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The Molecular Materials Meeting (M3) @ Singapore is only
four years old, but growing rapidly. Some 300 scientists and
students from 20 countries gathered at Biopolis in Singapore
from 14 to 16 January 2014 to exchange ideas on the latest
developments of molecular materials research and technology
(Fig. 1). The presentations at this M3 conference mainly
focussed on the themes of Sustainable Technology, Energy and
Additive Manufacturing (STEAM), Advanced Materials Tech-
nology (AMT), Materials for Healthcare and Lifestyle (MHL),
as well as Food Science and Technology (FST). The three-day
conference was concluded with a banquet dinner in a well-
known Chinese restaurant in the downtown area with good food
and wine. The five best poster presentations were selected by a
dedicated panel comprising plenary speakers, editors, and senior
professors, and prizes were presented to the winning junior
researchers and students at the banquet. The evening provided
an ideal networking opportunity for everyone.

The previous three commemorative editions of the
M3@Singapore conferences in the Australian Journal of
Chemistry were well-received by the scientific community with
good citations. The first edition [Aust. J. Chem. 2011, 64 (9)]
published papers covering diverse topics, e.g. atom transfer

radical polymerization (ATRP)-based functional amphiphilic
polymers synthesis,!'] temperature-driven self-organization of
molecules,'”) metal-organic frameworks (MOFs),*) aggre-
gation-induced emission (AIE) bioimaging,'*' nanoparticle-
catalyzed  water-splitting,®)  dye-sensitized solar cells
(DSSC),I! etc. The second edition [Aust. J. Chem. 2012,
65 (9)] featured contributions on research in nanoparticles and
organic semiconductor materials.[”! It covered the harnessing of
nanotechnology for new applications, e.g. electro-responsive
core-shell nanoparticles for rheology tuning,™®! chitosan-coated
Au/Pd alloy nanoparticles and nanoclusters as catalysts for
aerobic oxidative homocoupling reactions,’”! carbon nano-
tube-based materials to catalyze fuel cell reactions,!'” and
CdTe-based hybrid fibres to enable low-voltage-driven electro-
luminescence devices.!''! In the area of organic semiconductor
research, the edition focussed on the structure—property rela-
tionship that leads to design and synthesis of high performance
molecular materials, e.g. heterocyclic dyes for efficient
DSSCs,!'# phenyl-1H-pyrrole end-capped thiophenes for
organic field-effect transistors (OFET),!"* and pyridine-bearing
dihexylquaterthiophene as the blue emitter for organic light-
emitting diodes (OLED).!'* The third edition [dust. J. Chem.
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Fig. 1.

Selected scenes from the 4th M3@Singapore conference: (a) Professor Krzysztof Matyjaszewski of Carnegie Mellon University (USA) giving his

plenary lecture entitled ‘Nanostructured Functional Hybrid Materials by Atom Transfer Radical Polymerization’. (b) Conference participants at one of the
lectures. (c) Interaction of delegates with poster presenters. (d) Networking of delegates during tea breaks.

2013, 66 (9)] introduced papers that illustrated various aspects
of molecular materials research,!'” e.g. experimental revelation
of heterocyclic triazole as a moiety that enhances magnetic
property of dinuclear Cu" complexes,!'™) theoretical modelling
resultant matching requirement of nuclear vibrations with the
energy levels in rational molecular and material design for
organic photovoltaics,!'”! matching of optical band gaps with
the electrochemical band gaps via tuning of the molecular
structure of polymers to enhance redox stability,!"®
polyurethane/clay nanocomposites with high mechanical
strength and good thermal conductivity,[w] review and perspec-
tive of nanoparticles-hydrogel hybrid materials,?® fabrication
of highly sensitive SERS substrates at low cost for sensing-
based analytical applications,[zl] and a review on the combina-
tion of the design of molecular materials with physical structures
(e.g. repeated strips with layered structures) for waveguide
applications.””) These are representative papers of the work
presented at M3@Singapore.

