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Ø MRS-S Activities: Past, Present and Future

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 recently sponsored 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 its president, B. V. R. Chowdari has been promoted
as full Professor at the Physics Department, in the Faculty of Science of National
University of Singapore. He also holds the positions of Executive Co-ordinator for the
GEM4 (Global Enterprise for Micro-mechanics and Molecular Medicine) and Executive
Director, IRI (India Research Initiative), at NUS. Prof. Chowdari also chaired all the
ICMAT-series of Conferences.

MRS-S is pleased to learn that the “MRS-S Gold Medal Academic Year 2006–2007”
of NTU has been awarded to the best outgoing student, Miss Peng Yan (G01156711). Our
congratulations to her, and wish all the best in her future academic career.

ICMAT2007, incorporating GEM4 Conference on Cancer was held during 1–6 July
2007 in Singapore. More than 2050 delegates from 44 countries attended the Conference.
There were 9 Plenary and 2 Theme Lectures delivered by distinguished scientists, includ-
ing three Nobel Laureates. There were 18 (plus 6 of GEM4) Symposia covering various
aspects of the frontier areas of Materials Science, Engineering, and Technology. The
Symposia were held as parallel technical sessions, and included Keynote, Invited, Oral,
and Poster presentations. There were 41 exhibitors who showcased their products and
services. Two Public Lectures were delivered by two Nobel Laureates in one of the
evenings. 25 Best poster awards were given away on the last day of the Conference.
Details of the latter are given in the following pages.

“Meeting Scene Highlights” were provided on all the days of the Conference by
Gopal Rao and Michael Driver (MRS, USA). Consisting of salient features of the presen-
tations, along with impressive photographs of the selected topics and people, these
every-day “Highlights” of the Conference were promptly e-mailed to all the delegates,
and all the IUMRS members world-wide. No doubt the “Highlights” received the well-
deserved kudos from all the members of the Materials community.

For online archives of the “Meeting scene highlights” of ICMAT2007, 
see: http://www.mrs.org/s_mrs/sec.asp?CID=9522&DID=198343

MRS-S will be organizing the third “National Conference in Materials Science &
Engineering” in February 2008. 

ICMAT2009 will be held in July 2009 in Singapore.
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MRS-S Executive Committee
(For 2006–08)

President
B.V.R. Chowdari, NUS

Founding President
Shih Choon Fong, NUS

Vice Presidents
Lim Seh Chun, NUS
Freddy Boey, NTU

Secretary
Lam Yeng Ming, NTU

Joint Secretary
Chia Ching-Kean, IMRE

Treasurer
Ramam Akkipeddi, IMRE

Joint Treasurer
Feng Yuan Ping, NUS

Members
Ding Jun, NUS

Liu Ai Qun, NTU
Liu Bin, NUS

Lu Chun, IHPC
Patrick Poa Chun Hwa, IMRE

Shen Ze Xiang, NTU
G.V. Subba Rao, NUS
Teo Kie Leong, NUS

Tim White, NTU
J.J. Vittal, NUS

Honorary Auditors
Ajay Agarwal, IME
Gregory Goh, IMRE

NUS: National University of Singapore
NTU: Nanyang Technological University, Singapore
IMRE: Institute of Materials Research & Engineering, Singapore
IHPC: Institute of High Performance Computing, Singapore
IME: Institute of Microelectronics, Singapore

Highlights of Previous ICMAT Conferences

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

Year 2003: 7–12 December, 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 Symposia; 9 Plenary
Lectures; 2 Theme Lectures; 2 Public Lectures by
Nobel Laureates; 2050 Delegates; 25 Best Poster
Awards; 41 Exhibitors.

Highlights of Previous 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 Sym-
posium on ‘Physics and Mechanic of Advanced
Materials’; 60 Invited Talks; 200 Poster Papers; 1
Public Lecture; 5 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 con-
tained 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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Best Poster Awards of the ICMAT2007 Conference,

held in Singapore during 1–6 July 2007

Symposium Title A-Advanced Functional materials
Poster A-5-PO25
Authors M. V. Baker, D. H. Brown, Y. S. Casadio, T. V. Chirila and H.-B. Kraatz
Affiliation, Country The University of Western Australia, Australia; University of Queensland,

Australia; University of Saskatchewan, Canada
Title of the Paper Preparation and Characterization of the Degradation Behavior of

Phema-Peptide Conjugate Sponges by Photoinitiated Phase-Separation
Polymerisation

Symposium Title C-Biofunctional Materials: From Understanding to Design
Poster C-7-PO20
Authors Yang Li, N. Du, X. Y. Liu and X. T. Tao
Affiliation, Country National University of Singapore, Singapore; Shandong University, China
Title of the Paper Model of the Beta-Crystal Formation in Aqueous Regenerated Bombyx

Mori Silk Fibroin Solution

Symposium Title D-Semiconductor Photonics: Nanostructured Materials and Devices
Poster D-7-PO121
Authors Q. L. Gu, C. C. Ling, G. Brauer, W. Anwand and W. Skorupa
Affiliation, Country The University of Hong Kong, Hong Kong, China; Institut fur

Lonenstrahlphysik und Materialforschung, Germany
Title of the Paper Electrical Characterizations of Deep Levels in N+-Implanted ZnO Single

Crystal

Symposium Title D-Semiconductor Photonics: Nanostructured Materials and Devices
Poster D-7-PO2
Authors F. Schulze, J. Bläsing, A. Dadgar, T. Hempel, A. Krtschil, A. Diez, J. Christen

and A. Krost
Affiliation, Country Otto-von-Guericke-University, Germany; AZZURRO Semiconductors AG,

Germany
Title of the Paper GaN-Based Devices on 150 Mm Si(001) Substrate Grown by MOVPE

Symposium Title E-Nanodevices and Nanofabrication
Poster E-5-PO86
Authors S. L. Cheng, H. C. Lee, Y. H. Chang and C. H. Chung
Affiliation, Country National Central University, Taiwan
Title of the Paper Growth Kinetics of Large-Area Single-Crystalline Silicon Nanowire

Arrays on (001)Si
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Symposium Title E-Nanodevices and Nanofabrication
Poster E-5-PO113
Authors C. C. Tan, L. P. Shi, T. C. Chong, R. Zhao, H. K. Lee and M. H. Hong
Affiliation, Country Data Storage Institute, Singapore; National University of Singapore,

Singapore
Title of the Paper Investigation of the Interface Effects of Superlattice-Like

Ge2Sb2Te5/Nitrogen Doped Ge2Sb2Te5

Symposium Title G-Scanning Probe Microscopy in Materials Research
Poster G-7-PO7
Authors L. W. Y. Lui, Y. Y. Tan, K. B. Li, C. H. Sow and S. J. O’Shea
Affiliation, Country Institute of Materials Research and Engineering, Singapore; National

University of Singapore, Singapore; Data Storage Institute, Singapore
Title of the Paper Detection of Ferromagnetic Particles Using Spin Valve Sensors

Symposium Title H-MEMS Technology and Devices
Poster H-7-PO54
Authors Hong Cai, X. M. Zhang, A. Q. Liu and Q. X. Zhang
Affiliation, Country Nanyang Technological University, Singapore
Title of the Paper A Micromachined Dual-Wavelength Tunable Laser

Symposium Title J-MEMS Technology and Devices
Poster J-10-PO35
Authors H. Kudo, T. Yagi, M. X. Chu, H. Saito, K. Otsuka, Y. Iwasaki and

K. Mitsubayashi
Affiliation, Country Tokyo Medical and Dental University, Japan
Title of the Paper Enzymatic Glucose Sensor using Phospholipid Polymer based

Immobilization

Symposium Title J-MEMS Technology and Devices
Poster J-10-PO79
Authors G. Mistlberger and I. Klimant
Affiliation, Country Graz University of Technology, Institute for Analytical Chemistry and

Radiochemistry, Austria
Title of the Paper Optimized Magnetic Separation of Chemically Sensitive Microspheres

Symposium Title J-MEMS Technology and Devices
Poster J-10-PO23
Authors H. T. Giang, G. H. Thai, D. T. A. Thu, N. S. Hieu, P. H. Khoi and N. N. Toan
Affiliation, Country Institute of Materials Science, NCST of Vietnam, Vietnam
Title of the Paper CO Gas Sensor based on Nano-Crystalline Perovskite Compounds ABO3
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Symposium Title K-Nanostructured and Bulk materials for Electrochemical Power Sources
Poster K-7-PO48
Authors D. Deng and J. Y. Lee
Affiliation, Country National University of Singapore, Singapore
Title of the Paper Simple Glucose-Assisted Preparation of Nanocrystalline SnO2Core-Shell

