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Highlights of Recent Literature
(Contributed by the Editor)

Conductive Dense Hydrogen
Molecular hydrogen (H2 ) is expected to exhibit metallic properties under megabar pressures. This metal
is predicted to be superconducting with a very high
critical temperature, Tc , of 200–400 K, and it may
acquire a new quantum state as a metallic superfluid
and a superconducting superfluid. It may potentially be
recovered metastably at ambient pressures. However,
experiments carried out at low temperatures, T<100 K,
showed that at record pressures of 300 GPa, hydrogen
remains in the molecular insulating state.
Here, Eremets and Troyan1 report on the transformation of normal H2 at room temperature (295 K)
to a conductive and metallic state. At 200 Gpa, the
Raman frequency of the molecular vibron strongly
decreased and the spectral width increased, evidencing a strong interaction between molecules. Deuterium
behaved similarly. Above 220 GPa, hydrogen became
opaque and electrically conductive. At 260–270 GPa,
hydrogen transformed into a metal as the conductance
of H2 sharply increased and changed little on further
pressurizing up to 300 GPa or cooling to at least 30 K;
and the sample reflected light well. The metallic phase
transformed back at 295 K into H2 at ∼200 GPa. This
significant hysteresis indicates that the transformation
of H2 in to a metal is accompanied by a first-order
structural transition presumably into a monatomic liquid state. Thew authors state that, ‘these findings open
an avenue for detailed and comprehensive studies of
metallic hydrogen.’

Reference
1. M. I. Eremets and I. A. Troyan, Nature Mater., 10(12),
927–931 (2011).

Organic Tailored Batteries Materials using
Stable Open-Shell Molecules with
Degenerate Frontier Orbitals
Secondary batteries using organic electrode-active

materials promise to surpass present Li-ion batteries in terms of safety and resource price. The use
of organic polymers for cathode-active materials has
already achieved a high voltage and cycle performance
comparable to those of Li-ion batteries. It is therefore
timely to develop approaches for high-capacity organic
materials-based battery applications.
Here Morita et al.1 demonstrate organic tailored batteries with high capacity by using organic
molecules with degenerate molecular orbitals (MOs) as
electrode-active materials. Trioxotriangulene (TOT),
an organic open-shell molecule, with a singly occupied
MO (SOMO) and two degenerate lowest-unoccupied
MOs (LUMOs) was investigated. A tri-tert-butylated
derivative ((t-Bu)3 TOT) exhibited a high discharge
capacity of more than 300 Ah kg−1 , exceeding those
delivered by Li-ion batteries. A tribrominated derivative (Br3 TOT) was also shown to increase the output
voltage and cycle performance up to 85% after 100
cycles of the charge–discharge processes.
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Reference
1. Y. Morita, S. Nishida, T. Murata, M. Moriguchi, A. Ueda,
M. Satoh, K. Arifuku, K. Sato and T. Takui, Nature
Mater., 10(12), 945–951 (2011).

A Perovskite Oxide Optimized for Oxygen
Evolution Catalysis from Molecular Orbital
Principles
The efficiency of many energy storage technologies,
such as rechargeable metal-air batteries and hydrogen production from water splitting, is limited by the
slow kinetics of the oxygen evolution reaction (OER).
Here, Suntivich et al.1 found that the perovskite oxide,
(Ba0.5 Sr0.5 )(Co0.8 Fe0.2 )O3 − δ (BSCF) catalyzes the
OER with intrinsic activity that is at least an order of
magnitude higher than that of the state-of-the-art iridium oxide catalyst in alkaline media.
The high activity of BSCF was predicted from a
design principle established by systematic examination
of more than ten transition metal oxides, which showed
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that the intrinsic OER activity exhibits a volcanoshaped dependence on the occupancy of the 3d electron with an eg − symmetry of surface transition metal
cations in an oxide. The peak OER activity was predicted to be at an eg occupancy close to unity, with
high covalency of transition metal–oxygen bonds.
Reference
1. J. Suntivich, K. J. May, H. A. Gasteiger, J. B. Goodenough and Y. Shao-Horn, Science, 334(6061), 1383–1385
(2011) (9 Dec., Issue).

Peak External Photocurrent Quantum
Efficiency Exceeding 100% via MEG in a
Quantum Dot Solar Cell
Multiple exciton generation (MEG) is a process that
can occur in semiconductor nanocrystals, or quantum
dots (QDs), whereby absorption of a photon bearing at
least twice the bandgap energy produces two or more
electron-hole pairs.
Here, Semonin et al.1 report on photocurrent
enhancement arising from MEG in lead selenide
(PbSe) QD-based solar cells, as manifested by an external quantum efficiency (the spectrally resolved ratio
of collected charge carriers to incident photons) that
peaked at 114 ± 1% in the best device measured.
The associated internal quantum efficiency (corrected
for reflection and absorption losses) was 130%. The
authors compare the results with transient absorption
measurements of MEG in isolated PbSe QDs and find
reasonable agreement. The authors state that, ’these
findings demonstrate that MEG charge carriers can be
collected in suitably designed QD solar cells, providing
ample incentive to better understand MEG within isolated and coupled QDs as a research path to enhancing
the efficiency of solar light harvesting technologies.’
Reference
1. O. E. Semonin, J. M. Luther, S. Choi, H.-Y. Chen, J. Gao,
A. J. Nozik and M. C. Beard, Science, 334(6062), 1530–
1533 (2011) (16 Dec., Issue).
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Observing the Multiexciton State in Singlet
Fission and Ensuing Ultrafast Multielectron
Transfer
Multiple exciton generation (MEG) refers to the creation of two or more electron-hole pairs from the
absorption of one photon. Although MEG holds great
promise, it has proven challenging to implement, and
questions remain about the underlying photo-physical
dynamics in nanocrystalline as well as molecular
media.
Using the model system of pentacene/fullerene
bilayers and femtosecond nonlinear spectroscopies,
Chan et al.1 directly observed the multiexciton (ME)
state ensuing from singlet fission (a molecular manifestation of MEG) in pentacene. The data suggest that
the state exists in coherent superposition with the singlet populated by optical excitation. The authors also
found that multiple electron transfer from the ME state
to the fullerene occurs on a sub-picosecond time scale,
which is one order of magnitude faster than that from
the triplet exciton state.
Reference
1. W.-L. Chan, M. Ligges, A. Jailaubekov, L. Kaake,
L. Miaja-Avila and X.-Y. Zhu, Science, 334(6062),
1541–1545 (2011) (16 Dec., Issue).

Tuning Charge Transport in
Solution-Sheared Organic Semiconductors
using Lattice Strain
Circuits based on organic semiconductors are being
actively explored for flexible, transparent and lowcost electronic applications. But to realize such
applications, the charge carrier mobilities of solutionprocessed organic semiconductors must be improved.
For inorganic semiconductors, a general method of
increasing charge carrier mobility is to introduce strain
within the crystal lattice.
Here, Giri et al.1 describe a solution-processing
technique for organic semiconductors in which lattice
strain is used to increase charge carrier mobilities by
introducing greater electron orbital overlap between
the component molecules. For organic semiconductors, it is known that the spacing between co-facially
stacked, conjugated backbones (the π-π stacking distance) greatly influences electron orbital overlap and
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Reference
1. G. Giri, E. Verploegen, S. C. B. Mannsfeld, S. AtahanEvrenk, D. H. Kim, S. Y. Lee, H. A. Becerril, A. AspuruGuzik, M. F. Toney and Z. Bao, Nature, 480(7378),
504–508 (2011) (22 Dec., Issue) .

BaFeO3 : A Ferromagnetic Iron Oxide
Hayashi et al.1 prepared the cubic perovskite BaFeO3 ,
which is obtained by a low-temperature reaction using
ozone as an oxidant, and found that it exhibits ferromagnetism with a fairly large moment of 3.5µ B per
Fe ion above a small critical field of ∼0.3 T. This specific ferromagnetism is attributed to the enhancement
of O→Fe charge transfer that arises from deepening of
the Fe4+ d- levels.
Reference
1. N. Hayashi, T. Yamamoto, H. Kageyama, M. Nishi,
Y. Watanabe, T. Kawakami, Y. Matsushita, A. Fujimori
and M. Takano, Angew. Chem. Int. Ed., 50(52),
12547–12550 (2011).

Charge Order and Three-Site Distortions in
the Verwey Structure of Magnetite
The mineral magnetite (Fe3 O4 ) undergoes a complex
structural distortion and becomes electrically insulating at temperatures less than 125 K. Verwey proposed
in 1939 that this transition is driven by a charge ordering of Fe2+ and Fe3+ ions, but the ground state of
the low-temperature phase has remained contentious
because twinning of crystal domains hampers diffraction studies of the structure. Recent powder diffraction refinements and resonant X-ray studies have led
to proposals of a variety of charge-ordered and bonddimerized ground-state models.

Here, Senn et al.1 report the full lowtemperature superstructure of magnetite, determined
by high-energy X-ray diffraction from an almost
single-domain, 40-µm grain, and identify the emergent order. The acentric structure is described by
a superposition of 168 atomic displacement waves
(frozen phonon modes), all with amplitudes of less
than 0.24 Å. Distortions of the FeO6 octahedra show
that Verwey’s hypothesis is correct to a first approximation and that the charge and Fe2+ orbital order are
consistent with a recent prediction. However, anomalous shortening of some Fe–Fe distances suggests that
the localized electrons are distributed over linear threeFe-site units, which the authors call ‘trimerons’. The
charge order and three-site distortions induce substantial off-centre atomic displacements and couple the
resulting large electrical polarization to the magnetization. The authors state that, trimerons may be important
quasi-particles in magnetite above the Verwey transition and in other transition metal oxides.

Highlights of Recent Literature

therefore mobility. To incrementally introduce lattice
strain, the authors altered the π-π stacking distance
of 6,13-bis(triisopropylsilylethynyl) pentacene (TIPSpentacene) from 3.33 Å to 3.08 Å. The positive charge
carrier (hole) mobility in TIPS-pentacene transistors
increased from 0.8 cm2 V−1 s−1 for unstrained films to
a mobility of 4.6 cm2 V−1 s−1 for a strained film. The
authors state that, ‘using solution processing to modify
molecular packing through lattice strain should aid the
development of high-performance, low-cost organic
semiconducting devices.’
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Reference
1. M. S. Senn, J. P. Wright and J. P. Attfield, Nature,
481(7380), 173–176 (2012) (12 Jan., Issue).

Bistability in Atomic-Scale
Antiferromagnets
Control of magnetism on the atomic scale is becoming essential as data storage devices are miniaturized.
Here, Loth et al., 1 show that antiferromagnetic nanostructures, composed of just a few Fe atoms on a surface, exhibit two magnetic states, the Néel states, that
are stable for hours at low temperature. For the smallest structures, they observed transitions between Néel
states due to quantum tunneling of magnetization. The
magnetic states of the designed structures were sensed
using spin-polarized tunneling and switching between
them electrically sensed with nanosecond speed. The
authors state that, ‘tailoring the properties of neighboring antiferromagnetic nanostructures enables a lowtemperature demonstration of dense nonvolatile storage of information.’
Reference
1. S. Loth, S. Baumann, C. P. Lutz, D. M. Eigler and
A. J. Heinrich, Science, 335(6065), 196–199 (2012) (13
Jan., Issue).
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Composites Reinforced in Three
Dimensions by Using Low Magnetic Fields
The orientation and distribution of reinforcing particles in artificial composites are key to enable effective
reinforcement of the material in mechanically loaded
directions, but remain poor if compared to the distinctive architectures present in natural structural composites such as teeth, bone, and seashells.
Here, Erb et al.1 show that µm-sized reinforcing particles coated with minimal concentrations of
super-paramagnetic nanoparticles (0.01 to 1 vol.%) can
be controlled by using ultralow magnetic fields (1 to
10 mT) to produce synthetic composites with tuned
three-dimensional orientation and distribution of reinforcements. The authors state that, ‘a variety of structures can be achieved with this simple method, leading
to composites with tailored local reinforcement, wear
resistance, and shape memory effects.’
Reference
1. R. M. Erb, R. Libanori, N. Rothfuchs and A. R. Studart,
Science, 335(6065), 199–204 (2012) (13 Jan., Issue).

Pathway Complexity in Supramolecular
Polymerization
Self-assembly provides an attractive route to functional
organic materials, with properties and hence performance depending sensitively on the organization of
the molecular building blocks. Molecular organization is a direct consequence of the pathways involved
in the supramolecular assembly process, which is
more amenable to detailed study when using onedimensional systems. The self-assembly of synthetic
supramolecular polymers has been studied and even
modulated, but our quantitative understanding of the
processes involved remains limited.
Here, Korevaar et al.1 report time-resolved observations of the formation of supramolecular polymers
from π-conjugated oligomers. Their kinetic experiments show the presence of a kinetically favoured
metastable assembly that forms quickly but then
transforms into the thermodynamically- favored form.
Quantitative insight into the kinetic experiments was
obtained from kinetic model calculations, which
revealed two parallel and competing pathways leading to assemblies with opposite helicity. These insights
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prompted the authors to use a chiral tartaric acid as
an auxiliary to change the thermodynamic preference
of the assembly process. They found that aggregation can be forced completely down the kinetically
favored pathway so that, on removal of the auxiliary,
the authors obtained only the metastable assemblies.
Reference
1. P. A. Korevaar, S. J. George, A. J. Markvoort,
M. M. J. Smulders, P. A. J. Hilbers, A. P. H. J. Schenning,
T. F. A. De Greef and E. W. Meijer, Nature, 481(7382),
492–496 (2012) (26 Jan., Issue).

Unimpeded Permeation of Water Through
Helium-Leak–Tight Graphene-Based
Membranes
Permeation through nm-size pores is important in the
design of materials for filtration and separation techniques and because of unusual fundamental behavior
arising at the molecular scale. Here, Nair et al.1 found
that sub-µm-thick membranes made from graphene
oxide can be completely impermeable to liquids,
vapors, and gases, including helium, but these membranes allow unimpeded permeation of water (H2 O
permeates through the membranes at least 1010 times
faster than He). The authors attribute these seemingly
incompatible observations to a low-friction flow of
a monolayer of water through two-dimensional capillaries formed by closely spaced graphene sheets.
Diffusion of other molecules is blocked by reversible
narrowing of the capillaries in low humidity and/or by
their clogging with water.
Reference
1. R. R. Nair, H. A. Wu, P. N. Jayaram, I. V. Grigorieva
and A. K. Geim, Science, 335(6067), 442–444 (2012) (27
Jan., Issue).

Ultrafast Viscous Permeation of Organic
Solvents Through Diamond-Like
Carbon Nanosheets
Chemical, petrochemical, energy, and environmentrelated industries strongly require high-performance
nanofiltration membranes applicable to organic solvents. To achieve high solvent permeability, filtration
membranes must be as thin as possible, while retaining mechanical strength and solvent resistance. Here,
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Reference
1. S. Karan, S. Samitsu, X. Peng, K. Kurashima and
I. Ichinose, Science, 335(6067), 444–447 (2012) (27 Jan.,
Issue).

Reversible Reduction of Oxygen to
Peroxide Facilitated by Molecular
Recognition
Generation of soluble sources of peroxide dianion
(O2 2− ) is a challenge in dioxygen chemistry. The
oxidizing nature of this anion renders its stabilization in organic media difficult. Here, Lopez et al.1
describe the chemically reversible reduction of oxygen (O2 ) to cryptand-encapsulated O2 2− . The dianion
is stabilized by strong hydrogen bonds to N-H groups
from the hexacarboxamide cryptand. Analogous stabilization of peroxide by hydrogen bonding has been
invoked recently in crystalline saccharide and protein
systems. The present peroxide adducts are stable at
room temperature in dimethyl sulfoxide (DMSO) and
N,N’-dimethylformamide (DMF). The authors state
that, ‘these adducts can be obtained in gm-quantities
from the cryptand-driven dis-proportionation reaction
of potassium superoxide (KO2 ) at room temperature.’
Reference
1. N. Lopez, D. J. Graham, R. McGuire Jr., G. E. Alliger,
Y. Shao-Horn, C. C. Cummins and D. G. Nocera, Science,
335(6067), 450–453 (2012) (27 Jan., Issue).

gap between its conduction and valence bands, which
makes it difficult to achieve low power dissipation in
the OFF state. Britnell et al.1 report a bipolar fieldeffect transistor (FET) that exploits the low density of
states in graphene and its one-atomic-layer thickness.
The prototype devices are graphene heterostructures
with atomically thin boron nitride or molybdenum
disulfide acting as a vertical transport barrier. The FET
exhibit room-temperature switching ratios of ≈50 and
≈10,000, respectively. The authors state that, ‘such
devices have potential for high-frequency operation
and large-scale integration.’
Reference
1. L. Britnell, R. V. Gorbachev, R. Jalil, B. D. Belle,
F. Schedin, A. Mishchenko, T. Georgiou, M. I. Katsnelson, L. Eaves, S. V. Morozov, N. M. R. Peres, J. Leist,
A. K. Geim, K. S. Novoselov, and L. A. Ponomarenko,
Science, 335(6071), 947–950 (2012) (24 Feb., Issue).

