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Welcome to ISMEC2016 in Barcelona
Dear colleagues and Friends,
The International Congress on Metal Complexes, ISMEC2016, on its 43th edition
becomes a reality in Barcelona. It has been a long way since our Italian friends begun and our
meetings did provide the opportunity to many of us not only to learn on metal complexes,
their roll and growing applications in several fields including environment, health, food,
energy, but to meet wonderful people that this yearly sharing created a nice friendship. I have
to mention our master friends that were at the start of ISMEC initiativeand already left us, thus
Carunchio, Casassas, Ferri, Ostacoli, Portanova, Pulidori, Romano, between others, made us in
their way to love the study of chemical species.
In Barcelona, ISMEC2016 wants not only to continue our friendly way of growing in science and
knowledge transfer but also to develop the personal interactions between participants,
because we believe that personal contributions are of key to success or failure and here
personal communications and personal interactions will positively support our professional
and personal success that will also be the success of our community. There are no many
instruments that can provide such interactions in an extensive way, but we will try the best
having your collaboration to make a success our planned brokerage session.This session is
intended to take the best of us to share with colleagues, students and innovators that
participate at ISMEC2016. Thus, I invite you to collaborate in this special session to take placeon
June 8th afternoon at the ISMEC2016 venue of Casa de Convalescencia in Barcelona.
On the other hand, I want also to highlight that ISMEC2016 will bring us back to the lab, a
particular and specific lab as it is our ALBA Synchrotron. Thus, on Thursday June 9th we will move
to visit and work our sessions at ALBA, where we will be in a proper atmosphere to share
experiences, to know specific developments and to touch the possibilities to add new values to
your research and specific applications.
To encourage you in these activities, we will have with us specialistsand well known scientist
to highlight with different advanced techniques the possibilities of getting deeper in the
knowledge and applications of chemical complexes, including metals andnon-metal
complexes.
The program that you find here would not have been possible without the contribution of all
of you and in particular, I want to recognize the contribution of the GTS people from UAB and
the people from ALBA, who is providing all possible efforts to make ISMEC2016 an useful nice
event for all of us in a period where there is no financial support from our public
Administration. Agència de Promoció d’Activitats I Congressos from UAB and the company
Reunions i Ciència, RiC, are acknowledged for their contribution to the logistics and
management of ISMEC2016.

We wish to all of you the best profit from your participation at ISMEC2016 and a pleasant stay
in Barcelona.

Manuel Valiente

ISMEC2016 Chair
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PLENARY LECTURE
Novel nanocomposite for high efficiency. Solid oxide fuel cell
Mamoun MUHAMMEDa)
a) Royal

Institute of Technology (KTH) 164 40 Kista (Stockholm) Sweden
Mamoun@kth.se

There are world-wide interest for developing alternative energy sources that are highly
efficient and environmentally friendly. Fuel cells, electrochemical conversion devices, are
considered as one of the promising power-generation technologies. Their advantages lie in
the high energy conversion efficiency (up to 60%), the possibility to use different fuels,
environmental compatibility, and modularity.
There several types of fuel cells suitable for different applications. Solid oxide fuel cells
(SOFCs) are interesting for high throughput power generation. However, current SOFCs need
to be operated at relatively high temperatures (900-1100°C) which represent major challenges
on the material’s selection, degradation, changes in morphology and phase, etc., resulting in
lower performance efficiency. To make them more competitive with other energy sources,
there is a need to develop SOFCs capable of operating at much lower temperature range.
Current SOFCs require high operating temperature in order to achieve reasonable
oxygen ion conductivity in the electrolyte. Yttria-stabilized zirconia (YSZ) is normally used as
the electrolyte material, as it is stable at high temperature and can conduct oxygen ions at a
reasonable level but only at these temperature ranges.
In this talk, we present some of our research on the development of novel
nanocomposite materials as an electrolyte in SOFCs with good ionic conductivity at much
lower temperatures. The nanocomposite consists of doped cerium oxide and sodium
carbonate. The sodium carbonate, immiscible with the doped ceria, is present at the interface
between the ceria nanoparticles. The nanocomposite has shown to have good thermal
stability at temperature as high as 600oC with high oxygen-ions conductivity. Moreover, this
nanocomposite has shown to be able to simultaneously conduct protons across the
electrolyte barrier resulting in an overall increase of the efficiency of the solid oxide fuel cell
performance, yet at much lower temperature.
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Polymer inclusion membranes as a new tool for zinc speciation studies
Ruben VERAa), Eline MICHIELSENa), Clàudia FONTÀSa), Enriqueta ANTICÓa)
a)Departament

de Química. Universitat de Girona. Spain
enriqueta.antico@udg.edu

Polymer inclusion membranes (PIMs) are a kind of functionalized membranes presently
used for different separation purposes, manly metal preconcentration, removal of
pollutants, and elimination of interferences [1].
A PIM consists of a carrier entrapped in polymer matrix, which confers the mechanical
strength to the membrane. In some cases a plasticizer is included in the formulation to
provide the necessary elasticity. The carrier is the active component responsible for the
transport of the target analyte from the donor solution to the acceptor solution (facilitated
transport).
We have investigated the usefulness of PIMs in zinc speciation studies. The PIM
designed for Zn transport consists of PVC as a polymer and di-(2-ethylhexyl) phosphoric acid
(D2EHPA) as carrier. The membrane is placed in a glass device [2] with 0.01M nitric acid as
acceptor solution. The composition of the donor phase was fixed as 0.01M potassium nitrate
solution.
The flux of zinc through the membrane was measured for a time period of 24 hours for
different total metal (15µM, 35µM, 50µM and 70µM) concentration, and we could observe a
linear relation between both variables. We also tested the influence of the presence of
different organic ligands by adding to the donor solutions ethylenediaminetetraacetic acid
(EDTA), nitrilotriacetic acid (NTA), citrate, histidine, and humic acid. The correlation of the
fluxes with the free metal concentration calculated using Visual MINTEQ will allow us to
discuss the different species that contribute to the metal transport.

Acknowledgements
The financial support of the research project CTM2013-48967-C2-2-P and the doctoral grant
ref. BES-2014-068316 (R.V.) are acknowledged.
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Stabilization of copper(II) coordination environment using branched peptides:
towards artificial metalloenzymes
Monica PERINELLIa), Maurizio REMELLIb), Remo GUERRINIb), Nicola MARCHETTIb), Matteo
Tegonia)
a)Department

of Chemistry, University of Parma, Parma, Italy; b)Department of Chemical and
Pharmaceutical Sciences, University of Ferrara, Ferrara, Italy
maurizio.remelli@unife.it

Branched peptides can be obtained from a central scaffold (core) to which a variable
number of peptide sequences are linked. These macromolecules have been described in the
preparation of novel promising antibacterial agents, vaccines and anticancer drugs [1]. In this
contribution we describe the study of two Cu(II)binding oligopeptides, and of their tetrameric
branched forms. The peptide sequences AAHAWGNH2 (P1) and HAWGNH2 (P2) were
synthesized using solid phase synthesis. Their tetrameric branched forms were obtained
starting from the corresponding one amino acid longer sequences (AAHAWGCNH2 and
HAWGCNH2), bearing a cysteine at the Cterminus. The cysteine SH group allowed to bind the
peptides to a maleimidefunctionalized cyclam platform via a thiol/Michael reaction, yielding
the desired tetrameric branched peptides [2] (Scheme 1).
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Scheme 1. Schematic representation of the tetrameric peptide constructs.

Monomeric peptide P1 binds Cu(II) at its ATCUN site (AlaAlaHis) [3]. Potentiometry
showed that [Cu(P1H2)] is the major species in the 49 pH range, while [Cu(P1H3)] forms at
higher pH values. For both species, spectroscopic data are fully consistent with a 1:1
Cu:peptide binding stoichiometry through a (4N) donor atoms set. Consistently, spectroscopic
data for the tetrameric (P1)4cyclam/copper(II) system showed that the tetrameric construct
binds 4 eq. of Cu(II) at the ATCUN sites (Scheme 2).
Monomeric peptide P2 forms [Cu(P2)2]2+ as the major species at pH 7. Spectroscopic data
are consistent with a mixed Glylike (N, O) and histaminelike (N, N) coordination to the copper
ion, in the equatorial plane of the complex. The involvement of the second imidazole, possibly
3
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in axial position, cannot be excluded, on the basis of literature data [4]. At pH to 9, a [Cu(P2H

3)] species is obtained as the major species where three deprotonated peptide nitrogen atoms
are involved in the binding of Cu(II).
Interestingly, the spectroscopic data on the corresponding tetrameric
(P2)4cyclam/copper(II) system suggest that at both pH 7 and 9 only two Cu(II) ions are bound
to the macromolecule, through the Glylike/histaminelike coordination, as for P2. Therefore,
the presence, in (P2)4cyclam, of chelating groups in proximity to each other (i.e. a high local
concentration of peptides) promotes the retainment of the Cu:peptide 1:2 stoichiometry, thus
preventing the rearrangement, shown by the monomer, to form one 1:1 [Cu(P2H3)] adduct
per peptide sequence with the (4N) coordination mode. We aim now to use these scaffolds to
prepare novel de novo designed copper peptides [5].
[Cu(P1H-2)]

P1 + Cu2+
pH 4 - 9

(P1)4cyclam + 4 Cu2+

pH 7

[Cu4{(P1H-2)4cyclam}] (4N) ATCUN

[Cu(P2)2]

P2 + Cu2+

pH 7
pH 9

[Cu(P2H-3)]
pH 7 - 9

(P2)4cyclam + 2 Cu2+

(4N) ATCUN

(3N, O) Gly-like/Hm-like
9

(4N)

[Cu2{(P2)4cyclam}]

(3N, O) Gly-like/Hm-like

Scheme 2: Scheme of the complex species present at various pH values.
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KEY NOTE
Metal Organic Frameworks. From coordination chemistry towards
composites, advanced nano-materials and drug delivery
Josef HAVELa)
a)Department

of Chemistry, Faculty of Science, Masaryk University, Kamenice 5/A14, 625 00
Brno, Czech Republic;
havel@chemi.muni.cz

Coordination metalligand complexes were intensively studied in the past, both in
solution and in solid state. When crystallized, in solid state, created nanometer-sized spaces
induce novel phenomena and these porous compounds have attracted high attention of
materials scientists. Porous materials such as zeolites are known for a long time and the first
synthetic zeolites were described already in 1862 [1]. New initiation of further progress in the
field came with “coordination polymers” (CP); the term was introduced by Bailar in 1964 when
he compared organic polymers with inorganic compounds which can be considered as
polymeric species [2].
Metal Organic Frameworks (MOFs) are defined as “crystalline compounds consisting of
metal ions or clusters coordinated to often rigid organic molecules to form one up to three
dimensional structures that can be porous” [3]. Both, MOFs and CPs are new challengers on
the porous materials scene. The difference between CPs and MOFs is discussed in [3], but
generally, both of them are containing metal ions and organic spacer ligands.
Illustrative scheme of MOF synthesis is given in Figure 1.

Figure 1 Illustrative scheme of MOFs synthesis from suitable bridging ligands (e.g. trimesic
acid) and metal ions (Cu2+ ) or metal clusters.
represents a drug molecule in MOF pores

There are extensive studies and applications of MOFs. Porous structure, with
nanometer size of pores, makes such materials very attractive for various purposes: MOFs
were found useful in gas storage, including hydrogen, methan, or carbon dioxide, in separation
5
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science, esp. in gas chromatography, in catalysis, molecular recognition, and in medicine, for
example. Also nanoscale metalorganic frameworks (NMOFs) have been developed and they
found use especially for drugs delivery, similarly as magnetic MOFs [4] which are suitable for
contaminants separation in magnetic field or drugs delivery, as well.[56]
In this work (i) fundamentals of MOFs synthesis and/or design will be reviewed (ii),
survey of applications in nanomedicine and theirs use as drug carriers will be shown, (iii) future
trends will be discussed, and (iv) several case studies will be demonstrated and discussed.
E.g., interaction of nano silver with MOFs was studied and it was found that removal of
this emergent contaminant from waters is possible [7]. On the other hand, MOFsnano silver
(or nano gold) composites are a suitable MALDI matrices for preconcentration of peptides
and proteins and thus more sensitive MALDI TOF mass spectrometric detection is possible.
Such MOFs composites were also found as excellent SERS material for highly sensitive surface
enhanced Raman spectroscopy for biomolecules detection, e.g. for retinoic acid and retinoids.
Use of MOFs in nanomedicine for drug delivery was discussed [8] and it was studied here for
several drugs. Moreover, synthesis of coreshell magnetic MOFs suitable for contaminants
separation or drugs delivery was performed, as well.
Concluding, MOFs, NMOFs and/or coreshell MOFs represent exciting hightec material with
wide applications in science, technology, and in medicine.
Acknowledgements
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PULIDORI WINNER
Ag2 and Ag3 Clusters: Synthesis, Characterization, and Interaction with DNA
David BUCETAa), Natalia BUSTOb), Giampaolo BARONEc), José M. LEALb), Fernando
DOMÍNGUEZd), Lisandro J. GIOVANETTIe), Féliz G. REQUEJOe), Begoña GARCIAb), M. Arturo
LÓPEZ-QUINTELAa)
a)Departamen

of Physical Chemistry, University of Santiago de Compostela; b) Departament of
Chemistry, University of Burgos; c) Department of Biological, Chemical and Pharmaceutical
Sciences and Technologies, University of Palermo, d) Department of Physiology and Centro de
Investigaciones en Medicina Molecular y Enfermedades Crónicas (CIMUS), University of
Santiago de Compostela, e) Instituto de Investigaciones Físicoquímicas Teóricas y Aplicadas
(INIFTA), Universidad Nacional de La Plata-CONICET, La Plata (Argentina)

Subnanometric samples, containing exclusively Ag2 and Ag3 clusters, were synthesized
for the first time by kinetic control using an electrochemical technique without the use of
surfactants or capping agents. By combination of thermodynamic and kinetic measurements
and theoretical calculations, we show herein that Ag3 clusters interact with DNA through
intercalation, inducing significant structural distortion to the DNA. The lifetime of Ag3 clusters
in the intercalated position is two to three orders of magnitude longer than for classical
organic intercalators, such as ethidium bromide or proflavine.
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Solution coordination chemistry as a mean to qualify new chelators designed
for nuclear medical applications
Michel MEYERa), Nicolas ROLLETa), Trong-Hung VUa), Stéphane BRANDESa), Peter GANSb)
a)

Institut de Chimie Moléculaire de l’Université de Bourgogne (ICMUB), UMR 6302, CNRS,
Université de Bourgogne – Franche-Comté, 9 avenue Alain Savary, 21078 DIJON, France
b) Protonic Software, 2 Templegate Avenue, Leeds, LS15 0HD, W. Yorkshire, England

michel.meyer@u-bourgogne.fr
Molecular imaging plays a steadily growing role in medical diagnosis and evaluation of
therapeutic effects of new drugs. Among the widelyused techniques, positron emission
tomography (PET) and singlephoton emission computed tomography (SPECT) are mostuseful
noninvasive imaging modalities for detecting tumors or providing insights into physiological
processes. Since most of the useful radionuclides are metal cations, they are injected into
organisms as radiotracers that combine a bifunctional chelating agent and a biological vector.
Development of new highaffinity chelators is still an ongoing task as the optimal ligands
should form highlystable and inert complexes to prevent invivo dissociation, but exhibit at
the same time fast binding kinetics at room temperature and optimal pH to reduce loss of
activity and radiation exposure for the manipulators. Moreover, in case of copper(II)based
radiotracers, the redox potential should be well below those of physiological reducing agents
in order to prevent the release of the radioelement by a reductive pathway.
Currently, most of the research efforts are focused on azamacrocyclic ligands of various
topologies because they fulfill more or less the abovementioned criteria. The lecture will
review the impact of several structural factors of Nsubstituted tetraazamacrocyclic ligands on
their copper(II) and gallium(III) binding properties determined by crystallography, UV–vis and
EPR spectroscopies, solution thermodynamics, electrochemistry, and kinetics.
The metal uptake affinity of ligands at physiological pH is classically gauged by the so
called pM value defined in the late seventies by Raymond et al. (pM = – log [M(H2O)n]free)
[1]. After discussing some major caveats of this widelyused parameter, which can lead to
misleading conclusions, the relative affinity criterion, denoted AL/M, will be introduced as a
new, but universal mean for the reliable assessment and comparison of the complexing power
of any kind of ligand. Relative affinities are straightforwardly computed with the general
speciation program Hyss2009 by using the apparent constant functionality.
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Finally, a detailed investigation of the copper(II) binding
performances of the crossbridged cyclam derivative CB–TE2A2– will be
presented. Owing to the extraordinary inertness of the corresponding metal
complexes, this ligand was sought as one of the most promising 64Cu2+
chelator by the community of radiopharmacists [2]. Beside speciation
studies, the complex formation mechanism was investigated by combining
classical and stoppedflow UV–vis absorption spectrophotometry and EPR
measurements. A multistep process was evidenced in the presence of a
large excess of ligand. Parametrization of the corresponding rate laws
allowed estimating the reaction time under radiolabelling conditions.
References:
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Criteria for the best Cu(II)-chelator in the context of Alzheimer’s disease
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Alzheimer’s disease is the most common neurodegenerative disease, with no known
cure. Brain of Alzheimer’s patients exhibits intracellular neurofibrillary tangles as well as
extracellular senile plaques, consisting of insoluble fibrillar aggregates of the amyloidβ
peptide (Aβ). The amyloid cascade hypothesis describes this aggregation; where monomeric
Aβ aggregates first into oligomers, then into fibrils. In the presence of metal ions, this
aggregation is modified.[1] Coordination of Aβ with Cu(II) generally favours the formation of
oligomeric species, whereas Zn(II) generally induces fibrillisation of the peptide. AβCu(II)
oligomers are considered to be more toxic than AβZn(II) fibrils,[2] because of their capability
to produce Reactive Oxygen Species (ROS).
One therapeutic strategy in tackling Alzheimer’s disease is to reduce the formation of
these toxic oligomeric species, by retrieval of Cu(II) from Aβ, through the use of a Cu(II)
chelator (Fig 1). The ideal chelator must be able to (i) effectively retrieve Cu(II) from Aβ, (ii)
stop or reduce the production of ROS, (iii) inhibit the formation of toxic oligomeric AβCu(II)
species. In this study, we will present different criteria for a Cu(II)chelator to remove the metal
from the peptide. The thermodynamic and kinetic parts will be approached. Differents [N,O]
chelators are tested.[3] However, it is important to investigate the role of Zn(II), which is also
present in high concentrations in the synaptic cleft[4] and can thus interfere in the Cu(II)
removal process.

