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Welcome to the maiden issue of 'MRS-S OUTLOOK', the quarterly newsletter of the
Materials Research Society of Singapore (MRS-S). The objectives of this newsletter are to
spread information and knowledge and to promote collaboration amongst the members
of MRS-S, who are at present about 2200 from both within Singapore and abroad. This
newsletter will be published and distributed to all the members in the electronic form. It
is anticipated that each issue will contain two review-type 'thematic' articles pertaining
to the areas of materials science, engineering and technology. These will be of general
interest to students, teachers as well as active researchers. The editor welcomes suggestions for the topics as well as the prospective authors for thematic articles. In addition,
there will be reports on the recently held conferences and information on the forthcoming conferences. There will also be 'Letters to the editor' and information about the recent
awards and distinctions conferred on the MRS-S members. Information on these aspects
may be communicated to the editor.
As future issues get published, the scope of 'MRS-S OUTLOOK' will become better
defined and all the members will have an opportunity to influence it by contributing
their articles and views. I hope that this first issue will be received favourably by the
MRS-S community.

Ø MRS-S Activities: Past, Present and Future
The Materials Research Society of Singapore (MRS-S) organized three 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 and 2005.
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 and Nanyang Technological University. To reach out
to the public, MRS-S has organized number of public lectures by Nobel Laureates and
also an astronaut.
Report on the ICMAT-2005 is included in this Issue. The ICMAT-2007, to be held
during 1-6, July, 2007 will have 18 Symposia, 9 Plenary, 3 Theme and 2 Public Lectures.
Three Nobel Laureates have confirmed their participation. The list of Symposia are
included in this Issue. Also, see www.mrs.org.sg
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Year 2001 w 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 w 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 w 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
Continued on page
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MRS-S Executive Committee

Message

(For 2006–08)

The launch of MRS-S OUTLOOK by the
Materials Research Society of Singapore (MRS-S)
marks a milestone in its efforts to promote the
ﬁeld of materials science. This quarterly is a
timely initiative that meets the need for a publication that will be of interest and relevance to the
materials science community in Singapore and
beyond.
Since its inception, the MRS-S has earned
a name for itself in the global materials
science arena, including organising the ICMAT
series of biennial conferences and two national
conferences. MRS-S OUTLOOK promises to be a
stimulating and engaging forum for its growing
and diverse members as well as the wider scientiﬁc community to share ideas and learn from one
another.
These are exciting times for discovery and
innovation. The frontiers of science, in general,
and of materials science and technology, in particular, offer immense opportunities in the areas of
nanoscience and technology, biomedical materials and processes, new imaging techniques, materials for quantum computers, and negative refractive index materials, just to name a few. I am
optimistic that the thematic articles in MRS-S
OUTLOOK focusing on current topics and the latest advances will help inform and ignite a passion
for education and research in the areas of materials science, engineering and technology.
I wish MRS-S all the best in its endeavours and
look forward to the success of MRS-S OUTLOOK
as it embarks on its ﬁrst chapter in scientiﬁc publishing.
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MRS-S Forthcoming Conference
ICMAT 2007
International Conference on Materials for Advanced Technologies
Incorporating GEM4 Conference on Cancer
1–6 July 2007, Singapore

Symposium A Advanced Functional Biomaterials
Chair: YANG Yi-Yan Institute of Bioengineering and Nanotechnology, Singapore
Co-Chairs: WANG Shu Institute of Bioengineering and Nanotechnology, Singapore
Subbu S VENKATRAMAN Nanyang Technological University, Singapore
Kazunori KATAOKA University of Tokyo, Japan
PARK Tae Gwan Korea Advanced Institute of Science and Technology, Korea
Correspondence
YANG Yi-Yan E-mail: yyyang@ibn.a-star.edu.sg

MRS-S Conference: Forthcoming

July 29, 2006

Symposium B Developing Nano-Bio Interface
Chair: LOH Kian Ping National University of Singapore, Singapore
Co-Chairs: Andrew WEE Thye Shen National University of Singapore, Singapore
SEERAM Ramakrishna National University of Singapore, Singapore
LI Jun Institute of Materials Research and Engineering, Singapore
Federico ROSEI University du Quebec, Canada
Correspondence
LOH Kian Ping E-mail: chmlohkp@nus.edu.sg

Symposium C Bio-Functional Materials: From Understanding to Design
Chair: LIU Xiang Yang National University of Singapore, Singapore
Co-Chairs: FENG Si-Shen National University of Singapore, Singapore
TAO Xu-Tang Shandong University, China
YAN Jie National University of Singapore, Singapore
Correspondence
Liu Xiang Yang E-mail: phyliuxy@nus.edu.sg

Symposium D Semiconductor Photonics: Nano-Structured Materials
and Devices
Chair: CHUA Soo Jin Institute of Materials Research and Engineering, Singapore
Co-Chair: TENG Jinghua Institute of Materials Research and Engineering, Singapore

A Quarterly publication by the Materials Research Society of Singapore

page 3

July 29, 2006

10:45

RPS/Trim Size: 8.5in x 11in for MRS-S e-newsletter

MRS-S OUTLOOK

Volume 1 • No.1 • July–Sept, 2006

MRS-S Conference: Forthcoming

072006

Osamu WADA Kobe University, Japan
Richard DE LA RUE University of Glasgow, UK
TANG Xiaohong Nanyang Technological University, Singapore
Correspondence
CHUA Soo Jin E-mail: elecsj@nus.edu.sg

Symposium E Nanodevices and Nanofabrication
Chair: ZHOU Wei Nanyang Technological University, Singapore
Co-Chairs: LU Chun Institute of High Performance Computing, Singapore
Bill MILNE University of Cambridge, UK
WANG Zhong Lin Georgia Institute of Technology, USA
ZHANG Qing Nanyang Technological University, Singapore
Correspondence
ZHOU Wei E-mail: MWZhou@ntu.edu.sg

Symposium F Microstructured and Nanostructured Optical Fibers
Chair: SHUM Ping Nanyang Technological University, Singapore
Co-Chairs: LU Chao Nanyang Technological University, Singapore
John LOVE Australian National University, Australia
Jonathan C. KNIGHT University of Bath, UK
Correspondence
SHUM Ping E-mail: epshum@ntu.edu.sg

Symposium G Scanning Probe Microscopy in Materials Research
Chair: N. CHANDRASEKHAR Institute of Materials Research and Engineering, Singapore
Co-Chairs: Sean J. O’SHEA Institute of Materials Research and Engineering,Singapore
Venky NARAYANAMURTI Harvard University, USA
Karl-Heinz RIEDER EMPA – Swiss Federal Laboratories for Materials Research, Zurich, Switzerland
Correspondence
N. CHANDRASEKHAR E-mail: n-chandra@imre.a-star.edu.sg; phycn@nus.edu.sg

Symposium H MEMS Technology and Devices
Chairs: LIU Ai-Qun Nanyang Technological University, Singapore
LU Chun Institute of High Performance Computing, Singapore
Co-Chairs: Ajay AGARWAL Institute of Microelectronics, Singapore
LIM Siak Piang National University of Singapore, Singapore
Poenar Daniel PUIU Nanyang Technological University, Singapore
Correspondence
LIU Ai-Qun E-mail: eaqliu@ntu.edu.sg

page 4

A Quarterly publication by the Materials Research Society of Singapore

10:45

RPS/Trim Size: 8.5in x 11in for MRS-S e-newsletter

MRS-S OUTLOOK

072006

Volume 1 • No.1 • July–Sept, 2006

Symposium J Materials for Advanced Sensors and Detectors
Chair: Girish M. KALE University of Leeds, UK
Co-Chairs: YAO Kui Institute of Materials Research and Engineering, Singapore
Sheikh AKBAR Ohio State University, Columbus, USA
Manoj GUPTA National University of Singapore, Singapore
Enrico TRAVERSA University of Rome, Italy
Correspondence
Girish M. KALE E-mail: g.m.kale@leeds.ac.uk

Symposium K Nanostructured Materials for Electrochemical Power Sources
Chair: S.R.S. PRABAHARAN The University of Nottingham, Malaysia
Co-Chairs: B.V.R. CHOWDARI National University of Singapore, Singapore
LU Li National University of Singapore, Singapore
Robert HAHN Fraunhofer-Institut Zuverlaessigkeit und Microintegration, Berlin, Germany
Ralph J. BRODD Valence Technologies Inc., Austin, USA
Correspondence
S.R.S. PRABAHARAN E-mail: prabaharan.sahaya@nottingham.edu.my

Symposium L Catalytic Materials and Technologies for a Sustainable Economy
Chair: Stephan JAENICKE National University of Singapore, Singapore
Co-Chair: CHUAH Gaik Khuan National University of Singapore, Singapore

MRS-S Conference: Forthcoming

July 29, 2006

Correspondence
Stephan JAENICKE E-mail: chmsj@nus.edu.sg

Symposium M New Routes to Inorganic Materials, Films and Nanocrystals
Chair: Jagadese J. VITTAL National University of Singapore, Singapore
Co-Chairs: CHIN Wee Shong National University of Singapore, Singapore
S. S. MANOHARAN IIT-Kanpur, India
E.R.T. TIEKINK University of Texas at San Antonio, San Antonio, USA
Correspondence
Jagadese J. VITTAL E-mail: chmjjv@nus.edu.sg

Symposium N Synchrotron Radiation for Making and Measuring Materials
Chair: Herbert O. MOSER Singapore Synchrotron Light Source, Singapore
Co-Chair: Marian CHOLEWA Singapore Synchrotron Light Source, Singapore
Correspondence
Herbert O. MOSER E-mail: moser@nus.edu.sg

