent progress and advances based on selected reports
from peer-reviewed journal publications. Several typical synthesis methods and the effect of carbon coating quality on the properties of C/LiFePO4 composite
are reviewed. An insight into the future research and
further development of C/LiFePO4 composite is also
discussed. 223 References.
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Analysis of the Operation of Thin
Nanowire Photoelectrodes for Solar
Energy Conversion
By J. M. Foley, M. J. Price, J. I. Feldblyum and S.
Maldonado, Energy & Environ. Sci.,
5(1), 5203–5220 (2012).

11

Role of Solid Oxide Fuel Cells in a
Balanced Energy Strategy
By E. D. Wachsman, C. A. Marlowe and K. T. Lee,
Energy & Environ. Sci.,
5(2), 5498–5509 (2012).
Abstract

Abstract
The solar energy conversion properties of thin Si and
GaP nanowire photoelectrodes in photoelectrochemical cells have been examined through sets of finiteelement simulations.
A discussion describing the motivation behind
nanostructured, high aspect ratio semiconductor photoelectrode designs and a brief survey of current
experimental results reported for nanostructured semiconductor photoelectrodes in photoelectrochemical
cells are presented first. An analysis is then shown that
outlines the primary recombination pathways governing the steady-state current-potential behaviors of thin,
cylindrical nanowire photoelectrodes, with explicit
expressions detailing the differences between planar
and cylindrical photoelectrodes arising from the solution of carrier fluxes in planar and cylindrical geometries. Results from finite-element simulations used to
model the key features of thin nanowire photoelectrodes under low-level injection conditions are shown
that illustrate which recombination pathway(s) is operative under various experimental conditions. Specifically, the respective effects of non-uniform doping,
tapering along the length, variation in charge carrier mobilities and lifetimes, changes in nanowire
radius, and changes in the density of surface defects
on the observable photocurrent-potential responses are
reported. These cumulative results serve as guides
for future experimental work aimed at improving
the attainable solar energy conversion efficiencies
of doped semiconductor nanowire photoelectrodes.
Lastly, separate simulations that model lightly doped
nanowire photoelectrodes under high-level injection
conditions are discussed. These results suggest discrete, ohmic-selective contacts may afford a way to circumvent the stringent doping requirements discussed
herein for thin nanowire photoelectrodes. 136 References.

The 2012 Department of Energy (DOE) budget request
significantly reduces fuel cell RD&D funding and
would cease to support the Solid State Energy Conversion Alliance (SECA), DOE’s solid oxide fuel cell
(SOFC) program. This would be a grave mistake
considering the US’s historic dominance in fuel cell
RD&D, exciting recent technological advancements in
fuel cells, and clear positive market signals around the
globe.
Here, the authors discuss DOE’s energy RD&D
policy, how SOFCs address every key DOE strategy,
and why recent advances should make SOFCs an integral part of the US energy RD&D policy. Moreover,
they compare the prospects of low temperature SOFCs
with the more common proton exchange membrane
fuel cell (PEMFC) in the absence of a hydrogen infrastructure. 58 References.
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Recent Advances in
Micro-/Nano-Structured Hollow
Spheres for Energy Applications:
From Simple to Complex Systems
By X. Lai, J. E. Halpert and D. Wang, Energy &
Environ. Sci.,
5(2), 5604–5618 (2012).

Abstract
Hollow micro-/nano-structured materials are now playing an important role in cutting edge innovations
for energy conversion and storage technologies such
as solar cells, fuel cells, lithium ion batteries and
super capacitors. These materials show great promise
in addressing growing environmental concerns for
cleaner power sources at a time of increasing global
demand for energy.
In this article, the authors show that complex multishelled micro-/nano-materials show significant material advantages in many applications over conventional
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simple hollow structures. They also summarize the
vast array of synthetic strategies used to create multishelled hollow structures, and discuss the possible
application of these novel materials for power generation and storage. Finally, the emergent challenges and
future developments of multi-shelled hollow structures
are discussed. 128 References.
13

Highly Porous Chemically Modified
Carbon Cryogels and Their Coherent
Nanocomposites for Energy
Applications
By S. L. Candelaria, R. Chen, Y.-H. Jeong and G.
Cao, Energy & Environ. Sci.,
5(2), 5619–5637 (2012).

Abstract
Highly porous carbon cryogels with tunable pore
structure and chemical composition were synthesized
through controlled hydrolysis and polycondensation
reactions using different chemicals as precursors and
either NaOH or hexamine (C6 N12 N4 ) as catalysts.
Gelation was followed with freeze drying to preserve
the highly porous structure during solvent removal and
controlled pyrolysis of the organic hydrogels and subsequent optional activation was performed. In addition, two different approaches were taken to modify
the surface chemistry of porous carbon to introduce
nitrogen or nitrogen-boron, leading to different porous
structures and surface chemistry, as well as electrochemical properties. These carbon cryogels have been
characterized and studied for energy storage applications. Specifically, they have been investigated as electrodes for electric double layer supercapacitors, high
energy and high power density lithium-ion batteries
with vanadium pentoxide deposited inside the pores,
porous media for natural gas (methane) storage at
reduced pressure, and scaffolds for hydride nanocomposites for greatly improved hydrogen storage. The
relationship between processing conditions, chemical
composition, pore structure, and energy storage properties are discussed. 170 References.
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14 Morphology of All-polymer Solar Cells
By C. R. McNeill, Energy & Environ. Sci.
5(2), 5653–5667 (2012).

