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CENTRO DE CIÊNCIAS E TECNOLOGIAS NUCLEARES

The Centre for Nuclear Sciences and Technologies (C2TN), a new research unit of Instituto 
Superior Técnico (IST) located at the CTN Campus, has unique expertise in Radiation 
and Nuclear Methods and Techniques, playing an important strategic role in basic 
and applied research, training, educational outreach, and knowledge dissemination. 
The cutting–edge science of C2TN and the strategic program proposed for 2015-2020, 
awarded as Excellent by the International Evaluation of R&D Units coordinated by the 
Portuguese Foundation for Science and Technology (FCT), aims to push forward the 
boundaries in Medical Diagnostics, Therapy & Health Physics, Environment, Cultural 
Heritage & Earth Systems, and Engineering & Advanced Materials.

We are very pleased to bring you the 2015 Highlights of C2TN.  During this first year 
of our strategic program (2015-2020), the interdisciplinary character and cross–theme 
interactions within C2TN research groups were reinforced and expanded, in part due to 
the new organization of the Center in three Thematic Strands, the excellent work of the 
researchers and  the reinforcement of National and International networking.

Using nuclear and non-nuclear methodologies, new research or training projects 
were initiated in 2015 within the three Thematic Strands, involving researchers from 
different groups, and their participation in International networks (such as Cost 
Actions, European Technology Platforms, and European or International projects) was 
reinforced and expanded. 

Some examples of International or national projects launched in 2015 are: i) ENVIREE – 
Environmentally friendly and efficient methods for extraction of rare earth elements from 
primary and secondary sources; ii) International Training Network - MEDICIS-PROMED 
produced radioisotope beams for medicine; iii) Nature, Society and Monumentality: 
High-Resolution Archaeological Research of the Antequera Megalithic Landscape; iv) 
Stone Idols from Chalcolithic Perdigões Ditched Enclosures (Southern Portugal): Funerary 
Practices, Raw Materials and Interaction Networks; v) CHARISMA - Cultural Heritage 
Advanced Research Infrastructures; vi) REEuse - Recovery versus Environmental impacts 
of Rare Earth Elements derived from human activities; vii) IPERION CH - Interconnections: 
archaeological beads and trade in Perdigões during the 3rd millennium BC”; viii) CERN/
C2TN - Materials Characterization with Nuclear Radioactive Techniques - synergy and 
complementarity applied to training and development. 

Foreword
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During this year, C2TN researchers have also integrated some new IAEA coordinated 
research projects providing their expertise for Food Irradiation, Synthesis of Hybrid 
Materials and Consolidation or Preservation of Archived Materials and Cultural Heritage 
Artefacts. New research contracts with National or International companies were also 
initiated during 2015 aiming at: Drug Development, Composition and Dating of Cultural 
Heritage, Environmental Radioactivity Studies & Radioecology. 

C2TN already benefited from the recent creation of the Department of Nuclear Sciences 
and Engineering at the IST CTN Campus, with hiring of researchers that will contribute 
to C2TN, and also with the implementation of higher education courses where C2TN 
researchers will play a leading role.

However, although January 2015 was the official starting date of our strategic program, 
FCT only released the funding after the middle of the year. This delayed the hiring of 
Invited Scientists or Post-Doctoral fellows, which is partly still in progress. Moreover, 
the equipment requested by the Unit, considered important by the evaluators to expand 
our activities and to increase our global competitiveness, was not yet acquired.

We believe that these two important points – hiring of young scientists and acquisition 
of new equipment - will reinforce even more the cross–theme interactions within C2TN, 
will open new opportunities, and will improve our output. During 2015, the number of 
C2TN publications did not increase, but their impact was improved. 

This document is the second annual report of C2TN as a FCT research Unit and covers 
the mandate of two Executive Commissions. The two Executive Commissions would like 
to finish with a special thanks to all C2TN members by their efforts and contributions to 
the Strategic Program. In this process, the Thematic Strand and Research Group Leaders 
have had a remarkable role.

C2TN Executive Commission
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(President) 
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(President) 
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Pessoa Barradas 
(Vice-President)
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(Vogal)

António  
Nazareth Falcão  
(Vogal)
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Considering the complementary know-how, common interests and facilities, the C2TN 
members are organized in six Research Groups Radiopharmaceutical Sciences (RS), 
Radiological Protection and Safety (PSR), Radiation, Elements and Isotopes (REI), 
Nuclear Engineering and Techniques (NET), f-Element Chemistry (QEf) and Solid 
State (ES). For the period 2015-2020, the 6 groups of scientists will converge and 
collaborate on 3 main Thematic Strands (TS):

Scheme 1 shows the C2TN research groups and their contribution to the three Thematic 
Strands. Within these TS the role of the groups is well established and the overall 
research objectives are in line and nicely intersect with the EU Horizon 2020 initiative.