In this commemorative edition of the 4th M3@Singapore, we
have selected 11 peer-reviewed papers that report or review the
latest progress in molecular materials research. In nanostruc-
tured materials preparation, Rutkowska et al. (University of
Warsaw, Poland) report on electrocatalytic metal oxide-
supported noble metal nanoparticles on nanoporous platinum
electrodes for electrooxidation of ethanol in which synergistic
effects were observed.!”*! The authors propose that the electro-
catalytic activities were enhanced by the large population of
hydroxyl groups on the surfaces of the nanostructured TiO,
and WO;, where the —OH groups induced oxidation of CO

passivating intermediates (on Pt) and increased the activity of
the Ru component. It was further noted that WO5; and TiO,
would undergo different mechanisms, and the oxidation reac-
tion of ethanol was typically more efficient at the nanoporous
Pt substrate covered by WOs;-supported PtRu than at the Pt
substrate with TiO,-supported PtRu on the surface (Fig. 2). Bai
et al. (IMRE, Singapore) present the synthesis and catalytic
activity of a magnetic Pd/Fe;O,4 composite that was prepared by
immobilizing triethoxysilane tethered tridentate pincer ligands
onto the surfaces of pre-synthesized Fe;O,4 nanoparticles fol-
lowed by Pd" complexation and in situ reduction.”*! The
resultant hydrophilic Pd nanoparticles are 2—4 nm in size, and
exhibit good thermal stability and excellent catalytic activity in
aqueous phase reduction of 4-nitrophenol to 4-aminophenol.
The simple synthetic procedure reported therein is comparable
with the reported solvothermal (~5nm Pd) and H, reduction
(~2 nm Pd) approaches which are generally more demanding in
terms of reaction conditions and duration.

In nanostructured materials fabrication, Florence et al.
(Mother Teresa Women’s University, India) prepared micro-
patterned ZnSe nanospheres arrays on silicon wafer-supported
self-assembled sacrificial PS masks as anti-reflective coat-
ings.”>) The reflectance off the surface of the as-prepared
coatings was found to be reduced by nearly half in comparison
to that of the ZnSe nanospheres fabricated on conventional gold-
coated silicon substrate in the range of 300-800 nm. C. Wang
and M. Wang (The University of Hong Kong, Hong Kong SAR,
China) present a comparative study on the formation of core-
shell structures in emulsion electrospun fibres using surfactants
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Fig. 2. Chronoamperometric responses recorded at 0.34 V for the oxidation of 0.5 mol dm > ethanol: (a) Nanoporous Pt electrode
with TiO, and PtRu. (b) Nanoporous Pt electrode with WO; and PtRu. Electrolyte: 0.5 mol dm > H,S0,4.1*¥
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the surfactant.!>]

of different natures as stabilizers.!**) Their emulsions consisted
of deionized water or phosphate buffer saline as the water phase,
and a poly(lactic-co-glycolic acid) solution as the oil phase, and
stabilized by non-ionic hydrophobic surfactant Span 80 or ionic
hydrophilic surfactant sodium dodecyl sulfate (SDS), respec-
tively. The authors found that the small amount of such
surfactants significantly impacts the evolution of the core-shell
structure of the emulsion electrospun fibres. In general, the
droplets of water phase in the emulsion jet will undergo multi-
stage stretching and recombination, and eventually forming the
fibre core which can be discrete or continuous, varying notably
if different surfactants are used in the emulsion (Fig. 3). The
fibre diameter is dependent on polymer solution concentration,

Schematic diagrams showing the evolution of core-shell structure in emulsion electrospun fibres using (a) Span 80 as the surfactant and (b) SDS as

and the formation of more continuous core fibres requires higher
water phase volume. Such core-shell nanofibres can be used to
construct scaffolds of good wettability for tissue engineering
applications.

In the popular area of 2D nanomaterials, Le Lay et al. (Aix-
Marseille Université, CNRS, France) highlight the rise of
elemental two-dimensional (2D) materials beyond the well-
studied graphene (Fig. 4).1*”) In this brief highlight, the authors
cover single-layer silicene to multilayer silicene, germanene,
and stanene/tinene, as well as phosphorene, which are all highly
popular in non-graphene 2D material research. In conclusion, it
was stressed that these non-traditional 2D materials possess
significant advantages over graphene-based materials in terms
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Fig. 4. (a) Schematic illustration of elemental 2-dimensional materials. (b) Scanning tunneling microscopy image of

multilayer silicone in epitaxy on the (111) surface of a silver single crysta
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Fig. 5.

1‘[27]

Structure of a framework structure looking along the ¢ axis featuring (a) an individual net with corrugations,

(b) interpenetrated nets with corrugations arranged in a face-to-face fashion, and (c) inclusion of 1D chain to compete a lantern-
like shape. (d) Structure of the three-component 2D interpenetrated coordination network.>"!

of easier material transfer and integration. Some of them could
be potentially used for quantum computing applications, thus
promising a bright future for these materials.

