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The Materials Research Society of Singapore (MRS-S) organized four
International and two National Conferences in Singapore since 2001. The biennial ‘International Conference on Materials for Advanced Technologies
(ICMAT)’ series were held in 2001, 2003, 2005 and 2007. The biennial National
Conferences were held in 2004 and 2006. MRS-S also sponsored/supported several other conferences, workshops, symposia and public lectures. 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.
MRS-S is pleased to learn that the ‘MRS-S Gold Medal for the Academic Year
2007–2008 of NUS’ has been awarded to Ms. Li Ling. She was awarded this
medal for the best overall performance, including a research project, for the
degree of Bachelor of Applied Science (Honours) with major in Materials
Science. Our congratulations to her, and wish all the best in her future
academic career.
MRS-S is pleased to learn that the ‘MRS-S Gold Medal for the Academic Year
2007–2008 of NTU’ has been awarded to Ms. Yandi Andhita (AG537991). Our
congratulations to her, and wish all the best in her future academic career.
ICMAT 2009 will be held during June 28- July 3, 2009 in Singapore. It will have
21 Symposia, Plenary and Theme Lectures in addition to the Keynote, Invited,
Oral talks and Poster presentations. There will also be an Exhibition of the products and services by the manufacturers, book and journal publishers.
The First Announcement of ICMAT 2009 is available at the
website: www.mrs.org.sg
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MRS-S Executive Committee

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.

(For 2008–2010)
President
B.V.R. Chowdari, NUS
Founding President
Shih Choon Fong, NUS
Vice Presidents
Lim Seh Chun, NUS
Freddy Boey, NTU
Secretary
Chia Ching-Kean, IMRE
Joint Secretary
Feng Yuan Ping, NUS
Treasurer
Ding Jun, NUS
Joint Treasurer
Gregory Goh, IMRE
Members
Ramam Akkipeddi, IMRE
Palani Balaya, NUS
Liu Ai Qun, NTU
Liu Zishun, IHPC
Joachim S. C. Loo, NTU
Lu Chun, NTU
Daniel Pickard, NUS
S. E. Valavan, Rep Poly
Andrew S. W. Wong, IMRE
Yang Yi-Yan, IBN
Honorary Auditors (2008–2009)
Shen Zexiang, NTU
Teng Jinghua, IMRE

Year 2003: 7–12, Dec., 2003; 16 Symposia; 9 Plenary
Lectures; 2 Public Lectures by Nobel Laureates; 1500
delegates; 19 Best Poster Awards ; 29 Exhibitors.
Year 2005: 3–8, July 2005; 25 Symposia; 9 Plenary Lectures; 2 Theme Lectures; 3 Public Lectures
by Nobel Laureates; 2200 Delegates; 28 Best Poster
Awards ; 43 Exhibitors.
Year 2007: 1–6, July 2007; 18+6 Symposia; 9 Plenary Lectures; 2 Theme Lectures; 2 Public Lectures
by Nobel Laureates; 2300 Delegates; 25 Best Poster
Awards; 41 Exhibitors.

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.

NUS: National University of Singapore
NTU: Nanyang Technological University, Singapore
IBN: Institute of Bioengineering and Nanotechnology, Singapore
Rep Poly: Republic Polytechnic, Singapore
IMRE: Institute of Materials Research & Engineering, Singapore
IHPC: Institute of High Performance Computing, Singapore

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

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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Highlights of Recent Literature
(Contributed by the Editor)

Superconductivity at 54 K in F-Free
NdFeAsO1−y and Remarkable Suppression of
Tc by Pressure in NdFeAsO1−y

Enhancement of Thermoelectric Efficiency in
PbTe by Distortion of the Electronic Density
of States

In two related papers [1,2], the group from Japan prepared and studied the superconductivity in the compound, NdFeAsO1−y . They found that the compound
can only be synthesized under pressure (at ∼2 GPa
at 1200 ◦ C) and reported that it exhibits superconductivity with a transition temperature, Tc =54 K [1]. Further, they found that, remarkably, application of pressure suppresses the Tc, the maximum ratio of dTc /dP
being ∼ -3.0 K/GPa at around 8GPa [2]. The authors
mention that the proper phase can form for 0≤y≤0.6
in NdFeAsO1−y , and superconductivity is shown for
0.3≤y≤0.8. However, the Tc does not depend on y,
though the superconducting volume fraction is maximum at y=0.4 [1].
As described earlier [3,4], discovery of superconductivity in the compounds of the type, ‘rare earthtransition metal-oxygen-pnicogen’, with the so-called
ZrCuSiAs structure have attracted a lot of attention
due to their exhibition of high temperature superconductivity (HTSC), for example, in LaFeAs(O0.9 F0.1 ),
with a Tc =43 K under pressure (at ∼ 4 Gpa). There
are reports of superconductivity with a T c =55 K in
SmFeAs(O1−x Fx ), but the compound could be made
only under pressure. Thus, the findings by Kito et al.
[1] and Takeshita et al. [2] are significant in that their
compound NdFeAsO1−y does not contain fluorine (F),
and the Tc decreases under the applied pressure, in contrast to the behavior of LaFeAs(O0.9 F0.1 ).

Thermoelectric (TE) energy conversion is an all-solidstate technology used in heat pumps and electrical
power generators. The efficiency of TE converters is
determined by the material thermoelectric figure of
merit, zT. Here, z = S2 σ/κ, where S is the thermoelectric power, σ is the electronic conductivity and κ
is the thermal conductivity at a given temperature, T.
For the past four decades, zT of commercial material
has been limited to about 1 in all temperature ranges.
Recent efforts have focused on nanostructured materials to enhance the TE efficiency, by reducing the κ of
the materials and optimizing the other parameters.
Recently, Heremans et al. [1] reported ‘band structure engineering’ approach by which they increase
the S value of PbTe, a well-known TE material,
by thallium (Tl) doping. Thus, they found that zT
increases from ∼0.7 in Na-doped PbTe to ≥1.5 in
(Tl0.02 Pb0.98 )Te at T=773 K. The authors state that,
‘use of this new physical principle in conjunction with
nanostructuring to lower the κ could further enhance
zT and enable more widespread use of TE systems’.

Reference

1. H. Kito, H. Eisaki and A. Iyo, J. Phys. Soc. Japan, 77 (6),
063707 (2008).
2. N. Takeshita, A. Iyo, H. Eisaki, H. Kito, and T. Ito,
J. Phys. Soc. Japan, 77 (7), 075003 (2008).
3. MRS-S OUTLOOK, 2(2), 39 (2007); ibid., 3(1), 6
(2008).
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Reference
1. J. P. Heremans, V. Jovovic, E. S. Toberer, A. Saramat,
K. Kurosaki, A. Charoenphakdee, S. Yamanaka and
G. J. Snyder, Science, 321, 554–557 (2008) (July,25
Issue).

Large Electrocaloric Effect in Ferroelectric
Polymers Near Room Temperature
When an electric field is applied to a dielectric
material, it will induce a change in the material’s polarization. The consequent changes in the entropy and
temperature of the material are referred to as the electrocaloric effect (ECE). It is advantageous to use ferroelectric materials for the ECE and to operate the
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materials in a temperature region above a ferroelectric (polarization ordered)–paraelectric (polarizationdisordered) (F-P) phase transition, where large electric
field–induced polarization changes can be achieved.
‘Giant’ ECE has been realized in some inorganic ferroelectric materials.
Recently, Neese et al. [1] reported that a large ECE
can be realized in the ferroelectric poly(vinylidene
fluoride-trifluoroethylene) [P(VDF-TrFE)] copolymer
at temperatures (T) above the F-P transition (above
70 ◦ C), where an isothermal entropy change of more
than 55 J/kg, K and adiabatic temperature change of
more than 12 ◦ C were observed. Measurements were
made on thick films (0.4-2 µm) under an applied electric field of 209 MV/m at T∼80 ◦ C. They also showed
that a similar level of ECE near room temperature can
be achieved by working with the relaxor ferroelectric
polymer of P(VDF-TrFE-chlorofluoroethylene).
Reference
1. B. Neese, B. Chu, S.-G. Lu, Y. Wang, E. Furman
and Q. M. Zhang, Science, 321, 821–823(2008) (Aug., 8
Issue).