Microspheres for High Capacity Lithium Ion Storage

Symposium Title K-Nanostructured and Bulk materials for Electrochemical Power Sources
Poster K-7-PO12
Authors T. L. Nathan and A. Fauzi
Affiliation, Country Universiti Sains Malaysia, Malaysia
Title of the Paper Electrochemical Capacitor based on Nano-Sized Mn2O3 Prepared by a

Novel Solvolysis Route

Symposium Title L-Catalytic Materials and Technologies for a Sustainable Economy
Poster L-4-PO22
Authors P. Hanys, T. Mori, M. Takahashi, V. Nehasil and V. Matolin
Affiliation, Country National Institute for Materials Science, Japan; Charles University, Czech

Republic
Title of the Paper Study of Rh Doped SnO2 Nano-Catalyst for Low Temperature CO

Oxidation

Symposium Title M-New Routes to Inorganic Materials, Films, and Nanocrystals
Poster M-7-PO2
Authors Jency Thomas and A. Ramanan
Affiliation, Country Indian Institute of Technology, India
Title of the Paper Nanostructured Phosphomolybdates

Symposium Title M-New Routes to Inorganic Materials, Films, and Nanocrystals
Poster M-4-PO56
Authors J. W. Li, T. Watanabe, H. Wada, T. Setoyama and M. Yoshimura
Affiliation, Country Tokyo Institute of Technology, Japan; Mitsubishi Chemical Group Science

and Technology Research Center, Inc., Japan
Title of the Paper Synthesis of Red-Emitting CaAlSiN3 Nanopowders at Low

Temperatures (less than 800◦C)

Symposium Title M-New Routes to Inorganic Materials, Films, and Nanocrystals
Poster M-7-PO36
Authors I. F. Li and C. S. Yeh
Affiliation, Country National Cheng Kung University, Taiwan
Title of the Paper The Polymorphs Gd2O(CO3)2 H2O and the Corresponding Gd2O3

Positive Nano-Contrast Agents
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Symposium Title M-New Routes to Inorganic Materials, Films, and Nanocrystals
Poster M-4-PO47*
Authors T. Lu, Y. T. Han and J. J. Vittal
Affiliation, Country National University of Singapore, Singapore
Title of the Paper Synthesis of Bi2S3 Nanocrystals with Various Morphologies via Single

and Multiple Source Approach

Symposium Title N-Synchrotron Radiation for Making and Measuring Materials
Poster N-10-PO1
Authors S. Kim, M. C. Kim, Y. M. Park, S. H. Choi, K. J. Kim, H. N. Hwang and

C. C. Hwang
Affiliation, Country Kyung Hee University, Korea; Korea Research Institute of Standards and

Science, Korea; Pohang University of Science and Technology, Korea
Title of the Paper Synchrotron-Radiation Photoemission Spectroscopy of Si

Nanocrystals/SiO2 Interfaces Fabricated by Ion Beam Sputtering and
Annealing

Symposium Title O-Frontiers in Computational Materials Science
Poster O-4-PO34
Authors O. Warschkow, S. R. Schoeld, N. A. Marks, M. W. Radny, P. V. Smith and

D. R. McKenzie
Affiliation, Country The University of Sydney, Australia; The University of Newcastle, Australia
Title of the Paper Water Dissociation on the Silicon (001) Surface: Taking a Close Look at

Inter-Dimer Reactions

Symposium Title O-Frontiers in Computational Materials Science
Poster O-4-PO70
Authors H. D. S. Johll, E. S. Tok and H. C. Kang
Affiliation, Country National University of Singapore
Title of the Paper Ab initio study of small (n=1, 2, 3) Fe, Co & Ni clusters on graphene

Symposium Title Q-Advanced Structural and Functional Materials for Protection
Poster Q-11-PO10
Authors K. S. Lee, T. W. Kim, C. Kim, C. Kim, H. J. Lim and Y. W. Kim
Affiliation, Country Kookmin University, Korea; University of Seoul, Korea
Title of the Paper Contact Damage and Mechanical Properties in Nanostructured Silicon

Carbide Material

*This is a special award given by the Journal of Materials Chemistry – Royal Society of Chemistry,
Britain – Best Poster Award. This award carries a certificate from the Journal of Materials Chemistry,
a publication of Royal Society of Chemistry, Britain, and one year subscription of the hardcopy of the
journal
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Symposium Title R-Polymer and Molecular Electronics: Chemistry, Physics & Materials
Science

Poster R-10-PO21
Authors K. Eaiprasertsak, M. F. Pepitone and R. V. Gregory
Affiliation, Country Thammasat University, Thailand; Clemson University, USA;

Old Dominion University, USA
Title of the Paper Synthesis and Characterization of Polymer Films based on

BIS(EDOT)-Substituted Benzenes

Symposium Title R-Polymer and Molecular Electronics: Chemistry, Physics & Materials
Science

Poster R-10-PO48
Authors L. W. Tan, R. A. Hatton, A. J. Miller and S. R. P. Silva
Affiliation, Country University of Surrey, United Kingdom
Title of the Paper Enhanced Performance of Organic Light-Emitting Diodes using

Single-Wall and Multi-Wall Carbon Nanotube-Molecular Semiconductor
Hole-Injection Layer

Highlights of the Recent Literature

(Contributed by the Editor)

Plastic and moldable metals by
self-assembly of sticky nanoparticle
aggregates

Recently, Klajn et al. [1] reported that deformable,
spherical aggregates of metal nanoparticles of
Au, connected by long-chain dithiol ligands,
specifically, 4,4’-bis(11-mercaptoundecanoxy)
azobenzene (ADT) can self-assemble, under
uv-irradiation, into nanostructured materials
(‘supraspheres’, with diameters ranging from
50–300 nm) which can then ‘glue’ together into
mm-size structures. The latter are plastic and
moldable against arbitrarily-shaped masters
and can be thermally hardened (by the grad-
ual desorption of ADT and other organics and
consequent fusion of nearby nanoparticles com-
posing the structure), into polycrystalline metal
structures of controllable porosity. Interestingly,
in both the plastic and hardened states, the
assemblies are electrically conductive and exhibit

Ohmic behaviour down to ∼20 V/m. When hard-
ening was continued at temperatures above
300◦C, the pore sizes and the material’s overall
dimensions gradually decreased, by as much as
20%, to ultimately yield a block of solid metal.

The authors extended the method to other
noble metals (Ag, Pd and Pt which also form
strong bonds with ADT) to obtain supras-
pheres composed of different types nanoparti-
cles, and prepared bimetallic monoliths of various
combinations and proportions. It must be men-
tioned however, that the control of the prepar-
ative conditions was found to be crucial in
obtaining the proper size of the supraspheres,
and the subsequent mm-size structures, such
as the concentration of the ADT with respect
to the metal nanoparticle solution, the capping
agent (dodecylamine, DDA), the surfactant (dido-
decyldimethylammonium bromide, DDAB), uv-
radiation of specific power and the solution
temperature.
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[1] R. Klajn, K. J. M. Bishop, M. Fialkowski,
M. Paszewski, C. J. Campbell, T. P. Gray, and
B. A. Grzybowski, Science (2007), 316, 261–264
(April 13 Issue).

Synthesis of ultra-incompressible
superhard rhenium diboride at ambient
pressure

Superhard materials are those which com-
pare well with the diamond in their hardness.
Hardness is the resistance offered by a sub-
stance to plastic deformation, and is reported
in units of force per unit area, in gigapascals
(GPa). Diamond shows a hardness ranging from
70–100 Gpa. Mineralogists express the hardness
in Mohs scale (a relative method), and assign a
perfect score of 10.0 for diamond, the hardest
known naturally occurring material. Many ‘light
element’ ceramics of the formula, cubic-BN, B6O,
BC2N, Si3N4 can be classified as superhard mate-
rials, along with many transition-element borides,
carbides etc. Along with diamond, these super-
hard materials find extensive use as abrasives and
cutting tools. However, cubic-BN, B6O and BC2N
can only be synthesized under high- pressure-
high- temperature conditions.

Chung et al. [1] recently reported that
ReB2, containing the precious metal rhenium
can be synthesized under ambient-pressure-high-
temperature (≥1000◦C) conditions starting from
the elements or through a metathesis reaction
(Re-chloride and excess MgB2). They found that
its hardness, 48 GPa (under a load of 0.49 new-
ton) compares well with the diamond, and in
fact it can produce a scratch on a diamond sur-
face. ReB2 possesses a hexagonal layer-like struc-
ture with the lattice parameters, a=2.9Å and
c=7.478 Å. Its incompressibility, defined as the
resistance to elastic volume compression, and is
reported as bulk modulus in units of GPa, along
the c–axis was found to be equal in magnitude
to the linear incompressibility of diamond (in the
pressure range, 1–28 GPa). The authors suggest
that ReB2 may find use as an alternative cutting
tool material in situations which preclude the use
of diamond.

