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Introduction

There were around 600 participants attending this meeting,
mostly native Portuguese and foreigners doing research in
Portugal, coming from several chemistry areas. However,
some participants from Spain, France, Germany, Austria,
UK and Brazil were also present. The majority were from
universities and research institutes; but some representa-
tives from industry and secondary schools, including
students, were also present. This year’s conference was
concerned with the ‘100 years of Chemistry in Portugal’,
celebrating the 100th anniversary of the Portuguese Society
of Chemistry (Sociedade Portuguesa de Química, SPQ). It
was a very special meeting since 2011 is also the
International Year of Chemistry [1]. In spite the economic
crisis felt in Portugal, this was the most attended SPQ
meeting ever. Nowadays, chemistry is the area that
originates more publications in Portugal, being above
health and physics subjects, so said Prof. Mário Berberan
Santos, president of SPQ, as reported in a local newspaper
of Braga [2].

Gold-related subjects were represented by 2 plenary
lectures (out of 11), 4 oral presentations (out of around 100)
and 10 posters (out of around 350), which were much more
than in the last meeting in 2008 (1 out of 50 orals and 8 out
of 240 posters) [3], showing that Portugal’s research on
gold is increasing. A brief description is indicated below, by
chemistry area.

Physical chemistry

Mehran Mostafavi (University of Paris South, France) gave
a plenary lecture on ‘Nanoparticles in solution—the
contribution of radiation chemistry’. The speaker showed
examples of Au, Ag, Ni, Pd, Pt metal clusters obtained by
radiolysis, which has been proved to be a powerful method
to synthesize homodisperse nanocolloids at room tempera-
ture and control their size [4, 5]. A brief history of the
clusters physical chemistry was also told. The one-pot
synthesis of gold nanorods by radiolytic reduction of AuIII

complexes using cationic surfactants (cetyltrimethylammo-
nium bromide and tetraoctylammonium bromide) and in the
presence of acetone and silver ions was referred. The colour
can vary from red to blue, green and brown with increasing
silver amount. It was shown that the nonlinear optical
response (at 1 =532 nm) of gold particles (with 2.5, 9 or
15 nm radius) is size-dependent [4]. Bimetallic alloyed
clusters of Ag-Au, Au-Pd and Au-Pt that are of very high
interest in catalysis were also referred [6, 7].

José Gomes (University of Aveiro) was one of the
winners of the Vicente de Seabra Medal, which is
attributed every 2 years to a less than 40-year-old
researcher for the quality, originality and autonomy of
his/her research work in chemistry carried out in Portugal,
in memory of the pioneer Portuguese chemist Vicente
Coelho de Seabra Silva Teles (1764–1804). In his lecture,
entitled ‘Exploring mechanisms of chemical reactions at
surfaces’, Gomes spoke about his work on density
functional theory (DFT) calculations on several crystal
surfaces, namely on gold. His work includes DFT studies
on gold surfaces, e.g. Au(321) or Au(111), shown in
Fig. 1, for CO oxidation, adsorption of atomic and
molecular oxygen, NO dissociation and oxidation, water
adsorption and dissociation.
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José Gomes also presented a poster ‘On the theoretical
understanding of the unexpected O2 activation by nano-
porous gold’. It was recently discovered that nanoporous
gold has a high activity in several oxidation reactions and
some authors believe that the unexpected activation of O2

by the nanoporous gold must be related with the residual
silver present in the catalyst [9]. Gomes and co-workers
made a DFT study on the adsorption and dissociation of O2

on different pure gold, pure silver and silver doped gold
surfaces, showing that residual Ag on Au is indeed able to
promote adsorption and to dissociate thermodynamically
favourable O2, with high rate constants. The activation
probably occurs on Ag particles or rows deposited on Au or
on corrugated Au surfaces with a few incrustrated Ag atoms
[10].

Jorge Morgado (Technical University of Lisbon) spoke
about ‘Fabrication of molecular wires by scanning tunnel-
ing microscopy (STM) controlled self-assembly’, using
highly ordered pyrolytic graphite as substrate, a zinc(II)
porphirin and a bipyridine as building blocks. The process
of wire growing was monitored step by step using STM and
the electrical characterisation was carried out by atomic
force microscopy. Gold electrodes were used in this work.

