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MRS-S Activities: Past, Present and Future

The Materials Research Society of Singapore (MRS-S) organized five International and
four National Conferences in Singapore since 2001. The biennial 'International
Conference on Materials for Advanced Technologies (ICMAT)' series were held in 2001,
2003, 2005, 2007 and 2009.

The biennial National Conferences were held in 2004, 2006, 2008 and 2010. MRS-S also
sponsored/supported several other conferences, workshops, symposia and public lec-
tures. It instituted gold medals for the best outgoing students in Materials Science at the
National University of Singapore (NUS) and Nanyang Technological University (NTU).
It instituted the 'MRS Singapore Student Bursary Fund' at the National University of
Singapore. MRS-S also instituted the 'MRS-S Book Prize' at the 'Republic Polytechnic' of
Singapore. This yearly Book Prize will be awarded to the top final-year student from the
'Diploma in Materials Science'.   

To reach out to the public, MRS-S has organized number of public lectures by Nobel
Laureates and also an Astronaut. 

The ICMAT 2011 will be held in Singapore during June, 26-July1, 2011.

It will have 37 Symposia, comprising the areas of Nanoscience and Technology, Energy
and Environment, Functional Materials, Bio/Soft Materials, Imaging, Crystal Growth
and Crystal Technology and Interdisciplinary.

Details of the various Symposia and other relevant information can be found at the web-
site: http://www.mrs.org.sg/icmat2011/
.
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MRS-S Executive Committee
(For 2010–2011)

President
B. V. R. Chowdari, NUS

Founding President
Shih Choon Fong, KAUST

Vice Presidents
Andrew Wee, T.S., NUS

Ma Jan, NTU

Secretary
Joachim S.C. Loo, NTU

Joint Secretary
Ding Jun, NUS

Treasurer
FENG Yuan Ping, NUS

Joint Treasurer
Ramam, Akkipeddi, IMRE

Members
Chia Ching Kean, IMRE

Ho Ghim Wei, NUS
Liu Zishun , IHPC

Ng Teng Yong, NTU
S. Shannigrahi, IMRE
Shen Ze Xiang, NTU

J.J. Vittal , NUS
Wan Andrew Chwee Aun, IBN

P.K. Wong, ICES
X.S. Zhao George, NUS

Honorary Auditors
Liu Zhuang Jian , IHPC

Teng Jinghua, IMRE
NUS: National University of Singapore
NTU: Nanyang Technological University, Singapore
IBN: Institute of Bioengineering and Nanotechnology, Singapore
ICES: Institute of Chemical and Environmental Sciences, Singapore
IHPC: Institute of High Performance Computing, Singapore
IMRE: Institute of Materials Research & Engineering, Singapore
KAUST: King Abdulla University of Science & Technology,
Saudi Arabia

Highlights of Previous ICMAT Conferences

Year 2001: 1-6, July 2001; 16 Symposia; 10 Plenary
Lectures; 4 Public Lectures by Nobel Laureates; 1400
delegates; 18 Best Poster Awards; 36 Exhibitors.

Year 2003:7-12, Dec., 2003; 16 Symposia; 9 Plenary
Lectures; 2 Public Lectures by Nobel Laureates; 1500
delegates; 19 Best Poster Awards ; 29 Exhibitors.

Year 2005: 3-8, July 2005; 25 Symposia; 9 Ple-
nary Lectures; 2 Theme Lectures; 3 Public Lectures
by Nobel Laureates; 2200 Delegates; 28 Best Poster
Awards ; 43 Exhibitors.

Year 2007: 1-6, July 2007; 18+6 Symposia; 9 Ple-
nary Lectures; 2 Theme Lectures; 2 Public Lectures
by Nobel Laureates; 2300 Delegates; 25 Best Poster
Awards; 41 Exhibitors.

Year 2009: 28 Jun.-3, July 2009; 23 Symposia, 9 Ple-
nary and 3 Theme Lectures, 3 Public Lectures by
Nobel Laureates; 2170 Participants; 37 Best Poster
Awards; 43 Exhibitors.

Highlights of Previous National Conferences

Year 2004:6 Aug., 2004; 20 Invited Talks; 130 Poster
Papers; 4 Best Poster Awards .

Year 2006:18-20, Jan., 2006; Includes the Symposium
on ‘Physics and Mechanic of Advanced Materials’; 60
Invited Talks; 200 Poster Papers; 1 Public Lecture; 5
Best Poster Awards.

Year 2008:Feb., 25-27, 2008. Incorporated the MRS-I
Mumbai (India)-Chapter Joint Indo-Singapore Meet-
ing; 2 Keynote Talks, 60 Invited Talks; 211 Poster
Papers; 10 Best Poster Awards.

Year 2010: March, 17-19, 2010. 1 Keynote Talk, 26
Invited Talks; 137 Poster Papers; 7 Best Poster Awards.

MRS-S OUTLOOK (ISSN 1793-3609) is published quarterly by the Materials Research Society of Singapore (MRS-S),

c/o Institute of Materials Research & Engineering, 3, Research Link, Singapore 117 602.

Editor: G.V. Subba Rao.Disclaimer: Statements and opinions expressed in ‘MRS-S OUTLOOK’ are solely those of the

authors, and do not reflect those of MRS-S, nor the editor and staff. Permissions:The subject matter contained in ‘MRS-S

OUTLOOK’ can be freely reproduced for not-for-profit use by the readers; however, a word of acknowledgement will be

appreciated.
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Conference Report

Report on the 4th MRS-S Conference on Advanced Materials
(Contributed by Dr.Ramam Akkipeddi, IMRE, Singapore)

Encouraged by the continuous support from the materials research community and in order to enhance the growing
interaction between various materials researchers withinSingapore, the Materials Research Society of Singapore
(MRS-S) embarked on the organization of another series of biennial conferences, namely “MRS-S Conference on
Advanced Materials”. The fourth in this series known as the “4th MRS-S Conference on Advanced Materials” was
organized jointly by MRS-S and IMRE (Institute of MaterialsResearch & Engineering), and was held at IMRE
during 17–19 March, 2010.

A total of 25 Invited and 140 Poster presentations were made on topics related to Nanomaterials, Biomate-
rials, Functional materials, Optoelectronics and Photonics, Polymers, Microelectronics and Characterization by
advanced techniques. In addition, one key note talk was presented on the topic, ‘The Future is Carbon’, by Prof.
Andrew Wee of the National University of Singapore (NUS).

The welcome speech was given by Dr K. W Lim, the ED of IMRE and the meeting was addressed by the
Guest-of-honor, Prof. Bertil Andersson, provost of NTU (Nanyang Technological University, Singapore). There
were more than 100 participants registered for the two and half day conference and the event was marked with
scientific discussions and interactions over seven Technical and two Poster sessions.

In order to reward the efforts put in by researchers in presenting their research results through poster format,
MRS-S awarded seven best Poster Awards to the winners who were judged by a panel of judges from University
and R & D establishments. The awards, each consisting of $200cash and a certificate were given away on the last
day of the Conference by Prof. B.V.R. Chowdari, President ofMRS-S. Details are given below.

Table 1. Best Poster Awards

S.No. Poster No. Title Authors and Addresses

1 P-042 Future Oxides and Channel Materials for Ultimate
Scaling

G. K. Dalapati, C. K. Chia, A. S. W. Wong, and
D. Z. Chi, IMRE

2 P-087 Symmetric Planar Waveguide for Long-range Sur-
face Plasmon

Yanyan Zhou, Xia Yu, Ping Shum, Aaron Ho,
SIMTech
(Singapore Institute of Manufacturing &Tech.)

3 P-082 Effect of different seed layers on magnetic and
transport properties of perpendicular anisotropy
spin valves

T. Tahmasebi, S.N. Piramanayagam, R. Sbiaa,
R. Law, T.C. Chong, DSI
(Data Storage Institute)

4 P-110 Shape-controlled synthesis of gold nanoparticles Yue YU, Jim Yang LEE, NUS
5 P-125 Rapid

production of aligned anatase TiO2 nanofibers for
nanostructured solar cells

Krishnamoorthy Thirumal, Thavasi Velmuru-
gan, Subodh Mhaisalkar, Seeram Ramakrishna,
NTU

6 P-012 Temperature dependent conductivity and structural
studies of 0.7Li2S-0.3P2S5 glassy electrolyte for
All-Solid-State Li+ Batteries

R. Prasada Rao, Stefan Adams, M.V. Reddy,
B.V.R. Chowdari, NUS

7 P-026 Hydrothermal epitaxy of lead-free piezoelectric
films

Albertus D. Handoko, Gregory K. L. Goh,
IMRE
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Delegates looking at the Posters during the 4th MRS-S Conference on ‘Advanced Materials’, 17–19 March,
2010 held at IMRE.

Highlights of Recent Literature

(Contributed by the Editor)

Strontium-Doped Perovskites Rival Platinum
Catalysts for Treating NOx in Simulated
Diesel Exhaust

The high cost and poor thermal durability of current
lean nitrogen oxides (NOx) after-treatment catalysts
are two of the major barriers to widespread adoption
of highly fuel-efficient diesel engines. Kimet al. [1]
demonstrated the use of strontium-doped perovskite
oxides as efficient platinum substitutes in diesel oxi-
dation (DOC) and lean NOx trap (LNT) catalysts. The
lanthanum-based perovskite catalysts coated on mono-
lith substrates showed excellent activities for the NO
oxidation reaction, a critical step that demands heavy
usage of platinum in a current diesel after-treatment
system.

Under realistic conditions, La1−xSrxCoO3 cata-
lysts achieved higher NO-to-NO2 conversions than a
commercial platinum-based DOC catalyst. Similarly,
a La0.9Sr0.1MnO3-based LNT catalyst achieved NOx

reduction performance comparable to that of a com-
mercial platinum-based counterpart. The results show
promise for a considerably lower-cost diesel exhaust
treatment system.

Reference
1. C. H. Kim, G. Qi, K. Dahlberg and W. Li, Science,327

(No. 5973), 1624-1627 (2010) (26 Mar., Issue).

Heme-Like Coordination Chemistry Within
Nanoporous Molecular Crystals

Crystal engineering of nanoporous structures has not
yet exploited the heme motif so widely found in pro-
teins. Here, Bezzuet al. [1] reportthat a derivative of
iron phthalocyanine, a close analog of heme, forms
millimeter-scale molecular crystals that contain large
interconnected voids (8 cubic nanometers), defined by
a cubic assembly of six phthalocyanines. Rapid lig-
and exchange is achieved within these phthalocya-
nine nanoporous crystals by single-crystal–to–single-
crystal (SCSC) transformations.Differentiation of the
binding sites, similar to that which occurs in hemo-
proteins, is achieved so that monodentate ligands add
preferentially to the axial binding site within the cubic
assembly, whereas bidentate ligands selectively bind
to the opposite axial site to link the cubic assemblies.
These bidentate ligands act as molecular wall ties to
prevent the collapse of the molecular crystal during the
removal of solvent. The resulting crystals possess high

A Quarterly publication by the Materials Research Society of Singaporepage 4
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surface areas (850 to 1000 m2/g) and bind N2 at the
equivalent of the heme distal site through a SCSC pro-
cess characterized by x-ray crystallography.

Reference

1. C. G. Bezzu, M. Helliwell, J. E. Warren, D. R. Allan and
N. B. McKeown, Science,327 (No. 5973), 1627-1630
(2010) (26 Mar., Issue).

Nonepitaxial Growth of Hybrid Core-Shell
Nanostructures with Large Lattice
Mismatches

Zhanget al.. [1] report a synthetic route to achieving
nanoscale heterostructures consisting of a metal core
and monocrystalline semiconductor shell with substan-
tial lattice mismatches between them, which cannot be
obtained by conventional epitaxial techniques. By con-
trolling soft acid-base coordination reactions between
molecular complexes and colloidal nanostructures, the
authors show that chemical thermodynamics can drive
nanoscale monocrystalline growth of the semiconduc-
tor shell with a lattice structure incommensurate with
that of the core. More complex hybrid core-shell struc-
tures with azimuthal and radial nanotailoring of struc-
tures and compositions of the monocrystalline semi-
conductor shell, are also demonstrated.

Reference

1. J. Zhang, Y. Tang, K. Lee and M. Ouyang, Science,327
(No. 5973), 1634-1638 (2010) (26 Mar., Issue).

Two-Dimensional Phonon Transport in
Supported Graphene

The reported thermal conductivity (κ) of suspended
graphene, 3000 to 5000 W/m, K, exceeds that of
diamond and graphite. Thus, graphene can be use-
ful in solving heat dissipation problems such as those
in nanoelectronics. However, contact with a sub-
strate could affect the thermal transport properties of
graphene.

Here, Seolet al. [1] show experimentally thatκ
of monolayergraphene exfoliated on a silicon dioxide
support is still as high as about 600 W/m, K near room
temperature, exceeding those of metals such as cop-
per. It is lower than that of suspended graphene because

of phonons leaking across the graphene-support inter-
face and strong interface-scattering of flexural modes,
which make a large contribution toκ in suspended
graphene according to a theoretical calculation.

Reference

1. J. H. Seol, I. Jo, A. L. Moore, L. Lindsay, Z. H. Aitken, M.
T. Pettes, X. Li, Z. Yao, R, Huang, D. Broido, N. Mingo,
R. S. Ruoff, L. Shi, Science,328 (No. 5975), 213 - 216
(2010) (9 Apr., Issue).

Three-Dimensional Invisibility Cloak at
Optical Wavelengths

Ergin et al. [1] have designed and realized a three-
dimensional invisibility-cloaking structure operating at
optical wavelengths based on transformation optics.
Their blueprint uses a woodpile photonic crystal with
a tailored polymer filling fraction to hide a bump in
a gold reflector. They fabricated structures and con-
trols by direct laser writing and characterized them by
simultaneous high–numerical-aperture, far-field opti-
cal microscopy and spectroscopy. A cloaking operation
with a large bandwidth of unpolarized light from 1.4
to 2.7µm in wavelength is demonstrated for viewing
angles up to 60◦.