References

[1] H.-Y. Chung, M. B. Weinberger, J. B. Levine,
A. Kavner, J.-M. Yang, S. H. Tolbert, and R. B.
Kaner, Science (2007) 316, 436–439 (April 13 Issue).

Annealing-induced interfacial toughening
using a molecular nanolayer

Self-assembled or adsorbed molecular nanolay-
ers (MNLs) composed of short organic chains
and terminated with the desired functional
groups/atoms like sulphur, have been employed
for modifying the surface or interface proper-
ties for a good number of practical applications.
Interfacial toughening can occur, on annealing at
some temperature much above the ambient, if
the MNLs contain atoms chemically compatible
or which can form strong bonds with the sub-
stances forming the interfaces, and if the desorp-
tion of the MNLs does not occur. Recently, Gandhi
et al. [1] have shown that structures of the type,
Cu/MNLs/SiO2, where MNL is 3-mercapto-
propyl-tri-methoxy-silane (MPTMS), consisting
of Si- and S-atoms, after annealing at 400−700 ◦C,
results in interfaces that are five-times tougher
than the pristine Cu/SiO2 structures.

The actual test structures were thin-film sand-
wiches of Si/epoxy/Ta/Cu/MPTMS/ SiO2/Si,
with an MPTMS thickness of 0.9 (±0.1) nm.
Annealing experiments were carried out for
30 min between 100–700◦C in 5×10−7 torr
vacuum. The interface toughness (G, J/m2)
values with and without MNLs for structures
annealed at 500◦C were 20 (±2) and 3.8 (±1),
respectively. XPS of the fractured surfaces, and
density functional theory modelling of MPTMS
molecular stretching and the Cu/MPTMS/SiO2
structure showed that toughening of the inter-
face arises from the thermally-activated interfa-
cial siloxane and sulphur bridging to SiO2 and
Cu-surfaces, respectively, and thereby suppresses
MNL desorption.

The novelty of the technique used by the
authors is in the generality of the method appli-
cable for structures of interest to microelectron-
ics. In principle, it should be possible to toughen
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Cu/ MPTMS /SiO2, since they also form strong
bonds with sulphur in the MPTMS. Similarly, by
replacing Si in MPTMS or its analogues by Ge or
Al, toughening of the interfaces of the structures,
Cu/GeO2 or Cu/Al2O3 can take place.

References

[1] D. D. Gandhi, M. Lane, Y. Zhou, A. P. Singh,
S. Nayak, U. Tisch, M. Eizenberg and G. Ramanath,
Nature (2007) 447, 299–302 (May 17 Issue).

Efficient Tandem Polymer Solar Cells
Fabricated by All-Solution Processing

Fabrication and performance-testing of tan-
dem solar cells in which two solar cells with
different absorption characteristics are linked
to use a wider range of the solar spectrum,
have been reported recently by Kim et al. [1].
They used an ‘inverted-structure’, with the low
band-gap polymer fullerene composite, (C1)
as the charge-separating layer in the front cell
and the high band-gap polymer composite,
(C2) as the charge-separating layer in the back
cell. The composite C1 consists of poly[2,6-
(4,4-bis-(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-
b’] dithiophene)-alt-4,7-(2,1,3-benzothiadiazole)]
(PCPDTBT) and [6,6]-phenyl-C61 butyric acid
methyl ester (PCBM), whereas C2 consists of
poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl-
C71 butyric acid methyl ester (PC70BM). The
two polymer-fullerene layers are separated by
a transparent TiOx layer (thickness, ∼20 nm;
x<2) and a highly conductive hole transport
layer, poly(3,4-ethylenedioxylenethiophene)-
polystylene sulfonic acid (PEDOT:PSS). Electrons
from the first cell combine with holes from the
second cell at the TiOx-PEDOT:PSS interface.
Interestingly, the TiOx layer, deposited from solu-
tion (using sol-gel chemistry), served as an elec-
tron transport and collecting layer for the first cell,
and as a stable foundation that enables the fabri-
cation of the second cell, to complete the tandem
cell structure.

Through an all-solution processing, the
authors fabricated and tested more than 200

tandem cells in order to optimize the fabrica-
tion procedure (e.g., spin-coating of the layers
of the polymer-composites and TiOx) and device
architecture, and more than 20 tandem cells
showed power-conversion efficiencies (ηe) above
6.2%. The performance parameters for a typical
tandem cell device under an irradiation intensity
of 100 mW/cm2 (about one sun) are: Open circuit
voltage (Voc):1.2 V; short-circuit current (Jsc): 7.8
mA/cm2; Fill factor (FF):0.67 and ηe: 6.5%. Ini-
tial measurements of stability of the tandem cells
under storage (in N2, for 3500 h) and under con-
tinuous illumination (one sun, upto 100 h) yielded
promising results.

References

[1] J. Y. Kim, K. Lee, N. E. Coates, D. Moses,
T.-Q. Nguyen, M. Dante, and A. J. Heeger, Science
(2007) 317, 222–225 (July 13 Issue).

A reversible wet/dry adhesive inspired by
mussels and geckos

It is well-known that the adhesive strategy of the
gecko relies on foot pads composed of special-
ized keratinous foot-hairs called setae, which are
subdivided into terminal spatulae of ∼200 nm.
Contact between the gecko foot and an oppos-
ing surface generates adhesive forces to allow the
gecko to cling onto vertical and even inverted
surfaces.

Researchers have attempted to capture these
properties of gecko adhesive in synthetic mim-
ics with nanoscale surface features reminiscent of
setae; however, maintenance of adhesive perfor-
mance over many cycles is difficult, and gecko-
type adhesion is greatly diminished upon full
immersion in water.

Lee et al. [1] recently reported a hybrid
biologically- inspired adhesive consisting of an
array of nanofabricated polymer pillars coated
with a thin layer of a synthetic polymer that
mimics the wet adhesive proteins found in
mussel holdfasts. They found that the wet
adhesion of the nanostructured polymer pil-
lar arrays, fabricated using poly (dimethyl-
siloxane) (PDMS) elastomer, increased nearly
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re15-fold when coated with mussel-mimetic
polymer, viz., poly(dopamine methacrylamide-
co-methoxyethyl acrylate) (p(DMA-co-MEA).
The system maintained its adhesive performance
for over a thousand contact cycles in both dry
and wet environments. The authors named this
hybrid adhesive as ‘geckel’, since it combines the
salient design elements of both gecko and mus-
sel adhesives, and pointed out that it should be
useful for reversible attachment to a variety of
surfaces in any environment.

References

[1] H. Lee, B. P. Lee, and P. B. Messersmith, Nature
(2007) 448, 338–341 (July 19 Issue).

Carbon nanotube-based synthetic gecko
tapes

As described in the previous abstract, synthetic
tapes showing gecko-type adhesion are highly
desirable for a variety of applications. Recently,
Ge et al. [1] reported the properties of carbon
nanotube (CNT)-based synthetic gecko tapes
obtained by transferring micropatterned CNT
arrays on to flexible polymer tapes based on the
hierarchical structure, and found that they can
support a shear stress as high as 36 N/cm2.
The authors noted that the hierarchical structure
must consist of μm-size setae (replicated by CNT
bundles) and nm-size spatulas (individual CNT)
to achieve macroscopic shear adhesion and to
translate the weak Van der Waals interactions to
high shear forces. Thus, a 1-cm2 tape covered
with these hierarchical structures could support
nearly 4 kg of weight. Similar high shear forces
were realized on both hydrophilic (e.g., mica and
glass) and hydrophobic (e.g., Teflon) surfaces. The
authors suggest that these synthetic gecko tapes
‘offer an excellent synthetic option as a dry con-
ductive reversible adhesive in microelectronics,
robots, and space applications’.

References

[1] L. Ge, S. Sethi, L. Ci, P. M. Ajayan, and
A. Dhinojwala, Proc. Natl. Acad. Sci. USA, (2007) 104
(26), 10792–10795.

Nickel-Based Oxyphosphide
Superconductor with a Layered Crystal
Structure, LaNiOP

A new superconductor has now been added to
the list of known superconducting solids in the
literature.