Highlights of Recent Literature

Karan et al.1 report on the preparation of ultrathin freestanding amorphous carbon membranes with Youngs
moduli of 90 to 170 GPa. The membranes can separate organic dyes at a rate three orders of magnitude greater than that of commercially available membranes. Permeation experiments revealed that the hard
carbon layer has hydrophobic pores of ∼1 nm, which
allow the ultrafast viscous permeation of organic solvents through the membrane.
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The Local Structure of Amorphous Silicon
It is widely believed that the continuous random network (CRN) model represents the structural topology
of amorphous silicon. The key evidence is that the
model can reproduce well the experimental reduced
density functions (RDFs) obtained by diffraction.
By using a combination of electron diffraction
and fluctuation electron microscopy (FEM) variance
data as experimental constraints in a structural relaxation procedure, Treacy and Borisenko1 showed that
the CRN is not unique in matching the experimental RDF. They find that the inhomogeneous paracrystalline structures containing local cubic ordering
at the 10 to 20 Å- length scale are also fully consistent
with the RDF data. Crucially, the authors also found
the RDF data matched the FEM variance data, unlike
the CRN model. The authors state that, ‘the paracrystalline model has implications for understanding
phase transformation processes in various materials
that extend beyond amorphous silicon.’

Field-Effect Tunneling Transistor Based on
Vertical Graphene Heterostructures

Reference

An obstacle to the use of graphene as an alternative to
silicon electronics has been the absence of an energy

1. M. M. J. Treacy and K. B. Borisenko, Science, 335(6071),
950–953 (2012) (24 Feb., Issue).
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Recent Books and Review Articles
in the Area of Materials Science, Engineering and Technology
(Contributed by the Editor)
Books
1

Sustainable Materials – With Both
Eyes Open
By Julian M. Allwood and Jonathan M. Cullen,
UIT Cambridge, Cambridge, 2011
Hardback: 384 pp. £45. ISBN 9781906860073.
Paperback: 384 pp. £24.95. ISBN 9781906860059.

4

The Essence of Materials For
Engineers
By Robert W. Messler, Jr., Jones and Bartlet India
Pvt. Ltd. 2011
Paperback: 570 pp. Original Price: $107.95.
Special Indian Price: Rs. 595.00.
ISBN: 9789380108902

2

Macrocycles, Construction, Chemistry
and Nanotechnology Applications
By David Parker and Stephen J. Butler, John Wiley
& Sons, Hoboken, USA 2011.
Softcover: 608 pp. £57.90. ISBN 978-0470714638

5

Bioelectrochemistry – Fundamentals,
Applications and Recent
Developments
Edited by Alkire, Richard C. / Kolb, Dieter M. /
Lipkowski, Jacek, Wiley-VCH, Weinheim. 2011
Hardcover: 387 pp. Euro 149. ISBN-10:
3-527-32885-8. ISBN-13: 978-3-527-32885-7
For a review, see, F. Davis and S. Higson, Angew.
Chem. Int. Ed., 50(50), 11842 (2011).
3

Nanotechnology for Biology and
Medicine – At the Building Block Level
Edited by Gabriel A. Silva and Vladimir Parpura,
Springer, New York, 2011
Hardback: 250 pages. $189.
ISBN: 9780387312828
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Electrochemical Technologies for
Energy Storage and Conversion
Edited by Zhang, Jiujun / Zhang, Lei / Liu, Hansan
/ Sun, Andy / Liu, Ru-Shi, 2 Volumes. Wiley-VCH,
Weinheim. 2011
Hardcover: 792 pp. Euro 249.
ISBN-10: 3-527-32869-6.
ISBN-13: 978-3-527-32869-7

8

Atomic Layer Deposition of
Nanostructured Materials
Edited by Pinna, Nicola / Knez, Mato, Wiley-VCH,
Weinheim. 2011
Softcover: 436 pp. Euro 139.
ISBN-10: 3-527-32797-5.
ISBN-13: 978-3-527-32797-3

9
7

Porous Silicon in Practice –
Preparation, Characterization and
Applications
By Sailor, M. J., Wiley-VCH, Weinheim. 2011
Softcover: 250 pp. Euro 79.
ISBN-10: 3-527-31378-8.
ISBN-13: 978-3-527-31378-5

Ceramic Integration and Joining
Technologies – From Macro to
Nanoscale
Edited by Singh, Mrityunjay / Ohji, Tatsuki /
Asthana, Rajiv / Mathur, Sanjay, Wiley-VCH,
Weinheim. 2011 - John Wiley & Sons
Hardcover: 830 pp. Euro 155.
ISBN-10: 0-470-39122-7.
ISBN-13: 978-0-470-39122-8
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10

Ceramics Science and Technology –
Volume 3: Synthesis and Processing
Edited by Riedel, Ralf / Chen, I-Wei, Wiley-VCH,
Weinheim. 2011
Hardcover: 532 pp. Euro 249.
ISBN-10: 3-527-31157-2.
ISBN-13: 978-3-527-31157-6

Green Corrosion Chemistry and
Engineering – Opportunities and
Challenges
With a Foreword by Nabuk Okon Eddy; Edited by
Sharma, Sanjay K., Wiley-VCH Weinheim. 2011
Softcover: 402 pp. Euro 69.
ISBN-10: 3-527-32930-7.
ISBN-13: 978-3-527-32930-4

12

Hierarchically Structured Porous
Materials – From Nanoscience to
Catalysis, Separation, Optics, Energy,
and Life Science
Edited by Su, Bao-Lian / Sanchez, Clément / Yang,
Xiao-Yu, Wiley-VCH, Weinheim.2011
Hardcover: 652 pp. Euro 159.
ISBN-10: 3-527-32788-6.
ISBN-13: 978-3-527-32788-1

11

13

Mechanical Properties and
Performance of Engineering Ceramics
and Composites VI
Edited by Singh, Dileep / Salem, Jonathan,
Wiley-VCH, Weinheim. 2011 – John Wiley & Sons
Hardcover: 328 pp. Euro 69.90.
ISBN-10: 1-118-05987-5.
ISBN-13: 978-1-118-05987-6
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Mechanical Stress on the Nanoscale –
Simulation, Material Systems and
Characterization Techniques
Edited by Hanbücken, Margrit / Müller, Pierre /
Wehrspohn, Ralf B., Wiley-VCH, Weinheim. 2011
Hardcover: 359 pp. Euro 119.
ISBN-10: 3-527-41066-X.
ISBN-13: 978-3-527-41066-8

16

Scanning Probe Microscopy of Soft
Matter – Fundamentals and Practices
Edited by Tsukruk, Vladimir V. / Singamaneni,
Srikanth, Wiley-VCH, Weinheim. 2011
Hardcover: 642 pp. Euro 146.
ISBN-10: 3-527-32743-6.
ISBN-13: 978-3-527-32743-0

17
15

Nanostructured Materials and
Nanotechnology V
Edited by Mathur, Sanjay / Ray, Suprakas Sinha,
Wiley-VCH, Weinheim. 2011 – John Wiley & Sons
Hardcover: 208 pp. Euro 69.90.
ISBN-10: 1-118-05992-1.
ISBN-13: 978-1-118-05992-0

Oxide Ultrathin Films – Science and
Technology
Edited by Pacchioni, Gianfranco / Valeri, Sergio,
Wiley-VCH, Weinheim. 2011
Hardcover: 352 pages. Euro 139.
ISBN-10: 3-527-33016-X.
ISBN-13: 978-3-527-33016-4 - Wiley-VCH,
Weinheim

Recent Books and Review Articles

14
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18

Transition to Hydrogen – Pathways
Toward Clean Transportation
Edited by Alexander Wokaun and Erik Wilhelm,
Cambridge University Press, Cambridge, 2011
Hardback: 272 pp., $110, £65.
ISBN: 9780521192880
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19

Graphene: Synthesis and
Applications
Edited by Wonbong Choi and Jo-won Lee, CRC
Press- Taylor & Francis Group, 2011
Hardback: 394 pp. £82. ISBN 9781439861875

20

Self-Healing at the Nanoscale:
Mechanisms and Key Concepts of
Natural and Artificial Systems
Edited by Vincenzo Amendola, CRC Press- Taylor
& Francis Group, 2011
Hardback: 463 pp. £82. ISBN 9781439854730

21

Magnetic Nanoparticles: From
Fabrication to Clinical Applications
Edited by Nguyen TK Thanh, CRC Press- Taylor &
Francis Group, 2012
Hardback: 616 pp. £121. ISBN 9781439869321

22

Electrochemical Nanofabrication:
Principles and Applications
Edited by Di Wei, Pan Stanford Publishing. 2011
Hardback: 350 pp. £95. ISBN 9789814303736.
Cat# N10473
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26

24 Electricity and Magnetism 2nd ed.
Edited by Edward M. Purcell, Cambridge
University Press, New York, 2011
Hardback: 502 pp. $75, £40. ISBN 9781107013605

27

25

Renewable Polymers – Synthesis,
Processing, and Technology
Edited by Mittal, Vikas, Wiley-VCH, Weinheim.
2011 – John Wiley & Sons
Hardcover: 502 pp. Euro 152.
ISBN-10: 0-470-93877-3.
ISBN-13: 978-0-470-93877-5

Rubber-Clay Nanocompositese –
Science, Technology, and
Applications
Edited by Galimberti, Maurizio, Wiley-VCH,
Weinheim. 2011 – John Wiley & Sons
Hardcover: 632 pp. Euro 129.
ISBN-10: 0-470-56210-2.
ISBN-13: 978-0-470-56210-9

Recent Books and Review Articles

Advances in Nanotechnology and the
Environment
Edited by Juyoung Kim, Pan Stanford
Publishing. 2011
Hardback: 400 pp. £95. ISBN 9789814241557
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Carbon Meta-Nanotubes – Synthesis,
Properties and Applications
By Monthioux, Marc, Wiley-VCH, Weinheim. 2011
– John Wiley & Sons
Hardcover: 448 pp. Euro 129.
ISBN-10: 0-470-51282-2.
ISBN-13: 978-0-470-51282-1
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28

Developments in Data Storage –
Materials Perspective
Edited by Piramanayagam, S. N. / Chong, Chong
Tow, Wiley-VCH, Weinheim. 2011 – John Wiley &
Sons
Hardcover: 352 pp. Euro 105.
ISBN-10: 0-470-50100-6.
ISBN-13: 978-0-470-50100-9

32 Porous Polymers
Edited by Michael S. Silverstein, Neil R. Cameron,
and Marc A. Hillmyer, Wiley-VCH, Weinheim,
2011
hardcover: 472 pp. Euro 109.
ISBN: 978-0470390849

For a review, see, A. Cooper, Angew. Chem. Intl.
Ed., 51(6), 1307–1308, (2012)
33
29 Biomaterials for Surgical Operation
By Shuko Suzuki and Yoshito Ikada, Humana
(Springer), New York, 2012
Hardback: 221 pp., illus. $189. ISBN
9781617795695
30

Mechanics of Biomaterials –
Fundamental Principles for Implant
Design
By Lisa A. Pruitt and Ayyana M. Chakravartula,
Cambridge University Press, New York, 2012
Hardback: 697 pp., illus. $110, £45. ISBN
9780521762212

Fundamentals of Materials for Energy
and Environmental Sustainability
Edited by David S. Ginley and David Cahen,
Cambridge University Press, New York, 2012
Hardback: 771 pp. $99, £65. ISBN 9781107000230
34

Green Chemistry for Environmental
Remediation
By Sanghi R., Singh V., Wiley-VCH, Weinheim,
2012 – John Wiley & Sons
Hardcover: 800 pp. Euro 169.
ISBN-10: 0-470-94308-4.
ISBN-13: 978-0-470-94308-3

31

A Guide to Hands-on MEMS Design
and Prototyping
By Joel A. Kubby, Cambridge University Press,
Cambridge, 2011
Hardback: 178 pp., illus. $125, £75.
ISBN: 9780521889254. Paperback: 178 pp., illus.
$45, £27.99. ISBN 9781107645790
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X-ray Photoelectron Spectroscopy –
An introduction to Principles and
Practices
By van der Heide, Paul, Wiley-VCH, Weinheim,
2012 – John Wiley & Sons
Hardcover: 264 pp. Euro 77.90.
ISBN-10: 1-118-06253-1.
ISBN-13: 978-1-118-06253-1

36

Chips 2020 – A Guide to the Future of
Nanoelectronics
Edited by Bernd Hoefflinger, Springer, Berlin, 2012
Hardback: 505 pp. $109, Euro 79.95, £72,
CHF115. ISBN 9783642223990
37

Modeling Materials – Continuum,
Atomistic and Multiscale Techniques
By Ellad B. Tadmor and Ronald E. Miller,
Cambridge University Press, Cambridge, 2012
Hardback: 787 pp. $85, £50. ISBN 9780521856980
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38

Nanotechnology in Regenerative
Medicine – Methods and Protocols
Edited by Melba Navarro and Josep A. Planell,
Humana (Springer), New York, 2012
Hardback: 331 pages. $139. ISBN 9781617793875
39

Problems in Solid State Physics with
Solutions
By Fuxiang Han, World Scientific, Hackensack, NJ,
2011
Paperback: 668 pp. $138, £91. ISBN
9789814366878

Review Articles
1

Conjugated Rod–Coil and Rod–Rod
Block Copolymers for Photovoltaic
Applications
By M. He, F. Qiu and Z. Lin, J. Mater. Chem.,
21(43), 17039–17048 (2011).

Abstract
Conjugated polymer-based bulk heterojunction (BHJ)
solar cells are widely recognized as a promising alternative to their inorganic counterparts for achieving
low-cost, roll-to-roll production of large-area flexible
lightweight photovoltaic devices. Current research in
designing new polymers and optimizing device architectures has been devoted to improving the film morphology, photovoltaic performance and stability of

polymer BHJ solar cells. Conjugated block copolymers
(BCPs), including rod–coil and rod–rod BCPs, exhibit
excellent flexibility for tuning the band gap of semiconductor polymers, regulating the molecular organization of donor (and/or acceptor) units, templating the
film morphology of active layers, and achieving welldefined BHJ architectures.
In this article, the authors summarize the recent
developments over the past five years in the synthesis, self-assembly, and utilization of conjugated rod–
coil and all-conjugated rod–rod BCPs for solar energy
conversion, highlight the correlation between the
microphase-separated morphology and photovoltaic
properties in conjugated BCPs, and finally provide
an outlook on the future of BCP-based photovoltaic
devices. 136 References.
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2

Toward High-Performance
Nanostructured Thermoelectric
Materials: The Progress of Bottom-up
Solution Chemistry Approaches
By Y. Zhao,
J. S. Dyck and C. Burda, J. Mater. Chem.,
21(43), 17049–17058 (2011).