Fullerenes from Aromatic Precursors by
Surface-Catalysed Cyclodehydrogenation.
Fullerenes (e.g., C60 ) are readily obtained by vaporizing graphite, though not in a pure form. However,
synthesis of fullerenes from precursors in a more controlled manner, and in high yield is highly desirable. Otero et al. [1] report the formation of C60 and
the triazafullerene (C57 N3 ) from aromatic precursors
using a highly efficient surface-catalysed cyclodehydrogenation process. They found that after deposition
of precursor molecules, C60 H30 and C57 H33 N3 onto a
platinum (Pt) (111) surface and heating to 750 K, the
precursors transformed into the corresponding C60 and
C57 N3 molecules, respectively, with ∼100 % yield.
This means that all the adsorbed molecules are transformed into the fullerenes.
The authors found that strong covalent interaction
between the precursor molecules and the Pt-surface
appears to be essential for the observed 100% efficiency. With gold (111) surface as the substrate,
they found the conversion efficiency to be only
∼1%. Replacing the Pt- surface with Pt-nano-metal
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powder also gave good yield of C60 . Thus, the
new approach might allow an efficient production
of unusual fullerenes or derivatives that cannot be
obtained through uncontrolled graphite vaporization.
Reference
1. G. Otero, G. Biddau, C. Sánchez-Sánchez, R. Caillard,
M. F. López, C. Rogero, F. J.r Palomares, N. Cabello,
M. A. Basanta, J. Ortega, J. Méndez, A. M. Echavarren,
R. Pérez, B. Gómez-Lor and J. A. Martı́n-Gago, Nature,
454, 865–868 (2008) (Aug., 14 Issue).

A Rubberlike Stretchable Active Matrix Using
Elastic Conductors
It is known that the simultaneous incorporation of
excellent mechanical robustness and electronic performance is the key to the realization of stretchable electronics. Recently, Sekitani et al. [1] reported
the fabrication and performance-testing of rubberlike transistor-active matrices (20×20 cm) that can be
stretched bi-axially by 70% without mechanical or
electrical damage. The ‘elastic conductor’ fabricated
by them is made up of single-walled carbon nanotubes
(SWNTs, >1 mm in length, 3 nm in diameter) up to ∼
20 wt.%, an ionic liquid, 1-butyl-3-methylimidazolium
bis(trifluoromethanesulfonyl)imide (BMITFSI) and a
co-polymer, vinylidene fluoride-hexafluoropropylene,
in the form of composite film. The latter is subsequently coated with a silicone rubber, polydimethylsiloxane (PDMS) by dip-coating to yield the ‘elastic conductor’. The authors found that it exhibits a
conductivity of 57 S/cm and a stretchability of 134
%. The elastic conductor was integrated with printed
organic transistors (pentacene) to fabricate the rubberlike active matrix.
Reference
1. T. Sekitani, Y. Noguchi, K. Hata, T. Fukushima, T. Aida
and T. Someya, Science, 321, 1468–1472 (2008) (Sept.,
12 Issue).

Three-Dimensional Optical Metamaterial with
a Negative Refractive Index.
Metamaterials are artificially engineered structures that
have properties, such as a negative refractive index, not
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attainable with naturally occurring materials. Negativeindex metamaterials (NIMs) were first demonstrated
for microwave frequencies some years ago, but it has
been a challenge to design NIMs for optical frequencies.
Valentine et al. [1] report a three-dimensional (3D)
optical metamaterial having negative refractive index
with a very high ‘figure of merit’ of 3.5, indicating low
loss. This metamaterial is made of cascaded ‘fishnet’
structure, with a negative index existing over a broad
spectral range, from 1800 nm to 1500 nm. The 21-layer

v3n2
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‘fishnet’ structure consisted of alternating layers of 30
nm-thick silver (Ag) and 50 nm-thick magnesium fluoride (MgF2 ) with a total thickness of 830 nm, and the
dimensions of the ‘unit cell’ were 860×565×265nm.
The measured refractive index at 1775 nm was −1.23
(±0.34).
Reference
1. J. Valentine, S. Zhang, T. Zentgraf, E. Ulin-Avila,
D. A. Genov, G. Bartal and X. Zhang, Nature 455,
376–379 (2008) (Sept., 18 Issue).

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.

Highlights: Recent Literature

December 11, 2004

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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Recent Books and Review Articles
in the Area of Materials Science, Engineering and Technology
(Contributed by the Editor)
For a review, see, Angew. Chem. Int. Ed., 47 (17),
3089 (2008).

Books
• Computational Quantum Mechanics for Materials
Engineers: The EMTO Method and Application. By
Levente Vitos, Springer, London, 2008. Hardback:
249 pp., illus. $169. ISBN 9781846289507.
• Nanotechnologies, Hazards and Resource Efficiency: A Three-Tiered Approach to Assessing the
Implications of Nanotechnology and Influencing its
Development. Edited by Michael Steinfeldt et al.
Springer, Berlin, 2008. Hardback: 287 pp., illus.
$139. ISBN 9783540738824.
• Physics of Negative Refraction and Negative Index
Materials: Optical and Electronic Aspects and
Diversified Approaches. Edited by C. M. Krowne
and Y. Zhang. Springer, Berlin, 2008. Hardback:
396 pp., illus. $169. ISBN 9783540721314.
• Progress in Fullerene Research. Edited by Milton
Lang. Nova Science, Hauppauge, NY, 2008. Hardback: 409 pp., illus. $129. ISBN 9781600218415.
• Intelligent Materials. Edited by Mohsen Shahinpoor and Hans-Jörg Schneider. RSC Publishing,
Cambridge, 2008. Hardback: 554 pp., illus. $229.
ISBN 9780854043354.

• Nanoparticles in Biomedical Imaging: Emerging
Technologies and Applications. Edited by Jeff
W. M. Bulte and Michel M. J. Modo. Springer,
New York, 2008. Hardback: 542 pp., illus. $149.
ISBN 9780387720265.
• Single Molecules and Nanotechnology. Edited
by R. Rigler and H. Vogel. Springer,
Berlin, 2008. Hardback: 332 pp., illus. $209.
ISBN 9783540739234.
• Magnetic Heterostructures: Advances and Perspectives in Spinstructures and Spintransport.
Edited by H. Zabel and S. D. Bader. Springer,
Berlin, 2008. Hardback: 375 pp., illus. $269.
ISBN 9783540734611.
• Self-Organized Morphology in Nanostructured
Materials.
Edited by K. Al-Shamery and
J. Parisi. Springer, Berlin, 2008. Hardback: 190 pp.,
illus. $149.95. ISBN 9783540726746.
• Cellular and Porous Materials: Thermal Properties Simulation and Prediction. Edited by
Öchsner, Andreas, Murch, Graeme E. and de
Lemos, Marcelo J. S. Wiley-VCH, Weinheim,
2008. Hardcover. XVII, 422 Pages. 149.- EUR.
ISBN 978-3-527-31938-1.
• Crystal Growth Technology: From Fundamentals
and Simulation to Large-scale Production. Edited
by Scheel, Hans J. and Capper, Peter. Wiley-VCH,
Weinheim, 2008. Hardcover. XVI, 505 Pages.
159.- EUR. ISBN 978-3-527-31762-2.
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• Nanotechnology in Biology and Medicine. Methods, Devices, and Applications. Edited by Tuan
Vo-Dinh. CRC Press/Taylor & Francis, Boca
Raton 2007. 616 pp. Hardcover. $ 149.95.ISBN 978-0-8493-2949-4.

• Inorganic Materials Synthesis and Fabrication.
By Lalena, John N., Cleary, David A., Carpenter, Everett and Dean, Nancy F. Wiley-VCH,
Weinheim.2008. Hardcover. 304 Pages. 77.90
EUR.ISBN 978-0-471-74004-9.
For a review, see, Angew. Chem. Int. Ed., 47(13),
2340 (2008).
• Molecular Devices and Machines: Concepts and
Perspectives for the Nanoworld. By Balzani, Vincenzo, Credi, Alberto and Venturi, Margherita.
2nd Edition. Wiley-VCH, Weinheim, 2008. Hardcover. XXXVI, 552 Pages. 119.- EUR, 188.- SFR.
ISBN 978-3-527-31800-1.