Figure 1. Scheme of the amyloid cascade hypothesis.
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Alzheimer’s disease (AD) is the most frequent form of dementia in the elderly. One of
the features of AD is the formation of senile plaques in brain, mainly composed of the 40/42
residue AmyloidBeta peptide (Aβ). The Aβ peptide is present in soluble form in healthy brain
and found aggregated in AD brain. Furthermore, some metals such as copper are present in
high levels of concentration in senile plaques, and form complexes with Aβ. In the presence of
a reducing agent, CuAβ complexes can catalyze the production of Reactive Oxygen Species
(ROS), including the hydroxyl radical (HO•) [1,2]. The latter is highly reactive and can cause
oxidative damages to surrounding neuronal biomolecules and to the Aβ peptide itself.
The amino acid residues of Aβ undergoing oxidative damages were characterized by
using High Resolution Mass Spectrometry (HRMS) and Tandem Mass Spectrometry (MS/MS)
[3] and identified as being involved in the copper coordination sphere [4,5]. With this in mind,
we studied the impact of metalcatalyzed oxidation of Aβ regarding the ROS production, by
using fluorescence spectroscopy with 3CCA oxidation as a probe, and the coordination of Cu(I)
and Cu(II) to the oxidized Aβ species, by using XRay Absorption Near Edge Spectroscopy
(XANES) and Electron Paramagnetic Resonance (EPR). The results showed a change of the
fluorescence rate as the peptide get oxidized, due to an increase amount of ROS exiting CuAβ
and being scavenged by 3CCA. This latter phenomenon was linked to a change in CuAβ
coordination, leading to loosely bound copper. Thus, ROS production and Aβ oxidation seem
to play together, in what could be an important mechanism involved in the etiology of
Alzheimer’s disease, leading to neurodegeneration.
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Design of liposomes as theranostic nanoparticles
Isabel PONTa), M. Teresa ALBELDAb), Enrique GARCÍA-ESPAÑAa)
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Chemistry Group, Institute of Molecular Science, University of Valencia
b) Biomedicine Imaging Research Group, IIS La Fe
Isabel.pont@uv

Alteration or inhibition of DNA function as a result of the interaction of it with certain
molecules has attracted a great deal of attention in recent years. This interest lies in the ability
of these compounds to disrupt or halt the DNA function since they can be used for the
treatment of some diseases like cancer.
Previous studies at the Supramolecular Chemistry Group have shown that some
polyamines have high selectivity towards DNA. Therefore, they could be valuable compounds
to act as antitumor novel drugs. [1]
Currently, one of the most promising vehicles used for drug delivery are liposomes since
they are biocompatible, biodegradable and offer targeted drug delivery. [2] Our work consists
on the design of this type of nanoparticles achieving highly efficient drug encapsulation of one
polyamine derivate and the functionalization of their surface with a fluorophore unit and a
contrast agent based on a gadolinium complex. Afterwards, we will obtain an integrated
platform to diagnose and treat cancer, ultimately, a theranostic nanoparticle.
Their characterization will be performed by means of electronic microscopy, DLS, UVvisible spectrophotometry and MRI. Finally, we evaluated their cytotoxicity and the release
into different line cells.

Scheme 1: Illustration of the polyamine N2222N encapsulated inside a liposome.
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Factors affecting metal binding ability of the trihydroxamate-based
siderophore, desferricoprogen, and interference caused by cobalt(III) –
desferricoprogen on iron-uptake of selected microbes
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There are many reasons, why results, what can be obtained by investigation of the
different factors, determining the interaction of biogenic metals, including cobalt, with
different hydroxamate-based ligands are interesting. For example (i) cobalt ions can be
involved in catalytic centers of metalloenzymes and, it is without doubt that the significant
inhibitory effect of hydroxamate-based compounds is in direct correlation with the
coordination of the hydroxamate function to the metal ion, situating in the active centre of
the metalloenzyme. As a consequence, if the main factors determining the cobalt binding
ability of hydroxamate based compounds are known, those provide valuable help during
development of new effective inhibitor molecules. Also the results can help to get deeper
insight into the mechanism of inhibition. (ii) Monohydroxamate-containing ternary Co(III)complexes were developed as pro-drug candidates [1,2]. The above mentioned reasons
initiated our investigation on cobalt complexes (binary and ternary ones) of numerous
hydroxamic acids, including synthetic compounds and natural siderophores. In the present
case, cobalt(II/III) binding ability of a trihydroxamate-based microbial siderophore,
desferricoprogen, DFC (see its formula below), in comparison with analogous molecules, is
planned to discuss. Likewise, some results relating the effect of Co(III)-DFC on iron-uptake of
selected strains of fungi is also planned to provide.
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Out of the structural factors of the chains (each of them is connecting two
hydroxamates), the double bonds in β-positions to the chelating functions play a crucial role
in the metal binding ability of DFC. According to the results obtained, this siderophore forms
high stability complexes with Co(II), but, in fact, the really strong interaction exists in Co(III)-
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DFC complex. The latter species can be obtained via oxidation of the corresponding Co(II)complex and it remains stable under basic condition. The thermodynamic stability of the
Co(III)-DFC complex was found to be even higher than the stability of the corresponding Fe(III)
species [3]. The extremely high stability of the complex initiated investigation for the
possibility of disruption of the microbial iron-uptake in the presence of cobalt(III)-DFC under
certain conditions. The examination has been performed via testing of the antifungal effect of
the Co(III)-DFC complex on selected fungi with biomedical or agricultural importance. In this
project, the following species have been studied: Fusarium verticillioides (FGSC 7603),
Penicillium brevicompactum (SzMC 2180) and Aspergillus fumigatus (AF 293/FGSC 1100). The
results obtained in this work show that the complex decreased the growth rates in all the fungi
tested and the details are planned to display at the conference. .
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Uranium is a globally common and deleterious groundwater contaminant, arising from
uranium mining and milling operations, as well as nuclear materials processing and fabrication
activities. Once present in the subsurface, it is often highly mobile and can creates
groundwater contamination plumes that can extend for kilometers. Uranium groundwater
cleanup efforts have failed more often than they have succeeded, emphasizing the continued
need for knowledge about fundamental controls over uranium behavior.
Uranium mobility in complex natural subsurface systems is profoundly affected by
uranium coordination chemistry, as well as by the physical and electronic structure of natural
mineral and organic surfaces. Uranium mobility and bioavailability is also moderated by redox
conditions; U(VI) is highly mobile in groundwater in the presence of complexing ligands such
as bicarbonate, whereas U(IV) is relatively insoluble and therefore typically immobile. Redox
conditions within natural aquifers can vary spatially and temporally, giving rise to a range of
transport properties. Interfaces between anoxic and oxic zones in natural sediments, which
occur at centimeter to meter length scales, are therefore regions of interest for understanding
uranium coordination chemistry and mobility. Our group is studying interfacial processes and
coordination chemistry of uranium in complex multicomponent (mineralorganicwater)
redoxvariable organicrich sediments to understand how these factors influence the mobility
of uranium in contaminated aquifers.
Whereas a relatively large body of literature has examined sorption of U(VI) on aquifer
materials, relatively little attention has focused on U(IV) sorption. U(IV) exhibiting local
molecular structure consistent with sorbed complexes has been observed in natural
sediments, suggesting that such complexes are important. It is unknown which materials will
adsorb U(IV) in complex aquifer solids, or under what geochemical conditions adsorption will
outcompete UO2 precipitation to dominate U(IV) speciation. We will show examples to
illustrate the importance of U(IV) adsorption to uranium mobility in contaminated sediments
in the upper Colorado River Basin, USA. Together, these results highlight the tightly intertwined
roles of interfacial and redox chemistry in controlling contaminant mobilization in complex
natural subsurface systems.
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Uraninite (UO2) is a desirable product of bioreduction and a major component of US
spent nuclear fuel. In sediments containing UO2, longterm uranium release is controlled by
surfacemediated oxidative dissolution. Dissolution rates are profoundly influenced by the
concentrations of dissolved oxygen (DO), carbonate, and solutes such as Ca 2+, which retards
UO2 oxidation. We show that Ca2+ reacts strongly with UO2 in the aquifer at Rifle, CO, a result
of surface binding at uranium structural sites. Overall oxidative uranium loss rates in the
aquifer were highly sensitive to DO concentrations, with relatively rapid loss when DO was >
0.6 mg/L, but no measureable loss at lower concentrations. We conclude that the spatial and
temporal dynamics of DO in many shallow aquifers will drive periodic oxidative release of
uranium from UO2 and other forms of U(IV).
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Sulfur XANES analysis of Atlantic Oysters and Mediterranean Mussels
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Marine pollution has become one of the major environmental problems all over the
world and extensive research is being undertaken to understand the effect of marine pollution
on the global environment and in particular on life forms. Heavy metals present in high
concentrations in aquatic habitats are found to be bioaccumulated within the tissue of several
organisms. Functional organic groups (such as amide, amine, hydroxyl, carboxylic, imidazole,
sulfate, phosphate, and thiol or sulfhydryl) present inside the cell provide indeed the chemical
basis to bind these metals. The sulfur electronic properties, contributing the sulfur atom to
the structure of amino acids such as cysteine and cystine, are then affecting the protein
functionality.
There are very few tools to study the role of sulfur in biological systems, and among
them Xray absorption near edge structure (XANES) spectroscopy offers a unique non
destructing possibility to determine the oxidation state of the element characterizing its
chemical speciation [1, 2].
In the present study, we report about sulfur speciation of well characterized Atlantic
oysters and Mediterranean mussels samples, by means of X ray absorption near edge structure
(XANES) spectroscopy. This noninvasive method provides direct information and evidences
about a large variety of organic and inorganic forms, thus allowing for their different
functionality identification of the sulfur complexes.
The obtained spectra have been analysed and compared with synthetized Zinc
methalotianins (ZnMTs) and other sulfur references found in literature [3].
Gaussian combination (GC)[4] as well as linear combination (LC)[5] methods have been
employed to quantify the species content, decomposing the observed spectral features as
results of the different oxidation states of sulfur.
A rough estimation of a maximum ZnMTs content has been provided, as well as a
residual quantification of both organic and inorganic forms of sulfur in the analysed samples.
The obtained results have been compared with the amount of impurities detected in
the analysed samples, revealing the high biomarkers efficiency of oysters or mussels in
revealing the pollution of heavy metals.
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Selenium is an essential micronutrient for humans and it has been shown to be
antioxidant, antitumoral, antiviral and to contribute in the treatment of cardiovascular
diseases. Therefore, appropriate selenium intake can benefit human health, but millions of
people worldwide consume it at levels below the body’s need for the correct expression of
proteins, where Se is found as selenoamino acids.
Selenium enters the foodchain through plants but Sepoor soils around the world
produce Sedeficient crops, resulting in deficient food for humans,. Soil Se enrichment in
edible plants has been proposed as a solution for this problem, and wheat has been chosen as
an ideal candidate to contribute to human welfare in the form of functional foods.
The chemical speciation of Selenium in the system is crucial, since the properties of Se in wheat
(bioavailability, toxicity, etc.) are strongly dependent on the form in which it is found.
Consequently, characterization of the different species present is required in order to assess
the potential health benefits as well as its safety. In this context, it is important to gain an
understanding of the plant’s physiology, and how it affects the mechanism of bioassimilation
of Se, and its metabolism, where inorganic species are transformed to selenoaminoacids. It is
also critical to determine the distribution of the species in the different plant tissues (roots,
stems, leaves, and grain).
The novel element in the proposed research includes a chemical tuning. By controlling
the Se species added to the soil by the related redox potential, it is feasible to obtain the
desired ratio of selenoamino acids in wheat grain. This enables the possibility to ensure
specific selenium bioavailability and to target determined health benefits for the applications
of the obtained functional food. At the same time, it is possible to avoid seasonal variability of
the mentioned selenoamino acids ratio.
Proper characterization is essential. Conventional techniques to analyze chemical
speciation, (such as HPLCICPMS) require a pretreatment that may alter the selenium species.
On the contrary, Synchrotronbased techniques are nondestructive methods that can provide
real insight on speciation and also perform distribution studies in small samples. Synchrotron
results serve as a reliable validation technique for HPLCICPMS data.
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Accordingly, the Se content and speciation in wheat tissues has been measured by
direct XRay Absorption Spectroscopy (XAS) with Synchrotron Radiation. Furthermore, the
location and distribution of several elements through the plant and the grain, including Se and
essential nutrients, has been determined by XRay Fluorescence mapping (XRF), providing
novel significant results on wheat physiology and selenium enrichment.
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KEY NOTE
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Xray absorption spectroscopy (XAS) is a powerful tool to direct access to metal
speciation and to the local structural and electronic properties around an absorber. By this
technique samples can be analyzed directly or after minimal pretreatment. XAS have been
already widely applied in environmental sciences in general, and to the investigation of MTs
[13] and aquatic organisms in particular [48].
Here we will show the powerfulness of this technique and its successful application to
biomarkers identification. More in particular by hard Xray absorption spectroscopy we
investigate how Atlantic oysters (Crassostrea gigas) and Mediterranean mussels (Mytilus
edulis) store Zn in their tissues as potential indication of metal pollution. We found that oysters
and mussels show very similar Zn storing mechanism and a coexistence of ZnO and ZnS
bondedspecies, which the relative fraction resulting clearly correlated to the amount of
MeHg, AsB, and Ni present in the samples. Our findings throw light on the intrinsic heavy metal
storing mechanism of these aquatic organisms, and also provide a tool to monitor the sea
MeHg, AsB, and Ni aquatic pollution by using oysters and mussels as biomarkers.
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Due to the high number of existing metalloproteins and their involvement in several
natural processes and diseases, the analysis of the interaction between proteins and metals
became crucial for understanding the role of the metal ions in living organisms. Also, the
increasing use of metal-based drugs for the treatment of different kind of diseases imposes
the need of developing new tools to study these interactions. In recent years, electrospray
ionization mass spectrometry (ESI-MS) has emerged as an extremely valuable and powerful
method to monitor the interactions between metal ions and different kind of biomolecules.
In spite of the relatively common use of nano-ESI sources for these purposes, this special
methodology requires very specific conditions to be applied, while showing some limitations
in reproducibility.
The optimization of conventional ESI sources to the study of these interactions has
become one of the current goals. Hence, we adapted the conditions of a standard ESI source
instrument, equipped with a TOF high resolution analyzer, to study the interactions between
metallic complexes (Pt(II), Ru(II), Re(I) and Tc(I)) and biomolecules (proteins and DNA) [1], as
well as the interaction of several metal ions (Zn(II), Cd(II), Cu(I), Pb(II)) with Cys-rich proteins,
namely metallothioneins [2]. When necessary, the MS results have been complemented
with spectroscopic data (DC, UV-vis, fluorimetry) to better understand the nature of the
metal-biomolecules interactions.
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Colicin E7 is the nuclease toxin of Escherichia coli bacteria, expressed under stress
conditions. Its nuclease domain (NColE7) enters the target cell killing it through the non
specific digestion of the nucleic acids. The Cterminus of this enzyme comprises an HNH active
centre made up of ~ 40 amino acids. It forms a ββαtype Zn2+ion binding structure. The HNH
motif binds to the 3’ site of the scissile phosphodiestergroup in the DNA minor groove, while
the central helical regions of NColE7 form strong nonspecific interactions in the major groove
[1].
The DNA cleavage mechanism of NColE7 has been widely studied. It was proposed that
the H544, H569, H573 sidechains at the Cterminus have essential role of the coordinating
the metal ion [1], while the fourth, uncoordinated His (H545) generates an activated water
molecule for the nucleophylic attack of the scissile phosphodiester group. It is a striking feature
of NColE7 that its Nterminus is also involved in the catalytic reaction. The ~ 40 amino acids
long sequence does not show any welldefined secondary structure, but the positively charged
Arg at its Nterminus is necessary for effective nuclease activity [2]. Similarly, a positively
charged amino acid distant in the sequence, but spatially close to the active centre can be
commonly observed in the HNH nucleases. These amino acids may have multiple role in the
enzymatic mechanism, such as the binding of the substrate at the cleavage site and thereby
contribute to structural distortion and electrostatic activation, stabilization of the transition
state intermedier and/or the leaving group. Besides, they also may participate in the proton
transfer reaction between H545 and the leaving group.
In addition, the Nterminus was also found to affect the structure of the enzyme,
inducing a disorder in the protein folding. This also affected the metal ion binding ability of the
enzyme, which is crucial for its nuclease activity. On the other hand the binding of the DNA
substrate or the enzyme inhibitor Im7 immunity protein in some cases could induce the folding
of the mutants into the nativelike structure, similarly to the effect of the proteinprotein
interactions within the family of the intrinsically disordered proteins.
The above findings may allow for controlling of the conserved metal binding catalytic
motif of NColE7 through an intramolecular allosteric activation by a distal part of the protein.
Therefore, to get a more detailed insight into the role of the above mentioned residues, we
designed eight variants of NColE7 (Scheme 1), including Nterminal truncated mutants,
missing 4, 25, 45 or 69 amino acid residues [2], as well as, point mutants substituting the (T454)
threonine and/or (K458) lysine and/or (W464) tryptophan amino acid with alanines [3].
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Scheme 1. Schematic drawing of the NColE7 variants. TKW symbolizes the TKW, TK, KW or W NColE7 point
mutants, in which T454A and/or K458A and/or W464A mutations were performed. For the truncated mutants X
in the ΔNX notation indicates the number of deleted amino acids at their N-termini out of the total 131 amino
acids of NColE7.

We have studied the effects of the individual amino acids in this region on the solution
structure, metalion and DNA binding properties, as well as the catalytic activity of the
mutants. Protein crystallization experiments were also carried out for comparison with the
results of the solution studies. These experiments clearly showed that mutations within the
four Nterminal amino acids, even their deletion did not affect the structure significantly, while
having dramatic effect on the catalytic activity. At the same time the structure collapsed upon
the exchange of W464 to alanine. These mutants could not be crystallized, while the former
variants yielded crystals suitable for Xray diffractometry (Figure 1)

Figure. 1. An example of the commonly observed shape of protein crystals of the NColE7
mutants at N-terminus (left panel), and precipitate with the W464A mutants (right panel).
These results inspired us to investigate the structural consequences of the interaction of
mutant NColE7 proteins in aqueous solution in more detail. We showed how the folding of
NColE7 is affected by mutations and by specific proteinprotein or proteinsubstrate
interactions using synchrotron radiation circular dichroism spectroscopy. The discrepancies
between solution and crystallographic protein structure studies, will also be discussed.
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DNA guanine rich stretches are able to fold in G-quadruplex structures (G4) in which four
guanines interact by Hoogsteen hydrogen bonds and form a tetrad square planar structure.
Two or more of these G-tetrads are stabilized by stacking and by the presence of a monovalent
cation in the central channel. The biological role of G4 structures is not completely understood
but evidences suggest that they are involved in a number of regulatory processes such as DNA
replication and stability, transcription, translation and telomere maintenance. Therefore, the
search of molecules able to interact and stabilize these structures has attracted much
attention in the scientific community.
In this work we show the synthesis of some perylene derivatives and their interaction
with several G-quadruplexes in order to evaluate structure – reactivity relationships. Firstly,
the selectivity of the synthesized probes for a particular conformation and/or sequence was
evaluated by a FRET melting assay. [1] Interestingly, the tested perylene derivatives that are
able to interact with G-quadruplex display higher stabilization in quadruplexes with only 2
tetrads in their structure than in three-tetrad quadruplexes (Figure 1).

.

Figure 1. Thermal stabilization of different G-quadruplex sequences with a perylene
monoimide derivative at several concentrations.
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Then, the interaction of these fluorescent probes with some of the above G4
structures was studied by a range of techniques, namely, absorption, fluorescence and
circular dichroism spectroscopy, isothermal titration calorimetry and relaxation T-jump.