Abstract
Significant research effort has recently gone into
the synthesis of thermoelectric nanomaterials through
different chemical approaches since nanomaterials
chemistry became a promising strategy for improving
thermoelectric performance. Different thermoelectric
nanocrystals, especially PbTe, Bi2 Te3 and CoSb3 , with
various compositions and morphologies have been
successfully prepared by solvo/hydrothermal, electrochemical, and ligand-based synthesis methods. Such
nanoscale materials show not only substantial reduction in thermal conductivity due to increased phonon
scattering at nanoscale grain boundaries and lower densities of phonon states but possibly also an enhancement in thermopower due to electronic quantum size
effects. More recently, the notoriously low power factors of thermoelectric nanomaterials prepared by wet
chemistry have been significantly improved by using
an increasingly cross-disciplinary approach towards
the bottom-up synthesis that combines expertise from
chemistry, physics, and materials engineering.
In this review, the authors discuss the recent
progress and current challenges of preparing thermoelectric nanomaterials with solution-based chemistry
approaches. 115 References.
3

Functional Mixed Metal–Organic
Frameworks with Metalloligands
By M. C. Das, S. Xiang, Z. Zhang and B. Chen,
Angew. Chem. Int. Ed.,
50(45), 10510–10520 (2011).
Abstract

has enabled to rationally immobilize a variety of
different functional sites such as open metal sites,
catalytic active metal sites, photoactive metal sites,
chiral pore environments, and pores of tunable sizes
and curvatures into mixed metal–organic frameworks
(M′MOFs).
In this review, the authors highlight some important functional M′MOFs with metalloligands for gas
storage and separation, enantio-selective separation,
heterogeneous asymmetric catalysis, sensing, and as
photoactive and nanoscale drug delivery and biomedical imaging materials.
4

Controlled Growth of Single-Walled
Carbon Nanotubes on Patterned
Substrates
By X. Zhou, F. Boey and H. Zhang, Chem. Soc.
Rev.,
40(11), 5221–5231 (2011).
Abstract
Single-walled carbon nanotubes (SWCNTs) have
attracted great interest in the last two decades because
of their unique electrical, optical, thermal, mechanical
properties, etc. One major research field of SWCNTs is
the controlled growth of them from the patterned catalysts on substrates, since the integration of SWCNTs
into nanoelectronics and other devices requires wellorganized SWCNT arrays.
This review describes the commonly used lithographic techniques to pattern catalysts used for controlled growth of SWCNTs, specifically confined to the
horizontal direction. Advantages and disadvantages of
each method will be briefly discussed. Applications of
the SWCNT arrays grown from the catalyst patterns
will also be introduced. 55 References.
5

Solution Processing of Transparent
Conductors: From Flask to Film
By R. M. Pasquarelli, D. S. Ginley and R.
O’Hayre, Chem. Soc. Rev.,
40(11), 5406–5441 (2011).

Immobilization of functional sites within metal–
organic frameworks (MOFs) is very important for their
ability to recognize small molecules and thus, for
their functional properties. The metalloligand approach
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Abstract
This review focuses on the solution deposition of transparent conductors with a particular focus on transparent conducting oxide (TCO) thin-films. TCOs play
a critical role in many current and emerging optoelectronic devices due to their unique combination of
electronic conductivity and transparency in the visible
region of the spectrum. Atmospheric-pressure solution
processing is an attractive alternative to conventional
vacuum-based deposition methods due to its ease of
fabrication, scalability, and potential to lower device
manufacturing costs. An introduction into the applications of and material criteria for TCOs is presented
first, followed by a discussion of solution routes to
these systems. Recent studies in the field are reviewed
according to their materials system. Finally, the challenges and opportunities for further enabling research
are discussed in terms of emerging oxide systems and
non-oxide based transparent conductors. 341 References.
6

Fabrication and Application of
Inorganic Hollow Spheres
By J. Hu, M. Chen, X. Fang and L. Wu, Chem. Soc.
Rev.,
40(11), 5472–5491 (2011).
Abstract
Inorganic hollow spheres have attracted considerable
interest due to their singular properties and wide range
of potential applications. In this article, the authors provide a comprehensive overview of the preparation and
applications of inorganic hollow spheres.
They first discuss the syntheses of inorganic hollow spheres by use of polymers, inorganic nonmetals,
metal-based hard templates, small-molecule emulsion, surfactant micelle-based soft-templates, and the
template-free approach. For each method, a critical
comment is given based on the available knowledge
and related research experience. They discuss some
important applications of inorganic hollow spheres in
0D, 2D, and 3D arrays. The review concludes with
some perspectives on the future research and development of inorganic hollow spheres. 235 References.

Controlled Synthesis of
Semiconductor Nanostructures in the
Liquid Phase
By Z. Zhuang, Q. Peng and Y. Li, Chem. Soc. Rev.,
40(11), 5492–5513 (2011).

Abstract
The microstructure (composition, size and shape
etc.) of semiconductor nanocrystals determine the
electronic density of states of semiconductor nanomaterials and ultimately determine their optical and electrical properties. Semiconductor nanocrystal advanced
structures, such as hybrid nanostructures and nanocrystal superlattices, not only integrate the function of
individual nanocrystals, but also brings the materials
collective and synchronic properties. How to control
the monodispersity, composition and structure of asprepared semiconductor nanocrystals during their syntheses, as well as their furthermore assembly, has been
a hot research area in this decade.
This review focuses on the development of synthetic and assembly methods (techniques) of semiconductor nanocrystals processed in the liquid phase.
Emphasis is on the synthesis methodology, microstructure related properties of semiconductor nanocrystals,
and their applications. 243 References.
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8
Poisson’s ratio and modern materials
By G. N. Greaves, A. L. Greer, R. S. Lakes and T.
Rouxel, Nature Mater.,
10(11), 823–837 (2011).

Abstract
In comparing a material’s resistance to distort under
mechanical load rather than to alter in volume, Poisson’s ratio offers the fundamental metric by which
to compare the performance of any material when
strained elastically. The numerical limits are set by
1/2 and −1, between which all stable isotropic materials are found. With new experiments, computational
methods and routes to materials synthesis, the authors
assess what Poisson’s ratio means in the contemporary understanding of the mechanical characteristics
of modern materials. Central to these recent advances,
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they emphasize the significance of relationships outside the elastic limit between Poisson’s ratio and densification, connectivity, ductility and the toughness of
solids, and their association with the dynamic properties of the liquids from which they were condensed and
into which they melt. 118 References.
9

Organic Photorefractive Materials and
Applications
By S. Köber, M. Salvador and K. Meerholz, Adv.
Mater.,
23(41), 4725–4763 (2011).
Abstract
This review describes recent advances and applications
in the field of organic photorefractive materials, an
interesting area in the field of organic electronics and
promising candidate for various aspects of photonic
applications.
The authors describe the current state of knowledge
about the processes involved in the formation of photorefractive gratings in organic materials and focus on
the chemical and photo-physical aspects of the material
structures employed in low glass-transition temperature amorphous composites and organic photorefractive glasses. State-of-the art materials are highlighted
and recent demonstrations of photonic applications
relying on the reversible holographic nature of the photorefractive materials are discussed. 246 References.
10

Carbon Materials for Chemical
Capacitive Energy Storage
By Y. Zhai, Y. Dou, D. Zhao,
P. F. Fulvio, R. T. Mayes and S. Dai, Adv. Mater.,
23(42), 4828–4850 (2011).

Abstract
Carbon materials have attracted intense interests as
electrode materials for electrochemical capacitors,
because of their high surface area, electrical conductivity, chemical stability and low cost. Activated carbons produced by different activation processes from
various precursors are the most widely used electrodes. Recently, with the rapid growth of nanotechnology, nanostructured electrode materials, such as carbon
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nanotubes and template-synthesized porous carbons
have been developed. Their unique electrical properties and well controlled pore sizes and structures facilitate fast ion and electron transportation. In order to
further improve the power and energy densities of the
capacitors, carbon-based composites combining electrical double layer capacitors (EDLC)-capacitance and
pseudo-capacitance have been explored. They show
not only enhanced capacitance, but as well good cyclability.
In this review, recent progress on carbon-based
electrode materials are summarized, including activated carbons, carbon nanotubes, and templatesynthesized porous carbons, in particular mesoporous
carbons. Their advantages and disadvantages as electrochemical capacitors are discussed. Finally, the
future trends of electrochemical capacitors with high
energy and power are proposed. 130 References.
11

Graphene Versus Carbon Nanotubes
in Electronic Devices
By C. Biswas and Y. H. Lee, Adv. Funct. Mater.,
21(20), 4828–4850 (2011).

Abstract
Advances in semiconductor device during last few
decades enable us to improve the electronic device
performance by minimizing the device dimension. However, further development of these systems encounters scientific and technological limits
and forces us to explore better alternatives. Lowdimensional carbon allotropes such as carbon nanotube
and graphene exhibit superior electronic, optoelectronic, and mechanical properties compared to the conventional semiconductors.
This article reviews the recent progress of carbon nanotubes and graphene researches and compares their electronic properties and electric device
performances. A particular focus is the comparison of the characteristics in transparent conducting
films (transparency and sheet resistance) and fieldeffect transistors (FETs) (device types, ambipolarity, mobility, doping strategy, FET-performance, logic
and memory operations). Finally, the performance of
devices that combine graphene and carbon nanotubes
is highlighted. 100 References.
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Nanostructured Electrodes for
Lithium-Ion and Lithium-Air Batteries:
The Latest Developments,
Challenges, and Perspectives
By M. –K. Song, S. Park, F. M. Alamgir, J. Cho
and M. Liu, Mater. Sci. & Engg., R,
72(11), 4828–4850 (2011).

13

Recent Aspects of Oxide
Thermoelectric Materials for Power
Generation from Mid-to-High
Temperature Heat Source
By M. Ohtaki, J. Ceram. Soc. Japan
119(11), 770–775 (2011).
Abstract

Abstract
The urgency for clean and secure energy has stimulated
a global resurgence in searching for advanced electrical
energy storage systems. For now and the foreseeable
future, batteries remain the most promising electrical
energy storage systems for many applications, from
portable electronics to emerging technologies such
as electric vehicles and smart grids, by potentially
offering significantly improved performance, energy
efficiencies, reliability, and energy security while also
permitting a drastic reduction in fuel consumption and
emissions. The energy and power storage characteristics of batteries critically impact the commercial viability of these emerging technologies. For example, the
realization of electric vehicles hinges on the availability of batteries with significantly improved energy and
power density, durability, and reduced cost. Further,
the design, performance, portability, and innovation of
many portable electronics are limited severely by the
size, power, and cycle life of the existing batteries.
Creation of nanostructured electrode materials
represents one of the most attractive strategies to
dramatically enhance battery performance, including
capacity, rate capability, cycling life, and safety. This
review aims at providing the reader with an understanding of the critical scientific challenges facing
the development of advanced batteries, various unique
attributes of nanostructures or nano-architectures
applicable to lithium-ion and lithium-air batteries, the
latest developments in novel synthesis and fabrication
procedures, the unique capabilities of some powerful, in situ characterization techniques vital to unraveling the mechanisms of charge and mass transport
processes associated with battery performance, and
the outlook for future-generation batteries that exploit
nanoscale materials for significantly improved performance to meet the ever-increasing demands of emerging technologies. 313 References.

Rapid progress in thermoelectric performance of oxide
materials has been conducted virtually exclusively in
Japan, resulting in more than 10 times increase in
the ZT values of oxides within the last two decades.
This has caused a revolutionary change in the guiding principles of thermoelectric materials research,
in which oxide materials had been disregarded as
a potential candidate until early 1990s. Promising
oxide thermoelectric materials having been discovered
include CaMnO3 -based perovskites, Al-doped ZnO,
layered cobalt oxides represented by NaCo2 O4 and
Ca3 Co4 O9 , and SrTiO3 -related phases.
This article reviews the current aspects of oxide
thermoelectric materials, and some strategies of nanostructure control for selective reduction of the lattice
thermal conductivity (selective phonon scattering) in
bulk oxide ceramics are also discussed. 47 References.
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14

Electrical Energy Storage for the Grid:
A Battery of Choices
By B. Dunn, H. Kamath and J. –M. Tarascon,
Science,
334(6058), 928–935 (2011).
Abstract
The increasing interest in energy storage for the electric grid can be attributed to multiple factors, including
the capital costs of managing peak demands, the investments needed for grid reliability, and the integration
of renewable energy sources. Although existing energy
storage is dominated by pumped hydroelectric, there is
the recognition that battery systems can offer a number
of high-value opportunities, provided that lower costs
can be obtained.
The battery systems reviewed here include sodiumsulfur batteries that are commercially available for
grid applications, redox-flow batteries that offer low
cost, and lithium-ion batteries whose development for
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commercial electronics and electric vehicles is being
applied to grid storage. 62 References.
15

Lowering the Temperature of Solid
Oxide Fuel Cells
By E. D. Wachsman and K. T. Lee, Science,
334(6058), 935–939 (2011).
Abstract
Fuel cells are uniquely capable of overcoming combustion efficiency limitations, e.g., the Carnot cycle. However, the linking of fuel cells (an energy conversion
device) and hydrogen (an energy carrier) has emphasized investment in proton-exchange membrane fuel
cells as part of a larger hydrogen economy and thus
relegated fuel cells to a future technology. In contrast,
solid oxide fuel cells are capable of operating on conventional fuels (as well as hydrogen) today. The main
issue for solid oxide fuel cells is high operating temperature (about 800◦ C) and the resulting materials and
cost limitations and operating complexities, e.g., thermal cycling.
Recent results on the solid oxide fuel cells
have demonstrated extremely high power densities,
∼ 2 W/cm2 watts at 650◦ C along with flexible fueling,
thus enabling higher efficiency within the existing fuel
infrastructure. Newly developed, high-conductivity
electrolytes and nanostructured electrode designs provide a path for further performance improvement at
much lower temperatures, down to ∼350◦ C, thus providing opportunity to transform the way we convert
and store energy. 46 References.
16

Multigate Transistors as the Future of
Classical
Metal–Oxide–Semiconductor
Field-Effect Transistors
By I. Ferain, C. A. Colinge and J. –P. Colinge,
Nature,
479(7373), 310–316 (2011).
Abstract
For more than four decades, transistors have been
shrinking exponentially in size, and therefore the number of transistors in a single microelectronic chip
has been increasing exponentially. Such an increase
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in packing density was made possible by continually
shrinking the metal–oxide–semiconductor field-effect
transistor (MOSFET). In the current generation of transistors, the transistor dimensions have shrunk to such
an extent that the electrical characteristics of the device
can be markedly degraded, making it unlikely that the
exponential decrease in transistor size can continue.
Recently, however, a new generation of MOSFETs,
called multigate transistors, has emerged, and this
multigate geometry will allow the continuing enhancement of computer performance into the next decade.
43 References.
17

Nanometre-scale electronics with III–V
compound semiconductors
By J. A. del Alamo, Nature,
479(7373), 317–323 (2011).

Abstract
For 50 years the exponential rise in the power of electronics has been fuelled by an increase in the density
of silicon complementary metal–oxide–semiconductor
(CMOS) transistors and improvements to their logic
performance. But silicon transistor scaling is now
reaching its limits, threatening to end the microelectronics revolution. Attention is turning to a family
of materials that is well placed to address this problem: group III–V compound semiconductors. The outstanding electron transport properties of these materials might be central to the development of the first
nanometre-scale logic transistors. 95 References.
18

Academic and Industry Research
Progress in Germanium Nanodevices
By R. Pillarisetty, Nature,
479(7373), 324–328 (2011).
Abstract
Silicon has enabled the rise of the semiconductor electronics industry, but it was not the first material used
in such devices. During the 1950s, just after the birth
of the transistor, solid-state devices were almost exclusively manufactured from germanium (Ge). Today,
one of the key ways to improve transistor performance is to increase charge-carrier mobility within
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Tunnel Field-Effect Transistors as
Energy-Efficient Electronic Switches
By A. M. Ionescu and H. Riel, Nature,
479(7373), 329–337 (2011).
Abstract
Power dissipation is a fundamental problem for nanoelectronic circuits. Scaling the supply voltage reduces
the energy needed for switching, but the field-effect
transistors (FETs) in today’s integrated circuits require
at least 60 mV of gate voltage to increase the current
by one order of magnitude at room temperature. Tunnel FETs avoid this limit by using quantum-mechanical
band-to-band tunneling, rather than thermal injection,
to inject charge carriers into the device channel. Tunnel FETs based on ultrathin semiconducting films
or nanowires could achieve a 100-fold power reduction over complementary metal–oxide–semiconductor
(CMOS) transistors, so integrating tunnel FETs with
CMOS technology could improve low-power integrated circuits. 86 References.