In fluorescence-related research, Low et al. (IMRE, Singa-
pore) demonstrate a simple, fast, and sensitive method for the
quantification of albumin.!*®! In their approach, the authors used
non-fluorescent fluorescamine to react with primary amines to
form highly fluorescent products, which were proven valid for
the detection of albumin with various fluorogenic dyes. Pan
et al. (IMRE, Singapore) report on photoluminescent chitosan
with low cytotoxicity produced via the reaction of the amines
with CO,.[*’! The concentration of carbamato anions that are
believed to be the photoluminescence activators can be
increased via CO, bubbling of chitosan. The photoluminescence
of this chitosan was found to be dependent on excitation
wavelength, in that excitation with a longer wavelength gener-
ally leads to the red-shift of the emission wavelength. The low
cytotoxicity of chitosan makes it a good candidate for fluores-
cent labels in bioimaging applications. For CO, absoprtion,
Chen et al. (Southern Medical University, China) present a Cd-
based coordination polymer containing three integrated poly-
meric components that is porous and selectively adsorbs
C0,.B% This interpenetrated coordination polymer was con-
structed by two neutral and entangled 2D nets and one zwitter-
ionic 1D chain with corner-sharing grids propagating along the
¢ direction that lock the consecutive ligand struts of the nets
(Fig. 5). The polymer can be readily isolated by a simple mixing
of ligands, indicating good thermodynamic stability of such
unusual interpenetrating motifs. As it is stabilized by strong
ligand w— stacking, the interpenetrated polymer structure
remains robust even if the larger and softer bromides are
substituted with chlorides. The authors showcase the use of

water for the synthesis of water-stable PCPs/MOFs containing
pyridinium carboxylate, paving the way for practical applica-
tions such as CO, removal from fuel gas.*”

For special application of polymers in oilfields, Deng et al.
(Shandong University, China) report how electrolyte concen-
tration, temperature, and shear rate could affect the rheological
properties of hydrophobically associating polyacrylamide
(HA-PAM) solution containing hydrophobically modified
monomer and sodium 2-acrylamido-2-methylpropanesulfonic
sulfonate.*" It was found that the salt tolerance and shearing
resistance of the HA-PAM polymer are much higher than that
of the commonly used partially hydrolyzed polyacrylamide,
promising great potential for use in tertiary oil recovery in
oilfields with high salinity. The authors also propose the salt
resistance mechanism of HA-PAM in solution based on the
results obtained through both experimental methods and
molecular simulation (Fig. 6), providing a useful guideline
for the design and synthesis of high salt resistance, water-
soluble polymers through the revealed structure—performance
relationship.

In food science and technology research, Liu et al. (National
University of Singapore, Singapore) review the biocatalytic
synthesis of flavor-active esters via lipase-mediated biocatalysis
and the reaction mechanisms.*?! After elaboration on the
characteristics of lipases and their applications in industries as
enzymes for flavour and fragrance production, the authors
summarize the synthesis of flavour esters through esterification
or transesterification catalyzed by lipases, in solvent-free sys-
tems or in reaction media such as organic solvents, ionic liquids,
supercritical fluids, and aqueous media, where the lipases were
found to exhibit reaction media-dependent kinetic catalytic
behaviours. The lipase catalytic mechanism is believed to be
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(a) The structural snapshots of the hydrophobic part of HA-PAM as a function of shear rates of 0, 0.001, 0.003, 0.005,

and 0.008. The first image shows HA-PAM with all functional groups. (b) Schematic illustration of interactions between
HA-PAM molecules with increasing electrolyte concentration.*']

determined by such factors including substrate polarity, product,
and reaction media. This understanding of enzyme properties
and behaviours under different reaction conditions is crucial for
production of esters on an industrial scale. From their perspec-
tive, the authors stress that interpreting the reaction mechanisms
and the kinetic models of the lipase-catalyzed reactions in the
complex media would help achieve in situ generation of flavours
in food matrices containing water, which remains an attractive
subject for future study. Finally, Chaumpluk and Suriyasom-
boon®*! report on a simple paper-based laboratory-on-a-chip
method for the detection of a highly pathogenic strain of porcine
reproductive and respiratory syndrome virus.

The M3@Singapore conference series provides a unique
platform for the exchange of ideas, fostering collaboration and
developing partnerships in the broad arena of molecular materi-
als research and technologies. Known for its education focus,
research investment, economic affluence, and highly capable
R&D workforce, Singapore is the ideal meeting point between
east and west, as well as south and north. With Singapore
celebrating its 50th birthday in 2015 when M3@Singapore turns
five years old, the 5th M3@Singapore, tentatively scheduled on
3-5 August 2015 (http://www.imre.a-star.edu.sg/), is expected
to attract even more participants. We welcome all students,
academics, researchers, and innovators to join us on this special
occasion to review the past 50 years in molecular materials
research while looking forward to the next 50 years.
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