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On 14-16 January 2013, the 3rd Molecular Materials Meeting
(M3) @ Singapore was successfully held at Biopolis, a bio-
medical hub of Singapore hosting key research institutes of
A*STAR and research and development laboratories of multi-
national corporations. With the theme of ‘ Frontiers in Materials
Science, Chemistry and Physics’, the conference featured six
thematic sessions, namely New Catalysts and Catalytic Science,
Soft Materials for Cosmetic and Health Care, Electrochemical
Energy Conversion, Storage Materials and Technology,
Materials for Advanced Sensors and Transducers, Lanthanide-
doped Luminescence Nanomaterials, and Interface Engineering
for Devices. The 3-day conference enabled lively discus-
sions geared at cross-discipline collaborations in molecular
materials (Fig. 1).

This year, the M3 @ Singapore follows the past practice to
publish a commemorative edition in the Australian Journal of
Chemistry on selected papers presented at the conference. In the
first issue [Aust. J. Chem. 2011, 64 (9)], the volume covered
diverse topics that reflected the contemporary interests in the
broad field of molecular materials, e.g. from temperature-driven
molecular self-organisation'! to atom-transfer radical polymer-
isation based functional amphiphilic polymers synthesis,*!
from dye-sensitised solar cellst) to nanoparticle-catalysed
water-splitting,*!  from metal-organic frameworks™  to
aggregation-induced emission bioimaging,'® etc. The second
edition [Aust. J. Chem. 2012, 65 (9)] is however relatively

focussed. It featured mainly on contributions in research of
nanoparticles and organic energy materials.[”! The nanoparticle
papers typified the harness of nanotechnology to enable new
applications, e.g. using electro-responsive core-shell nanopar-
ticles for rheology tuning,'™ carbon nanotube-based materials as
catalysts in fuel cells,”’ using chitosan-functionalised Au/Pd
alloy nanoparticles/nanoclusters for catalysis of aerobic oxida-
tive homocoupling reactions,!'® and CdTe based hybrid fibres
enabled low-voltage-driven electroluminescence devices, "
etc; papers on organic semiconductor research focussed on the
structure—property relationship that leads to design and synthe-
sis of high performance molecular materials, e.g. heterocyclic
dyes for efficient dye-sensitised solar cells,!'” phenyl-1H-
pyrrole end-capped thiophenes for organic field-effect transis-
tors,!'* and pyridine incorporated dihexylquaterthiophene as
blue emitter in organic light emitting diode applications.!'*!

In this commemorative edition, seven papers are selected as
highlights of the meeting. Bai et al.!'*! (Institute of Materials
Research and Engineering, Singapore) introduced a new dinuc-
lear Cu(Il) complex (Fig. 2) with 1,2,3-triazoles of a chelate-
bridging mode. Using rare azole-bridged ferromagnetically
coupled dinuclear Cu(IT) complexes as examples, the paper
demonstrates the potential of using heterocyclic triazoles to
support magnetically active dinuclear Cu(Il) complexes. The
finding marks a step closer to the establishment of magneto-
structural relationship and understanding of magnetic exchange
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mechanism through 1,2,3-triazoles. To give a computational
perspective, Manzhos!'®! (National University of Singapore)
presented a modified molecular dynamics algorithm (Quantised
Energy Molecular Dynamics) for the choice of substituted
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groups on polythiophene, a common building block for many
polymer donors in organic solar cells (e.g. P3HT). It shows that
a significant broadening of absorption spectra achievable at
elevated temperature or through deuteration is due to the

Fig. 1. Representative scenes from the 3rd M3@Singapore conference: (a) Professor Ekkehardt Hahn of University of Muenster (Germany) is giving his
invited lecture; (b) audiences at the lecture; (c) networking at tea breaks; (d) interaction of delegates with poster presenters; (e) conference banquet at a
renowned Chinese restaurant in Orchard Road in the tourist belt; (f) poster prize presentation at the conference banquet by Professor Andy Hor, Chair of the

conference; (g) social interactions at the banquet dinner.

Fig. 2. Cu(ll) complex with hybridized 1,2,3-triazole as ligand:[ls] (a) dinuclear motif and (b) the homochiral H-bonding network.
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broadening of energy levels of frontier orbitals which are critical
for energy level matching with the acceptor and electrolyte
species. The latter is a result of nuclear dynamics that can
be predicted by Quantised Energy Molecular Dynamics. The
knowledge of the effects of nuclear vibrations on the energetic
and energy level matching, as described in the paper, empowers
rational molecular and material design for organic photovoltaics
related applications.