20

A Role for Graphene in Silicon-Based
Semiconductor Devices
By K. Kim, J.-Y. Choi, T. Kim, S.-H. Cho and H.-J.
Chung, Nature,
479(7373), 338–344 (2011).
Abstract
As silicon-based electronics approach the limit of
improvements to performance and capacity through
dimensional scaling, attention in the semiconductor
field has turned to graphene, a single layer of carbon
atoms arranged in a honeycomb lattice. Its high mobility of charge carriers (electrons and holes) could lead
to its use in the next generation of high-performance
devices.
Graphene is unlikely to replace silicon completely,
however, because of the poor on/off current ratio
resulting from its zero bandgap. But it could be
used to improve silicon-based devices, in particular in high-speed electronics and optical modulators.
90 References.

Review Articles

the device channel. Motivated by this, the solid-state
device research community is returning to investigating the high-mobility material, Ge. The Ge-based transistors have the potential to operate at high speeds with
low power requirements and might therefore be used
in non-silicon-based semiconductor technology in the
future.
In this review, the history and recent progress of
industry and academic research into the use of germanium channel materials as a replacement for siliconbased p-type MOSFETs (PMOSs) is presented. Such
research could lead to a non-silicon transistor architecture, based on low-power group III–V/Ge complementary metal–oxide–semiconductors (CMOSs). 52 References.
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21

Embracing the Quantum Limit in
Silicon Computing
By J. J. L. Morton, D. R. McCamey,
M. A. Eriksson and S. A. Lyon, Nature,
479(7373), 345–353 (2011).
Abstract
Quantum computers hold the promise of massive performance enhancements across a range of applications,
from cryptography and databases to revolutionary scientific simulation tools. Such computers would make
use of the same quantum mechanical phenomena that
pose limitations on the continued shrinking of conventional information processing devices. Many of the key
requirements for quantum computing differ markedly
from those of conventional computers. However, silicon, which plays a central part in conventional information processing, has many properties that make it a
superb platform around which to build a quantum computer. 101 References.
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22

Microwave-Assisted Synthesis of
Colloidal Inorganic Nanocrystals
By M. Baghbanzadeh, L. Carbone, P. D. Cozzoli
and C. O. Kappe, Angew. Chem. Int. Ed.,
50(48), 11312–11359 (2011).
Abstract
Colloidal inorganic nanocrystals stand out as an important class of advanced nanomaterials owing to the
flexibility with which their physical–chemical properties can be controlled through size, shape, and compositional engineering in the synthesis stage and the
versatility with which they can be implemented into
technological applications in fields as diverse as optoelectronics, energy conversion/production, catalysis,
and biomedicine. The use of microwave irradiation as
a non-classical energy source has become increasingly
popular in the preparation of nanocrystals. Similar to
its now widespread use in organic chemistry, the efficiency of ‘microwave flash heating’ in dramatically
reducing overall processing times, is one of the main
advantages associated with this technique.
This review illustrates microwave-assisted methods that have been developed to synthesize colloidal
inorganic nanocrystals and critically evaluates the specific roles that microwave irradiation may play in the
formation of these nanomaterials.
23

Development and Evaluation of
Porous Materials for Carbon Dioxide
Separation and Capture
By Y.-S. Bae and R. Q. Snurr, Angew. Chem. Int.
Ed.,
50(49), 11586–11596 (2011).
Abstract
The development of new microporous materials for
adsorption separation processes is a rapidly growing
field because of potential applications such as carbon
capture and sequestration (CCS) and purification of
clean-burning natural gas. In particular, new metalorganic frameworks (MOFs) and other porous coordination polymers are being generated at a rapid and
growing pace.
Herein, the authors address the question of how this
large number of materials can be quickly evaluated for
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their practical application in carbon dioxide separation
processes. Five adsorbent evaluation criteria from the
chemical engineering literature are described and used
to assess over 40 MOFs for their potential in CO2 separation processes for natural gas purification, landfill gas
separation, and capture of CO2 from power-plant flue
gas. Comparisons with other materials such as zeolites
are made, and the relationships between MOF properties and CO2 separation potential are investigated from
the large data set. In addition, strategies for tailoring
and designing MOFs to enhance CO2 adsorption are
briefly reviewed.

24

From Ni-YSZ to Sulfur-Tolerant Anode
Materials for Sofcs: Electrochemical
Behavior, in Situ Characterization,
Modeling, and Future Perspectives
By Z. Cheng, J.-H. Wang, Y. M. Choi, L. Yang,
M. C. Lin and M. Liu, Energy Environ. Sci.,
4(11), 4380–4409 (2011).

Abstract
Solid oxide fuel cells (SOFCs) offer great promise
for the most efficient and cost-effective conversion to
electricity of a wide variety of fuels such as hydrocarbons, coal gas, and gasified carbonaceous solids.
However, the conventional Ni-YSZ (yttria-stabilized
zirconia) anode is highly susceptible to deactivation
(poisoning) by contaminants commonly encountered
in readily available fuels, especially sulfur-containing
compounds. Thus, one of the critical challenges facing
the realization of fuel-flexible and cost-effective SOFC
systems is the development of sulfur-tolerant anode
materials.
This article aims at providing a comprehensive
review of materials that have been studied as anodes
for SOFCs, the electrochemical behavior of various
anode materials in H2 S-contaminated fuels, experimental methods for ex situ and in situ characterizations of species and phases formed on anode surfaces
upon exposure to H2 S-containing fuels, mechanisms
for the interactions between H2 S and anode surfaces
as predicted from density functional theory (DFT) calculations, and possible strategies of minimizing or
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Organic Solar Cells: A New Look at
Traditional Models
By J. D. Servaites, M. A. Ratner and T. J. Marks,
Energy Environ. Sci.,
4(11), 4410–4422 (2011).

After highlighting some of the general challenges
of solar energy conversion and storage, the authors discuss how recent advances in understanding the effect
of molecular strain on the thermal and photochemical reactivity of small molecules offers new opportunities for a systematic approach to the molecular
design of solar thermal fuels, defining the molecular properties which determine the fundamental limits of such a material’s performance characteristics.
151 References.

Review Articles

eliminating the effect of sulfur poisoning. Many challenges still remain to bridge the gaps between models at different scales or between theoretical predictions and experimental observations. An important new
direction for future research is to develop a predictive
multi-scale (from DFT to continuum) computational
framework, through a rigorous validation at each scale
by carefully-designed experiments performed under in
situ conditions. 217 References.
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25

Abstract
Traditional inorganic solar cell models are widely used
in understanding bulk heterojunction (BHJ) organic
solar cell response. While these models can be useful,
there are several key points of departure from traditional solar cell behavior. In this article, the authors
discuss three important areas: (1) geminate pair and
bimolecular recombination, (2) effects of interfacial
layers inserted between the electrodes and active layer,
and (3) resistance effects. This is imperative for the
design and synthesis of new generation high efficiency
organic solar cell materials. 129 References.
26

Chemical Solutions for the
Closed-Cycle Storage of Solar Energy
By T. J. Kucharski, Y. Tian, S. Akbulatov and R.
Boulatov, Energy Environ. Sci.,
4(11), 4449–4472 (2011).

Abstract
This review analyzes the inherent scientific challenges of realizing the potential of storing solar
energy by photochemical generation of high-energy
metastable compounds whose subsequent thermal isomerization releases large amounts of low-temperature
(¡500 K) heat. Such compounds may be stored at room
temperature for days or months, regenerated using sunlight, and may be cycled many times without significant degradation.

27

Theoretical Studies of Dye-Sensitised
Solar Cells: From Electronic Structure
to Elementary Processes
By N. Martsinovich and A. Troisi, Energy Environ.
Sci.,
4(11), 4473–4495 (2011).
Abstract
A full understanding of the elementary processes taking place in dye-sensitized solar cells requires an
accurate description of the electronic structure of the
dyes, the semiconductor surface, the electrolyte and
their interactions. This review describes how electronic structure calculations have contributed to the
field since its first steps and what methodologies have
been adopted to study the charge transfer processes at
the interface. Not all properties are equally predictable
with electronic structure methods, and this work highlights the main success areas (e.g. the rationalization
of the optical properties of the dyes), the recent developments (e.g. the improved description of the dye–
semiconductor interaction) and the key challenges for
the future (e.g. the calculation of charge recombination
rate). 270 References.
28

Strategies for the Fabrication of
Porous Platinum Electrodes
By A. Kloke, F. von Stetten,
R. Zengerle and S. Kerzenmacher, Adv. Mater.,
23(43), 4976–5008 (2011).

Abstract
Porous platinum is of high technological importance
due to its various applications in fuel cells, sensors,
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stimulation electrodes, mechanical actuators and catalysis in general. Based on a discussion of the general principles behind the reduction of platinum salts
and corresponding deposition processes this article
discusses techniques available for platinum electrode
fabrication. The numerous, different strategies available to fabricate platinum electrodes are reviewed and
discussed in the context of their tuning parameters,
strengths and weaknesses. These strategies comprise
bottom-up approaches as well as top-down approaches.
As a further top-down strategy, this review
describes methods to decorate porous metals other than
platinum with a surface layer of platinum. This way,
fabrication methods not performable with platinum can
be applied to the fabrication of platinum electrodes
with the special benefit of low platinum consumption.
322 References.
29

Multiscale Modeling of Composite
Materials: a Roadmap Towards Virtual
Testing
By J. LLorca, C. González, J. M.
Molina-Aldareguı́a, J. Segurado, R. Seltzer, F.
Sket, M. Rodrı́guez, S. Sádaba, R. Muñoz and L. P.
Canal, Adv. Mater.,
23(44), 5130–5147 (2011).
Abstract
A bottom-up, multiscale modeling approach is presented to carry out high-fidelity virtual mechanical
tests of composite materials and structures. The strategy begins with the in situ measurement of the matrix
and interface mechanical properties at the nanometermicrometer range to build up a ladder of the numerical simulations, which take into account the relevant
deformation and failure mechanisms at different length
scales relevant to individual plies, laminates and components. The main features of each simulation step and
the information transferred between length scales are
described in detail as well as the current limitations and
the areas for further development. Finally, the roadmap
for the extension of the current strategy to include functional properties and processing into the simulation
scheme is delineated. 128 References.
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30

Molecular Self-Assembly at Solid
Surfaces
By R. Otero, J. M. Gallego, A. L. V. de Parga, N.
Martı́n and R. Miranda, Adv. Mater.,
23(44), 5148–5176 (2011).
Abstract
Self-assembly, the process by which objects initially
distributed at random arrange into well-defined patterns exclusively due to their local mutual interactions
without external intervention, is generally accepted to
be the most promising method for large-scale fabrication of functional nanostructures. In particular, the
ordering of molecular building-blocks deposited at
solid surfaces is relevant for the performance of many
organic electronic and optoelectronic devices, such as
organic field-effect transistors (OFETs), organic lightemitting diodes (OLEDs) or photovoltaic solar cells.
In this review the authors give several examples from their recent research demonstrating the
apparently endless variety of ways in which the surface might affect the assembly of organic adsorbates.
176 References.
31

Bioceramics: From Bone
Regeneration to Cancer
Nanomedicine
By M. Vallet-Regı́ and E. Ruiz-Hernández, Adv.
Mater.,
23(44), 5177–5218 (2011).
Abstract
Research on biomaterials has been growing in the last
few years due to the clinical needs in organs and
tissues replacement and regeneration. In addition, cancer nanomedicine has recently appeared as an effective means to combine nanotechnology developments
towards a clinical application.
Ceramic materials are suitable candidates to be
used in the manufacturing of bone-like scaffolds.
Bioceramic materials may also be designed to deliver
biologically active substances aimed at repairing,
maintaining, restoring or improving the function of
organs and tissues in the organism. Several materials such as calcium phosphates, glasses and glass
ceramics able to load and subsequently release in a
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32

Thermoelectric Nanostructures: From
Physical Model Systems towards
Nanograined Composites
By K. Nielsch, J. Bachmann, J. Kimling and
H. Böttner, Adv. Energy Mater.,
1(5), 713–731 (2011).
Abstract
Thermoelectric materials could play an increasing role
for the efficient use of energy resources and waste heat
recovery in the future. The thermoelectric efficiency
of materials is described by the figure of merit, ZT =
(S2 σ)/κ (S Seebeck coefficient, σ electrical conductivity, κ thermal conductivity, and T absolute temperature). In recent years, several groups worldwide have
been able to experimentally prove the enhancement of
the thermoelectric efficiency by reduction of the thermal conductivity due to phonon blocking at nanostructured interfaces.
This review addresses recent developments
from thermoelectric model systems, e.g. nanowires,
nanoscale meshes, and thermionic superlattices, up to
nanograined bulk-materials. In particular, the progress
of nanostructured silicon and related alloys as an
emerging material in thermoelectrics is emphasized.
Scalable synthesis approaches of high-performance
thermoelectrics for high-temperature applications is
discussed at the end.

33

Eco-Friendly Visible-Wavelength
Photodetectors based on Bandgap
Engineerable Nanomaterials
By J.-J. Wang, J.-S. Hu, Y.-G. Guo and L. –J. Wan,
J. Mater Chem.,
21(44), 17582–17589 (2011).
Abstract

Review Articles

controlled fashion drugs, hormones, growth factors,
peptides or nucleic acids have been developed. In particular, to prevent post surgical infections bioceramics may be surface modified and loaded with certain
antibiotics, thus preventing the formation of bacterial
biofilms. Remarkably, mesoporous bioactive glasses
have shown excellent characteristics as drug carrying
bone regeneration materials. These bioceramics are not
only osteo-conductive and osteo-productive, but also
osteo-inductive, and have therefore been proposed as
ideal components for the fabrication of scaffolds for
bone tissue engineering. 429 References.
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The development of visible-wavelength photodetectors
based on eco-friendly and bandgap engineerable nanomaterials represents an important and promising direction in photodetector study. This article reviews recent
progress in the design and construction of photodetectors based on the environmentally friendly binary metal
chalcogenides and bandgap-tunable ternary or quaternary compounds such as InSe, In2 Se3 , ZrS2 , Sb2 Se3 ,
and CuInSe2 etc. Most photodetectors exhibit high sensitivity, fast photoresponse and good stability, benefiting from increased carrier mobility or improved carrier
separation. 38 References.
34

Thiophene-Based Conjugated
Oligomers for Organic Solar Cells
By F. Zhang, D. Wu, Y. Xu and X. Feng, J. Mater
Chem.,
21(44), 17590–17600 (2011).

Abstract
Owing to their efficient light harvesting, structural
versatility and intrinsic charge transport behavior,
thiophene-based π-conjugated systems have attracted
much attention in developing high performance
organic solar cells. In comparison to the relevant conjugated polymers that are used as active materials in photovoltaic devices, conjugated oligomers possess some
critical advantages: (1) well-defined molecular structures lead to their synthetic reproducibility with high
purity which is vital to obtain repeatable device performance; (2) crystalline features of oligomers favor
the long range order in the solid state and benefit the
charge carrier transport; (3) the devices can be readily
fabricated by both solution-processable and vacuumdeposited techniques.
In this article, thiophene-based conjugated
oligomers with molecular architectures from 1D to

A Quarterly publication by the Materials Research Society of Singapore

page 187

MRS-S OUTLOOK

Review Articles

Volume 6 • No.4 • April–June, 2012

3D, which play an essential role in the device performance of organic solar cells, are summarized. The
authors address the influence of the thiophene motifs
on the electronic, optical and self-assembly properties
of the materials, and eventually conclude the relationship between the molecular structures and photovoltaic
properties. 59 References.
35

Electrical Transport Characteristics
through Molecular Layers
By G. Wang, T.-W. Kim and T. Lee, J. Mater
Chem.,
21(44), 18117–18136 (2011).
Abstract
In the past few decades, considerable progress has
been made in the field of molecular electronics toward
our understanding of charge transport processes and
the development of experimental methods. This article
presents a summary of various experimental characterization platform testbeds for metal–molecule–metal
junctions using self-assembled monolayer molecules.
Important results from these techniques are highlighted here. A review of the mechanism of electronic
transport through molecular layers is presented. Furthermore, the prospects and advanced architectures
for the further development of molecular electronics
are presented. These opportunities may contribute to
the realization of practical applications for molecular
electronic devices. 184 References.
36

Functional Block-like Structures from
Electroactive Tetra (Aniline)
Oligomers
By C. U. Udeh, N. Fey and C. F. J. Faul, J. Mater
Chem.,
21(44), 18137–18153 (2011).