Reference

1. T. Ergin, N. Stenger, P. Brenner, J. B. Pendry and M.
Wegener, Science,328 (No. 5976), 337 - 339 (2010) (16
Apr., Issue).

A Fast Soluble Carbon-Free Molecular Water
Oxidation Catalyst Based on Abundant Metals

Traditional homogeneous water oxidation catalysts
are plagued by instability under the reaction condi-
tions. Here, Yinet al. [1] report that the complex
[Co4(H2O)2(PW9O34)2]10–, comprising a Co4O4

core stabilized by oxidatively resistant polytungstate
ligands, is a hydrolytically and oxidatively sta-
ble homogeneous water oxidation catalyst that self-
assembles in water from salts of earth-abundant ele-
ments (Co, W, and P). With [Ru(bpy)3]3+ (bpy is 2,2’-
bipyridine) as the oxidant, the authors observe catalytic
turnover frequencies for O2 production≥ 5 s–1 at pH =
8. The rate’s pH sensitivity reflects the pH dependence
of the four-electron O2-H2O couple.

A Quarterly publication by the Materials Research Society of Singapore page 5
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Extensive spectroscopic, electrochemical,
and inhibition studies firmly indicate that
[Co4(H2O)2(PW9O34)2]10–is stable under catalytic
turnover conditions: Neither hydrated cobalt ions nor
cobalt hydroxide/oxide particles form in situ.

Reference
1. Q. Yin, J. M. Tan, C. Besson, Y. V. Geletii, D. G. Musaev,

A. E. Kuznetsov, Z. Luo, K. I. Hardcastle and C. L.
Hill, Science,328(No. 5976), 342 - 345 (2010) (16 Apr.,
Issue).

Mechanism and Kinetics of Spontaneous
Nanotube Growth Driven by Screw
Dislocations

Single-crystal nanotubes are commonly observed,
but their formation is often not understood. Here,
Morin et al. [1] show that nanotube growth can be
driven by axial screw dislocations: Self-perpetuating
growthspirals enable anisotropic growth, and the dis-
location strain energy overcomes the surface energy
required for creating a new inner surface forming
hollow tubes spontaneously. This was demonstrated
through solution-grown zinc oxide nanotubes and
nanowires by controlling supersaturation using a flow
reactor and confirmed using microstructural character-
ization. The agreement between experimental growth
kinetics and those predicted from fundamental crystal
growth theories confirms that the growth of these nan-
otubes is driven by dislocations.

Reference
1. S. A. Morin, M. J. Bierman, J. Tong and S. Jin,Science,

328(No. 5977), 476 - 480 (2010) (23 Apr., Issue).

Monolithic Carbide-Derived Carbon Films for
Micro-Supercapacitors

Microbatteries with dimensions of tens to hundreds
of micrometers that are produced by common micro-
fabrication techniques are poised to provide integra-
tion of power sources onto electronic devices, but
they still suffer from poor cycle lifetime, as well as
power and temperature range of operation issues that
are alleviated with the use of supercapacitors. There
have been a few reports on thin-film and other micro-
supercapacitors, but they are either too thin to provide
sufficient energy or the technology is not scalable.

By etching supercapacitor electrodes into con-
ductive titanium carbide substrates, Chmiolaet al.
[1] demonstrate that monolithic carbon films lead
to a volumetric capacity exceeding that of micro-
and macroscale supercapacitors reported thus far, by
a factor of 2. The authors state that, ‘This study
also provides the framework for integration of high-
performance micro-supercapacitors onto a variety of
devices’.

Reference

1. J. Chmiola, C. Largeot, P.-L. Taberna, P. Simon and Y.
Gogotsi,Science,328 (No. 5977), 480 - 483 (2010) (23
Apr., Issue).

Nanoscale Three-Dimensional Patterning of
Molecular Resists by Scanning Probes

For patterning organic resists, optical and electron
beam lithography are the most established methods;
however, at resolutions below 30 nanometers, inherent
problems result from unwanted exposure of the resist
in nearby areas. Pireset al.[1] present a scanning probe
lithography method based on the local desorption of a
glassy organic resist by a heatable probe. They demon-
strate patterning at a half pitch down to 15 nm without
proximity corrections and with throughputs approach-
ing those of Gaussian electron beam lithography at
similar resolution. These patterns can be transferred
to other substrates, and material can be removed in
successive steps in order to fabricate complex three-
dimensional structures.

Reference

1. D. Pires, J. L. Hedrick, A. De Silva, J. Frommer, B. Gots-
mann, H. Wolf, M. Despont, U. Duerig, and A. W. Knoll,
Science,328(No. 5979), 732-735 (2010) (7 May, Issue).

Designed biomaterials to mimic the
mechanical properties of muscles

The passive elasticity of muscle is largely governed
by the I-band part of the giant muscle protein titin,
a complex molecular spring composed of a series of
individually folded immunoglobulin-like domains as
well as largely unstructured unique sequences. These

A Quarterly publication by the Materials Research Society of Singaporepage 6
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mechanical elements have distinct mechanical proper-
ties, and when combined, they provide the desired pas-
sive elastic properties of muscle, which are a unique
combination of strength, extensibility and resilience.
Single-molecule atomic force microscopy (AFM) stud-
ies demonstrated that the macroscopic behaviour of
titin in intact myofibrils can be reconstituted by com-
bining the mechanical properties of these mechanical
elements measured at the single-molecule level.

Here Lvet al. [1] report artificial elastomeric pro-
teins that mimic the molecular architecture of titin
through the combination of well-characterized pro-
tein domains GB1 and resilin. They show that these
artificial elastomeric proteins can be photochemically
crosslinked and cast into solid biomaterials. These
biomaterials behave as rubber-like materials showing

high resilience at low strain and as shock-absorber-
like materials at high strain by effectively dissipating
energy. These properties are comparable to the pas-
sive elastic properties of muscles within the physio-
logical range of sarcomere length and so these mate-
rials represent a new muscle-mimetic biomaterial. The
mechanical properties of these biomaterials can be
fine-tuned by adjusting the composition of the elas-
tomeric proteins, providing the opportunity to develop
biomaterials that are mimetic of different types of mus-
cles. The authors anticipate that these biomaterials will
find applications in tissue engineering as scaffold and
matrix for artificial muscles.

Reference

1. S. Lv, D. M. Dudek, Y. Cao, M. M. Balamurali, J. Gosline
and H. Li,Nature,465, 69–73 (2010) (6 May, Issue).

Recent Books and Review Articles
in the Area of Materials Science, Engineering and Technology

(Contributed by the Editor)

Books

• Nanoscience and Nanotechnology. Environmental
and Health Impacts.Edited by Vicki H. Gras-
sian. John Wiley & Sons, Hoboken 2008. 470 pp.,
hardcover. Euro 89.90. ISBN 978-0470081037.

For a Review, see, Angew. Chem. Int. Ed.,49 (4),
668 (2010).

• Inorganic Experiments.Edited by Woollins, J.
Derek. 3 rd revised Edition. Wiley-VCH, Weinheim,
2009.Hardcover. 456 pages. Euro 59.90. ISBN 978-
3-527-32472-9.

 

• Scanning Tunneling Microscopy in Surface Sci-
ence.Edited by Bowker, Michael and Davies, Philip
R. Wiley-VCH, Weinheim, 2009. Hardcover. 244
pages. Euro 119.ISBN 978-3-527-31982-4.

A Quarterly publication by the Materials Research Society of Singapore page 7
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• Advanced Biomaterials. Fundamentals, Processing,
and ApplicationsBy Basu, Bikramjit/ Katti, Dhiren-
dra S. / Kumar, Ashok. Wiley-VCH, Weinheim,
2009. Hardcover. 768 pages. Euro 125. ISBN 978-
0-470-19340-2.

• Advanced Nanomaterials.Edited by Geckeler, Kurt
E. and Nishide, Hiroyuki. Wiley-VCH, Weinheim,
2009. Hardcover. 906 pages. Euro 349. ISBN 978-
3-527-31794-3.

• An Introduction to Ionic Liquids.By Michael Free-
mantle. RSC Publishing, Cambridge, 2010. Hard-
back: 295 pp., illus. $79.95. ISBN 9781847551610.

• Microprocessor Architecture. From Simple Pipelines
to Chip Multiprocessors.By Jean-Loup Baer. Cam-
bridge University Press, New York, 2009. Hardback:
381 pp., illus. $85. ISBN 9780521769921.

• Understanding Solid State Physics.By Sharon Ann
Holgate. CRC Press (Taylor and Francis Group),
Boca Raton, FL, 2009. Hardback: 367 pp., illus.
$79.95. ISBN 9780750309721.

• No Small Matter–Science on the Nanoscale.By
Felice C. Frankel and George M. Whitesides. Belk-
nap Press of the Harvard University Press, Cam-
bridge, MA, 2009. Hardback: 192 pp., $35. ISBN
9780674035669.

• Handbook of Thiophene-Based Materials. Applica-
tions in Organic Electronics and Photonics.Edited
by Igor F. Perepichka and Dmitrii F. Perepichka. 2
Volumes. John Wiley & Sons, Hoboken 2009. 910
pp. Hardcover Euro 339.00. ISBN 978-0470057322.
For a review, see,Angew. Chem. Int. Ed.,49
(11),1916-1917 (2010).

• Organic Crystal Engineering. Frontiers in Crys-
tal Engineering. Edited by Tiekink, Edward R.
T./ Vittal, Jagadese/ Zaworotko, Michael. Wiley-
VCH, Weinheim, 2010. Hardcover. 336 pages. Euro
149. ISBN-10: 0-470-31990-9; ISBN-13: 978-0-
470-31990-1 - John Wiley & Sons.

• Understanding Single-Crystal X-Ray Crystallogra-
phyBy Bennett, Dennis W. Wiley-VCH, Weinheim,
2010. Softcover. 811 pages. Euro 79. ISBN 978-3-
527-32794-2.

A Quarterly publication by the Materials Research Society of Singaporepage 8
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• Ceramics in Nuclear Applications.Edited by Katoh,
Yutai and Cozzi, Alex. Ceramic Engineering and
Science Proceedings (Volume 30). Wiley-VCH,
Weinheim, 2010. Hardcover. 216 pages. Euro 69.90.
ISBN-10: 0-470-45760-0; ISBN-13: 978-0-470-
45760-3 - John Wiley & Sons.

• Epoxy Polymers. New Materials and Innovations.
Edited by Pascault, Jean-Pierre and Williams, R.
J. J. Wiley-VCH, Weinheim, 2010. Hardcover.
367 Pages. Euro 139. ISBN-10: 3-527-32480-
1. ISBN-13: 978-3-527-32480-4 — Wiley-VCH,
Weinheim.

 
 
 
 

 

 
 
 
 
 

• Progress in Nanotechnology-Applications.Edited
by ACerS. Wiley-VCH Weinheim, 2010. Hardcover.
350 Pages. Euro 125. ISBN-10: 0-470-40840-5.
ISBN-13: 978-0-470-40840-7 - John Wiley & Sons.

 
 
 
 

• Nanoethics-Big Ethical Issues with Small Tech-
nology. By Dónal P. O’Mathúna, Continuum,
New York, 2010. Hardback: 247 pp. $75. ISBN
9781847063946. Paperback: 247 pp. $19.95. ISBN
9781847063953.

• High Energy Materials. Propellants, Explosives and
Pyrotechnics. By Agrawal, Jai Prakash. Wiley-
VCH, Weinheim, 2010. Hardcover. 464 Pages. Euro
159. ISBN-10: 3-527-32610-3. ISBN-13: 978-3-
527-32610-5 - Wiley-VCH, Weinheim.

 
 

 

 
 
 
 
 
 

 

• Principles of Inorganic Materials Design.By
Lalena, John N. and Cleary, David A. Second Edi-
tion. Wiley-VCH, Weinheim, 2010. Hardcover. 586
Pages. Euro 119. ISBN-10: 0-470-40403-5;
ISBN-13: 978-0-470-40403-4 - John Wiley & Sons.

 

• Fracture Mechanics. Integration of Mechanics,
Materials Science, and Chemistry.By Robert P.
Wei, Cambridge University Press, New York,
2010. Hardback: 228 pp., illus. $85, £50. ISBN
9780521194891.

• 4D Electron Microscopy. Imaging in Space and
Time.By Ahmed H. Zewail and John M. Thomas.
Imperial College Press, London, 2010. Paperback:
359 pp., illus. $48. ISBN 9781848164000.

A Quarterly publication by the Materials Research Society of Singapore page 9
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• Synthesis of Solid Catalysts.Edited by Krijn P. de
Jong. Wiley-VCH, Weinheim 2009. 402 pp., hard-
cover E 139.00. ISBN 978-3527320400.
For a review, see,Angew. Chem. Int. Ed.,49 (12),
2095 (2010).

 

  

• Fullerene Polymers. Synthesis, Properties and
Applications. Edited by Nazario Martin
and Franceso Giacalone. Wiley-VCH, Wein-
heim 2009. 314 pp., hardcover E 129.00.
ISBN 978-3527322824.

For a review, see, Angew. Chem. Int. Ed.,49 (14),
2472- 2473 (2010).

 

 

• Introduction to XAFS- A Practical Guide to
X-Ray Absorption Fine Structure Spectroscopy.
By Grant Bunker. Cambridge University Press,
New York, 2010. Hardback: 268 pp., $70. ISBN
9780521767750.

• Learning to Communicate in Science and
Engineering- Case Studies from MIT.By Mya Poe,
Neal Lerner, and Jennifer Craig. MIT Press, Cam-
bridge, MA, USA, 2010. Hardback: 268 pp., $35.
ISBN 9780262162470.