• Multiscale Simulation Methods for Nanomaterials. Edited by Ross, Richard B. and Mohanty,
Sanat. Wiley-VCH, Weinheim 2008. Hardcover. 276
Pages. EUR 94.90. ISBN 978-0-470-10528-3.

• Nanostructured Materials in Electrochemistry.
Edited by Eftekhari, Ali. Wiley-VCH, Weinheim.2008. Hardcover. 463 Pages. 149.- EUR.
ISBN 978-3-527-31876-6.

Recent Books and Review Articles

December 11, 2004

• Neutrons and Synchrotron Radiation in Engineering Materials Science. From Fundamentals to Material and Component Characterization. Edited by
Reimers, Walter, Pyzalla, Anke Rita, Schreyer,
Andreas Klaus, and Clemens, Helmut. Wiley-VCH,
Weinheim.2008. Hardcover. 436 Pages. 139.-EUR.
ISBN 978-3-527-31533-8.

• Ceramics Science and Technology. Volume 1:
Structures. Edited by Riedel, Ralf and Chen,
I-Wei. Wiley-VCH, Weinheim.2008. Hardcover.
592 Pages. 249.- EUR. ISBN 978-3-527-31155-2.
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• Nano Materials, 2007. By A. K. Bandyopadhyay. New Age International (P) Ltd., Publishers,
4835/24, Ansari Road, Darya Ganj, New Delhi
110 002. pp. 322. Indian Rs.395.

• Polymers for Biomedical Applications. Edited by
Anil Mahapatro and Ankur S. Kulshrestha. American Chemical Society, Washington, DC, 2008. Hardback. 432 pp., illus. $145. ISBN 9780841239661.

• Non-Destructive Test and Evaluation of Materials,
2007. By J. Prasad and C. G. K. Nair. Tata McGrawHill Publishing Company Ltd., 7, West Patel Nagar,
New Delhi 110 008. pp. 177. Indian Rs.495.

• Carbon Nanotube Devices: Properties, Modeling, Integration and Applications. Edited
by Hierold, Christofer. Wiley-VCH, Weinheim,2008. Hardcover. XII, 364 Pages. 159.- EUR.
ISBN 978-3-527-31720-2.

• Nanoethics. The Ethical and Social Implications
of Nanotechnology.
Edited by Fritz Allhoff,
Patrick Lin, James Moor and John Weckert. John
Wiley & Sons, Hoboken 2007. 386 pp., softcover.
34.90. ISBN 978-0-470-08417-5.

• Handbook of Nitride Semiconductors and Devices.
Vol. 1: Materials Properties, Physics and Growth.
By Morkoc, Hadis. Wiley-VCH, Weinheim,
2008. Hardcover. LIV, 1257 Pages. 249.- EUR.
ISBN 978-3-527-40837-5.
For a review, see, Angew. Chem. Int. Ed., 47 (21),
3864–3865 (2008).
• Instabilities and Self-Organization in Materials. Vol.
1, Fundamentals of Nanoscience. Vol. 2, Applications in Materials Design and Nanotechnology. By
Nasr Ghoniem and Daniel Walgraef. Oxford University Press, Oxford, 2008. Hardback. 1172 pp.,
illus., boxed. $225. ISBN 9780199298686.
• Nano- and Micromaterials. Edited by Kaoru Ohno
et al. Springer, Berlin, 2008. Hardback: 353 pp.,
illus. $159. ISBN 9783540745563.
• Nanocomposites: Ionic Conducting Materials and Structural Spectroscopies. Edited by
Philippe Knauth and Joop Schoonman. Springer,
New York, 2008. Hardback. 290 pp., illus. $99.
ISBN 9780387332024.
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• Luminescent Materials and Applications. Edited
by Kitai, Adrian. Wiley-VCH, Weinheim,
2008. Hardcover. 292 Pages. 129.- EUR.
ISBN 978-0-470-05818-3.
• Porous Silicon Carbide and Gallium Nitride.
Epitaxy, Catalysis, and Biotechnology Applications. By Feenstra, Randall M. and Wood, Colin
E. C. Wiley-VCH, Weinheim,2008. Hardcover. 332
Pages. 139.-EUR. ISBN 978-0-470-51752-9.
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• Solid State Ionics: New Materials for Pollution
Free Energy Devices. Edited by B. V. R. Chowdari,
S. Selvasekarapandian, A. R. Kulkarni, Kamalsingh, A. Suthathiraraj, B. Nalini, N. Kalaiselvi
and G. Hirankumar, MacMillan, India, pp:1–978.
(Proc. of 11th Asian Soc. for Solid State Ionics
Conference, 9–13, June, 2008, Coimbatore, India.).
ISBN 10-0230-63567-9.

Review Articles
• Organic Semiconductors for Solution-Processable
Field-Effect Transistors (OFETs). By S. Allard,
M. Forster, B. Souharce, H. Thiem and U. Scherf,
Angew. Chem. Int. Ed., 47 (22), 4070–4098 (2008).

Abstract
This review attempts to give an overview of new semiconductor materials for solution-processed, organic
field-effect transistors from the viewpoint of synthetic chemistry. The use of solution-processing
techniques for the production of electronic devices
promises the development of new applications such
as ‘cost-effective mass production’ (roll-to-roll) or
‘large-area, electronic circuits on flexible substrate’.
Soluble organic semiconductors, both low molecular
mass and oligomeric materials as well as polymeric
materials have decisive advantages for these applications. 97 References.
• Open-Framework Structures of Transition-Metal
Compounds. By S. Natarajan and S. Mandal, Angew.
Chem. Int. Ed., 47(26), 4798–4828 (2008).

Abstract
Recent research has shown that inorganic framework solids can be synthesized, in addition to the
well-known silicates and phosphates, consisting of carboxylates, arsenates, sulfates, selenates, selenites, germinates and phosphites. One of the emerging areas
combines the rich coordination chemistry of the central
metal ions of many of these structures with the flexibility and functionality of the organic linkers to give
rise to organic-inorganic hybrid compounds. The compounds of the transition-metals appear to provide many

v3n2
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variations arising from their coordination preferences,
ligand geometry, and the valence state. In addition, the
combination of the magnetic nature of the transition
metal center with the channel structure of open frameworks suggests interesting potential applications.
In this Review, the synthesis, structures and properties of the various transition-metal open-framework
compounds are discussed. 173 References.
• Gas Storage in Nanoporous Materials. By
R. E. Morris and P. S. Wheatley, Angew. Chem.
Int. Ed., 47 (27), 4966–4981 (2008).

Abstract
Gas storage in solids is becoming an ever more important technology, with applications and potential applications ranging from energy and the environment all
the way to biology and medicine. Very highly porous
materials, such as zeolites, carbon materials, polymers,
and metal-organic frameworks, offer a wide variety of
chemical composition and structural architectures that
are suitable for the adsorption and storage of many
different gases, including hydrogen, methane, nitric
oxide, and carbon dioxide. However, the challenges
associated with designing materials to have sufficient
adsorption capacity, controllable delivery rates, suitable lifetimes, and recharging characteristics are not
trivial in many instances. The different chemistry associated with the various gases of interest makes it necessary to carefully match the properties of the porous
material to the required application. 164 References.

Recent Books and Review Articles
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• Chemical Design of Nanoparticle Probes for HighPerformance Magnetic Resonance Imaging. By
Y.-W. Jun, J.-H. Lee and J. Cheon, Angew. Chem.
Int. Ed., 47 (28), 5122–5135 (2008).

Abstract
Magnetic nanoparticles (MNPs) are emerging as versatile probes in biomedical applications, especially in the
area of magnetic resonance imaging (MRI). Their size,
which is comparable to biological functional units, and
their unique magnetic properties allow their utilization
as molecular imaging probes. The authors present an
overview of recent breakthroughs in the development
of new synthetic MNP probes with which the sensitive
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and target-specific observation of biological events at
the molecular and cellular levels is possible. 97 References.
• Reticular Chemistry of Metal-Organic Polyhedra.
By D. J. Tranchemontagne, Z. Ni, M. O’Keeffe and
O. M. Yaghi, Angew. Chem. Int. Ed., 47 (28), 5136–
5147 (2008).