In addition, their potential biological effect such as telomerase activity inhibition and
cytotoxicity was also evaluated in tumour (HeLa) and healthy (IMR-90) cell lines. Finally, their
selectivity towards G4 in comparison to duplex DNA (ctDNA) has been also evaluated.
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Fluoride (F) in drinking water has a harmful effect on health, as an excessive intake of
for a long period can result in skeletal fluorosis [1]. Therefore, the concentration in water
should not exceed 1.5mg L1 [1]. Minerals containing F are used in several industries which
contribute to F pollution with concentrations that can reach thousands of mg L1, much higher
than the acceptable level in drinking water.
F

In order to reduce F concentration in drinking water, different methods have been
developed such as adsorption, precipitation, electrocoagulation or ionexchange [1]. Among
the technologies used for F removal, adsorption is the most viable method due to its flexibility
and simplicity of design, ease of operation and low cost.
The application of nanostructured materials with mesoporous nature for water defluoridation
have been widely studied in recent years[2], as, due to their high surface area and high loading
capacity, they are ideal adsorbents[3]. Among the various adsorbents available, alumina
(Al2O3) has been recognized as one of the most effective materials for water defluoridation
because of the high surface area and porosity, thermal stability and low solubility in a wide pH
range [4]. According to these premises, hierarchically structured alumina microspheres (HAM)
seem to be promising candidates for effective F removal from contaminated waters.
The scope of this work is to prepare new HAM differing for structural/morphological
parameters and define the F adsorption in terms of loading capacity and thermodynamics of
the process. HAM have been prepared and characterized by standard methods, while
adsorption studies have been performed using a new experimental approach, which combines
potentiometry and Isothermal Titration Calorimetry (ITC). While in previous works ΔHads
(enthalpy of adsorption) related to F adsorption have been calculated by the van’t Hoff
equation, ITC is applied for the first time in this work for the direct determination of ΔHads.
Different HAM with high efficiency for F adsorption were synthesized based on the reported
methodology [57] with some modifications. Two types of HAM have been obtained and
characterized by SEM, TEM, BET, porosimetry, Dynamic Light Scattering and XRD, which reveals
that the synthesized materials differ mostly for crystallinity. It has been suggested in the
literature that crystallinity has an influence for fluoride adsorption capacity [3,8].
The equilibrium data are well described by Langmuir isotherm while a twostep process
describes the adsorption kinetics. The adsorption constant obtained for the amorphous HAM
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(HAMA) is one order of magnitude higher than the material with a higher degree of
crystallinity (HAMB), showing that a small change in the synthetic protocol has an important
effect on this parameter. The highest defluoridation capacity reaches 26 mmol·g1 after 1 hour
of equilibration for HAMA, revealing that the adsorption is rapid and that the adsorbent has
high affinity for F. Contrarily to the data presented in most previous works, the ∆Hads values
obtained are clearly negative (Figure 1) for the different samples investigated.

Figure 1. ITC for F adsorption into HAMA (blue) and HAMB (green).
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Low and intermediate level radioactive wastes usually have a very diverse origin and
composition. A wide variety of organic materials (such as packaging plastics, clothes, paper,
gloves, cement additives, cleaning agents or ionexchange resins) are generally present among
them [1]. In particular,
Polyaminocarboxilic acids such as EDTA or NTA, which may be used in decontamination
procedures.
Polyhydroxycarboxylic acids such as gluconate (a simple model to account for complex
cement additives) and isosaccharinate (the most important degradation product of cellulose
in alkaline pore waters) are likely to be present due to the important amount of cement used
in the building of the repository and the conditioning of waste.
Dicarboxilic acids such as oxalate may be formed due to bitumen or ionexchange resin
degradation, and tricarboxylic acids as citrate are also used in decontamination procedures.
Those organic materials are of special interest as they may influence the mobility of
radionuclides [2], and may exhibit different behaviour depending on their chemical
characteristics.
In this work, we have reviewed the affinity of these ligands with different radionuclides
at different oxidation states (Cs(I), Ni(II), Eu(III), Th(IV)) in the alkaline pH range characteristic
of cement environments. Using this information, a simple calculation tool has been developed
in order to easily handle the influence of organic compounds on the mobility of radionuclides
by considering both, the stability of the aqueous species formed and its impact on the
radionuclide sorption behaviour. Knowledge gaps relevant for the safety assessment in the
radionuclide –organic ligand – calcium system have been identified.
Acknowledgements
This work has been financially supported by SKB.
References:
[1] Fanger, G.; Skagius, K.; Wiborgh, M., Project SAFE. Complexing agents in SFR, SKB Technical
Report 2001, R0104.
[2] Hummel, W.; Anderegg, G.; Puigdomenech, I.; Rao, L.; Tochiyama, O., Chemical
Thermodynamics Volume 9: Chemical Thermodynamics of Compounds and Complexes of
U, Np, Pu, Am, Tc, Se, Ni and Zr with Selected Organic Ligands Elsevier: Amsterdam, 2005;
Vol. 9, pp 1088

34

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

PLENARY LECTURE
Metal Imaging at Nanometer Level in Biological Cells by Nano Secondary Ion
Mass Spectrometry (NanoSIMS)
Dirk SCHAUMLÖFFELa), Julien MALHERBEa)
a)

Université de Pau et des Pays de l’Adour/CNRS, Institut des Sciences Analytiques et de
Physico-Chimie pour l’Environnement et les Matériaux (IPREM) UMR 5254, Pau, France ;
dirk.schaumloeffel@univ-pau.fr
Nano secondary ion mass spectrometry (NanoSIMS) is an analytical technique which
relies on the sputtering of ions from a solid surface by focused positive or negative primary ion
beams and the subsequent analysis of the produced secondary ions by a mass spectrometer
under high vacuum. Thus, the NanoSIMS can be described as a scanning ion microprobe which
can analyse at the submicrometre scale and produce elemental and isotopic images in 2D and
3D. Stateoftheart NanoSIMS equipment allows chemical imaging of a sample surface by the
detection of almost all elements (including their stable isotopes) of the periodic table with
lateral resolution below 50 nm combined with high sensitivity. Detection of seven elements in
parallel is possible. Since its introduction in the 1990s, the high spatial resolution and high
sensitivity of the NanoSIMS opened numerous new research possibilities. An important
increasing application field is element specific bioimaging [1]. NanoSIMS is perfectly suited to
localize the distribution of chemical elements with high spatial resolution in a biological
sample, e.g. for metal imaging at the cellular and even at the subcellular level. This can be an
important contribution to study biochemical functions, biosorption, transport, and
bioaccumulation processes of metals in biological cells.
This lecture gives a general introduction to the NanoSIMS technique and highlights its
performance and challenges for bioimaging of metals at nanometer level in individual
biological cells. This includes sample preparation strategies which is a difficult issue as
physiological important metal ions are often highly diffusible. All this will be illustrated by
localization of essential metals (e.g. Ca, Mg, Fe, Cu, Zn) together with major elements (C, N, S,
and P) in cell cultures of model organisms. In addition, an example for 13C stable isotope
labelling of metabolites will be presented which enabled the localization of physiological
processes inside a cell such as metal stress induced by cadmium. Correlative imaging with
other bioimaging techniques allowed the confirmation of results. In outlook will be given to
the prospects of bioimaging for trace metal research in health and disease.
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We selected triacetylcellulose as solid phase and Alizarin Red S as metal indicator with
the intent to produce a probe for the simultaneous detection of trivalent metal ions in water
samples.
The transparent triacetylcellulose membranes were produced from photographic film
tapes, previously treated with NaClO to remove coloured gelatinous layers. The ligand was
immobilized via ion pair with cetylpyridinium chloride (CPC), under mild conditions [1, 2].
The final material showed good mechanical properties and was characterized to
establish the kinetics and thermodynamic properties through the usual experimental sorption
profiles. The sorption isotherms confirmed the concentration of ligand on the membrane
(independently measured) and the sorption profiles as function of pH were in pretty good
agreement with those expected from the formation constants reported in literature for the
same metal ligand systems in solution.
The maximum sorption capacity, slightly dependant on membrane size, was around
0.003 mmol/g, extremely low, if compared other solid materials for metal sorption, but the
driving force is here the change in the colour on these thin membrane, so sensing, and not
removal capacity.
Sorption studies in function of the pH of the solution were performed in order to explore
the pH interval that guarantees the quantitative formation of the complex in the solid phase.
In the second step, the chromatic properties of the derivatized membranes were studied
via spectrophotometric measurements of the solid phase (operative condition: pH=4.5,
overnight loading of metals, excess of ligand).
At a first stage, Fe(III) , Al(III) and Cu(II) were the metal ions selected for this system.
The entire visible spectrum was employed for the analysis.
Firstly, we selected a proper data set, called training set, with a combination of 16
standard solutions to cover symmetrically the entire experimental domain. We used the
Multilevel Partial Factorial Design to choose the combination of metals for the standard
solutions. Then we used PLS to find the most suitable model to correlate the spectra of these
Alizfilms with metals concentrations.
In figure 1, the regression models for Aluminum and Iron created on the colour
developed by Alizfilms after equilibration, are presented. The true values are reported versus
the calculated ones. Copper was finally excluded from this modeling.
The regression model was firstly tested with a crossvalidated procedure, and then on
an external data set, called test set. A series of independent samples of metals was prepared
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Tests on real samples included the determination of Aluminum in a tea infusion and of
Aluminum and Iron in a sample of sewage sludge (via acid digestion with HF and HNO 3 in
sealed telfon vessel heated at 130°C overnight).
The true values refer to the ICP OES determination. The results, predicted after
equilibration of the same solutions on Alizfilm with the PLS models, are reported in table 1
Table 1 result of real samples with PLS model and ICPOES
Sample
aluminium
iron
PLS model (M) ICP (M)
Err%
PLS model (M) ICP (M)
4
4
s.sludge 1.5(4)*10
1.39(3)*10 +5.8% 4.6(7)*105
5.17(9)*105
Tea
4.88(6)*104
4.40(2)*104 +10.9

Err%
11.8%

An estimate of the detection limit was performed on blank spectra of Alizarin Red S solid
film. Since the concentrations given by the regression output refer to the solid phase (mmol/g),
employing the smallest Alizfilm with the largest volume of sample, for our experimental
setup, the operative LOD estimate, referred to solution phase corresponds to values around
7*108 M of Aluminum end 1*107 M of Iron.
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Figure 1: a) PLS model of aluminium of Alizfilms spectra; b) PLS model of iron
of Alizfilms spectra (pH4.5, I=0.1M, w=0.022g)
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The Chemistry of Metal-Organic Non-Trivial Structures
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Where will the chemistry of topologically nontrivial structures lead us? Will there be
practical applications for such complex molecules? These two questions have challenged
chemists since the field of molecular topology started, particular since its explosive growth
over the past 25 years. Fastpaced development of synthetic methods has led to the
preparation of a variety of complex molecules; however, landmarks in the field of molecular
topology have remained, for the most part, aesthetic achievements rather than practical
advances, as the search for applications continues. The complexity of these structures makes
it hard to scale them up, which is critical for their assessment, in addition to the challenge of
postsynthetic modifications, which limit their use as building blocks for advanced materials.
To address these challenges, recent research by the Trabolsi group has focused on the
synthesis of complex nontrivial structures from simple chelating ligands and metal ions. The
strategy involves the use of metal templates and the dynamic covalent chemistry of imine
bond formation. Initial experiments produced mixtures of three zincbased nontrivial
structures, a [2]catenane, a trefoil knot, and a Solomon link. The [2]catenane and the trefoil
knot were then isolated and characterized by means of NMR spectroscopy, mass spectrometry,
and Xray crystallography. Through reaction optimization, the [2]catenane or the trefoil knot
could be selectively formed and scaled up in solution (one pot, 5g scale, 80100 % yield). The
zincbased trefoil knot can host a variety of monocharged anions in its cavity, in solution and
the solid state. Such hostguest associations enhance the thermal stability of the trefoil knot
in solution.
Two main aims will be outlined in my presentation. (1) Advancing understanding at the
molecular level of metaldirected synthesis of metalorganic links, and the potential of their
postsynthetic modification, and (2) Exploring the anionbinding properties of trefoil knots and
establish a triple structurepropertyreactivity relationship by using a library of different anions
and metalbased links.
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a)

b)
Figure 1: a) Controlling the outcome of the reaction leading to a library of metaltemplated knots and
links either by adjusting the reaction temperature or via the use of different sizes anions as templates.
b) post synthetic modification of Cdbased molecular links and knots.
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A rotaxane is a supramolecular assembly formed by a linear axle which penetrates into
the cavity of a cyclic molecule and is capped with bulky end groups to prevent the exit of the
axle from the inner cavity of the macrocycle. Different systems have been used as axle
(surfactants, polymers, linear ligands, etc) [1] and as wheel (cyclodextrins, crown ether,
calixarene, etc) [2].
In this work the formation of a rotaxane by an endcapping process between a
pseudorotaxane, formed by the surfactant triethyl(1(isonicotinoiloxi)undecyl)ammonium
bromide and cyclodextrin, and the complex FeII(CN)5H2O3 was investigated (see Figure 1).
This rotaxane was subsequently opened, through a ligand substitution reaction, by adding
cyanide ions. The two processes were also investigated in the absence of cyclodextrin for
the sake of comparison.

Figure 1: Formation of the rotaxane

Conventional and twodimensional, 2D, rotating frame nuclear Overhauser effect 1H
NMR experiments show the formation and subsequent opening of the rotaxane.
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Everyday humans interact with a great amount of different materials and with the
imminent need to control matter. Since the very beginning of their existence, humans have
design materials to change and take advantage of the surrounding elements to improve their
life quality.
The main aim of material scientist is to overcome with new efficient and low cost
methodologies for the preparation of novel materials. Taking that into account, the
incorporation of Nanomaterials (NMs) into bulk components has become a priority.1,2
The design of materials depends on the current necessities of the society, the availability of
resources and the investment required for an appropriate scale up production.
Metal nanoparticles of Ag and Au (AgNPs and AuNPs, respectively) are here prepared and used
for electrode composite materials. We present the electrochemical characterization of
recently prepared electrode composite nanomaterials.
Further research of these materials, includes the design and development of
biosensing technologies, together with their use as modifiers of nanodiamond systems (NDs),
which are a novel class of nanomaterials interesting for their application in biomedical field,
as they are biocompatible (possibility of being produced on large scale and with relatively
inexpensive synthetic methodologies).3
Acknowledgments:
This work has been financially supported by the project CHEMNEXUS (Ref: CTM201565414
C21R) from the Spanish Ministry of Economy and Competitiveness (MINECO) and the
European Regional Development Fund (FEDER). Jingjing Zhao thanks to the China Sholarship
Council for the grant

43

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

References:
[1]

[2]
[3]

Campelo, J.M.; Luna, D.; Luque, R.; Marinas, J. M.; Romero, A., Sustainable Preparation
of Supported Metal Nanoparticle and Their Applications in Catalysis. ChemSusChem
2009, 2(1) , 18–45.
Polshettiwar, V.; Luque, R.; Fihri, A.; Zhu, H.; Bouhrara, M.; Basset, J.M., Magnetically
Recoverable Nanocatalysis. Chem. Rev. 2011, 111(5), 30363075.
Mochalin, V. N.; Shenderova, O.; Ho, D.; Gogotsi, Y., The properties and applications of
nanodiamonds. Nat. Nanotechnol. 2012, 7, 11–23.

.

44

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

Perylene-bisimide (PBI) metal complexes as stabilizers of carbon nanotubes
mixtures for temperature sensing
Romualdo BIANCOa), Tarita BIVERa), Francesco CRISCITIELLOa), Andrea PUCCIa), Anita
SCIGLIANOa), Fernando SECCOa)
a)

Department of Chemistry and Industrial Chemistry – University of Pisa – Via Moruzzi 13,
56124 Pisa - Italy

It has been observed that perylenebisimide (PBI) derivatives can show interesting
properties concerning biosubstrates binding and noncanonical nucleic acids forms
stabilization [1]. Moreover, they find use in new materials as stabilizers for carbon nanotubes
and temperature sensors [2].
Therefore, it seemed to be of some interest, to perform a study of the metal
complexation ability of a newly synthesised ligand, where the central perylene core
(chromophore) is connected to two crownether residues (Figure 1).
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Figure 1. The perylenebisimmide ligand used in this study

Absorbance titrations were analysed, also by means of the HypSpec2014® software, to
shed light on the ligand affinity toward Ca2+, Ni2+, Co2+, Fe3+, Pb2+ metal ions and on the
stoichiometry of complexes eventually formed. Nickel and cobalt do form the 1:1 complex and
not quantitatively. In the case of Ca2+, Fe3+ and Pb2+ the 1:1 ML complex can be quantitatively
formed, even if other stoichiometries are possible.
The 1:1 PeryCrown5/Ca, PeryCrown5/Fe, PeryCrown5/Pb complexes (together with
PeryCrown5 alone for comparison purposes) were then added to multiwalled carbon
nanotubes (MWCNTs) mixtures. The stabilizing ability of the metal complexes towards
MWCNTs was quantitatively measured by means of thermal analysis (TGA).
The deposition of MWCNT/PeryCrown5 dispersions on plastic film supporting gold
electrodes allowed the fabrication of temperature sensors, whose response was checked. The
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results obtained are promising and give interesting information on possible modulation and
optimisation of the use of metal complexes in MWCNTsbased sensors.
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Among the different options studied in Europe for the advanced reprocessing of
nuclear fuels, and especially the recycling of minor actinides, one of them consist in separating
the americium from the other fission products in order to reintroduce this element in the fuel
cycle. The main challenge for the separation of americium is to find selective processes toward
the lanthanide cation seriesand the curium cationthat have close chemical behaviour at the III
oxidation state.
One solvent extraction process aiming at the Am(III) separation has been studied in the
framework of the SACSESS European project (FP7, Euratom Nuclear Fission and Radiation
Protection Theme). This process usesthe TODGA diglycolamide extractantin the organic phase,
and
the
TPAEN
(N,N,N,N'-tetrakis-tetrakis[-(6carboxypyridine-2-yl)methyl]ethylenediamine)complexant in the aqueous phase in order to take advantage of both ligand
selectivities in the lanthanide(III) and actinide(III) cation series.
The TPAEN ligand was indeed identified as a selective ligand for the complexation of
the americium(III) cationversus curium(III) and the lanthanide(III) cations [2]. In order to better
understand this selectivity,the study presented here aims atcharacterizingthe complexes
formed between these cations and the TPAEN complexant in the aqueous phase.

Figure 1: TPAEN(N, N, N, N 'tetrakistetrakis [(6carboxypyridine 2yl) methyl]ethylenediamine

The stoichiometry of the americium complex was determined by X-ray absorption
spectroscopy(EXAFS) showing that the complex is 1:1 and that the cation is bondedto 6
nitrogen atoms and 4 oxygen atoms coming from the carbonyl functions. Speciation studies
using timeresolved laser induced fluorescence spectroscopy (TRLIFS) with Eu(III) and Cm(III)
confirmed this stoichiometry and enabled the determination of the stability constants with
these cations. The thermodynamic data associated with the complexation constants were also
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determined for La(III), Ce(III), Pr(III), Nd(III), Sm(III), Eu(III) and Dy(III) using micro-calorimetry.
At last, the TPAEN/Am(IIIcomplexation constant was determined using UV/Vis spectrometry.