The Research Group Coordinators are: 
RS – António Rocha Paulo; RPS – Pedro Vaz; REI – Maria de Fátima Araújo;  
NET – Nuno Pessoa Barradas until September and Isabel Dias since September;  
QEf – Joaquim Marçalo until September and João Paulo Leal since September;  
ES – Manuel Leite de Almeida

The Thematic Strands Coordinators are: 
RSHP – Isabel Rego Santos; ESRCH – Maria Isabel Prudêncio; AM – Manuel Leite de Almeida
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Radiopharmaceutical Sciences and Health Physics (RSHP)
Researchers of this TS used their unique know-how, expertise, techniques and infra-
structures on Radiopharmaceutical Sciences, Radiation Protection and Dosimetry, 
Biological Effects of Ionizing Radiation and Metrology to carry out cutting edge studies 
in all these fields, aiming at the: 

Validation and Functional Characterization of Disease and Radiation Biomarkers; 

Design, Synthesis and Pre-Clinical Evaluation of Radioactive Tools for Molecular 
Imaging and Theranostics; 

Evaluation of Biological Effects of Ionizing Radiation and Mechanisms of Action;

Undertaking of Medical Dosimetry and Metrology of Ionizing Radiation Studies. 

Thematic Strands  
Scientific Report 2015

RADIOTHERAPY WITH AUGER EMITTERS

99mTc-Tricarbonyl complexes and 125I-hetro-
aromatic compounds bearing an acri-
dine orange (AO) intercalating unit were 
studied for DNA-targeted Auger therapy. 
Experimental, docking and nanodosime-
tric studies were used to evaluate how the 
nature of the Auger emitter, the distance 
between the AO moiety and the radionu-
clide and the structure of the compounds 
affect DNA chain breaks. So far, both 
Auger emitters induce DNA double strand 

BIOMOLECULAR ENGINEERING OF 
VIRUS-LIKE PARTICLES

Virus-like particles (VLP) were studied 
as nanocarrier platforms for an effective 
tumor targeting that can be achieved 

Figure 1: 99mTc and 125I Compounds as Auger Emitters: 
Experimental and Nanodosimetric Studies.

Figure 2: Tridimensional Structure of a Single Chain 
Variable Fragment (scFv) from Trastuzumab/HER2 Complex.

breaks (DSB) and, considering only Auger 
– electrons spectra, theoretical studies 
indicated that damage by direct effects is 
more evident for 99mTc, when the distance 
between the Auger emitter and the AO is 
shorter than 12 Å (Figure 1).
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During 2015, the scientific output of the RSHP team was: 37 papers in international 
peer-reviewed journals, 1 book chapter, 3 proceedings, 14 Invited lectures, 19 oral 
and/or poster presentations in conferences, 1PhD, 2 MSc and 6 graduated completed 
theses. Their research activities have been supported by FP7 and HORIZON 2020 
EURATOM (6), FCT (7) and bilateral projects (1), including a Marie Curie International 
Training Network. A significant participation in the scientific and technical activities of 
European Union Technology Platforms and Networks, namely MELODI, EURADOS NERIS, 
EURAMET and COST ACTIONS CM1105, TD1004 has also taken place. Several projects 
have been prepared and submitted to National and International calls and to National 
and International companies. So far, one contract was established with an International 
company and another with a National company will start in 2016.

The team participated and organized international and national conferences and work-
shops (7) and short training courses (4). Two of the workshops organized addressed 
cross-cutting and leading edge scientific issues, namely: i) Biological Effects of Low Dose 
and Protracted Exposures to Ionizing Radiation; ii) Imaging and Radiation Biomarkers. 

Teaching activities have been provided at the 1st, 2nd and 3rd cycles at the University of 
Lisbon (Physics and Bioengineering Departments of IST, Faculty of Medicine, Faculty of 
Pharmacy), and at the Polytechnical Institute (ESTeSL). 

From all the R&D performed during 2015, the following studies are highlighted: 

Thematic Strands Scientific Report 2015

MAMOGRAPHY AND DIGITAL BREAST 
TOMOSYNTHESIS (DBT) DOSIMETRIC 
STUDIES

In order to quantify risks associated to low 
dose and protracted radiation exposures, 
dosimetric studies of DBT have been carried 
out. The dosimetric characterization of 

Figure 3: DBT Tomograph Used to Perform Measurements 
(left); Monte Carlo Simulation Results (central) and 
Correction Factors versus Projection Angle (right).

by modification of viral tropism through 
conjugation to target specific ligands. 
The long term goal is to develop VLPs 
bearing anti-HER2 antibodies on the 
surface for breast cancer theranostics. To 
achieve this objective a novel multidis-
ciplinary approach, combining compu-
tational and experimental methods, was 
implemented and is under further devel-
opment. Molecular Dynamics (MD) simu-
lation using three different antibodies 
and/or fragments (e.g.: scFv/HER2 in 
Figure 2) has shown that the computa-
tional methodology developed so far is 
valid and adequate to pursue our studies.

this  clinical system, used worldwide for 
the screening of the breast, was performed 
using a complete experimental and simula-
tion study. Using dedicated physical phan-
toms and ionization chambers an accurate 
estimation of the mean glandular dose for 
different breast thicknesses and for different 
automatic exposure control  settings was 
estimated. Based on these data it was 
possible to compare DBT with the 2-view 
standard mammography. Moreover, the 
simulation study allowed to obtain precise 
dose estimations in different organs when 
a general DBT exam is performed.

Ionizing
Chamber

Breast
Phantom
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Earth Systems, Radioactivity and Cultural Heritage (ESRCH)

During 2015, the C2TN members integrating this TS performed their research activities on:

Environmental radioactivity & radioecology; 

Geoprocesses, strategic geological resources and global change; 

Environment and new energy sources - anthropogenic impact, evaluation, treat-
ment and recycling.