Superconductivity is the phenomenon exhib-
ited by a solid wherein the resistivity drops
to zero below a critical temperature called
TC, and also shows a magnetic flux expulsion
(Meissner effect) at and below TC. Many hun-
dreds of examples, constituting pure metals,
intermetallic compounds, a wide variety and
large number of inorganic compounds and
organic charge-transfer complexes are known
which show superconductivity with a TC ≤ 13 K.
It is a fact that all the above are chemically
and structurally unrelated, and are called low-
TC superconductors, to distinguish them from
the high-TC superconductors (HTSC). The lat-
ter show a TC ≥ 77K (above the boiling point
of liquid nitrogen) and are exemplified by the
mixed copper oxide of the formula, YBa2Cu3O7
(YBCO, TC= 90 K). The highest known TC of
135 K is exhibited by another mixed copper oxide,
Hg-Ba-Ca-Cu-O system.

The discovery of superconductivity by
Watanabe et al. [1] in the chemical compound,
LaNiOP with a TC=3 K is significant for the fol-
lowing reasons: i. Very few oxyphosphides are
known, and the structurally related LaFeOP has
also been found to be a superconductor with a
TC ∼ 4 K by the same research Group last year. ii.
A chemical and physical handle is now available
to manipulate the TC in these oxyphosphides,
and iii. A detailed understanding of this and
related layer-type superconducting compounds
(e.g., Na0.3CoO2. xH2O) may eventually throw
light on the electron-pairing mechanism in the
mixed copper oxide HTSC.

References

[1] T. Watanabe, H. Yanagi, T. Kamiya, Y. Kamihara,
H. Hiramatsu, M. Hirano, and H. Hosono, Inorg.
Chem. (2007) 46 (19), 7719–7721.
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Recent Books and Review Articles in the Area of Materials Science,
Engineering and Technology

(Contributed by the Editor)

Books
• Functional Coatings by Polymer Microencap-

sulation. Edited by Swapan Kumar Ghosh.
Wiley-VCH, Weinheim 2006. 357 pp., Hard-
cover, ISBN 3-527-31296-X. 119.00.

For a review, see Angew. Chem. Int. Ed., 46 (18),
3177(2007).

• Carbon Nanotubes. Properties and Appli-
cations. Edited by Michael J. O’Connell.
CRC Press/Taylor & Francis, Boca Raton 2006.
319 pp., Hardcover, ISBN 0-8493-2748-2. £56.99.

For a review, see Angew. Chem Int. Ed., 46 (19),
3401(2007).

• Synthesis, Properties, and Applications of
Oxide Nanomaterials. Edited by José A.
Rodriguez, and Marcos Fernández-Garcı́a,
Wiley-VCH, Weinheim 2007; 1. Edition, 718
Pages, Hardcover, ISBN 978-0-471-72405-6.

119.

• Block Copolymers in Nanoscience. Edited by
Massimo Lazzari, Guojun Liu and Sébastien
Lecommandoux. Wiley-VCH, Weinheim 2006.
428 pp., Hardcover. ISBN 978-3-527-31309-5.

120.00.

For reviews, see Angew. Chem Int. Ed., 46 (24),
4426 (2007) and Adv. Mater., 19 (10)1423 (2007).

• Nano forms of Carbon & Its Applica-
tions. Edited by Maheshwar Sharon and
Madhuri Sharon. Publisher, MONAD Nan-
otech Pvt. Ltd., Mumbai (India). First Edi-
tion. 2007.pp.335. Price: (in India, Rs. 1500; for
Foreign, US$100).
Foreword written by Sir Harold W. Kroto
(Nobel Laureate).
Notable Contents: I. Nano forms of Car-
bon. II. Synthesis of Carbon Nano Materials.
III. Characterization of Carbon Nano Materi-
als. IV. Applications of Carbon Nano Materials.

V. Applications of Carbon Nano Materials in
Biosystems.

• Nanomaterials Chemistry-Recent Devel-
opments and New Directions. Edited by
C. N. R. Rao, A. Müller and Anthony K.
Cheetham. June 2007; XV, 405 Pages, Hard-
cover, ISBN 978-3-527-31664-9. 139.

Review Articles

• Challenges for semiconductor spintronics, by
D. D. Awschalom and M. E. Flatté, Nature
Physics 3 (3), 153–159 (2007).

Abstract
Semiconductor spintronics offers a possible direc-
tion towards the development of hybrid devices
that could perform all the three essential func-
tions necessary for the information-storage,
-processing (e.g., logic) and -communication,
within the same materials technology. It may also
be possible to exploit the spin-coherence for infor-
mation manipulation in some cases.

This review article focuses on advances made
in the above area in the past decade, during
which experimental progress has been extraordi-
nary. 100 References.

• Materials for Aesthetic, Energy-Efficient, and
Self-Diagnostic Buildings, by J. E. Fernández,
Science, 315, 1807–1810 (2007) (30, March
Issue).

Abstract
‘Smart buildings’ can be defined as those
with self-diagnostic capabilities and allow for
inexpensive monitoring. These may incorpo-
rate the latest-generation embedded sensors,
self-healing composites, and nanoscale- and
responsive- materials. Due to the demands to
save on the energy consumption either for space-
heating or air-conditioning, better-insulating
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materials and solar-reflectors are being increas-
ingly used in the modern commercial/office
buildings at the present time. Similarly, usage
of ‘self-cleaning’ surfaces/tiles based on the
hydrophilic-TiO2 films are becoming more com-
mon in hospital rooms/wards.

In this Review the author suggests that a
partnership between the materials science com-
munity and those entrusted with the design,
engineering and construction of the built environ-
ment, may offer real breakthroughs for the future.
37 References.

• Discotic Liquid Crystals: From Tailor-Made
Synthesis to Plastic Electronics, by S. Laschat,
A. Baro, N. Steinke, F. Giesselmann, C. Hägele,
G. Scalia, R. Judele, E. Kapatsina, S. Sauer, A.
Schreivogel and M. Tosoni, Angew. Chem. Int.
Ed., 46 (26), 4832–4887 (2007).

Abstract
Liquid crystal display (LCD) systems are exten-
sively used at the present time in TVs, com-
puters, mobile phones etc. One class of liquid
crystals, viz., discotic (disk-like) columnar type,
originally discovered by Chandrasekhar et al. in
1977, have not yet been fully exploited. When
suitably manipulated, these can find applications
as a result of their orientation in the columnar
mesophase, as molecular wires in various optical
and electronic devices.

This Review focuses on the major classes of
columnar mesogens, their synthesis and physi-
cal properties. Some applications and perspec-
tives in materials science and molecular electron-
ics have also been described and discussed. 310
References.

• Combinatorial and High-Throughput Materi-
als Science, by W. F. Maier, K. Stöwe and S. Sieg,
Angew. Chem. Int. Ed., 46 (32) 6016–6067
(2007).

Abstract
There is increasing acceptance of high-
throughput technologies for the discovery,
development, and optimization of materials and
catalysts in industry. Over the years, the relative
synchronous development of technologies for
parallel synthesis and characterization has been

accompanied by developments in associated soft-
ware and information technologies. This Review
aims to provide a comprehensive overview on the
state of the art of the field by selected examples.
Technologies developed to aid research on com-
plex materials are covered as well as databases,
design of experiment, data-mining technologies,
modeling approaches, and evolutionary strate-
gies for development. Different methods for par-
allel synthesis provide single sample libraries,
gradient libraries for electronic or optical materi-
als, similar to polymers and catalysts, and prod-
ucts produced through formulation strategies.
Many examples illustrate the variety of isolated
solutions and document the barely recognized
variety of new methods for the synthesis and
analysis of almost any material. The review ends
with a summary of success stories and statements
on still-present problems and future tasks. 383
References.

• Inorganic Semiconductors for Flexible Elec-
tronics, by Y. Sun and J. A. Rogers, Adv. Mater.,
19 (15) 1897–1916 (2007).

Abstract
This article reviews several classes of inorganic
semiconductor materials that can be used to form
high-performance thin-film transistors (TFTs) for
large area, flexible electronics. Examples ranging
from thin films of various forms of silicon to
nanoparticles and nanowires of compound semi-
conductors are presented, with an emphasis on
methods of depositing and integrating thin films
of these materials into devices. Performance char-
acteristics, including both electrical and mechan-
ical behavior, for isolated transistors as well
as circuits with various levels of complex-
ity are reviewed. Collectively, the results sug-
gest that flexible or printable inorganic mate-
rials may be attractive for a range of appli-
cations not only in flexible but also in large-
area electronics, from existing devices such
as flat-panel displays to more challenging (in
terms of both cost and performance require-
ments) systems such as large area radiofre-
quency communication devices, structural health
monitors, and conformal X-ray imagers. 100
References.
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Theme Article

From Applied Science to Commercial Application—Synchrotron Radiation as a Broad
R&D Platform: Part IIa

H. O. Moser1,2, 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 and Y. Adam Yuan3,4

1Singapore Synchrotron Light Source, National University of Singapore, Singapore
2Department of Physics, National University of Singapore, Singapore
3Department of Biological Sciences, National University of Singapore, Singapore
4Temasek Life Sciences Laboratory, National University of Singapore and Nanyang Technological University, Singapore

3 High-Resolution X-ray Diffractometry

3.1 Introduction

When atoms are regularly spaced as in a crys-
tal, interference phenomena become visible, i.e.,
X-rays are diffracted into specific directions in
which the scattered waves constructively inter-
fere. The phenomenon was found for the first
time in an experiment using a CuSO4 crystal
(in side-reflected geometry) and later confirmed
using a ZnS crystal (in transmission geometry) by
Laue, Friedrich and Knipping in 1912 [14a,14b].
Laue was awarded the Nobel Prize in physics
in 1914. This discovery opened an era of X-ray
diffractometry.