Figure 2: TPAEN / Am complex structurededuced from EXAFS

The comparison of all the data acquired during this study enabled us to quantify the
selectivity of the TPAEN ligand for Am(III) over Cm(III). In the lanthanide(III) series, the
maximum value met for Nd(III) and the relatively adjacentvalues for La(III) and Pr(III) are in
agreement with the extraction experiments: the selectivity of the TPAEN ligand for Am(III),
with some difficulties to separate from the light lanthanide(III) cations[1].
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Anion coordination chemistry has sparked considerable interest in recent years due to
the ubiquitous presence of anions in biological and environmental systems, the roles they play
in various biochemical processes, and their involvement in many technological areas. The
design of receptors for the binding of anions in solution, in particular in water, can be very
challenging as the noncovalent interactions employed to anchor anions to the receptor are
weak, they must prevail over the competing anionsolvent interactions, and structural features
that provide them are often difficult to build into the receptor framework. Fortunately, while
individual noncovalent interactions are weak, collectively they could be made sufficiently
powerful to afford polyfunctional receptors capable of strong and selective anion binding [1].
Anionπ interactions are among the most recently recognized noncovalent forces [2].
Their importance has long been underappreciated by the scientific community as it is
counterintuitive to expect that an attraction may arise between a negatively charged species
and common aromatic rings characterised by negative quadrupole moments. However, upon
insertion of strongly electronwithdrawing substituents, these quadrupole moments can be
inverted, turning parent aromatic systems into πacids able to attract anions.
We present here preliminary thermodynamic and crystallographic results on the
interaction of the tetrazinebased ligand L and halogenide anions. Tetrazines are strong πacids
and, thus, amenable to anion π interactions, but usually they have low water solubility.
Functionalization with two morpholine groups makes them sufficiently soluble in water to be
studied by means of pHmetric methods.
O
N N

( )n

N
O

N

( )n

N N

L n=2

Potentiometric (pHmetric) titrations performed in aqueous solution showed that both
mono and diprotonated forms of L bind F, Cl, Br and I anions forming rather stable
complexes. The stability of these complexes is poorly affected by the ligand charge and by the
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anion ability to form hydrogen bonds, suggesting that other forces must furnish a significant
contribution. The crystal structures of (H2L)F2·3H2O·MeOH, (H2L)Cl2, (H2L)Br2 and (H2L)I2·H2O
(Figure 1) showed that, in the solid state, all complexes are stabilized by an interplay of
different weak forces, among which, anionπ interactions are invariably present and
prominent. Reasonably, such anionπ interactions are also operative in solution and
characterize the particular behaviour of these anion binding equilibria.
Density functional theory (DFT) calculations are in progress to further analyse these
binding processes.

3.003 Å

3.311 Å

3.409 Å

3.606 Å

Figure 1. Crystal structures of (H2L)F2·3H2O·MeOH, (H2L)Cl2, (H2L)Br2 and (H2L)I2·H2O
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Novel bridging μ2-N7,O6-ayclovir mode in a tetranuclear complex having a
cubane-like core [NiII4(μ3-methanolato)4]4+
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Recent advances on the metal binding pattern (MBP) of acyclovir (acv, also called acyclo
guanosine) revealed that its N7guanine donor atom is always involved in coordination. The
formation of the MN7(acv) bond alone or in cooperation of a XH···O6(acv) intramolecular
interligand interaction represents the most frequent MBP of this synthetic purine nucleoside
analogue (SPNA) [1]. Examples are known with less common MBP: chelating Cu IIN7,O6acv,
bridging μ2N7,O(ol) chain or a chelating+bridging tetradentate mode Cu IIμ4
N7,O6,O(e),O(ol)acv (where O(e) and O(ol) are the Oether and Oalcohol atoms of the N9
acyclic side chain respectively.
Attempts to react nickel(II) nitrate o chloride with 2(2aminoethoxy)ethanol )(2aee) and
acv in methanol affords many single crystals (Fig. 1).

(2aee)

Figure 1. Crystals of the novel tetranuclear Ni(II) complex with a [Ni4O4]cubanelike core.
But crystallographic studies lead to poor results, probably related to disorder in the N9
side chain of acv ligands and/or solvent molecules. The complex seems to be 2aeefree and
the same crystals have been obtained from nickel(II) chloride or nitrate salts. Best structural
results only enables a modellingcif file of the complex (Fig. 2).
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Figure 2. Structural modelling of the novel tetranuclear Niacv complex.
The [Ni4O4]cubanelike cage consists of four Ni(II) centres and four Omethanolate
donor atoms. The stability of the cage is reinforced by four μ2N7,O6acv bridging ligands, a
novel MBP for this SPNA [1,2]. The estimated bond distances NiN7 (2.083) and NiO6 (2.046)
have usual values. In the compound each metal atom exhibits an octahedral coordination,
fulfilled by an N7 and O6 donors from two distinct acv ligands, there O donors from three μ3
methanolate ligands and an Ohydroxo donor atom, ensuring the neutrality of the compound.
Close similar [Ni4O4]cubanelike cages have been previously reported for this and other
secondhalf firstrow transition M(II) ions [3].
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The combination of distinctly different metal ion binding sites within one ligand can
lead to new metal-complexes with interesting new properties in fields such as molecular
recognition, molecular devices, enzyme mimicking and pharmaceutical chemistry.[1]
With this aim, great efforts have been made in the Supramolecular Chemistry Group
of the University of Valencia to combine the well-known pyridine-based ligand, PYTREN, with
open chain chelators offering structural flexibility that can presents new properties. The
coordination chemistry and SOD mimicking activity of PYTREN have been fully described.[2]
Here we report a new family of ligands that combine the macrocyclic moiety py22 with a
tripodal open-chain chelating unit having quinolines, pyridines or anthracenes as terminal
units (red in scheme). These ligands are expected to coordinate not only one metal ion but
also two metal ions with different coordination environment.

Scheme. Drawing of the new ligands with the tripodal open-chain chelating units with: 2-Pyridine,
Anthracene and 4-Quinioline.

The metal ion coordination capability of the new ligands has been studied by means of
potentiometric titrations, UV-Vis and fluorescence techniques.
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The importance of molybdenum from a biological, environmental and technological
point of view is very well known since many decades [15]. In particular, it is mainly present in
aqueous solutions as molybdate (MoO42), which is the biologically active form, entering in the
cells by active transport systems. Though molybdate is the major species in neutral to basic pH
conditions, at lower pH it undergoes protonation and, chiefly, polymerization, even at
millimolar concentration levels [2]. Consequently, the modelling of its speciation and acidbase
properties is not very simple, as demonstrated by the nonhomogeneity of available literature
data. In this light, our group has started a systematic study aimed at the evaluating the
dependence on medium and ionic strength of the acidbase properties of molybdate. This
contribution reports some results relative to the protonation constants of molybdate at T =
298.15 K, in NaClaq and NaNO3aq at different ionic strengths (0 < I / mol dm3 ≤ 5.0 in NaClaq, 0
< I / mol dm3 ≤ 3.0 in NaNO3aq), by potentiometric and spectrophotometric titrations. The two
techniques allowed the investigation of different ligand concentration ranges, in order to
define the acidbase behaviour of molybdate below and above the concentration limits for the
formation of the polynuclear species. The dependence of the protonation constants on ionic
strength has then been modelled by means of classical approaches (Extended DebyeHückel,
Specific ion Interaction Theory, Pitzer).
Moreover, it is well known that molybdate, other than as a classical anion, behaves as
Lewis acid too, leading to relevant interactions with both cations and ligands in aqueous
solution [4]. As a consequence, a better insight on the coordination behaviour and the
speciation of molybdate in aqueous systems containing various cations and ligands is of great
concern from many different point of view. For this reason, its interactions with phytate [Phy,
1,2,3,4,5,6hexakis(dihydrogen phosphate) myoinositol] have also been investigated at T =
298.15 K in NaClaq at different ionic strengths, with the aim of defining the speciation of these
systems and evaluating the sequestering ability of this ligand toward molybdate. In fact,
analogously to MoO42, also phytate is a very important molecule from the biological,
environmental and technological point of view, due to its ability to form quite stable complex
species with several metal and organometal cations, as well as other ligands [6,7].
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Cancer is a group of malignancy characterized by unregulated cell growth. The use of
platinum complexes in cancer therapy started with the introduction of cisplatin (cis-diaminodichloroplatinum(II)) in clinical practice. Cisplatin, by binding DNA, causes a distortion of the
helix and leads to cellular apoptosis.[1] It is able to interact with different plasmatic proteins
containing thiolic groups, thanks to the great affinity of platinum for the sulfur atom.[2-4]
Nitrogen-containing ligands with delocalized electrons react with DNA, intercalating
between base pairs by aromatic pi-pi stacking. For example, 1,10-phenanthroline (phen) and
phenanthroline-5,6-dione (phendione) show anticancer activity against several cancer cell
lines, both alone [5, 6] and metal-bound.[7-10]
We synthesized and characterized a new family of mixed platinum(II) complexes with
phen, phendione and 5,6-dihydroxy-phenanthroline (phendiol) and with imidazolidine-2thione ligands.
The cytotocix activity of ligands and platinum complexes has been tested against several
tumour derived human cell lines.
The interaction of platinum complexes with albumin was studied by UV-vis spectroscopy and
Electrospray Ionization at Atmospheric-Pressure Mass Spectrometry (ESI-MS) (Figure 1).
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Figure 1. ESI-MS (+) spectra of a platinum complex with albumin.

58

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

References:

[1]

Alderden, R. A.; Hall, M. D.; Hambley, T. W., The discovery and development of
Cisplatin. Journal of Chemical Education 2006, 83 (5), 728-734.

[2]

Rudnev, A. V; Aleksenko, S. S.; Semenova, O.; Hartinger, C. G.; Timerbaev, A. R.;
Keppler, B. K., Determination of binding constants and stoichiometries for platinum
anticancer drugs and serum transport proteins by capillary electrophoresis using the
Hummel-Dreyer method. J. Sep. Sci. 2005, 28, 121–127.

[3]

Sooriyaarachchi, M.; Narendran, A.; Gailer, J., Comparative hydrolysis and plasma
protein binding of cis-platin and carboplatin in human plasma in vitro. Metallomics
2011, 3, 49–55.

[4]

Ivanov, A. I.; Christodoulou, J.; Parkinson, J. A.; Barnham, K. J.; Tucker, A; Woodrow,
J.; Sadler, P. J., Cisplatin binding sites on human albumin. J. Biol. Chem. 1998, 273,
14721–14730.

[5]

Falchuk, K.H.; Krishan, A., 1,10 Phenanthroline inhibition of lymphoblast cell cycle.
Cancer Research 1977, 37, 2051-2056.

[6]

Berger, N.A.; Johnson, E.S.; Skinner, A.M., Ortho phenanthroline inhibition of DNA
synthesis in mammalian cells. Experimental Cell Research 1975, 96, 145-155.

[7]

Marzano, C.; Pellei, M.; Tisato, F.; Santini, C., Copper complexes as anticancer agents.
Anti-Cancer Agents in Medicinal Chemistry 2009, 9, 186-211.

[8]

Pivetta, T.; Isaia, F.; Verani, G.; Cannas, C.; Serra, L.; Castellano, C.; Demartin, F.; Pilla,
F.; Manca, M.; Pani, A. Mixed-1,10-phenanthroline-Cu(II) complexes: synthesis,
cytotoxic activity versus hematological and solid tumor cells and complex formation
equilibria with glutathione. Journal of Inorganic Biochemistry 2012, 104, 28-37.

[9]

Pivetta, T.; Trudu, F.; Valletta, E.; Isaia, F.; Castellano, C.; Demartin, F.; Tuveri, R.;
Vascellari, S.; Pani, A., Novel copper(II) complexes as new promising antitumour
agents. A crystal structure of [Cu(1,10-phenanthroline-5,6-dione)2(OH2)(OClO3)](ClO4).
J. Inorg. Biochem. 2014, 141, 103–113.

[10] Deegan, C.; Coyle, B.; McCann, M.; Devereux, M.; Egan, D. A., In vitro anti-tumour
effect of 1,10-phenanthroline-5,6-dione (phendione), [Cu(phendione)3](ClO4)2·4H2O
and [Ag(phendione)2]ClO4 using human epithelial cell lines. Chemico-Biological
Interactions 2006, 164, 115-125.

59

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

Thermodynamic and structural characterization of transition metal complexes
of peptides with thiolate and other binding sites

Norbert LIHIa), Mária RAICSa),Csilla KÁLLAYb), Katalin VÁRNAGYa), Imre SÓVÁGÓa)
a) Department

of Inorganic and Analytical Chemistry, University of Debrecen, H-4010,
Debrecen, Hungary b) Research Group of Homogeneous Catalysis and Reaction Mechanism,
Hungarian Academy of Sciences, H-4010, Debrecen, Hungary;
lihi.norbert@science.unideb.hu
The role of cysteine and histidine is outstanding in the biological systems. ImidazoleN
of histidine and thiolateS of cysteine are the most common binding sites in metalloproteins
and metalloenzymes. As a consequence, huge number of papers has already been published
in this field focused on the characterization of metal binding[13]. Most of them are dealing
with the multihistidine peptides because the proteins containing multihistidine sequences
have abnormal behaviour in the neurodegenerative disorders[4]. The studies on the cysteine
containing peptides are much less available, most common examples are related to the
nickel(II) homeostasis of Helicobacter pylori and to the zinc(II) transporter proteins[3,5]. The
cysteine residue, however, could serve as a main binding site for toxic heavy metal ions such
as cadmium(II), which able to substitute the essential metal ions. This irreversible connection
may change or hinder the participation of metalloenzymes and metalloproteins in biochemical
processes. Systematic studies of peptides containing thiolate and other donor group in the
side chains (imidazole or carboxylate) can contribute to the understanding of the metal binding
selectivity of oligopeptides.
The above mentioned facts inspired us to launch systematic studies[6,7] with the
synthesis of Nterminally free but Cterminally amidated peptides containing only cysteine
(AAASSCNH2) and cysteine with other binding sites (AAHAACNH2, AHAAACNH2, AADAAC
NH2 and ADAAACNH2). The complex formation processes with transition metal ions (nickel(II),
zinc(II) and cadmium(II)) have been studied by equilibrium (pHpotentiometric, UV/Visible
spectroscopy) and spectroscopic methods (NMR, UV/Vis and CD). In some cases, DFT
calculations were used to optimize the complex structure and to calculate the spectroscopic
properties.
Our results indicate that the binding of thiolate group on the Ctermini largely depends
on the place of another donor group in the peptide chain. In the case of the nickel(II)
complexes with AADAACNH2 and AAHAACNH2 the formation of (NH2, N, N, βCOO or Nim)
complex is favourable (Fig. 1. A) and the coordination of the thiolate group could be supposed
only in the case of dinuclear complexes. The nickel(II) complexes of the peptides, ADAAACNH2
and AHAAACNH2, are (NH2, N, βCOO or Nim)coordinated species at slightly acidic pH. This
coordination environment, however, results in an unsaturated coordination sphere of nickel(II)
that can be completed via the coordination of the thiolate group resulting in macrochelate
supported species (Fig. 1. B). In the presence of zinc(II) and cadmium(II), the ligands are usually
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bounded with tridentate coordination mode via terminal amino group, thiolate group and
imidazole or carboxylate group. Nevertheless, in the zinc(II)AHAAACNH2 system the complex
formation processes are similar to that of nickel(II).
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Iridium, rhodium and ruthenium complexes have attracted recently growing attention
because of their promising potential as anticancer drugs. [1,2] Three analogous
phenylbenzimidazole organometallic complexes with different metallic centres have been
synthesized: [Ir(Cp*)(phbzIm)Cl], [Rh(Cp*)(phbzim)Cl] and [Ru(pcim)(phbzIm)Cl] (Figure 1).
Photoirradiation of a drug at a particular wavelength may cause excitation and
subsequent transfer of the energy in excess to the Oxygen molecules present in solution, giving
rise to Oxygen radicals. The latter can, in turn, interact with plasmid DNA, bringing about the
photorupture of DNA. This behaviour may be of particular importance in photodynamic
therapy. The results have shown that direct irradiation of the sample containing the metal
complex and the plasmid, at different irradiation time to 315nm, Ru complex exhibits good
photocleavage activity, whereas Ir and Rh complexes cause only little cleavage, increasing only
for high irradiation times.

Figure 1. Arenephenylbenzimidazole complexes of: (left) Ru (II); (right) Rh(III) or Ir(III).

In the absence of irradiation, the cytotoxic activity of the complexes has been tested on
A549 (human lung carcinoma), MCF7 (human breast adenocarcinoma) and HT116 (human
colon carcinoma) cell lines. Due to the different cytotoxic activity displayed by the complexes
(all of them with IC50 values in the micromolar range) we have studied the interaction of the
three complexes with DNA, NADH (nicotinamide adenine dinucleotide phosphate) and GSH
(reduced glutathione) to elucidate the possible biological target. The NAD+ (oxidized form) is
used in redox reactions in the cell and acts as a reducing agent. NADH (reduced form)
contributes to oxidation in cell processes, such as glycolysis, to help with the oxidation of
glucose. The energy stored in this reduced NADH coenzyme is supplied by the TCA
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(tricarboxylic acid) cycle in the process of aerobic cellular respiration and powers the electron
transport process in the membranes of mitochondria. Glutathione can exist in both reduced
(GSH) and oxidized (GSSG) states. In the reduced state, the thiol group of cysteine is able to
transfer a reducing equivalent (H++ e−) to other unstable molecules, such as reactive oxygen
species.

Figure 2: (left) The NAD+ structure; (right) The GSH structure
In absence of irradiation only the Rh complex can interact with both DNA and NADH and
only the Ir and Rh complexes can interact with GSH. The set of results obtained can explain the
different mechanisms of biological action.
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Metal–organic frameworks (MOFs) in combination with nanoparticles is the field which
exhibited tremendous growth over the last five years. Magnetic MOFs (MMOFs) represent
novedous materials, where the nanocomposite {MOF, magnetic nanoparticles} joins the
relevant properties of both materials and furthermore offers the possibility of easy removal of
{MMOFsanalyte} from a solution using a magnet [1,2].
In this work, the MIL101 (Fe) (iron (III) benzene 1,3,5tricarboxylate; FeBTC) MMOFs
was selected because combination of Brunauer, Emmett and Teller (BET) surface area and pore
dimension, high chemical stability and stability in aqueous solution of this material offers wide
use e.g. in catalysis and medicine. All this makes MMOFs promising candidate as suitable
sorbent in aqueous media. Different combinations of FeBTC with magnetic nanoparticles
(MMOFs, eg. hybrids, coreshell) were synthesized and used as sorbent for small organic
molecules in different media. The synthesized compounds were characterized by UVVis
spectrophotometry, magnetic properties, electronic microscopy (SEM, TEM), infrared
spectroscopy, and thermogravimetry. The adsorption properties of synthesized materials for
different compounds were studied. Analysis of the different analytes was made by Liquid
Chromatography equipped with either uvvis or fluorescence detectors. Results show that
MMOFs in comparison to MOFs demonstrate excellent properties as adsorbent in aqueous
solution.
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It is wellknown that essential metal ions play important roles in the synthesis and
transport of organic molecules and in the catalysis of acidbase and redox processes in
biological systems. It is also obvious that among the organic compounds proteins serve the
most frequent binding sites for metal ions. Such interactions are present in the
metalloenzymes too.
One of the most important redox metalloenzymes is the Cu,Zn superoxide dismutase
enzyme (Figure 1), in the active site of which one Cu(II) ion is bound through four imidazole
nitrogens while one zinc(II) ion is coordinated through three imidazole nitrogens and the
carboxylate group of an aspartic acid. Cu(II) complexes of various protected multihistidine
peptides can mimic the Cu(II) binding site of this enzyme [1].