• Handbook of Hydrogen Storage- New Materials for
Future Energy Storage. Edited by Hirscher, Michael,

Wiley-VCH, Weinheim 2010. 353 Pages, Hard-
cover 149.- Euro. ISBN-10: 3-527-32273-6; ISBN-
13: 978-3-527-32273-2 Wiley-VCH Weinheim.

 

 

Review Articles

• Single Molecules as Optical Nanoprobes for Soft
and Complex Matter. By F. Kulzer, T. Xia and
M. Orrit, Angew. Chem. Int. Ed.,49 (5), 854-866
(2010).

Abstract
The optical signals of single molecules provide infor-
mation about structure and dynamics of their nanoscale
environment, free from space and time averaging.
These new data are particularly useful whenever com-
plex structures or dynamics are present, as in polymers
or in porous oxides, but also in many other classes of
materials, where heterogeneity is less obvious.

The authors review the main uses of single
molecules in studies of condensed matter at nanometer
scales, especially in the fields of soft matter and mate-
rials science. They discuss several examples, includ-
ing the orientation distribution of molecules in crystals,
rotational diffusion in glass-forming molecular liquids,
polymer studies with probes and labeled chains, porous
and heterogeneous oxide materials, blinking of sin-
gle molecules and nanocrystals, and the potential of
surface-enhanced Raman scattering for local chemi-
cal analysis. All these examples show that static and
dynamic heterogeneities and the spread of molecular
parameters are much larger than previously imagined.
149 References.

• Alumina based ceramics for high-voltage insulation.
By M. Touzin, D. Goeuriot, C. G.-Piécourt, D. Juvé
and H.-J. Fitting,J. Euorpean Ceram. Soc.,30 (4),
805–817 (2010).
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Abstract
Dielectric breakdown constitutes an important limi-
tation in the use of insulating materials under high-
voltage since it can lead to the local fusion and sub-
limation of the insulator. The role of electrical charge
transport and trapping in alumina ceramics on their
resistance to this catastrophic phenomenon is studied
in this work.

In polycrystalline materials, the interfaces between
the various phases play a main role because they
constitute potential sites for the trapping of electrical
charges. The density and the nature of these interfaces
can be controlled by the way of the microstructure
parameters. So, the aim of the present paper is to high-
light the influence of average grain size and intergranu-
lar phase crystallization rate on the ability of polycrys-
talline alumina materials to resist to dielectric break-
down. Thus, it is shown that the control of the pro-
cess conditions (sintering aids content, powder grain
size and thermal cycle) makes it possible to change not
only the density (by the average grain size) but also the
nature (by the crystallization or not of anorthite) of the
grain boundaries. On one hand, at room temperature
a high density of interfaces, due to low grain size and
highly crystallized intergranular phase, leads to a high
dielectric strength. On the other hand, at higher tem-
perature (250◦C), the presence of vitreous intergranu-
lar phase makes it possible to delay breakdown. That
behaviour is explained thanks to charge transport and
trapping characterizations. 26 References.

• Emerging applications of stimuli-responsive poly-
mer materials. By M. A. C. Stuart, W. T. S. Huck,
J. Genzer, M. Müller, C. Ober, M. Stamm, G. B.
Sukhorukov, I. Szleifer, V. V. Tsukruk, M. Urban,
F. Winnik, S. Zauscher, I. Luzinov and S. Minko,
Nature Mater.,9 (2), 101–113 (2010).

Abstract
Responsive polymer materials can adapt to surround-
ing environments, regulate transport of ions and
molecules, change wettability and adhesion of differ-
ent species on external stimuli, or convert chemical and
biochemical signals into optical, electrical, thermal and
mechanical signals, and vice versa. These materials
are playing an increasingly important part in a diverse

range of applications, such as drug delivery, diagnos-
tics, tissue engineering and ’smart’ optical systems, as
well as biosensors, microelectromechanical systems,
coatings and textiles.

The authors review recent advances and challenges
in the developments towards applications of stimuli-
responsive polymeric materials that are self-assembled
from nanostructured building blocks. They also pro-
vide a critical outline of emerging developments. 136
References.

• Nanostructured thermoelectrics. By P. Pichanusakorn
and P. Bandaru,Mater. Sci. & Engg.,R67 (2-4),
19-63 (2010).

Abstract
Thermal to electrical energy conversion, through ther-
moelectric and thermionic materials, has been pro-
posed to be much more efficient in lower dimensional
materials at the nanoscale. In this paper, the authors
review the underlying materials physics of nanos-
tructured thermoelectrics which gives rise to such
enhanced efficiency. They first study the basic phe-
nomenology of the contributing terms to the power
factor in the thermoelectric figure of merit, i.e., the
Seebeck coefficient (S) and the electrical conductiv-
ity (σ), which are analyzed through the Boltzmann
transport formalism and then thoroughly compared to
recent experiments in nanostructures. Additional fac-
tors, hitherto not given much consideration, such as
carrier scattering time approximations vis-à-vis dimen-
sionality and the density of states (DOS) are also stud-
ied. Through such a study, they postulate that it is the
sheer magnitude and not the specific shape of the DOS
that is important in enhancing the thermoelectric power
factor.

The authors then see that most of the under-
stood increase in the figure of merit of nanostruc-
tured thermoelectrics has been accomplished through
a drastic reduction of the lattice thermal conductivity
(κL)–by two orders of magnitude from the bulk val-
ues through the introduction of scattering at different
length scales. Such a reduction has provided a large
impetus for the use of nanostructures and these are
reviewed. They next consider solid state implementa-
tions of thermionic structures, which seem to be con-
verging towards thermoelectric devices and hence can
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be described by a similar figure of merit. Approaches
for energy filtering and further increasing efficiencies
are also described. 269 References.

• Frustrated magnetism and cooperative phase transi-
tions in spinels. By S.-H. Lee, H. Takagi, D. Louca,
M. Matsuda, S. Ji, H. Ueda, Y. Ueda, T. Katsufuji, J.
–H. Chung, S. Park, S. –W. Cheong and C. Broholm,
J. Phys. Soc.Japan,79 (1), 011004-1 to -14 (2010).

Abstract
The spinel crystal system, AB2O4, has been fertile
ground in studying the effects of magnetic and orbital
frustration. The experimental findings, with primary
focus on neutron and synchrotron x-ray scattering tech-
niques, are hereby reviewed in spinels with magnetic B
ions. Highlighted are novel collective phenomena, such
as the zero-energy excitation mode in the spin liquid
phase, zero-field and field-induced novel phase tran-
sitions, the emergence of complex local spin entities,
and heavy fermionic behaviors. Such a diversity in the
exotic properties stems from their close proximity to
critical points among degenerate states and a delicate
balance among different degrees of freedom such as
spin, orbital, and lattice. 87 References.

• Chemistry of carbon nanotubes in biomedical appli-
cations. By H. –C. Wu, X. Chang, L. Liu, F. Zhao
and Y. Zhao,J. Mater. Chem.,20 (6), 1036 – 1052
(2010).

Abstract
Carbon nanotubes (CNTs) have attracted great inter-
disciplinary interest due to their peculiar structural,
mechanical and electronic properties. Applications
of CNTs in biomedical research are being actively
explored by many scientists worldwide. However,
manipulation of CNTs is impeded by several problems,
such as 1) formation of complex and entangled bun-
dles; 2) very low solubility of CNTs in organic sol-
vents and water; 3) inert properties of pristine CNTs
under many chemical reaction conditions, etc. Chemi-
cal modification of CNTs has partly solved the above
issues and is still one of the most effective means of
manipulating and processing CNTs. Many bioapplica-
tions of CNTs rely on successful outer/inner surface
functionalizations.

This article is comprised of two main parts. In the
first part, the authors briefly review the covalent sur-
face chemistry for the CNT functionalization; in the
second part, they focus on the biomedical applications
of surface chemistry for CNTs, in particular, the chem-
istry for controlling biomedical functions and mean-
while lowering nanotoxicity of CNTs. They also ana-
lyze the underlying factors that led to the controversy
in the previous experimental data of safety studies of
CNTs. 191 References.

• Charge separation in nanoscale photovoltaic mate-
rials: recent insights from first-principles electronic
structure theory. By Y. Kanai, Z. Wu and J. C. Gross-
man,J. Mater. Chem.,20 (6), 1053–1061 (2010).

Abstract
In this article Kanaiet al. focus on the key problem
of charge separation in nano-scale photovoltaic mate-
rials. In particular, recent theoretical/computational
work based on first principles electronic structure
approaches is presented and discussed. The authors
review applications of state-of-the-art electronic struc-
ture calculations to nano-scale materials that enable
charge separation between an excited electron and hole
in so-called excitonic photovoltaic cells. Emphasis is
placed on theoretical results that provide insight into
experimentally observed processes, which are yet to be
understood and do not appear to obey a single unique
model but rather depend on atomistic details. Exam-
ples are provided that illustrate how computational
approaches can be employed to probe new directions in
materials design for inducing efficient charge separa-
tion. The authors also discuss the computational chal-
lenges in electronic structure theory for reliably pre-
dicting and designing new materials suitable for charge
separation in photovoltaic applications. 60 References.

• Challenges for Rechargeable Li Batteries. By J. B.
Goodenough and Y. Kim,Chem. Mater.,22 (3),
587–603 (2010).

Abstract
The challenges for further development of Li recharge-
able batteries for electric vehicles are reviewed. Most
important is safety, which requires development of
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a nonflammable electrolyte with either a larger win-
dow between its lowest unoccupied molecular orbital
(LUMO) and highest occupied molecular orbital
(HOMO) or a constituent (or additive) that can develop
rapidly a solid/electrolyte-interface (SEI) layer to pre-
vent plating of Li onto a carbon anode during a fast
charge of the battery. A high Li-ion conductivity (σLi

> 10−4 S/cm) in the electrolyte and across the elec-
trode/electrolyte interface is needed for a power bat-
tery. Important also is an increase in the density of the
stored energy, which is the product of the voltage and
capacity of reversible Li insertion/extraction into/from
the electrodes.

It will be difficult to design a better anode than
carbon, but carbon requires formation of an SEI
layer, which involves an irreversible capacity loss.
The design of a cathode composed of environmen-
tally benign, low-cost materials that has its electro-
chemical potentialµC well-matched to the HOMO of
the electrolyte and allows access to two Li atoms per
transition-metal cation would increase the energy den-
sity, but it is a daunting challenge. Two redox cou-
ples can be accessed where the cation redox couples
are “pinned” at the top of the O 2p bands, but to take
advantage of this possibility, it must be realized in a
framework structure that can accept more than one Li
atom per transition-metal cation. Moreover, such a sit-
uation represents anintrinsic voltage limitof the cath-
ode, and matching this limit to the HOMO of the elec-
trolyte requires the ability to tune the intrinsic voltage
limit. Finally, the chemical compatibility in the battery
must allow a long service life. 104 References.

• New bulk Materials for Thermoelectric Power Gen-
eration: Clathrates and Complex Antimonides. By
H. Kleinke,Chem. Mater.,22 (3), 604–611 (2010).

Abstract
Thermoelectric power generation is foreseen to play
a much larger role in the near future, considering the
need for alternative energies because of declining nat-
ural resources as well as the increasing efficiency of
thermoelectric materials. The latter is a consequence of
the discoveries of new materials as well as of improve-
ments of established materials by, for example, nanos-
tructuring or band structure engineering.

Within this review, two major classes of high-
temperature thermoelectrics are presented: clathrates
formed by silicides and germanides, and complex
antimonides including but not limited to the filled
skutterudites. The clathrates and the skutterudites are
cage compounds that exhibit low thermal conductiv-
ity, reportedly related to the rattling effect of the guest
atoms, whereas the other antimonides achieve low ther-
mal conductivity via defects or simply via the high
complexity of their crystal structures. 114 References.

• Zintl Chemistry for Designing High Efficiency
Thermoelectric Materials. By E. S. Toberer, A. F.
May and G. J. Snyder, Chem. Mater.,22 (3), 624–
634 (2010).

Abstract
Zintl phases and related compounds are promising
thermoelectric materials; for instance, high zT has been
found in Yb14MnSb11, clathrates, and the filled skut-
terudites. The rich solid-state chemistry of Zintl phases
enables numerous possibilities for chemical substitu-
tions and structural modifications that allow the fun-
damental transport parameters (carrier concentration,
mobility, effective mass, and lattice thermal conduc-
tivity) to be modified for improved thermoelectric per-
formance. For example, free carrier concentration is
determined by the valence imbalance using Zintl chem-
istry, thereby enabling the rational optimization of zT.
The low thermal conductivity values obtained in Zintl
thermoelectrics arise from a diverse range of sources,
including point defect scattering and the low velocity
of optical phonon modes. Despite their complex struc-
tures and chemistry, the transport properties of many
modern thermoelectrics can be understood using tradi-
tional models for heavily doped semiconductors. 121
References.

• High-Pressure Routes in the Thermoelectricity or
How One Can Improve a Performance of Thermo-
electrics. By S. V. Ovsyannikov and V. V. Shchen-
nikov, Chem. Mater.,22 (3), 635–647 (2010).

Abstract
High pressure has a strong impact on materials. In
regards to thermoelectrics, pressure is able to signifi-
cantly improve their thermoelectric (TE) performance
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(i.e., power factor and figure of merit), and for this rea-
son, pressure is a powerful tool for energy conversion
technologies.

This paper reviews studies on thermoelectric prop-
erties of relevant materials (PbTe, PbSe, Bi2Te3,
Sb2Te3, and others) under pressure. It is figured out
that enhanced thermoelectric properties of PbTe and
Bi2Te3appear beyond a range of energy gaps proposed
for a “conventional” thermoelectricity in narrow-gap
semiconductors. An example given for SmTe hints
that pressure effects on the thermoelectric performance
may be tremendous. This review also attends studies on
high-pressure thermoelectric properties in the presence
of a non-zero magnetic field. Influence of magnetic-
field-related effects, such as magnetoresistance, mag-
netothermopower (Nernst-Ettingshausen effects), and
Maggi-Reghi−Leduc effect is analyzed on examples
of PbTe, PbSe, and Te. Problems related to both in situ
measurements of transport properties under pressure,
and practical realization of high-pressure (magneto-)
thermoelectric devices are discussed.