Crystal diffraction is actually a constructive
interference of waves scattered from a three
dimensional grating (crystal). Instead of con-
sidering all atoms as scatterers and evaluating
the interference of all scattered waves in three-
dimensional space, Bragg grouped the atoms into
planes, so-called lattice planes, and described the
interaction with the incoming X-rays as a reflec-
tion (Fig. 18). The interference condition is then
given by the sum of reflections from all lattice
planes, leading to Bragg’s law [14c]

2dsinθB = mλ (1)

wherein λ is the wavelength, d the distance
between the equally oriented and spaced lat-
tice planes, θB the Bragg angle enclosed between
the incident rays and the lattice planes, and

m, an integer giving the order of diffraction.
This equation won father and son, W. H. Bragg
and W. L. Bragg, the Nobel Prize in physics
in 1915. Other equivalent interpretations using
Laue’s equations and Ewald’s sphere sketch can
be found in normal text books or in [2].

High-resolution X-ray diffractometry (HR-
XRD) at SSLS has been available since the X-ray
demonstration and development (XDD) beam
line was commissioned in August 2003 [15]. The
experimental layout for the measurement at XDD
beamline is shown in Fig. 19 and the diffractome-
ter in Fig. 20. Using synchrotron radiation, XRD
measurements can achieve a broader dynamical
range and higher angular resolution of the diffrac-
tion intensity. Moreover, the photon energy (or
wavelength) of the incident X-ray beam can be
tuned to any desired value within the available
spectral range, thus making some layers or ele-
ments sensitive to the diffraction intensity, and
enabling the use of anomalous scattering effects.

XRD is widely used in many fields of physics,
chemistry, geology, metallurgy, biology, engi-
neering and industrial research/manufacture.
By using XRD, in general, crystal structures
can be determined, even for a crystal formed
of bio-macromolecules with 104 to 105 atoms.
Using powder diffractometry (powder-XRD),
structure determination and refinement, phase
identification in both quality and quantity,
lattice-parameter determination, crystal grain
size and texture/stress analysis can be performed.

aThis is a six-Part article. Part I appeared in the previous Issue. Parts III to VI will appear in subsequent issues–Editor.
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Fig. 18. Bragg description of X-ray diffraction as reflection from lattice planes. λ is the wavelength, d the distance between the
equally oriented and spaced lattice planes, θB the angle enclosed between the incident X-rays and the lattice planes, and m an
integer giving the diffraction order.
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Fig. 19. Schematic of the XDD beamline for high resolution X-ray diffractometry (HR-XRD). S denotes slits.

Using HR-XRD, precise structure parameters,
minute strain status, composition, thickness,
surface/interface roughness and texture/stress
analysis for both bulk and epi-layers can be
determined. Structural defects and strain fields
can be revealed by X-ray diffraction topography.
Besides, surface and interface structure/ordering
as well as surface phase identification/transition
can be studied by grazing-incidence-diffraction
(GID) and diffuse scattering.

We have successfully worked on structural
characterization of films and bulk materials using
XRD at SSLS and some results are shown in this
article.

3.2 Experimental

The layout of the HR-XRD measurement at XDD
beamline is shown in Fig. 19. The diffractometer is
the Huber 4-circle system 90000-0216/0 (Fig. 20),

with high precision 0.0001◦ step size for the
omega (ω) and two-theta (2θ) circles. The dis-
tance from entrance slit to sample centre is
688 mm and that from sample centre to detec-
tor slit 680 mm (adjustable). The storage ring,
Helios 2, runs at 700 MeV with a typically stored
electron beam current of 300 mA. The energy
of the X-ray photons is selected by a Si (111)
channel-cut monochromator (CCM). The photon
beam is confined to 0.90 mm width vertically and
3.50 mm horizontally by the collimating mirror
and slit system. This set-up typically yields an
X-ray beam with about 0.01◦ divergence with
0.50 mm slit (ΔE/E≈7.8×10−4) and best at 0.006◦
(ΔE/E≈5.3×10−4) for 8.048 keV. Typical step size
is 0.04◦ and, in some experiments, the finest
step size of 0.0015◦ for θ−2θ scans was used
for mapping. The typical counting time was
0.5 second for every step.
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Fig. 20. The Huber 4-circle diffractometer at XDD for high resolution X-ray diffractometry (HR-XRD). Note that a Si (111) crystal
analyzer is installed before the detector.

This diffractometer can be used for X-ray
reflectometry (XRR), HR-XRD and powder-XRD.
The attachments include a topography set-
up, a fluorescence detector (XR-100R Si diode
detector and MCA8000A multi-channel analyzer,
AMPTEK Inc.) and three ionization chambers (IC
plus, Oxford Danfysik).

3.3 Results and Discussion

Many projects have been successfully conducted
using XRD at the XDD beamline. In the begin-
ning of this section, two examples will be
shown using powder-XRD for Rietveld analy-
sis on structure refinement of (Bi3.2Nd0.8)Ti3O12
and for an application of anomalous scat-
tering effect to rare earth oxy-apatites
La10−xNax(SiO4)6O3−x. HR-XRD studies are then
shown on GaAs/In0.25Ga0.75As multi-quantum
wells, (GaIn)P2 epi-layer and perovskite-type
material Pb(Zn1/3Nb2/3)O3-4.5%PbTiO3. Finally,
long range strains and an inclusion are revealed
in a Si wafer by X-ray topography.

3.3.1 Crystal Structure Refinement — Rietveld
Analysis

3.3.1.1 Structure of (Bi3.2Nd0.8)Ti3O12

Bi-layered ferroelectric compound bismuth
titanates have been extensively studied for the
promising application in ferroelectric random-
access memory (FeRAM) devices [16]. The crystal
structures of such materials have been deter-
mined or characterized [17,18].

In this section, Nd-doped (Bi3.2Nd0.8)Ti3O12
(BNdT) structure is obtained by Rietveld analysis
[19] as shown in Fig. 21 and the parameters as
listed in Table 1. The powder diffraction data
were collected using 8.048 keV X-rays, 2θ step
size 0.02◦. Philips X’Pert Plus software package
(Ver. 1.0) was used for Rietveld refinement. Rea-
sonable R-factors for the fitting, lattice parameters
and atom coordinates are shown in Table 1.

BNdT structure is basically made of Bi2O2 lay-
ers (Bi2 and O atoms) and perovskite type units
(Bi1 atoms and TiO6 octahedra). Nd atoms only
substitute Bi1 atoms, i.e. only the Bi atoms in
perovskite type units, as the site occupancy fac-
tor (s.o.f.) of Nd2 is refined to be zero at Bi2
site. Ti atoms in the octahedra displace about
0.032 fractional units along c-direction if Bi1 atom
is chosen as coordinate origin of the cell. Both
TiO6 octahedron and Bi2O2 layers are buckled
(Fig. 22). These results are similar to those found
in (Bi4−xTax)Ti3O12 in [18]. Studies on the rela-
tionship between the displacement, buckle and
electric polarization will be further pursued.

3.3.1.2 Structure of La10−xNax(SiO4)6O3−x from
Resonant Diffraction

SSLS users have also done structural refinement
applying the anomalous scattering effect to pow-
der diffraction of apatites [20]. The atomic scatter-
ing factor fk can be written as

fk = f 0
k + f

′
k + i f ”

k (2)
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Fig. 21. Upper) The powder diffraction pattern of (Bi3.2Nd0.8)Ti3O12, blue line: observed data and red line: calculated data from
Rietveld analysis, 8.048 keV X-rays, 2θ step size 0.02◦; Lower) red line: the difference between observed and calculated data. Green
markers indicate the peak position.