Abstract
The blending of two semiconducting polymers with
offset energy levels enables efficient charge generation in thin-film ‘all-polymer’ solar cells. A key
requirement for efficient charge separation and collection is the formation of interconnected phase-separated
domains structured on the sub-20 nm length-scale.
This article provides an overview of recent
advances in the characterization of conjugated polymer blend nanostructure and developments in the linking of blend structure and device performance. This
review also provides a general introduction to the
polymer physics behind phase separation, experimental techniques used for characterizing blend structure
and novel ways to control nanomorphology. 101 References.
15

Na-ion Batteries, Recent Advances
and Present Challenges to Become
Low Cost Energy Storage Systems
By V. Palomares, P. Serras, I. Villaluenga, K. B.
Hueso, J. Carretero-González and T. Rojo, Energy
& Environ. Sci.
5(3), 5884–5901 (2012).

Abstract
Energy production and storage have become key issues
concerning our welfare in daily life. Present challenges
for batteries are twofold. In the first place, the increasing demand for powering systems of portable electronic devices and zero-emission vehicles stimulates
research towards high energy and high voltage systems. In the second place, low cost batteries are
required in order to advance towards smart electric
grids that integrate discontinuous energy flow from
renewable sources, optimizing the performance of
clean energy sources. Na-ion batteries can be the key
for the second point, because of the huge availability of
sodium, its low price and the similarity of both Li and
Na insertion chemistries. In spite of the lower energy
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Recent Advances in Hybrid
Photocatalysts for Solar Fuel
Production
By P. D. Tran, L. H. Wong, J. Barber and J. S. C.
Loo, Energy & Environ. Sci.,
5(3), 5884–5901 (2012).

(dyes). It is concluded that all-inorganic catalysts coupled to appropriate semiconductors look more promising for the construction of robust photocatalytic hybrid
systems for producing solar fuels. 183 References.
17

Carbon Nanotubes and Organic Solar
Cells
By S. Cataldo, P. Salice, E. Menna and B.
Pignataro, Energy & Environ. Sci.,
5(3), 5919–5940 (2012).

Review Articles

density and voltage of Na-ion based technologies, they
can be focused on applications where the weight and
footprint requirement is less drastic, such as electrical
grid storage. Much work has to be done in the field
of Na-ion in order to catch up with Li-ion technology.
Cathodic and anodic materials must be optimized, and
new electrolytes will be the key point for Na-ion success.
This review will gather the up-to-date knowledge
about Na-ion battery materials, with the aim of providing a wide view of the systems that have already been
explored and a starting point for the new research on
this battery technology. 102 References.
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Abstract
The use of carbon nanotubes (CNTs) in photovoltaics
is still challenging due to different issues connected
to their synthesis, purification, functionalization, processing and device integration. From this perspective at
first the authors review on selected contributions dealing with the above issues and then focus on the advantages and limitations of CNTs for the development of
organic solar cells. 282 References.
18

Abstract
Converting solar energy into fuel via photo-assisted
water splitting to generate hydrogen or drive CO2
reduction is an attractive scientific and technological goal to address the increasing global demand for
energy and to reduce the impact of energy production
on climate change. Engineering an efficient, low-cost
photocatalyst is necessary to achieve this technological goal. A photocatalyst combines a photosensitiser
and an electrocatalyst to capture light and accelerate
the chemical reactions in the same device.
In this review, the authors first describe the recent
developments of some families of semiconductors that
are attractive candidates for engineering photocatalysts. They then discuss the use of semiconductors as
light harvesting agents, combined with a bio-catalyst,
synthetic bio-mimetic molecular catalyst or synthetic
all-inorganic catalyst, in photocatalytic hybrid systems
for water splitting and CO2 reduction. To highlight the
advantages of semiconductors for engineering efficient
and robust photocatalysts, the authors compare these
systems to examples of homogeneous photocatalytic
systems constructed from molecular photosensitisers

Electrolyte Roadblocks to a
Magnesium Rechargeable Battery
By J. Muldoon, C. B. Bucur, A. G. Oliver, T.
Sugimoto, M. Matsui, H. S. Kim, G. D. Allred, J.
Zajicek and Y. Kotani, Energy & Environ. Sci.,
5(3), 5941–5950 (2012).

Abstract
Low cost, non-dendritic magnesium metal is an ideal
anode for a post lithium ion battery. Currently, development of magnesium electrolytes governs the rate of
progress in this field, because electrolyte properties
determine the class of cathodes utilized.
A review of the latest progress in the area of magnesium battery electrolyte and a perspective on mitigating present challenges is presented herein. Firstly,
density functional theory has been shown to predict the potential window of magnesium electrolytes
on inert electrodes. Secondly, initial efforts aimed to
overcome the corrosive property of these magnesium
organohaloaluminates towards less noble metals such
as stainless steel, are presented. This is a major challenge in developing high voltage magnesium electrolytes essential for batteries which operate above
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3V. The authors lastly touch on cathode candidates
including the insertion and conversion classes. One
conversion cathodes, particular attention is paid to the
electrophilic sulfur which can be married with magnesium metal anodes by utilizing non-nucleophilic electrolytes obtained by simple crystallization of in situ
generated magnesium organohaloaluminates. Effectively, non-nucleophilic electrolytes open the door
to research on magnesium/sulfur batteries. 67 References.
19

Emerging Concepts in Solid-State
Hydrogen Storage: The Role of
Nanomaterials Design
By H. Reardon, J. M. Hanlon, R. W. Hughes, A.
Godula-Jopek, T. K. Mandal and D. H. Gregory,
Energy & Environ. Sci.,
5(3), 5941–5950 (2012).