Abstract
Reticular chemistry is concerned with the design
and synthesis of compounds formed from finite secondary building units (SBUs) joined by strong chemical bonds. A basic premise, amply supported by
experimental data, is that when symmetrical SBUs
are joined by simple linkers only one of a small
number of known, high-symmetry, structures will be
formed. Metal-organic polyhedra (MOPs) are discrete metal-organic molecular assemblies. The ability
to synthesize predetermined metal-organic framework
structures (MOFs) from MOPs allows unprecedented
freedom to design porous materials for specific application purposes.
This review provides a basis for predictable synthesis and subsequent investigation of MOPs. Both the
SBUs and the linkers can be synthesized with a predetermined geometry using appropriate reaction conditions and starting materials, and the possibilities are
virtually limitless. The authors identify the nine most
important polyhedra, and describe the design principles for the five polyhedra most likely to result from
the assembly of secondary building units, and provides
examples of these shapes that are known as metalorganic crystals. 40 References.
• Developments in Nanostructured Cathode Materials for High-Performance Lithium-Ion Batteries. By
Y. Wang and G. Cao, Adv. Mater., 20(12), 22512269 (2008).

Abstract
Nanostructured materials lie at the heart of fundamental advances in efficient energy storage and/or conversion, in which surface processes and transport kinetics
play determining roles. This Review describes some
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recent developments in the synthesis and characterization of nanostructured cathode materials, including lithium transition metal oxides, vanadium oxides,
manganese oxides, lithium phosphates, and various
nanostructured composites. The major goal is to highlight some new progress in using these nanostructured
materials as cathodes to develop lithium batteries with
high energy density, high rate capability, and excellent
cycling stability resulting from their huge surface area,
short distance for mass and charge transport, and freedom for volume change in nanostructured materials.
153 References.
• Issue and challenges facing rechargeable thin film
lithium batteries. By A. Patil, V. Patil, D. W. Shin,
J.-W. Choi, D.-S. Paik and S.-J. Yoon, Mater. Res.
Bull., 43(8-9), 1913-1942 (2008).

Abstract
The authors present a brief historical review of the
development of lithium-based thin film rechargeable
batteries, highlight the ongoing research strategies and
discuss the challenges that remain regarding the use
of nano-materials as electrolytes and electrodes for
lithium batteries. They mention that the new active
materials under investigation and electrode process
improvements may allow an ultimate energy density
of more than 500 Wh/L and 200 Wh/kg, in the next
5–6 years, while maintaining sufficient power densities. 285 References.
• Semiconductor Wires and Ribbons for HighPerformance Flexible Electronics. By A. J. Baca,
J.-H. Ahn, Y. Sun, M. A. Meitl, E. Menard,
H.-S. Kim, W. M. Choi, D.-H. Kim, Y. Huang
and J. A. Rogers, Angew. Chem. Int. Ed., 47 (30),
5524–5542 (2008).

Abstract
This article reviews the properties, fabrication and
assembly of inorganic semiconductor materials that
can be used as active building blocks to form highperformance transistors and circuits for flexible and
bendable large-area electronics. The fabrication of
high quality inorganic materials in the form of wires,
ribbons, membranes, sheets, and bars formed by
bottom-up and top-down approaches, and the assembly
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strategies used to deposit these thin films onto plastic
substrates have been emphasized. Substantial progress
has been made in creating inorganic semiconducting
materials that are stretchable and bendable, and the
description of the mechanics of these form factors were
presented, including circuits in three-dimensional layouts. Finally, future directions and promising areas of
research are also described. 190 References.

• Origin, Development, and Future of Spintronics
(Nobel Lecture). By A. Fert, Angew. Chem. Int. Ed.,
47 (32), 5956–5967 (2008).

Abstract
Electrons have a charge and a spin, but until recently,
charges and spins have been considered separately for
practical applications. The discovery of giant magnetoresistance (GMR) of the magnetic multilayers
opened the way to efficient control of the motion of the
electrons by acting on their spin through the orientation
of a magnetization. This rapidly triggered the development of a new field of research and technology, which
is today called spintronics, and exploits the influence of
the spin on the mobility of the electrons in ferromagnetic materials. The author mentions that in less than
twenty years, spintronics helped in increasing considerably the capacity of the computer hard disks, extending the hard disk technology to mobile appliances such
as cameras and portable multimedia players, entering
the automotive industry and the bio-medical technology, and, with TMR and spin transfer, getting ready
to enter the RAM of our computers or the microwave
emitters of our cell phones. The ongoing researches on
the spin-transfer phenomena, on multiferroic materials, on spintronics with semiconductors and molecular
spintronics, open fascinating new fields and are also
very promising of multiple applications. The author
concludes that ‘spintronics should take an important
place in the science and technology of our century’.
75 References.

• The Intramolecular Junctions of Carbon Nanotubes.
By D. Wei and Y. Liu, Adv. Mater., 20(15),
2815–2841 (2008).
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Abstract
Carbon nanotubes (CNTs) are regarded as ideal candidates for the next generation of nanoelectronics
because of their excellent properties. To realize CNTbased electronics, intramolecular junctions are the
required components, which can not only connect different CNTs for integration, but can also act as functional building blocks in the circuit, such as rectifiers,
field-effect transistors, switches, amplifiers, photoelectrical devices, etc. This review discusses the synthesis,
properties, and applications of intramolecular junctions of CNTs in detail. A brief summary and an outlook of future work are also provided. 306 References.
• Low-Dimensional Nanomaterials Based on Small
Organic Molecules: Preparation and Optoelectronic
Properties. By Y. S. Zhao, H. Fu, A. Peng, Y. Ma,
D. Xiao and J. Yao, Adv. Mater., 20(15), 2859–2876
(2008).

Abstract
This article presents a comprehensive review of recent
progress of research dedicated to low-dimensional
nanomaterials constructed from functional lowmolecular-weight organic compounds, whose optoelectronic properties are fundamentally different from
those of their inorganic counterparts. Special emphasis
has been put on the luminescent properties that are different from those of the corresponding bulk materials,
such as aggregation-induced enhanced emission, fluorescence narrowing, multicolor emission, and tunable
and switchable emissions from doped nanostructures.
The authors conclude with a summary, and their personal view of the direction of future development of
organic opto-functional nanomaterials and devices.
210 References.
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• Light-Emitting Diodes with Semiconductor
Nanocrystals. By A. L. Rogach, N. Gaponik,
J. M. Lupton, C. Bertoni, D. E. Gallardo, S. Dunn,
N. L. Pira, M. Paderi, P. Repetto, S. G. Romanov,
C. O’Dwyer, C. M. S. Torres and A. Eychmüller,
Angew. Chem. Int. Ed., 47 (35), 6538–6549 (2008).

Abstract
Research on semiconductor nanocrystal-based lightemitting diodes (LEDs) has made remarkable advances
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in just one decade: the external quantum efficiency has
improved by over two orders of magnitude, and highly
saturated color emission is now the norm. Although
the device efficiencies are still more than an order
of magnitude lower than those of the purely organic
LEDs, there are potential advantages associated with
nanocrystal-based devices. This Review provides an
overview of LEDs based on semiconductor nanoparticles operating in the visible spectral region, typically with an organic component, and is divided into
two parts which describe the devices processed from
organic and from aqueous solutions. In addition, the
authors reviewed some recent progress in understanding the influence the unique morphology of nanoparticle films and nanoparticle-molecule blend films has on
the performance of thin-film devices. 66 References.

• Carbon Nanotube Gas and Vapor Sensors.
By D. R. Kauffman and A. Star, Angew. Chem. Int.
Ed., 47 (35), 6550–6570 (2008).