Thematic Strands Scientific Report 2015

QUANTIFYING THE RADIOACTIVE 
BACKGROUND IN EMERGENT PLANTS 
AND HYDROPHYTES FROM TEJO RIVER

Quantification of natural radionuclides 
in aquatic (P. pectinatus) and emer-
gent plants (Cyperus eragrostis) of Tejo 
river (Vila Velha de Ródão) enhanced 
the benefits of using components of the 
aquatic vegetation as bioindicators of the 
background and levels of radioactivity by 
gamma-spectrometry.

EVALUATION OF THE GAMMA 
RADIATION EFFECTS ON CORK 
WASTEWATER TOXICITY

Ionizing radiation can induce an increase 
on the antioxidant activity of cork 
cooking water [Antioxidant activity by 
DPPH radical scavenging activity (2a) 
and Reducing power (2b)]. Two methods 
for toxicity evaluation were used to 
assess behaviour on different cells types 
[eukaryotic (3a) and prokaryotic cells 
(3b)]. Cork wastewater has a negative 
effect on the cellular growth of human 
(A549 cells), mouse (Raw 264.7 cells), 
and Pseudomonas fluorescens (3b) cells. 
The gamma radiation treatment seems to 
increase the toxicity of the cork waste-
water irradiated to 50 kGy and 100 kGy 
(3). The study of whole-effluent behav-
iour is a relevant tool for identification of 
the real impacts in the environment.

(1)

(2a)

(2b)

(3)

(3a) (3b)
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Cultural heritage – materials and contexts - enhancement and preservation. 

During 2015, the scientific output of the ESRCH team was: 36 papers in peer-reviewed 
journals, 7 book chapters, 24 proceedings, 16 invited and 45 contributed lectures in 
conferences, 1 PhD, 4 MSc and 3 graduated completed theses, and two patents. The 
team research has been supported by European, FCT and bilateral projects. The team has 
participated in the organization of 5 conferences and workshops and 10 national training 
courses. During 2015 the team has also prepared and submitted several common projects 
under the calls: EC, FCT, CERN-FCT, and Horizon 2020.

Thematic Strands Scientific Report 2015

INTEGRATION AND OPTIMIZATION 
OF THE ENERGY EFFICIENCY AND 
THE INDOOR AIR QUALITY (IAQ) IN 
HEALTH UNITS

Chemical and comfort parameters were 
measured in Setúbal Hospital.  Airborne 
microorganisms were collected, charac-
terized and identified; the perceived IAQ 
and the related symptoms were assessed 
by means of a questionnaire survey 
among the workers. Mitigation measures, 
integrating IAQ, energy and maintenance 
were identified.

INAA AND LUMINESCENCE APPLIED 
TO CULTURAL HERITAGE AND 
PALEOENVIRONMENTS

Rare earth elements geochemistry, 
NORM’S, mineral phases and lumines-
cence dating allowed to reconstruct and 
date paleoenvironments, dating cultural 
materials and events, to select raw mate-
rials, and establish spatial distribution 
of chemical elements and radioactive 
natural isotopes, mainly in the Iberian 
Peninsula and Atlantic islands.

Relevant achievements were obtained for 
archaeological negative structures from 
Pre-historic sites of southern Portugal with 
the definition of paleoenvironments of 
the fill materials, the classification of the 
carbonate-rich materials, and the proposal 
of a new methodological approach for 
accurate dose rate estimation in very rich 
calcium carbonate materials.
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Advanced Materials (AM)

The activities pursued under this thematic strand profited from a valuable combina-
tion of a wide range of complementary techniques existing at C2TN for both prepa-
ration and characterization of materials, enabling the capability to address current 
challenges in materials science research in different types of advanced materials 
and to contribute to the establishment of more detailed correlations between the 
structure and the physical properties. Studies involving different research groups 
(ES, ETN, QEf, and REI), as described in their reports, have been focused in different 
materials, namely on multifunctional and unconventional electrical and magnetic 
materials, with potential applications in the fields of electronic and optoelectronics, 
health, catalysis and energy. The research activities have been supported by several 

Thematic Strands Scientific Report 2015

ION BEAM TECHNIQUES ROADMAP

Ion Beam Techniques (IBT) encompass 
a suite of analytical and modification 
techniques in which energetic beams 
of charged particles are directed onto a 
material to be analysed or modified. IBT 
has been used for half a century, and 
much of the underlying physics, data, and 
machinery are considered to be mature.  
Recently, the development of an Ion 
Beam Techniques Roadmap was started, 
under the aegis of the IAEA and with C2TN 
leadership, to develop concerted research 
efforts likely to lead to improved perfor-
mance or new competitive IBT methods.  

https://nucleus.iaea.org/sites/
accelerators/IBT_Roadmap

BILAYER MOLECULAR METALS BASED 
ON DISSYMMETRICAL ELECTRON 
DONORS

Based on a new cyano-substituted 
tetrathiafulvalene (CNB-EDT-TTF)  prepared 
at C2TN it could be shown that by electro-
crystallisation of this dissymmetrical donor 
with different anions X, a new type of 2D 
molecular metals with unusual compo-
sition (CNB-EDT-TTF)4X and an unprec-
edented bilayer structure of the donors 
was obtained at variance with previously 
known monolayer ones. This bilayer struc-
ture is induced by effective head to head 
inter-donor interactions through the 
nitrile groups providing a new paradigm 
of 2D metallic systems with unusual and 
unique physical properties.
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European, FCT and bilateral projects, and lead to 77 papers in peer-reviewed journals, 
1 book chapter, 15 proceedings, 2 PhD theses completed, and one patent. 