Table 1. Structural parameters of BNdT from Rietveld analysis

Radiation Cu Kα1 or 8.048 keV
Sum formula (Bi3.2Nd0.8)Ti3O12
Z 4
Formula mass/ g/mol 4480.05
Density (calculated)/ g/cm3 7.76
F(000) 1902.67
Weight fraction/ % 100
Space group (No.) A b a 2 (41)

Lattice parameters
a/ Å 5.4008(4)
b/ Å 32.8186(9)
c/ Å 5.4064(4)
α/◦ 90
β/◦ 90
γ/◦ 90
V/ 106 pm3 958.275
R (expected)/ % 3.330
R (profile)/ % 5.202
R (weighted profile)/ % 7.587
R (Bragg)/ % 2.233
GOF 5.191
d-statistic 0.501

Occupancy, atomic fractional coordinates and isotropic displacement parameters B for BNdT

Atom Wyck. s.o.f. x y z B/ 104 pm2

Bi1 8b 0.6(2) 0.9959(7) 0.06667(5) 0.996(5) 0.75(5)
Bi2 8b 1.000000 0.0166(6) 0.21124(4) −0.003(5) 0.55(4)
Ti1 4a 1.000000 0.000000 0.500000 0.028(6) 0.500000
Ti2 8b 1.000000 0.006(3) 0.3713(2) 0.028(5) 0.500000
O1 8b 1.000000 0.265(7) 1.0093(7) 0.305(8) 0.500000
O2 8b 1.000000 0.26(1) 0.2442(8) 0.27(2) 0.500000
O3 8b 1.000000 1.018(8) 0.4409(5) 0.924480 0.500000
O4 8b 1.000000 0.972(8) 0.3190(6) 0.935(9) 0.500000
O5 8b 1.000000 0.23(1) 0.116(1) 0.28(2) 0.500000
O6 8b 1.000000 0.144(9) 0.880(1) 0.21(1) 1.000000
Nd1 8b 0.4(2) 0.9959(7) 0.06667(5) 0.996(5) 0.74(5)
Nd2 8b 0.000000 0.0166(6) 0.21124(4) −0.003(5) 0.55(4)
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Fig. 22. The structure of (Bi3.2Nd0.8)Ti3O12 refined by Rietveld analysis. Nd atoms substitute only the Bi atoms (in green) in
perovskite type units as shown near TiO6 octahedra. TiO6 octahedra are buckled as a result of Ti atoms displacement along c-
direction.

where f 0
k is the atomic scattering factor without

correction, f
′
k and f

′′
k the real and imaginary parts

respectively of the correction for the kth con-
stituent in the material.

The basic reason of this correction origi-
nates from the resonance of electrons in atoms.
The resulting diffraction is also called resonant
diffraction. fk turns to be f 0

k as the correction is
close to zero with using normal X-rays. If the
X-ray photon energy is intentionally chosen near
the absorption edges of the element k, however,
the correction f

′
k and f

′′
k become larger making

fk larger than its normal value f 0
k such as to

produce some effects on diffraction intensity as
described in diffraction theory. For example, for
the La atom, there is a difference equivalent to 10
electrons in the real part of the scattering factor at
5.483 keV, the La LIII absorption edge. The correc-
tion for the La atom is shown in Fig. 23.

By selecting several photon energies at con-
ventional CuKα (8.03 keV), 10 eV and 483 eV
lower than the La LIII-edge respectively, resonant
diffraction data were collected for rare earth oxy-
apatites La10−xNax(SiO4)6O3−x powder, part of
which are shown in Fig. 24. There, changes can
be seen in the ordering of relative intensities for
selected peaks as more Na (x) is introduced. More
sensitivity is obtained for the site occupancy at
La/Na site from Rietveld analysis with the data
of 5.473 keV.

3.3.2 High-Resolution Diffractometry

3.3.2.1 Structure of GaAs/In0.25Ga0.75As Multi-
Quantum Wells

GaAs/In0.25Ga0.75As multi-quantum well
(MQWs) structures have been characterized using
X-rays of 8.048 keV. The coupled θ−2θ scans
performed at a conventional laboratory and SSLS
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Fig. 23. The f
′
k (upper) and f

′′
k (lower) of the La atomic scattering factor as a function of photon energy and wavelength (extracted

from http://www.bmsc.washington.edu/scatter).
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Fig. 24. Selection of resonant powder diffraction patterns of rare earth oxy-apatites La10−xNax(SiO4)6O3−x, with the photon
energies selected at conventional CuKα (8.03 keV), 10 eV and 483 eV lower than the La LIII-edge respectively. The data range from
20◦ to 30◦ in 2θ corresponding to 8.03 keV and show changes in the ordering of relative intensities for selected peaks as more Na
(x) is introduced. More sensitivity is obtained for the site occupancy at La/Na site.

are shown in Fig. 25, for (004) diffraction. The
measurement at SSLS yields a data set with a
larger dynamic range and a better signal to noise
ratio.

Satellite peaks are revealed from −6th order
to +5th order, whereas the measured data at the

conventional laboratory only show them from
−3rd order to +3rd order on a noisy background.
Moreover, finer oscillations with sub-maxima are
also shown between adjacent orders of satellite
peaks. As total repeats of the MQWs are N=5,
there should be N−2=3 sub-maxima as observed.
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Fig. 25. The coupled θ−2θ scans of GaAs/In0.25Ga0.75As multi-quantum wells (MQWs), (004) diffraction, 8.048 keV X-rays. The
structure parameters are shown in the inset at upper-right corner. The measurement at SSLS yields data sets with better signal over
noise. Satellite peaks are revealed from −6th order to +5th order, whereas the measured data at the conventional laboratory only
show them from −3rd order to +3rd order on a noisy background. 3 sub-maxima have been observed between adjacent satellite
peaks.

The layer thickness of GaAs is determined to be
8.5 nm and that of In0.25Ga0.75As 4.3 nm.

3.3.2.2 Super-Structure in (GaIn)P2 Epi-Layer

CuPt-type ordering in (GaIn)P2 epi-layer has
been observed. This ordering results in a decrease
of the band-gap energy and a split of the valence
band. The electrical and optical properties of the
layers are hence affected significantly by this
structure change of the atomic scale ordering, i.e.,
the degree of ordering and the sizes/shapes of
ordered domains [21].

Such ordering occurs in {11n} planes in its
original cell (as in GaAs), forming a super-
structure and allowing diffraction from {11n}/2,
n=1,3,5,. . . As the layer was grown on GaAs
(004) substrate, skew and symmetrical diffraction
geometry had to be used, i.e., a tilt angle 54.7◦
had to be given to get the {111} plane into the
diffraction condition. Fig. 26 shows the experi-
mental data from a (GaIn)P2 epi-layer. 1

2 (111) and
1
2 (333) diffraction are observed, which are forbid-
den in non-ordering condition. In order to verify
the phenomenon, a pure GaAs substrate was used
to repeat the experiment. It was obvious that no
such diffraction can be observed, which confirms

that the diffraction was from the epi-layer, i.e.,
from the super-structural ordering of (GaIn)P2. A
similar work was shown in [21], {11n}/2 diffrac-
tion observed, n=1,3,5,. . .

3.3.2.3 Mapping in Reciprocal Space — Epi-Layer
Inclination

Mapping in reciprocal space can be done as
schematically displayed in Fig. 27. The scan is
realized by keeping θ1=θ2, i.e., to scan along
qz-direction and keeping 2θ=θ1 +θ2 constant
(fixing the detector), to scan along qx -direction.

A mapping from GaAs/InGaAs multi-
quantum wells (MQWs, 10×) is shown in Fig. 28.
Before annealing, the modulation direction is
along the normal direction of the substrate. After
annealing at 850◦C for 30 seconds, however, it
is inclined as indicated by the red line. More-
over, it is clearly seen that the diffuse scatter-
ing around the substrate peak is significantly
increased after annealing. This observation indi-
cates that partial strain relaxation by the creation
of crystal defects has occurred in the sample dur-
ing annealing at high temperature, which may
also cause equivalent inclination in the epi-layers
[22].
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Fig. 26. The super-structural ordering peaks of (GaIn)P2 epi-layer on GaAs (001) substrate, coupled θ−2θ scan, 8.048 keV. 1
2 (111)

and 1
2 (333) diffraction are observed, which are the results from the ordering in {111} planes, generally in {11n} planes, n=1,3,5,. . .
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Fig. 27. Scheme for mapping in reciprocal space in qx and qz directions. Blue lines indicate scans along different directions. Scan
1 along qz-direction is realized by keeping θ1 = θ2; scan 4 along qx-direction is realized by keeping 2θ = θ1 +θ2 =constant (fix the
detector). Other two scans are scan 2: off-set scan, keeping θ2 = θ2 +δ, δ the off-set angle and scan 3: 2θ-scan, keeping θ1 constant.
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Fig. 28. Mappings of GaA/InGaAs multi-quantum wells (MQWs, 10×), 8.048 keV, (004) diffraction, 0.3 second counting time.
Left) before annealing and right) diffuse scattering increases around the substrate peak after annealing at 850◦C for 30 seconds.
The epi-layer was tilted (red line). Blue lines indicate the original modulation direction along the normal of the layers.
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le 3.3.2.4 Mapping in Reciprocal Space – Clarification
of Crystal Structure

Mapping in reciprocal space can also help
to do structure clarification. A detailed study
on structural phase transition in perovskite-
type Pb(Zn1/3Nb2/3)O3-4.5%PbTiO3 (PZN-
4.5%PT) has been performed recently at SSLS
[23]. The structure was undergoing changes from
rhombohedral (room-temperature), to tetrag-
onal, monoclinic and to cubic system as the
temperature increased. The most striking is that
a new phase of monoclinic structure was found
to exist from 138◦C to 148◦C. This is the first time
such a phase was observed in PZN-4.5%PT.