Abstract
This review highlights the state-of-the-art solid-state
hydrogen storage and describes newly emerging routes
towards meeting the practical demands required of a
solid-state storage system. The article focuses both on
the physical and chemical aspects of hydrogen storage. Common to both classes of storage material is
the concept of nanostructure design to tailor kinetics and thermodynamics; whether this be control of
functionalized porosity or crystalline growth on the
nanoscale. In the area of chemical storage, different
processing and nanostructuring techniques that have
been employed to overcome the barriers of slow kinetics are discussed in addition to new chemical systems
that have emerged. The prospects of porous inorganic
solids, coordination polymers (metal organic frameworks; MOFs) and other polymeric matrices for physical storage of hydrogen are highlighted. Additionally
the role of inorganic nanostructures as evolving materials “intermediate” between physical and chemical storage systems are discussed and their place within the
fine thermodynamic balance for optimum hydrogen
uptake and release are considered. 261 References.
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20

Recent Advances in
Solution-Processed Interfacial
Materials for Efficient and Stable
Polymer Solar Cells
By H.-L. Yip and A. K.-Y. Jen, Energy & Environ.
Sci.,
5(3), 5994–6011 (2012).
Abstract
This article provides an overview on the recent development of solution processed organic, inorganic, and
hybrid interfacial materials for bulk-heterojunction
polymer solar cells. The introduction of proper interfacial materials to optimize the electronic and electrical properties between the interfaces of the lightharvesting active layer and the charge-collecting electrode has become an important criterion to improve
the performance of polymer solar cells. The electronic
processes at these interfaces play a critical role in
determining the efficiency for photon-to-electricity
conversion. An ideal interface requires the formation of Ohmic contact with minimum resistance and
high charge selectivity to prevent charge carriers from
reaching the opposite electrodes. For long-term stability of polymer solar cells, interfaces with matched
surface energy are required to prevent interfacial dewetting and de-lamination. Several classes of interfacial materials including inorganic metal oxides,
crosslinkable charge-transporting materials, conjugated polymer electrolytes, self-assembled functional
molecules, and graphene-based materials are highlighted and the integration of these interfacial materials
with new low bandgap polymers and fullerene derivatives as active materials in different device architectures, is also discussed. 187 References.
21

Catalysts Made of Earth-Abundant
Elements (Co, Ni, Fe) for Water
Splitting: Recent Progress and Future
Challenges
By P. Du and R. Eisenberg, Energy & Environ. Sci.,
5(3), 6012–6021 (2012).
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This article reviews recent significant advances in the
field of water splitting. Catalysts play very important
roles in two half reactions of water splitting - water
reduction and water oxidation. Considering potential
future applications, catalysts made of cheap and earth
abundant element(s) are especially important for economically viable energy conversion.
This article focuses only on catalysts made of
cobalt (Co), nickel (Ni) and iron (Fe) elements for
water reduction and water oxidation. Different series
of catalysts that can be applied in electrocatalytic
and photocatalytic water spitting are discussed in
detail and their catalytic mechanisms are introduced.
Finally, the future outlook and perspective of catalysts made of earth abundant elements are discussed.
115 References.
22

Photovoltaic Efficiency Limits and
Material Disorder
By P. K. Nayak, G. Garcia-Belmonte, A. Kahn, J.
Bisquert and D. Cahen, Energy & Environ. Sci.,
5(3), 6022–6039 (2012).

Abstract
Solar cells based on crystalline semiconductors such
as Si and GaAs provide nowadays the highest performance, but photovoltaic (PV) cells based on less pure
materials, such as poly- or nano-crystalline or amorphous inorganic or organic materials, or a combination of these, should relax production requirements
and lower the cost towards reliable, sustainable and
economic electrical power from sunlight. So as to be
able to compare the operation of different classes of
solar cells, the authors first summarize general photovoltaic principles and then consider implications of
using less than ideal materials. In general, lower material purity means more disorder, which introduces a
broad distribution of energy states of the electronic carriers that affects all the aspects of PV performance,
from light absorption to the generation of voltage and
current. Specifically, disorder penalizes energy output
by enhanced recombination, with respect to the radiative limit, and also imposes a lowering of quasi-Fermi
levels into the gap, which decreases their separation,

i.e., reduces the photovoltage. In solar cells based on
organic absorbers, such as dye-sensitized or bulk heterojunction solar cells, vibronic effects cause relaxation of carriers in the absorber, which implies an
energy price in terms of obtainable output. 72 References.

23

Adventures in Crystal Growth:
Synthesis and Characterization of
Single Crystals of Complex
Intermetallic Compounds
By W. A. Phelan, M. C. Menard, M. J. Kangas, G.
T. McCandless, B. L. Drake and J. Y. Chan, Chem.
Mater.,
24 (3), 409–420 (2012).
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Volume 7 • No.1 • July–September, 2012

Abstract
The central motivation of this review is to highlight
the discovery of novel, highly correlated electron systems. Ternary phases with unusual ground states composed of lanthanides, transition metals, and main group
elements exhibit competing behavior leading to potentially novel physical properties. These systems are
known to exhibit exotic properties such as unconventional superconductivity, heavy fermion behavior, and
unusual forms of magnetism. The flux-growth method
provides an avenue to discover and grow large single
crystalline materials so that structure–physical property relationships may be determined. The growth of
high quality single crystals is necessary to elucidate
the intrinsic magnetic, electronic, and thermodynamic
properties and has played a significant role in advancing basic and applied materials research.
A review is presented of the crystal structures,
physical properties and structure–property correlations
of a select group of intermetallic compounds to demonstrate the potential for growth and discovery of materials using main group flux. 162 References.

24 Functional Supramolecular Polymers
By T. Aida, E. W. Meijer and S. I. Stupp, Science,
335(6070), 813–817 (2012).
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Abstract

26

Supramolecular polymers can be random and entangled coils with the mechanical properties of plastics
and elastomers, but with great capacity for processability, recycling, and self-healing due to their reversible
monomer-to-polymer transitions. At the other extreme,
supramolecular polymers can be formed by selfassembly among designed subunits to yield shapepersistent and highly ordered filaments. The use of
strong and directional interactions among molecular
subunits can achieve not only rich dynamic behavior
but also high degrees of internal order that are not
known in ordinary polymers. They can resemble, for
example, the ordered and dynamic one-dimensional
supramolecular assemblies of the cell cytoskeleton and
possess useful biological and electronic functions. 59
References.