A significant part of the activities in this area was devoted to the maintenance and 
development of infrastructures and research tools run by C2TN researchers, which 
are rare or even unique at national level, and have been opened to a large external 
community through an extensive network of scientific collaborations. These facilities 
include materials modification by ion implantation, neutrons, gama and electron irra-
diation, neutron tomography, several ion beam techniques for elemental composition 
analysis and the low temperatures and high magnetic field facilities for the study of 
electrical transport, magnetic properties and Mössbauer spectroscopy of materials.

From the activities described by the different research groups the following major 
achievements in 2015 are highlited.

Thematic Strands Scientific Report 2015

SINGLE-ION-MAGNET (SIM) 
BEHAVIOUR IN URANIUM COMPOUNDS

Uranium complexes are unique counterparts 
to understand SIM behaviour and possible 
applications in quantum computing and 
spintronics. The study of selected U 
compounds to enlighten key parameters of 
this behaviour by comparison with lantha-
nides was pursued. A major achievement 
in this field was provided by a UIV complex 
containing an azobenzene radical ligand 
which exhibits SIM behaviour, contrary 
to its UIII precursor. This unprecedented 
behaviour among U complexes was under-
stood as a result from the interaction of 
the metal ion with the paramagnetic 
ligand, which switches the parity from 
non-Kramers to Kramers providing a new 
strategy to design SIMs and the possibility 
of using these complexes as spin qubits.

CHITOSAN BASED MATRICES 
PREPARED BY γ-IRRADIATION FOR 
SKIN SCAFFOLDS

Chitosan based matrices as sterilized 
three-dimensional biocompatible and 
biodegradable skin substitutes were 
prepared by γ-irradiation using innova-
tive radiation technologies. Structural and 
cell viability evaluation showed that the 
structural stability is improved by a more 
crosslinked network. In some matrices 
human fibroblasts adhered to its surface 
and were able to invade them in depth.
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Radiopharmaceutical 
Sciences Group

MISSION AND OBJECTIVES

The multidisciplinary team of the Radiopharmaceutical Sciences Group (RSG) develops 
fundamental and applied research activities on the design and preclinical evaluation 
of radioactive probes for Molecular Imaging by PET or SPECT and Targeted Radionuclide 
Therapy, in tune with the priorities of the Portuguese Science Foundation (FCT) that 
considered “Diagnostic, Therapy and Public Health” an important topic in the Life 
Sciences and Health domain. During the past few years, the RSG has been mainly 
devoted to the development and  evaluation of molecular/nanosized tools for a ther-
anostic approach to cancer, based on PET (64Cu, 68Ga) and SPECT (99mTc, 67Ga, 111In) 
radiometals and on beta- (188Re, 153Sm, 166Ho) or Auger-emitting (125I) therapeutic radi-
onuclides. In this way, the RSG aims to contribute for the rise of molecular and person-
alized medicine, an area where nuclear imaging and radionuclide therapy are assuming 
greater importance. 

MAIN ACHIEVEMENTS

INDIUM(III) COMPLEXES FOR ESTROGEN RECEPTOR TARGETING
A small library of 111In-hybrid compounds containing simultaneously an estrogen 
receptor (ER) ligand (e.g. LXXLL-based small peptides or estradiol derivatives) and an 
antitumoral agent (e.g. a DNA intercalating agent such as acridine orange (AO) was 
introduced. These innovative radioconjugates are able to provide a dual targeting of 
breast cancer cells, which might enhance therapeutic activity.

RADIOACTIVE BONE-SEEKING AGENTS FOR CANCER THERANOSTICS
Several bisphosphonate(BP)-containing 188Re complexes were preclinically evaluated as 
potential radiopharmaceuticals for systemic radiotherapy of bone metastases. The best 
performing 188Re(I)-BP complex showed high stability, a much higher radiotoxic effect 
than [188ReO4]

- and led to an increased formation of micronucleus (MN) upon irradiation 
of tumour cells. Additionally, this complex presented high bone uptake, high bone-to-
blood and bone-to-muscle radioactivity ratios indicating that it delivers radiation to bone 
in a very selective way being an attractive candidate for further preclinical evaluation.

NEW CU(II) COMPLEXES FOR CANCER THERANOSTICS
The availability of several copper radioisotopes (e.g. 64Cu and 67Cu) with nuclear properties 
suitable both for imaging or therapy renders copper complexes relevant for the design of 
new metallodrugs for theranostic applications. Having this in mind, we developed a new 

1

2

3
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family of Cu(II) complexes with bis(thiosemicarbazone) chelators functionalized with 
cyclic amines aiming to enhance their cell retention, DNA affinity and cytotoxic activity. 
The functionalized complexes presented a high cytotoxicity in tumoral cell lines with an 
augmented uptake when compared with the corresponding parental complex.

NEW CHELATORS FOR STABLE COMPLEXATION OF MEDICALLY RELEVANT 
RADIOMETALS
A detailed characterization, in solution and in solid state, of a variety of M(III) (M = 
Ga and In) complexes stabilized with new acyclic chelators having different donor atom 
sets (N2O4, N4O2 or N2O2S2) was performed. Some of the radioactive congeners (67Ga or 
111In) were obtained in almost quantitative yields showing high in vitro and in vivo 
stability along with a favorable biodistribution profile in mice, which confirmed their 
interest to design radiopharmaceuticals of these trivalent radiometals.