Figure 1: The active sites of the Cu,Zn SOD enzyme
Our aim was
 the synthesis of protected peptides containing histidyl residues in different number
and positions: Ac-HGGH-NH2, Ac-HAAH-NH2, Ac-HVVH-NH2, Ac-HGGHGH-NH2, AcHAAHGH-NH2, Ac-HAAHVH-NH2, Ac-HGGGHGH-NH2
 the solution equilibrium studies of their Cu(II) complexes by potentiometric titration,
UV-Vis and CD spectroscopy
 the determination of the redox properties and SOD activity of the Cu(II) complexes of
these ligands
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In the presence of copper(II) ions all studied peptides form CuL complexes in the
physiological pH range with the coordination of 24 imidazole nitrogens depending on the
number of histidines. The increasing number of histidines increases the stability of imidazole
coordinated species. An additional stabilizing effect is the presence of HXH sequence on the
Ctermini of peptides. The stability of the CuL complexes are high, but they cannot prevent the
deprotonation of amide nitrogens in slightly basic solution, so complexes with CuLH –1, CuLH–2
and CuLH–3 stoichiometries are formed. In the case of the penta, hexa and heptapeptides
isomeric structures of mononuclear complexes are present in the solution. On the other hand
these oligopeptides are able to bind more than one Cu(II) ion. In the presence of excess metal
ion Cu2LH–4 and Cu2LH–5 complexes are formed at high pH range.
Based on the cyclic voltammetric studies we concluded that the more imidazole nitrogens are
present in the coordinations sphere, the lower formal reduction potential values belong to the
imidazole nitrogen coordinated complexes. This is in agreement with the fact that the greater
the stability of the complex is, the less reduction potential can be measured [2]. However,
redox parameters of CuLH–1 and CuLH–2 complexes containing amide nitrogene coordination
can be determined as well. All formal potential values of CuL, CuLH–1, CuLH–2 complexes fall in
the middle potential range of the SOD activity. Based on these data the Cu(II) complexes may
be good SOD models.
As a continuation of our electrochemical experiments, we measured the SOD activity of
the complexes that seemed to be promising SOD models from a redox point of view. SOD
activity of Cu(II)peptide complexes are similar to those previously determined for other Cu(II)
complexes of multihistidine peptides (e.g. CuL of AcHisSarHisSarHisSarHisNH2) but compared
to the native enzyme it is still one order of magnitude lower. However, taking into account the
species distribution curves of copper(II) complexes, the SOD activity data reveal, that not only
the imidazole coordinated CuL, but the CuLH–1 and/or CuLH–2 species have SOD activity due
to their distorted geometry.
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Lanthanide complexes (Ln3+ = Sm3+, Eu3+, Tb3+, Dy3+, Yb3+) have been extensively studied
as luminescent sensors[1,2] and optical sensors for cell imaging[3].
The long emission lifetimes of Ln3+ ions are favourable for reducing interference from
light scattering or autofluorescence in complex microenvironments such as cells, tissue or
living animals[4] via timegated detection. Complexes of Ln3+ ions present an efficient
intramolecular energy transfer from a donor state (usually triplet) of the coordinated organic
ligand (antenna) to the acceptor excited states of Ln3+ ion giving rise to an efficient Ln3+
excitation, bypassing the Laporteforbidden nature of the ff transitions[5]. The large energy
shift between absorbed and emitted radiations and very narrow emission bands allow the
discrimination between Ln3+ luminescence and shortlived background fluorescence[4].
In previous works,[68] Eu3+ complexes with a new family of imine and aminebased
ligands containing an heteroaromatic (pyridine or furan) ring (Figure 1) have been studied in
anhydrous acetonitrile. These ligands have been synthesized by an easy synthetic protocol
which allows to systematically tune the nature (donor ability) of the heteroaromatic ring
which demonstrated to have a strong effect both on the species formed in solution and on the
optical sensing response towards the nitrate anion. Furthermore, the ligand stereochemistry
can be easily defined.
However, in most applications, the solvent used is not rigorously anhydrous, thus it is
useful to investigate the effect of water (from the ambient moisture) present in acetonitrile.
Indeed, it is expected that water dissolved in an organic solvent in significant amounts can
affect the nature of the Eu3+ complexes, due to the oxophilicity of lanthanide(III) ions[9], and
consequently the nature of the sensing species. In addition, anions are known to be much less
solvated in aprotic solvents than in water, thus, also the anion solvation by dissolved water
could modify the sensing process by inhibiting the coordination of the anion to the Eu 3+
complex. Finally, the presence of water in the first coordination sphere quenches the excited
state by nonradiative decay.
In this contribution, the results of the study on the complexes formation of Eu 3+ with
L1-3 (Figure 1) in nonanhydrous acetonitrile containing a known amount of water are
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reported. Also, the impact of the nature of the heteroaromatic fragment of the ligand and of
the stereochemistry on the luminescence sensitivity and selectivity towards several anions is
presented.

Figure 1. Structures of the ligands studied.
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Phthalocyanines are tetrapyrrolic macrocycles having C=N linkages between pyrrole
groups. Unlike porphryins, synthesis of phthalocyanines gives higher reaction yields. Modern
synthesis of phthalocyanines involves 4nitrophthalonitrile for peripherally tetrasubstituted
phthalocyanines (as a mixture of constitutional isomers) and 4,5dichlorophthalonitrile for
peripherally octasubstituted phthalocyanines. The reaction medium is fairly basic –potassium
or sodium or even cesium carbonate in DMF or DMSO is used as the base. Substrates
commonly have acidic OH or SH groups and get deprotonated with the action of the base.
In the past few decades, much effort has been devoted to the field of nonlinear optics
(NLO) for its potential applications in optoelectronics. Devices based on NLO effects might be
used to manipulate or process optical signals in telecommunication systems. In addition,
phthalocyanines play a vital role in chemical sensors, catalysts, optical data storage materials,
semiconductors, liquid crystals, electrochromic displays, and photovoltaic cells due to their
physically and chemically outstanding properties including thermal and chemical stability.
In this study, we have described the synthesis of a new phthalonitrile derivative and its
metallated phthalocyanine carrying eight 4(trifluoromethoxy)thiophenol groups at
peripheral positions. The structures of all these original compounds were identified by using
FTIR, UVVis, 1HNMR, 13CNMR, and 19FNMR spectroscopic data.
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Non-peripherally Pyrrole-substituted Phthalocyanines
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Phthalocyanine derivatives (Pcs) are planar aromatic macrocycles consisting of four
isoindole units linked by aza bridge [1, 2]. They are analogues of naturally occurring porphyrins
and chlorins, like heme and chlorophyll. Pyrroles are important heterocycles that contain
nitrogen atom within a fivemembered ring. Common naturally produced molecules
containing pyrroles include vitamin B12, bile pigments and chlorophyll. Pyrroles are also found
in several drugs, including atorvastatin, ketorolac, and sunitinib. To the best of our knowledge,
there are very few articles in the literature on pyrrolesubstituted phthalocyanines [3]. The Q
band of phthalocyanines appear around 650 nm.
Our purpose in synthesizing these compounds is that the Q bands of the pcs are shifted
to the near infrared region. This can be done by two methods. The ring of pc is added to
substituent having πelectron system. As another approach to moving the Qband to longer
wavelengths, one possibility is to introduce an electron donating substituent at a non
peripheral position of the phthalocyanine. When we consider all these, a new phthalonitrile
derivative bearing a 4(pyrrol1yl)phenoxy substituent at nonperipheral positions has been
synthesized. Novel nonperipheral cobalt, zinc and manganese phthalocyanines were
synthesized and characterized for the first time. Further, the wavelength of the absorption of
the Q band and the aggregation properties of the compounds were investigated.
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Due to metallophthalocyanines’ (MPcs) extraordinary versatility resulting in tremendous
chemical and physical properties such as intense color, redox activity, high termal stability and
non-toxicity, they are widely applied in medicine, military, informatics, manufacture, and
other fields [1,2].
In addition to their well-known chemical stability, phthalocyanines possess characteristic
absorption spectra, with a Soret band at approximately 350 nm and a usually narrow but very
strong Q-band around 675 nm. The Q-band bathochromic shift in the visible spectrum into the
near-IR region gives a wider transparent window in the spectrum. This is required for possible
material applications of Pcs, which make them potentially suitable for PDT as photosensitizers
and in nonlinear optics (e.g., human eye protector).
In this study, a new phthalonitrile with a 4-(trifluoromethoxy)-phenol group was
synthesized and the corresponding tetrasubstituted zinc phthalocyanine was prepared. The
structures of all these original compounds were characterized by using FTIR, UV-Vis, 13C-NMR,
1H-NMR and 19F-NMR spectroscopic data.
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Tetra Substituted Phthalocyanines with Morpholinoethanol Moieties
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Since the accidental discovery of phthalocyanines (Pcs), much effort has been done to
modulate the properties of their derivatives to achieve ideal molecules for a variety of
applications, such as biology, catalysis, chemical sensing, liquid crystals, dye sensitized solar
cells and nonlinear optics [1, 2]. Nitrogencontaining heterocyclic compounds such as
piperazine and morpholine derivatives have been extensively investigated by organic chemist
due to their close association with various types of biological activities and clinical applications
in the therapy of functional diseases [3]. An insertion of nitrogencontaining moieties into the
structure of phthalocyanines, has been shown as an important factor modulating their
physicochemical properties, thus facilitating their potential applications in medicine [4]. Thus,
in continuation of our search for potential application of Pcs, we decided to synthesize
phthalocyanines with morpholinoetanol groups as peripheral substituent’s. We report herein
the synthesis and characterization of tetra substituted cobalt and manganese phthalocyanines.
The electronic absorptions, and the biological properties of the novel phthalocyanines will be
investigated.
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Thiosemicarbazones (TSCs) are a class of compounds with a very wide range of
applications, e.g., spectrophotometric and spectrofluorimetric detection of various metal ions.
The ability of TSCs to form stable complexes with important biological metal ions makes them
also versatile pharmacophores. They possess a broad range of pharmaceutical properties such
as antimalarial, antimicrobial and antitumor activity [1, 2].
Taking into account the fact that cancer is one of the main health concerns confronting
humanity and one of the primary targets in therapeutic chemistry, studies of new compounds
which may possess antitumor properties are very important [3]. Triapine (Figure 1) is the best
known example of TSCs family and has been extensively studied as a single agent, and in
combination with established drugs, in phase I and phase II clinical trials [4].

Figures 1: Structure of Triapine.
In connection with the anticancer applications of TSCs there have been proposed several
mechanisms of action, but many questions still remain unanswered. Information on the
speciation of metal complexes, particularly at physiological pH, can be the first step towards
elucidation of the cytotoxic mechanism of TSCs. In this work, we characterize novel
thiosemicarbazone ligands, in terms of complex formation with Cu(II) ions and their stability
constants.
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Sequestration of Different Mn+ Cations by MGDA in Natural Fluids
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In the last decade, the use of common chelating agents, as EDTA and NTA, is under
investigation, due to their persistence in the environment and other problems related to their
poor selectivity [1]. For this reason, research in this field is orientated to the synthesis of new
chelating agents that may overcome these problems. In general, the new molecules are based
on the structure of amino acids with the advantage to retain the biodegradability of the parent
molecule and the calibration of the stability of metal complexes. For example, EDDS is a
biodegradable isomer of EDTA and is synthesized starting from the structure of aspartic acid,
whilst MGDA is an alternative to NTA, based on the structure of glycine. The use of these
molecules is growing quickly and their possible use for the chelation of environmental
pollutant, metal and organometal cations, has been tested intensively. Recently it was found
that EDDS is a good alternative to EDTA for the chelation of Sn2+, Cu2+, Zn2+ and Fe3+, without
the counter indication of the sequestration of Mg2+ and Ca2+ [2]. In this contribution the
possible use of MGDA for the sequestration of Ca2+, Mg2+, Sn2+, Cu2+, Zn2+ and Fe3+ is proposed.
For this purpose, new experimental data on the binding ability (formation constants and
formation enthalpy changes) of this ligand towards these cations were obtained using
potentiometry and direct titration calorimetry at different ionic strengths and at T = 298.15 K.
This amount of data was carefully analyzed to propose reliable parameters for ionic strength
and temperature dependence of formation constants and formation enthalpy change to allow
the calculation of these quantities in a wide range of experimental conditions. Some important
real multicomponent fluids, namely fresh water (I ~ 0.003 mol dm3), urine (I ~ 0.40 mol dm
3), sea water (I ~ 0.75 mol dm3), saliva (I ~ 0.11 mol dm3) and blood plasma (I ~ 0.21 mol dm
3) were chosen as case studies for the evaluation of the sequestering ability of MGDA
(compared to NTA) and the possible use of MGDA for the treatment of water for industrial
purpose is also tested. The study of the speciation of MGDA in these media was performed
drawing speciation diagrams in selected conditions, considering all the network of interaction
between the “natural” components of the fluid and those studied in this work, MGDA and NTA
(at cL = 1 mmol dm3) as sequestering agents and the metal cations, Ca2+, Mg2+, Sn2+, Cu2+, Zn2+,
and Fe3+ (generally, cM = 105 mol dm3). This means that more than fifteen components and
more than a hundred formation constants values are considered in each model. The
comparison of the sequestering ability of MGDA and NTA is done using objective tools, namely
the pM (residual concentration of free metal cation), and pL0.5 (total ligand concentration
necessary to bind the 50% of metal in solution) [3]. In blood plasma, since the fundamental
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role of proteins cannot be modeled, the above mentioned parameters are useless, and the
plasma mobilizing index (PMI) was adopted [4].
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Two novel ACs/H4L hybrid materials were obtained by irreversible adsorption by 
stacking
of
the
N-2-(4-amino-1,6-dihydro-1-methyl-5-nitroso-6-oxopyrimidinyl)desferrioxamine B molecular receptor (H4L), on two different activated carbons (ACs) .

This work deals with the evaluation of some aspects of the adsorption properties for
many divalent and trivalent ions as Cu(II), Fe (III), and Cr(III) in aqueous solution onto the
surface of those hybrid materials.
The kinetic adsorption of these metallic ions on ACs/H4L hybrids were carried out at
pH values of 2.0 and 5.5 and at 298.1K. The results show a better agreement between the
theoretical and experimental values for the pseudo-second order model. This fact suggests
that the overall adsorption rate seems to be controlled by the chemical binding of the metal
to the active sites of the hybrid surfaces. The ACs/H4L hybrid materials have also been
characterized by XPS and some relevant details are presented.
On the other hand, as the recovery and reuse of metal ions from the loaded hybrids
are very important facts due to the economic interest, the desorption experiments have been
carried out in acidic media and in the case of the Cu(II) ions, the obtained results shows that
they are desorbed in a large extension. This fact allows the regeneration of the ACs/H4L
materials for possible reuse and also the recovery of Cu(II) ions.

78

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

References:
[1]

[2]

GodinoSalido, M. L.; SantiagoMedina, A.; ArranzMascarós, P.; LópezGarzón, R.;
GutiérrezValero, M.D.; Melguizo, M.; LópezGarzón, F. J., Novel active carbon/crown
ether derivative hybrid material for the selective removal of Cu(II) ions: the crucial role
of the surface chemical functions, Chem. Eng. Sci. 2014, 114, 94104.
GutierrezValero, M.D.; ArranzMascarós, P.; PeñasSan Juan, A.; GodinoSalido, M. L.;
LópezGarzón, R.; SantiagoMedina, A.; MelguizoGuijarro, M.; PérezMendoza, M.;
LópezGarzón, F. J.; DomingoGarcía, M., Transferring the properties of molecular
receptors to the carbon surface in hybrid materials: The crucial role of porous texture,
Mat. Chem. Phys. 2012, 134, 608615.

79

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)
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The contamination of water resources in different parts of the world constitutes a
problem that requires not only continuous monitoring of water quality, but also efficient water
treatment technologies. The increasing number of people on the planet, physical water
scarcity, and fresh water degradation due to natural causes and anthropogenic activities makes
the situation even worse. Among the different options for water monitoring and treatment,
solid sorbents offer an attractive alternative. We have evaluated the use of a new titanium
dioxide (Adsorbsia As600) for metal preconcentration and recovery. The titanium dioxide
(anatase) has been characterized and a pHpzc of around 6 was measured. To determine the
effectivity of the sorbent towards different metals, batch experiments were carried out using
a well water sample (St Hilari, Girona, Spain) spiked with copper, zinc, aluminum, cadmium,
and nickel at an environmental concentration level (1 mg L1, except Al 200 µg L1 and Cd 50 µg
L1). Moreover, two other resins, Iontosorb Oxin bearing 8hydroxyquinoline functional groups
[1], and Duolite GT73, with a thiol functionality [2], were also investigated and compared with
the results found for Adsorbsia As600. For the sorbents Adsorbsia As600 and Iontosorb Oxin,
extraction efficiency was >90% for all metals except for nickel (200 mg of solid, 40 mL of water
sample and 24 h contact time). Duolite GT73 provided satisfactory results for Cu(II) extraction,
in agreement with the hard and soft acids and bases theory. Furthermore, only Iontosorb Oxin
allowed the quantitative extraction of nickel.
For the recovery of the loaded metals, different eluents were tested, for example 3M
HCl, 0.1M EDTA, 0.1M NaOH, and 0.5M NaSCN + 0.01M HCl. We found that HCl was the most
adequate eluent from loaded Iontosorb Oxin resin, and EDTA for Adsorbsia As600. These two
sorbents were used for the in-situ evaluation of metal contamination in water samples (19 well
waters and 13 storage tanks) from the municipality of Torola, Mozarán, El Salvador.
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Figure 1. Kinetic removal of DCF using MIP
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Since a few decades ago, Environment Persistent Pharmaceutical Pollutants (EPPPs)
have been introduced as one type of recalcitrant pollutant sources in water. In this study, the
removal of Diclofenac (DCF) has been carried out using Molecularly Imprinted Polymer (MIP),
synthetized via bulk polymerization with allylthiourea (AT) as the functional monomer. The
DCF detection has been performed by UV spectrophotometer. From the kinetic study in batch
mode, approximately 100% of removal is observed, with an initial concentration of 5 mg L1
of DCF within three minutes, agitated at 25oC (Figure 1). From the total adsorption study using
a cartridge prepacked with 10 mg of MIP a high adsorption capacity of 160 mg DCF/g MIP
was obtained (Figure 2). The Scatchard plot also has been determined showing the profile for
the homogenous process of adsorption (Figure 3). The similar result also has been observed
by C. M. Dai, et al. [1]. All experiments were carried out in triplicate.
200
100
0
0

5

10

15

Initial mg DCF added

Figure 2. Total adsorption capacity of DCF
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Figure 3. Scatchard plot
In order to observe the chemical reaction occurred between monomer and template,
the prepolymerization has also been studied by using 1H NMR. The shift in the signal
observed has been identified with the interactions between amine of AT group with carboxylic
acid on DCF (Figure 4).