Abstract
The development of carbon nanotube (CNT) based
sensors is still in its infancy, but continued progress
may lead to their integration into commercially viable
sensors of unrivalled sensitivity and vanishingly small
dimensions. This Review presents an overview of the
current state of CNT sensor technology, provides a
comparison to the existing state-of-the-art sensor technology, and gives an outlook for the future of CNTbased sensor technologies. 149 References.
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From Applied Science to Commercial Application — Synchrotron Radiation as a Broad R&D
Platform: Part IVa

H. O. Moser1 , K. Banas1 , M. Cholewa1 , C. Z. Diao1 , X. Y. Gao2 , L. K. Jian1 , S. M. P. Kalaiselvi1 , Z. J. Li1 ,
G. Liu1 , T. Liu2 , S. M. Maniam1 , A. T. S. Wee2 , P. Yang1 , X.J. Yu1 and Y. Adam Yuan3,4
1 Singapore

Synchrotron Light Source, National University of Singapore, Singapore
of Physics, National University of Singapore, Singapore
3 Department of Biological Sciences, National University of Singapore, Singapore
4 Temasek Life Sciences Laboratory, National University of Singapore and Nanyang Technological University, Singapore
2 Department

5 Advanced Long-Wavelength Protein
Crystallography
Ever since the fulfillment of sequencing of human
and mouse genomes, the translation of thousands of
human and mouse genes to three-dimensional protein and macromolecular complex structures via a
high-throughput protein crystallization and structure
determination process, demands well established synchrotron radiation facilities for structural genomics.
The knowledge of the structure of the biomolecules
involved, along with the interactions with other
molecules would lead to the design of improved
therapeutic agents for pathologies that involve these
proteins. In the past two decades, the promise of
structure-based drug design has continued to attract
significant interest from the pharmaceutical industry
and has resulted in crystal structures for many of
today’s therapeutic targets [32].
During the past 20 years, synchrotron-radiationbased multi-wavelength anomalous dispersion (MAD)
crystallography has dominated the phasing of protein crystal structures by taking advantage of the
in vivo seleno-methionine incorporation method [33].
Meanwhile, growing evidence demonstrates that twowavelength phasing (TW) and even one-wavelength
anomalous scattering (SAD) is sufficient to solve protein structures. As most of the heavy atoms traditionally used for phasing (Hg, Pt, Au etc.) have
their L-absorption edges near λ=1.0Å and seleniummethionine (Se-Met) has its K-absorption edge close
to λ=0.98Å, most of the synchrotron-radiation-based
facilities designed for macromolecular crystallography
a This
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have the photon energy ranging from 8 to >20 keV,
which are perfect for Se-Met based MAD phasing.
However, many eukaryotic proteins, including most
important human health protein targets have to be
expressed at eukaryotic expression systems without
robust methods of Se-Met incorporation. Moreover, for
most of membrane proteins and almost all biological
RNAs it is impossible to make any Se-Met substitution. Hence, Se-Met based MAD technique cannot
be used to determine such important macromolecules.
By contrast, sulfur is present in almost all proteins,
while phosphorus is a component of ribonucleic acid
(RNA) and deoxyribonucleic acid (DNA). Although
the anomalous scattering contribution (f’’ ) of sulfur
and phosphorus at the copper Kα wavelength are hardly
more than 0.5 electrons, the anomalous contribution
increase to about 8 electrons near their K absorption
edge (5.02 Å and 5.76 Å, respectively). Therefore,
the utilization of the absorption edge of sulfur and
phosphorus in the proteins and nucleic acids could be
an enabling technique for structure determination by
means of synchrotron radiation [34,35] as it would provide a means of structure determination for the large
class of macromolecules discussed above. Indeed, several groups have solved de novo protein structures
solely on the basis of the anomalous signal of sulfur
by data collection at wavelengths ranging from 1.5 to
3.0 Å. However, in this wavelength range, sulfur phasing requires a high degree of redundancy (20-fold or
higher) data to extract the anomalous signal of sulfur
from noisy background [36].

is a six-Part article. Parts I, II and III appeared in the previous Issues. Parts V and VI will appear in subsequent issues–Editor.
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On the other hand, X-ray data could be routinely
phased near the sulfur K absorption edge (∼5 Å)
because the Bijvoet ratios near this wavelength are
comparable to those of selenium at 1 Å wavelength.
Therefore, in recent years, several groups (including
HASYLAB – Germany, ESRF – France) have been
developing new systems for protein crystallography
using longer wavelength at 5.02 Å (or up to 7 Å
as at beamline A1 at HASYLAB) in order to maximize the anomalous scattering contribution of the naturally present phosphorus and sulfur atoms in biological macromolecules for phasing [37]. In order to
reach X-ray absorption edges at the wavelength up
to λ=6.0Å, the current synchrotron setup for Se-Met
data collection needs to be redesigned to meet the
challenge of the long wavelength protein crystallography, in particular, the increased absorption of X-rays
at longer wavelengths is the primary challenge. Therefore, a thin-window beamline and a sample chamber
filled with gaseous helium providing a lower absorbing and scattering atmosphere become an absolute
requirement. Further, a cylindrical image-plate detector supported by on-line readout scanner is preferred
for simultaneous measurement of the diffracted intensity ranging from small angles to large angles. Alternatively, as a second stage, an arrangement of several
multiwire proportional counters or CCD-camera based
area detectors on a circle is acceptable. Moreover, as 5
A wavelength X-rays only penetrate a few cm in air and
30 µm in water, the crystals must be (small, transparent

and be accessible to soft X-rays, which requires the
removal) free of the usual layer of solvent surrounding
them.
With the overwhelming demand for the use of a
local synchrotron radiation facility for macromolecular
structure determination, driven by an increasing number of protein crystallographers in Singapore both in
academia and in industry, we propose to build a long
wavelength protein crystallography (LWPX) beamline
at SSLS in the photon energy range of 2–13 keV
which encompasses the most powerful spectral range
of SSLS’ Helios 2 storage ring. LWPX would be dedicated to the structure determination of membrane proteins and biological RNAs.
Based on the measurement of the intrinsic anomalous signal of sulfur and phosphorus, LWPX will dramatically accelerate the rate of structure determination of membrane proteins, functional RNAs and other
important macromolecular complexes, such as virus
and phages. As a user facility, LWPX will enable
researchers playing a leading role to the benefit of biomedical research and production.
Our LWPX beamline will be installed at SSLS’
Helios 2 storage ring that is operated at 700 MeV electron energy and a nominal current of 300 mA. The
synchrotron radiation from the 4.5 T superconducting
dipoles has a critical photon energy E c = 1466 eV. The
brilliance is about 5·1012 photons/mm2/mrad2 /0.1%
rbw at 2.5 keV photon energy (Table 7).

Table 7. LWPX beamline characteristics.
Energy range
Monochromator
Focusing system
Detector
Sample environment
Calculated flux at source
Divergence
Spot size
Maximum cell size
Theoretical resolution
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2 – 13 keV
Double crystal, Si(111)
Toroidal mirror plus Kirkpatrick-Baez system
2-D mar345 image plate or equivalent, customized
100 mbar gaseous helium atmosphere to reduce
scattering; temperature ambient or 80 K
3.3·1012 photons/s (2.5 keV)
1.2·1011 photons/s (8.0 keV)
¡ 0.07 ◦ vertical
0.2×0.2 mm2
800 Å (at 2.5 keV)
2.5-5.0 Å
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Fig. 39.

Front view of the system with the image plate in (left) and out (right).

The experimental chamber attached to the LWPX
beamline will be filled with about 100 mbar of gaseous
helium such as to minimize absorption of the soft
X-rays. As shown in Fig. 39, synchrotron radiation
comes from the front of the page and irradiates the
crystal sample S in the centre of the image plate IP
that is rolled to form a cylinder. Crystal movements
are controlled by the goniometer G. An energy dispersive X-ray detector (not drawn in this view) registers
the scattered and characteristic X-rays from the crystal. A cryostream of gaseous helium at 80 K temperature provides cooling of the crystal during irradiation.
The crystal is moved from the liquid nitrogen dewar
through loadlocks to the measurement position with
the help of robots R1 and R2. R2 collects the crystal
from the container, transfers it to R1 which then positions it on the goniometer tip. Crystal changes are fully
automatic and preserve the low crystal temperature.
A set of valves isolates chambers appropriately during crystal movement and experiment. Another robot
R3 provides the fully automatic handling of the image
plate IP from measurement to read out. Two image
plates will be used in a push-pull set up.