João Lima (New University of Lisbon) spoke about
‘Photophysical characterization of fluorophores on the
vicinity of gold nanoparticles’. As metal nanoparticles
(NPs) are known to change the optical properties of
molecules near the metal surface, these authors demonstrat-
ed that the use of reference fluorophores can circumvent
that fact and the relative fluorescence quantum yield of
those fluorophores can be determined by using an alterna-
tive model to rationalize the observed fluorescence en-
hancement, which results from the increase of the effectual
light scattered from the Au NPs surface that reaches the
fluorophore and precludes the determination of the real
radiative rate constant of fluorophores in the vicinity of
NPs.

Artur Moro (New University of Lisbon) had a poster on
‘Metal-enhanced photochemistry: how metal colloids im-
prove photochemical reactions through near field enhance-
ment effect’. Molecules of interest can be biologically
inactivated (caged) by chemical modification with a
protecting group, which can be eventually removed with
light by irradiation of a suitable wavelength. These authors

developed a highly efficient and biocompatible method for
the controlled release of caged molecules (adenosine-5′-
triphosphate (ATP), a multifunctional nucleotide used in
cells as a coenzyme, caged with [7-(diethylamino)couma-
rin-4-yl]methyl) (DEACM), with potential applications in
DNA/RNA manipulation and synthesis, as well as intracel-
lular drug release, using gold NPs (Scheme 1), that have
excellent characteristics as nanoantennas, inducing strong
fluorescence enhancement on emitters in their near field.
Without Au NPs, the decaging process presented low
efficiency and formation of bi-products, which produced
inhibitory effects in the polymerization process of nucleic
acid.

Sónia Carabineiro (University of Porto) presented a
poster on ‘Gold supported on Cu, La, Ni and Y oxides for
CO oxidation’. Au was deposited by double impregnation
(DIM), liquid-phase reductive deposition (LPRD) and
ultrasonication methods [11]. The best results were
obtained with Au loaded by DIM on the NiO support. This
is most likely related to the Au nanoparticle size being the
smallest in this catalyst (average 4.8 nm). Other samples,
having larger Au particle sizes, showed lower activities
(Fig. 2). Nevertheless, all samples prepared by DIM had
activities above those reported in the literature for gold on
similar oxide supports, showing that this method gives
better results than the most usual methods of deposition–
precipitation or co-precipitation for CuO, La2O3, NiO and
Y2O3 supports.

Adrián Silva (University of Porto) presented a poster on
‘Gold supported in Ce–Mn–O composite materials for the
oxidation of CO’, with different Ce/Mn ratios and loaded
with Au by DIM [11]. CeO2 and Mn3O4 were detected by
XRD. The BET surface areas increase by addition of Mn or
Ce, respectively, with a maximum for molar percentages of
Ce and Mn of 50%. The higher the amount of ceria in the
sample, the most active it was for CO oxidation. The ability
to convert CO seems to be independent of the surface area
of the supports, but for samples loaded with gold seems to
vary with the temperature of the first reduction peak of the
TPR spectra and the Au nanoparticle size.

Elisa Pereira (University of Porto) presented a poster on
a ‘DNA biosensor based on electropolymerised gold nano-
particle films’, where gold NPs of 30 nm average were
embedded into poly-Lysine (p-Lys) film though electro-

Fig. 1 Au(111) (left) and Au
(321) (right) surfaces (generated
with Surface Explorer [8])
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chemical polymerization on glassy carbon electrodes (GC).
Cyclic voltammetry studies showed that the highest peak
currents were recorded at GC/p-Lys–AuNP modified
electrodes containing low amounts of Au NPs. DNA
double strand was self-assembled on this film and electro-
chemically studied using the same redox probes. Therefore,
DNA functionalised GC/p-Lys–AuNP modified electrodes
could be used as biosensors for actinomycin D (Scheme 2)
detection, which is a chemotherapy drug, commonly used
for many years in treatment of a variety of cancers, also a
highly toxic antibiotic for humans, as it causes damage to
genetic material.

Elodie Rodrigues (University of Porto) presented a
poster on ‘Selective oxidation of glycerol catalysed by
gold supported on multiwalled carbon nanotubes
(MWCNTs). Samples were prepared by several techniques
like DIM and LPRD [11], reduction with nitric acid [12]
and sol immobilisation method [13]. The latter lead to the

best results, as reported in literature for Au-activated carbon
(AC) catalysts [14]. The activity of the Au/MWCNTs was
not significantly different from Au/AC; however, the
distribution of the main products (dihydroxyacetone and
glyceric acid, Scheme 3) was practically reversed; as
selectivities to dihydroxyacetone of around 60% were
observed over Au/MWCNT catalysts, which is a very
important significant result, considering the high value of
this compound.