Symposium O Frontiers in Computational Materials Science
Chair: FENG Yuan Ping National University of Singapore, Singapore
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Co-Chairs: WU Ping Institute of High Performance Computing, Singapore
David J. SROLOVITZ Princeton University, USA
Duc NGUYEN-MANH UKAEA, UK
Correspondence
FENG Yuan Ping E-mail: phyfyp@nus.edu.sg

Symposium P Electromagnetic Materials
Chair: LIM Hock National University of Singapore, Singapore
Co-Chairs: GAN Yeow Beng National University of Singapore, Singapore
LEE Kim Seng DSO National Laboratories, Singapore
Correspondence
GAN Yeow Beng E-mail: tslganyb@nus.edu.sg

Symposium Q Advanced Structural and Functional Materials for Protection
Chairs: SHANG Huai Min Nanyang Technological University, Singapore
William LAU Defence Science & Technology Agency, Singapore
Co-Chairs: MA Jan Nanyang Technological University, Singapore
LEE Nam Sua Defence Science & Technology Agency, Singapore
Alfred TOK Nanyang Technological University, Singapore
Correspondence
Alfred TOK E-mail: miytok@ntu.edu.sg

Symposium R Polymer and Molecular Electronics: Chemistry,
Physics & Materials Science
Chairs: Hardy CHAN National University of Singapore, Singapore
Freddy BOEY Nanyang Technological University, Singapore
Co-Chairs: Peter HO National University of Singapore, Singapore
Suresh VALIYAVEETTIL National University of Singapore, Singapore
Alan SELLINGER Institute of Materials Research and Engineering, Singapore
Correspondence
Hardy CHAN E-mail: chmcsoh@nus.edu.sg

Symposium S Education in Nanoscience and Nanoengineering
Chair: Vincent TAN National University of Singapore, Singapore
Co-Chairs: Andrew WEE National University of Singapore, Singapore
Mark BLAMIRE Cambridge University, UK
Paul PIGRAM La Trobe University, Australia
Grant NORTON Washington State University, USA
Correspondence
Kelly LOW E-mail: kellylow@nus.edu.sg
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Highlights of the Recent Literature
Strained Silicon as a New Electro-Optic
Material
A linear electro-optic effect, namely a change in
the bulk refractive index as a function of external applied electric ﬁeld, is prohibited in a silicon (Si) crystal due to the existence of an inversion symmetry in it. However, Jacobsen et al. [1]
recently found that the symmetry can be broken
and the effect can be induced by applying an
asymmetric strain by depositing a straining layer
(silicon nitride glass) on top of a Si-wave guide.
The induced nonlinear coefﬁcient, χ(2) was found
to be ≈ 15 pm/V raising the hopes of realization
of a Si-electro-optic modulator, in particular, and
Si-based photonics, in general.
References
[1] R.S. Jacobsen et al., Nature 441 (2006) 199–
201(May, 11 issue).

New Anodes Based on Perovskite Oxides
for Solid Oxide Fuel Cells (SOFCs)
The ﬁeld of SOFCs received a new impetus
by the design, fabrication and performancetesting of two new perovskite-type mixed oxide
anodes, viz., Sr2 (Mg1−x Mnx Mo)O6−δ (x = 0 −
1; δ > 0 : SMMO) by Huang et al. [1] and

(La4 Sr8 )(Ti11 Mn0.5 Ga0.5 )O37.5 (LSTMG) by RuizMorales et al. [2]. The SMMO and LSTMG can be
considered as oxygen-deﬁcient and -excess perovskites, respectively. There is growing interest
in the search for an alternative to the presently
used anode material, the ceramic-metal composite (cermet) Ni-YSZ (yttria stabilized zirconia),
because it has a low tolerance to sulphur (that
may be present in the fuel), carbon build-up when
hydrocarbons (e.g., CH4 ) are used as the fuel
and volume-instability on oxidation-reduction
cycling. Both the groups fabricated single cell
SOFC by using the above anodes in combination with well-known oxide cathodes and O-ion
conductors (solid electrolytes) and performancetested them in the temperature range, 750–800◦C
[1] or 850–950◦C [2]. The fuels were dry or wet
(H2 O) H2 and CH4 . Huang et al. [1] also tested
for the sulphur tolerance by using H2 /H2 S mixture. The results were found to be very encouraging with open circuit voltages in excess of 1.2 V
and good power densities by both groups with
excellent tolerance to sulphur.

Highlights: Recent Literature

July 29, 2006

References
[1] Y.-H. Huang et al., Science 312 (2006) 254–257
(April, 14 issue).
[2] J.C. Morales et al., Nature 439 (2006) 568–571 (Febbruary, 2 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.
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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Theme Article
Perovskite Structure: A Versatile and
Perennial Host for Oxide Functional
Materials
G. V. Subba Rao and B. V. R. Chowdari
Department of Physics,
National University of Singapore, Singapore

1 Perovskite Structure and Perovskite
Oxides, ABO3
Calcium titanate, CaTiO3 , occurs as a mineral
named ‘perovskite’. Some binary and a host of
mixed metal oxides can be synthesised that adopt
the perovskite structure. Thus, Ca can be replaced
by other bivalent alkaline earth metals Sr and Ba,
and Ti can be replaced by other metal ions that
can exist in tetravalent state like Zr, Hf and Sn. It
was originally assumed that the crystal structure
of CaTiO3 is cubic, but is now known to adopt an
orthorhombic structure. SrTiO3 is cubic whereas
BaTiO3 adopts a tetragonal structure at ambient
temperature.
Goldschmidt, as early as 1924–1926, realised
the versatile nature of the perovskite structure and synthesised not only the above three
titanates but also many iso-structural compounds, CaZrO3 , NaNbO3 and KNbO3 and determined their structures and lattice parameters by
X-ray diffraction. Discovery of high dielectric constant in BaTiO3 and subsequently its ferroelectric
property at ambient temperature during the years
1945–1955 gave enormous impetus to explore
other oxide perovskites for dielectric and other
properties.
The crystal chemistry of perovskites has been
well documented in the literature. The simple
cubic structure has a unit cell of∼ 4Å, containing one ABO3 formula unit per unit cell, where
A and B are metals (Fig. 1a). The B ions are
situated at the corners of a cube in 6-fold oxygen coordination. The A ion is in 12-fold oxygen
coordination and occupies the centre of the cube,
whereas the O ions are placed at the centres of
the 12 cube edges. Thus, there are corner-shared

page 8

072006

BO6 -octahedra, which extend inﬁnitely in all the
three crystallographic directions. The space group
is Pm3m. An alternative description of the structure, shown in Fig. 1b, places the B ion at the centre of the cube with the six oxygens at the six face
centres, in which case the A ions occupy the eight
cube corners. There are other ways of describing
the ideal ABO3 structure.
The stability of the structure arises mainly
from the electrostatic (Madelung) energy so that
the relative sizes of the A and B ions are important. Goldschmidt enunciated a tolerance factor
t = [(rA + rO )/21/2 (rB + rO )] to deﬁne the limits
of the structure. Here, rA , rB and rO represent the
ionic radius of the A, B and O ions, respectively.
Any consistent set of ionic radii, e.g., those listed
by Goldschmidt, Pauling or Shannon should be
used to estimate the value of t and as a ﬁrst
approximation acts as an excellent guide: the perovskite structure is stable in the range 0.75 < t <
1.00, with t lying between 0.8 and 0.9 in most
cases. The ideal cubic structure occurs for t = 1.00
(e.g., SrTiO3 ) and for t > 1.0, a hexagonal structure
is usually obtained (e.g., BaNiO3 ). As t decreases
from 1.0, the perovskite structure exhibits a deformation from the cubic structure towards a structure with a lower oxygen coordination of A (10fold or 8-fold instead of 12-fold). When t is only
slightly less than 1.0, a rhombohedral structure
usually results (e.g., LaCoO3 ). For 0.80 < t <
0.90, an orthorhombic deformation occurs (e.g.,
GdFeO3 and many other rare earth (Ln) transition metal perovskites). When t is lower than the
limit for perovskite (t < 0.75), the ABO3 compositions take up the ilmenite structure (e.g., FeTiO3 ,
MgTiO3 ).
The necessity for octahedral coordination sets
a lower limit of ∼ 0.51 Å for the radius of the
B ion (6-fold O-coordination), which in turn sets
a lower limit of ∼ 0.90 Å for the radius of the A
ion (through the tolerance factor t) for the exhibition of the perovskite structure. In fact, the structure ﬁeld map, showing the range of existence of
the perovskite structure vis-á-vis other structure
types like ilmenite, pyrochlore, BaNiO3 -type, etc.,
as a function of ionic radius of the A and B ions,
has been established almost 50 years ago. Use
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Fig. 1. The ideal perovskite structure of the mixed-oxide, ABO3 , where A and B are metal ions.

of high-pressure and high-temperature enabled
the realisation of many new perovskite-type
compounds, which do not form under ambient pressure. Similarly, meta-stable structures like
cubic BaTiO3 at ambient temperature can be
realised by resorting to novel synthesis methods.
Using the criteria of charge-neutrality and
tolerance ratio, several combinations of ABO3
perovskites are possible and many compounds

(
) (B6+)O3
B6+=Mo, W, Re
e.g., Beta- MoO3 ; ReO3.
() (Ti4+)OF2;
() (Nb5+)O2F;
(La2/31/3) (Ti4+)O3;
(= vacancy);
(Axy) (B5+/6+)O3
(Oxide bronzes)
+
e.g., A =Li, Na, K, Rb, Cs;
2+
A = Ca, Sr, Ba;
3+
A = Y, La, In.

have been prepared and studied. Experience
has shown that ﬂuoride ion can partially substitute the O-ion in ABO3 . Further, the structure can tolerate signiﬁcant amounts of vacancies at the A- and O-sites, still retaining the perovskite or deformed-perovskite structure. Select
list of ABO3 perovskites, taken from the extensive
literature, are shown in Fig. 2. It must be
mentioned that some compounds in Fig. 2 have

(A2+) (B4+)O3
A = Ca, Sr, Ba, Eu;
B = Ti, V, Cr, Mn, Fe, Co,
Zr, Hf, Ru, Ge, Sn, Pb, Bi, Ce,
Tb, Th.