Radiopharmaceutical Sciences Group

4

1 2

3

4
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Radiological Protection  
and Safety Group

MISSION AND OBJECTIVES

The Group activities aimed at:

The deployment of unique scientific and technical expertise, knowledge, skills 
and competence in radiological protection in Portugal.

Keeping abreast of the state-of-art in scientific and technical topics and in 
international regulations and safety standards in modern radiological protection 
and radiation safety.

Maintaining the know-how, expertise and competence in Radiological Protection 
through the involvement in Education and training of students in Master´s and 
Doctoral programmes and the supervision of PhD or MSc students.

The provision of scientific advice and support to the Portuguese competent 
authorities and stakeholders in the execution of policies in radiological protec-
tion and in areas involving applications of ionizing radiations and radioisotopes.

The GPSR was involved in fundamental and applied research activities addressing 
multidisciplinary, cross-cutting and leading edge topics in:

Dosimetry and Radiobiology

Environmental Radioactivity and Radioecology

Radioactive Waste Management

Metrology of Ionizing Radiation

Emergency Preparedness and Management of Radiological & Nuclear Accidents

The GPSR staff has access to laboratory infrastructures and equipment and use state-
of-the-art radiobiology, radioanalytical, dosimetry and metrology techniques.

In order to achieve these objectives, the Group´s activities:

Were sustained by the participation in R&D projects funded by the European 
Union (EU) Framework Programmes, by the Portuguese Foundation for Science and 
Technology and in collaboration with CERN and other research centres in European 
countries.

Included the participation in the activities of the EU Technological Platforms and 
Associations, namely MELODI (Multidisciplinary European Low Dose Research), 
IGD-TP (Implementing Geological Disposal of Radioactive Waste), ERA (European 
Radioecology Alliance), NERIS-TP (Preparedness for Nuclear and Radiological 
Emergency Response and Recovery), EURADOS (European Radiation Dosimetry 
Group) and EURAMET (European Association of National Metrology Institutes).
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Fostered collaborative links with Portuguese research groups, academia, hospi-
tals and other stakeholders in Radiation Protection, in the context of scientific 
projects and activities.

MAIN ACHIEVEMENTS

Radiological Protection and Safety Group

Nanodosimetry – Modelling and simulation 
of the effects induced in the DNA by Auger 
electrons from 125I and 99mTc.

Radon exhalation measurements exper-
imental set-up and building materials 
(granite and slate) samples.

Medical applications: Dosimetric studies 
in Mammography and Digital Breast 
Tomosynthesis, using performing measure-
ments (upper left) and using Monte Carlo 
methods and voxel phantoms (lower figures).

Gamma spectrometry analysis of roots of a 
plant (Plantago sp.) growing spontaneously 
on a phosphogypsum stock pile.

1

2

3

4

Ionizing
Chamber

Breast
Phantom

Compression 
paddle

Support 
paddle

Image
Detector

“Laura”
voxel

phantom

1

2

3

4

1 2

3

4



CENTRO DE CIÊNCIAS E TECNOLOGIAS NUCLEARES

14

Radiation, Elements  
and Isotopes

MISSION AND OBJECTIVES

GREI is a multidisciplinary group with expertise on nuclear related analytical tech-
niques for elemental and isotopic determinations, ionizing radiation technologies 
and dating, focusing their research in Environment Studies, Cultural Heritage and 
Materials Sciences. The group operates an Ionizing Radiation Facility with gamma 
and e-beam sources and other facilities dedicated to: elemental and isotopic analysis 
and trace element determinations (IRMS, HPLC/ICPMS); Radiocarbon dating; Tritium 
determination; and microbiological and chemical analysis of the effects of radiation 
in/on products. GREI has also expertise in MeV ion microbeam analytical techniques. 
Major research fields are: environmental pollution; coastal palaeoenvironmental 
evolution and climate changes; water quality, protection and management; waste 
treatment; provenance, manufacturing technologies and chronological framework 
of ancient artefacts; materials processing by ionizing radiation for biomedical and 
industrial applications and conservation of cultural artefacts.

MAIN ACHIEVEMENTS

COMPOSITION AND MANUFACTURE OF ROMAN METALLIC ARTEFACTS FROM 
LUSITANIA
In Lusitania, copper was used for attachments, tools were made with low-tin bronze, 
high-tin bronze was reserved for exclusive ornaments and ornamented items use the 
improved castability of leaded bronze. Manufacture also distinguishes ‘‘cast” and’ 
‘‘wrought” alloys. A metallurgy ruled by economical, technological and aesthetical 
concerns shows the integration of Lusitania in the Roman World since the last centu-
ries of the first millennium BC.

PROVENANCE OF 17TH CENTURY FAÇON-DE-VENISE PORTUGUESE GLASS FINDS
Chemical composition of façon-de-Venise glass fragments from different Portuguese collec-
tions was determined to assess their provenance. Results demonstrate that four of the six 
SCV fragments are genuine Venetian production and the unique composition of SJT and 
PMF fragments allows proposing two yet unknown façon-de-Venise production centres.