6 Local Structure of Dopants in Dilute
Magnetic Semiconductors Studied by
X-ray Absorption Fine Structure
Spectroscopy
The control of spin-dependent phenomena in electronic
oxides or more conventional semiconductors, known
as spintronics, is promising for novel devices such as
spin light-emitting diodes, spin field effect transistors
and the spin qubits for quantum computers. A key
requirement in realizing most devices based on spins
in solids is that the host material be ferromagnetic
above room temperature. In addition, it is necessary to
have both efficient spin-polarized carrier injection and
transport. Dietl et al. [38] have applied Zener’s model
to explain the ferromagnetic transition temperature in
III–V and II–VI compound semiconductors. The theory assumes ferromagnetic correlations mediated by
holes from shallow acceptors in a matrix of localized
spins in a magnetically doped semiconductor. Specifically, Mn ions substituted on the group II or III site
provide the local spin. In the case of III–V semiconductors, Mn also provides the acceptor dopant. High
concentrations of holes are believed to mediate the ferromagnetic interactions among Mn ions. Based on this
model, a high Curie temperature (TC ) has been predicted in some oxides and nitrates, as shown in Fig. 40.
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Fig. 40. Predicted Curie temperatures in oxides and semiconductors [38].

Motivated by the theoretical predictions and the
first report on ferromagnetism, there has been a great
interest in developing dilute magnetic oxides and semiconductors (DMS) which exhibit ferromagnetism upon
doping with a few percent of transition metals. In these
alloys and compounds, a stoichiometric fraction of
the constituent atoms is replaced by transition metal
atoms. If single-phase ferromagnetic materials can be
achieved, then, potentially, they can be used to inject
spin-polarized carriers. However, conflicting experimental results have been reported. A major difficulty is
the preparation and synthesis of perfectly doped DMSs
due to the thermodynamic insolubility or instability of
impurities in the host materials. These controversial
results indicated that the magnetism is very sensitive
to the shape of the samples, whether it is bulk, thin
film, or particles, and to the preparation conditions.
Sophisticated experimental techniques are needed for
a detailed and comprehensive structural investigation
of DMS materials.
X-ray absorption fine structure (XAFS) spectroscopy is an ideal tool for the investigation of the
doping defects or impurities in materials [39]. It is
generally classified into two parts. XANES refers to
the fine structure about 50 eV around the absorption
edge (K, L or M). EXAFS is used for the oscillating fine structure from 50 to about 1000 eV above the
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absorption edge. The Fourier transform of this EXAFS
oscillation yields a radial distribution function around
the X-ray absorbing atom. The XANES spectra represent the electronic structure of the conduction band
and local symmetry. XAFS has the advantages that
it can provide element-specific structural information
on crystalline or non-crystalline systems with a bondlength accuracy of 0.01 Å. Therefore, XAFS can be
employed as a useful tool to study the DMS system,
particularly to probe the dilute doping and impurities
in the host.
The optical layout of the XAFS facility installed
on the X-ray demonstration and development (XDD)
beamline of Singapore Synchrotron Light Source
(SSLS) is illustrated in Fig. 41. Synchrotron radiation coming from the superconducting bending magnet
(4.5 Tesla) is confined by a front slit (slit1), focused
horizontally and collimated vertically by a toroidal
mirror, and monochromatized via a channel-cut crystal monochromator. The monochromatic beam passes
through a UHV chamber, is again confined by an exit
slit (slit2), and finally hits the sample that is mounted
in the experimental hutch. The sample position is 14
m away downstream the radiation source point. The
Si (111) channel-cut monochromator covers an energy
range from 2.5 to 10 keV which enables XAFS measurements of elements including S to Zn at the K-edge,
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Fig. 41. Optical layout of the XAFS facility at the XDD beamline of SSLS.

Ru to Ta at the L-edge, Pt to Bi at the M-edge, and
most of the rare earth elements at their L-and M-edges.
The beam size is about 4 mm horizontally and 3 mm
vertically at the sample position.
The spectral flux distribution at the sample position
is plotted in Fig. 42 at energies from 2.4 to 11 keV measured by means of the ionization chamber. The vertical
and front horizontal slit opening at the front end were
set to 4 and 5 mm, respectively, the flux was normalized to 200 mA ring current. The photon flux is related
to the critical energy (1.47 keV) of the spectrum emitted by 700 MeV electrons in the 4.5 T bending magnet. It rolls off significantly for energies above 9.5 keV.
The drop at 3.2 keV is due to the argon absorption in
air since the beam had to travel through a 20 mm long

Theme Article

December 11, 2004

air path between the exit window and the ion chamber.
The high and spectrally broad photon flux from
a synchrotron light source which is several orders of
magnitude higher than that of laboratory X-ray generators is prerequisite for XAFS experiments. By employing the XAFS techniques at SSLS, the following two
DMS systems have been intensively investigated.

6.1 Sputtered ZnO Thin Films
Much effort has been devoted recently on the synthesis and fabrication of room temperature ferromagnetic DMS materials based on ZnO. There are many
reports where Zn1−x TMx O is found to be ferromagnetic at room temperature, TM is a transitional metal
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Fig. 42. Photon flux measured by means of an ionisation chamber at energies from 2.4 to 10.5 keV, vertical and front horizontal slit openings
were set to 4 and 5 mm, respectively, the flux was normalized to 200 mA of ring current.
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element. But in most of the cases the observed magnetic moment per ion is very low, much less than
expected. Controversies started on both the theoretical
and experimental issues regarding the origin of ferromagnetism in the case of Zn1−x TMx O.
Fig. 43 shows the metal K-edge XANES (left) and
Fourier transform of the EXAFS spectrum of Ti, Mn,
Co and Cu doped ZnO thin films (right). The doped
ZnO thin films were prepared by conventional magnetron sputtering from a ZnO target with a small metal
plate (Ti, Mn, Co or Cu) attached. The films were
deposited on Si (100) substrates in an ambient 85%
argon and 15% nitrogen mixture. The percentage composition x of Zn1−x TMx O was determined to be 2.8%,
3.7%, 2.3%, 1.4% for Ti, Mn, Co and Cu, respectively.
XAFS data were collected in fluorescence mode and a
grazing incidence geometry at XDD.

a

From a comparison with standard samples of the
corresponding pure metals and oxides representing
various valence states, the valence states of Ti, Mn,
Co and Cu in ZnO were determined as 3+, 2+, 2+ and
1+, respectively. The XANES features show similarities with a tetrahedral local symmetry, consistent with
theoretical calculations, implying a substitutional doping of these metals in the Zn sites. The Fourier transforms of Co and Mn show a good lattice matching in
ZnO, as compared to that of pure ZnO. The lack of the
second and the third coordination shells in the Ti and
Cu doping indicates a large lattice distortion.
As seen in Fig. 44, the thin films prepared by sputtering are closely related to the ambient gas mixture
used in the sputtering chamber. The Mn doped ZnO
film was prepared in a 15% oxygen and argon mixture and shows a large distortion in the ZnO lattice.
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Fig. 43. Metal K-edge X-ray absorption near-edge structure spectra (left), together with some reference samples, and Fourier transform (right)
of EXAFS spectra of Ti, Mn, Co and Cu doped ZnO thin films.
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Fig. 44. Fourier transform of Mn-doped ZnO thin films prepared in argon and a mixture of argon and 15% oxygen ambient, respectively, and
two references, MnO2 and Mn2 O3 .