ABO3
Perovskites

(A+) (B5+)O3; KTi4+O2F
A = Li, Na, K;
B = Nb, Ta, Sb.
e.g., LiNbO3; KSbO3

e.g., BaTiO3; Pb(Zr)O3;
SrCeO3; BaPbO3; BaBiO3;
EuTiO3.

(A3+) (B3+)O3
A = Y, La or Ln (Lanthanide),
In, Bi.
B = Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Ru, Rh, Al, Ga, In.
e.g., LaAlO3; LaLuO3; BiFeO3;
LaRuO3.

Fig. 2. Various types of oxide perovskites with different charge combinations.
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been realised only by the high pressure–high
temperature synthesis.
2 Complex Perovskite Oxides,
(AA )(BB )O3
Fifty years ago, Roy and co-workers suggested
multiple substitution at the A, B and O sites in
the perovskite structure to obtain a wide variety of complex perovskites and since then the list
of known phases has grown to a large number,
i.e., in thousands. It is interesting to note that by
means of multiple substitution in the perovskite
structure, it is possible to stabilise unusual oxidation states (valencies) of the transition and other
metal ions at the B site (e.g., Cu3+ , Bi4+ , Ru5+ ,
Ir5+ ). Select list of compounds obtained by multiple substitution are shown in Fig. 3.
3 Physical Properties of Perovskite
Oxides
As mentioned earlier, the tetragonal modiﬁcation of BaTiO3 exhibits ferroelectric property, viz.,

a spontaneous electric polarisation that can be
reversed under an external electric ﬁeld. This
property has been exploited for practical application and thus BaTiO3 represents a functional
material and an electroceramic. Interesting physical properties are exhibited by perovskite oxides
when the B ion is a transition metal. Indeed, it is
not an exaggeration to say that almost any known
physical property can be realised in these ABO3
oxides. Select list of compounds exhibiting the
wide variety of physical properties are shown in
Fig. 4.

3.1 Electronic Insulators, Semiconductors
and Metals
Perovskite oxides can exhibit insulating/semiconducting/metallic behaviour depending on the
nature of the A ion and the electronic conﬁguration of the B ion (Fig. 4). Compounds that do not
possess any d-electrons on the B-site, like ATiO3 ,
A = Ca, Sr and Ba, and LaBO3 , B = Al, Ga

A(B1/2B'1/2)O3
Sr2+(Fe2+, Mo6+)O3
Ba2+(Mn2+, Re6+)O3
Pb2+(Fe3+, Nb5+)O3
La3+(Co2+, Ir4+)O3
La3+(Fe3+, Co3+)O3
La3+(Li+, Ir5+)O3

(AA')BO3
(La3+1/2Li+1/2)Ti4+O3

(AA')(BB')O3
Perovskites

(Ca2+1/4Cu2+3/4)B4+O3
(B=Ti, Mn, Ru);

2)Cu3O7 (YBCO)

3+Ba2+

(Y

(Ba2+K+)BiO3

(La2/3 -x Li3x1/3-2x) (Ti4+)O3
(La1/3 -x Li3x2/3-2x) (Nb5+)O3
(=vacancy)

A(B2/3B'1/3)O3

A(B3/4B'1/4)O3

(AA')(BB')O3

Sr2+(Fe3+, W 6+)O3
Pb2+( Mg2+, Nb5+)O

Ba2+(Nb5+, Li+)O3

(Ba2+, La3+)(Fe3+, Mo4+)O3
(Sr2+, La3+)(Ni2+, Nb5+)O

3

(PMN)
3
+
La (Ni2+, Nb5+)O3

La3+(Ni2+, Mo6+)O3
La3+(Co2+, W 6+)O3

3

(K+, La3+)(Mn2+, Mo6+)O3
(Srx, La1-x)(Mg y2+, Ga1-y3+)O

3-δ

(Pb2+, La3+)(Zr4+, Ti4+)O3
(PLZT)
Fig. 3. Different types of substitutions in perovskites with various charge combinations.
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are excellent electronic insulators with resistivity at 300 K (ρ300 K ) ∼ 1 × 1013 Ω cm. The corresponding energy of activation for electronic conduction, Ea ∼ 3.5–4.0 eV. On the other hand,
LaCrO3 , LaMnO3 , LaRhO3 and CaRuO3 are semiconductors with ρ300 K ∼ 1×101 –1×105 Ω cm with
Ea ∼ 0.1–0.8 eV. The perovskites CaVO3 , SrMoO3 ,
SrRuO3 , LaBO3 , B = Cu, Ni, Ru and ()ReO3 ,
(, vacancy) exhibit ρ300 K ∼ 1×10−3–1×10−6 Ω cm
and a positive temperature coefﬁcient of ρ, typical
of a conventional metal. In fact, the ρ – T variation
of ReO3 resembles that of Cu-metal at ambient
and low temperatures. While SrMoO3 and ReO3
are ‘electronic’ metals, LaCuO3 is a ‘hole’ metal,
indicating that holes are the charge carriers.

Insulators

Semiconductors

LiTaO3
CaTiO3
LaAlO3

LaVO3
LaMnO3
La(Ni3/4, Mo1/4)O3

Fast Ionic Conductors
Li+: (La2/3 -x Li3x1/3-2x)
(Ti4+)O3, x=0.05
H+: BaCeO3
O2-: (La, Sr)(Ga, Mg)O3
Ferro- and antiferroelectric Insulators
BaTiO3
LiNbO3
PbTiO3
'PLZT'
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3.2 Superconductors
Superconductivity is the phenomenon exhibited
by a material in which the resistivity drops to
zero (immeasurably small value) below a temperature called the critical temperature Tc . As
early as 1975, the compound Ba(Pb3/4 , Bi1/4 )O3
with the perovskite structure was shown to
be a superconductor with a Tc of 13 K. The
discovery of high-temperature superconductivity (HTSC) in the copper containing perovskite
(Y1/3 Ba2/3 )CuO3−δ (YBa2 Cu3 O7 : YBCO) in 1987
with a Tc of 90 K led to an unprecedented research
activity in the search for materials with a still
higher Tc in the oxide systems. As a result, the

Paramagnets
Eu2+Ti4+O3
La3+Ho3+O3

Bi (multi)ferroics
BiBO3,
B=Cr,Mn,Fe
AMnO3,
A=Y, Ho, Er
YCrO3

Metals
ReO3
NaxWO3, x<1
CaMoO3
LaNiO3
(Na1/4,Cu3/4)RuO3

Superconductors

Antiferromagnets
CaRuO3
LaFeO3
BiFeO3

Ferromagnets
SrRuO3
(La,Sr)MnO3
BiMnO3
La(Ni1/2Mn1/2)O3

CMR (GMR)
perovskites
(La,Sr)MnO3
Sr2(Fe,Mo)O6
Sr2(Cr,Mo)O6
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Ba(Pb,Bi)O3
(Y,Ba2)Cu3O7
(YBCO)
(Ba,K)(Bi)O3

Optical and
electrooptics
LaAlO3
LiNbO3
LaInO3
'PLZT'