ENVIRONMENTAL ISOTOPES IN THE ASSESSMENT AND PROTECTION OF 
GROUNDWATER RESOURCES
Conceptual circulation models of Monção and Gerês thermomineral aquifer systems 
were proposed based on environmental isotopes content: 2H and 18O - origin and 
altitude of the recharge areas; 3H  - dynamics of the groundwater flow systems and 

1

2

3



15

CENTRO DE CIÊNCIAS E TECNOLOGIAS NUCLEARES

Radiation, Elements and Isotopes

identification of mixing processes; 13C and 14C  - main sources of the total dissolved 
carbon and estimation of the apparent groundwater age.

HUMAN ADENOVIRUS INACTIVATION BY GAMMA RADIATION IN DIFFERENT 
MATRICES SUSPENSIONS
Experiments on matrices of tap water, wastewater and Fetal Bovine Serum (FBS) led 
to new concepts on virucidal mechanisms and to the evaluation of radiation effi-
ciency for reduction of viral pathogens.

UPGRADING AT THE IRIS
PRECISA 22 control software was completely redesigned, to be informative about crit-
ical safety parameters, user friendly and efficient and a new sample positioning device 
for higher homogeneity of radiation dose distribution and reproducibility was designed 
and installed. 

CHITOSAN BASED MATRICES PREPARED BY γ-IRRADIATION FOR SKIN SCAFFOLDS
Chitosan based matrices were prepared by γ-irradiation. Structural and cell viability 
evaluation showed that the structural stability is improved by a more crosslinked 
network. In some matrices human fibroblasts adhered to its surface and were able to 
invade them in depth.

4
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Nuclear Engineering  
and Techniques

MISSION AND OBJECTIVES

The Nuclear Engineering and Techniques (NET) group gathers expertise in nuclear 
physics and engineering and nuclear analytical techniques (NAT) applied to various 
scientific domains, especially by using the Portuguese Research Reactor (RPI). Advanced 
materials, geo/bio-environmental and cultural heritage samples are studied by using 
neutrons, radioactive nuclei and ion beams as probes. Rare earth elements inventory, 
characterization and extraction from secondary sources with integrated processes are 
being developed. The observation of radioactive nuclei interactions with matter provide 
unique information regarding the structural, electronic, magnetic and dynamical prop-
erties of their atomic environment, all at the low concentrations compatible with the 
relevant doping levels in the nano-world. Neutron transport simulation via the Monte 
Carlo method is also employed in various applications, namely reactor criticality eval-
uation, reactor dosimetry, characterization of environmental radiation, optimization of 
experimental set-ups and detector response modelling.   

Neutron Activation Analysis, Alpha Spectroscopy and various ion-beam based tech-
niques (Rutherford Backscattering, Elastic Recoil Detection, Nuclear Reaction Analysis 
and Resonant Elastic Scattering), Particle Induced X-ray Emission (PIXE), comple-
mented with other techniques like X-ray diffraction (XRD) and Mössbauer spectroscopy 
are specialized techniques available within C2TN that are employed by the NET group 
towards the materials characterizations. All of these converging for the in deep analysis 
of advanced materials, cultural heritage, geo/bio-environmental studies and georre-
sources appraisal. The RPI and the accelerators are the main facilities currently used 
by ETN group at CTN, together with Emission Channelling (EC) and Perturbed Angular 
Correlations (PAC) equipment based at CERN. Here Portuguese and international part-
nerships occur particularly focused on material science studies using radiosiotopes 
produced at the ISOLDE facility. 

Major importance is given to upcoming experimental reactions in international labo-
ratories such as GSI, GANIL, RIKEN and BNC, aiming a deep understanding of nuclear 
interaction, together with PIXE and PGAA for materials characterization and funda-
mental research on atomic physics.
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Nuclear Engineering and Techniques

MAIN ACHIEVEMENTS

MONTE CARLO NEUTRON TRANSPORT SIMULATIONS FOR THE SIMPLE DARK 
MATTER SEARCH
Dark matter search experiments try to detect Weakly Interacting Massive Particles (WIMP) 
by their interaction (scattering) with a target material. There is a residual radiation back-
ground induced by the emitters naturally present in the experimental set-up. This can 
mimic WIMP interactions and must therefore be known and “subtracted”. In 2015, the 
simulation of the neutron background for the final Phase II SIMPLE configuration (Fig. 
1) was fully revised. The Monte Carlo neutron transport code MCNP is used in the neutron 
background simulations for the SIMPLE dark matter search experiment. Developments 
include the accounting of recoil energy distributions, consideration of additional reactions 
and materials and examination of the relevant (alpha,n) data. A thorough analysis of 
the simulation results addresses an increased number of non-statistical uncertainties. The 
referred omissions are seen to provide a net increase of 13% in the previously-reported 
background estimates whereas the non-statistical uncertainty rises to 25%. The final esti-
mated recoil event rate is 0.372 ± 0.002 (stat.) ± 0.097 (non-stat.) evt/kgd resulting 
nevertheless in insignificant changes over the previously reported exclusion plots.