The authors provide an overview of recent literature covering aspects of design of novel molecular architectures, synthetic strategies and theoretical
investigations. Specifically, they discuss tetra(aniline)s
(TANI), di- and tri-block architectures before providing details of recent computational studies. They highlight useful synthetic routes, advantages of utilizing
block-like structures, as well as opportunities for further exploration on both the synthetic and computational fronts. 134 References.
37

The Race to X-ray Microbeam and
Nanobeam Science
By G. E. Ice, J. D. Budai and J. W. L. Pang,
Science,
334 (6060), 1234–1239 (2011).
Abstract
X-ray microbeams are an emerging characterization
tool with broad implications for science, ranging from
materials structure and dynamics, to geophysics and
environmental science, to biophysics and protein crystallography. The authors describe how sub- µm hard
x-ray beams with the ability to penetrate tens to hundreds of µm into most materials and with the ability
to determine local composition, chemistry, and (crystal) structure can characterize buried sample volumes
and small samples in their natural or extreme environments. Beams less than 10 nm have already been
demonstrated, and the practical limit for hard x-ray
beam size, the limit to trace-element sensitivity, and the
ultimate limitations associated with near-atomic structure determinations are the subject of ongoing research.
54 References.
38

Pyrene-Based Materials for Organic
Electronics
By T. M. Figueira-Duarte and K. Müllen, Chem.
Rev.,
111(11), 7260–7314 (2011).

Abstract
Recent advances in the fast-growing area of block-like
structures based on electroactive oligomers, with a particular focus on tetra (aniline)-based structures, are discussed in this review.
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Abstract
The authors present an overview of the use of pyrenebased materials in organic electronics illustrating the
increased interest of pyrene in electronic devices and
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39

Materials and Transducers Toward
Selective Wireless Gas Sensing
By R. A. Potyrailo, C. Surman, N. Nagraj and A.
Burns, Chem. Rev.,
111(11), 7260–7314 (2011).

Abstract
Wireless sensors are devices in which sensing
electronic transducers are spatially and galvanically
separated from their associated readout/display components. The main benefits of wireless sensors, as
compared to traditional tethered sensors, include the
nonobtrusive nature of their installations, higher nodal
densities, and lower installation costs without the need
for extensive wiring. Examples of available wireless
sensors include devices for sensing of pH, pressure, and temperature in medical, pharmaceutical, animal health, livestock condition, automotive, and other
applications.
In this review, the authors concentrate on sensing
materials, transduction technologies, and data analysis techniques for enhancing selectivity and sensitivity
in complex environments. The discussions of sensing
materials for wireless gas sensors are focused on the
diversity of response mechanisms to different species
to enhance selectivity of analyte detection, approaches
for nanoengineering of sensing materials, and new
sensing schemes that facilitate the detection and independent recognition of material responses. The choice
of focus and detail on materials discussed in this review

was provided by their current and future potential
applicability to wireless gas sensors. 491 References.
40

Plasmonic-Metal Nanostructures for
Efficient Conversion of Solar to
Chemical Energy
By S. Linic, P. Christopher and D. B. Ingram,
Nature Mater.,
10(12), 911–7921 (2011).

Review Articles

highlighting their potential as organic semiconductors.
In their structure-driven approach, they describe many
efforts to manage the pyrene chemical challenges and,
consequently, establish a new pyrene chemistry that
allows the use of pyrene in organic electronics. Moreover, they also demonstrate how to control the intermolecular interactions by manipulating the complexity of the structure at the molecular level using different substitutions on the pyrene ring. The design of
different pyrene-based molecular architectures is discussed, as well as the study of the optical and electronic properties plus the charge transfer processes,
which are of particular interest for molecular electronics. 285 References.
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Abstract
Recent years have seen a renewed interest in the harvesting and conversion of solar energy. Among various technologies, the direct conversion of solar to
chemical energy using photocatalysts has received significant attention. Although heterogeneous photocatalysts are almost exclusively semiconductors, it has
been demonstrated recently that plasmonic nanostructures of noble metals (mainly silver and gold)
also show significant promise. Here we review recent
progress in using plasmonic metallic nanostructures
in the field of photocatalysis. We focus on plasmonenhanced water splitting on composite photocatalysts
containing semiconductor and plasmonic-metal building blocks, and recently reported plasmon-mediated
photocatalytic reactions on plasmonic nanostructures
of noble metals. We also discuss the areas where major
advancements are needed to move the field of plasmonmediated photocatalysis forward. 91 References.
41

Assembly of Hybrid Photonic
Architectures from Nanophotonic
Constituents
By O. Benson, Nature,
480(7376), 193–199 (2011).

Abstract
The assembly of hybrid nanophotonic devices from
different fundamental photonic entities—such as single molecules, nanocrystals, semiconductor quantum
dots, nanowires and metal nanoparticles—can yield
functionalities that exceed those of the individual subunits. Combining these photonic elements requires
nanometre-scale fabrication precision and potentially
involves a material diversity that is incompatible with
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standard nanotechnological processes. Although merging these different systems on a single hybrid platform
is at present challenging, it promises improved performance and novel devices. Particularly rapid progress is
seen in the combination of plasmonic–dielectric constituents with quantum emitters that can be assembled
on demand into fundamental model systems for future
optical elements. 99 References.
42

Engineering DNA-based Functional
Materials
By Y. H. Roh, R. C. H. Ruiz, S. Peng, J. B. Lee and
D. Luo, Chem. Soc. Rev.,
40(12), 5730–5744 (2011).

(OPV) cells, including that for transparent electrodes,
active layers and interfaces layer in OPV.
It is concluded that graphene may very likely play
a major role in new developments/improvements in
OPVs. The future studies for this area are proposed to
focus on the following: i) improving the conductivity
without compromising the transparency as a transparent electrode material; ii) controlling the sheet sizes,
band structure and surface morphology for use as a
electron acceptor material, and iii) controlling and
improving the functionalization and compatibility with
other materials as interface layer material. 90 References.
44

Abstract
While DNA is a genetic material, it is also an inherently polymeric material made from repeating units
called nucleotides. Although DNA’s biological functions have been studied for decades, the polymeric features of DNA have not been extensively exploited until
recently.
In this review, the authors focus on two aspects
of using DNA as a polymeric material: (1) the
engineering methods, and (2) the potential real-world
applications. More specifically, various strategies for
constructing DNA-based building blocks and materials are introduced based on DNA topologies, which
include linear, branched/dendritic, and networked. Different applications in nanotechnology, medicine, and
biotechnology are further reviewed. 77 References.
43

Graphene – A Promising Material for
Organic Photovoltaic Cells
By X. Wan, G. Long, L. Huang and Y. Chen, Adv.
Mater.,
23(45), 5342–5358 (2011).

Pump-Probe Spectroscopy in Organic
Semiconductors: Monitoring
Fundamental Processes of Relevance
in Optoelectronics
By J. Cabanillas-Gonzalez, G. Grancini and G.
Lanzani, Adv. Mater.,
23(46), 5468–5485 (2011).

Abstract
In this review the authors highlight the contribution
of pump-probe spectroscopy to understand elementary processes taking place in organic based optoelectronic devices. The techniques described in this article
span from conventional pump-probe spectroscopy to
electro-modulated pump-probe and the state-of-the-art
confocal pump-probe microscopy. The article is structured according to three fundamental processes (optical gain, charge photo-generation and charge transport)
and the contribution of these techniques on them. The
combination of these tools opens up new perspectives
for assessing the role of short-lived excited states on
processes lying underneath organic device operation.
115 References.

Abstract
As a promising two-dimensional nanomaterial with
outstanding electronic, optical, thermal, and mechanical properties, graphene has been proposed for many
applications. In this review, the authors summarize
and discuss comprehensively the advances made so far
for applications of graphene in organic photovoltaic
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Efficient Solar-Driven Synthesis,
Carbon Capture, and Desalinization,
STEP: Solar Thermal Electrochemical
Production of Fuels, Metals, Bleach
By S. Licht, Adv. Mater.,
23(47), 5592–5612 (2011).

Abstract
STEP (solar thermal electrochemical production)
theory is derived and experimentally verified for the
electrosynthesis of energetic molecules at solar energy
efficiency greater than any photovoltaic conversion
efficiency. In STEP the efficient formation of metals,
fuels, chlorine, and carbon capture is driven by solar
thermal heated endothermic electrolyses of concentrated reactants occurring at a voltage below that of the
room temperature energy stored in the products.
One example is CO2 , which is reduced to either
fuels or storable carbon at a solar efficiency of over
50% due to a synergy of efficient solar thermal absorption and electrochemical conversion at high temperature and reactant concentration. CO2 -free production
of iron by STEP, from iron ore, occurs via Fe(III) in
molten carbonate. Water is efficiently split to hydrogen by molten hydroxide electrolysis, and chlorine,
sodium, and magnesium from molten chlorides. A
pathway is provided for the STEP decrease of atmospheric carbon dioxide levels to pre-industrial age levels in 10 years. 102 References.
46

Graphene and its derivative-based
sensing materials for analytical
devices
By S. Guo and S. Dong, J. Mater Chem.,
21(46), 18503–18516 (2011).
Abstract
Graphene has received increasing attention due to its
unique physicochemical properties, such as a high
surface area, excellent conductivity, high mechanical
strength, and good biocompatibility. In particular, in
the last two years there has been explosive growth
in studies relating to the use of graphene and its
derivatives as enhanced materials or carriers for probes

and recognition elements in the development of highperformance analytical devices.
In this article, the authors highlight recent important progress in the construction of graphene and its
derivative-based high-performance analytical sensors.
First, recent research efforts on the design of new electrochemical sensors, including amperometry, electrochemical luminescence (ECL), field-effect transistor
(FET), electrochemical impedance, photoelectrochemical and surface plasmon resonance (SPR) electrochemical sensors are described. Then, they discuss
optical sensors, such as fluorescent, colorimetric and
surface enhanced Raman spectroscopy (SERS) sensors. Finally, a look at the future challenges and
prospects of graphene are given and its derivativerelated analytical devices. 111 References.

Review Articles
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47

Materials Design Using Genetically
Engineered Proteins
By L. Shen, N. Bao, Z. Zhou, P. E. Prevelige and
A. Gupta, J. Mater Chem.,
21(47), 18868–18876 (2011).

Abstract
A variety of inorganic materials with amazingly
complex structures and morphologies are produced
by natural organisms. The fundamental mechanism
underlying the natural biological synthesis of inorganic
materials can be ascribed to the unique recognition and
interaction of proteins with specific inorganic species.
By mimicking natural bio-mineralization, genetically
engineered proteins have in recent years been successfully utilized as platforms for the synthesis of inorganic
nanostructures of various compositions under mild
reaction conditions. Moreover, the precisely oriented
assembly of genetically engineered proteins offers
flexibility in designing inorganic nanostructures with
desired complex architecture.
This short review summarizes the recent progress
in materials design using genetically engineered protein templates. 36 References.

A Quarterly publication by the Materials Research Society of Singapore

page 191

MRS-S OUTLOOK

Review Articles

Volume 6 • No.4 • April–June, 2012

48

Synthetic Inorganic Materials by
Mimicking Biomineralization
Processes Using Native and
Non-Native Protein Functions
By A. Schulz, H. Wang, P. van Rijn and A. Böker,
J. Mater Chem.,
21(47), 18903–18918 (2011).
Abstract
Nature is able to produce various inorganic structures
with very specific fine structures in the micro- and
nano-regime, which are facilitated and controlled by
protein-based systems. Enzymes like silicateines catalyse biomineralization and provide organisms with
exoskeletons with specific material properties. While
these structures are interesting materials in biology,
they also offer ample opportunities for material
scientists to create man-made materials with the same
biological species in a non-natural setting. While natural organisms rely on specific proteins for certain processes, other more accessible proteins show similar
capabilities even though it is not their native function.
Mimicking biomineralization provides a route for the
formation of new materials of various shapes and compositions.
In this article, synthetic processes and the resulting materials are discussed, describing the tools and
bio-inspired systems used and comparing the original
biological function of the protein to its role in the nonnatural process. 129 References.
49

Molecular Orientation in
Small-molecule Organic
Light-emitting Diodes
By D. Yokoyama, J. Mater. Chem.,
21(48), 19187–19202 (2011).

50

Non-carbon Support Materials for
Polymer Electrolyte Membrane Fuel
Cell Electrocatalysts
By Y.-J. Wang, D. P. Wilkinson and J. Zhang,
Chem. Rev.,
111(12), 7625–7651 (2011).
Abstract
Currently, higher temperature proton exchange membrane (PEM) fuel cells are considered to be the next
generation of PEM fuel cell technology because they
have several advantages over cells operated at <90◦ C.
Unfortunately, when PEM fuel cells are operated at
higher temperatures (90–200◦C), catalyst support corrosion is severe, leading to a higher degradation of the
performance. Alternative support materials, like, metals, metal oxide, nitrides, carbides, mesoporous silicas,
and conducting polymers have been developed.
In this article, the developments of several kinds
of non-carbon supporting materials in recent years are
reviewed. The challenges for developing them are analyzed, and the possible future research directions, in
particular the material preparation methods, are proposed. 377 References.
51

Abstract
In research on small-molecule organic light-emitting
diodes (OLEDs), the molecular orientation in vacuumdeposited amorphous films has been disregarded for
around 20 years, and its effects on device performance
have not been sufficiently discussed at the microscopic
level. Only recently have the intermolecular interaction and subsequent horizontal molecular orientation
in OLEDs been investigated and reported.

page 192

In this article, an overview of the recent studies on molecular orientation in OLEDs is presented.
The general properties of molecular orientation of
OLED materials are shown, and its significant effects
on the electrical and optical properties of devices are
discussed to understand device physics and improve
the future performance and reliability of OLEDs.
122 References.

Electrospinning: Designed
Architectures for Energy Conversion
and Storage Devices
By S. Cavaliere, S. Subianto, I. Savych, D. J. Jones
and J. Roziére, Energy & Environ. Sci.,
4(12), 4761–4785 (2011).
Abstract
Electrospinning is attracting close interest as a versatile fabrication method for one dimensional mesostructured organic, inorganic and hybrid nanomaterials of
controlled dimensions prepared as random or oriented
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Porous One Dimensional Photonic
Crystals: Novel Multifunctional
Materials for Environmental and
Energy Applications
By M. E. Calvo, S. Colodrero, N. Hidalgo, G.
Lozano, C. López-López, O. Sánchez-Sobrado and
H. Mı́guez, Energy & Environ. Sci.,
4(12), 4800–4812 (2011).
Abstract
In recent times, several synthetic pathways have been
developed to create multilayered materials of diverse
composition that combine accessible porosity and optical properties of structural origin, i.e., not related to
absorption. These materials possess a refractive index
that varies periodically along one direction, which
gives rise to optical diffraction effects characteristic
of Bragg stacks or one-dimensional photonic crystals
(1DPCs). The technological potential of such porous
optical materials has been demonstrated in various
fields related to energy and environmental sciences,
such as detection and recognition of targeted biological
or chemical species, photovoltaics, or radiation shielding. In all cases, improved performance is achieved as

a result of the added functionality porosity brings. In
this review, a unified picture of this emerging field is
provided. 91 References.
53

Upconverter solar cells: materials and
applications
By J. de Wild, A. Meijerink, J. K. Rath
W. G. J. H. M. van Sark and R. E. I. Schropp,
Energy & Environ. Sci.,
4(12), 4835–4848 (2011).