LaTiO3 (M) LaVO3 (SC) LaCrO3(SC) LaMnO3(SC) LaFeO3(SC) LaCoO3(SC→M)
LaNiO3(M) LaCuO3(M) LaRuO3 (M) LaRhO3(SC)
SrTiO3(SC) SrVO3(M) SrCrO3(M) SrFeO3(M) SrCoO3(M) SrRuO3(M)
[M = metal; SC = semiconductor or Insulator]
Fig. 4. Physical properties of oxide perovskites with examples. Variation in the electrical properties of LaB3+ O3 and SrB4+ O3
perovskites as a function of the B ion (3d- and 4d-transition elements) are also shown.
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Bi-containing perovskite (K, Ba)BiO3 was found
to be a 30 K superconductor (Fig. 4).
3.3 Magnetically Ordered Perovskites
By virtue of the presence of unpaired d- or felectrons in the ABO3 perovskites, they exhibit
paramagnetism at ambient temperature. Examples are Eu2+ Ti4+ O3 and La3+ Cr3+ O3 . On the
other hand, compounds like LaTi3+ O3 , LaNi3+ O3
and LaRu3+ O3 show temperature-independent
paramagnetism (Pauli paramagnetism) due to
the delocalised electrons in the conduction band.
Magnetically ordered state can be realised in
many perovskite oxides below a certain temperature. Thus, antiferromagnetism (perfectly antiparallel alignment of the spins below the Neel temperature, TN ), ferromagnetism (perfectly parallel alignment of the spins below the Curie temperature, TC ) or ferrimagnetism (uncompensated
antiparallel alignment of the spins below the
Curie temperature, TC ) are realised in ABO3
depending on the nature of A and B ions, as
shown in Fig. 4.
3.4 Ferroelectrics and Antiferroelectrics
The compounds BaTiO3 , PbTiO3 , (Pb, La)(Zr,
Ti)O3 (PLZT), Pb(Mg1/3 Nb2/3 )O3 (PMN) and
(Ca1/4 Cu3/4 )TiO3 are examples of perovskite
oxides exhibiting high dielectric constants (ε ∼
500–10,000) and low dielectric loss at ambient
temperature and at a frequency of 1 kHz. Compositions of PLZT and other solid solutions can
be tuned to obtain ε with low temperaturecoefﬁcient. BaTiO3 , PbTiO3 and LiNbO3 are ferroelectric, whereas PbZrO3 and NaNbO3 are antiferroelectric and show a Curie temperature TC
above which the ferroelectric or antiferroelectric
property disappears and the compounds become
simple paraelectrics obeying the Curie–Weiss law.
A special class of substituted perovskites like
PMN or Pb(Ni1/3 Nb2/3 )O3 or Pb(Fe1/2 Nb1/2 )O3
are called ‘relaxor’ ferro- or antiferroelectrics
and show extraordinarily high ε at 300 K and
differ non-trivially in their hysteresis and frequency behaviour with respect to temperature
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in comparison with ‘normal’ ferro- or antiferroelectrics. Many of the above compounds are also
‘ferroelastic’ (change of polarisation is accompanied by a change in the shape) by virtue of
the non-centrosymmetric crystal structure. The
above electroceramics are extensively used as
capacitors, microwave dielectrics, piezoelectric
transducers, PTC resistors, optical sensors and
modulators, pyroelectric and second harmonic
generators, and ferroelectric random access memory (FERAM) devices.
It may be mentioned that the present trend in
this area is to ﬁnd compounds without the toxic
Pb. The Bi3+ ion is a highly polarisable ion due
to the 6s2 electronic conﬁguration. In combination
with other polarisable ions like Ti, Nb and Ta, it
will be of interest to study the dielectric properties of perovskites, Ba(Bi1/2 B1/2 )O3 , B = Nb and
Ta.
3.5 Biferroics and Multiferroics
Mixed oxides exhibiting two or more properties of magnetic ordering and ferroic (ferroelectric or ferroelastic) ordering in the same phase
are called biferroics or multiferroics. Many examples of biferroics are known in the perovskite
oxides: antiferromagnetism and ferroelectricity
are shown by BiFeO3 , BiCrO3 (high-pressure synthesis), HoMnO3 , YMnO3 and YCrO3 . Almost
always, TN < ferroelectric-TC in them. Ferromagnetism and ferroelectricity are shown by
BiMnO3 (high-pressure synthesis or specialty
ﬁlms) (Fig. 4). Thus, magnetoelectric effect
(induction of electrical polarisation by a magnetic
ﬁeld and induction of magnetisation by an electric ﬁeld) is possible in these oxides, which can be
exploited for practical applications.
3.6 Colossal Magnetoresistance (CMR)
and Giant Magnetoresistance (GMR)
Oxides
Compounds (or alloys) that show very large
change in the resistivity under an applied
magnetic ﬁeld are called CMR or GMR
oxides. The discovery, in 1994, of CMR in the
ferromagnetic–metallic system (La, Sr)MnO3
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with the perovskite structure generated enormous interest in the mixed-oxide systems. As a
result, another ferromagnetic–metallic perovskite
oxide Sr(Fe1/2 ,Mo1/2 )O3 has been found to show
the CMR property in 1998 (Fig. 4). Since both
Sr2+ and Eu2+ ions have almost identical ionic
radius, it will be of interest to examine the effect
of the seven f-electrons on the CMR in the system,
(Sr1−x Eux )(Fe1/2 ,Mo1/2 )O3 (x ≤ 1.0).

have high melting points and can be used as substrates for the deposition of ﬁlms of other perovskites ABO3 with minimum lattice-mismatch.
It will be of interest to note that the cubic
Ba(Mg1/3 ,Ta2/3 )O3 (BMT) is one of the most
refractory mixed oxide known, with a congruent
melting point 2900–3100◦C.
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3.8 Fast (Super) Ionic Conductors
3.7 Optical Properties
Perovskite oxides of the type LaBO3 , B =
Al, Ga, In, Y, Ho and Lu have band gap energies,
Eg > 3 eV and are thus transparent in the visible region (colourless). However, when they are
doped with small amounts of transition metal
ions like Ti3+ or Cr3+ , they act as laser hosts.
Similarly, Eu3+ and Eu2+ ion-doped LaBO3 , B =
Al, Ga, In, Y, are excellent red and blue phosphors (conversion of uv/X-rays into visible light),
respectively. Compounds like LaAlO3 and LaYO3

High-εε ceramics, piezotransducers, PTCRs,
FERAM
BaTiO3
(LaxBa1-x)TiO3
‘PLZT'
(PbxBa1-x)ZrO3
LiNbO3
(Ca2+1/4Cu2+3/4)Ti4+O3

Compounds that show large conductivity, σ (=
1/ρ, where ρ is the resistivity) by virtue of ionic
motion in them are called ‘fast (super) ionic conductors’ or ‘solid electrolytes’. ‘Mixed conductors’ are those that have large electronic and
ionic conductivity at temperatures of interest (25–
700◦ C) (e.g., YBCO, (La,Ba)(Co,Fe)O3). Ionic conduction in a solid is very much facilitated if
the mobile ion has a charge of unity and there
exist a large number of vacancies in the crystal
lattice. Thus, fast ion conductors based on H+ ,

Electric heating
elements
(SrxLa1-x)CrO3
( SrxLa1-x)FeO3

Laser hosts,
Phosphors, Substrates
LaAlO3 , YAlO3,
LaInO3, La(Mg,Ta)O3

Li- and Li-ion
Batteries
Electrolyte:

Solid oxide fuel cells
(SOFCs)

(Sr,Li)(Zr,Ta)O3;
(La,Li)(Ti)O3

Electrolyte:
(Sr,La)(Mg,Ga)O3-δ
Electrodes: La(Fe,Co)O3 ;
La(Mn,Co)O3 ;La(Mg,Mo)O3

Anode: CaSnO3;

Electrodes

Catalysts for CO oxidation
and NOx reduction
(PbxLa1-x)MnO3
Ba2LaRuO6

Photoanodes for solar
energy conversion
SrTiO3; BaTiO3;YFeO3
LuRhO3

Oxygen
electrodes/Membranes
(SrxLa1-x)CoO3
LaNiO3; La(Fe,Co)O3 ;
La(Mn,Co)O3

Cathode:

(La1/3,2/3)NbO3
(= vacancy)

Gas Sensors for
NOx / SO2
BaSnO3

Bubble
domain
devices
LnFeO3

Fig. 5. Some applications of perovskite oxides.
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Li+ and O2− ions have been extensively studied
over the years in view of their practical applications as sensors and solid electrolytes for fuel cells
and batteries (Fig. 4). The A-site deﬁcient perovskites, (La(2/3)−xLi3x (1/3)−2x )(Ti4+ )O3 and
(Srx Liy z )(Zr,Ta)O3 ,  = vacancy, are Li-fast
ion conductors with σionic (at 300 K) ∼ 1× 10−3
–1 × 10−4S cm−1 . The latter compound can be
used as a solid electrolyte for all-solid-state Libatteries. Protonic (H+ ) conduction at high temperatures (> 873 K) has been established in
the perovskites, BaCeO3 and Sr(Ce,Yb)O3 in
an H2 O-environment. The O-site deﬁcient perovskites, (La,Sr)BO3−δ, B = Al, Ga, have attracted
attention as possible oxide-fast ion conductors
from a long time. The optimized composition,
(La0.8 ,Sr0.2 )(Mg0.17 ,Ga0.83 )O3−δ has been found to
show σionic ∼ 0.03 – 0.17 S cm−1 in the range 600–
800◦ C. This enabled its use as a solid electrolyte in
the operation of intermediate-temperature solid
oxide fuel cells (SOFCs).
4 Applications
As mentioned earlier, the use of BaTiO3 as a
high ε-capacitor ushered in an era of exploitation

of perovskite oxides for a variety of practical
applications. These range from device elements through oxidation–reduction catalysts,
laser hosts, gas sensors, solar energy converters to fuel cells and rechargeable batteries. The
transition metal and its electronic conﬁguration,
which is stabilised in the perovskite structure,
plays a crucial role. Representative materials used
in various applications are shown in Fig. 5. The
list of perovskite-related phases and the variety
of applications is growing with the novel methods that have been devised to make nanophases
of perovskite oxides and the advent of nanotechnology.
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Conference Report
ICMAT 2005 and IUMRS – ICAM 2005
The International Conference on Materials for
Advanced Technologies (ICMAT 2005) and the
9th International Conference on Advanced Materials (ICAM 2005) were held during 3–8 July,
2005 in Singapore as part of a continuing series
of biennial conferences. The above conference
was organised by Materials Research Society
of Singapore (MRS-S) in association with the
National University of Singapore (NUS), Institute
of Materials Research and Engineering (IMRE)
and Nanyang Technological University (NTU).
The year 2005 was the centennial year of NUS and
hence the conference was of special importance.
The conference had plenary lectures delivered
by the following Nobel Laureates:
• Steven Chu (Lawrence Berkeley Natl. Lab.,
USA) on ‘Miniaturization in Biology’.
• Carl E. Wieman (Univ. Colorado, Boulder, CO,
USA) on ‘Dilute Gas BEC: A Very Novel Quantum Material‘.
• Roald Hoffmann (Cornell Univ., Ithaca, NY,
USA) on ‘Waiting to be Made’.
In addition, there were ﬁve more plenary lectures delivered by the following distinguished
scientists:
• Subra Suresh (MIT, USA) on ‘Materials Science
Approaches for Cell Biology and Human Disease State’.
• CNR Rao (JNCASR, India) on ‘Chemical Routes
to Nanomaterials’.
• Bernard Raveau (ENSICAEN, France) on ‘The
Future of Oxides as Functional Materials’.
• Masuo Aizawa (Tokyo Inst. of Technol., Japan)
on ‘Bio-Nanotechnology/Nano-Biotechnology
Challenges for Intelligent Materials and Systems’.
• Chenming Calvin Hu (Univ. of Calif., Berkeley,
USA) on ‘The Roles of New Materials in Future
CMOS Technology’.
There were three Theme lectures by:

Volume 1 • No.1 • July–Sept, 2006
• Paul C.W. Chu (Hong Kong Univ. of Sci. &
Technol., Hong Kong) on ‘What Does Nanotechnology Have Anything to do with High
Temperature Superconductivity Science and
Technology?’.
• Denis Fichou (CEA-Saclay, France) on
‘Building-up Supramolecular Self Assemblies on Surfaces: Towards Molecular Nanoelectronics’.
• Teruo Okano (Tokyo Women’s Medical Univ.,
Japan) on ‘Cell Sheet Technology-A New Revolutionary Tool for Tissue Engineering’.
• The IUMRS Somiya award lecture was delivered by Zenji Horita (Kyushu Univ., Fukuoka,
Japan). The award was won by Prof. Horita
for his research collaboration involving a team
whose members are drawn from at least two
continents.