Its Fourier transform is similar to the respective manganese oxides, implying that the Mn atoms on the target were possibly oxidized and precipitated on the Si
substrate before they were incorporated into the ZnO
lattice.
6.2 Mn-Ion Implanted Si x Ge1−x
Experimental efforts have also been concentrated on
group Si- and Ge-based DMS in the past few years.
Recently, ferromagnetism with TC above 400 K was
observed in Mn-implanted Si, which has attracted considerable attention owing to its compatibility with
current semiconductor technology. There are several experimental reports and theoretical calculations
devoted to Mn+ implantation within the silicon matrix
[41]. The local structure around the magnetic ions can
play a pivotal role in affecting the magnetic properties.
Unfortunately, it has been a challenge for researchers
in the field of DMS research to investigate the structure and occupation sites of dopants and to detect the
small sized secondary phases due to the limitations of
X-ray diffraction and electron microscopy.
Ko et al. [41] have measured magnetic properties of the Mn-implanted Si x Ge1−x series, finding a

TC of about 390 K. For a better understanding of
the local structure of Mn in the Si-Ge alloys, a combined fluorescent EXAFS and XANES study was performed at SSLS. Si x Ge1−x epilayers were grown by
molecular-beam epitaxy and Mn ions were implanted
into Six Ge1−x substrates at a constant energy and
dosage. Samples were held at 300 ◦ C during implantation, and a further annealing was performed at 800 ◦ C
for 10 minutes. XANES was employed as a fingerprint for the site determination of the implanted Mn
ions. Fig. 45 shows the XANES at the Mn K-edge
for the as-implanted (as-imp) and annealed (ann) MnSi0.7 Ge0.3 sample. As the XANES spectra for all the
as-implanted and annealed Mn-Si x Ge1−x were nearly
identical, only the Si0.7 Ge0.3 composition is presented
here. The lower five spectra are theoretical calculations based on the models assuming Mn occupies the
substitutional site in Si and in Ge, and interstitial-site
in Si and in Ge, and the manganese silicide, Mn4 Si7 ,
respectively. The calculations were based on one electron multiple-scattering theories. The interstitial model
assumed the occupation of the (0.5, 0.5, 0.5) site in the
Si unit cell by a Mn atom, as shown in the right graph
of Fig. 45. The substitutional models in either Si or
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Fig. 45. XANES (left) at the Mn K−edge for the as-implanted (as-imp) and annealed (ann) Mn-Si 0.7 Ge0.3 sample. The lower five spectra
are the calculated spectra for substitutional-sites in Si and in Ge, and interstitial-sites in Si and in Ge, and Mn 4 Si7 compound. The right graph
shows the interstitial model in which a Mn (purple) atom takes the (0.5, 0.5, 0.5) site in the Si (yellow) unit cell.

Ge feature a significant pre-edge peak A in Fig. 45
due to the tetrahedral symmetry on the first coordination, which is absent in the measured spectra. The
implanted samples are closest to the manganese silicide. However, one can not rule out the possibility of
the existence of some interstitial Mn sites, since their
main features are also close to the experimental spectra, and the fine structures in the experimental XANES
could smear out due to the intrinsic disordering properties.
A quantitative analysis was carried out by fitting
the Fourier transform, as shown in Fig. 46 for the
as-prepared and annealed Mn-implanted Si samples.
The first peak of the Fourier transform was fit employing a two-coordination of Mn-Si and Mn-Mn, phaseshift extracted from the manganese silicide reference.
Table 8 lists the fit results, together with the radial
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structural parameters extracted from several models,
and reference compounds.
Despite the similarity with the manganese silicide in XANES, the short bond-lengths of the Mn-Si
coordination in the implanted samples are supporting the interstitial model. It is most likely that Mn
ions implanted into Si x Ge1−x are taking an interstitial
site, but with a distorted local structure. Some silicides
may exist, in particular, the high temperature annealing treatment is favorable for the formation of silicides, as can be seen from the expanded Mn-Si and
Mn-Mn bond-lengths listed in Table 8. Although the
Mn implantation was performed on the Si-Ge series
solid solution, the implanted Mn preferentially takes
Si as neighbors. The structural information extracted
from XAFS can be associated with the magnetic property measurements and provides a guide for the sample
preparation.
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Fig. 46. Fourier transforms of the Mn K-edge were fit on the first peak by Mn-Si and Mn-Mn coordinations for the as-implanted Si (left) and
the annealed Si (right). The green and blue lines are the individual single-scattering path fits to the data. The red lines are the overall fits after
the path summation.

Table 8. Fit results of the two Mn implanted-Si samples at the
as-prepared and annealed states, together with the radial structural data extracted from models and some reference compounds.
N and R refer to the coordination number and bond-length, with
error bars of 10%, 0.01 Å, respectively.
Samples, models and references

as-prepared, Mn in Si
annealed, Mn in Si
MnSi
Mn4 Si7
Interstitial Mn in Si
Substitutional Mn in Si
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The 11th Asian Conference on Solid State Ionics, 9th – 13th June, 2008, Coimbatore, India
Contributed by Prof. S. Selvasekarapandian
Solid State Ionics (SSI) is a growing interdisciplinary branch of condensed matter science and technology. It paved
the way for the development of economically feasible and eco friendly alternative energy storage systems. It deals
with the ionically conducting solid or semi — solid materials in the form of inorganic crystalline solids, ceramics,
composites, polymers and glasses with potential applications in numerous solid state devices such as solid-statebatteries, and fuel cells which are gaining importance in the present-day energy scenario, and electrochromic
displays and a wide variety of gas sensors.
The Asian Society for Solid State Ionics (ASSSI) was founded in the year 1986 by late Prof. T. Takahashi and
late Prof. S. Radhakrishna in Singapore. The president of the society, Prof. B.V.R. Chowdari in association with the
active research groups in the Asian region, and other countries has successfully organized the series of ten biennial
conferences on SSI, starting from the first one in 1986 in Singapore. The present one is the 11 th Asian Conference
on Solid State Ionics in the series, and is again held in India after 10 years. It is organized by BU-DRDO Centre
for Life Sciences, Bharathiar University, Coimbatore, India, during 9 th – 13th June 2008 for the ASSSI under
the chairmanship of Prof. S. Balasubramanian, Director BU-DRDO, Centre for Life Sciences and under the able
leadership of the convener, Prof. S. Selvasekarapandian, Emeritus Professor, BU-DRDO, Centre for Life Sciences.
The 11th ASSSI conference started with the inaugural function on 9th June. The chairman, Prof. Balasubramanian welcomed the delegates and scientists from various countries. Prof. Selvasekarapandian pointed out the
importance of the conference and stressed that the conference provides an international forum for scientists, engineers and technologists to discuss the latest developments and share the knowledge in the discipline of SSI. Prof.
Chowdari, President, ASSSI welcomed the delegates and briefly outlined the history of ASSSI, and specially mentioned the contributions from the underpinning personalities, late Prof. T. Takahashi and late Prof. S. Radhakrishna.
He pointed out the significant role of the society in bringing together researchers from the Asian and other countries
under a single roof every two years to exchange ideas and foster friendship, encourage research collaboration and
discuss future prospects. A special note was made regarding Prof. Detlef Brinkmann, Switzerland, for his active
support and participation in all of the past ten ASSSI conferences, and the present one.
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Inaugural Session; Releasing of the ‘Proceedings’ by the Chief Guest.
(Left to Right) Prof. S. Selvasekarapandian, Emeritus Professor, BU-DRDO CLS, and Convener of the 11 th ASSSI
conference, Prof. B. V. R. Chowdari (Singapore), President, ASSSI, Prof. G. Thiruvasagam, Vice Chancellor,
Bharathiar University, Coimbatore, Dr. A. Sivathanupillai, Distinguished Scientist and Chief Controller R&D,
DRDO, and CEO & MD BrahMos Aerospace, and Chief Guest, and Prof. S. Balasubramanian, Director, BUDRDO CLS, and Chairman of the 11th ASSSI conference.
Prof. G. Thiruvasagam, Vice Chancellor, Bharathiar University, Coimbatore in his presidential address mentioned that the researches in the area of SSI should provide a platform to change the economical profile of the
country. Dr. A. Sivathanupillai, Distinguished Scientist and Chief Controller R&D, DRDO and CEO&MD BrahMos Aerospace, as the chief guest of the day inaugurated the 11 th ASSSI Conference and made a special note that
the specialists from all over the world should unite to overcome the limitations of the materials advancement in SSI
and in polymeric materials, with the participation of institutions and industries in terms of technology, cost reliability, safety etc. He congratulated the organizers for the efforts taken in organizing the conference and conveyed
his best wishes for its success by way of exchange of information, fruitful discussions and collaboration.
The tradition of the ASSSI in bringing out the ‘Proceedings’ by the organizers on the first day of the conference consisting of the full length manuscripts of all the accepted papers has been faithfully continued: The
Proceedings of the 11th ASSSI entitled, “Solid State Ionics-New Materials for Pollution Free energy Devices”,
edited by B.V.R. Chowdari, S. Selvasekarapandian, Ajit R Kulkarni, Kamalsingh, Austin Suthanthiraraj, B. Nalini,
N. Kalaiselvi and G. Hirankumar, and published by the Macmillan India Ltd., 2008, has been released by the
chief guest, Dr. Sivathanupillai. The ‘Proceedings’ covers the wide area of SSI, especially Electrode materials,
Ionically conducting solids, Electroactive polymers, Device applications, and other emerging areas. A ‘Souvenir’
has also been released on this occasion, by the Vice Chancellor containing the profile of BU – DRDO Centre for
Life Sciences, Bharathiar University, Coimbatore. The inaugural session concluded by Dr. D. Nataraj, BU- DRDO
Centre for Life Sciences, who proposed the vote of thanks, with a special mention of thanks to the sponsors of the
conference, viz., Asian Society for Solid State Ionics (ASSSI), Materials Research Society of Singapore (MRS-S),