25

Self-Assembled Gelators for Organic
Electronics
By S. S. Babu, S. Prasanthkumar and A.
Ajayaghosh, Angew. Chem. Int. Ed.,
51(8), 1766–1776 (2012).

Abstract
Nature excels at engineering materials by using the
principles of chemical synthesis and molecular selfassembly with the help of noncovalent forces. Learning from these phenomena, scientists have been able
to create a variety of self-assembled artificial materials of different size, shapes, and properties for wide
ranging applications. An area of great interest in this
regard is solvent-assisted gel formation with functional
organic molecules, thus leading to one-dimensional
fibers. Such fibers have improved electronic properties
and are potential soft materials for organic electronic
devices, particularly in bulk heterojunction solar cells.
Described herein is how molecular self-assembly,
which was originally proposed as a simple laboratory curiosity, has helped the evolution of a variety
of soft functional materials useful for advanced electronic devices such as organic field-effect transistors
and organic solar cells. Highlights on some of the
recent developments are discussed.
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A Review on Performance
Degradation of Proton Exchange
Membrane Fuel Cells During Startup
and Shutdown Processes: Causes,
Consequences, and Mitigation
Strategies
By Y. Yu, H. Li, H. Wang, X.-Z. Yuan, G. Wang
and M. Pan, J. Power Sources,
205, 10–23 (2012).

Abstract
Performance degradation during startup and shutdown
is considered an important issue affecting the durability
and lifetime of proton exchange membrane fuel cells
(PEMFCs). Due to the high potentials experienced by
the cathode during startup and shutdown, the conventional carbon support for the cathode catalyst is prone
to oxidation by reacting with oxygen or water.
This paper presents an overview of the causes and
consequences of performance degradation after frequent startup–shutdown cycles. Mitigation strategies
are also summarized, including the use of novel catalyst supports and the application of system strategies
to prevent performance degradation in PEMFCs. It is
found from the literature review that improvements
in catalyst supports to prevent oxidation come at the
expense of high cost, and the novel supports developed
to date are not sufficient to completely prevent carbon oxidation in fuel cell engines. System strategies,
including potential control and reaction gas control,
have been developed and applied in fuel cell engines
to alleviate or even avoid performance decay. This
review aims to provide a clear understanding of the
mechanisms related to degradation behaviors during
the startup and shutdown processes, thereby helping
fuel cell material or system developers in their efforts
to prevent performance degradation and prolong the
lifetime of PEMFCs. 166 References.
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Small Molecule Organic
Semiconductors on the Move:
Promises for Future Solar Energy
Technology
By A. Mishra and P. Bäuerle, Angew. Chem. Int.
Ed.,
51(9), 2020–2067 (2012).

Abstract
This article is written from an organic chemist’s point
of view and provides an up-to-date review about
organic solar cells (OSCs) based on small molecules
or oligomers as absorbers and in detail deals with
devices that incorporate planar-heterojunctions (PHJ)
and bulk heterojunctions (BHJ) between a donor (ptype semiconductor) and an acceptor (n-type semiconductor) material.
The article pays particular attention to the design
and development of molecular materials and their performance in corresponding devices. In recent years,
a substantial amount of both, academic and industrial research, has been directed towards organic solar
cells, in an effort to develop new materials and to
improve their tunability, processability, power conversion efficiency, and stability. On the eve of commercialization of organic solar cells, this review provides an overview over efficiencies attained with small
molecules/oligomers in OSCs and reflects materials
and device concepts developed over the last decade.
Approaches to enhancing the efficiency of organic
solar cells are analyzed.
28

Atomic Layer Deposition of
Nanostructured Materials for Energy
and Environmental Applications
By C. Marichy, M. Bechelany and N. Pinna, Adv.
Mater.,
24(8), 1017–1032 (2012).

proved to be a key technology for the surface modification and the fabrication of complex nanostructured
materials.
In this review, after a short introduction to ALD and
its chemistry, the versatility of the technique for the
fabrication of novel functional materials will be discussed. Selected examples, focused on its use for the
engineering of nanostructures targeting applications in
energy conversion and storage, and on environmental
issues, will be discussed. Finally, the challenges that
ALD is now facing in terms of materials fabrication
and processing will be also tackled. 196 References.
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Operational Stability of Organic
Field-Effect Transistors
By P. A. Bobbert, A. Sharma, S. G. J. Mathijssen,
M. Kemerink and D. M. de Leeuw, Adv. Mater.,
24(9), 1146–1158 (2012).

Abstract
Organic field-effect transistors (OFETs) are considered
in technological applications for which low cost or
mechanical flexibility are crucial factors. The environmental stability of the organic semiconductors used in
OFETs has improved to a level that is now sufficient for
commercialization. However, serious problems remain
with the stability of OFETs under operation. The
causes for this have remained elusive for many years.
Surface potentiometry together with theoretical modeling provide new insights into the mechanisms limiting the operational stability. These indicate that redox
reactions involving water are involved in an exchange
of mobile charges in the semiconductor with protons
in the gate dielectric. This mechanism elucidates the
established key role of water and leads in a natural way to a universal “stress function”, describing
the stretched exponential-like time dependence ubiquitously observed. Further study is needed to determine
the generality of the mechanism and the role of other
mechanisms. 69 References.

Abstract
Atomic layer deposition (ALD) is a thin film technology that in the past two decades rapidly developed
from a niche technology to an established method. It
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Hierarchical Nanocomposites Derived
from Nanocarbons and Layered
Double Hydroxides - Properties,
Synthesis, and Applications
By M.-Q. Zhao, Q. Zhang, J.-Q. Huang and F. Wei,
Adv. Funct. Mater.,
22(4), 675–694 (2012).