In summary, this review reports the-state-of-the-art
of pressure influence on thermoelectric materials and
shows alternative poorly explored routes in the ther-
moelectricity. 192 References.

• Nanostructured Thermoelectrics: The New
Paradigm? By M.G. Kanatzidis,Chem. Mater.,22
(3), 648–659 (2010).

Abstract
This review discusses recent developments and cur-
rent research in bulk thermoelectric materials in
which nanostructuring is a key aspect affecting ther-
moelectric performance. Systems based on PbTe,
AgPbmSbTe2+m, NaPbmSbTe2+m, Bi2Te3, and Si
are given particular emphasis. To date the dramatic
enhancements in figure of merit in bulk nanostructured
materials come from very large reductions in lattice
thermal conductivity rather than improvement in power
factors. A discussion of future possible strategies is
aimed at enhancing the thermoelectric figure of merit
of these materials. 113 References.

• Materials for Solid Oxide Fuel Cells. By A. J. Jacob-
son,Chem. Mater.,22 (3), 660–674 (2010).

Abstract
Solid oxide fuel cells (SOFCs) have the promise to
improve energy efficiency and to provide society with
a clean energy producing technology. The high tem-
perature of operation (500-1000◦C) enables the solid
oxide fuel cell to operate with existing fossil fuels and
to be efficiently coupled with turbines to give very
high efficiency conversion of fuels to electricity. Solid
oxide fuel cells are complex electrochemical devices
that contain three basic components, a porous anode,
an electrolyte membrane, and a porous cathode. In
this short review, a survey of the types and proper-
ties of materials that have been considered for each of
these components is presented with an emphasis on the
requirements for operation at intermediate temperature
(500-800◦C). Some directions for future research are
discussed. 195 References.

• New Chemical Systems for Solid Oxide Fuel Cells.
By A. Orera and P. R. Slater,Chem. Mater.,22 (3),
675–690 (2010).

Abstract
In this review article, new systems being investigated
for application in solid oxide fuel cells are discussed.
For the electrode materials, materials with the per-
ovskite or related structures continue to dominate the
field, due to the need for high electronic conductivity.
Research in this field is being directed toward compo-
sitions allowing high ionic conductivity in addition to
their electronic contribution. In contrast, research on
new electrolyte materials has shown a diverse range
of structure-types, with an apparent tendency toward
structures containing cations in lower coordination
environments, particularly tetrahedral. In both the elec-
trode and electrolyte area, materials allowing the incor-
poration of oxygen excess into interstitial sites have
shown promising results, warranting further investiga-
tions of materials that will allow this type of defect
chemistry. 301 References.
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• Positive Electrode Materials for Li-Ion and Li-
Batteries. By B. L. Ellis, K. T. Lee and L. F. Nazar,
Chem. Mater.,22(3), 691–714 (2010).

Abstract
Positive electrodes for Li-ion and lithium batteries
(also termed “cathodes”) have been under intense
scrutiny since the advent of the Li-ion cell in 1991.
This is especially true in the past decade. Early on, car-
bonaceous materials dominated the negative electrode
and hence most of the possible improvements in the
cell were anticipated at the positive terminal; on the
other hand, major developments in negative electrode
materials made in the last portion of the decade with
the introduction of nanocomposite Sn/C/Co alloys and
Si-C composites have demanded higher capacity posi-
tive electrodes to match. Much of this was driven by the
consumer market for small portable electronic devices.
More recently, there has been a growing interest in
developing Li-sulfur and Li-air batteries that have the
potential for vastly increased capacity and energy den-
sity, which is needed to power large-scale systems.
These require even more complex assemblies at the
positive electrode in order to achieve good properties.

This review provides an overview of the major
developments in the area of positive electrode mate-
rials in both Li-ion and Li batteries in the past decade,
and particularly in the past few years. Highlighted are
concepts in solid-state chemistry and nanostructured
materials that conceptually have provided new oppor-
tunities for materials scientists for tailored design that
can be extended to many different electrode materials.
273 References.

• Materials Chemistry of BaFe2As2 A Model Platform
for Unconventional Superconductivity. By David
Mandrus, Athena S. Sefat, Michael A. McGuire
and Brian C. Sales,Chem. Mater.,22(3), 715–723
(2010).

Abstract
BaFe2As2 is the parent compound of a family of
unconventional superconductors with critical tempera-
tures approaching 40 K. BaFe2As2 is structurally sim-
ple, available as high-quality large crystals, can be
both hole and electron doped, and is amenable to first-
principles electronic structure calculations. BaFe2As2

has a rich and flexible materials chemistry that makes
it an ideal model platform for the study of uncon-
ventional superconductivity. The key properties of this
family of materials are briefly reviewed. 70 Refer-
ences.

• Hunting for Better Li-Based Electrode Materials via
Low Temperature Inorganic Synthesis. J.-M. Taras-
con, N. Recham, M. Armand, J.-N. Chotard, P.
Barpanda, W. Walker and L. Dupont,Chem. Mater.,
22(3), 724–739 (2010).

Abstract
Ceramic processes are currently used to prepare most
of today’s electrode materials. For energy-saving rea-
sons, there is a growing interest in electrode mate-
rials prepared via eco-efficient processes, which has
led to the resurgence of low temperature hydro- and
solvothermal processes.

This review will highlight how some of these pro-
cesses have been successfully used to prepare today’s
most praised electrode material: LiFePO4. Particular
attention is paid to the recently developed ionothermal
synthesis process. This will be done in order to stress
the versatility and richness of ionothermal synthesis, its
control over particle size and shape, and the ability of
ionic liquids to provide stabilization to new metastable
phases. The authors outline the pertinent questions that
should be clarified for continued advancement of the
ionothermal process which opens the door to innova-
tive inorganic synthesis and to materials which have
remained hidden for a long time. 53 References.

• Enhancement of Thermoelectric Figure-of-Merit by
a Bulk Nanostructuring Approach. By Y. Lan, A. J.
Minnich, G. Chen and Z.Ren, Adv. Funct. Mater.,
20(3), 357–376 (2010).

Abstract
Recently a significant figure-of-merit (ZT) improve-
ment in the most-studied existing thermoelectric mate-
rials has been achieved by creating nanograins and
nanostructures in the grains using the combination of
high-energy ball milling and a direct-current-induced
hot-press process. Thermoelectric transport measure-
ments, coupled with microstructure studies and theo-
retical modeling, show that the ZT improvement is the
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result of low lattice thermal conductivity due to the
increased phonon scattering by grain boundaries and
structural defects.

In this article, the synthesis process and the rela-
tionship between the microstructures and the thermo-
electric properties of the nanostructured thermoelec-
tric bulk materials with an enhanced ZT value are
reviewed. It is expected that the nanostructured mate-
rials described here will be useful for a variety of
applications such as waste heat recovery, solar energy
conversion, and environmentally friendly refrigeration.
184 References.

• Recent Advances in White Organic Light-Emitting
Materials and Devices. By K. T. Kamtekar, A. P.
Monkman and M. R. Bryce,Adv. Mater.,22(5), 572–
582 (2010).

Abstract
White Organic Light-Emitting Materials and Devices
(WOLEDs) offer new design opportunities in prac-
tical solid-state lighting and could play a significant
role in reducing global energy consumption. Obtain-
ing white light from organic LEDs is a considerable
challenge. Alongside the development of new materi-
als with improved color stability and balanced charge
transport properties, major issues involve the fabrica-
tion of large-area devices and the development of low-
cost manufacturing technology.

This Review describes the types of materials (small
molecules and polymers) that have been used to fab-
ricate WOLEDs. A range of device architectures are
presented and appraised. 87 References.

• Semisynthetic DNA-Protein Conjugates for
Biosensing and Nanofabrication. By C.M.
Niemeyer,Angew. Chem. Int. Ed.,49(7), 1200–1216
(2010).

Abstract
Conjugation with artificial nucleic acids allows pro-
teins to be modified with a synthetically accessi-
ble, robust tag. This attachment is addressable in a
highly specific manner by means of molecular recogni-
tion events, such as Watson-Crick hybridization. Such
DNA-protein conjugates, with their combined proper-
ties, have a broad range of applications, such as in

high-performance biomedical diagnostic assays, fun-
damental research on molecular recognition, and the
synthesis of DNA nanostructures.

This Review surveys current approaches to gener-
ate DNA-protein conjugates as well as recent advances
in their applications. For example, DNA-protein conju-
gates have been assembled into model systems for the
investigation of catalytic cascade reactions and light-
harvesting devices. Such hybrid conjugates are also
used for the biofunctionalization of planar surfaces for
micro- and nanoarrays, and for decorating inorganic
nanoparticles to enable applications in sensing, materi-
als science, and catalysis. 161 References.

• Oxygen reduction and transportation mechanisms in
solid oxide fuel cell cathodes. By Y. Li, R. Gemmen
and X. Liu, J. Power Sources,195(11), 3345–3358
(2010).

Abstract
In recent years, various models have been devel-
oped for describing the reaction mechanisms in solid
oxide fuel cell (SOFC) especially for the cathode elec-
trode. However, many fundamental issues regarding
the transport of oxygen and electrode kinetics have
not been fully understood. This review tried to sum-
marize the present status of the SOFC cathode model-
ing efforts, and associated experimental approaches on
this topic. In addition, unsolved problems and possible
future research directions for SOFC cathode kinetics
had been discussed. 81 References.

• Nanoparticulate Functional Materials. By H. Goes-
mann and C. Feldmann,Angew. Chem. Int. Ed.,
49(8), 1362–1395 (2010).

Abstract
Nanoparticulate functional materials offer manifold
perspectives for the increasing miniaturization and
complexity of technical developments. Nanoparticles
also make a major contribution to utilization of mate-
rials that is sparing of natural resources. Besides these
obvious aspects, however, the importance of nanoparti-
cles is due to their fundamentally novel properties and
functions. These include photonic crystals and efficient
luminophors, single particles and thin films for elec-
tronic storage media and switching elements, magnetic
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fluids and highly selective catalysts, a wide variety
of possibilities for surface treatments, novel materials
and concepts for energy conversion and storage, con-
trast agents for molecular biology and medical diag-
nosis, and fundamentally novel forms and structures
of materials, such as nanocontainers and supercrys-
tals. Creating high-quality nanoparticles requires that
numerous parameters, involving the particle core and
surface, colloidal properties, and particle deposition,
are taken into consideration during synthesis of the
material. An appropriate characterization and evalua-
tion of the properties requires the incorporation of a
wide range of expertise from widely differing areas.
These circumstances are what challenges and appeals
to the nanoscientist. 301 References.

• Spontaneously formed porous and composite mate-
rials. By S. A. Corr, D. P. Shoemaker, E. S. Toberer
and R. Seshadri,J. Mater. Chem.,20(8), 1413–1422
(2010).

Abstract
In recent years, a number of routes to porous mate-
rials have been developed which do not involve the
use of pre-formed templates or structure-directing
agents. These routes are usually spontaneous, mean-
ing they are thermodynamically downhill. Kinetic con-
trol, deriving from slow diffusion of certain species
in the solid state, allows metastable porous morpholo-
gies rather than dense materials to be obtained. While
the porous structures so formed are random, the aver-
age architectural features can be well-defined, and the
porosity is usually highly interconnected. The routes
are applicable to a broad range of functional inorganic
materials. Consequently, the porous architectures have
uses in energy transduction and storage, chemical sens-
ing, catalysis, and photoelectrochemistry. This is in
addition to more straightforward uses deriving from the
pore structure, such as in filtration, as a structural mate-
rial, or as a cell-growth scaffold.

In this review article, some of the methods for
the creation of porous materials are described, includ-
ing shape-conserving routes that lead to hierarchical
macro/mesoporous architectures. In some of the prepa-
rations, the resulting mesopores are aligned locally
with certain crystallographic directions. The coupling

between morphology and crystallography provides a
macroscopic handle on nanoscale structure. Extension
of these routes to create biphasic composite materials
are also described. 70 References.

• Responsive and in situ-forming chitosan scaf-
folds for bone tissue engineering applications: an
overview of the last decade. By A. M. Martins, C.
M. Alves, F. K. Kasper, A. G. Mikos and R. L. Reis,
J. Mater. Chem.,20 (9), 1638–1645 (2010).

Abstract
The use of bioabsorbable polymeric scaffolds is being
investigated for use in bone tissue engineering appli-
cations, as their properties can be tailored to allow
them to degrade and integrate at optimal rates as bone
remodelling is completed. The main goal of this review
is to highlight the “intelligent” properties exhibited by
chitosan scaffolds and their use in the bone tissue engi-
neering field. To complement the fast evolution of the
bone tissue engineering field, it is important to propose
the use of responsive scaffolds and take advantage of
bioinspired materials and their properties as emerging
technologies. There is a growing interest and need for
new biomaterials, such as “smart”/responsive materials
with the capability to respond to changes in thein vivo
environment.

This review will provide an overview of strategies
that can modulate bone tissue regeneration by usingin
situ-forming scaffolds. 128 References.

• Plasmonic Crystals: A Platform to Catalog Res-
onances from Ultraviolet to Near-Infrared Wave-
lengths in a Plasmonic Library. By H. Gao, W. Zhou
and T. W. Odom,Adv. Funct. Mater.,20 (4), 529–
539 (2010).

Abstract
Surface plasmons are responsible for a variety of phe-
nomena, including nanoscale optical focusing, nega-
tive refraction, and surface-enhanced Raman scatter-
ing. Their characteristic evanescent electromagnetic
fields offer opportunities for sub-diffraction imaging,
optical cloaking, and label-free molecular sensing. The
selection of materials for such applications, however,
has been traditionally limited to the noble metals Au
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and Ag because there has been no side-by-side com-
parison of other materials.