Low [AT]

High [AT]

Fig 4. Prepolymerization spectral shifted from low to high concentration of monomer, AT
(ppm)
As conclusion, the developed MIP works as a good adsorbent in DCF removal. The molecularly
imprinted technology has shown to be a promising technology for the removal of
pharmaceuticals from water.
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Molecularly imprinted polymers (MIP) have been addressed as one method for the
removal and analysis of contaminants. They show selectivity properties, high affinity and
robustness. However, in wastewater and natural samples, where other micropollutants are
present, deterioration in selectivity properties can be observed. One type of the pollutant
sources present in water is the Environment Persistent Pharmaceutical Pollutants (EPPPs). In
the present work, the efficiency, selectivity and robustness of MIP for the removal of
indomethacin (IDM) and diclofenac (DCF) have been analyzed. Two MIP have been
synthetized via bulk polymerization by using the different pharmaceutical compounds as
template and allylthiourea (AT) as the functional monomer (MIPDCF and MIPIDM).
For the selectivity study, the removal efficiency was carried out in batch mode using
different solutions of a mixture of two pharmaceuticals, IDM, DCF or ibuprofen (IBU). Results
showed that IBU was not absorbed for any of the MIP in any mixture. MIPDCF showed
significant removal for DCF and IDM corresponding to the intermolecular attraction
properties and higher to MIPIDM.
The morphology of MIPDCF and nonimprinted polymer (NIP) was studied by
Scanning Electron Microscopy (SEM), observing significant differences (Figure 1) due to the
presence of the template.
(a)

(b)

Figure 1. MIPDCF (a) and NIP (b) surface study using Scanning Electron Microscopy (SEM) at EHT : 1kV and
magnificent value 50.00 KX

Original MIPDCF, and MIP after sorption and desorption cycles were scanned using
Infrared – Attenuated Total Reflectance (IRATR) in order to see the differences in functional
sites of MIP with or without DCF. The results showed significant peak in the original MIP, for
NH stretch at 3000 nm1 and CN at stretch 1180 nm1 (Figure 2). For the MIPDCF loaded with
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DCF after a sorption process, a hydroxyl & NH at 3300 nm1 was observed (Figure 3). By
comparing the three of them (Figure 4), there was a significant peak at 1650 nm1
representing the C=C from aromatic rings at DCF which was present only in the MIPDCF
loaded with DCF. After desorption process the spectra looks similar to the original one.

Figure 2. Infrared spectral of original MIP
DCF, NH stretch at 3100 nm1, CN at stretch
1180 nm1

Figure 3. Infrared spectral of MIPDCF loaded
with DCF, OH & NH at 3300 nm1
Original MIPDCF
MIPDCF with DCF sorpted
MIPDCF after desorption of DCF

Figure 4. Comparative IR
spectral for original MIPDCF,
loaded with DCF and after the
desorption process. C=O
functional group came from
EDGMA (crosslinker) at 1750
nm1

For the recycling study, the MIPDCF showed a 110% ± 1% of adsorption for DCF and 98% ±
3% of IDM. This value was not significantly decreased up to 10 th cycles of loading and
desorbing processes.
MIPDCF has been shown to be an effective MIP for the removal of the
pharmaceuticals compounds DCF and IDM but not for IBU, probably due to the interactions
between the nitrogen atoms at the pharmaceutical with the functional site of the monomers
[see previous abstract].
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DNA-Binding Properties of Pyridin-3-yl Substituted Water Soluble
Phthalocyanines
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Phthalocyanines (Pcs) are well known chromophores for their intense absorption in the
UV/blue and the red/near IR spectral regions, as well as for their photochemical,
electrochemical and thermal stability [1]. This class of compounds has been used in chemical
sensors, nonlinear optic materials, semiconductors, catalysts, optical data storage materials,
electrochromic displays, liquid crystals and photovoltaic cells [2]. Moreover, it is known that
watersoluble phthalocyanines used to treat cancer. According to this perspective, the goal of
this work is to synthesize quaternized metallophthalocyanines which have the potential use
for photolysis of DNA in tumor cells.
Our research group has reported about the synthesis of alkynylsubstituted
metallophthalocyanines of symmetric and unsymmetric nature [3, 4]. In this study, a novel
phthalocyanine precursor bearing pyridin3ylethynyl groups and its tetrasubstituted metallo
phthalocyanines at peripheral positions were reported. The synthesis of symmetrically
substituted novel metallophthalocyanines bearing four pyridin3ylethynyl moieties was
achieved by using palladiumcatalyzed Sonogashira crosscoupling methodology starting from
corresponding tetraiodosubstituted metallophthalocyanines.
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Dna binding of organotin(IV) complexes of meso-tetra (4 sulfonatophenyl)
porphine showing cellular activity
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It was observed that organometallic porphyrin systems, where the Sn(IV) residue is in side
chains ,coordinated via sulphonatophenyl groups of porphyrin, show interesting and peculiar
in vitro activity, in agreement with the antitumour activity of organotin complexes[1]. In
particular, it has been shown that dibutyl and tributyltin(IV) derivatives of mesotetra(4
sulfonatophenyl)porphine are cytotoxic and induce apoptosis in A375 human melanoma cells
[23]. Moreover, anionic porphyrins are selective Gquadruplex binders with important
applications in studies on telomerase inhibition [4]. To contribute to enlighten the possible
mechanism of action of these organometallic species, we analysed the interaction of the
diorgano and triorganotin(IV) derivatives of mesotetra(4sulfonatophenyl)porphine to
natural (calf thymus) DNA. Free mesotetra(4sulfonatophenyl)porphine was also studied for
comparison purposes.
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Fluorescence and absorbance titrations (Figure, left) with relevant calculation of binding
constants and analysis of their temperature dependence (Figure, right), fluorescence
quenching and viscometric studies indicate that the drug binding to DNA occurs indeed, this
having principally the features of external binding (also in case of the less hindered species).
On the other hand, interestingly, the binding produces non negligible viscosity variations that
might be related to polynucleotide conformational changes induced by the organometallic
derivative.
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Alzheimer’s disease (AD) is the most common neurodegenerative disease, with no known
cure. In the brain of Alzheimer’s patients are present intracellular neurofibrillary tangles and
extracellular senile plaques, consisting of insoluble fibrillar aggregates of the amyloid-β
peptide (Aβ). The amyloid cascade hypothesis describes this aggregation; where monomeric
Aβ aggregates first into oligomers and later into fibrils. In the presence of metal ions, this
aggregation is modified [1]. Coordination of Aβ with Cu(II) generally favours the formation of
oligomeric species, whereas Zn(II) generally induces fibrillisation of the peptide. Aβ-Cu(II)
oligomers are considered to be more toxic than Aβ-Zn(II) fibrils [2], because of their capability
to produce Reactive Oxygen Species (ROS).
A better understanding of the AD mechanism requires investigations on mouse and rat
models. However, the murine Aβ peptide, which differs from the human Aβ peptide by three
point mutations, do not show amyloid deposition [3]. Consequently, studies are performed on
transgenic mice or rats that produce the human Aβ (hAβ) peptide in addition to their own
peptide (mAβ). The Cu(II) coordination to murine and human peptides differ [3].
Here we want to determine the coordination of Zn(II) on human and murine peptides and
their differences. We also want to see whether they have an impact on aggregation. The
aggregation of the peptide is evaluated by fluorescence and verified by AFM, while the
different coordination is evaluated XANES, 1H-NMR, affinity constant.

Figure 1. Proposed binding modes of Zn(II) to hAβ and mAβ.
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Interaction of Cu(II) ions with human serum amyloid A
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Serum amyloid A (SAA) is a major constituent of secondary amyloidosis diseases
resulting from prolonged acute inflammation, for example due to rheumatoid arthritis. N
terminal part of this protein tends to form amyloid fibrils when the structure of the protein is
destabilized by proteolytic cleavage. Recent crystallographic structure of SAA revealed that the
protein is stabilized by its Cterminal part, forming multiple specific interactions with three out
of four core αhelices of SAA [1] (Fig 1). SAA fragment of Cterminal residues 86104 and its
mutants were subject to studies of interactions with copper ions. Coordination of Cu(II) ions
[2] by the peptides was characterized with potentiometric and spectroscopic methods.

Figure. 1. Single subunit of human SAA from Protein Data Bank structure 4IP8. Amyloid forming parts
in shades of blue, the studied Cterminal fragment in red.
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The heavy metals (as lead or cadmium) are serious environmental toxins, because they
have accumulated in the environment much above the natural level due to the human activity
during thousands of years. Based on the soft character of these metal ions, they can bind to
the proteins and first of all the side chain thiol groups provide effective binding site for them.
As a consequence, these metal ions are able to substitute the essential metal ions (e.g. zinc(II),
nickel(II), calcium(II)) in the metalloenzymes and metalloproteins resulting drastic change in
their biochemical functions[1]. The accumulation of toxic metal ions can cause carcinogenic
effect or physiological change in the bones, kidneys or indirectly might take part in the
development of neurodegenerative disorders.
The goal of our research was the designing and synthesis of peptides with high lead(II)
and/or cadmium(II) binding affinity. We synthesised a series of peptides containing one or two
cysteine residues. One group of the ligands have free Nterminal amino group and amide group
on the Ctermini: AlaCysSerSerAlaCysSerNH2 (ACSSACSNH2) and CysSerSerAlaCysSer
NH2 (CSSACSNH2), while the other group of them are terminally protected peptides: AcSer
AlaAlaCysNH2 (AcSAACNH2), AcCysSerCysNH2 (AcCSCNH2) AcCysSerSerCysNH2 (Ac
CSSCNH2), AcSerCysCysSerNH2 (AcSCCSNH2).
We studied the complex formation processes of these molecules in the presence of
toxic cadmium(II) and lead(II) ions and completed those with studies of complexes of essential
zinc(II) ions. The stoichiometry and stability constants of the metal complexes were
determined by potentiometry, while their structures were supported by means of UV, MS
and NMRspectroscopy. In the case of two peptides containing free terminal amino group the
thiolate groups are the main binding site, but the coordination of terminal amino group
contributes to the formation of stable complexes. Moreover, zinc(II) and cadmium(II) ions are
able to induce the deprotonation and coordination of amide nitrogen of AcACSSACSNH2
forming (NH2,N–,S–) coordinated metal complexes[2].
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Figure 1. Theoretical distribution curves of complexes formed in the Cd(II)Zn(II)Pb(II)
ACSSACSNH2 =1:1:1:1 (left) and the Cd(II)Zn(II)Pb(II)CSSACSNH2 (right) systems.
For the terminally protected tri and tetrapeptides the thiolate group is the primary
binding site. The dicysteine containing peptides bind metal ions through both thiolate groups
resulting in mono and/or bis(ligand) complexes with high stability. This coordination mode are
able to prevent the hydrolysis of cadmium(II) and lead(II) ions and stable mixed hidroxido
complexes are formed in equimolar solutions at high pH range.
The data reveal that all studied peptides form stable complexes with both cadmium(II) and
lead(II) ions and the stability order follows the Cd(II)  Pb(II) > Zn(II).
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Preservation of works of art is a task that involves chemists and a challenge connected
to the development of new approaches and procedures. Still today, the reliable stratigraphic
localization of proteins in art samples can be arduous [1,2].
In order to contribute to the optimisation of a reliable protocol for localising proteins in
art samples, we have analysed (in water solution) the interaction between some of the
fluorescent stains commonly used in gel electrophoresis (Figure 1) and proteinaceous paint
binders. Of these, dyes 1 and 3 have also been used to detect proteins in paint cross sections.
Dyes 1 and 2 bind to the proteins in a noncovalent way; dyes 3, 4 and 5 undergo covalent
binding. As for biosubstrates dried egg white (EW) based on ovalbumin, casein (CAS) from
dried cow milk, rabbit skin glue (RSG) based on partially hydrolysed collagen and, as a standard
reference, purified chicken egg ovalbumin (OVA) were taken into account. The affinity
constants for binding of the fluorescent stains to different protein matrices were obtained by
fluorescence titrations in aqueous solution. Moreover, the circularly polarized luminescence
(CPL) technique [3,4] was used to analyse the binding features.
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Figure 1. The fluorescent stains studied in this work; the red colour emphasizes the reactive group in the case of
the covalent fluorescent stains.
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The results obtained contribute to our understanding of the different affinity of the dyes
for selected proteins and to shed light on the binding mechanism in these complex systems.
Moreover, it is demonstrated that CPL spectroscopy can be applied in the analysis of complex
matrices of practical interest and that it can give information about the occurrence of an
interaction when fluorescence or ECD methods fail.
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The imidazole nitrogen in the side chain of histidine in peptides offers the primary
coordinating ligand to metal ions such as: Zn(II), Cu(II), Ni(II) [1]. Huge number of
metalloproteins consisting histidinerich domains were found in species from all kingdoms and
play role e.g. in metal transport, storage, or detoxification [2]. The special group of Hisrich
proteins are those which contain Histag motifs. This motif is characterised by different
number of consecutive histidines, often from three to even twelve. The name of ‘Histag’ is
taken from synthetic tag commonly used in Immobilizedmetal affinity chromatography for
purification of recombinant proteins [3]. Usually, in this technique are used hexaHistags,
which are connected to N or C terminus of purified protein, and free sites of immobilized
metal ions e.g. Ni(II) interact with histidine residues in Histag. Examples of natural proteins
with
Histag
motifs
are:
HypB
from
B.
japonicum
(HAHDHHHDHGHDHDHGHDGHHHHHHGHDQDHHHHHDHAH), Hpn from H. pylori
(MAHHEEQHGGHHHHHHHTHHHHYHGGEHHHHHHSSHHEEGCCSTSDSHHQEEGCCHGHHE) [4],
pHpG from A. squamigera (EDDHHHHHHHHHGVGGGGGGGGGG) [5] or cyclin T1 from human
genome (HPSNHHHHHNHHSHKHSH) [6]. Biological function and mechanism of activity of
these proteins is not yet fully.
Recently, the study of synthetic hexaHistag and natural nonaHistag from snake venom
of Atheris squamigera were performed by using experimental and computational techniques.
Detailed analysis have shown that the multiple His residues along polyHistag domain bind
metal ions in very effective way, forming polymorphic states. Metal ions, e.g. Cu(II) can bind
various sets of imidazoles depending on the number of histidine residues that are located in
these domains with different efficiencies. In hexaHistag, metal ion is coordinated by
maximum two His residues and form six different binding states. Model, in which copper is
bound to first and fifth imidazole nitrogen, presents the most stable complex. MD and DFT
calculations shown that metal ion induces the formation of regular αhelix structure in this
complex [7]. Similar effects were observed in case of nonaHistag from pHpG peptide (pHG),
but either the number of polymorphic states, stability of complexes and impact on the
formation of secondary structure are much more higher than in hexaHistag [8]. There is a
pronounced correlation between the number of histidines in Histag and secondary structure
formation, polymorphic states and thermodynamic stability of these complexes. It is also
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interesting, that peptides with Histag motifs form extremely stable complexes in comparison
with other peptide very rich in histidine residues, but without polyhistidyl string (Fig. 1) [79].
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Figure 1. Competition plots for Cu(II) complexes with peptides containing Histag motifs and domains rich in
histidine residues: a) hexaHistag and Hpn fagment, b) hexaHistag and zebrafish prion protein (zpPrP6387), c)
hexaHistag and pHG, d) pHG and its mutated derivative.
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Metallophores as Mediators for Metal Cycling: L-α-amino-acid residue ligands
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Nitrogen fixation, the reaction responsible for the transformation of atmospheric
nitrogen into bioavailable ammonia, is mediated in nature by the nitrogenase enzyme in N 2
fixing bacteria. Nitrogenases have three isoforms, depending on the metal cofactor (Mo, V
and Feonly nitrogenase). Their activity depends on the acquisition of metals for the
corresponding cofactor synthesis, which is the reason why metal bioavailability limits nitrogen
fixation in natural ecosystems [1].
Unlike iron oxides, molybdenum is present either as molybdate (MoO42) or attached to
organic matter and/or mineral surfaces. Both forms lead to limited bioavailability of
molybdate in nature [2], as either leaching or low solubility characterize these metal sources.
Common laboratory culture media do not reflect these natural limiting conditions, since
molybdenum is used as molybdate in excess within a closed system as the solutes are
concerned.
In view of that, we aim to develop libraries of synthetic molybdenum chelating agents to
mimic natural metal sources in artificial media, providing nontoxic cisdioxidometallate
complexes, which are stable under various physiological conditions, and not taken up by
bacteria, functioning as a Mo-buffer. Those
complexes would be the only source of metal in the
culture medium improving the ecological relevance of
further laboratory studies. Furthermore, the use of
metal ionbuffers in controlled biosystems may also
increase the knowledge and understanding on metal
acquisition mechanisms.
In this communication, we will present the study of an Laminoacid residue family of
ligands and its molybdenum complexes, as new candidates for Mobuffer.
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Nowadays many products are dumped into waters causing serious pollution problems,
such as the spill of heavy metals like iron, lead, cadmium and others. Adsorption is one of the
most useful methodology to remove metals and metalloids from wastewaters. In recent years
many researchers have studied the capabilities of low cost biomass materials as biological
adsorbents such as food wastes, leathers, cork, hairs, chicken feathers, degreased wool,[1]
biochar obtained from different original biomasses, and sponges.
Cork (Quecur suber L.) has been chosen in the present work as bio(adsorbent) to
remove antimony (Sb) from aqueous solutions. This low cost material is the outer bark of the
oak tree and it is industrially used for several purposes, principally the manufacturing of wine
stoppers. Cork has high biosorption efficiencies because of its physical characteristic like
elasticity and impermeability as well as its chemical composition (a complex mixture of fatty
acids and heavy organic alcohols ≈45% w/w, tannins ≈6% w/w, polysaccharides ≈12% w/w,
lignin ≈27% w/w, alkanes, mineral content ≈5% and the most abundant element Ca 0.038–
0.625% w/w).[2]

Antimony is a metalloid, naturally present in the environment but also introduced by
human activities. It is classified as a minor metal, growing in strategic importance because of
its use in flameretardants, plastics and semiconductors. Sb is toxic and carcinogenic with no
known biological function.[3] So, its removal from water is of unquestionable importance as
well as its recovery due to the growing interest in antimony by the industry. The aim of this
work is to evaluate the adsorption capacity of Sb (III) and Sb (V) by this innovative
bio(adsorbent).
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In order to evaluate the cork adsorption capacity, kinetics and isotherm behaviour is
checked. Corresponding batch experiments have been performed, also to determine the
influence of the aqueous antimony speciation. So, 25 mg of cork were stirred in presence of
2.5mL of Sb (III) and/or Sb (V) synthetic solutions at pH 5. At this pH the Sb(III) is dissolved in
its corresponding neutral form, Sb(OH)3, and Sb(V) is present as its anionic form, Sb(OH)6.
First, cork has been shown as a good bio(adsorbent) for antimony from weak acidic
aqueous solutions. The kinetic study shows that cork adsorbs Sb(III) faster than Sb(V), reaching
the equilibrium uptake at 6 h in both cases. The form of the active sites of the cork adsorbent
surface, with carboxylic and phenolic groups, could explain this phenomenon. So, cork
preferably interacts with the neutral form of Sb(III) instead with the anionic form of Sb(V).
These results are complemented by the isotherm profile, which shows higher total sorption
capacity for Sb(III) than Sb(V).

Adsorption kinetic curves of Sb (III) and Sb (V) by cork.
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adsorption of heavy metals by biomass application to soil
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Waste biomaterials are considered ideal alternatives as suitable surrogates in the field,
and as novel bio(adsorbents) due to the low relatively costeffective ratio and the high efficient
adsorption capacities for heavy metals [1]. Among them, pyrolyzed biomass (Biochar) could
be useful for this purpose.
Biochar can be used as soil amendment to enhance soil water and nutrient retention
which would lead them to be more bioavailable for plants [2],but it can also adsorb elements
such as heavy metals (Cu, Pb, Cd, Cr, among others), potentially reducing its bioavailability,
which is the main aim of this investigation. The aim of the present investigation was studying
how pyrolysis procedure influences the adsorption capacity of different biomass feedstocks
and derived biochars with or without posttreatments.