Conference: Report

July 29, 2006

The Nobel Laureates also delivered the
following Public Lectures as part of the NUS Centennial Public Lecture Series at the NUS Cultural
Center:
• Steven Chu on ‘Molecular Biology and Nanotechnology’.
• Carl E. Wieman on ‘Bose–Einstein Condensation, Quantum Weirdness at the Lowest Temperature in the Universe’.
• Roald Hoffmann on ‘Chemistry’s Essential Tension: The Same and Not The Same’.
These public lectures were well attended
by conference participants and general public, including students from Universities, Junior
Colleges and Polytechnics. These lectures were
indeed popular and easily understandable.
The conference banquet and a three-day exhibition by 50 vendors and equipment manufacturers were some of the other highlights of the conference.
In addition to plenary, public and theme
lectures, there were 25 symposia covering the
frontier areas of materials science, engineering
and technology. The symposia covered topics
like Biomaterials and Devices, Magnetic Materials, Polymeric and Hybrid Materials, Porous
Materials, Ceramics, Electromagnetics, Energy
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related Materials and Devices, Photonics, MEMS,
Interfaces, Semiconductors, Ecomaterials, Nanomaterials and Devices, and Education in Materials Science, Engineering and Technology. There
were 2250 delegates from 56 countries who presented more than 2000 papers at the conference.
Singapore, Japan, China, India, Korea and USA
had the largest contingent. More than 800 poster

papers were presented during three days of the
conference. One poster from each symposium
was selected for the Best Poster award. The latter
consisting of a cash prize, a certiﬁcate and an invitation to the banquet were presented at the conference banquet. Highlights of some of the symposia
that were held are given here.

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 year 2006
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-in-charge:
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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In Symposium A on ‘Advanced Biomaterials’, experts form three main continents USA,
Europe and Asia, met and discussed the latest
trends in biomaterials and tissue engineering.
Prof D.F. Williams (Editor-in-Chief, ‘Biomaterials’) gave the opening keynote on the issue of biocompatibility of biomaterials; Prof A. Hoffman,
who many may recall, has been known as the
‘grandfather of polymeric biomaterials’ spoke on
new smart polymers for micro ﬂuidic devices that
could selectively conjugate proteins by simply
changing the temperature; Prof T. Okano (Tokyo,
Japan), who many will know as the champion for
the ‘cell sheet technology’, gave an outstanding
theme lecture and inspired the audience with the
many clinical successes, especially in cornea tissue engineering; Prof A. Mikos (Co-Editor, ‘Tissue Engineering’) gave further insights into what
are the new trends in scaffolds for tissue engineering; Prof K. Leong (John Hopkins, USA) illuminated the audience on the vast opportunities
in nanoﬁber technology. . . . and many more others, from Prof Y. Tabata, Kyoto Univ., Japan (on
growth factors and drug delivery systems) to
Prof. S. Best, Univ. of Cambridge, UK (on bioceramics), not to mention some very outstanding clinical papers, for example, by Prof T.C.
Lim, NUS, Singapore, on the clinical success
of Singapore scaffold platform technology that
has beneﬁted more than 20 patients in cranium
bone regeneration. The symposium also attracted
many papers on surface modiﬁcations and the
new area, nano-biotechnology.
In Symposium B, the interfacial interactions at
molecular and nanometer scale were discussed.
This topic is truly of multi-disciplinary interest,
and has continued to be the focus of contemporary research in chemistry, biology, physics,
materials and surface sciences. In this symposium, researchers of all these seemingly different
ﬁelds were brought together to exchange ideas
on the fundamental issues encountered on interfaces. In the area on surface science, S.F. Bent
(Stanford Univ., USA), F. Rochet (Univ. Pierre
et Marie Curie, France) and J. Yoshinobu (Univ.
of Tokyo, Japan) presented their recent studies of interfacial interactions between organic
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molecules and semiconductor substrates. When
interface chemistry meets with nanoscience, X.
Peng (Univ. of Arkansas, USA) discussed the
vital role of ligand monolayer on the surfaces of
nanocrystals; X.Y. Zhu (Univ. of Minnesota, USA)
described their recent efforts in the understanding of ‘molecule/metal’ interfaces in assembly
structures; and J. Hrbek (Brookhaven Natl. Lab.,
USA) discussed the manipulation of nanoparticle growth on surfaces. In the area of bionanotechnology, biologically functionalized surfaces were fully introduced from the aspects
of applications, the immobilizing technique of
protein microarrays, etc., to some recent developments in surface biochemistry for genomics,
proteomics and personalized medicine.
Symposium C (Biomedical Devices and
Instrumentation) covered frontier areas of materials research, device design and processing technologies for biomedical applications. It brought
together medical device designers, manufacturers, researchers and representatives from practicing medical community under one banner
and discussed the current and future technology
needs to promote the biomedical industry across
the globe. Most of the scientiﬁc presentations
stressed the importance of simple, cost-effective,
portable or disposable and reliable microdevices,
targeting immediate applications in life sciences.
The journal ‘Biomedical Microdevices: BioMEMS
and Biomedical Nanotechnology’ has agreed to
publish the papers from this symposium.
In Symposium E on Mechanical Behaviour of
Nano- and Micro-Scale Systems, frontier topics
of research in various aspects of mechanical
behaviour of nano- and micro-scale systems and
advanced materials were considered. The areas
discussed include: the development and application of the instrumented indentations; theoretical,
numerical or atomistic modeling of mechanical
behaviour of materials; micro-/nano-mechanics
of materials; biomechanics and biomaterials; thinﬁlm mechanical behaviour; and the mechanical
behaviour of advanced materials. The symposium also covered issues related to advanced
materials such as single-crystal silicon, metallic
alloys, carbon nanotubes, polymeric composites,
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thin-ﬁlms or multilayers, microelectronic materials such as lead-free solder materials, metallic glass, MEMS and NEMS, bio- and nanostructured materials. In mechanical aspects,
the topics of contact mechanics, ﬁnite element
simulation, molecular dynamics simulation, fracture and deformation, fatigue, viscoelasticity, and
strength of nano-structured materials were covered. Recent developments and application of

instrumented indentation in various industrial
areas were also discussed and presented in various talks. Applications of carbon nanotubes were
also discussed. Almost 100 participants from 18
countries attended the symposium, which had 19
invited talks, 47 contributed papers and 36 poster
papers. The accepted papers will be published as
a special issue of the ‘Materials Science and Engineering A’.

ICMAT 2005 – LIST OF SYMPOSIA AND CHAIR PERSONS
Symposium A Advanced Biomaterials
Chair: TEOH Swee-Hin National University of Singapore (NUS), Singapore
Co-Chairs: KHOR Khiam-Aik Nanyang Technological University (NTU), Singapore • Teru OKANO Japan
• S RAMAKRISHNA NUS, Singapore • Ram SASISEKHARAN USA • David F WILLIAMS UK

Symposium B Chemical and Molecular Modiﬁcation of Interfaces
Chair: XU Guo Qin NUS
Co-Chairs: CHAN Sze On, Hardy NUS • CHIN Wee Shong NUS • LI Jinghong China
• Hisakazu MIHARA Japan • YAO Shao Qin NUS

Symposium C Biomedical Devices and Instrumentation
Chair: Victor SAMPER Institute of Bioengineering and Nanotechnology (IBN), Singapore
Co-Chair: Santhiagu EZHILVALAVAN IBN

Symposium D Magnetic Nanomaterials and Devices
Chair: Adekunle ADEYEYE NUS
Co-Chairs: William F. EGELHOFF, Jr. USA • Ko MIBU Japan • WU Yihong NUS

Symposium E Mechanical Behaviour of Nano- and Micro-scale Systems
Chair: Kaiyang ZENG NUS
Co-Chairs: Zhong CHEN NTU • Ming DAO USA • Upadrasta RAMAMURTY India
• Yong-wei ZHANG NUS

Symposium F Nano-Optics and Microsystems
Chairs: J.M. MIAO NTU
A.Q. LIU NTU
Co-Chairs: Karlheinz BOCK Germany • P. FRENCH The Netherlands • P. D. FOO Institute of
Microelectronics (IME), Singapore
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Symposium G Nanodevices and Nanofabrication
Chair: ZHANG Qing NTU
Co-Chairs: Bill MILNE University of Cambridge, UK • Sean O’SHEA Institute of Materials
Research & Engineering (IMRE), Singapore • YOON Soon Fatt EEE, NTU, Singapore • ZHOU Wei NTU