This article describes recent progress on manipulat-
ing surface plasmons from ultraviolet to near-infrared
wavelengths using plasmonic crystals made from 2D
nanopyramidal arrays. A library of plasmon reso-
nances is constructed in the form of dispersion dia-
grams for a series of unconventional and new compos-
ite plasmonic materials. These resonances are tuned
by controlling both intrinsic factors (unit cell shape,
materials type) and extrinsic factors (excitation condi-
tions, dielectric environment). Finally, plasmonic crys-
tals with reduced lattice symmetries are fabricated as
another means to tailor resonances for broadband cou-
pling. 47 References.

• Inkjet Printing - Process and Its Applications. By M.
Singh, H. M. Haverinen, P. Dhagat and G. E. Jab-
bour,Adv. Mater.,22 (6), 673-685 (2010).

Abstract
This article provides an update on recent develop-
ments in inkjet printing technology and its appli-
cations, which include organic thin-film transis-
tors, light-emitting diodes, solar cells, conductive
structures, memory devices, sensors, and biologi-
cal/pharmaceutical tasks. Various classes of materials
and device types are in turn examined and an opinion
is offered about the nature of the progress that has been
achieved. 94 References.

• Solar-Energy Production and Energy-Efficient
Lighting: Photovoltaic Devices and White-
Light-Emitting Diodes Using Poly(2,7-fluorene),
Poly(2,7-carbazole), and Poly(2,7-dibenzosilole)
Derivatives. By S. Beaupré, P.-L. T. Boudreault and
M. Leclerc,Adv. Mater.,22 (8), E6–E27 (2010).

Abstract
World energy needs grow each year. To address global
warming and climate changes the search for renew-
able energy sources with limited greenhouse gas emis-
sions and the development of energy-efficient lighting
devices are underway.

This Review reports recent progress made in the
synthesis and characterization of conjugated poly-
mers based on bridged phenylenes, namely, poly(2,7-
fluorene)s, poly(2,7-carbazole)s, and poly(2,7-
dibenzosilole)s, for applications in solar cells and
white-light-emitting diodes. The main strategies and
remaining challenges in the development of reliable
and low-cost renewable sources of energy and energy-
saving lighting devices are discussed. 185 References.

• Advanced Materials for Energy Storage. By C. Liu,
F. Li, L.-P. Ma and H.-M. Cheng,Adv. Mater.,22
(8), E28–E62 (2010).

Abstract
Popularization of portable electronics and electric
vehicles worldwide stimulates the development of
energy storage devices, such as batteries and superca-
pacitors, toward higher power density and energy den-
sity, which significantly depends upon the advance-
ment of new materials used in these devices. More-
over, energy storage materials play a key role in effi-
cient, clean, and versatile use of energy, and are cru-
cial for the exploitation of renewable energy. There-
fore, energy storage materials cover a wide range of
materials and have been receiving intensive attention
from research and development to industrialization.

In this Review, firstly a general introduction is
given to several typical energy storage systems, includ-
ing thermal, mechanical, electromagnetic, hydrogen,
and electrochemical energy storage. Then the cur-
rent status of high-performance hydrogen storage
materials for on-board applications and electrochem-
ical energy storage materials for lithium-ion bat-
teries and supercapacitors is introduced in detail.
The strategies for developing these advanced energy
storage materials, including nanostructuring, nano-
/microcombination, hybridization, pore-structure con-
trol, configuration design, surface modification, and
composition optimization, are discussed. Finally, the
future trends and prospects in the development of
advanced energy storage materials are highlighted. 323
References.
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• Organic Nonvolatile Memory Devices Based on Fer-
roelectricity. By R. C. G. Naber, K. Asadi, P. W. M.
Blom, D. M. de Leeuw and B. de Boer,Adv. Mater.,
22 (9), 933–945 (2010).

Abstract
A memory functionality is a prerequisite for many
applications of electronic devices. Organic nonvolatile
memory devices based on ferroelectricity are a promis-
ing approach toward the development of a low-cost
memory technology.

In this Review, the authors discuss the latest devel-
opments in this area with a focus on three of the
most important device concepts: ferroelectric capaci-
tors, field-effect transistors, and diodes. Integration of
these devices into larger memory arrays is also dis-
cussed. 91 References.

• Quantum computers. By T.D. Ladd, F. Jelezko,
R. Laflamme, Y. Nakamura, C. Monroe and J. L.
O’Brien, Nature,464, 45–53 (2010).

Abstract
Over the past several decades, quantum information
science has emerged to seek answers to the question:
can we gain some advantage by storing, transmitting
and processing information encoded in systems that
exhibit unique quantum properties? Today it is under-
stood that the answer is yes, and many research groups
around the world are working towards the highly ambi-
tious technological goal of building a quantum com-
puter, which would dramatically improve computa-
tional power for particular tasks. A number of phys-
ical systems, spanning much of modern physics, are
being developed for quantum computation. However,
it remains unclear which technology, if any, will ulti-
mately prove successful.

Here Laddet al. describe the latest developments
for each of the leading approaches and explain the
major challenges for the future. 111 References.

• Polyoxometalates: Building Blocks for Functional
Nanoscale Systems. By D.-L. Long, R. Tsunashima
and L. Cronin,Angew. Chem. Int. Ed.,49 (10),
1736–1758 (2010).

Abstract
Polyoxometalates (POMs) are a subset of metal oxides
that represent a diverse range of molecular clusters
with an almost unmatched range of physical proper-
ties and the ability to form dynamic structures that
can range in size from the nano- to the micrometer
scale. Herein, Longet al.present the very latest devel-
opments from synthesis to structure and function of
POMs. They discuss the possibilities of creating highly
sophisticated functional hierarchical systems with mul-
tiple, interdependent, functionalities along with a crit-
ical analysis that allows the non-specialist to learn the
salient features. They propose and present a ”periodic
table of polyoxometalate building blocks”, and also
highlight some of the current issues and challenges that
need to be addressed to work towards the design of
functional systems based upon POM building blocks
and look ahead to possible emerging application areas.
172 References.

• Peptide-Based Methods for the Preparation of
Nanostructured Inorganic Materials. By C.-L. Chen
and N. L. Rosi,Angew. Chem. Int. Ed.,49 (11),
1924–1942 (2010).

Abstract
With their unique sequence-specific self-assembly and
their substrate recognition properties, peptides play
critical roles in controlling the biomineralization of
inorganic nanostructures in natural systems and in
directing the assembly of important soft matter. These
attributes render them particularly useful molecules
for the fabrication of new materials. Researchers from
many scientific disciplines now use peptides to direct
the synthesis of new inorganic nanostructures and the
assembly of soft biomaterials.

In this Review, Chen and Rosi describe the devel-
opments in this field and focus on the versatility of
peptides and their ability to direct the composition and
structure of new inorganic materials. 174 References.

• Carbon Nanomaterials in Biosensors: Should You
Use Nanotubes or Graphene? By W. Yang, K. R.
Ratinac, S. P. Ringer, P. Thordarson, J. J. Goodin-
gand F. Braet,Angew. Chem. Int. Ed.,49(12), 2114–
2138 (2010).
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Abstract
From diagnosis of life-threatening diseases to detec-
tion of biological agents in warfare or terrorist attacks,
biosensors are becoming a critical part of modern life.
Many recent biosensors have incorporated carbon nan-
otubes as sensing elements, while a growing body of
work has begun to do the same with the emergent nano-
material graphene, which is effectively an unrolled
nanotube. With this widespread use of carbon nano-
materials in biosensors, it is timely to assess how this
trend is contributing to the science and applications of
biosensors.

This Review explores these issues by present-
ing the latest advances in electrochemical, electrical,
and optical biosensors that use carbon nanotubes and
graphene, and critically compares the performance of
the two carbon allotropes in this application. Ulti-
mately, carbon nanomaterials, although still to meet
key challenges in fabrication and handling, have a
bright future as biosensors. 255 References.

• Materials and Mechanics for Stretchable Electron-
ics. By J. A. Rogers, T. Someya and Y. Huang,Sci-
ence,327(No. 5973), 1603–1607 (2010).

Abstract
Recent advances in mechanics and materials provide
routes to integrated circuits that can offer the electrical
properties of conventional, rigid wafer-based technolo-
gies but with the ability to be stretched, compressed,

twisted, bent, and deformed into arbitrary shapes. Inor-
ganic and organic electronic materials in microstruc-
tured and nanostructured forms, intimately integrated
with elastomeric substrates, offer particularly attractive
characteristics, with realistic pathways to sophisticated
embodiments.

Here, Rogerset al. review these strategies and
describe applications of them in systems ranging
from electronic eyeball cameras to deformable light-
emitting displays. They conclude with some perspec-
tives on routes to commercialization, new device
opportunities, and remaining challenges for research.
42 References.

• Oxide Interfaces—An Opportunity for Electronics.
By J. Mannhart and D. G. Schlom, Science,327(No.
5973), 1607–1611 (2010).

Abstract
Extraordinary electron systems can be generated at
well-definedinterfaces between complex oxides. In
recent years, progress has been achieved in exploring
and making use of the fundamental properties of such
interfaces, and it has become clear that these electron
systems offer the potential for possible future devices.

The authors trace the state of the art of this emerg-
ing field of electronics and discuss some of the chal-
lenges and pitfalls that may lie ahead. 52 References.
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Biodegradable Thermogelling Copolymers for Biomedical Applications
X. J. Loh1,∗ and J. Li1,2

1Institute of Materials Research and Engineering, A*STAR (Agency for Science, Technology and Research), 3 Research
Link, Singapore 117602
2Division of Bioengineering, Faculty of Engineering, National University of Singapore (NUS), 7 Engineering Drive 1,
Singapore 117574. E-mail:∗XianJunLoh@scholars.a-star.edu.sg

1 Introduction

The delivery of drugs is a challenge faced by clini-
cians worldwide. As a result of the complicated nature
of this field, there is a huge demand for drug deliv-
ery systems that can adequately fulfill consumer needs.
In separate reports, the US market for drug delivery
systems has been predicted to exceed US$ 100 bil-
lion in 2010 [1,2]. When administering drugs, clini-
cians aim to raise the plasma drug levels to a concentra-
tion known as the therapeutic concentration. The sim-
plest and most direct drug administration via the oral
route suffers from extensive losses resulting from first-
pass metabolism. This greatly reduces the bioavailabil-
ity of the drug. In order to increase the bioavailability
of the drug, an alternative administration by daily intra-
venous infusion is used instead. However, this method
increases the risk of infections at the site of adminis-
tration and could lead to systemic toxicity, in the case
of chemotherapeutic drugs for the treatment of can-
cer. In order to overcome this predicament, controlled
drug release systems have been developed. These
include emulsions, liposomes, biodegradable micro-
spheres and micelles. While useful for the administra-
tion of hydrophobic drugs, these systems have a range
of shortcomings, such as poor stabilityin vivo, require-
ment of organic solvents for the loading of drugs and
poor drug encapsulation efficiencies. These restrictions
have limited the use of these drug delivery systems
for the delivery of sensitive therapeutic agents such as,
peptides and proteins. The utilization of organic sol-
vents denatures these therapeutic peptides, eliminating
these systems as the choice delivery agents of ther-
apeutic peptides. The importance and growth of the
peptides as therapeutic agents cannot be overlooked.
For example, glucagon-like peptide-1 (GLP-1) is used
for the control of diabetes, ghrelin for the treatment of

obesity, gastrin-releasing peptide used in cancer treat-
ments, defensin for antimicrobial use and growth fac-
tors used for wound healing applications. Nevertheless,
peptides deliveryin vivo remains challenging owing to
their short residence half-life. An optimal peptide ther-
apy requires a peptide delivery system that retains the
bioactivity of the peptides while releasing them at a
controlled rate. Here, biodegradable injectable thermo-
gelling copolymers present themselves as ideal peptide
delivery agents.

2 Thermogelling Copolymers — What It Is,
Why It Gels And Why Is It Useful?

Thermogelling copolymer systems are fascinating
objects of study. The aqueous polymer solution exists
as low viscosity fluids in the sol state at room tempera-
ture and solidifies into a hydrogel at elevated tempera-
tures (typically 37◦C) (Fig. 1). At an initial glance, its
solution properties appear to contradict the behavior of
nature. After all, “water freezes when it is cooled, not
warmed.” It turns out that there is a perfectly logical
explanation for this phenomenon [3].