Original feedstock: granulated pine

Biochar obtained by gasification
procedure of granulated pine

For this purpose, three different biomass feedstocks (pine, corn and populous) were
prepared by three different pyrolysis procedures [3] (fast and slow pyrolysis, and by a
gasification procedure). Biochars were sieved to 2 mm and the absorption tested with no
additional treatment or treated (washing) by two different cleaning procedures (MilliQ water
or with a 0.1M nitric acid solution). Each adsorption trial was performed with 25 mg of each
unwashed/washed material stirred for 24h in presence of 2.5mL of solutions containing either
individual or mixed metal solutions of Cu, Pb, Cr or/and Cd at pH 4. Kinetics profiles are
checked. Furthermore, the presence of organic contaminants such as Polycyclic Aromatic
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Hydrocarbons (PAHs) has been evaluated for each pyrolysis procedure, due to their potential
bioavailability for plants [4].
The kinetic study shows faster adsorption when using biochar prepared by gasification
procedure, and with higher adsorption percentages compared with the corresponding
feedstocks.
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In general, the biochars without cleaning treatment presented higher metal adsorption
capacity than the other materials tested (feedstock biomass or washed biochars by water or
nitric acid). Furthermore, the effect of the pyrolysis on such adsorption was feedstock
dependent. In the case of the biochar obtained by gasification procedure, higher presence of
PAHs was found which also correlates with higher metal adsorption capacity.
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a) Dept.

Química, Universitat Autònoma de Barcelona, 08193, Cerdanyola del Vallès
(Barcelona) b) Institut de Biotecnologia i Biomedicina, Dept. Bioquímica i Biologia Molecular,
Universitat Autònoma de Barcelona, 08913, Cerdanyola del Vallès (Barcelona)
Katia.Ghannadzadeh@uab.cat

Platinum complexes are widely used as chemotherapy due to its anticancer activity. The
first platinumdrug used in chemotherapy, cisplatin, was discovered some decades ago.
Although it is still used, side effects and the loss of the complex before arriving to the DNA
target, due to drug resistance in some tumours or nondesired protein interactions, are some
problems that must be improved. Phototherapy appeared as an innovative strategy in order
to avoid these problems. Several photosensitivemolecules are described in the literature,
such as azobenzene, which presents a wellknown and characteristic cis  trans isomerization
easily controllable by UVvis light, heat or ultrasounds, being very useful for medicinal
applications. Isomerization of azobenzene as metalligand in platinumcomplexes can be used
to modulate the reactivity of the drug when interacting with the desire target.
In this work, we studied the interaction of the several platinumazobenzene complexes
with proteins and oligonucleotides by means of ESITOF MS and their intercalating properties
with ctDNA by fluorescence. Cell cultures of these complexes have also been carried out in
order to check the differential toxicity of these complexes. A deep knowledge of the reactivity
of these compounds would provide valuable information to future design of novel photo
switchable anticancer drugs.
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Nowadays, cancer is a widespread disease, being the leading cause of death in developing
countries. The serendipitous discovery of cisplatin in the 20th century and its high cytotoxic
effect heralded a new era that promoted Medicinal Inorganic Chemistry to the front of the
fight against cancer.[1] Nonetheless, cisplatin has several side effects owing to the reactivity
of Pt with proteins. In order to overcome them, new tendencies are driving the research
towards new nonPt drugs (Au, Ir, Ru, Cu and Ti).[2] Copper takes an special role among all of
them due to its intrinsic nature as an essential metal and its interesting Cu(II)/Cu(I) redox pair.
This may generate fewer side effects than other reported metal drugs. This Cu(II)/Cu(I) redox
pair has been reported to biologically generate ROS (reactive oxygen species), which are able
to cause cell damage through oxidative mechanism.[3]
Herewith we report the study of the anticancer properties of four existing Cu(II) complexes
bearing Ndonor ligands which appear to enable Cu complexes to interact with biomolecules
, previously used for a totally different purpose. Cytotoxic studies and interactions towards
DNA have been assessed, studying both covalent and noncovalent modes of binding via MS,
UVVIS and fluorescence, as well as evaluating the DNA cleaving properties of the assayed
compounds.
The obtained results have demonstrated that three, and especially two of them, of the
assayed complexes exhibit DNA interaction and high antiproliferative activity in HeLa cells
giving rise to IC50 values around, or even better, than cisplatin. Moreover, achieved results also
suggest a redoxdependent mechanism, being the oxidative cleavage one of the most
important pathways for these Cu(II) compounds. The presence of many redox processes, either
on the metal centre or on the ligand, and the biologically available Cu(II)/Cu(I) redox potentials
apparently seem to be related to their oxidative damage, and hence, to their cytotoxicity.
These compounds have shown an interesting “new” and beneficial role for cancer therapy,
which will allow the design of specific ligands for Cu(II) that may improve the anticancer
activity of the existing drugs.
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Folic acid is a very attractive biomolecule for molecular imaging because it binds with
high affinity to the folate receptor (FR), which is highly expressed in cancer cells [1].
We previously reported the transmetalation reaction between zinc bioconjugated
derivatives and the technetium carbonyl [99mTc(H2O)3(CO)3]+,which is a useful reaction to yield
technetium radiopharmaceuticals with high specific activity [2]. The objective of the present
work is to prepare two new zinc bioconjugate precursors (4a, 4b), in order to obtain new
technetium and rhenium radiopharmaceuticals with folic acid as a biomolecule following this
new approach. Molecular structures of compounds 4a and 4b are very similar and the main
difference relies on the spacer group located between the folic and the dithiocarbamate
groups. This modification may lead to significant differences in the in vivo behaviour of the
radiopharmaceutical.

Scheme 1. Synthesis of the two new zinc folates derivatives.

The activated ester group of the zinc complex (3) reacts with the amine group of the
folic acid derivatives (2a, 2b), which were synthesized from folic acid (1) using previously
reported methods [3, 4], to yield the target metal complex (4a, 4b). Finally, the zinc complexes
were characterized by NMR, IR and ESI-HRMS.
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Iron is one of the most essential elements for living organisms, being responsible for
processes such as oxygen metabolism and DNA synthesis. Despite the crucial importance, both
its deficiency or excess cause considerable disruption of homeostasis. The problem of iron
uptake comes from its low bioavailability due to low solubility of ferric hydroxycompounds in
the environment and, in case of microorganisms, formation of stable complexes with
bioligands of the host organism. To acquire iron, and at the same time overcome the toxic iron
sideeffects, microorganisms use siderophores  low molecular weight molecules with high
binding affinity for ferric iron.
The difficulties in synthesis of structurally complicated natural siderophores have
directed the siderophore research towards biomimetic chemistry, aiming at mimicking or
reproducing the function of the natural product rather than its detailed structure. This
approach allowed to diversify the arsenal of biologically active siderophoretype molecules,
introduce additional desired chemical and/or physical properties, and provide means to
identify general motifs governing an interplay between structure and function in biological
activity.
Following these principles, we have been working on characterization of novel
biomimetic compounds, artificial siderophores, in terms of iron complex formation and
stability, for the construction of structural probes of microbial iron uptake processes [1, 2] and
iron sensors [3].
Over the years, we were able to couple iron binding or its release with a signaling
component in order to elicit spectrophotometric signals. Attaching a fluorescent 6
aminonaphthalimide group at the carboxyl terminus of desferrioxamine biomimetic analogue
provided a tool to track the path of the iron from the environment to the cells of Yersinia
enterocolitica [2]. Moreover, inspired by Lvulnibactin  microbial siderophore from Vibrio
vulnificus, we fused the iron(III) binding site with a fluorescent probe into a single functionality,
and studied tripodal phenoloxazolinebased ligands. Due to their fluorescent properties, the
Fe(III) coordination event could be easily monitored, with detection limits in the low ng/mL
range [3].
Here we will present the Fe(III) binding properties of novel artificial siderophores in the
perspective of using the compounds as tools for investigating iron uptake by siderophore
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utilizing organisms. We will also discuss abilities of these biomimetics to coordinate La(III) ions
in order to use them for iron detection via an assay displacement approach.
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For separation of a particular metal, an effective extracting agent must be chosen that
has the capability of providing high distribution coefficients and high organic phase loadings.
With feed streams that contain several metals, selectivity may be a major concern. In this
paper, isolation of an individual metal from a multimetallic mixture is accomplished by using
an environmentally friendly “green” separation technology.
The results of our previous works dealing with metal biosorption by using agrofood
wastes highlighted the fact that sorbents have different affinity for each of the metals in the
mixture. The results also showed that the sorbed metals could be desorbed by using
appropriate desorbing agents. Our study of Cu(II), Ni(II), Cd(II) and Pb(II) sorption onto grape
stalks [1] showed the affinity pattern Pb(II)>Cu(II)>>Cd(II)>Ni(II). The different affinity of the
sorbent for these metals is the base of the metal segregation process studied in this work.
As a first step, metal separation of Pb(II)+Cd(II) or Ni(II)+Cu(II) in binary mixtures was
undertaken. Sorption experiments were carried out in packed columns filled of grape stalks of
250500 m particle size. The influence of metal concentration ratio in the studied mixtures
was studied by using a fixed concentration of cadmium (0.5mM) and nickel (2.5mM) and
varying the concentration of the other metal (cadmium and copper) in the respective binary
mixture. The minimum bed length necessary for an effective individual metal separation was
investigated by varying bed length between 1.75 and 7.0 cm. Desorption experiments were
carried out by using different desorbing agents: HCl, NaCl and CaCl2.
The results of this work shows that biosorption is effective to segregate Cd(II) to a single
solution from a Pb+Cd mixture, and Ni(II) from a Ni+Cu mixture when working at optimal
conditions. At the fixed Cd(II) and Ni(II) concentration studied and a bed length of 7 cm,
cadmium could be effectively separated when Pb(II) in the binary mixtures was lower than
0.2mM; and nickel when Cu(II) concentration was lower than 1.2 mM.
The most appropriated desorbing agent for selectively desorbing lead and copper from
the respective columns was found to be HCl at 0.0078M (pH:2.11).
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As seen in Figure 1, lead was totally sorbed during 25 hours of operation while cadmium
was retained during the first 6 hours and from this time its concentration is increasing with
time in the outflow solution. Thus, cadmium remains the only metal present in the outflow
solution within the operation time elapsed between 6h and 25h. Figure 2 shows that the
desorbing agent is able to elute separately both metals previously sorbed onto grape stalks.
Cd (II) is desorbed very fast while Pb (II) is desorbed much slower and remains the only metal
present in the outflow solution within the time of desorbing operation elapsed between 2h
and 25h. The results obtained in this study demonstrate that it is possible to segregate metal
ions from multimetallic solutions by using a “green” sorption process and the appropriate
desorbing agent.

Figure 1. Breakthrough curves of binary mixture of Cd(II)Pb(II)

Figure 2. Desorption curves of Cd(II)Pb(II) by HCl at 0.0078M.

sorption onto grape stalks. Bed length: 7 cm. Flow rate: 30ml/h.

Bed length: 7 cm. Flow rate: 30ml/h.

Ci Cd(II): 0.5mM and Ci Pb(II): 0.4mM.

Furthermore, the use of grape stalks as sorbents gives value to this waste material and
allows a selective recovery of valuable metals from a multimetallic solution.
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Many industrial processes produce wastewaters particularly rich in heavy metals and
toxic elements. High concentrations of these pollutants in water are directly responsible for
the life cycles of plants, animals and humans. The removal of metals and metalloids from
wastewaters is one of the main objectives of environmental remediation; there are several
physicchemical methods to remove inorganic pollutants from aqueous solutions but most of
these are expensive and inadequate. Adsorption is now recognized as an effective and
economic method for heavy metal wastewater treatment. The adsorption process offers
flexibility in design and operation and in many cases will produce highquality treated effluent
[1]. In recent years several researchers have studied the potential of food wastes as low cost
adsorbent materials. The operating conditions that they used for the adsorption experiments
are very inhomogeneous so it’s impossible to compare the efficiencies of the individual
adsorbents. The aim of this study is to evaluate the adsorption capacities of 12 food wastes,
assessing their capabilities to remove more than 30 elements (for most of whom the
adsorption capacities have never been evaluated) from the same polluted aqueous solutions.
Maintaining consistent experimental conditions gives the possibility to make a comparison
between the different adsorbent capacities and properly assesses their efficiencies. The
powders of each food waste have been included in the polluted solutions in gradually
increasing doses to increase the number of available active sites and to study the effects of
competition between the elements. The 12 food wastes (banana peels, eggplant peels, apple
peels, lemon peels, potato peels, grape wastes, tomato peels, orange peels, watermelon peels,
carobs and coffee wastes) have been dried, pulverized and washed before use. The adsorption
capacities of several elements (Ag, Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, In, La, Mn,
Mo, Nb, Ni, Pb, Sb, Sn, Sr, Th, Ti, Tl, U, V, W, Zn) from synthetic solutions at pH 2 and pH 5.5
have been studied. For each element the solubility curve as a function of pH has been verified
to evaluate the hydroxides precipitation equilibria and their possible interference in the
adsorption processes. The adsorption percentages of elements from the contaminated
solutions have been calculated from the data obtained by inductively coupled plasma optical
emission spectrometry and by inductively coupled plasma mass spectrometry (ICPOES, ICP
MS). As can be seen from Figure 1, the food wastes can be effectively used for the removal of
many elements from polluted solutions even at acid pH. Maintaining homogenous
experimental conditions gives the possibility to make a comparison between the different
adsorbent capacities and to note that each of them has a propensity to adsorb in its own active
sites certain elements rather than others. The statistical processing of the data obtained has
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allowed to group the materials examined according to the type of active sites present on the
adsorbent surfaces.
To refine the classification of adsorbents there are further studies in progress with
electron microscopy and IR spectroscopy.

Figure.1 – Adsorption percentages of elements from synthetic solutions at pH 2 by banana peels, grape wastes
and coffee wastes.

The potentialities of food wastes as adsorbent materials have also been verified on real
polluted matrices, evaluating the removal of heavy metals from wastewaters produced in a
hydrometallurgical process for the recovery of valuable elements by electronic cards (pH 5.5).
Figure 2 shows how the excellent efficiencies of these materials are also confirmed on real
matrices.

Figure.2 – Adsorption percentages of Cu, Ni, Pb and Zn from wastewaters produced in a hydrometallurgical
process (pH 5.5) by food wastes.
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There is a growing interest in antimony (Sb) recovery due to the fact that over 90% of
the supplies of this metalloid comes from China, so the European Union and EE.UU are import
dependent of this product. Furthermore, antimony is also a nondesirable product in copper
refining processes, creating important problems in the electrorefining plants [1]. Therefore, Sb
recovery is essential to the proper treatment of copper ores, and for the production of flame
retardants, plastic and semiconductor in the European industry.
New materials based on nanoparticles have been developed with the main objective of
improving Sb sorption capacity and make possible its effective recovery. The system that has
been used in this work is based on SuperParamagnetic Iron Oxide Nanoparticles (SPION) onto
a Forager sponge®. This sponge is an opencelled cellulose sponge with weak amine groups,
which is able to effectively remove different metals in a selective manner from solutions. The
advantages of the use of this sponge are well known [2], so to enhance its sorption capacity
and its selectivity, SPION has been loaded on the sponge, which has been shown as an
appropriate system to heavy metals sorption [3,4].
The aim of the present work is to evaluate the sorption capacity of Sb, as Sb(III) and
Sb(V), in the Forager sponge® and in the SPIONForager sponge® systems and their possible
application to the recovery and removal of this metalloid in the best selective way from
wastewaters.
Different SPION synthesis pathways for its proper loading onto the Forager sponge® have
been checked. In order to evaluate the sorption capacity kinetic and isotherms, studies have
been performed. Afterwards, different batch experiments were run to compare both
adsorption material systems, and to determine the influence of the aqueous antimony
speciation. So, 25mg of each adsorbent material were agitated in the presence of 2.5mL of
Sb(III) and/or Sb(V) synthetic solutions at pH 5. At this pH, the Sb(III) is dissolved in its
corresponding neutral form, Sb(OH)3, and Sb(V) is present in its anionic form, Sb(OH)6.
Preliminary results show that the presence of SPION in the sponge change the selectivity
of this material, increasing the adsorption capacity from 31 to 40 mg of Sb/g of the adsorbent
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for Sb(V). On the contrary, Sb(III) decrease its adsorption capacity from 40 to 30 mg of Sb/g of
adsorbent. Different electrical surface characteristics of both sponges can give such
differences on their behaviour onto Sb(III) and Sb(V) separation, giving some different
selectivity depending if using the original sponge or the SPIONloaded one.
Sb(III)
Sb(V)

Adsorption capacity (mg Sb/ g ads)

40

30

20

10

0
Sponge

Sponge + SPION

Figure 1. Sorption capacity of Sb(III) and
Sb(V) in the Forager sponge® and the
Spion-loaded Forager sponge®
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Isothermal Titration Calorimetry (ITC) is a powerful technique to measure the interaction
parameters of a chemical process, allowing to the simultaneous determination of the binding
constant, reaction stoichiometry and enthalpy change of the investigated reaction. These
features make ITC a much appreciated technique in studies of biochemical significance, as
drug–protein and drugRNA interactions, or drug discovery and supramolecular chemistry [1,
2].
In general, ITC experiments are
carried out by incremental titration,
whereby a volume of titrant (about 5
10 μL) is added to a titrand solution at
discrete timeintervals, as shows the
thermogram plotted in Figure 1,
corresponding to the isothermal
titration of EDTA with Ca2+ in pH=5.5
acetate buffer [3]. The peak
integration provides the heat
exchange (Qi) for each titrant
addition. The experimental data are
then transformed usually to Qi/mole
of titrant vs. the molar ratio, as shown
in Figure 2.

Figure 1

The determination of the
binding thermodynamic parameters is carried out by fitting the data to a given model by using
nonlinear regression procedures [4]. The models involve one or more independent binding
sites, or sequential binding to multiple sites [2]. However, in most of the available software for
ITC data treatment, the model selection is very limited, owing to the use of predefined
equations for defining the metal/ligand or receptor/ligand interactions.
The procedure presented in this communication (ITC_Cal) uses a different approach, in
a more flexible way to define the interaction model. ITC_Cal has been written in VBA (Visual
Basic for Applications), for use under the MSEXCELTM spreadsheet. It consists of a user
defined function (DeltaH), developed to determine the heat change in each titrant addition to
a cell containing the titrand solution; this is allowed taking into account the concentration of
the different species (ns) before and after the titrant solution, together with their
corresponding formation enthalpies, as indicates the following equation:
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Qi ,calc  V0  (C j ,i  C j ,i 1 )H j
j 1

Where V0 is the cell working
volume, and Cj,i-1 and Cj,i represent
the calculated concentration of the j
species before and after the titrant
addition, respectively. In this way, the
heat changes are calculated from the
total concentration of components
and the guessed chemical model
(equilibrium
constants,
stoichiometry
and
formation
enthalpies).
Additionally, an optimization
subroutine, based on the Levenberg–
Marquardt algorithm, is used to
Figure 2
optimize the model parameters by
minimizing the differences between
calculated and experimental heat exchange. Figure 2 shows the fit of the calculated titration
curve (solid line) to the experimental data () in the Ca2+EDTA system, using this procedure.
ITC_Cal has been tested with different ITC systems, giving interaction parameters in good
accordance with the previously obtained values. Moreover, ITC_Cal can handle several ITC
curves simultaneously, with concurrent acidbase and complex equilibria.
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Metal nanoparticles have attracted considerable attention due to their unique chemical,
physical, electronic and optical properties compared to their corresponding bulk materials [1].
Carbon nanotubes (CNTs) are one of the most intensively explored nanostructured materials.
In particular, carbon nanotubes are unique and ideal templates onto which to immobilize
nanoparticles allowing the construction of designed nanoarchitectures that are extremely
attractive as supports for heterogeneous catalysts and other technological applications. There
are many ingenious methods of depositing metal nanoparticles onto CNTs substrates in the
literature [2], each offering varying degrees of control of particle size and distribution along
the CNTs.
Here we present our results on the preparation of Pd(0) nanoparticles (NPs) supported
on multiwalled carbon nanotubes (MWCNTs) through a method which draws on the positive
influence of the metal complexing properties of the surface chemical functions of the
MWCNTs to achieve metal NPs. This method consists of three steps: 1) MWCNTs non-covalent
functionalization based on the attachment of appropriate ionic receptors on the arene centres
of the lowfunctionalized MWCNTs, via irreversible πstacking interactions; 2) Binding of
controlled amounts of Pd(II) ions on the functionalized MWCNTs, through the formation of
Pd(II)-complexes by the surface chemical functions of MWCNTs; 3) Metal ion reduction to
form the Pd(0) NPs. Thus, homogeneously distributed Pd(0) NPs supported on the MWCNTs
have been obtained. The suitable complexing properties of the surface chemical functions of
MWCNTs have played a double role: by one hand, they coordinated to the Pd(II) ions,
improving the Pd(II) adsorption capacity of the support and leading to a homogeneous
distribution of Pd(II) ions on the MWCNTs surface; and on the other hand, after Pd(II)
reduction, they stabilize the Pd(0) NPs by complexing the zerovalent atoms of the
nanoparticles.
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Nowadays, an active research area is focused on the development of new metallodrugs
capable of interacting with DNA, and organometallic complexes are promising candidates to
this aim.
In the frame of our long lasting collaboration and of the study of the interaction of small
molecules with DNA and RNA, the binding of newly synthesized Ruarene complexes to
biosubstrates was already analysed [1,2].
This contribution reports on the preliminary analysis of the binding of the rhodium and
iridium complexes shown in Figure 1 to biosubstrates as, in particular, double stranded DNA
and RNA.