A NEW METHODOLOGICAL PROTOCOL USING INAA TO FINGERPRINT CULTURAL 
HERITAGE FLINTS  
A new methodology was proposed to identify chemical fingerprints within heterogeneous 
flint fragments for the establishment of flint sources. Instrumental neutron activation 
analysis (INAA) of 2-3 small flakes of the core of each archaeological artefact allow to 
obtain contents of 30 trace elements and their variability. A collaboration with Valencia 
University studied flints from eastern Spain (Palaeolithic sites and quarries).  Zr, Ce, Nd, 
Yb,Hf, and Ga were discarded due to high variations (up to 130 %) within the same frag-
ment. The identification of chemical fingerprints was able to differentiate flint types and 
variants (‘‘Domeño’’ and ‘‘Serreta’’), contributing to provenance and human mobility in 
ancient times (Fig.2).

Fig. 1: Geometry model for the MCNP calculations of the neutron background in the final stage of SIMPLE Phase II. 1: rock; 2: concrete walls, floor and ceiling;  
3: steel lining; 4: concrete floor structures defining cable conduits; 4’: tank pedestal; 5: detectors; 6: tank (water below the detectors); 7: water shield around and 
above the tank; 7’: water shield around the tank pedestal; 8: wood support; 9: polyethylene shield (layer and insert); 10: paraffin insert; 11: wood layer and insert.

Fig. 2: INAA of small flakes from the same flint fragment allow establish chemical fingerprints able to differentiate flint types contributing to provenance and 
human mobility in ancient times.
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MISSION AND OBJECTIVES

The research activities of the QEf Group are centered in the study of the chemistry of 
lanthanides and actinides at fundamental and applied levels, with focus on topics of 
relevance in environmental, nuclear and materials sciences. 

The activities comprise the synthesis of new f-element compounds and materials, the 
study of their structural, optical, and magnetic properties, and reactivity and catalysis 
studies in order to eliminate/activate major gaseous pollutants such as carbon dioxide, 
methane and nitrous oxide. Different aspects of the chemistry of elementary lanthanide 
and actinide species are examined using molecular mass spectrometry. Investigation of 
the thermodynamic properties of key species in condensed and gas phases is conducted 
and methods for their prediction are also developed.

The QEf Group has active collaborations with other research groups within C2TN and outside 
the Center with IPFN, CQB-FCUL, and other external research groups in the framework 
of the Portuguese Mass Spectrometry Network (RNEM - ROTEIRO/0028/2013), the FCT 
Doctoral Programme CATSUS-Catalysis and Sustainability, the European f-Element Network 
(EUFEN – COST CM1006), and the European Project “ENVIronmentally friendly and efficient 
methods for extraction of Rare Earth Elements from secondary sources” (ENVIREE).

MAIN ACHIEVEMENTS

URANIUM-LIGAND MULTIPLE BONDS
It was demonstrated that the hemilabile dianionic bis(phenolate) tetraazamacrocycle ligand, 
(t-Bu2ArO)2Me2-cyclam

2-, provides a new example of effective supporting ligand for stabilizing 
uranium species in the +3, +4 and +6 oxidation state, including an unprecedented trans-
{RN=U(VI)=NR}2+ imido complex. Attempting to stabilize other uranium-ligand multiple 
bond complexes, recrystallization of an acetonitrile solution of the U(IV) cationic complex 
[U(Ƙ6-{(tBu2ArO)2Me2-cyclam})I]I under air led to the formation of [UO2(Ƙ

2-{H2(
tBu2ArO)2Me2-

cyclam})I2], showing that this chelate is also adequate for stabilizing {O=U=O}2+ species.

OXIDATION OF PENTAVALENT URANYL, NEPTUNYL AND PLUTONYL
Gas-phase addition of O2 to UVO2(CH3CO2)2

− exothermically produces the superoxide 
complex UVIO2(O2)(CH3CO2)2

−; this does not occur for NpVO2(CH3CO2)2
− or PuVO2(CH3CO2)2

− 

due to higher reduction potentials for NpV and PuV. Collaboration with the Lawrence 
Berkeley National Laboratory demonstrated by using ESI-QIT/MS experiments that 
NO2 is a more effective electron-withdrawing oxidant than O2, resulting that all three 
AnVO2(CH3CO2)2

− (An = U, Np, Pu) exothermically react with NO2 to form nitrite complexes, 
AnVIO2(CH3CO2)2(NO2)

−.
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f-Element Chemistry

DEVELOPMENT OF A PHOSPHATE SENSOR USING A LAYERED LANTHANIDE 
COMPOUND
Cooperation with Photochemistry and Supramolecular group (REQUIMTE) led to a phos-
phate sensor, LEuH-2,6-NDC, at the micromolar range and in water, overcoming a huge 
obstacle for this anion detection in biological/environmental applications. Considering 
the environmental/industrial necessity of phosphor remediation and LEuH selectivity 
towards phosphate, phosphate recovery was addressed. Large scale use of this material 
would allow anion selective recovery from waste water, namely in cases of excessive 
use of phosphate-based fertilizers.

f-BLOCK ELEMENTS CATALYSTS FOR PRODUCTION OF METHANOL
Nanoparticles of bimetallic oxides containing d- and f-block elements were obtained by 
electrospinning which allowed the preparation of nanoparticles of the corresponding 
intermetallic compounds (e.g. LaNi5, LaCu2, SmCo5 and DyFe3). Results obtained 
confirmed, in particular, the potentialities of bimetallic oxides and intermetallic 
compounds with d- and f-block elements as catalysts for the production of methanol.