Thermogelling copolymers are amphiphilic poly-
mers with finely tuned balance of hydrophobicity and
hydrophilicity. At low concentrations, the copolymer
chains self-assemble into nanostructures known as
micelles. These micelles have the hydrophilic seg-
ments presented in the corona and the hydropho-
bic segments in the core. As the concentration of
the micelles increase, the micelles are packed closer
together. In order to trigger gelation of the sys-
tem, a temperature change is induced. The critical
concentration at which the thermogelling effect is
observed is known as the critical gelation concentra-
tion (CGC). This temperature change affects the inter-
actions present in the solution system, namely, the
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Fig. 1. Thermogelling effect showing a polymer solution existing as a liquid at low temperatures and becoming a gel at elevated temperatures.

polymer-polymer, polymer-solution and the solution-
solution interactions. Herein lie the design challenge
of a thermogelling system. The system must not be
overly hydrophobic when the temperature is raised or
a simple precipitation phenomenon will be observed
instead. Ideally, at a critical gel point, the hydrophilic
corona should be entangled with each other, holding
the water molecules together. The hydrophobic seg-
ments act as network or crosslink points to hold the gel
structure in place, presenting the macroscopic observa-
tion of a highly viscous semi-solid hydrogel. This sys-
tem presents obvious advantages over the drug delivery
systems mentioned in the preceding paragraph. Firstly,
peptide/polymer formulations can be prepared under
aqueous conditions without using peptide-denaturing
organic solvents. This is ideal for peptides because
formulations can be prepared in the sol state, at low
temperature which reduces the denaturation rate of
the peptides. Secondly, the thermogelling copolymers
can be administrated by injection, without requiring
surgical implantation of the sustained release device.
Thirdly, when incorporated with biodegradable seg-
ments, the thermogelling copolymers can be removed
from the body via the natural excretion route as
it degrades into smaller polymer fragments after its
intended purpose is achieved. Fourthly, the steriliza-
tion of these gels can be done by syringe filtration.
Finally, the high water content of the gel matrix results
in improved biocompatibility with injection site. In a

typical application of this system in the biomedical
context, the peptide/polymer formulations can be pre-
pared by mixing the copolymer solution with the pep-
tides in a sol state. This is followed by a syringe injec-
tion of the formulation to a target site to induce the
formation of a hydrogel upon exposure to body tem-
perature. When formed, thein situ formed hydrogel
acts as a sustained drug delivery depot. A typical tar-
get site can be the subcutaneous layer or muscle. An
added advantage of these systems is that besides pep-
tides, cells also be incorporated into the gel system.
When the cells proliferate at the target site, they can
be manipulated into a three dimensional tissue in the
shape of thein situ formed hydrogel. These hydrogels
can be used as an injectable tissue engineering scaffold.

3 Types of Thermogelling Copolymers

Due to the immense potential of this system,
the development of biodegradable thermogelling
copolymers has attracted intensive study in the
past decade. There are a variety of thermogelling
copolymers ranging from polyesters, poly(ester ure-
thanes), polyphosphazenes, polypeptides, polysaccha-
rides, polyorthoesters, polycarbonates, polycyanoacry-
lates and polyacrylamides. This section summarizes
the types of thermogelling copolymers. The structures
of the copolymers described in this section are shown
in Fig. 2.
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Poly(ethylene glycol) (PEG) Poly(propylene glycol) (PPG) Poly(L-lactic acid-co-glycolic acid) (PLGA)

Poly(εεεε-caprolactone) (PCL) Poly[(R)-3-hydroxybutyrate] (PHB) Poly(lactic acid) (PLA)

Poly(phosphazene) Chitosan Hyaluronic acid  
 

Fig. 2. Structures of polymer segments used in some of the thermogelling copolymers described in this article.

3.1 Polyesters and Poly(ester urethane)s

Poly(ethylene glycol)-poly(propylene glycol)-
poly(ethylene glycol) (PEG-PPG-PEG; Poloxamer or
Pluronic) are commercially available thermogelling
copolymers. They have a high CGC (15-20 wt% or
above), exhibit poor gel stability and release drugs with
a characteristic ‘burst’ effect. These disadvantages
have made this system unsuitable for many biomedical
applications [4,5]. Moreover, non-biodegradable PEG-
PPG-PEG triblock copolymers have been reported to
result in increased levels of lipids cholesterol in the
blood plasma of rats, suggesting that these polymers
may not be ideal for use in the humans [6]. A degree of
biodegradability can be introduced into the copolymers
by incorporating polyesters such as poly(L-lactic acid-
co-glycolic acid) (PLGA), poly(L-lactic acid) (PLA)
and poly(ε-caprolactone) (PCL). These polyesters have
been coupled with poly(ethylene glycol) (PEG) to
form thermogelling copolymers. The synthesis of these
polyesters is accomplished by the ring opening poly-
merization of lactides, glycolides andε-caprolactones.
In 1999, Jeonget al.. reported the first biodegradable
thermogelling triblock copolymers comprising PEG
and PLGA segments with ABA and BAB structure [7-
10]. These were triblock copolymer analogs of PEG-
PPG-PEG. The swopping of the PPG segment with the
PLGA segment not only increased the gel stabilityin
vivo, it also introduced the biodegradability property to
the system, making it useful and relevant to biomedi-
cal applications. The development of graft copolymers
of PLGA-g-PEG and PEG-g-PLGA soon followed
[11,12]. When the backbone is changed, the degrada-
tion behavior of these copolymers became different,

even when the two polymers have similar molecu-
lar weight [13]. For example, the PEG-g-PLGA gel
was stable for one week, whereas the PLGA-g-PEG
gel was stable for more than three months. However,
several inherent weaknesses were present in this sys-
tem. The thermogelling copolymers were difficult to
handle due to its paste form and the dissolution of
the copolymers took a very long time. To circumvent
these problems, the PLGA segment was replaced with
the PCL block [14,15]. The replacement introduced
two important improvements to the system. Firstly,
the copolymer now existed in powder morphology,
allowing easy transfer. Secondly, the dissolution of the
copolymer can now be easily accomplished by heating
the polymer suspension in water to the melting point of
the polymer (of about 40◦C), followed by quenching
the mixture into an ice bath. However, it was observed
that the copolymer solution quickly turned turbid after
a short time due to the crystallization of the PCL
phase. The solution to this problem was achieved by
introducing interfering segments which disrupts the
crystal domains of PCL [16]. Poly(caprolactone-co-
trimethylenecarbonate)-PEG-poly(caprolactone-co-
trimethylene carbonate) (PCTC-PEG-PCTC) was pre-
pared and does not have the turbidity issues. Besides
PLGA and PCL, PLA were used to prepare thermo-
gelling copolymers [17]. Triblock copolymers were
made from a PEG segment with molecular weight of
3400 g/mol, flanked by PLA with a molecular weight
of 500 – 1500 g/mol on either side. These copolymers
displayed thermogelling behaviour with an increase
in temperature. In further development, multiblock
copolymers made of short alternating PEG and PLLA
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thermal gelation behavior [18]. Control of the sol-gel
phase can be achieved by adjusting the hydrophobic
segment and the molecular weight of the polymer.

Another approach used to improve the gel sta-
bility and to lower the critical gelation concentra-
tion of the copolymer was through the preparation of
multiblock copolymers. Typical strategies used in the
synthesis of multiblock copolymers involved the use
of telechelic isocyanate or carboxylic acid contain-
ing linking groups. Poloxamers (F127) were coupled
by hexamethylene diisocyanate to prepare multiblock
poly(ether urethane)s. During the thermogelation tran-
sition, it was observed that the change in viscosity of
the multiblock poloxamer aqueous solution was much
greater than unmodified F127 [19]. In another related
work, short PEG blocks were phosgene activated, fol-
lowed by addition of poly(propylene glycol) (PPG) to
prepare an alternating block copolymer. The thermo-
gelation behavior can be controlled by the structure
of the coupling agent, for example, oxalyl chloride,
glutaryl chloride, or adipoly chloride [20,21]. In order
to introduce biodegradability to the block copolymer,
the PEG segment was endcapped with oligocapro-
lactone or oligolactide, and the hydroxyl end groups
were activated by phosgene [22,23]. The function-
alized PEG was reacted with with PPG to synthe-
size biodegradable PEG/PPG alternating block copoly-
mers with PLA or PCL segments. In a simple one-
pot approach, hydroxyl end groups of PEG, PPG, and
poly[(R)-3-hydroxybutyrate) (PHB) were reacted with
hexamethylene diisocyanate to prepare a biodegrad-
able thermogelling multiblock copolymer comprising
PEG, PPG and PHB segments with very low CGC val-
ues of 2.0 wt% [24-27]. The strong hydrophobic inter-
actions of PHB are responsible for the creation of a
strongly associated micellar gel instead of a typical
micelle packed gel of poloxamer. This thermogel per-
sisted for more than six months underin vitro condi-
tions with mechanical agitation. When PLA was used
instead of PHB, CGC was about 7% and it took three
months for the polymer to degrade [28].

3.2 Polyphosphazenes

Nucelophilic substitution reactions to poly(dichloroph-
osphazene) allows different types of polymer

segments to be grafted onto a polymer back-
bone. This can give rise to a polymer with var-
ious properties. The type of substitutent conju-
gated to the polymer backbone can be used to
adjust the mechanical properties, biodegradability,
and hydrophilic/hydrophobic balance. Biodegrad-
able thermosensitive poly(organophosphazenes) with
a short hydrophilic PEG segment, hydrophobic
amino acid esters (such as D,L-leucine [LeuOEt]
ethyl ester, L-isoleucine ethyl ester [IleOEt] and
L-valine ethyl ester [ValOEt]) and a depsipep-
tide ethyl ester (ethyl-2-[O-glycyl]glycolate) as a
hydrolysis-sensitive moiety were synthesized by
Song et al. [29,30] . Seonget al. reported amino
acid grafted poly(organophosphazenes), made up of
tripeptides and tetrapeptides (such as GlyPheLeuEt,
GlyPheIleEt, GlyLeuPheEt and GlyPheLeuGlyEt)
[31]. The poly(organophosphazenes) showed sol-to-
gel transition properties in an aqueous solution at con-
centrations of 10 wt%. The thermosensitive gelation of
poly(organophosphazenes) occurs when the hydropho-
bic amino acid ester side groups associate with each
other as the temperature was raised. The composition
of substituents, the chain length of the PEG segment
attached and the type of amino acid esters attached
to the poly(organophosphazene) backbone were found
to be factors important in the determination of the
gelation behavior of the copolymer [32]. The degrad-
able copolymers showed a 60% decrease in molec-
ular weight over 2 months. The biodegradability of
the polymer can be controlled by varying the amount
of depsipeptide incorporated. When the depsipeptide
degrades, free carboxylic acid groups are generated
which catalyse the degradation of the amino acid side
groups.

3.3 Polypeptides

Polypeptides and poly(amino acid)s are important bio-
compatible and biodegradable materials suited for
biomedical applications. The synthetic production of
high molecular weight polypeptides is expensive, a
more cost-effective technique that scientists can uti-
lize is through cell engineering techniques to produce
well defined polypeptides. The various conformations
of polypeptides give rise to a vast variety of morpholo-
gies. These properties allow the potential development
of a large variety of peptide-based biomaterials. An
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gelling property is the milk-derivedβ-lactoglobulin. A
10 wt% of aqueous solution ofβ-lactoglobulin aque-
ous solution forms a gel at 85◦ [33]. This polypeptide
possesses two disulfide bonds and one free sulfhydryl
group. At room temperature,β-lactoglobulin dimer-
izes with antiparallelβ-sheet conformation. When the
temperature is raised above 65◦C, the peptide disso-
ciates into monomeric forms. This denaturation pro-
cess results in the exposure of the hydrophobic groups
and thiols. The exposed thiol/disulfide groups undergo
intermolecular thiol/disulfide exchange reactions, lead-
ing to a crosslinking reaction. This causes the solu-
tion to form a gel when the temperature is raised
[34,35]. Another system that shows the thermogelling
effect is the triblock protein consisting of leucine zip-
per end blocks flanking a water-soluble polyelectrolyte
domain [36]. The mechanism behind the gelation is
due to the synergistic effect of the terminal segments
and the polyelectrolyte domain. As the hydrophilic
polyelectrolyte segment acts to retain the solvent in
the network structure, network points are formed by
the coiled-coil aggregates of the terminal domains.
Protein/polymer hybrids have been recently reported.
Wanget al.designed thermosensitive hybrid polymers
made of synthetic water soluble polymers and pro-
tein blocks [37]. The protein blocks show tempera-
ture dependent folding transitions and the self assem-
bly of these points act as crosslinks for the gel sys-
tem. In another work, thermally reversible physically
crosslinked poly(amino acid) hydrogels can be formed
by the sol-to-gel transition of amphiphilic poly(N–
substitutedα/β-asparagine)s in an aqueous solution
[38] . These poly(amino acid)s showed a thermogelling
behavior at concentration as low as 3 wt%. In taking
peptide design a step further, a peptide inspired from
collagen and elastin structures showed thermogelling
properties. This polypeptide contains collagen resem-
bling Pro-Hyp-Gly sequence and an elastin resembling
Val-Pro-Gly-Val-Gly [39]. The collagen model peptide
acts as a hydrated unit with the crosslinking point being
the pentapeptide. Here, the authors propose a poten-
tial application of incorporating functional peptides to
enhance the cell adhesion properties of these gels.

3.4 Polysaccharides

Chitosan and hyaluronic acid (HA) are naturally-
derived polysaccharides which have been popularly
used by biomaterial scientists due to their biocom-
patibility and biodegradability. Chitosan is a lin-
ear polysaccharide composed of randomly distributed
β-linked D-glucosamine and N-acetyl-D-glucosamine.
Chitin is naturally found in the exoskeleton of crus-
taceans and cell walls of fungi. Chitosan is produced
from the deacetylation of chitin. A typical degree
of deacetylation in commercial chitosan is in the
range 60–100%. HA is an anionic, non-sulfated gly-
cosaminoglycan found in connective, epithelial, and
neural tissues. HA is a very important material used
in tissue engineering research as it is one of the main
components of the extracellular matrix. Chitosan/β-
glycerol phosphate and chitosan-g-PEG have been
shown to demonstrate the thermogelling effect. For
chitosan/β-glycerol phosphate, the mechanism of gela-
tion of is attributed to the ionic effect of the system.
When the temperature is increased, extent of ioniza-
tion of chitosan decreases, leading to a decrease in
solubility of chitosan. On the other hand, the degree
of ionization ofβ-glycerol phosphate increases as the
temperature increases [40]. The overall ionic strength
of the aqueous solution increases and this screens
the ionic repulsion of the chitosan. This leads to
an increase in the hydrophobic association of chi-
tosan. These combined effects contribute to the reverse
thermal gelation of the chitosan/β-glycerol phosphate
aqueous solution. A similar strategy has also been
employed to prepare thermogelling HA derivatives.
HA-g-poly(N-isopropylacrylamide) and HA-g-(PEG-
PPG-PEG). HA is a gel-like material. The grafting of
thermoresponsive agents to the main polymer gives the
polymer a temperature sensitive character.