Abstract
Abstract
The combination of one-dimensional and twodimensional building blocks leads to the formation
of hierarchical composites that can take full advantages of each kind of material, which is an effective
way for the preparation of multifunctional materials
with extraordinary properties. Among various building blocks, nanocarbons (e.g., carbon nanotubes and
graphene) and layered double hydroxides (LDHs) are
two of the most powerful materials that have been
widely used in human life.
This article presents a state-of-the-art review of
hierarchical nanocomposites derived from nanocarbons and LDHs. The properties of nanocarbons,
LDHs, as well as the combined nanocomposites, are
described first. Then, efficient and effective fabrication methods for the hierarchical nanocomposites,
including the reassembly of nanocarbons and LDHs,
formation of LDHs on nanocarbons, and formation
of nanocarbons on LDHs, are presented. The asobtained nanocomposites derived form nanocarbons
and LDHs exhibited excellent performance as multifunctional materials for their promising applications
in energy storage, nanocomposites, catalysis, environmental protection, and drug delivery. The fabrication of LDH/carbon nanocomposites provides a novel
method for the development of novel multifunctional
nanocomposites based on the existing nanomaterials. However, knowledge of their assembly mechanism, robust and precise route for LDH/nanocarbon
hybrid with well designed structure, and the relationship between structure, properties, and applications
are still inadequate. A multidisciplinary approach from
the scope of materials, physics, chemistry, engineering, and other application areas, is highly required for
the development of this advanced functional composite
materials. 134 References.
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31 Critical Review of Li/Air Batteries
By J. Christensen, P. Albertus, R. S.
Sanchez-Carrera, T. Lohmann, B. Kozinsky, R.
Liedtke, J. Ahmed and A. Kojic, J. Electrochem.
Soc.,
159(2), R1–R30 (2012).

Lithium/air batteries, based on their high theoretical
specific energy, are an extremely attractive technology for electrical energy storage that could make longrange electric vehicles widely affordable. However, the
impact of this technology has so far fallen short of its
potential due to several daunting challenges. In nonaqueous Li/air cells, reversible chemistry with a high
current efficiency over several cycles has not yet been
established, and the deposition of an electrically resistive discharge product appears to limit the capacity.
Aqueous cells require water-stable lithium-protection
membranes that tend to be thick, heavy, and highly
resistive. Both types of cell suffer from poor oxygen
redox kinetics at the positive electrode and deleterious
volume and morphology changes at the negative electrode. Closed Li/air systems that include oxygen storage are much larger and heavier than open systems, but
so far oxygen- and OH-selective membranes are not
effective in preventing contamination of cells.
In this review, the authors discuss the most critical challenges to developing robust, high-energy
Li/air batteries and suggest future research directions
to understand and overcome these challenges. They
predict that Li/air batteries will primarily remain a
research topic for the next several years. However, if
the fundamental challenges can be met, the Li/air battery has the potential to significantly surpass the energy
storage capability of today’s Li-ion batteries. 177 References.

32

Modeling and Simulation of
Lithium-Ion Batteries from a Systems
Engineering Perspective
By V. Ramadesigan, P. W. C. Northrop, S. De, S.
Santhanagopalan, R. D. Braatz and V. R.
Subramanian, J. Electrochem. Soc.,
159(3), R31–R45 (2012).
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Abstract

The lithium-ion battery (LIB) is an ideal candidate
for a wide variety of applications due to its high
energy/power density and operating voltage. Some
limitations of existing LIB- technology include underutilization, stress-induced material damage, capacity
fade, and the potential for thermal runaway. This paper
reviews efforts in the modeling and simulation of
LIBs and their use in the design of better batteries.
Likely future directions in battery modeling and design
including promising research opportunities are outlined. 186 References.

Development and discovery of cathode materials with
superior performance seem to be tremendous challenges for Li-ion battery (LIB) scientists. Since the
topotactic reaction was first demonstrated in the 1970s,
layered Li- transition metal oxides (LiMO2 , M =
Co, Ni, Mn) have been a shining star throughout
the research and innovation in intercalation materials due to their appealing merits. Generally the basic
LiMO2 with a single kind of transition metal ion suffers from safety concerns and structural instability
and can not support high energy LIBs. Nowadays, Listoichiometric mixed metal oxides and Li-excess Mnbased oxides have been considered as the most promising families of cathode materials for large-scale LIBs
with high energy density used for transportation.
In the present paper, with the help of a phase diagram tetrahedron, the authors oprovide an overview of
the major developments in the field of LiMO2 cathode materials. The changes in structure during Liextraction and the phase compatibility of Li mixed
metal oxides are highlighted. The latest progress in
the research of Li-excess Mn-based oxides is also
included. 184 References.

33

The Application of Graphene Based
Materials for Actuators
By Y. Huang, J. Liang and Y. Chen, J. Mater.
Chem.,
22(9), 3671–3679 (2012).

Abstract
Compared with traditional actuation materials, such
as piezoelectric, ferroelectric and conducting polymer
materials which suffered from low flexibility, high
driving voltages and low energy efficiency, graphene
exhibits outstanding mechanical, electrical, optical
properties and chemical stability, which made it a good
candidate for actuation materials.
In this review, the recent progress in graphene
based actuators induced by electric, electrochemical,
optical and other stimulations are summarized. Different actuation mechanisms and future developments
are discussed. Graphene based materials, combining
their many excellent properties, such as material abundance, super mechanical strength with excellent actuation performance, are expected to have great potential
for the application in next generation actuators. 71 References.
34

Layered Lithium Transition Metal
Oxide Cathodes Towards High Energy
Lithium-ion Batteries
By P. He, H. Yu, D. Li and H. Zhou, J. Mater.
Chem.,
22(9), 3680–3695 (2012).
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35

Open-Shell Polycyclic Aromatic
Hydrocarbons
By Z. Sun and J. Wu, J. Mater. Chem.,
22(10), 4151–4160 (2012).