M

Figure 1. The metal complexes used in this study [M(5Cp*)Cl(quinpy)]Cl (quinpy = (E)
1(pyridin2yl)N(quinolin3yl)methanimine): the M ion can be either rhodium(III) or
iridium(III).
First, the properties of the metal complexes themselves were analysed, with particular
focus on the chloride exchange process to give the MH2O species and on the evaluation of
the pKA of the MH2O  MOH equilibrium. Then, analysis of the possible binding reaction of
MH2O and MOH towards polynucleotides is done using spectrophotometry, viscometry,
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circular dichroism and stoppedflow kinetics. The preliminary results obtained suggest
different binding features that will be discussed.
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It’s hard not to notice that having a white smile is of a great importance in the modern
society, being one of the standards of the perfect image, thus there is high demand of
treatments for teeth whitening enhancement. For this purpose both, clinical procedures and
OTC products can be applied. Most of them are based on hydrogen or carbamide peroxide at
different concentration levels (from 0,1 to 35%) that achieve the whitening effect by the
oxidation of the aromatic molecules (such as tannins proceeding from coffee, tea or wine) as
responsible for the teeth decolourisation.
Normally, whitening treatments require long application times (over two to four
weeks,), that can lead to side effects such as sore throat or white patches on the gum line. One
of the most commonly observed clinical side effect during or after the bleaching of vital teeth
is tooth hypersensitivity, with an incidence up to 50% [1]. The persistant contact of the
whitening products with the tooth surface can lead to the degradation of the enamel, exposing
the dentinal tubulies to the external enviroment [2]. When the fluid within the dentinal
tubules, absent of a smear layer, is subjected to thermal, chemical, tactile or evaporative
stimuli, the movement of the fluid stimulates the mechanical receptors which are sensitive to
fluid pressure, resulting in the transmission of the stimuli to the pulpal nerves ultimately
causing a pain response [3].

Image 1 SEM photomicrographs of an enamel surface without (A) and with (B) exposure to a bleaching procedure.
The enamel microstructure of the bleachedenamel surface (B) illustrates an obvious enamel etch caused by the
bleaching agent, compared with the unbleached surface (A) [2].
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It is well known that the hydroxyl radical (OH·) have a higher reduction potential than
H2O2 [4]. In this work, we intend to improve the oxidation effect of whitening treatments using
hydroxyl radicals generated as a product of an advanced oxydation procedure, the Fenton
Reaction [R1].
(R1)
Previous research [5] in GTS group (UAB) showed how using heterogeneous Fenton
process provided good performance (higher than 99%) in the decolourization treatment of a
commercial dye, in a time of 6 minutes.
Our goal is to avoid the side effects of the bleaching treatment by the reduction of the
time required to achieve decolourisation. For this purpose, as a first approach we intend to
optimize the conditions of a heterogeneous Fenton process, using a natural zeolite as a
support for the ferrous ions, to catalyze the oxidation a dye in batch solution; the
decolourization will be monitored by UVVIS spectrophotometry. After that, we will apply the
catalyst (in the previous optimized conditions) in a commercial whitening gel previously
stained with the tested dye, in order to confirm the diffusion of the hydroxyl radicals through
the gel medium. Finally, we will perform a whitening treatment with cow incisors as a model,
using, for the first time, a commercial whitening gel in which we will mix the iron catalyst. The
whitening effect will be monitored measuring the colour of the teeth surface with a
colorimeter.
The future expectations are to make this process suitable for its application in
commercial whitening products, in order to improve the existing treatments. The obtained
results of the above exposed experimentation plan will be presented.
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Calcium is one of the most abundant metals in the human body, where it is an
important cellular ionic messenger, with many other functions, such as the formation of barely
soluble salts. This, in the form of calcium phosphate, is the main component of bones and
teeth. Furthermore, it can also precipitate in the form of carbonapatite (CAP) and oxalates in
the kidney to form renal calculi (Figure 1).

a)
b)
c)
Figure 2: Kidney Stone of: a) CAP(carbopatite), b) COM (calcium oxalate monohydrate,
and c) COD (calcium oxalate dihydrate)

Our research is focused on Renal Nephrolithiasis, a clinical condition that implies the formation
microcrystals aggregates on the kidney, commonly known as kidney stones. This disease
affects approximately 12% of men and 6% of women, and has a recurrence rate around 40%.
The 66% of the renal calculi are represented by calcium oxalate stones, considering the mono
(COM) and the dihydrate (COD) forms[1]. The study of the formation of this kind of stones and
the interaction between phases is important in order to understand the pathophysiology, plan
a therapy and prevent the recurrence.
Following the published protocols we cannot obtain references with the required purity in
order to make a proper characterization of these samples, so we optimized it for the synthesis
of the two calcium oxalate hydrates (COM[2] and COD[3,4]). This is a difficult task due to the
equilibrium between both species (COM is the thermodynamically stable while COD is the
kinetically favoured). The optimizing process was focussed on the media conditions:
temperature; the pH of the solutions; the concentration of inhibitors; and, on the other hand,
the addition rate to perform the crystallization.
The characterization of the synthetic references was carried out by Xray Diffraction technique
(XRD) and by Xray absorption spectroscopy (XAS) using synchrotron radiation on the beamline
CLAESS of the Synchrotron ALBA.
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As an example of the results, the normalized spectra of both species on the XANES (Xray
Absorption Near Edge Structure) region is shown on Figure 2. Moreover, as shown on Figure
3, it is possible to differentiate these compounds and apply the technique to real samples.

Figure 3: XANES spectra of the two pure calcium oxalate hydrates

Figure 4: Difference between the XANES spectra of both pure oxalates
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Selenium is an essential element for humans and animals, provided that the tolerable
upper level of intake is not exceeded. The amount of selenium required by the body is very
small but essential for various body processes. Among the benefits of selenium, when
consumed in appropriate proportions, it should be cited its antioxidant action associated with
vitamin E. Selenium helps cells defensive system and relieves oxidative stress, besides slowing
down many degenerative diseases. In addition selenium is essential for the health and the
good formation of hair and nails.
The chemical speciation of Selenium in the system is crucial, since the properties of Se
are strongly dependent on the form in which it is found.
Native Selenium is not common and it is difficult to isolate and purify. In addition, the
Selenium containing minerals (in the forms of selenide, selenite or selenate) are also rare;
therefore, Se is normally obtained from selenide existing as an impurity in sulfide ores. In soil,
a short number of inorganic Se species like selenite and selenate are typically found. However,
the beneficial forms for humans are selenoaminoacids, which are not toxic and more readily
incorporated into proteins. However, mammals are not able to synthesize them and need to
intake them from the diet.
Selenium enters the foodchain through plants, but Sepoor soils around the world
produce Sedeficient crops resulting in deficient food for humans. Soil Se enrichment in edible
plants has been proposed as a solution for this problem, and wheat has been chosen as an
ideal candidate. Wheat is one of the most widely consumed cereals worldwide. Thus, it's an
appropriate material to develop a functional food, in order to contribute to human welfare by
increasing the amount of selenium consumed to the optimum level.
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Figure 1. Hydroponic growth
The proposed research is to characterize the chemical speciation and plant distribution
of Selenium uptaken by wheat from Se enriched hydroponic growth. Once the Selenium is
incorporated to the plant root, the metabolic process starts, producing selenoaminoacids.
Selenocysteine (SeCys) and selenometionine (SeMet) are the most common species
produced by cereals. The challenge of this work is to implement and optimize a technique
based on the hyphenation of HPLCICPMS in order to determine the selenium species present
in wheat tissues, and to characterize the proportion of selenoamino acids depending on the
species of inorganic selenium that have been added to the cultivation medium, in a novel
chemical tuning system.
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Laura ALVAREZa), Natalia BUSTOa), Chiara TIRIBILLIa), Javier SANTOLAYAa), José M. LEALa),
Félix JALONb), Blanca R. MANZANOb), Marta MARTINEZa), Gustavo ESPINOa), Begoña
GARCIAa)
a)Chemistry

Department, University of Burgos, Plaza Misael Bañuelos s/n, 09001 Burgos,
Spain b)Inorganic Chemistry Department, Organic and Biochemistry, University of Castilla La
Mancha, Avenida Camilo J. Cela 10, 13071 Ciudad Real, Spain
jmleal@ubu.es
The synthesis and study of new compounds able to selectively alter the behaviour of certain
biomolecules is a key target in Medicinal Chemistry. In this context, organometallic complexes
have aroused growing attention, as these compounds are endowed with properties that turn
them into suitable candidates to interact with different biomolecules. Ir(III) complexes have
shown to be useful for the OLED (organiclightemitting diode) technology, due to their
luminescent properties or as catalysts [1]. On the other hand, different studies have addressed
the intercalation of “halfsandwich” Ir(III) complexes into DNA of cancer cells, affording
promising results [2]. Additionally, it has been shown that heir pronounced activity may be
altered easily by the action of certain ligands attached to the metal centre, because a small
variation in their structure can entail large changes in their biological activity.
Although in many cases DNA has been the target molecule for drugs based on transition
metals, the study of the interaction of metal complexes with certain proteins of blood plasma
is essential. Such an interaction is directly related to the transport and elimination of the drug.
In blood, drugs may stay in two forms, either free or as a ligand, the free fraction exhibiting
pharmacological effects and can be either metabolized or expelled. Therefore, the study of the
drugprotein binding can help to control the concentration of the free drug, thus prolonging
the operational time of the drug and influencing its distribution, absorption and metabolism.

Figure 1. Left) Structure of Ir(III)[(2-(hydroxy)phenyl)benzoimidazole)(pentamethylcyclopentadienyl)(Cl)]
complex Right) Human Serum Albumin.

Human seroalbumin (HSA) is the most abundant protein in human plasma, thereby the
study of its interactions with different metal complexes has aroused great attention. In view
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of the importance of Iridium complexes for cáncer research and the interest of drugproteins
interaction, we have studied the interaction of the Ir (III) complex [(Cp*)Ir(hphbzIm)] (Figure
1, Left) with potential biological activity with HSA (Figure 1, right).
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Leaching Processes of Beachrock outcrops located close to estuarine areas
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Beachrocks are consolidated coastal sedimentary formations resulting from early
intergranular carbonate cement precipitations in the intertidal zone, resulting on rock units.
Given the anthropogenic influence in the phenomenon formation, several materials are
trapped in its matrix such us plastic and escoriaceous matter.
Once the metal content were studied in previous a work [1], the contamination
parameters (contamination factor, Cf and Degreee of Contamination, Cd) were compared with
the current legislation, finding out that the environment potential risk of the beachrock could
be classified as a moderate or high, depending on the metal studied. Therefore, it is necessary
to know the real amount that could be released to the environment as consequence of the
natural agents as rainwater, marine currents, wave and tidal movements. Moreover, taking
into account that nowadays the beachrock formation are suffering a disintegration process, in
this study the origin of the reverse phenomenon as well as its effect on the environment was
also studied.
In this sense, mobility assays were carried out to determine the real leaching capacity of
nature agents. For that purpose, the process was simulated applying the Norm DINV (ISO
19730), in which marine and rain water were used as extractants.
For that purpose, several beachrock samples were taken at two different beaches
located on the NervionIbaizabal estuary following the longitudinal and transverse transects.
Besides, in order to simulateas much as possible the real conditions occurred in the
environment, the raw samples were used without any physical pretreatment process, using
as extractants sea and rain water collected in situ. In this way, the metal content (Ca, Mo, Sr,
Cd, Ni, Ag, As, Cr, Na, Tl, Ba, K, Co, Mg, Ti, Al, V, Pb, Cu, Mn, Zn, Sn, Fe, Hg, Sb and Se) was
analyzed by ICPMS and the results were compared with the pseudototal elementcontent (the
extractable fraction under aqua regia conditions) of the samples. Moreover, a principal
component analysis was performed to interpret the data as well as to identify the most
significant elements of the system.
According to the results, although the pH of the rainwater (pH= 6.8) is slightly lower than
the sea water values (pH= 8.1), the leaching tests performed in the laboratory evidenced a
higher extractant capacity of seawater. In fact, in the leaching experiments performed using
rainwater, the concentration levels determined by most of the metals were lower than the
detection limits, except for the majorelements (Na, Mg, K, and Ca) and (Li, Al, Sr, Mn and Tl)
among the minorities elements. Nevertheless, in the case of the seawater, a higher
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concentration for all of the elements was shown, with concentration levels from 0.2 ng.g1 of
Cd to 1 μg.g1 of Al, among minor elements.
In conclusion, the pH was not the main factor influencing the metal leaching, as the main
cause of the process could be the inorganic ligands and/or the organic matter present in
seawater. As a matter of fact, the organic matter, such as humic, fulvic and hydrophilic acids,
is known to induce the complex formation with transition metals [2].
In addition, a different behaviour related to the movable element content was observed
between the samples of both beaches, which could suggested a worse cementation state in
the beach that showed higher leaching values. For that reason, in order to analyze the
influence of the physical state of the sample, the leachable content of raw and powdered
samples was compared, finding out that the extraction efficiency increases in grinded samples,
being this effect higher when using seawater as leaching agent.
References:
[1]

[2]

Iturregui, A, Arrieta N., De Diego A., Olazabal M.A., Martinez Arkarazo I., Madariaga
J.M., Distribution of metals in Temperate Beachrocks. Acta of the International
Symposia on Metal Complexes, ISMEC GROUP SERIES, Volume5, Year 2015, ISSN 2239
2459, http://mat520.unime.it/ismecacta
Domènech, X.; Peral, J., Química Ambiental de Sistemas Terrestres. Reverte: Barcelona,
2006.

Acknowledgments:

This work has been financially supported by the project PRIACE (Ref: CTM201236612)
from the Spanish Ministry of Economy and Competitiveness (MINECO) and the European
Regional Development Fund (FEDER). Ane Iturregui is grateful to the Basque Government for
her predoctoral fellowships.

132

Acta of the International Symposia on Metal Complexes – ISMEC Acta,
 ISMEC 2016, June 7th – 10th 2016, Barcelona (Spain)

Multianalytical methodology based on in situ spectroscopic assessment to
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Nowadays, the usefulness of in situ spectroscopic assessment, and the added benefits
of its combination with analytical methodologies for the conservation diagnosis of building
materials are widely recognized. Nevertheless, this type of matrix often contains cromophore
compounds that can produce a great fluorescence in Raman signal, hampering the in situ
analysis. In this sense, although, same techniques like photobleaching can help to reduce this
effect, the reality is that the options that could be taken in field analysis are complex to
accomplish.
Therefore, with the goal of reducing the drawbacks of the in situ analysis, often based
on Raman spectroscopy, it was complemented by Diffuse Reflectance Infrared Fourier
Transform (DRIFT) Spectroscopy. For that purpose, its usefulness as diagnostic tool to find out
the origin of pathologies, mainly caused by environmental stressors, was evaluated. In this
regard, given that the current handheld devices cannot separate the diffuse component of the
reflectance from the specular one, the spectral distortions were expected and reduced by
means of mathematical algorithms [1]. Then, in order to corroborate the in situ results, a non
invasive sampling method using cellulose patches was applied to extend the study to the
laboratory. In this manner, spatial patterns models of salt distribution were obtained by ion
chromatography (IC). Finally, thanks to spectroscopic information and quantitative data, the
thermodynamic models of the chemical degradation processes were established and
thoroughly discussed.
According to the results, the most severe decay process was suffered by the sandstone
material as cause of atmospheric attack. The loss of its cement matrix, mainly composed by
hematite (αFe2O3) and quartz (αSiO2), starts with a drop in pH, allowing the precipitation of
crystalline lepidocrocite (γ FeOOH) and magnetite (Fe2O4) during the drying stage. In turn, as
Pourbaix diagram indicates, lepidocrocite could be transformed into maghemite (γ Fe2O3) by
deshydroxilation and/or into the amorphous ferric oxyhydroxide (FeOx(OH)32x) by a
dissolutionprecipitation processes. All these compounds are poorly crystallized and quite
unstable. In this way, they tend to transform into goethite (αFeOOH), the most
thermodynamically stable mineral phase. Besides, iron salts such us coquimbite
(Fe2(SO4)3·9H2O) and siderite (FeCO3) were also detected, explaining the disaggregation
presented by the ashlars as direct consequence of the cement dissolution and the volume
changes occurred during the chemical transformations.
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In addition to this, a vertical zoning salt distribution was observed in the loadbearing
wall as a result of the infiltration water attack. In accordance with Arnold and Zehnder´s model
[2], the sulphated salts such as gypsum (CaSO4·2H2O), thenardite (Na2SO4) and epsomite
(MgSO4•7H2O) were accumulated in low (00.2 m) and middle zones (0.40.6 m) whereas
nitrates, mainly niter (KNO3) and nitratine (NaNO3), were only concentrated in the lowest zone
and at the top (1.6 m) (Fig. 1). As it is usual in case of rising damp, the capillary rise and
evaporation of the acid water allow the leached content from the soil to pass through the
ashlars, causing an important loss of stability owing to the dissolution, hydration and
crystallization processes that are continuously taking place.

Figure 1. In situ DRIFT spectra: a) gypsum and epsomite identified in the low and middle zones,
and b) nitratine and niter collected in the lowest zone and/or at the top of the zoning salt distribution,
as main decaying compounds.

In view of the results obtained, the multianalytical methodology carried out allows us to
determine the main chemical mechanisms of decay, highlighting the advantages of DRIFT
analysis as useful tool to the identification of compounds and salt zoning distribution. The
complementation of both spectroscopic techniques significantly minimizes the handicaps
presented in Raman spectroscopy by fluorescent effect in this type of samples.
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