Review Articles

continuous nanofibres with possibilities of ordered
internal morphologies such as core–sheath, hollow
or porous fibre, or even multichannelled microtube
arrangements. The dimensionality, directionality and
compositional flexibility of electrospun nanofibres and
mats are increasingly being investigated for the targeted development of electrode and electrolyte materials, where the specific properties associated with
nanoscale features such as high surface area and aspect
ratios, low density and high pore volume allow performance improvements in energy conversion and storage
devices.
A review on the application of electrospinning for
the design and fabrication of architectured, nanofibrous materials for dye sensitised solar cells, fuel cells,
lithium ion batteries and supercapacitors, is presented.
Particular emphasis was placed on improved energy
and power density imparted by performance improvement to, inter alia, ionic conductivity, cyclability,
reversibility, interfacial resistance and electrochemical
stability, as well as mechanical strength, of electrospun
electrode and electrolyte components. 340 References.
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Abstract
Spectral conversion of sunlight is a promising route
to reduce spectral mismatch losses that are responsible for the major part of the efficiency losses in solar
cells. Both upconversion and downconversion materials are presently explored. In an upconversion process,
photons with an energy lower than the band gap of
the solar cell are converted to higher energy photons.
These higher photons are directed back to the solar cell
and absorbed, thus increasing the efficiency.
Different types of upconverter materials are investigated, based on luminescent ions or organic molecules.
Proof of principle experiments with lanthanide ion
based upconverters have indicated that the benefit of
an upconversion layer is limited by the high light
intensities needed to reach high upconversion quantum
efficiencies. To address this limitation, upconverter
materials may be combined with quantum dots or plasmonic particles to enhance the upconversion efficiency
and improve the feasibility of applying upconverters in
commercial solar cells. 93 References.
54

Polymeric Graphitic Carbon Nitride as
a Heterogeneous Organocatalyst:
From Photochemistry to Multipurpose
Catalysis to Sustainable Chemistry
By Y. Wang, X. Wang and M. Antonietti, Angew.
Chem. Int. Ed.,
51(1), 68–89 (2012).
Abstract
Polymeric graphitic carbon nitride materials (g-C3 N4 )
have attracted much attention in recent years because
of their similarity to graphene. They are composed of
C, N, and some minor H content only. In contrast to
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graphenes, g-C3 N4 is a medium-bandgap semiconductor and in that role an effective photocatalyst and chemical catalyst for a broad variety of reactions.
In this review, the authors describe the ‘polymer chemistry’ of the structure of g-C3 N4 , how band
positions and bandgap can be varied by doping and
copolymerization, and how the organic solid can be
textured to make it an effective heterogeneous catalyst.
The g-C3 N4 and its modifications have a high thermal
and chemical stability and can catalyze a number of
‘dream reactions’, such as photochemical splitting of
water, mild and selective oxidation reactions, and—as
a coactive catalytic support—super-active hydrogenation reactions. As C3 N4 is metal-free, it also tolerates
functional groups and is therefore suited for multipurpose applications in biomass conversion and sustainable chemistry.
55

Metal Sulfide Nanostructures:
Synthesis, Properties and
Applications in Energy Conversion
and Storage
By C.-H. Lai, M.-Y. Lu and L.-J. Chen, J. Mater.
Chem.,
22(1), 19–30 (2012).
Abstract
Metal sulfide nanomaterials have attracted great
attention because of their excellent properties and
promising applications in electronic, optical and optoelectronic devices. Well-aligned nanostructure arrays
on substrates are highly attractive for their enhanced
properties and novel applications. The general solution
route and thermal evaporation under controlled conditions have been utilized for oriented growth of various
metal sulfide nanostructure arrays and demonstrated
their applications in energy conversion and storage.
This article provides an overview of recent research
and significant advances reported in the literature, covering from synthesis to properties and to applications
especially in energy conversion and storage, such as
lithium-ion batteries, solar cells, fuel cells and piezoelectric nano-generators. 103 References.

56

Magnetic Carbon Nanostructures in
Medicine
By S. Boncel, A. P. Herman and K. Z. Walczak, J.
Mater. Chem.,
22(1), 31–37 (2012).
Abstract
Magnetic carbon nanostructures are hybrid materials
containing magnetic and carbon (mainly sp2 ) nanoallotrope components conjugated in various configurations. Their potential applications in medicine including drug delivery systems, magnetic particle/fluid
hyperthermia, anti-cancer therapy and magnetic resonance imaging are reviewed. 76 References.
57

Stimuli Responsive Gels Based on
Low Molecular Weight Gelators
By X. Yang, G. Zhang and D. Zhang, J. Mater.
Chem.,
22(1), 38–50 (2012).
Abstract
In this article, the authors summarize recent developments of stimuli responsive gels based on low molecular weight gelators (LMWGs) for which the gel-sol
transitions can be triggered by other stimuli besides
heating. These include gels responsive to redox reactions and light irradiations. Chemo-responsive gels are
also introduced, including those for which the gelsol transitions can be induced by reactions with neutral molecules and those for which the gel strength is
improved following the addition of neutral molecules.
Perspectives for such stimuli responsive gels are discussed with regard to their potential applications and
remaining challenging issues. 85 References.
58

Co-based Anode Materials for Alkaline
Rechargeable Ni/Co Batteries: A
Review
By X. Zhao, L. Ma and X. Shen, J. Mater. Chem.,
22(2), 277–285 (2012).
Abstract
The Ni/Co battery is a new electrochemical energy
storage system for alkaline rechargeable batteries that
has been attracting much attention due to its high
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59

Photoalignment of Liquid Crystals:
Basics and Current Trends
By O. Yaroshchuk and Y. Reznikov, J. Mater.
Chem.
22(2), 286–300 (2012).
Abstract
The review describes the status of the studies and the
recent achievements in the field of photoalignment of
liquid crystals. An update classification of photoaligning materials and exposure schemes, and analyzes of
the relationship between the molecular structure of the
materials and characteristics of LC alignment are provided. In addition, bulk mediated photoalignment and
combination of photoalignment with other alignment
methods are discussed. Along with traditional, recently
proposed applications of the photoalignment technique
are considered. 203 References.
60

Photoactivated Nanomaterials for
Biomedical Release Applications
By S. Sortino, J. Mater. Chem.,
22(2), 301–318 (2012).
Abstract
The achievement of nanomaterials able to release therapeutic agents in a controlled fashion is a major challenge in the burgeoning field of nanomedicine. Light
represents the most elegant and non-invasive trigger
to deliver bio-active compounds on demand since it

allows the accurate control of three key factors determining the therapeutic outcome including site, timing
and dosage. Recent breakthroughs in nanotechnology
offer the opportunity to characterize, manipulate and
organize matter at the nm- scale, controlling the size
and shape of the resulting nanomaterials and greatly
improving the biocompatibility and the cellular uptake
efficiency.
This article illustrates some recent advances
in the fabrication of light-triggered nanomaterials
for biomedical delivery, describing representative
examples from the authors’ laboratory and others,
underlying the logical design and highlighting the
potential applications in some major areas such as
drug and gene release, photodynamic and photothermal therapy. 174 References.

Review Articles

energy density. This review presents the current R&D
status of Co-based materials with a particular focus
on Ni/Co batteries, including their underlying principles and the recent progress in Co-based materials
(e.g., cobalt oxides and hydroxides, Co-based alloys,
and some composites). It emphasizes the relationship of the composition, phase structure and electrochemical properties of Co-based materials that show
promise in practical application due to their good electrode performance. The synthesis of novel Co-based
materials in nanoscale and low dissolution of active
materials into the alkaline solution during cycling are
two essential factors favoring the application of this
environmentally-friendly battery. 86 References.
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61

Carbon-based Nanostructured
Materials and their Composites as
Supercapacitor Electrodes
By S. Bose, T. Kuila, A. K. Mishra, R. Rajasekar,
N. H. Kim and J. H. Lee, J. Mater Chem.,
22(3), 767–784 (2012).
Abstract
This article provides an overview of current research
on carbon-based nanostructured materials and their
composites for use as supercapacitor electrodes.
Particular emphasis has been directed towards basic
principles of supercapacitors and various factors affecting their performance. The focus of the review is
the detailed discussion regarding the performance
and stability of carbon-based materials and their
composites. Pseudo-active species, such as, conducting polymer/metal oxide have been found to exhibit
pseudo-capacitive behavior and carbon-based materials demonstrate electrical double layer capacitance.
Carbon-based materials, such as, graphene, carbon
nanotubes, and carbon nanofibers, provide high surface
area for the deposition of conducting polymer/metal
oxide that facilitates the efficient ion diffusion phenomenon and contribute towards higher specific capacitance of the carbon based composite materials with
excellent cyclic stability. However, further scope of
research still exists from the view point of developing high energy supercapacitor devices in a cost effective and simple way. This review will be of value to
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researchers and emerging scientists dealing with or
interested in carbon chemistry. 132 References.
62

Solution-Processed Organic Nanoand Micro-Materials: Design Strategy,
Growth Mechanism and Applications
By T. Lei and J. Pei, J. Mater Chem.,
22(3), 785–798 (2012).
Abstract
Recently many efforts have been devoted to the
investigation of organic nano- and micro-materials
due to their unique properties and broad applications in organic field-effect transistors, organic lightemitting diodes, organic photovoltaics, photodetectors
and superhydrophobic materials. In comparison with
physical vapor deposition, solution processing provides a more convenient and cost-effective approach to
obtain organic nano- and micro-materials with various
morphologies, including wires, sheets and flowers.
In this review, the authors use the basic concepts of supramolecular chemistry to discuss the
molecular design strategy and growth mechanisms
of various organic nano- and micro-structures, and
their relationship with the corresponding applications.
82 References.
63

Recent Progress of Double-Structural
and Functional Materials with Special
Wettability
By Y. Zhang, Y. Chen, L. Shi, J. Li and Z. Guo, J.
Mater Chem.,
22(3), 799–815 (2012).
Abstract
It is well known that properties of materials are
largely determined by their structures. Here, the
authors introduce the special double-structural materials, which are composed of µm- and nm- building
blocks and commonly exist in nature. This review
mainly focuses on recent developments of doublestructural and functional materials with special wettability. The authors highlight excellent properties
possessed by micro- and nanostructures which initially originated from the organisms with special functions in the biological world. The excellent properties
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shown by such structures are discussed in three parts:
special wettability, mechanical properties, and optical
properties, primarily including super-hydrophobicity,
super-hydrophilicity, super-oleophobicity, low and
high adhesion, low friction, structural color, antireflection and so on. They also briefly address the research
prospects and directions of micro- and nano-structures.
Further study on the relationship between structures
and properties will be conducive to better transfer
micro- and nanostructures to the engineering materials
so as to obtain desired performances and a wide range
of applications. 127 References.
64

Photosensitized Electron Transfer
Processes of Nano-Carbons
Applicable to Solar Cells
By F. D’Souza and O. Ito, Chem. Soc. Rev.,
41(1), 86–96 (2012).

Abstract
Photosensitized electron-transfer processes of nanocarbon materials hybridized with electron donating or
electron accepting molecules have been surveyed in
this review on the basis of the recent results reported
mainly from the authors’ laboratories.
As nano-carbon materials, fullerenes and single wall carbon nanotubes (SWCNTs) have been
employed. Fullerenes act as photo-sensitizing electron acceptors with respect to a wide variety of electron donors; in addition, the fullerenes act as good
ground state electron acceptors in the presence of
light-absorbing electron donors such as porphyrins
and phthalocyanines. In the case of SWCNTs, their
ground states act as electron acceptor and electron
donors, depending on the photosensitizers. For example, with respect to the photoexcited porphyrins and
phthalocyanines, SWCNTs usually act as electron
acceptors, whereas for the photoexcited fullerenes,
SWCNTs act as electron donors. The diameter-sorted
semi-conductive SWCNTs have been used to verify
the size-dependent electron transfer rates. The kinetic
data thus obtained in solution are found to be quite
useful to predict the efficiencies of photovoltaic cells
constructed on semiconductor nanoparticle modified
electrodes and their photocatalytic processes. 70 References.
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Chemistry and Physics of a Single
Atomic Layer: Strategies and
Challenges for Functionalization of
Graphene and Graphene-Based
Materials
By L. Yan, Y. B. Zheng, F. Zhao, S. Li, X. Gao, B.
Xu, P. S. Weiss and Y. Zhao, Chem. Soc. Rev.,
41(1), 97–114 (2012).

67

Abstract

This review aims at highlighting the prevailing
supramolecular approaches employed nowadays in
the preparation of luminescent hierarchised materials.
Specifically, it has the ambition to illustrate how progresses in the control of the supramolecular interaction
toolbox ultimately led to the development of spectacular luminescent nano- and micro-architectures, through
a combination of molecular self-assembly and selforganisation processes involving organic π-conjugated
molecules. Particular attention is devoted to the design
and synthetic approaches aimed at the preparation
of the primary π-conjugated molecular modules, the
chemical, structural and electronic properties of which
dramatically influence the fate and the features of
the self-assembled/self-organised material. 215 References.

Graphene has attracted great interest for its superior
physical, chemical, mechanical, and electrical properties that enable a wide range of applications from
electronics to nanoelectromechanical systems. Functionalization is among the significant vectors that drive
graphene towards technological applications. While
the physical properties of graphene have been at the
center of attention, there is still a lack of knowledge
framework for targeted graphene functionalization.
In this review, the authors describe some of
the important chemical and physical processes for
graphene functionalization. They also identify six
major challenges in graphene research and give perspectives and practical strategies for both fundamental
studies and applications of grapheme. 315 references.
66

Electrical Conductive Coordination
Polymers
By G. Givaja, P. Amo-Ochoa, C. J. Gómez-Garcı́a
and F. Zamora, Chem. Soc. Rev.,
41(1), 115–147 (2012).
Abstract
Coordination polymers are currently one of the hottest
topics in Inorganic and Supramolecular Chemistry.
This review summarizes the current state-of-the-art
on electrical conductive coordination polymers (CPs),
also named metal–organic frameworks (MOFs). The
data were collected following two sort criteria of the
CPs structure: dimensionality and bridging ligands.
151 References.

Hierarchised Luminescent Organic
Architectures: Design, Synthesis,
Self-Assembly, Self-Organisation and
Functions
By L. Maggini and D. Bonifazi, Chem. Soc. Rev.,
41(1), 211–241 (2012).
Abstract

Review Articles
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68

Advances on Structuring, Integration
and Magnetic Characterization of
Molecular Nanomagnets on Surfaces
and Devices
By N. Domingo, E. Bellido and D. Ruiz-Molina,
Chem. Soc. Rev.,
41(1), 258–302 (2012).
Abstract
This review represents a concise revision of the different experimental approaches so far followed for
the structuration of molecular nanomagnets on surfaces, since the first reports on the field more than ten
years ago. A presentation of the different experimental
approaches followed for their integration in sensors is
described. Such work involves mainly two families of
sensors and devices, micro-SQUIDs sensors and threeterminal devices for single-molecule detection. The
last section is devoted to a detailed revision of the different experimental techniques that can be used for the
magnetic characterization of these systems on surfaces,
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ranging from magnetic circular dichroism to magnetic
force microscopy. The use of these techniques to characterize other nanostructured magnetic materials, such
as nanoparticles, is also revised. The aim is to give
a broad overview of the last advances achieved with
these techniques and their potential and evolution over
the next years. 322 References.
69

Playing with Organic Radicals as
Building Blocks for Functional
Molecular Materials
By I. Ratera and J. Veciana, Chem. Soc. Rev.,
41(1), 303–349 (2012).