Abstract
Polycyclic aromatic hydrocarbons (PAHs) with
unpaired or partially unpaired electrons will display
open-shell radical character (monoradical, biradical,
polyradical). This will lead to special features in electronic structures, magnetic properties and crystalline
packing, which endow them with great potential as a
new generation of materials. Stability issues are always
the focus on the way towards functionalized open-shell
PAHs, and chemists have made huge endeavours in
synthesizing stable PAHs with open-shell characters.
In This article summarizes recent developments on
open-shell PAHs covering both theoretical advances
and experimental progresses, and touch on a few examples of them for practical applications. 137 References.
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Functional Fullerenes for Organic
Photovoltaics
By C.-Z. Li, H.-L. Yip and A. K.-Y. Jen, J. Mater.
Chem.,
22(10), 4161–4177 (2012).

Abstract
Tremendous progress has been made on the design
and processing of new active and interfacial materials
to enable organic photovoltaics to achieve high power
conversion efficiencies of >10%. In this article the
development of functional fullerenes as (1) acceptors,
(2) electron selective layers, and (3) morphology stabilizers for bulk heterojunction polymer solar cells is
reviewed.
In addition to the standard PCBM based acceptors,
a wide variety of newly developed fullerene-derived
molecules have appeared in the past few years and
started to show very encouraging photovoltaic performance when they were blended with low band gap
conjugated polymers. New fullerene derivatives with
proper molecular design can also serve as electron
selective interfacial materials and morphology stabilizers for the bulk heterojunction layer, which are essential to improve the interfacial property and long term
stability of polymer solar cells. Although there are still
many challenges ahead before practical polymer solar
cells will arrive in the market place, the research in
functional fullerenes deserves to have more attention in
order to expedite this development process. 149 References.

37

Structures and Properties of
Conjugated Donor–Acceptor
Copolymers for Solar Cell
Applications
By Z.-G. Zhang and J. Wang, J. Mater. Chem.,
22(10), 4178–4187 (2012).

and is now approaching a landmark value of 10%.
This review focuses on Donor–Acceptor (D–A) photovoltaic copolymers.
Starting from briefly introducing the D–A concept, the fundamental donor and acceptor units for
constructing polymer photovoltaic materials are introduced and classified. By summarizing the structure–
property relationships of typical photovoltaic D–A
copolymers, the important design rules for such materials are highlighted. Several crucial aspects, including proper combination of D–A units, high planarity of
the backbone and proper incorporation of side chains
are particularly emphasized. A new D–A architecture,
namely main-chain donor and side-chain acceptor is
introduced and reviewed. Moreover, the role of the
electron-deficient group in fine-tuning energy levels of
low-ban dgap D–A photovoltaic polymers is discussed.
120 References.
38

π-Extended TTF: A Versatile Molecule
for Organic Electronics
By F. G. Brunetti, J. L. López, C. Atienza and N.
Martı́n, J. Mater. Chem.,
22(10), 4188–4205 (2012).

Abstract
This review article presents the features and
properties of 9,10-di (1,3-dithiol-2-ylidene)-9,10dihydroanthracene (exTTF) in molecular electronics.
Due to its strong donor character accompanied by
a geometrical conformational change upon the formation of the oxidized di-cation species, exTTF has
found remarkable applications in several fields of interest including covalent and supramolecular ensembles,
molecular wires, artificial photosynthetic systems as
well as photovoltaic devices. Furthermore, very recent
results have shown an interesting self-organization of
hierarchical electroactive nanostructures where exTTF
plays a leading role. 136 References.

Abstract
With the rapid evolution of photovoltaic polymer materials, power conversion efficiency of polymer solar
cells has been markedly improved in recent years,
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Methodology of Materials Discovery in
Complex Metal Hydrides Using
Experimental and Computational
Tools
By E. H. Majzoub and E. C.E. Rönnebro,
Mater.Sci. & Engg., R.,
73(2), 15–26 (2012).

40

Multiblock Polymers: Panacea or
Pandora’s Box?
By F. S. Bates, M. A. Hillmyer, T. P. Lodge, C. M.
Bates, K. T. Delaney and G. H. Fredrickson,
Science,
336(7080), 434–440 (2012).

Abstract
Abstract
This article is a review of the experimental and
theoretical methods used in the discovery of new
metal– hydrogen materials systems for hydrogen storage applications.
Rather than a comprehensive review of all new
materials and methods used in the metal hydride community, the authors focus on a specific subset of
successful methods utilizing theoretical crystal structure prediction methods, computational approaches
for screening large numbers of compound classes,
and medium-throughput experimental methods for the
preparation of such materials. Monte Carlo techniques
paired with a simplified empirical Hamiltonian provide
crystal structure candidates that are refined using density functional theory. First-principle methods using
high-quality structural candidates are further screened
for an estimate of reaction energetics, decomposition
enthalpies, and determination of reaction pathways.
Experimental synthesis utilizes a compacted-pellet sintering technique under high-pressure hydrogen at elevated temperatures. Crystal structure determination
follows from a combination of Rietveld refinements
of diffraction patterns and first-principles computation
of total energies and dynamical stability of competing
structures. The methods presented within are general
and applicable to a wide class of materials for energy
storage. 95 References.