In nanocomposite materials system, Ye and Loh 7! (Institute
of Materials Research and Engineering, Singapore) reviewed
the recent research and development on the combined use of
hydrogels and nanoparticles as a single entity in applications
such as catalysis, Surface Enhanced Raman scattering
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Fig.3. Flow of Surface Enhanced Raman scattering Spectroscopy (SERS)
substrate fabrication and use in trace analyte detection: PS-P2VP directed
self-assembly of gold nanoparticle arrays (upper left), attachment of gold
clusters onto gold nanoparticles (bottom left), a representative scanning
electron microscope image on the active area of the SERS substrate (bottom
right), using thiol as test analyte, high sensitivity (limit of detection of
10nM) with a steep response to changes in concentration and standard
deviation typically below 15 % (upper right).“gl
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Spectroscopy (SERS), biosensors, biomedical therapy, and drug
delivery. Apart from a critical review of the current literatures,
the authors also gave their perspective on the future of this
emerging field. Xu et al''™ (Institute of Materials Research and
Engineering, Singapore) reported polyurethane/clay nanocom-
posites with high mechanical strength and improved thermal
conductivity. The markedly high mechanical strength of such
nanocomposites, as concluded in the paper, comes from the high
molecular weight polymers prepared via chain extension of the
designed pre-polymers, and better dispersion of clay that was
possible if lower molecular weight pre-polymers are used at the
stage of dispersion. For materials system with well defined
structure, Dinda et al.l'"! (Siksha O Anushandan University,
India) constructed substrate-supported Au nanoparticle-cluster
arrays through directed self-assembly of block copolymers,
and examined the SERS sensitivity of such arrays in trace
analyte detection and quantification. The uniform and high
density of hot-spots formed due to inter-particle and intercluster
gaps of sub-10 nm across the surface pushed the limit of detec-
tionto as low as 10 nM, with well defined intensity-concentration
dependence in the concentration range of 0.01-1.0 uM (Fig. 3).
Such highly sensitive SERS substrates with low fabrication cost
can be useful in real-life analytical applications.

As a demonstration of integrating molecular materials into
functional devices, Xu et all>"! (Institute of Materials Research
and Engineering, Singapore) constructed electrochromic
devices from thin films of a series of random w-conjugated
azulene-containing electrochromic copolymers that were
synthesised from Suzuki cross-coupling reactions. Electron
acceptors and azulene units were used to tune the optical and
electrochemical properties of the polymers so that the optical
bandgaps can match the electrochemical bandgaps. With incor-
poration of suitable electron acceptor, the azulene-containing
conjugated polymers showed improved redox stability. A colour
change from yellowish green to greyish brown with optical
contrast of up to 17 % in the near infrared (NIR) region was
obtained upon oxidation via application of a positive bias (1.2 V)
(Fig. 4). The process is reversible if a reduction reaction takes
place upon application of a negative bias (—2.0V). Such
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(a) Chemical structure of azulene-containing electrochromic polymer; (b) colour switching at different applied electric

potentials; and (c) absorption spectra of polymer film on ITO coated PET in 0.1 M LiClO,/CAN electrolyte/solvent couple under the

applied potential *”
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(a) Strip loaded guide x-section,
11 mm wide
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Fig. 5. (a) Strip loaded guide x-section (11 nm wide) and (b) guide of a laser beam through waveguide fibres fabricated
from luminescent photonic nanocomposite.l*'! The beam was confined in the fibre and bent.

tunability of NIR transmission could be used for heat manage-
ment which is of interest to green-building related applications.

A more comprehensive demonstration is to combine
the design of molecular materials with physical architecture
(e.g. repeated strips with layered structures) for waveguide
applications. Tan et al®"! (Singapore University of Technology
and Design) presented a mini-review that captured the rationale
for the design and synthesis of luminescent photonic nano-
composite systems, a continuous polymeric matrix with
homogeneously dispersed rare-earth doped particulates. It pro-
vided a panoramic view that covers nanostructured photonic
composites design, structure—property relationship examina-
tion, performance evaluation criteria, strategies for the rational
design of solvothermal processes, examples of luminescent
nanocomposite systems fabricated for optical waveguides
(Fig. 5) and biomedical imaging, etc. It is an excellent review
in a field of translational research in molecular materials.

The beauty of Molecular Materials is beyond its fanciful
term. It is a universal tool for materials scientists in the modern
era to tackle real and major engineering and technological
challenges using molecular scientific concepts. The three big-
gest challenges facing the world today are energy, environment,
and healthcare — three areas that molecular materials have the
strongest influence. This is the time for molecular materials
scientists to rise to our challenges. The conferences provides a
forum for new ideas to be discussed and harnessed, cutting
across areas such as organic solar cells, biomass conversion,
nanomaterials, biosensors, nanomedicine, consumer care pro-
ducts, and others. The limit of Molecular materials is our
creativity and ambition.

The Molecular Materials Meeting (M3) @ Singapore also
provides a unified platform for scientists and engineers to
exchange ideas, foster collaboration, and develop new partner-
ship. Singapore, known for its education focus, research invest-
ment and economic affluence, is the meeting point between east
and west, as well as south and north. It is also a place that uses its
compactness to its advantage. Through M3 (@ Singapore, we
open a door for cross-institutional interdisciplinary research;
through science, we create new partnership and knowledge;
through collaboration, we make a difference to humankind.

The 4th M3@Singapore will take place in Singapore in
14-16 January 2014 (http://www.imre.a-star.edu.sg/). We
welcome all students, researchers, and innovators to join us

in this expedition that springs delightful surprises in almost
every turn.
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