Abstract
The literature has shown numerous contributions on
the synthesis and physicochemical properties of persistent organic radicals but there are a lesser number of
reports about their use as building blocks for obtaining
molecular magnetic materials exhibiting an additional
and useful physical property or function. These materials show promise for applications in spintronics as well
as bistable memory devices and sensing materials.
This review provides an up-to-date survey to this
new generation of multifunctional magnetic materials.
For this, a detailed revision of the most common families of persistent organic radicals—nitroxide, triphenylmethyl, verdazyl, phenalenyl, and dithiadiazolyl—
so far reported will be presented, classified into three
different sections: materials with magnetic, conducting
and optical properties. An additional section reporting
switchable materials based on these radicals is also presented. 257 References.
70

Mechanochemistry: Opportunities for
New and Cleaner Synthesis
By S. L. James, C. J. Adams, C. Bolm, D. Braga, P.
Collier, T. Friéiæ, F. Grepioni, K. D. M. Harris, G.
Hyett, W. Jones, A. Krebs, J. Mack, L. Maini, A.
G. Orpen, I. P. Parkin, W. C. Shearouse, J. W. Steed
and D. C. Waddell, Chem. Soc. Rev.,
41(1), 413–447 (2012).
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Abstract
This review provides a broad but digestible overview
of mechanochemical synthesis, i.e., reactions conducted by grinding solid reactants together with no
or minimal solvent. Although mechanochemistry has
historically been a sideline approach to synthesis,
it may soon move into the mainstream because it
is increasingly apparent that it can be practical,
and even advantageous, and because of the opportunities it provides for developing more sustainable methods. Concentrating on recent advances, this
article covers industrial aspects, inorganic materials,
organic synthesis, co-crystallization, pharmaceutical
aspects, metal complexes (including metal–organic
frameworks), supramolecular aspects and characterization methods. The historical development, mechanistic aspects, limitations and opportunities are also
discussed. 314 References.
71

A Review of Modeling and Simulation
Techniques Across the Length Scales
for the Solid Oxide Fuel Cell
By K. N. Grew and W. K. S. Chiu, J. Power
Sources,
199(1), 1–13 (2012).
Abstract
Recent advances in computational techniques have
allowed the application of computational tools to study
heterogeneous functional materials in the solid oxide
fuel cell (SOFC) from the quantum (sub-atomic) to
atomistic to the continuum scales. However, knowledge gained from a particular computational technique
can only provide insight at that specific scale. There
has been a recent interest to develop a more cohesive
effort so that results obtained from models across a particular spatial dimension can be used to extract additional insight across a larger range of length scales.
This review article surveys recent progress in the
modeling and simulation of SOFCs, and relates them
to the relevant physical phenomena and length/time
scales. The article then proceeds to review the various numerical techniques used, and their applicability
across the length and time scales. 169 References.
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Advances in Monolithic Porous
Materials Tailored in Liquid Media:
Around Inorganic Oxides and Organic
Polymers
By K. Kanamori, J. Ceram. Soc. Japan,
120(1), 1–10 (2012).
Abstract
This review briefly surveys, with an emphasis on the
author’s works, porous monoliths tailored by liquidphase synthesis. Porous structures ranging from mesopore to macropore regions are induced in sol–gel
polymerizing systems, which yield various porous
materials such as inorganic oxides, organic–inorganic
hybrids, cross-linked polymers, and carbons. It should
particularly be noted that the networks must be homogeneous enough to obtain monolithic materials with
fine pore structures, and for this purpose, the chemical
reactions must be carefully designed and controlled.
With exemplifying alkoxy-derived sol–gel systems and
controlled/living radical polymerization systems, pore
formations and applications of resultant materials are
demonstrated. 80 References.

than the classical lead-containing relaxor compositions. 285 References.
74

Li–O2 and Li–S Batteries with High
Energy Storage
By P. G. Bruce, S. A. Freunberger, L. J. Hardwick
and J. –M. Tarascon, Nature Mater.,
11(1), 19–29 (2012).
Abstract

73 Lead-Free Relaxor Ferroelectrics
By V. V. Shvartsman and D. C. Lupascu, J. Amer.
Ceram. Soc.,
95(1), 1–26 (2012).

Li-ion batteries (LIBs) have transformed portable electronics and will play a key role in the electrification of
transport. However, the highest energy storage possible for LIBs is insufficient for the long-term needs of
society, for example, extended-range electric vehicles.
To go beyond the horizon of LIBs is a formidable challenge; there are few options.
Here the authors consider two: Li–air (O2 ) and
Li–S. The energy that can be stored in Li–air (based on
aqueous or non-aqueous electrolytes) and Li–S cells is
compared with LIBs; the operation of the cells is discussed, as are the significant hurdles that will have to
be overcome if such batteries are to succeed. Fundamental scientific advances in understanding the reactions occurring in the cells as well as new materials are
key to overcoming these obstacles. The potential benefits of Li–air and Li–S justify the continued research
effort that will be needed. 137 References.

Abstract

75

Feature size is a natural determinant of material properties. Its design offers the technological perspectives
for material improvement. Grain size, crystallite size,
domain width and structural defects of different nature
constitute the classical design elements. Common ferroelectric ceramics contain µm- grain sizes and subµm domain widths. Domain wall mobility is a major
contribution to their macroscopic material properties
providing approximately half of the macroscopic output in optimized materials.
In this article, the authors outline how lead-free
relaxors will offer a route to an environmentally safer
option in this outstanding material class. Properties
of uniaxial, planar, and volumetric relaxor compositions are discussed. They provide a broader and more
interesting scope of physical properties and features

Review Articles
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Emergent Phenomena at Oxide
Interfaces
By H. Y. Hwang, Y. Iwasa, M. Kawasaki, B.
Keimer, N. Nagaosa and Y. Tokura, Nature Mater.,
11(2), 103–113 (2012).
Abstract
Recent technical advances in the atomic-scale synthesis of oxide heterostructures have provided a fertile
new ground for creating novel states at their interfaces.
Different symmetry constraints can be used to design
structures exhibiting phenomena not found in the bulk
constituents. A characteristic feature is the reconstruction of the charge, spin and orbital states at interfaces
on the nm-scale. Examples such as interface superconductivity, magneto-electric coupling, and the quantum
Hall effect in oxide heterostructures are representative
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of the scientific and technological opportunities in this
rapidly emerging field. 106 References.
76

The Properties and Applications of
Nanodiamonds
By V. N. Mochalin, O. Shenderova, D. Ho and
Y. Gogotsi, Nature Nanotechnol.,
7(1), 11–23 (2012).

Abstract
Nanodiamonds have excellent mechanical and optical properties, high surface areas and tunable surface structures. They are also non-toxic, which makes
them well suited to biomedical applications. Here, the
authors review the synthesis, structure, properties, surface chemistry and phase transformations of individual
nanodiamonds and clusters of nanodiamonds. In particular they discuss the rational control of the mechanical, chemical, electronic and optical properties of nanodiamonds through surface doping, interior doping and
the introduction of functional groups. These little gems
have a wide range of potential applications in tribology, drug delivery, bioimaging and tissue engineering,
and also as protein mimics and a filler material for
nanocomposites. 142 References.
77

Organic Mixed-Valence Compounds:
A Playground for Electrons and Holes
By A. Heckmann and C. Lambert, Angew. Chem.
Int. Ed.,
51(2), 326–1392 (2012).
Abstract
Mixed-valence (MV) compounds are excellent model
systems for the investigation of basic electron-transfer
(ET) or charge-transfer (CT) phenomena. These issues
are important in complex biophysical processes such as
photosynthesis as well as in artificial electronic devices
that are based on organic conjugated materials. Organic
MV compounds are effective hole-transporting materials in organic light emitting diodes (OLEDs), solar
cells, and photochromic windows. However, the importance of organic mixed-valence chemistry should not
be seen in terms of the direct applicability of these

page 200

species but the wealth of knowledge about ET phenomena that has been gained through their study. The
great variety of organic redox centers and spacer moieties that may be combined in MV systems as well
as the ongoing refinement of ET theories and methods
of investigation prompted enormous interest in organic
MV compounds in the last decades and show the huge
potential of this class of compounds.
An overview of the last decade in organic mixed
valence chemistry and to elucidate its impact on modern functional materials chemistry, is given.
78

Low-Temperature,
Solution-Processed Metal Oxide Thin
Film Transistors
By S. Jeong and J. Moon, J. Mater. Chem.,
22(4), 1243–1250 (2012).
Abstract
High-performance, solution-processable semiconductors have drawn significant attention for use in lowcost, functional electronic applications. Metal oxide
semiconductors are the most promising building blocks
for high performance electronic devices because of
their electrical properties and solution-processability.
However, the major impediment for metal oxide semiconductors is that the electrical properties applicable to
electronic devices are activated by chemical/physical
structural evolution at high temperatures, which critically limits the practical applications.
This article reviews the recent progress in the
development of high-performance oxide semiconductors processed at low temperatures which are
compatible with plastic substrates and discusses the
chemical/physical approaches to lower the annealing
temperature. 64 References.
79

Controlling physical features of
mesoporous silica nanoparticles
(MSNs) for emerging applications
By K. C. -W. Wu and Y. Yamauchi, J. Mater.
Chem.,
22(4), 1251–1256 (2012).
Abstract
Mesoporous silica nanoparticles (MSNs) with particle
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Peptide-Based Solids: Porosity and
Zeolitic Behavior
By R. Afonso, A. Mendes and L. Gales, J. Mater.
Chem.,
22(5), 1709–1723 (2012).

Abstract
Among the greatest challenges in the field of
microporous solids is the development of “smart”
materials, displaying environment-triggered property
tuning. These could be used both in traditional and
new applications of microporous materials. In this
context, supramolecular peptide-based solids have
recently emerged as interesting alternatives to standard microporous solids, such as zeolites and carbon
molecular sieves. They possess framework and conformational flexibility, are kinetically stable and reasonably thermally resistant. Important properties such as
pore size and inner wall chemistry can be controlled
through appropriate chemical modification of the peptide molecules. Peptide-based porous solids have permanent microporosity, often with molecularly sized
cavities created by removal of co-crystallised solvent.
Some have already been successfully tested as adsorbents and permselective materials, confirming their
potential.
This review covers the identification, synthesis,
characterization techniques and properties of peptidebased microporous solids, discussing their most unique
functionalities. 259 References.

81

Role of Theory in the Design of
Semiconducting Nanostructures
By V. Mlinar, J. Mater. Chem.,
22(5), 1724–1732 (2012).

Abstract
Understanding the structure–property relationship in
semiconducting nanostructures is key to tailoring the
technologically important physical properties and can
lead to the design of new nanostructured materials. Examples include nanostructures in optoelectronic
devices ranging from solar cells, novel lasers, and optical amplifiers to physical representations of a quantum
bit, or single polarized photon sources emitting quantum bits. The complexity of the problem is reflected in
the fact that these nano-systems contain >104 atoms,
suggesting an extremely large phase space of sizes,
shapes, and constituent materials.
In this review, the author (i) shows how to establish the relationship between structure and properties in nanostructures; (ii) discuss the role of theory
in the design of nanostructures with targeted physical properties, including the review and limitations
of typically employed methods for electronic structure calculations; (iii) discuss possibilities to use predictive theory to “guide” nanostructures’ fabrication;
and (iv) address application of nanostructures for
renewable energy issues and single-photon sources.
76 References.

Review Articles

sizes less than 100 nm and desired properties have been
synthesized using various methods for several promising applications in the fields of biomedicine and catalysis. In this article, the authors briefly review the recent
advances in this emerging nanomaterial. Some general
aspects including control of particle size, mesostructure and morphology, mechanism of formation, and
future challenges are introduced and discussed. 61 References.
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82

Advanced Functional Materials Based
on Polyhedral Oligomeric
Silsesquioxane (POSS)
By K. Tanaka and Y. Chujo, J. Mater. Chem.,
22(5), 1733–1746 (2012).
Abstract
Polysilsesquioxanes are regarded as organic–inorganic
hybrid materials at a molecular level. One can readily tune the properties of the materials for realizing
the desired ones by changing the contents or types
of organic components. In addition, the hierarchical
structures have potential for generating further characteristics distinctly different from those of the constituents. From this viewpoint, polyhedral oligomeric
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silsesquioxane (POSS) is attractive as a cornerstone in
highly ordered materials.
In this review, the authors survey recent studies on modified POSS-based functional materials and
particularly explain the design concepts for applying
the significant characteristics of POSS for the material properties. In the initial sections, they introduce
examples concerning intrinsic properties of POSS such
as thermal stability, mechanical property, and structural features. In the latter sections, they describe the
application of POSS-based materials for bio-relating
functional materials. The validity of POSS for molecular designing of the advanced imaging tools, is also
described. 67 References.
83

Recent Progress on Growth and
Device Development of Zno and Cuo
Nanostructures and Graphene
Nanosheets
By M. Willander, K.-U. Hasan, O. Nur, A.
Zainelabdin, S. Zaman and G. Amin, J. Mater.
Chem.,
22(6), 2337–2350 (2012).

Abstract
Recent progress on the growth of zinc oxide (ZnO),
copper oxide (CuO) and graphene nanosheets is presented and discussed. The authors restrict the discussion to the hydrothermal low temperature growth
regime. In view of this, the most critical and important
parameters for obtaining nanostructures with desired
morphology are discussed and presented. Among all
parameters, the temperature and the pH during growth
were chosen due to their strong role in affecting
the produced nanostructures. The application of this
method to non-conventional substrates e.g. paper, is
demonstrated. Different devices are fabricated using
the grown material and their performance is discussed.
84 References.
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84

Hybrid Solar Cells: Basic Principles
and the Role of Ligands
By A. J. Moulé, L. Chang, C. Thambidurai, R.
Vidu and P. Stroeve, J. Mater. Chem.,
22(6), 2351–2368 (2012).
Abstract
For the last decade, researchers have attempted to construct photovoltaic (PV) devices using a mixture of
inorganic nanoparticles and conjugated polymers. The
goal is to construct layers that use the best properties of each material e.g., flexibility from the polymer and high charge mobility from the nanoparticles
or blue absorbance from the polymer complementing
red absorbance from the nanoparticles.
This review discusses the main obstacles to efficient hybrid organic/inorganic PV device design in
terms of contributions to the external and internal
quantum efficiencies. The authors discuss in particular, the role that ligands on the nanoparticles play
for mutual solubility and electronic processes at the
nanoscale. After a decade of work to control the separation distance between unlike domains and the connectivity between like domains at the nanoscale, hybrid
PV device layers are gaining in efficiency, but the goal
of using the best properties of two mixed materials is
still elusive. 146 References.
85

Materials Nanoarchitectonics for
Environmental Remediation and
Sensing
By K. Ariga, S. Ishihara, H. Abe, M. Li and J. P.
Hill, J. Mater. Chem.,
22(6), 2369–2377 (2012).
Abstract
The global environment has been variously compromised leading to problems such as global warming
and radioactive contamination. Here, the authors focus
especially on materials for environmental remediation based on the concept of materials nanoarchitectonics. The topics are classified into three categories:
removal and degradation of toxic substances including
waste due to fossil fuel usage and organic pollutants (continuously arising problems), current emerging topics concerning oil spills and nuclear waste
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87 Plasticity of Metal Nanowires
By C. R. Weinberger and W. Cai, J. Mater. Chem.,
22(8), 3277–3292 (2012).
Abstract

86

A Review of Polyelectrolyte
Modifications in Conventional
Glass-Ionomer Dental Cements
By A. Moshaverinia, N. Roohpour, W. W. L. Chee
and S. R. Schricker, J. Mater. Chem.,
22(7), 2824–2833 (2012).
Abstract
Glass-ionomer dental restorative cements have proven
to be quite practical in different areas of dentistry.
An aqueous polyelectrolyte system, glass-ionomer
cements have exceptional properties such as a prolonged period of fluoride release which inhibits recurrent caries, adhesion to moist tooth structure without
any pretreatment, satisfactory aesthetics and biocompatibility. This makes these cements very popular and
attractive for restorative dentistry and also for orthopedics. However, they have some disadvantages such
as poor mechanical strength and moisture sensitivity in
the early stages of setting. Lately, there have been significant modifications in the formulation of the powder and liquid of the glass-ionomer cements, leading
to improved mechanical and handling properties of the
material.
This paper, a second paper of its series, reviews
the modifications to the polymeric component of
glass-ionomer dental cements. The poly(acrylic acid)
(PAA) based polymers currently used in glass-ionomer
cements are reviewed. Different methods of reinforcement of the glass-ionomer cements by modification
of the polymeric liquid, including new acrylic acid
copolymers, amino acid containing polyelectrolyte,
N-vinylpyrrolidone and N-vinylcaprolactam modified
terpolymers are described. The advantages and disadvantages of different modifications are discussed,
which illustrates the future aspects of the materials
chemistry. 103 References.

The mechanisms of plasticity in metal nanowires with
diameters below 100 nm are reviewed. At these length
scales, plasticity in face-centered-cubic metals subjected to uniaxial loading is dominated by dislocation
nucleation from free surfaces, which has been studied extensively by molecular dynamics. These simulations show that nanowires can deform in a variety
of ways including slip via perfect dislocations, partial
dislocations and deformation twins. The competition
between these mechanisms can be explained primarily through the Schmid factor and material properties,
although surface orientation and roughness also contribute. The strength of these materials is very high and
can be described by classical nucleation theory which
predicts strong temperature and geometry dependence
as well as a weak strain rate dependence. Additionally,
nanowires exhibit, through twinning or phase transformation, pseudo-elastic and shape-memory behaviors which are attributed to their small size and the
surface stress. The plasticity of nanowires subject
to torsion and bending as well as those composed
of body-centered-cubic metals are also summarized.
105 References.