Advances in synthetic polymer chemistry have
unleashed seemingly unlimited strategies for producing block polymers with arbitrary numbers (n)
and types (k) of unique sequences of repeating
units. Increasing (k, n) leads to a geometric expansion of possible molecular architectures, beyond conventional ABA-type triblock copolymers (k = 2,
n = 3), offering alluring opportunities to generate
exquisitely tailored materials with unparalleled control
over nanoscale-domain geometry, packing symmetry,
and chemical composition. Transforming this potential
into targeted structures endowed with useful properties hinges on imaginative molecular designs guided
by predictive theory and computer simulation.
Here, recent developments in the field of block
polymers are reviewed. 53 References.
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MRS-S Membership
Readers are invited to become members of the Materials Research Society of Singapore (MRS-S).
Professional Membership is open to any person engaged in activities associated with materials science, engineering and technology.
Student Membership is open to any bonafide student of a tertiary institution genuinely interested in the practice
of materials science, engineering and technology.
Corporate Membership is open to any organisation, government or private, commercial or otherwise, that is in
any way engaged in any activities that deal with any aspect of material science, engineering and technology. A
Corporate Membership is entitled to nominate two of its employees as its official representatives and to change its
nominees from time to time provided the Committee has no objection to any such nomination.
Annual Subscription Fee:
Professional Membership: S$50
Student Membership: S$10
Corporate Membership: S$500
For details and application form, please visit: www.mrs.org.sg

Materials Education & Research in Singapore
There are two Universities and several Research Institutes in Singapore involved in teaching,
research and development in the broad area of Materials Science, Engineering and Technology.
These are listed below along with the Websites and provide information on the available courses
and opportunities for undergraduate, graduate and post doctoral research. They also entertain
queries regarding openings for Research Scientists and Faculty positions.
National University of Singapore: www.nus.edu.sg
Nanyang Technological University: www.ntu.edu.sg
Institute of Materials Research and Engineering (IMRE): www.imre.a-star.edu.sg
Institute of Microelectronics (IME): www.ime.a-star.edu.sg
Data Storage Institute: www.dsi.a-star.edu.sg
Institute of Chemical & Engineering Sciences: www.ices.a-star.edu.sg
Institute of High Performance Computing: www.ihpc.a-star.edu.sg
Singapore Institute of Manufacturing Technology: www.SIMTech.a-star.edu.sg
Institute of Bioengineering and Nanotechnology (IBN): www.ibn.a-star.edu.sg
Nanyang Polytechnic, Singapore: www.nyp.edu.sg
Republic Polytechnic, Singapore: www.rp.edu.sg
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Forthcoming Conferences
IUMRS-ICYRAM Conference, July, 1 - 6, 2012, Singapore
The International Union of Materials Research Societies (IUMRS)- International Conference of Young Researchers
on Advanced Materials (ICYRAM) is organized by the Materials Research Society of Singapore (MRS-S) during
1-6 July, 2012 in Singapore.
The mission of ICYRAM is to provide a platform for researchers under the age of 40 to present technical findings of their research, to network within the international community of other young researchers, and to increase
the breadth of their general materials-based knowledge.
There will also be opportunities for young researchers to seek the insight and advice of successful senior
researchers through plenary sessions and instructive seminars.
Panel sessions will be held in both small and large settings, for focused and general discussions. The aim is
to create an environment for interaction and the exchange of perspectives across a broad range of materials-related
topics.
Technical program
The technical program will emphasize materials falling under six general themes:

•
•
•
•
•
•

Conferences: Forthcoming

MRS-S OUTLOOK

Biomaterials and Healthcare
Energy and the Environment
Electronic Materials
Optical Materials
Magnetic and Spintronic Materials
Carbon-based Materials

Conference Highlights

•
•
•
•
•
•
•
•
•

Roughly equal time devoted to technical presentations, discussion, plenary and informative seminars
Plenary lectures by internationally renowned researchers
Seminars directed toward providing perspective and guidance on key aspects of early career development
Small-scale, focused panel discussions to conclude technical sessions, allowing young, leading researchers to
actively engage international colleagues.
ICYRAM-wide panel discussions with both young and senior researchers focusing on subjects of importance to
the entire materials community
Web-based social and scientific networking for conference participants to interact prior, during and after the
conference
Inaugural Young Researcher Award to be presented
Poster sessions and poster awards
Social events