Fig. 29 shows a glimpse of the transition
starting from tetragonal to monoclinic phase

in the (002)c mapping for PZN-4.5%PT single
crystal at 138◦C in a heating experiment. At
first, there are only two peaks found using
normal scan resolution as seen in the left
part of Fig. 29, i.e., tetragonal phase-like (cor-
responding to a- and c-planes respectively. It
should be pointed out that as it is domain-
structured in the single crystal, we have a chance
to observe such a split of peaks in vertical
direction).

But the powder diffraction results showed
that the lattice parameters for both tetragonal
and monoclinic system can match the diffraction
data, as shown in Table 2. The Figure-of-merit
(FOM) values are close and the lattice parame-
ters can be obtained with the same good precision
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-0.4 0.0 0.4

44.0

44.2

44.4

44.6

44.8
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Fig. 29. (002)C mappings of PZN-4.5%PT single crystal (with domains) at 138◦C, 8.048 keV. (002)C means that the (002) diffraction
of pseudo-cubic cell is used. Left) Normal mapping showing questionable tetragonal phase peaks. This picture is marked with
”T?”; Right) Detailed mapping, scanned in the white-line-block in the left) with finer step-size, showing the upper peak splitting
horizontally into two peaks 0.052◦ apart. The split is a direct indication of monoclinic phase. The picture is marked with ”Mono”.

Table 2. Lattice parameters of PZN-4.5%PT at
138◦C, powder diffraction, 8.048 keV

Lattice parameters Tetragonal Monoclinic

a/ Å 4.0624(5) 4.0613(3)
b/ Å 4.0624(5) 4.0654(8)
c/ Å 4.058(1) 4.055(1)
α/◦ 90 90
β/◦ 90 90.041(2)
γ/◦ 90 90

Smith-Snyder’s FOM 27.1 33.3
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tetragonal and monoclinic systems. Philips X’Pert
Plus software package (Ver. 1.0) was used for
crystal system searching and lattice-parameter
refinement.

Another mapping was hence scanned using
finer step size of theta 0.0015◦ at 138◦C in order
to solve this dilemma. As shown in the right
part of Fig. 29, the upper peak was found split
horizontally into two peaks, 0.052◦ apart from
each other. This horizontal split is close to the
angle 0.082◦ formed between adjacent c-planes
in twinned monoclinic phases (domains), which
was calculated using Fig. 30, β=90.041◦.

Similar observation at 148◦C shows that the
split is 0.29◦, coincident with the calculated
angle 0.328◦ from β=90.164◦. There was no such
horizontal split found at lower temperature than
138◦C and higher than 148◦C. So the monoclinic
phase only exists between 138◦C and 148◦C.

3.3.3 X-ray Topography — Surface Inclusion
in Si Wafer

An X-ray topograph, or X-ray diffrac-
tion contrast image, can be taken using
the topography attachments at XDD. Two
topographs of a Si wafer are shown in
Fig. 31, taken with 8.048 keV X-rays, {113}
diffraction, reflection geometry. Long range
strain fields in the wafer are revealed by
dark contrasts. The black and white rings
are caused by the scratches in the wafer
surface. The dipole-like black-white con-
trasts pointed by the white arrows are the

image of an inclusion near the surface. The
properties of the inclusion need to be further
studied.

3.4 Conclusions

Structural characterization or determination can
be done using XRD at SSLS. With higher flux
and lower divergent synchrotron X-ray beam,
a dynamical range of HR-XRD of up to sev-
eral 109 can be achieved which can make the
characterization more effective. The method is
non-destructive and the results are naturally aver-
aged over the range of X-ray spot on the sample.
In some experiments, it can be applied in situ.

By powder XRD, crystal structure can be
refined as seen for BNdT. The diffraction data can
even be measured to resolve overlapped peaks
with the high-resolution setting at XDD. This
is one of the advantages of our facility com-
pared to a conventional laboratory. Single crys-
tal structure determination, in principle, can be
done at XDD. As more dedicated diffractome-
ters and smart software become available at con-
ventional laboratories, we usually do not employ
this method at XDD. By HR-XRD, characteriza-
tion of semi-conducting epi-layers and bulk mate-
rials can be done. Precise information related to
the structure, strain, composition and layer orien-
tation can be obtained. Moreover, the data can be
measured in higher flux mode, about 1000 times
better than that measured at conventional labora-
tories. By X-ray topography, strain and defects in
crystals can be revealed.

c

a a 

º

Fig. 30. The angle formed between adjacent c-planes in twinned monoclinic phases of PZN-4.5%PT crystals. The angle is 2β-180◦,
if the monoclinic angle is β.
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Fig. 31. X-ray topographs of a Si wafer, 8.048 keV X-rays, reflection geometry, upper) (113) diffraction and lower) (1–13) diffrac-
tion. The white arrows indicate an inclusion near the surface.
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Forthcoming Conferences

Systems for Energy Conversion

1–3 October 2007, Moscow, Russia

International Conference and Exhibition, “ Molecular and Nanoscale Systems for Energy Conversion”.
Contact: Prof. Sergey Varfolomeev, Emanuel Inst. of Biochemical Physics, Russian Acad. of Sciences,
Kosygin St.4, Moscow 119991, Russia. Email: sdvarf@sky.chph. ras.ru

IUMRS-ICAM-2007

8–13 October 2007, Bangalore, India

The International Conference on Advanced Materials (ICAM) is one of the prestigious conferences of the
International Union of Materials Research Societies (IUMRS) and is held in alternate years. The earlier
conferences in this series were held in Beijing, China (1999), Cancun, Mexico (2001), Yokohama, Japan
(2003) and Singapore (2005). At the IUMRS-ICAM 2007 which will be held in Bangalore, 23 Technical
symposia, 8 Plenary lectures, Public lectures, and an exhibition are envisaged. Each symposium will
have invited talks, contributed oral and poster presentations. A range of topics of contemporary impor-
tance for science, engineering and technology of materials will be highlighted. More than 1000 delegates
from various countries will make scientific and technical presentations.

List of the Symposia are:

(A) Intelligent Materials
(B) MEMS
(C) Functional Materials
(D) Self Assembly and Nanomaterials
(E) Magnetic and Spintronics Materials
(F) Semiconductors for Optoelectronics
(G) Materials for Biomedical Applications
(H) Soft Condensed Matter
(I) Polymer Materials
(J) Sensor Materials
(K) Photonic Materials / Active Organic Materials
(L) Multilayered Materials
(M) Hybrid Materials
(N) Energy Materials
(O) Composite Materials
(P) High Performance Structural Materials
(Q) Computational Materials Science
(R) Materials for Catalysis
(S) Characterization of Materials
(T) Microscopy of Materials
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(U) Materials Synthesis: Novel Approaches
(V) Nanomaterials and Devices, and (W) Materials Education.

For further information and correspondence:

Prof. S. B. Krupanidhi, (Conference Chair) and Prof. K. T. Jacob (Co-Chair)
IUMRS-ICAM Secretariat, Materials Research Society of India (MRSI)
Indian Institute of Science campus, Bangalore 560 012, India.
Email: secretariat@icam2007.com; info@icam2007.com
Website: www.icam2007.com

Novel Materials: NMS-III

17–21 October 2007, Shanghai, China

The 3rd International Symposium, “Novel Materials and their Synthesis”.
Contact: Prof. Yuping Wu, Dept. Of Chemistry, Fudan Univ., Shanghai 200433, China.
Email: wuping@fudan.edu.cn

3rd MRS-S National Conference & 2nd Indo-Singapore Conference

on Materials Science

25–27 February 2008, Singapore

For further information and correspondence:

Prof. B. V. R. Chowdari (Conference Chair), Physics Dept., NUS, Singapore.
Email:phychowd@nus.edu.sg

The 2nd IEEE International Nanoelectronics Conference (INEC 20008)

in conjunction with

Shanghai Nanophotonics & Electronics Forum

24–27 March 2008, Shanghai, China

For further information and Abstract submission, see:www.ieeenec.org

International Symposium on Integrated Ferroelectrics (ISIF2008)

9–12 June 2008, Singapore

The ISIF2008 is organized by the Institute of Materials of Research and Engineering (IMRE) and Agency
for Science, Technology, and Research (A*Star), Singapore.