Symposium H Silicon Microelectronics: Processing to Packaging
Chair: Subodh MHAISALKAR NTU
Co-Chairs: N. BALASUBRAMANIAN IME
• Ehrenfried ZSCHECH Germany

• LU Toh-Ming USA

• ZHANG Dao-Hua NTU

Symposium J III–V Semiconductors for Microelectronic and Optoelectronic
Applications
Chair: K. RADHAKRISHNAN NTU
Co-Chairs: Alain CAPPY France • Sebastian LOURDUDOSS Sweden
• NG Geok Ing NTU
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• Dimitris PAVLIDIS USA

Symposium K SiC and Related Materials
Chair: Rusli NTU
Co-Chairs: C.C. Tin USA • H. Matsunami Japan • E. Janzén Sweden • P.C. LOH NTU

Symposium L Materials Physics at Interfaces
Chair: N. CHANDRASEKHAR IMRE
Co-Chairs: Chris BOOTHROYD IMRE • Venkatesh NARAYANAMURTI USA
• Stuart S.P. PARKIN USA • J. Campbell SCOTT USA

Symposium M Photonic Materials and Devices
Chair: CHIN Mee-Koy NTU
Co-Chairs: CHIA Ching-Kean IMRE • OOI Boon-Siew USA • Kantisara PITA NTU
• TENG Jinghua IMRE

Symposium N ZnO and Related Materials
Chair: Daniel S.P. LAU NTU
Co-Chairs: Masashi KAWASAKI Japan • David C. LOOK USA • Gyu-Chul YI Korea
• Siu Fung YU NTU

Symposium O Functional Ceramic Materials and Thin Films
Chair: John WANG NUS
Co-Chairs: Gregory GOH IMRE • Fred F. LANGE USA • Kiyoshi OKADA Japan • XUE Junmin NUS
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Symposium P Materials for Rechargeable Batteries, Hydrogen Storage and
Fuel Cells
Chair: Ping CHEN NUS
Co-Chairs: B.V.R. Chowdari NUS • G.V. Subba Rao NUS • G.-A. Nazri USA • E. Akiba Japan

Symposium Q Advances in Ecomaterials–Incorporating the 7th International
Conference on Ecomaterials (ICEM7)
Chair: Tim WHITE NTU
Co-Chairs: Cristiano FERRARIS NTU • Kohmei HALADA Japan • Osamu UMEZAWA Japan
• YU Liya NUS

Symposium R Electromagnetic Materials
Chair: LIM Hock NUS
Co-Chairs: Amar BHALLA USA • GAN Yeow Beng NUS

Symposium S Science and Technology of Hybrid Materials
Chair: CHOW Gan-Moog NUS
Co-Chairs: DING Jun NUS • Manoj GUPTA NUS • Lynn KURIHARA USA
• Lawrence KABACOFF USA

Symposium T Novel Porous Materials for Emerging Applications
Chair: ZHAO X.S. George NUS
Co-Chairs: FANG Jiye USA • LIN Jianyi Institute of Chemical & Engineering Sciences, Singapore
• MOU Chung-Yuan Taiwan • Dieter TRAU NUS

Symposium U Polychar-13 Annual World Forum on Advanced Materials
Chair: Witold BROSTOW USA
Co-Chairs: Victor M. CASTANO Mexico • B.V.R. Chowdari NUS • Michael HESS Germany
• Masaru MATSUO Japan • M.P. SRINIVASAN NUS

Symposium V Polymer Nano-Structured Materials
Chair: HE Chaobin IMRE
Co-Chairs: Mark AUCH IMRE
Jingshen Hong Kong

• Wolfgang KNOLL Germany

• SUE Hung-Jue USA

• WU

Symposium W Advanced Materials and Polymers for Defense and
Aerospace Applications
Chair: Rohitkumar H. VORA NUS; USA
Co-Chairs: Darren BERGAN USA • Kenneth GORETTA USA; Japan • LEE Kim Seng DSO
National Laboratory, Singapore • M.P. SRINIVASAN NUS
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Symposium X VASSCAA-3 Third Vacuum and Surface Sciences Conference
of Asia and Australia
Chair: Andrew WEE NUS
Co-Chairs: Alfred HUAN NUS
TOK NUS

• En-Tang KANG NUS

• Masatoshi ONO Japan

• Eng-Soon

Symposium Y Optical Spectroscopic Techniques
Chair: SHEN Ze Xiang NUS
Co-Chairs: Sanford ASHER USA • Wolfgang KIEFER Germany • TEO Kie Leong NUS
• TIAN Zhong Qun China
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Symposium Z Education in Materials Science, Engineering and Technology
Chair: John E.E. Baglin USA
Co-Chairs: B.V.R. Chowdari NUS • P. Goodhew UK • G.V. Subba Rao NUS

Symposium F on Nano-Optics & Microsystems received and hosted international delegates from 23 countries and covered a large
and diversiﬁed ﬁeld of key technologies from
advanced MEMS technologies, nanophotonic
band gap integrated circuits, bio-photonic medical devices to Bio-MEMS. Highlights of the
invited talks included molecular/cellular bionanotechnology for future molecular medicine,
multifunctional microsystems in plastics, very
high aspect ratio micro and nanostructures and
lab-on-a-chip microﬂuidic system for DNA/RNA
extraction. Notably, invited talks such as challenges facing MEMS commercialisation and RF
MEMS without moving parts, were well received
by the participants and provoked much discussion since the marketability of MEMS products
is one of the ultimate aims and RF MEMS without moving parts were unthinkable years ago.
The symposium also drew a huge following
of participants in technical sessions that hosted
advanced and interesting topics such as microﬂuidic chips for protein array and Malaria diagnosis, scanning probe microscopy (SPM) probes
using nano-electromechanical system (NEMS)
technology and high aspect ratio through wafer

copper vertical interconnects for MEMS packaging. Selected papers of this symposium will be
published in a special journal issue of ‘Sensors
and Actuators A: Physical’.
Symposium G on Nanodevices & Nanofabrication provided a big opportunity to meet
scientists and engineers who are studying
nanostructures, nanodevices or developing the
technologies of fabricating the fascinating and
challenging structures and devices. With 13
invited talks, 53 oral presentations and 55 posters
by the participants from 18 countries, the symposium covered almost all important aspects, such
as electronic devices of nanometer/molecular
scales, nanomechanics and NEMS, synthesis and
characterisation of nanostructures, fabrication
technologies for nanodevices and nanostructures,
manipulation and aligning processes at nanometer/molecular scales, quantum phenomena and
modeling of nanodevices and nanostructures, etc.
The qualiﬁed papers presented in the symposium
will be published as a special issue of ‘International Journal of Nanoscience’.
Symposium H entitled, ‘Si Microelectronics:
From Processing to Packaging’, attracted 125 oral
presentations and 68 posters presented by 130
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delegates from various countries. Out of the 160
odd manuscripts submitted to the organising
committee, through a peer-review process, a total
of 90 manuscripts have been selected for publication in the special issue of ‘Thin Solid Films’.
The theme of the Symposium reﬂected the major
areas of research in the ﬁelds of Microelectronics that ranged from nanodevices to nanosystems packaging. Papers covered topics ranging
from nanotechnology, materials, processes, and
design technologies for the sub-90 nm MOS transistors, as well as advanced packaging technologies that would play a crucial role in the realisation of the requirements set forth by the ITRS
roadmap. Broadly speaking, the symposium was
divided into the ﬁelds of Nanodevices & CMOS
processes, Cu Interconnect Materials & Processes,
and Advanced Packaging technologies & reliability. The presentations were organized in two
parallel sessions with the audience drawn across
industry and academia of various disciplines
from Singapore and around the world.
Highlights of the symposium included the
keynote address by Prof. D.L. Kwong of Institute of Microelectronics (IME), Singapore, as
well as addresses by notable experts from IBM,
ST Microelectronics, AMD, Inﬁneon, Sematech,
IMEC, Stanford, ETH Zurich, MIT, Fraunhofer
Institutes, Germany, UT Austin, RPI, Fudan Univ.,
China and other notable Universities from Singapore, USA, China, India, Korea and Japan.
The nanodevices and materials ﬁelds witnessed excellent presentations in the areas of
materials for sub-90 nm node devices, Si/SiGe
on insulator technologies, strained Si, high dielectric constant materials and processes, as well as
novel nanoscaled devices. Presentations in the
Cu interconnect technology areas focused on Cu
plating processes, low-k dielectric materials and
integration, barrier materials, adhesion properties, surface cleaning methodologies, electromigration, dielectric breakdown, and related reliability considerations. The packaging sessions
covered topics ranging from wafer level packaging, Cu wire bonding, Au wire bonding and
reliability phenomena, electromigration in solder