Conf. Secretariat: Miss Eileen So, Materials Research Society of Singapore (MRS-S), 3, Research Link, #03-13,
Singapore 117602.
DID: (+65) 6874 1176; Email: eileenso@mrs.org.sg
Conf. Website: www.mrs.org.sg/icyram2012
13th Asian Conference on Solid State Ionics (ACSSI-2012),
July, 17-20, 2012, Japan
The 13th Asian Conference on Solid State Ionics (ACSSI-2012) will be held from July 17-20, 2012 at Sakura Hall
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of Tohoku University, Sendai, Japan.
The ACSSI-2012 is the 13th meeting held every two years since 1988, providing the presentation and discussion
of the latest advanced research from Asia and other countries on solid state ionic materials, devices and related
topics.
Solid State Ionics is a growing inter-disciplinary branch of science and technology. It is concerned with ionic
motion in a wide spectrum of materials covering inorganic solids, ceramic, glasses, polymers, composites and
nano-scale materials with applications in solid state devices such as solid state and polymer batteries, fuel cells,
electrochromic displays, solar cells and sensors.
Call for Abstracts
Abstracts due: 20th January 2012
Manuscripts due: 6th April 2012
Early Registration: 6th April 2012
Abstract submission will open in 1st January 2012. The Deadline is 20th January 2012.
Details can be viewed in the web site
(http://acssi2012.tagen.tohoku.ac.jp/acssi2012/index.php).
Presidents of 13th ACSSI Organization committee: Prof. Junichi Kawamura and Prof. Junichiro Mizusaki.
Contact Person: ACSSI2012 secretary
e-mail: acssi2012 info@acssi2012.tagen.tohoku.ac.jp
Inst. of Multidiscipl. Res. for Adv. Mater. (IMRAM), Tohoku University, Katahira 2-1-1, Sendai, Japan.
IUMRS-ICA 2012
Aug., 26-31, 2012, Busan, Korea
The International Union of Materials Research Society – International Conference in Asia – 2012 (IUMRS-ICA2012) will be held from August 26 to 31, 2012 at BEXCO in Busan, Korea. The IUMRS-ICA-2012 is a continuation in the series of the conferences among the Asian MRS Members including C-MRS, MRS-I, MRS-J, MRS-K,
MRS-S and MRS-T, and this year’s conference is supported by the Material Research Society of Korea (MRS-K).
The program of the IUMRS-ICA-2012 consists of 20 symposia under five broad categories: Electronic and
Photonic Materials; Functional Materials; Advanced Structural Materials; Materials for Energy and Environmental;
Modeling and Characterization.
Since the first Conference was commenced, this meeting has become a fundamental ground to exchange quality
results and ideas provided by the researchers and scientists within the industry. Furthermore, it also provides a
forum to present the cutting-edge research outputs for future collaborations which would help both students and
researchers within their future research studies and works to be conducted. The individuals actively engaged in
materials research and developments are encouraged to participate in the meeting and gain academic insights they
have desired.
Abstract deadline: March, 1, 2012.
Conf. Chair: Bo-Young Hur (Gyeongsang National Univ., Korea)
Website: www.iumrs-ica2012.org
The 8th International Symposium on ‘Novel Materials and their Synthesis’
14–19, October 2012, Xian, China
For further information, please contact, Prof. Yuping Wu, Chemistry Dept., New energy and Mater. Lab., Fudan
Univ., Shanghai, 200 433, China. Email: wuyp@fudan.edu.cn
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Multiscale Materials Modeling (MMM 2012)
Oct., 15 to 19, 2012, Singapore
The Multiscale Materials Modeling (MMM) conference series is the world’s largest theoretical and computational
materials science forum which aims to disseminate the latest development in the field of multiscale materials
modeling.
MMM 2012 is organized jointly by the Materials Research Society of Singapore (MRS-S) and A*Star Institute
of High Performance Computing (IHPC), Singapore.
Our overriding motivation to host the 2012 edition of the MMM conference is to provide an international forum
for the exchange and sharing of the recent advances in multiscale modeling and simulation of materials. Emphasis
will be placed on new ideas in the form of novel theroies, refined mathematical modes, innovative simulation
approaches and application of computation methodology to both traditional and emerging materials applications.
Emphasis will be on the hierarchy of simulation techniques, coupling techniques from first principles to continuum
models and methods that are multiscale in both / either space and time.
The scientific environment in Singapore is vibrant, advanced and a priority for the highest level policy makers
within Singapore. Furthermore, Singapore possesses excellent intellectual property rights and regulatory infrastructure, further adding to its exceptional environment for research and development. Hence, the 2012 edition of
the MMM conference has been chosen to be held in Singapore.
We are looking forward to welcoming you and your partners in Singapore. A series of interesting and fruitful
plenary and invited talks have been in lined for all of you.
Co-chairs: David J. Srolovitz (IHPC) and B.V.R. Chowdari (MRS-S and NUS)
Abstract Submission: 15 January, 2012
Notification of Abstract Acceptance: 15 March, 2012
Conference Registration & Payment (Early Bird): 15 July, 2012
Conference Registration & Payment (Normal Rate): 1 Sept., 2012
Contact: Ms. Eileen So, Project Executive, Materials Research Society of Singapore. Telephone: (+65) 6874 1176.
Email: mmm2012@mrs.org.sg / eileenso@mrs.org.sg
Conference Website: www.mrs.org.sg/mmm2012
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PARTING NOTE
MRS-S members are welcome to
contribute to ‘MRS-S OUTLOOK’
• The quarterly newsletter of the Materials Research Society of Singapore (MRSS), ’MRS-S OUTLOOK’ was started in July, 2006 with the encouragement and
active support of Prof. B.V.R. Chowdari, president of MRS-S. It is produced in
electronic form and publicized at the MRS-S website, www.mrs.org.sg for the
benefit of all the MRS-S members.
• MRS-S OUTLOOK has had a successful run for the past six years, and each
Issue consisted of information on the various activities of MRS-S, reports on the
recently held conferences and information on the forthcoming conferences in
the areas of materials science, engineering and technology. A regular feature of
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each issue has been the ‘Highlights from Recent Literature’ and ‘Recent Books
and Review articles’, which are published in various journals, and periodic
updates from the book publishers covering the modern topics in the abovementioned areas. In addition, a large number of ‘Theme Articles’ have also
appeared pertaining to the above areas, and these were written by the MRS-S
members for the benefit of active researchers and interested students.
• As a result, MRS-S OUTLOOK has been able to publicize the varied activities of
MRS-S to an ever increasing membership over the years, and it is a pleasure to
note that it is being received very well and appreciated by the MRS-S members.
It must be mentioned, however, that of late suitable ‘Theme Articles’ have not
been forthcoming.
• It is time to move on, and I am happy to inform the readers that from the next
Issue onwards, Prof. J.J. Vittal, Chemistry Department, National University of
Singapore, Singapore will be taking over as the Editor. He will be assisted by
a few enthusiastic and able colleagues. I take this opportunity to thank all my
colleagues, especially Prof. B.V.R. Chowdari, the staff at MRS-S, specifically
Ms. Eileen So, and the publisher, Mr. Ra. Sankaran of Research Publishing
Services (RPS), Singapore for all the help, encouragement and assistance in
bringing out MRS-S OUTLOOK all these years. I wish Prof. Vittal all the best
in his efforts in bringing out a new-look MRS-S OUTLOOK.
Information on the above aspects may be communicated to the Editor:
Dr. G.V. Subba Rao
E-mail: phyvsg@nus.edu.sg

The Editorial Board of ‘MRS-S OUTLOOK’ reserves the right to include or not any of the submitted contributions.

Design & Typeset by Research Publishing Services
E-mail:enquiries@rpsonline.com.sg
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