3.5 Polyorthoesters

The works of Choi and Heller on polyorthoesters have
led to the development of five generations of poly-
orthoesters [41]. The third generation material, poly-
orthoester III is an aliphatic polyorthoester with a low
molecular weight. It is a soft injectable material at
room temperature. However, there are inherent prob-
lems in the synthesis of this polymer, including diffi-
culties in controlling the molecular weight. The fourth
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by incorporating PLA into the polyorthoester II back-
bone. The degradation of the copolymer corrobo-
rates with the drug release rate. For the fifth gener-
ation, a thermogelling polyorthoester based on PEG-
polyorthoester block copolymer was prepared [42].
The initial product was a thermogelling polyacetal-g-
PEG. However, this polymer degrades very slowly at
physiological pH. In order to enhance the degrada-
tion rate, poly(acetal-co-orthoester)-g-PEG (PA-POE-
g-PEG) was prepared with the PEG segment of 2000
g/mol grafted at a 15% graft ratio and 5% of POE
added to the polyacetal backbone. The polymer aque-
ous solution at a concentration of 20 wt% showed ther-
mogelling behavior at about 30◦C.

4 Biomedical Applications Of Thermogelling
Copolymers

4.1 Drug release

Thermogelling copolymers gel depots are useful as
drug reservoirs. The gel traps the drug within its matrix
and the rate of the drug is reduced by restricting its
rate of diffusion.In vitro drug release studies of PEG-
PLGA-PEG thermogels were performed using keto-
profen (hydrophilic) and spironolactone (hydrophobic)
[43]. The amphiphilic nature of the gel makes it suit-
able for the release of either type of drugs. For ketopro-
fen, a sustained release period of 2 weeks was observed
whereas the complete release of spironolactone took 2
months. These gels were subcutaneously injected into
laboratory rats and the gel depots were found be stable
for more than a month [44]. Thermogelling emulsion
formulations of PEG-PLGA-PEG copolymers and Lip-
iodol blends were used for the sustained release of the
anti-cancer drug, paclitaxel. Vascular embolisation was
also demonstratedin vivo[45]. In vivosustained intrav-
esical drug delivery was demonstrated using fluore-
scien isothiocyanate (FITC) and misoprostol. The gels
sustained the release of the drug much longer than if
the drug were to be injected in solution. FITC delivered
from the thermogelling formulation was sustained for
about a day whereas the free FITC only persisted for 8
hours [46]. In another experiment, PLGA-PEG-PLGA
triblock copolymer gel depots were injected in rats and
found to be completely resorbed from the injection

site within 4 – 6 weeks. Extensive drug release studies
were carried out using this product as the matrix mate-
rial [47,48]. In another promising application, these
gels were used to deliver ganciclovir (GCV) for the
treatment of human cytomegalovirus (HCMV) retinitis
[49]. HCMV causes retinitis and is the leading cause of
blindness in patients infected with the human immun-
odeficiency virus (HIV). GCV was encapsulated in
PLGA microspheres which were dispersed in the poly-
mer solution. When the gel is formed after heating,
the matrix structure released GCV over a period of
4 – 5 weeks. Besides GCV, other drugs and proteins
such paclitaxel, insulin, rh-GH, granulocyte colony-
stimulating factor (G-CSF) and recombinant hepatitis
B surface antigen (rHBsAG) were all studied as drugs
for potential applications. PLGA-PEG-PLGA triblock
copolymer gels can be used to deliver a variety of
bioactive agents, such as levonorgestrel, ceftazidime,
testosterone, bee venom peptide, 5-fluororacil, IL-2,
indometacin and lysozyme [50-55]. Tunable release
can be realized using a blending strategy as shown
by Jeonget al. PLGA-g-PEG and PEG-g-PLGA were
developed in an attempt to overcome the molecular
weight constraint of the triblock copolymers [56-58].
The gel depots of PLGA-g-PEG lasted for a period of
3 months, whereas PEG-g-PLGA lasted for less than
a week. By blending different compositions of these
copolymers, the duration that the gel is able to last
in the body can be varied for implantation applica-
tions from between 1 week and 3 months. Extended
drug release using thermogels have been demonstrated
using poly(PEG/PPG/PHB urethane)s. A protein drug
release study of the copolymers was performed [26].
The gels showed a sustained protein release of more
than 70 days and the depots were found to be sta-
ble over a period of 6 months, making it stable for
long-term applications. Poly(phosphazene) hydrogels
were tested for drug release properties and release of
human serum albumin and FITC-dextran were demon-
strated [59]. Elastin-like polypeptide and silk-elastin-
like polypeptide systems have been studied for the
delivery of theophylline, dextran, cytochrome c and
plasmid DNA. ProlastinsR is a commercially available
peptide made of GAGAGS and GVGVP, the peptide
gel was used as a delivery vehicle of pantarin, dan-
syl glutamine, dansyl-dextran, fluorescein dextran, and
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tion or molecular weight of the drug or ionic strength
of the release medium is changed, the release rate could
be adjusted [60-62].

4.2 Cancer Treatments

Paclitaxel is an established drug used for the treat-
ment of solid tumours.In vitro paclitaxel release from
ReGel was sustained for 50 days. In order to demon-
strate the feasibility of such a minimally invasive can-
cer treatment procedure, the drug depot was admin-
istered in pig’s pancreas using an ultrasound-guided
injection technique [63-65]. High localized concentra-
tions of paclitaxel were observed at the injection site,
suggesting that this technique was suitable for mini-
mally invasive localized delivery. The novel intratu-
moural injectable, OncoGel™was unveiled by Prother-
ics and made up of the formulation of ReGel and
paclitaxel. OncoGel sustained the release of paclitaxel
into the tumour site over 4 – 6 weeks. Application of
Oncogel resulted in a greater concentration of pacli-
taxel in the tumour compared with that administered
intravenously at the maximum tolerated dose in cur-
rent treatment protocols. OncoGel is presently being
explored for the treatment of oesophageal and primary
brain cancers. A thorough review of this product is pro-
vided by Fowerset al. [66]. In order to bring the prod-
uct from laboratory to market, a series of steps have
to be taken. It starts with preclinical testing to test for
the preliminary safety of the product. If the product
appears safe, an investigational new drug application
is filed with the FDA. Once this is approved, clinical
trials begin with phase I studies. This phase focuses
on safety and pharmacology. Phase II studies the effi-
cacy of the compound on a control pool of patients.
Here, controlled studies are carried out in volunteers
to assess the effectiveness of this product. Here, both
animal and human studies are carried out to assess fur-
ther the safety of the drug. In Phase III, a larger num-
ber of volunteer patients are tested. Practicing physi-
cians adminster the product to intended patients and the
results are compared with the earlier efficacy studies.
At the same time, low-incidence adverse reactions are
monitored before the product is released. Finally, the
drug is released with Phase IV studies are conducted
after the product is approved to ensure the safety of the
product. For Oncogel, the toxicity, pharmacokinetics

and preliminary antitumour activity associated with the
direct injection of the product into solid tumours was
studied in a Phase I study [38]. Minimal systemic side
effects were observed, shown by low systemic levels
of paclitaxel. OncoGel is currently at Phase II stage of
study for the treatment of dysphagia (difficulty in swal-
lowing) in patients suffering from oesophageal cancer.
Currently, very promising results have been obtained
with this product. In some cases, the tumour can be
completely eradicated. For the treatment of primary
brain cancers, the main challenge is in the inability
of most chemotherapeutic agents to cross the blood–
brain barrier. Using Oncogel, a method of treatment
for glioblastoma multiforme (GBM), has been tested.
OncoGel is injected at the tumour site after surgical
removal of the tumour into the tumour cavity to kill
residual tumour cells. In cases of inoperable tumours,
the formulation is injected directly into the tumour.
Very encouraging results have been obtained from non-
clinical models of brain cancer. At present, the safety
and tolerability of OncoGel for the treatment of pri-
mary brain cancer is being investigated.

Besides ReGel, poly(organophoaphazene) hydro-
gels were also found to be excellent solubilisers of
the another type of hydrophobic anticancer drug, dox-
orubicin [67] . The hydrogel system maintained a sus-
tained release of doxorubicin over 20 days. Anticancer
efficacy of doxorubicin released from the hydrogel was
evaluated using the P388D1 mouse lymphoblast cell
line. It was shown that doxorubicin released from the
polymer hydrogels retained antitumour activity for>

30 days, attesting to its effectiveness for chemothera-
peutic treatments.

4.3 Diabetic Treatments

Diabetes mellitus is a condition in which a person has
a high blood glucose level. This condition could arise
as a result of the body producing insufficient insulin
or failure of the body to respond to insulin. Insulin
is a peptide hormone which triggers the absorption
of glucose by the cells for the generation of energy.
For Type 1 diabetes, the body is unable to produce
insulin requires daily injection of insulin by the patient.
Type 2 diabetes results from a combined effect of inef-
ficient insulin secretion and insulin resistance. Here,
the cells are unable to utilise insulin effectively for
the breakdown of glucose. Thermogelling polymers
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of diabetes. PLGA-g-PEG and PEG-g-PLGA copoly-
mers were studied for potential protein-based therapy
throughin vivo biomedical applications using animal
models, particularly for diabetic control by sustained
insulin delivery [68]. Upon a single administration of
the PLGA-PEG graft copolymer insulin formulation,
the blood glucose level could be controlled for 5 –
16 days in diabetic rats. In another example, the con-
trolled release of insulin from a ReGel/insulin for-
mulation for the treatment of Type 1 diabetes melli-
tus was demonstrated by Kimet al. [69]. The release
of insulin was sustained over a period of 2 weeks in
in vitro experiments. Constant insulin release main-
tained blood glucose levels in the euglycaemic range.
This was observed in Zucker diabetic fatty (ZDF)
rats over the 2-week period of drug release. A single
injection of this formulation maintained basal insulin
levels over a week upon a single injection. Kimet
al. also fabricated biodegradable microspheres using
PLGA-PEG-PLGA triblock copolymers [51]. In one
set of experiments, insulin was entrapped within the
PLGA-PEG-PLGA microspheres without the use of
organic solvents (Msp A). In another set of experi-
ments, the microspheres were made using the conven-
tional method using organic solvents (Msp B). The sus-
tained release of insulin from Msp B showed an initial
burst and incomplete release, whereas Msp A showed
a sustained release of 10 days. Huynhet al.. recently
reported a pH/temperature sensitive in situ gelling sys-
tem based on poly(β-amino ester)/ PCL-PEG-PCL.
This thermogel showed a sustained release of insulin
over one month [70]. Little initial burst was reported
from the gel due to the ionic interactions between the
negatively charged insulin and positively charged poly-
mer at a physiological pH of 7.4. In another exam-
ple, thermogelling poly(organophosphazene)s bearing
α -amino-ω -methyl-poly(ethylene glycol) (AMPEG)
and hydrophobic L -isoleucine ethyl ester (IleOEt) side
groups were used to entrap islets of Langerhans to
simulate the formation of an artificial pancreas [71].
Compared with free rat islets, rat islets entrapped in
the gel showed prolonged insulin secretion in response
to basal glucose concentration. After a month, the rat
islets in the poly(organophosphazene) hydrogel main-
tained higher cell viability and insulin production when
compared with rat islets in different hydrogels and

free islets. From this demonstration, it was proposed
that the thermogelling poly(organophosphazene) can
be used as an injectable and biodegradable cell matrix
for the production of insulin. For the treatment of Type
2 diabetes mellitus, the GLP-1 peptide is effective in
arresting the symptoms of this disease. Under physi-
ological conditions, glucagon-like peptide-1 (GLP-1)
possesses several physiological properties that make it
(and its analogs) a subject of intensive investigation as
a potential treatment of Type 2 diabetes mellitus. Kim
et al.has demonstrated GLP-1 release from ReGel for-
mulation in vitro and in vivo [72]. There was no ini-
tial burst release of the peptide and a constant release
was observed for 2 weeks.In vivo studies conducted
on diabetic rats showed the sustained release of GLP-
1 increased the insulin level in the blood plasma and
controlled the blood glucose level for 2 weeks follow-
ing a single injection of ReGel/ZnGLP-1 formulation.
As GLP-1 is a peptide with an extremely short half-
life, this study demonstrates that the bioactivity of the
peptide can be preserved by encapsulating it in a ther-
mogelling copolymer. This novel treatment protocol is
a highly attractive alternative for the delivery of GLP-1
as it can improve patient compliance and result in cost
effectiveness in the treatment of diabetes.