joints, fatigue, creep, mechanical shock and vibration phenomena in solder joints, and ﬁnally relevant aspects of optoelectronics packaging.
This Symposium successfully brought
together a multitude of professionals from various ﬁelds and provided a forum to share, discuss, and advance research and development
in the exciting ﬁeld of micro and nanoelectronics. The organising committee would like to
extend their utmost appreciation to all the delegates, manuscript referees, symposium sponsors, and Elsevier BV in making this Symposium
successful.
Symposium K gave an overview of the current research and development efforts in silicon carbide (SiC) research. The symposium provided new insights into the understanding of
defect structures and defect control; novel device
designs for FETs and IGBTs and their fabrication; crystal growths; and theoretical modeling of material and device properties. A highlight of this symposium was the report of a
bulk crystal growth technique involving repeated
A-face growth followed by C-face growth to
produce wafers with a dislocation density of
< 75 cm−2 , which means that the prospect for
dislocation-free 4H-SiC wafers may not be too
far in the future. Other highlights include papers
on high-temperature CVD technique that could
produce 2 ∼ 3 epitaxial 4H–SiC wafers with
micropipe density < 0.5 cm−2 ; and, production
of free-standing 3C–SiC wafers grown on undulant Si wafers designed to reduce stacking faults
and eliminate antiphase boundaries. This symposium also saw an informative discussion of defect
levels at both oxide–SiC interface and in bulk
SiC to explain the electronic properties of SiO2 –
SiC structure, semi-insulating and degenerately
doped 4H–SiC.
Symposium M on Photonic Materials and
Devices covers a broad range of materials, including III–V and dilute nitride semiconductors,
quantum dots and nanocrystals, oxides and silicon, polymers and organics. A total of 58 oral
papers were presented, including 16 invited
ones.
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Prof. John Marsh of Intense Photonics (UK)
spoke on the use of quantum well intermixing (QWI) for passivating the facets required to
improve the reliability of high power laser diode
arrays. One application is digital printing. Dr. O.
Acher of CEA Li Ripault (France) described signiﬁcant advances in laser cutting of paper for
desktop applications, using a 1-watt laser diode
and a specially formulated ink that absorbs in
the near infrared. QWI has also been extended to
selectively modify the properties of quantum dot
(QD) materials. Prof. Jagadish of Australian Natl.
Univ., Australia, discussed advances in growing
QD on pre-patterned substrates for integrated
optoelectronics. Dr. Mark Hopkinson of Shefﬁeld
Univ., UK, discussed the use of a unique molecular beam epitaxy technique to grow dot-in-well
(DWELL) structure to realize InAs/InGaAs quantum dot lasers at 1310 nm with a low threshold current density of 17 A.cm−2 and an output
power as high as 100 mW. Prof. Charles Tu of
Univ. of California, San Diego, USA, presented a
detailed material study of dilute nitride III–N–V
compound semiconductors, which have garnered
much recent interest because a small amount of
nitrogen can result in a large change in bandgap
and band structure. In particular, incorporating
0.5% of nitrogen in GaP results in a change in the
band structure from indirect to direct, making it
possible to fabricate red LED on transparent GaP
substrate. On the other hand, GaInNP grown on
GaAs has a very small conduction band offset;
thus, GaInNP doped with Si could be an ideal
emitter and collector material for GaAs-based n–
p–n heterojunction bipolar transistors (HBT).
Epitaxy of III–V photonics on silicon can
be used to create a platform capable of not
only higher electron and hole mobilities in one
material, but also integrating optical devices to
increase functionality and improve material performance. This heterogeneous integration was the
subject of presentations by Profs. Eugene Fitzgerald of MIT and Steven Ringel of Ohio State
Univ., USA. Prof Ringel discussed the growth
of GaAs on Si using step-graded SiGe interlayers to accommodate the 4% mismatch in lattice
constants between GaAs and Si. Advances in
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photovoltaics are also enabled by the introduction
of metamorphic multi-junction solar cells. His
group has also achieved the ﬁrst room temperature electrically pumped red laser diodes grown
on Si.
The ﬁeld of organic electronics and LED
also received a signiﬁcant number of papers.
A notable paper was presented by Singh et al.
of Johann Kepler Univ., Austria, on the interfacial effects of trapped charges at the polymeric dielectric–organic semiconductor interface
in organic ﬁeld effect transistor (OFET). They
demonstrated a fullerene-based n-channel OFET
exhibiting an electron mobility of 2.5 cm2 /V s
with on/off ratio in excess of 105 , as well as
a photo-active OFET using a donor–acceptor
blend, i.e., conjugated polymer/fullerene solidstate mixtures, showing a very high ratio of photocurrent to dark current.
In the Symposium N on ZnO and Related
Materials, M. Kawasaki (Tohoku Univ., Japan)
presented an invited talk on ‘p-type doping and
light emitting diode based on ZnO’. Kawasaki’s
group reported the ﬁrst ZnO homo-junction light
emitting diode with ultraviolet emission using
a repeated temperature modulation technique.
This novel technique may lead to ZnO based UV
lasers in the near future. The ferromagnetism in
transition metal doped ZnO remained controversial. K.V. Rao (Royal Inst. of Technol., Sweden)
reported a novel Cu-doped ZnO system which
exhibited ferromagnetism with Tc above 450◦C.
Such a phenomenon observed in ZnO:Cu, which
contains no magnetic transition elements at all, is
rather unusual. The proceedings of this symposium will be published as a special issue of the
‘Journal of Crystal Growth’.
The Symposium P on ‘Materials for Rechargeable Batteries, Hydrogen Storage and Fuel
Cells’ has attracted large participation necessitating parallel sessions, indicating the importance of alternate energy sources and ‘hydrogen
economy’. Lithium ion batteries (LIB) received
great emphasis. Recent developments in the
understanding of the behaviour of second
generation positive electrode (cathode) materials like Li(Nix Mnx Co1−2x )O2 , 0 < x ≤ 0.5,
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modiﬁed LiMn2 O4 and LiFePO4 were discussed. Aspects of the negative electrode (anode)
materials, including graphite, thin ﬁlm silicon,
metal nitrides, phosphides, antimonides and silicides were presented. In addition to the recent
advances in the liquid electrolytes for use in LIB,
considerable attention was paid to the Li-ion solid
electrolytes based on crystalline, amorphous and
glass-ceramics. The highlights were the description of fabrication and testing of all-solid bulk
and micro-LIBs for a variety of applications like,
‘smart cards’.
As part of the Symposium P, the parallel session PB focused on the Hydrogen Energy related
technologies. Emphasis was given to hydrogen
storage and fuel cells. Delegates from the main
players in this area, such as General Motors
and Toyota, researchers from National Laboratories, Institutes and Universities of 13 countries
presented the newest progresses in the related
areas. The technical challenges in the utilization
of hydrogen-based energy, especially in terms of
development of novel solid-state hydrogen storage materials and higher operating temperature
PEMFC, were addressed. The refereed papers of
the Symposium are being published as a special
issue of ‘J. Power Sources’.
Symposium R on Electromagnetic Materials (EM) attracted a total of 65 papers, including 13 invited talks by renowned scientists
and researchers in electromagnetic waves and
materials science. Seven sessions of oral presentations and a poster session were held during the
week-long symposium. Meta-materials or Lefthanded materials featured strongly as a hot topic
of research interests in Symposium R, with active
participations from several of our invited speakers. This class of materials exhibits novel and
unusual electromagnetic properties that could
usher in a new range of possible applications.
Other topics that generated great interest among
the participants of Symposium R were microwave
magnetic materials, electronically tunable dielectric materials and the upcoming nanocomposites.
The Symposium provided a good forum for
researchers in the area of EM materials to interact and exchange ideas during and after the