Review Articles

(current urgent problems), and advanced methods
based on supramolecular chemistry and nanotechnology (including breakthroughs for future development).
68 References.
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88

Chemistry and Applications of
Oxynitride Perovskites
By A. Fuertes, J. Mater. Chem.,
22(8), 3293–3299 (2012).
Abstract
Oxynitride perovskites of early transition metals and
rare earth or alkaline earth elements have been reported
in the last decade as non-toxic pigments, colossal magnetoresistive materials, high permittivity dielectrics
and photocatalysts. Nitride and oxide may occupy the
same sites in the perovskite structure, forming solid
solutions with ratios that are adjusted by synthesis.
The valence states of cations, the bond covalency and
the energy of the electronic states can be tuned by the
introduction of nitrogen as a consequence of its lower
electronegativity, higher electronic polarisability and
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higher formal anion charge relative to oxygen.
This article discusses the influence of the above
factors on the crystal chemistry and properties of this
group of materials that have emerged as a result of the
development of new and controlled synthetic methodologies. 83 References.
89

Composition and Bandgap-Graded
Semiconductor Alloy Nanowires
By X. Zhuang, C. Z. Ning and A. Pan, Adv. Mater.,
24(1), 13–33 (2012).
Abstract
Semiconductor alloy nanowires with spatially graded
compositions (and band gaps) provide a new material platform for many new multifunctional optoelectronic devices, such as broadly tunable lasers, multispectral photodetectors, broad-band light emitting
diodes (LEDs) and high-efficiency solar cells. In this
review, the authors summarize the recent progress on
composition graded semiconductor alloy nanowires
with bandgaps graded in a wide range. Depending on
different growth methods and material systems, two
typical nanowire composition grading approaches are
presented in detail, including composition graded alloy
nanowires along a single substrate and those along
single nanowires. Furthermore, selected examples of
applications of these composition graded semiconductor nanowires are presented and discussed, including
tunable nano-lasers, multi-terminal on-nanowire photodetectors, full-spectrum solar cells, and white-light
LEDs. Finally, the authors make some concluding
remarks with future perspectives including opportunities and challenges in this research area. 95 References.
90

Organic Thin-Film Transistors for
Chemical and Biological Sensing
By P. Lin and F. Yan, Adv. Mater.,
24(1), 34–51 (2012).
Abstract
Organic thin-film transistors (OTFTs) show promising
applications in various chemical and biological sensors. The advantages of OTFT-based sensors include
high sensitivity, low cost, easy fabrication, flexibility
and biocompatibility. In this paper, the authors review
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the chemical sensors and biosensors based on two
types of OTFTs, including organic field-effect transistors (OFETs) and organic electrochemical transistors (OECTs), mainly focusing on the papers published
in the past 10 years. Various types of OTFT-based
sensors, including pH, ion, glucose, DNA, enzyme,
antibody-antigen, cell-based sensors, dopamine sensor, etc., are classified and described in the paper in
sequence. The sensing mechanisms and the detection
limits of the devices are described in details. It is
expected that OTFTs may have more important applications in chemical and biological sensing with the
development of organic electronics. 108 References.
91

Nanomaterial Engineering and
Property Studies in a Transmission
Electron Microscope
By D. Golberg, P. M. F. J. Costa, M. –S. Wang, X.
Wei, D. –M. Tang, Z. Xu, Y. Huang, U. K. Gautam,
B. Liu, H. Zeng, N. Kawamoto, C. Zhi, M. Mitome
and Y. Bando, Adv. Mater.,
24(2), 177–194 (2012).
Abstract
Modern methods of in situ transmission electron
microscopy (TEM) allow one to not only manipulate
with a nanoscale object at the nm-range precision but
also to get deep insights into its physical and chemical
statuses. Dedicated TEM holders combining the capabilities of a conventional high-resolution TEM instrument and atomic force -, and/or scanning tunneling
microscopy probes become the powerful tools in nanomaterials analysis.
This report highlights the past, present and future
of these exciting methods based on the extensive
authors’ endeavors over the last five years. The objects
of interest are diverse. They include carbon, boron
nitride and other inorganic one- and two-dimensional
nanoscale materials, e.g., nanotubes, nanowires and
nanosheets. The key point of all experiments discussed
is that the mechanical and electrical transport data are
acquired on an individual nanostructure level under
ultimately high spatial, temporal and energy resolution
achievable in TEM, and thus can directly be linked to
morphological, structural and chemical peculiarities of
a given nanomaterial. 72 References.
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Towards the Next Generation of Solid
Oxide Fuel Cells Operating Below
600◦ C with Chemically Stable
Proton-Conducting Electrolytes
By E. Fabbri, L. Bi, D. Pergolesi and E. Traversa,
Adv. Mater.,
24(2), 195–208 (2012).
Abstract
The need for reducing the solid oxide fuel cell (SOFC)
operating temperature below 600◦ C is imposed by cost
reduction, which is essential for widespread SOFC
use, but might also disclose new applications. To
this aim, high-temperature proton-conducting (HTPC)
oxides have gained widespread interest as electrolyte
materials alternative to oxygen-ion conductors. This
Progress Report describes recent developments in electrolyte, anode, and cathode materials for protonic
SOFCs, addressing the issue of chemical stability, processability, and good power performance below 600
˚ C. Different fabrication methods are reported for
anode-supported SOFCs, obtained using state-of-theart, chemically stable proton-conducting electrolyte
films. Recent findings show significant improvements
in the power density output of cells based on doped
barium zirconate electrolytes, pointing out towards
the feasibility of the next generation of protonic
SOFCs, including a good potential for the development of miniaturized SOFCs as portable power supplies. 96 References.
93

Nano-photocatalytic Materials:
Possibilities and Challenges
By H. Tong, S. Ouyang, Y. Bi, N. Umezawa, M.
Oshikiri and J. Ye, Adv. Mater.,
24(2), 229–251 (2012).
Abstract
Semiconductor photocatalysis has received much
attention as a potential solution to the worldwide
energy shortage and for counteracting environmental degradation. This article reviews state-of-the-art
research activities in the field, focusing on the scientific and technological possibilities offered by photocatalytic materials.
The authors begin with a survey of efforts to

explore suitable materials and to optimize their energy
band configurations for specific applications. They
then examine the design and fabrication of advanced
photocatalytic materials in the framework of nanotechnology. Many of the most recent advances in photocatalysis have been realized by selective control of the
morphology of nanomaterials or by utilizing the collective properties of nano-assembly systems. Finally,
the current theoretical understanding of key aspects
of photocatalytic materials are discussed and crucial
issues that should be addressed in future research are
highlighted. 249 References.

Review Articles
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94

Atomic Switch: Atom/Ion Movement
Controlled Devices for Beyond
Von-Neumann Computers
By T. Hasegawa, K. Terabe, T. Tsuruoka and M.
Aono, Adv. Mater.,
24(2), 252–267 (2012).
Abstract
An atomic switch is a nanoionic device that controls the diffusion of metal ions/atoms and their reduction/oxidation processes in the switching operation to
form/annihilate a conductive path. Since metal atoms
can provide a highly conductive channel even if their
cluster size is in the nanometer scale, atomic switches
may enable downscaling to smaller than the 11 nm
technology node, which is a great challenge for semiconductor devices. Atomic switches also possess novel
characteristics, such as high on/off ratios, very low
power consumption and non-volatility. The unique
operating mechanisms of these devices have enabled
the development of various types of atomic switch,
such as gap-type and gapless-type two-terminal atomic
switches and three-terminal atomic switches. Novel
functions, such as selective volatile/nonvolatile, synaptic, memristive, and photo-assisted operations have
been demonstrated. Such atomic switch characteristics
can not only improve the performance of present-day
electronic systems, but also enable development of new
types of electronic systems, such as beyond von- Neumann computers. 89 References.
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95

Metal-containing Polymers via
Electropolymerization
By C. Friebe, M. D. Hager, A. Winter and
U. S. Schubert, Adv. Mater.,
24(3), 332–345 (2012).
Abstract
Electropolymerization represents a suitable and wellestablished approach for the assembly of polymer
structures, in particular with regard to the formation
of thin, insoluble films. Utilization of monomers that
are functionalized with metal complex units allows
the combination of structural and functional benefits
of polymers and metal moieties. Since a broad range
of both electropolymerizable monomers and metal
complexes are available, various structures and, thus,
applications are possible.
Recent developments in the field of synthesis and
potential applications of metal-functionalized polymers obtained via electropolymerization are presented,
highlighting the significant advances in this field of
research. 76 References.
96

Layer-by-Layer Assembly Through
Weak Interactions and Their
Biomedical Applications
By M. Matsusaki, H. Ajiro, T. Kida, T. Serizawa
and M. Akashi, Adv. Mater.
24(4), 454– 474 (2012).
Abstract
The surface design and control of substrates with
nanometer- or micrometer-sized polymer films are of
considerable interest for both fundamental and applied
studies in the biomedical field because of the required
surface properties. The layer-by-layer (LbL) technique
was discovered in 1991 by Decher and co-workers
for the fabrication of polymer multilayers constructed
mainly through electrostatic interaction. The scope and
applicability of this LbL assembly has been extended
by introducing molecularly regular conformations of
polymers or proteins by employing, for the first time,
weak interactions such as van der Waals interactions
and biological recognition.
Since these weak interactions are the sum of the
attractive or repulsive forces between parts of the
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same molecule, they allow macromolecules to be easily arranged into the most stable conformation in a
LbL film. By applying this characteristic feature, the
template polymerization of stereoregular polymers,
stereoregular control of surface biological properties,
drastic morphological control of biodegradable nano
materials, and the development of three-dimensional
cellular multilayers as a tissue model were successfully
achieved. It is expected that LbL assembly using weak
interactions will promote further interest into fundamental and applied studies on the design of surface
chemistry in the biomedical field. 184 References.
97 Stability of Polymer Solar Cells
By M. Jørgensen, K. Norrman, S. A. Gevorgyan, T.
Tromholt, B. Andreasen and F. C. Krebs, Adv.
Mater.,
24(5), 580–612 (2012).
Abstract
Organic photovoltaics (OPVs) evolve in an exponential manner in the two key areas of efficiency and stability. The power conversion efficiency (PCE) has in
the last decade been increased by almost a factor of ten
approaching 10%. A main concern has been the stability that was previously measured in minutes, but can
now, in favorable circumstances, exceed many thousands of hours.
This article reviews the developments in stability/degradation of OPVs in the last five years. This
progress has been gained by several developments,
such as inverted device structures of the bulk heterojunction geometry device, which allows for more stable metal electrodes, the choice of more photostable
active materials, the introduction of interfacial layers,
and roll-to-roll fabrication, which promises fast and
cheap production methods while creating its own challenges in terms of stability. 254 References.
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Perylene Imides for Organic
Photovoltaics: Yesterday, Today, and
Tomorrow
By C. Li and H. Wonneberger, Adv. Mater.,
24(5), 613–636 (2012).
Abstract
Perylene imides have been an object of research for
100 years and their derivatives are key n-type semiconductors in the field of organic electronics. While perylene diimides have been applied in many electronic
and photonic devices, their use can be traced back to
the first efficient organic solar cell. By functionalizing different positions of the total 12 positions (four
peri, four bay, and four ortho-positions) on the perylene core, perylene imides with significantly different
optical, electronic and morphological properties may
be prepared. Perylene imides and their derivatives have
been used in several types of organic photovoltaics,
including flat-, and bulk-heterojunction devices as well
as dye-sensitized solar cells. Additionally perylene
imides-based copolymers or oligomers play an important role in single junction devices.
In this review, the relationship between the photovoltaic performance and the structure of perylene
imides is discussed. 80 References.
99 Graphene-based Composites
By X. Huang, X. Qi, F. Boey and H. Zhang, Chem.
Soc. Rev.,
41(2), 666–686 (2012).
Abstract
Graphene has attracted tremendous research interest
in recent years, owing to its exceptional properties.
The scaled-up and reliable production of graphene
derivatives, such as graphene oxide (GO) and reduced
graphene oxide (rGO), offers a wide range of possibilities to synthesize graphene-based functional materials
for various applications.

This review presents and discusses the current
development of graphene-based composites. After
introduction of the synthesis methods for graphene
and its derivatives as well as their properties, the
authors focus on the description of various methods
to synthesize graphene-based composites, especially
those with functional polymers and inorganic nanostructures. Particular emphasis is placed on strategies
for the optimization of composite properties. Lastly,
the advantages of graphene-based composites in applications such as the Li-ion batteries, supercapacitors,
fuel cells, photovoltaic devices, photocatalysis, as well
as Raman enhancement are described. 279 References.
100 Inorganic Thin-Film Combinatorial
Studies for Rapidly Optimizing
Functional Properties
By A. Kafizas and I. P. Parkin, Chem. Soc. Rev.,
41(2), 738–781 (2012).
Abstract
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Combinatorial chemistry is now commonplace in the
pharmaceutical industry and applied rigorously in the
discovery of drugs. Within materials science, combinatorial methods have been widely applied in investigating thin-films and since its re-introduction in the
mid 90’s more than 20 new families of materials have
been discovered. Yet, given the high diversity of states
that can be produced in a single deposition, such methods are now being used more prominently to optimize
functional properties of existing materials, having been
applied in a variety of fields.
In this review, the authors covered the key
developments in bandgap, ferro/di-electric, fuel cell
anode/ cathode, H2 storage, hardness, Li -battery
electrodes, luminescence, transparent ferro-magnetic,
photocatalytic, photovoltaic, shape-memory, transparent conducting oxide and thermo-electric materials optimization. The review focuses on how
functional-property relationships have been derived
from combinatorial studies. 217 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
Frontiers in Electronic Materials: Correlation Effects and
Memristive Phenomena June 17–20, 2012, Aachen, Germany
The above Conference is organized by the Nature Publishing Group and Jlich- Aachen Research Alliance (JARA)
and will be held in Germany.
An emphasis will be placed on few invited keynote talks. In addition, there will be the opportunity for further
academic exchange between participants during nanosessions, which integrate posters, brief oral presentations,
and stimulating discussions in small groups. Discussion leaders for the nanosessions will be selected from the
submissions.
Scientific Sessions

•
•
•
•
•
•
•
•
•

Session 1: Fundamentals and cross-disciplinary topics
Session 2: Electron correlation and unusual quantum effects
Session 3: Oxide heterostructures and interfaces
Session 4: Multiferroics, spintronics, ferroelectrics and flexoelectrics
Session 5: Memristive phenomena – phase-change materials and nanoionic redox systems
Session 6: Energy conversion – superionic conductors, thermoelectrics, photovoltaics, artificial photosynthesis
Session 7: Information technology – chip architectures and computational concepts
Session 8: Nanotechnology – Atomic layer deposition, physical layer deposition, novel patterning techniques
Session 9: Advanced characterization – spectroscopy, scattering methods, microscopy, scanning probe methods
Session 10: Theory and Modelling – model Hamiltonian, first principle methods, molecular dynamics, multiscale simulation

Conferences: Forthcoming

MRS-S OUTLOOK

More than 25 Invited Speakers are expected. The meeting will offer exhibiting as well as
sponsorship opportunities.
Contact–E-mail: fem2012@iwe.rwth-aachen.de
Website: www.nature.com/natureconferences
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.
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Technical Program
The Technical Program will emphasize materials falling under six general themes:
(1)
(2)
(3)
(4)
(5)
(6)

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
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: due: 20th January 2012
Manuscripts due: 6th April 2012
Early Registration: 6th April 2012
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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.

Conferences: Forthcoming

MRS-S OUTLOOK

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 2011, 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
Multiscale Materials Modeling (MMM 2012)
Oct., 15 to 19, 2012, Singapore
The Multiscale Materials Modeling (MMM) conference series is the worlds 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
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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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MRS-S members are welcome to
contribute to ‘MRS-S OUTLOOK’
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• To suggest topics and prospective author(s) for ‘thematic’ articles pertaining to
the areas of materials science, engineering and technology. These will be of
general interest to the students, teachers as well as active researchers. These
can be 10–15 pages (A4-size, single spaced) with figures, tables and select
references.
• To contribute reports on the recently held conferences and information on the
forthcoming conferences.
• To contribute ‘Highlights from Recent Literature’ in the areas of materials
science, engineering and technology. These must pertain to the past two years,
and be of general interest to non-specialists, students, teachers as well as
active researchers. Each ‘Highlight’ must not exceed 250–300 words, including reference(s). Contributing author(s) and e-mail address(es) will be included
under each ‘Highlight’.
• To contribute information about the recent awards and distinctions conferred
on the MRS-S members.
• To contribute ‘Letters to the Editor’. They may be edited for brevity, clarity and
available space, and the author(s) will be informed.
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.
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