4.4 Wound healing and tissue engineering

An MIT technology review published in 2003 com-
mented that injectable tissue engineering is one of the
top ten emerging technologies which have the poten-
tial to change the world [73]. Thermogelling copoly-
mers have great potential as cell-carrying injectable tis-
sue engineering scaffolds. PEG-PLGA-PEG gels were
explored for potential bone regeneration applications.
Biomimetic hydroxyapatite (HAp) were prepared from
thermogelling polymers. Regular plate-like shapes and
nanosized hydroxyl apatite structures were observed
[74]. In applications for diabetic wound healing, TGF-
β1 was encapsulated in PEG-PLGA-PEG thermogels.
The application of the gel paste accelerated the regen-
eration of the cells in the wound bed compared with
plasmid-loaded Humatrix gels [75]. In another work,
PLGA-g-PEG thermogels were used to repair carti-
lage defects. Injuries which were induced in the right
femoral trochlea of rabbits was notably repaired using
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PEG compared with a control of chondrocyte cells sus-
pended in the poly(N–isopropylacrylamide-co-acrylic
acid)/hydroxyapatite collagen sponge. In another
demonstration, thermogelling PLGA-g-PEG, PEG-
PLGA-PEG and PLGA-PEG-PLGA were applied for
articular cartilage repair, vascular embolization, and
stem cell transplantation. The research successfully
demonstrated the potential of these thermogelling
copolymers as injectable tissue engineering systems
[45,76,77]. In order to exploit stem cells for wound
healing applications, stem cells were obtained from the
muscles and transplanted at the wound site of a dia-
betic skin using a reverse thermogelling PEG-PLGA-
PEG aqueous solution as the matrix system. Appli-
cation of the cell-containing thermogel on the wound
site resulted in excellent wound healing as the cells
were retained at the wound site [78]. Cells can also
be cultivated in three dimensions in these thermogels.
Here, chondrocytes were cultured in a reverse ther-
mogelling PCTC-PEG-PCTC aqueous solution and
these chondrocytes strongly expressed the collagen
type II and aggrecan, whereas they suppressed col-
lagen type I as compared to two dimensionally cul-
tured chondrocytes [79]. In another study, the morphol-
ogy of primary rat hepatocytes cultivated as spheroids
and entrapped in a poly(organophosphazene) hydro-
gel matrix was examined for differentiation morphol-
ogy and enhanced liver-specific functions [71] . In the
28-day culture period, the spheroidal hepatocytes in
the gel matrix maintained higher viability and albu-
min and urea production was found to be at constant
rates. This demonstration shows the potential of using
the poly(organophosphazene) hydrogel system as a
three-dimensional cell system for application in bioar-
tificial liver devices and bioreactors. Adipose-derived
stem cells were three dimensionally cultured in an
elastin-like polypeptide system. The stem cells under-
went chondrocytic differentiation, and increases in gly-
coaminoglycan and collagen content (mostly collagen
type II) were observed [80].

4.5 Gene Delivery

Gene delivery is commonly delivered using cationic
polymers. These polymers self assemble into nano-
sized polyplexes with the anionic plasmid DNA.

These nanoparticles penetrate the cells and subse-
quently deliver the genetic material to the cells. Using
PEG-PLGA-PEG thermogels, supercoiled pDNA was
released with zero order kinetics over 12 days. These
results prompted the researchers to deliver luciferase
pDNA to skin woundsin vivo [81]. After 24 h, maxi-
mal gene expression of luciferase was observed. These
results suggest that thermogelling copolymers could be
used as a novel non-viral gene delivery system for the
treatment of skin disorders and wound healing. The
use of PLGA-PEG-PLGA triblock copolymer gels as
a non-viral vector for targeted gene delivery has also
been studied [82–84].

5 Outlook and future perspectives

The future of thermogelling polymers appear to be very
bright. The market launch of Oncogel appears to be
nearing, pending the results of the final FDA tests.
This would mark the first application of this class of
biodegradable thermogelling copolymers and increase
the market profile of these products. Besides tempera-
ture and pH response, other stimuli, such as mechani-
cal stress, light, magnetic field, electric field and enzy-
matic reactions could also be used to trigger the gela-
tion effect. Moving forward, developments in the syn-
thesis of novel thermogelling copolymer could domi-
nate the literature in the near future, with extra empha-
sis on the development of thermogelling properties
with well-defined and controlled properties.
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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
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Xian Jun Loh graduated with a PhD in 2009 under the supervision of A/Prof Li
Jun at the Institute of Materials Research and Engineering (IMRE) and Division of
Bioengineering (NUS). He was awarded the National Science Talent Search Award
in 1999, National Science Scholarship in 2002 (undergraduatestudies) and A*STAR
Graduate Scholarship in 2007 (postgraduate studies). He obtained a B.Appl.Sc (1st
Class Hons) in Applied Chemistry from NUS in 2006. After a oneyear attachment
stint at IMRE, he continued his PhD studies in 2007. His main interests are in the
design of stimuli-responsive polymers for biomedical applications and in chemical
education to motivate and nurture aspiring young researchers. Currently, he is the
author and co-author of 20 journal papers and 2 patents.

 

Jun Li is an Associate Professor at the Division of Bioengineering, Faculty of Engi-
neering, National University of Singapore (NUS). He is alsojointly working at
Institute of Materials Research and Engineering (IMRE), A*STAR, Singapore as
a Senior Scientist. He received his MSc and PhD in Macromolecular Science from
Osaka University, Japan in 1992 and 1995, respectively. From 1995 to 1998, he
worked as a Special Postdoctoral Researcher at the RIKEN Institute, Japan. In 1998,
he moved to Singapore to join IMRE, and started to concurrently work for NUS and
IMRE from 2002, heading two labs each in the two institutions. He was a visiting
scientist at the Johns Hopkins University, USA in 1998. Now he is a guest professor
in Sichuan University and Southern Medical University, China. He recently has been
focusing on developing novel polymers with the ability to self-assemble into func-

tional supramolecular structures as biomaterials for potential drug or gene delivery as well as tissue engineering
applications. He has published more than 100 internationaljournal papers indexed by SCI, which have received
more than 3600 citations so far. He is also an author for a number of book chapters and holds a few patents.

Forthcoming Conferences

Recent Advances in Graphene and Related Materials, Aug., 1-6, 2010, Singapore

Graphene, a single aromatic sheet of sp2 bonded carbon, exhibits novel electronic properties such as ballistic trans-
port, massless Dirac fermions, Berry’s phase, high conductivity, and localization suppression. There are intense
efforts to apply graphene materials in electronic, optoelectronic, capacitor and sensing applications. This is driven
by the desire to discover new performance threshold in this novel material. Over the last few years, graphene
has emerged as the most important new material for electronic condensed material research. It can be said that
graphene research is providing the impetus for the post-CMOS all- carbon-electronics revolution. In the realm of
chemistry, graphene and its derivatives can be used as useful templates for synthesis and functionalization. This
conference will focus on the rapidly progressing science and technology of this novel two-dimensional system.

Oral sessions will include a series of Invited and Keynote talks reviewing state-of-the-art preparation methods
of large-area, continuous graphene, by either chemical or physical means. Various sessions will also dedicate to
topics on characterization methods, modeling of the band structure of graphene, new functionalities offered by
nanoscale graphene devices, chemistry and applications ofgraphene derivatives or graphene composites. Related
materials such as diamond and carbon nanotubes will also be covered, especially when the chemistry and physics
converged with that of graphene.
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The timeliness of holding this conference in Singapore: Graphene is undoubtedly the hottest topic in con-
densed matter research today. It is timely to organize the conference in Singapore because there is very strong core
expertise and focus strength in graphene and related materials research in Singapore, spread across the two local
universities and research institutes, involving no less than 100 dedicated researchers.

Conference Chair: Prof. Kian Ping Loh, Dept. of Chemistry, National University of Singapore, Singapore.
E-mail: chmlohkp@nus.edu.sg

Conference Website:http://www.engconfintl.org/10ah.html

IUMRS-ICEM 2010, Aug., 22-27, 2010, Giyang, Korea
International Union of Materials Research Societies - International Conference on Electronic Materials 2010 will
be held at KINTEX (Korea International Exhibition Center),Goyang, Gyeonggi-do, Korea, from August 22(Sun)-
27(Fri), 2010. It is being organized by the Materials Research Society of Lorea (MRS-K).

Organizing Committee
General Chair: Prof. Hyeong Joon Kim (Seoul National University); e-mail:thinfilm@snu.ac.kr
Secretariat: Prof. Woo-Gwang Jung (Kookmin University); e-mail: wgjung@kookmin.ac.kr
Program Committee Chair: Prof. Hyungsun Kim (Inha University); e-mail: kimhs@inha.ac.kr
Organizing Committee Chair: Prof. Taik Nam Kim (Paichai University); e-mail: tnkim@pcu.ac.kr
Administrator: Ms. Ji Young Kim (MRS-K); e-mail: mrsk@mrs-k.or.kr
Important Dates (tentative)

• Abstract Submission Due: March 15, 2010
• Notification to Authors: April 30, 2010
• Final Announcement with Program: June 15, 2010
• Advance Registration: June 30, 2010.

International Conference on Superconductivity and Magnetism (ICSM2010),
Aug., 25-30, 2010, Antalya, Turkey

Members of the international scientific and engineering communities interested in recent developments in super-
conductivity, magnetism, magnetic materials and related technologies are cordially invited to attend the Confer-
ence and contribute to its technical sessions. The ICSM2010will provide a platform, where solid state physicists,
chemists and material scientists, engineers and other professionals meet together for mutual benefits and collabo-
ration.

There will also be an Educational Courses during 20-25, Apr., 2010 (prior to the Conference).
Major Topics: Superconducting Materials and Basic Properties; Magnetism and Magnetic Materials; Large

Scale Applications, Science and Technology; Electronics Applications, Science and Technology.

Important Dates: Abstract Submission Deadline: Dec.,1, 2009; Abstract Acceptance: Jan.,15, 2010; Online
Registration Open: Dec., 15, 2009; Online Hotel Reservation Open: Jan.,15, 2010; Early Registration Dead-
line: Feb., 15, 2010; Pre-registration Deadline: Apr.,15,2010; Manuscript Submission Deadline: Mar.,15,
2010 Website: www.icsm2010.org
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Asian SOFC Symposium, September 5-7, 2010,

Kyoto, Japan

Scope of the Symposium
The Asian SOFC Symposium will provide an Asian forum for researchers and engineers to discuss the latest

research and development on solid oxide fuel cells (SOFCs).China-Japan Workshop in 2007 and Korea-Japan-
China Symposium in 2008 were held as the preceding symposia on SOFCs for the relevant countries. The Asian
SOFC Symposium will invite participants from whole Asian region and other countries for promotion of the
research activities on SOFCs. Papers are solicited on all aspects of SOFCs. Following is a partial list of topics to
be addressed:

(1) Materials for cell components (e.g., electrolytes, electrodes, and interconnection)
(2) Fabrication methods for cell components, complete cells, and stacks
(3) Cell designs, electrochemical performance, and modeling
(4) Stack designs and their performance
(5) Utilization of different fuels with or without reformation
(6) Stationary power generation and transportation
(7) Prototype SOFC systems, field test experience, cost, andcommercialization plans.

Important Deadlines: Abstract Submission May 15, 2010; Early Registration: June, 15, 2010.
Secretariat: Prof. K. Eguchi, Chairman, Dept. of Energy & Hydrocarbon Chem., Graduate School of Engg.,

Kyoto University, Nishikyo-ku, Kyoto, 615-8510, Japan. Tel. +81-75-383-2519, Fax. +81-75-383-2520. E-mail:
asian-sofc@eguchi-lab.ehcc.kyoto-u.ac.jp

6th International Symposium on Novel Materials and their Synthesis
11–14, Oct., 2010, Wuhan, China

Contact person: Prof. Yu-Ping Wu, Dept. of Chemistry, FydanUniv., Shanghai, China.
E-mail:nms@fudan.edu.cn;wuyuping99@yahoo.com

AsiaNANO2010 1-3, Nov., 2010, Tokyo, Japan

The AsiaNANO2010 (Asian Conference on Nanoscience and Nanotechnology 2010) will be held at Miraikan,
Tokyo, Japan, for Nov., 1-3, 2010.

The main topics:

(1) Nanomaterials
(2) Nanofabrication
(3) Application of nanostructures
(4) Nanocharacterization
(5) Self-organizing systems
(6) Fusion Nano
(7) Post Nano

Important Dates:
Abstract submission deadline (registration required): July 31st, 2010. Notice of acceptance: August 31, 2010.
Manuscript submission for conference Proceedings: Nov.,3, 2010
Please check the details of Second announcement, List of Invited Speakers, Abstract Submission, Conference
Proceedings, Awards, etc., in the conference web site: http://asianano2010.org
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15th International Metallurgy & Materials Congress (IMMC1 5),
11–13, Nov., 2010, Istanbul, Turkey

The 15th International Metallurgy & Materials Congress (IMMC15) is going to be held by UCEAT Chamber of
Metallurgical Engineers in Istanbul, Turkey, between 11-13 Nov., 2010.

Starting from the first congress hold in 1975, this traditional congress together with the trade fair is the largest
event of Turkey and the region in this field. The program will be composed of oral and poster sessions covering all
aspects of metallurgy, materials science and engineering.
Informative notes: Invited Talks:

• Micro-Nano Scale: Basic Science to Practical Systems and Commercial Applications, Meyya Meyyappan, J Li,
C Nguyen, J Lee, NASA Ames Research Center, USA.

• Recent Development of High Mechanical Bio-functional Metallic Biomaterials, Mitsuo Niinomi, T Akahori,
M Nakai, H Tsutsumi, Dept. of Biomaterials Science, Institute for Materials Research, Tohoku University, Japan.

• Study of Precipitation in Next Generation HSLA Steels, Peter Hodgson, S Mukherjee, I B Timokhina, Institute
for Technology Research and Innovation,

• Deakin University, Australia. Heat Treatment: State-of-the Art, Future Trends, George E. Totten, Dept. of
Mechanical Engineering, Texas A&M University, USA.

The following events will also take place simultaneously:

• ANKIROS 2010, 10th International Iron-Steel and Foundry Technology, Machinery and Products Trade Fair
ANNOFER 2010, 9th International Non-Ferrous Metals Technology, Machinery and Products Trade Fair
TURKCAST 2010, 4th Foundry Products Trade Fair organised byHannover-Messe Ankiros Fair Organisation,
and

• 5th International Ankiros Foundry Congress organised by Foundrymen’s Association of Turkey

For detailed information please visit: http://www.metalurji.org.tr/congress
Chairman of the Organization Committee: Prof. Dr. C. Hakan Gür.

MRS-S Membership
Readers are invited to become members of the Materials Research Society of Singapore (MRS-S).

Professional Membershipis open to any person engaged in activities associated with materials science, engineer-
ing 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 ofmaterial 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$5
Corporate Membership: S$500

For details and application form, please visit: www.mrs.org.sg
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INVITATION

MRS-S members are welcome to
contribute to ‘MRS-S OUTLOOK’

• 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 last 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, includ-
ing 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 toinclude or not any of the submitted contributions.

Design & Typeset byResearch Publishing Services
E-mail:enquiries@researchpubonline.com
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