presentations, with some possible collaborations
being considered. Many participants expressed
interest in the next Symposium on EM materials.
Symposium S Science and Technology of
Hybrid Materials had Prof. Thomas Tsakalakos
(Rutgers Univ., USA) present an invited talk on
multifunctional hybrid materials for biomedical
applications, illustrating the promising potentials
and challenges. Prof. Fred F. Lange (Univ. of
California, Santa Barbara, USA) gave his invited
talk on PDMS (poly-dimethylsiloxane) channel
stamping–patterning ﬁlms and ceramics. Prof. Lei
Ren (Xiamen Univ., China) discussed the bioactive gelatin–siloxane hybrids as tissue engineering scaffold for osteoblast growth and differentiated function. Researchers from many countries
discussed the current state-of-the-art of hybrid
materials. The proceedings of Symposium S will
be published in ‘Solid State Phenomena’.
Symposium T focused on novel porous materials for emerging applications. New designsynthesis strategies for making functional porous
materials with prescribed structural, chemical,
and morphological properties for applications
in energy storage (hydrogen storage, supercapacitors, fuel cells, rechargeable batteries),
bioengineering (drug delivery, immobilization
of biocatalysts, tissue engineering), photonics,
and electronics, and nanotechnology were discussed. Porous materials of various compositions such as silicate, organosilica, silicon, alumina, metal, metal oxide, carbon, polymer, and
metal-organic framework (MOF) as powders,
monoliths, thin ﬁlms, membranes, and nanoparticles were touched. Emphasis was made at the discussion on the state-of-the-art science and technology of fabricating novel organic, inorganic,
organic–inorganic hybrid porous materials with
hierarchical nanoporous architectures, tailoring
pore sizes, and surface functionalities for matching the requirements of the emerging applications. The papers presented at Symposium T will
be published in a special issue of ‘Journal of Materials Chemistry (RSC)’ and ‘Journal of Porous
Materials (Springer)’ after peer review. In addition, ‘Materials Today (Elsevier)’ has decided to
focus its 2006 March issue on porous materials
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with regard to applications in enzymatic and chiral catalysis and electronics.
Symposium U was also the 13th Annual
POLYCHAR World Forum on Advanced Materials (see www.unt.edu/POLYCHAR). In his
invited talk, Roald Hoffmann (Cornell Univ., NY,
USA) discussed compartmentalization of Materials Science. Among other materials, he and his
team work on carbides. Many ceramicists work
on traditional cements and concretes and most
avoid carbides since the latter form chains and
networks. Polymer scientists — who have the
tools to deal with chains and networks — also
stay away from carbides believing that these are
inorganic non-polymeric materials.
The
POLYCHAR-13
Prize
Committee
awarded, among others, the following Prizes:
The Paul J. Flory Polymer Research Award
went ex aequo to: Jung-Il Jin, Univ. of Korea, Seoul,
Korea; R.P. Singh, Univ. of Lucknow, India.
The Carl Klason Award for a Young Investigator went to Dhanjay Dhurry, Univ. of Mauritius,
Mauritius.
The Bruce Hartmann Award for the Best Student Paper went to Ayping Yang, Univ. of Tokyo,
Japan and Shandong Univ., China for the two
papers she had presented, a poster and an oral.
The theme of Symposium V was Polymer
Nanostructured Materials. Recent developments
in the preparation, processing, characterisation
and applications of polymer nanostructured
materials were highlighted. Invited lectures were
given by Dr. Richard Vaia (US Airforce Mater. Res.
Lab., USA) on Polymer carbon nanotube composites; Prof. Wolfgang Knoll (Max Planck Inst.
for Polymer Res. at Mainz, Germany) on Functional Nanoscopic Hybrid Architectures; Prof.
Julius Vancso (Univ. of Twente, The Netherlands)
on Chemistry and Template Fabrication on the
Nanoscale; Dr. Dirk G. Kurth (Max Planck Inst.
of Colloids and Interfaces, Germany) on Functional Materials based on Metallosupramolecular Modules; Dr. Dong Ha Kim (Max Planck Inst.
for Polymer Res. at Mainz, Germany) on Nanostructured Materials Templated by Thin Films
of Block Copolymers and Prof. Wu Jingshen
(Hong Kong Univ. of Sci. and Technol., Hong
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Kong) on Polypropylene/CaCO3 Nanocomposites. Some selected papers will be published in the
‘Journal of Nanoscience and Nanotechnology’.
With the backdrop of resurgent local
economies, unfolding world events, and the
strategic importance of the south-east Asian
region, a symposium devoted to materials
for defence and aerospace (Symposium W:
Advanced Materials and Polymers for Defence
and Aerospace Applications) was held for the
ﬁrst time in the Asia-Paciﬁc region under the auspices of ICMAT 2005. Its timeliness, relevance
and importance was underscored by the participation of delegates from institutions across
the globe — ranging from the armed forces and
defence research laboratories in the USA, contractors in Europe, to representatives from institutions in India, China and Singapore. Sponsored
by the Ofﬁce of Naval Research (ONR) and the
Asian Ofﬁce of Aerospace Res. and Develop.
(AOARD-Tokyo), USA, the symposium was
studded with scintillating keynote and invited
lectures about the state-of-the-art in materials
research over a wide spectrum of areas. The presentations sparked animated discussions among
members of the audience. The keynote speakers
presented excellent synopses of the materials of
the future in the context of evolving and future
defence/security requirements. Dr. Bhakta Rath
of the Naval Res. Lab., Washington, D.C., USA,
spoke on defence materials for the future; Dr. S.
Sivaram from the Natl. Chem. Lab., Pune, India,
highlighted the importance of organic–inorganic
hybrids; Drs. Herb Carlson and Charles Lee, both
from the Air Force Ofﬁce of Scientiﬁc Research,
USA, presented overviews of the research programmes and research on polymeric materials,
respectively, at their institution. A common theme
in many of the presentations was the realization
that composite and hybrid systems — at scales
ranging from macro to nano, would be the way
of the future, providing advantages over many
currently used technologies. The pervasiveness
of nanotechnology was evident from the number
of speakers who specialized in this area.
The symposium provided a forum for intellectually stimulating and engaging interactions
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among the key players. Negotiations are already
under way for collaborative efforts between many
of the participating delegates and institutions.
Symposium X, Third Vacuum & Surface
Science Conference of Asia and Australia,
VASSCAA-3 (Singapore, 3–8 July, 2005) was
organised to create a forum in Asia and Australia to discuss vacuum, surface, and related
sciences, techniques and applications. The conference was ofﬁcially endorsed by the International Union for Vacuum Science, Technique, and
Application (IUVSTA). This conference is organized once every three years, by the vacuum science societies of member countries. The scientiﬁc program covered interesting talks in Surface
Science, Nucleation and Growth, Nanoscience,
Interface Science and Applied Surface Science.
The keynote and invited talks highlighted the latest results in surfaces, interfaces and nanoscale
science. E. Ward Plummer (Tennessee, USA) presented the novel surface phases of correlated
electron materials, and Klaus H. Ploog (Paul
Drude Institute) showed latest results of in situ
studies of epitaxial growth by synchrotron X-ray
diffraction. Stefano Rusponi (EPFL, Switzerland)
talked about magnetism at the nanoscale, and
Z.Q. Qiu (Berkeley, USA) explained the quantum
size effect in ultrathin ﬁlms grown on ferromagnetic substrates. E.G. Wang (CAS, Beijing, China)
presented about adatom diffusion in nanoscale
growth, and Steven G. Louie (Berkeley, USA)
expounded the theory and computation of optical, transport and mechanical properties of nanostructures.
Symposium Y Optical Spectroscopic Techniques covered a wide range of frontier scientiﬁc research and advanced technologies that
utilise spectroscopic characterisations. In modern
advanced materials research and development,
characterisation is as important as fabrication
and a good fundamental understanding often
leads to new discoveries. The electronic properties of semiconductor quantum structures were
reviewed. These 2D, 1D and 0D structures are
vitally important relating to optoelectronic, photonic and biological applications. Use of optical
spectroscopic methods as non-invasive diagnostic

techniques were also presented as well as probing
molecular structures using femto second timeresolved spectroscopy.
Near-ﬁeld scanning optical microscopy that
combines chemical speciﬁc information with
nanometer spatial resolution, surface enhanced
Raman spectroscopy using noble and rareearth metal nanoparticles that allows for single
molecule detection, and latest developments in
optical instrumentation were among the topics
discussed. The presented papers will be published in a special on-line conference issue of
‘Journal of Physics: Condensed Matter’.
Symposium Z Education in Materials Science,
Engineering and Technology. In the course of
some 35 presentations from leading educators in
12 countries, this symposium displayed dynamic
and innovative programs in materials education
at all levels, and included in-depth discussion of
the many challenges faced in sustaining effective programs to meet the fast-changing needs
of the global community. In breakout groups
on the ﬁnal day, highlights for the future were
discussed, in the categories of ‘Global Perspectives’, ‘E-Resources for the Future’, ‘Keeping Programs Current and Compelling’ and ‘Effective
Outreach’.
One recurring topic was the question of how
to effectively handle the exciting but relentless
evolution of new topics such as biomaterials,
green processing, nanotechnology, and soft materials, within the academic structure and time
constraints. Key questions are: Are our programs directed towards graduates headed for
research careers, or industrial careers? Do we
aim to develop science comprehension/literacy
in the non-technical population? Do we focus
on preparing the Renaissance engineer (the Harvard view, impressively articulated by Venky
Narayanamurti)? Should academic degree programs simply extend for enough years to accommodate the new topics? Should there be new
emphasis on ‘Integrated Science’ curricula, as
strongly advocated in the presentation by C.N.R.
Rao? The opinions expressed by the participants
on these and a variety of other key topics will
be reviewed in a Forum Report, to be published

A Quarterly publication by the Materials Research Society of Singapore

10:45

RPS/Trim Size: 8.5in x 11in for MRS-S e-newsletter

072006

MRS-S OUTLOOK

Volume 1 • No.1 • July–Sept, 2006

as part of the ‘Symposium Proceedings’ in a special issue of the ‘Journal of Materials Education’.
These Proceedings will reﬂect the excitement,

progress and current challenges in the dynamic
ﬁeld of Materials Education.

Forthcoming Conferences
IUMRS–ICA-2006
10–14 September 2006
Jeju, Korea

List of Symposia

Conferences: Forthcoming

July 29, 2006

• Electronic Material Processing and Fabrication
• Development of Functional Materials
• Energy and Environmental Materials
• Nano and Structural Materials
• General

For further information and correspondence:
Prof. Hyeongtag Jeon
Div. of Mater. Sci. & Engg.,
Hanyang University, Seongdong-gu,
Seoul 133-791, Korea
E-mail: ica2006@hanyang.ac.kr

12th International Conference on
High Temperature Materials Chemistry
18–22 September 2006
Vienna, Austria
For further information and correspondence:
Prof. Dr. Adolf Mikula
E-mail: Adolf.Mikula@univie.ac.at
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Advanced Polymers for Emerging Technologies
10–13 October 2006
Busan, Korea
For further information and correspondence:
Prof. Sung Chul Kim
Dept. of Chem. Engg., KAIST
Daejeon, Korea
E-mail: kimsc@kaist.ac.kr

IUMRS–ICAM-2007
8–13 October 2007
Bangalore, India

21 Symposia covering various aspects of
Materials Science, Engineering and Technology
For further information and correspondence:
Prof. S.B. Krupanidhi (Chair) and Prof. K.T. Jacob (Co-Chair)
IUMRS-ICAM Secretariat, MRSI
Indian Institute of Science Campus
Bangalore 560 012, India
E-mail: svsmrsi@physics.iisc.ernet.in

MRS-S Activities: Past, present and future (Continued from Page 1)

Highlights of previous MRS-S National Conferences

Year 2004

(6 August 2004)

• 20 Invited Talks • 130 Poster Papers • 4 Best Poster Awards
Year 2006

(18–20 January 2006)

• Includes the Symposium on ‘Physics and Mechanics of Advanced Materials
• 60 Invited Talks • 200 Poster Papers • 1 Public Lecture • 5 Best Poster Awards
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