A Quarterly publication by the Materials Research Society of Singapore

page 49

December 11, 2004

19:19

Research Publishing Services (RPS) : MRS-S e-newsletter

Conference Report

Volume 3 • No.2 • Oct–Dec., 2008

v3n2

MRS-S OUTLOOK

Solid State Ionics Society of Japan (SSI-J) and the organizations within India, viz., Defence Research and Development Organization (DRDO), Board of Research in Nuclear Sciences (BRNS), Council of Scientific and Industrial
Research (CSIR), Atomic Energy Regulatory Board (AERB) and Department of Science and Technology (DST).
A total of 136 contributed papers were presented during the conference by the active participation of 41 foreign
delegates from China, Malaysia, Sri Lanka, Singapore, South Korea, and from Canada, Australia, Japan, Italy and
Switzerland, and 89 Indian participants. The twelve technical sessions during the five-day conference including
31 Invited Talks, 39 Oral presentation and two exclusive Poster sessions consisting of 66 papers emphasized on
the ionic transport in solids, electronic and mixed conductors, proton conductors, cathode and anode materials for
batteries, including Li-batteries, electrochromism, experimental techniques and applications of solid state ionic
materials in batteries, fuel cells, electrochromic displays and various gas sensors.
On June 9, 2008 a welcome reception has been arranged at Hotel CAG Pride, Coimbatore. The next day,
blooming performances by kids of ‘Foot Loose Entertainers’ and ‘Sri Satguru Natyalaya’ have been staged at
the University Auditorium, and greatly appreciated and applauded by all the delegates. On June 11, 2008, the
conference banquet has been arranged at Hotel Jenny Club, Coimbatore.
Last but not the least, the conference owes its success primarily to the International Advisory Committee,
Local Advisory Committee, Organizing Committee, Technical Committee, and help and assistance by the students
and research scholars of the Departments of Physics, Environmental Science and Biotechnology, Molecular Biology and Biotechnology Division of BU – DRDO Centre for Life Sciences, and active and constant support by
Department of Physics, Bharathiar University, Coimbatore.

Delegates of the 11th ASSSI Conference, 9–13 June, 2008, Coimbatore, India.
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Forthcoming Conferences
Nano-Bio & Clean Tech
California, USA, October 27–30, 2008
The 5th International Congress of Nano-Bio & Clean Tech will be held at Burlington, California, USA.
The Conference will gather world-class researchers, business executives and engineers from over 30 countries and
cover the following topics:
Nanomaterials; Nanoparticles; Nanodevices; Nanoelectronics; Nanofabrication; MEMS&NEMS; Nanobiotechnology; Nanoscale characterization; Standards & nomenclature; Nano tools; Molecular engineering; Nano manufacturing; nanoparticles toxicology; Health safety implications; Renewable energy; Biofuels; Photovoltaics;
Hydrogen; Electric car;Sustainable energy public policy; Direct thermal energy conversion; Electrochemical conversion and storage; nanostructured solar cell manufacturing; Intellectual property; Commercialization; Venture
capital investment and other related topics; Intellectual property and technology transfer; education & workforce
training; Societal & environmental impacts; Capital funding and grants for start-up ventures.
More information about the event is available at the web site at http://www.ianano.org

Conferences: Forthcoming

December 11, 2004

AsiaNANO 2008
Biopolis, Singapore, November 3–7, 2008
The 2008 Asian Conference on Nanoscience and Nanotechnology (AsiaNANO2008) will be held in Biopolis,
Singapore, on November 3–7, 2008. The main objective of the conference is to provide a stage for Asian scientists
working in the field of nanoscience and nanotechnology to network and communicate their latest research findings.
Asian countries have been greatly contributing to the rapid progress in nanotechnology research.
This is the fourth conference in the AsiaNANO series. The first was held in Tokyo in 2002, the second in
Beijing in 2004, and third in Pusan, South Korea in 2006. This conference series has become an important academic
symposium for nanoscience research in Asia, creating effective networking among the Asian scientists, institutions
and companies, and promoting the inter-countries and interdisciplinary collaborations in nanotechnology.
Singapore has been the scene of many exciting developments in scientific research, including in the fields of
nanoscience and nanotechnology. The venue of the conference is Biopolis, a purpose-built biomedical research
hub where researchers from the public and private sectors are co-located. Situated in the south-western part of Singapore, the Biopolis is within walking distance of the Buona Vista MRT Station and is near both the National University of Singapore and the National University Hospital. We cordially invite you to participate in the AsiaNANO
2008 conference in Singapore.
Selected papers will also be published in a special issue of the International Journal of Nanoscience.
The scientific program includes plenary, invited and contributed talks and poster sessions, in the following
symposia:
1
2
3
4
5

Carbon nanotubes and related nanomaterials
Graphene: Materials and devices
Nanomagnetics, spintronics and multiferroics
Nanobioscience and nanobiotechnology
Functional Nanoassembly: nanoparticles, quantum dots, nanoarchitectures and self-assembled architectures
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6 Multi-paradigm simulation at the nano-scale: methodology and applications
7 Nanofabrication: nanoimprinting, nanolithography and related techniques
The official language for written and printed materials, as well as for presentation and discussion, is English.
Web site: http://www.asianano2008.org/
6.3 Important Dates: Abstract Submission Deadline: 1 July 2008; Notification of Acceptance: 1 August
2008.
6.3.1 Contact address: AsiaNano 2008 Secretariat, c/o Integrated Meetings Specialist Pte Ltd Block 998
Toa Payoh North, #07-18 Singapore 318993. Tel: (65) 6356 4727;Fax: (65) 6356 7471;Email:
asianano@inmeet.com.sg

ICMAT2009
Singapore, 28 June–July 3, 2009
The First Announcement of ICMAT 2009 is available at the website: www.mrs.org.sg

‘Theme Article’ Appeared in ‘MRS-S OUTLOOK’, Vol. 3, No.1
From Applied Science to Commercial Application — Synchrotron Radiation as a Broad R&D
Platform: Part III

H. O. Moser1 , K. Banas1 , M. Cholewa1 , C. Z. Diao1 , X. Y. Gao2 , L. K. Jian1 , S. M. P. Kalaiselvi1 , Z. J. Li1 ,
G. Liu1 , T. Liu2 , S. K. Maniam1 , A. T. S. Wee2 , P. Yang1 and Y. Adam Yuan3,4 , MRS-S OUTLOOK, 3(1), 12–20
(2008)
1 Singapore

Synchrotron Light Source, National University of Singapore, Singapore
of Physics, National University of Singapore, Singapore
3 Department of Biological Sciences, National University of Singapore, Singapore
4 Temasek Life Sciences Laboratory, National University of Singapore and Nanyang Technological University, Singapore
2 Department

In this Part III, thin film characterization by X-ray reflectometry, thickness determination, with selected examples
from the authors’ work, and anomalous scattering effect in reflectivity are described and discussed.
Please see: ww.mrs.org.sg for accessing Parts I and II.
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INVITATION
MRS-S members are welcome to
contribute to ‘MRS-S OUTLOOK’

Invitation

December 11, 2004

• 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 years
2006–2008, and be of general interest to non-specialists, students, teachers as
well as active researchers. Each ‘Highlight’ must not exceed 250–300 words,
including reference(s). Contributing author(s) and e-mail address(es) will be
included under each ‘Highlight’.
• To contribute information about the recent awards and distinctions conferred
on the MRS-S members.
• To contribute ‘Letters to the Editor’. They may be edited for brevity, clarity and
available space, and the author(s) will be informed.
Information on the above aspects may be communicated to the Editor:
Dr. G.V. Subba Rao
E-mail: phyvsg@nus.edu.sg

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