The science and technology of ferroelectric thin films and their applications have attracted many
researchers and experienced tremendous progress in the past 20 years. The recent worldwide increase
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in commercial applications of ferroelectric devices is a symbol of both the maturity and the acceptance
of the technology.

ISIF2008 explores all the aspects of ferroelectric, piezoelectric and high K dielectric materials, partic-
ularly ferroelectric thin films and other ferroelectrics of small sizes, including materials theories and
modeling, materials processing, properties, characterization techniques, materials integration issues,
ferroelectric devices and their various applications. In addition, the ISIF2008 will feature discussions
of alternative non-volatile memory concepts and materials, such as phase change memories, research
on multiferroics and magnetoelectric materials, and new directions on the science of perovskites such
as biomolecular/polarizable interfaces.

The conference program includes tutorial lectures, plenary presentations, parallel sessions of oral
presentations and poster sessions.

The following topics will be covered in 12 Technical Sessions: Materials Theory and Modeling; Small-
Dimensional Ferroelectrics, Interface and Size effects; Device Integration and Reliability; Ferroelectric
Polymers, Composites and Liquid Crystals; Ferroelectric and Alternative Memories; Multiferroics and
Magnetoelectrics; High K Dielectrics and Capacitors; Ferroelectrics for RF Applications; Compositions
and Processing of Ferroelectric Materials; Piezoelectrics and Opto-Electrics for Sensors, Actuators and
Transducers; Functional Mechanisms and Emerging Applications of Ferroics; Ferroelectrics and Inor-
ganics in Medicines and Health Care.

ISIF2008 General Chairs:

Carlos Paz de Araujo, Univ. of Colorado at Colorado Springs, and Symetrix Corp., USA
Orlando Auciello, Argonne National Laboratory, USA
Rudy Panholzer, Naval Postgraduate School, USA

ISIF2008 Program Chairs:

K. Yao, IMRE, Singapore
M. Alexe, Max Planck Institute, Germany
M. Shimizu, University of Hyogo, Japan

ISIF2008 Local Organizing Committee:

Kui YAO (Chair), IMRE
Weiguang ZHU (Co-Chair), Nanyang Technological University
Jofelyn LYE Mei Lian (Secretary), IMRE

Details about the plenary talks and tutorial lectures are available in the conference website
at: www.isif.net

Abstract submission deadline: 12 January 2008
Acceptance of abstract: 12 February 2008

11th Asian Conference on Solid State Ionics (ACSSI-11)

9–13 June 2008, Coimbatore, India

The ACSSI-11 is organized by the BU-DRDO centre for Life sciences, Bharathiar University, Coimbatore,
India for the Asian Society for Solid State Ionics (ASSSIS).
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Solid State Ionics is a growing interdisciplinary branch of science and technology. It deals with ioni-
cally conducting materials in the form of inorganic solids, ceramics, glasses, polymers and composites,
and nanostructures with applications in a wide variety of solid state devices.

Specific topics to be covered at the ACSSI-11 are: Cathode/anode materials and interfaces; Elec-
tronically conducting polymers; Ion dynamics and theoretical modeling; Nanomaterials and devices;
Advanced biomaterials; Electrochemical devices: Batteries, Fuel cells, Sensors, Solar cells, Supercapaci-
tors, Electrchromic displays and Molecular electronic devices.

The Conference will provide an international forum for scientists, engineers and technologists to
discuss the latest developments and share knowledge in the discipline of Solid State Ionics, encourage
young research scholars, and promote the collaboration among the Solid State Ionicists.

Important dates:
Abstracts due: 30 January 2008, to be sent by Email to: acssi11@gmail.com
Notice of acceptance: 10 February 2008
Manuscripts due: 15 March 2008
Registration due: 1 April 2008
Late Registration due: 30 April 2008

For further information, contact:
Prof. S. Selvasekarapandian (Convener), ACSSI-11
Email: acssi11@gmail.com

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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The 4th International Conference on Technological Advances of Thin Films &

Surface Coatings (ThinFilms2008)a in conjunction with

The 1st International Conference on nanoManufacturing (nanoMan2008)b

14–16 July 2008, Singapore

For further information and Abstract submission
see: www.thinfilms-Singapore.org; www.tju.edu.cn/nanoMan2008

aChair: Sam Zhang; Co-Chair: Frank F. S. Shieu
bChair: Fengzhou Fang; Co-Chair: Jack Luo

Theme Articles’ appeared in ‘MRS-S OUTLOOK’,

Vol. 1 (Nos.1–4) & Vol. 2 (No.1)

• “Perovskite structure: A versatile and perennial host for oxide functional materials”, by G. V. Subba Rao and
B. V. R. Chowdari (Department of Physics, National University of Singapore), MRS-S OUTLOOK,
1 (1) 8–14 (2006).
Abstract: Presents a brief review of the perovskite-structure adopted by a large number and wide vari-
ety of mixed-oxides and their importance as functional materials for applications in devices.

• “Drug eluting biodegradable polymers for biomedical stent implants”, by Xiong Ying, Subbu Venkatraman,
Loo Say Chye and Freddy Boey (School of Materials Science & Engineering, Nanyang Technological
University, Singapore), MRS-S OUTLOOK, 1 (2) 40–51 (2006).
Abstract: After a brief review of the area and its importance for biomedical applications, this paper
presents some of the results of the work carried out by the authors in recent years.

• “The National University of Singapore Nanoscience and Nanotechnology Initiative (NUSNNI)”, by
Teik-Cheng Lim, Xian-Ning Xie, Andrew Thye Shen Wee and Seeram Ramakrishna, (National
University of Singapore (NUS), Singapore), MRS-S OUTLOOK, 1 (3) 80–100 (2007).
Abstract: This paper highlights some of the nanomaterials-related research work carried out by vari-
ous Project Investigators under the NUSNNI.

• “Spin engineering: Ferromagnetic antidot mesostructures”, by C. C. Wang, N. Singh and A. O. Adeyeye
(Department of Electrical and Computer Engineering, National University of Singapore, and Institute
of Microelectronics, Singapore), MRS-S OUTLOOK, 1 (4) 114–131(2007).
Abstract: This paper presents a study of the magnetic and spin dependent transport properties of
lithographically defined antidot mesostructures using a combination of characterization techniques
and simulation tools. Potential practical applications are also highlighted.
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ip • “From Applied Science to Commercial Application – Synchrotron Radiation as a Broad R&D Platform: Part I”,
by H. O. Moser1, K. Banas1, B. D. F. Casse1,5, A. Chen1, M. Cholewa1,6, C. Z. Diao1, X. Y. Gao2,
S. P. Heussler1, L. K. Jian1, S. M. P. Kalaiselvi1, Z. J. Li1, G. Liu1, T. Liu2, Shahrain bin Mahmood1,
S. K. Maniam1, A. T. S. Wee2, P. Yang1, Y. Adam Yuan3,4, MRS-S OUTLOOK, 2 (1) 11–23(2007).
1Singapore Synchrotron Light Source, National University of Singapore, Singapore.
2Department of Physics, National University of Singapore, Singapore.
3Department of Biological Sciences, National University of Singapore, Singapore.
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Abstract: In this Part I of theme article are illustrated the capabilities and scope of synchrotron radia-
tion applications using the example of the Singapore Synchrotron Light Source (SSLS) with selected
sections on micro/nanofabrication.
Applications in the areas of X-ray diffraction, reflectometry, absorption fine structure spectroscopy,
photoemission spectroscopy, phase contrast imaging, and the development of new sources will be
described and discussed in the near future.

The above can be accessed through the website: http://www.mrs.org.sg/outlook/

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

Professional Membership is open to any person engaged in activities associated with materials science,
engineering and technology.

Student Membership is open to any bonafide student of a tertiary institution genuinely interested in
the practice of materials science, engineering and technology.

Corporate Membership is open to any organisation, government or private, commercial or otherwise,
that is in any way engaged in any activities that deal with any aspect of material science, engineering
and technology. A Corporate Membership is entitled to nominate two of its employees as its official
representatives and to change its nominees from time to time provided the Committee has no objection
to any such nomination.

Annual Subscription Fee:
Professional Membership: S$50
Student Membership: S$5
Corporate Membership: S$500

For details and application form, please visit: www.mrs.org.sg
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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 years 2006
and 2007, 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

Email: 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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