Organic chemistry

André Lopes (University of Porto) presented a poster on
‘Selective oxidation of renewable organic substrates by
gold supported on carbon materials’. Using molecular
oxygen, arabinoic acid could be synthesised from arabi-
nose, D-arabino-1,4-lactone being found as an intermediary
(Scheme 4). Preliminary results showed that MWCNTs

Scheme 2 Actinomycin D structure
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Fig. 2 Specific activities for the different Au/oxide catalysts
determined at room temperature, prepared by different methods
(adapted from [11])

Scheme 1 Top: Au NPs enhanced decaging effect of ATP by light irradiation (redrawn from the abstract). Bottom: Structure of ATP alone (left) or
linked to DEACM
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(Nanocyl—NC3100) and carbon xerogel (CX, prepared by
the resorcinol/formaldehyde approach [15]), loaded with
1 wt.% Au (by the sol method [13]) were used as catalysts.
Au/CNT was less active than Au/CX. Further research is
currently being done for optimization of results and
characterisation of samples.

Analytical chemistry

Susana Ribeiro (Institute of Engineering of Porto) spoke
about the development of an ‘Electrochemical biosensor
based on tyrosinase immobilized on 3D gold nanoelectrode
ensembles for the determination of L-DOPA (L-3,4-dihy-
droxyphenylalanine, a naturally occurring dietary supple-
ment and psychoactive drug found in certain kinds of food
and herbs, used in the clinical treatment of Parkinson's
disease and dopamine-responsive dystonia, and a precursor
to the biological pigment melanin). The tyrosinase enzyme
was immobilized on the gold nanoelectrode, which was
prepared by chemical etching [16] and the detection limit
was 1×10−9 mol/L in L-DOPA-spiked serum samples, of
which 83% could be recovered.

Georgina Alves (University of Porto) spoke about a
simple, fast, innovative, reliable and cheap method for
‘Simultaneous electrochemical determination of arsenic,
copper, lead and mercury ions, at trace levels, using a
vibrating gold microwire electrode’, as an alternative to
toxic Hg electrodes. The combination of a vibrator with a
gold microwire electrode resulted in very small diffusion
layer thickness (less than 1 μm) which improves the
sensitivity and the reproducibility of results. Well-defined,

undistorced, sharp and reproducible peaks for trace con-
centrations of those ions were found. The detection limits
obtained for As, Cu, Hg and Pb were 0.068, 0.40, 0.018
and 0.15 μg/L, respectively. The method was successfully
applied to the simultaneous determination of those four
metals in unpolluted river water samples and results were
validated by atomic absorption spectroscopy with electro-
thermal atomization or by inductively coupled mass
spectroscopy.

Renata Costa (University of Porto) had a poster dealing
with ‘Electric double layer at the gold/binary ionic liquid
mixtures’. Potential curves were determined for a gold
electrode in contact with mixtures of room-temperature
ionic liquids having two cations of the same homologous
series and a common ion: 1-ethyl-3-methylimidazolium and
1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)
imide. Results showed that there is preferential adsorption
of the ethyl group on the gold surface.

Inorganic chemistry

Miguel Ferreira (University of Minho) presented a poster
on ‘Synthesis, characterization and relaxometric evaluation
of gold nanoparticles functionalized with Gd+ chelates as
Magnetic Resonance Imaging contrast agents’, explaining
that Au NPs are promising platforms for the development
of molecular imaging and therapeutic agents, since they are
stable in physiologic conditions and biocompatible, provid-
ing a high-density surface clustering of reports and
targeting vectors. Since the Au–S bond is very stable, the
use of bifunctional thiols for stabilizing and functionalizing

arabinose D-arabino-1,4-lactone arabinoic acid

Scheme 4 Selective oxidation of arabinose into D-arabino-1,4-lactone and arabinoic acid using molecular oxygen
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gold nanoparticles. Authors synthesised novel metal chela-
tors 1 and 2 (Scheme 5) for functionalizing Au NPs with
Gd3+ chelates.

Márcia Ventura (New University of Lisbon) presented a
poster on ‘Studies on the synthesis of nanoparticles for the
coloration of glasses regarding its application in decorative
and artistic fields’. Authors produced coloured glasses
based on the synthesis of gold and silver nanoparticles by
a sol–gel method and by layer-by-layer deposition of
polyelectrolytes to art works. Au and Ag NPs were used
separately or as a mixture by varying their molar fractions,
in order to obtain yellow, orange and red colours, and the
processes were optimized in order to intensify the colours.
Temperatures near the glass transition point were used
during thermal treatment in order to fix the nanoparticles
and, hence, the colour of the glass surface.
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