DISSOLUTION OF BARE METALS IN IONIC LIQUIDS
The dissolution study of bare metals in ionic liquids continued in seeking energy savings 
when compared with classic ionic salts. The different solubility for different metals (see 
Figure for dissolution in [BMIM]Cl) and the possibility of trimming ionic liquid proper-
ties will allow the development of effective metals separation methodologies.
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Solid State Group

MISSION AND OBJECTIVES

The Solid State Group is a multidisciplinary research group focused on the study of 
selected new materials with unconventional electrical and magnetic properties. The 
group combines a wide range of expertise ranging from the synthetic chemistry of 
either molecular materials with transition metal complexes and electro active organic 
molecules or intermetallic compounds, to many different specialised solid state charac-
terisation techniques. Besides molecular synthesis, high temperature and crystal growth 
X-ray diffraction laboratories, the facilities developed maintained and operated by the 
group include the Low Temperature and High Magnetic Field Laboratory (LTHMFL). This 
laboratory hosts different equipment for measurements at low temperatures down to 
0.3 K and under high magnetic fields up to 18 T, including several magnetometers 
(SQUID, extraction and AC susceptibility) electronic transport and magnetotransport 
characterisation and Mössbauer spectroscopy.

MAIN ACHIEVEMENTS

BILAYER MOLECULAR METALS BASED ON DISSYMMETRICAL ELECTRON DONORS
Based on a new cyano-substituted tetrathiafulvalene (CNB-EDT-TTF) we have prepared 
we showed that electrocrystallisation of this dissymmetrical donor with different anions 
X, affords a new type of 2D molecular metals with unusual composition (CNB-EDT-TTF)4X 
and an unprecedented bilayer structure of the donors at variance with previously known 
monolayer ones. This bilayer structure is induced by effective head to head inter-
donor interactions through the nitrile groups providing a new paradigm of 2D metallic 
systems with unusual and unique properties. 

ER MAGNETIC AND LUMINESCENT COMPOUNDS
The development of the multifunctionality approach towards lanthanoid-based mate-
rials has proven to be a challenge. Based on the search for dual-function materials, the 
magnetic properties of a series of Er3+ complexes which present interesting photolumi-
nescence properties were investigated. The combined results demonstrate the ability 
of the some selected organic ligands to provide an environment that yields both inter-
esting optical and magnetic properties, with field-induced single ion magnet behaviour.

SINGLE-ION-MAGNET (SMM) BEHAVIOUR IN URANIUM COMPOUNDS
Uranium complexes are unique counterparts to understand SIM behaviour and possible 
applications in quantum computing and spintronics. A major achievement in this field 
was provided by a UIV complex containing an azobenzene radical ligand which exhibits 
SMM behaviour, contrary to its UIII precursor. This unprecedented behaviour among U 
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Solid State 

complexes was understood as a result from the interaction of the metal ion with the 
paramagnetic ligand, which switches the parity from non-Kramers to Kramers providing a 
new strategy to design SIMs and the possibility of using these complexes as spin qubits.

SWITCHABLE MOLECULAR MATERIALS
Spin crossover compounds are a paradigmatic example of switchable molecular mate-
rials with possible application in information storage, processing and displays due to 
their bistability. The implementation of a strategy to achieve hysteresis by preparing 
compounds with spin crossover centres strongly coupled via intermolecular interactions, 
such as π-π interactions or hydrogen bonds lead to FeIII(5-Br-qsal)2Ni(dmit)2•CH2Cl2, a 
stable compound in air, showing an hysteresis of 13 K near room temperature.

MAGNETISM AND STRONGLY CORRELATED ELECTRON BEHAVIOUR IN 
INTERMETALLICS
In the context of the long-term project in the Solid State group to understand magnetic 
and strongly correlated electron behaviour of intermetallics containing f-elements, the 
electronic properties of U3Fe2Ge7 (orthorhombic La3Co2Sn7-type structure) were studied 
on single crystals. This compound displays a ferromagnetic order below TC = 62 K, with 
a strong two-ion uniaxial magnetic anisotropy and easy magnetization axis along c. 
The U moments are oriented perpendicularly to the shortest inter-uranium distances, 
contrary to other U-based isostructural compounds.
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C2TN  Conferences  
at CTN Campus

During 2015 C2TN organized and hosted several scientific meetings, as well as a regular 
series of seminars by inside and outside researchers.

MEETINGS

Technical Meeting on Formulating strategies for keeping accelerator based  
technologies at the forefront of scientific endeavours / 19 - 23 October 2015

2nd RCM – Instructive Surfaces and Scaffolds for Tissue Engineering Using  
Radiation Technology / 26 - 30 October 2015

Workshop on Imaging and Radiation Biomarkers – Thematic Strand 
”Radiopharmaceutical Sciences and Health Physics” / 13 November 2015

C2TN Workshop on Advanced Materials / 21 December 2015

SEMINARS

January, 12 
Svetlana N. Morozkina
Department of Natural Compounds Chemistry, Faculty of Chemistry, 
St.Petersburg State University

New steroid estrogen analogues with unique biological profile - better future?

January, 15
Kattesh V. Katti
Institute of Green Nanotechnology, University of Missouri Cancer 
Nanotechnology Platform        

Green Nanotechnology and Radioactive Gold Nanoparticles In Nanomedicine

January, 19
Peter Caravan
Institute for Innovation in Imaging (I3) and Harvard Medical School

Development of Molecular Imaging Probes for Fibrosis and Thrombus Imaging

February, 12
Margarida Caldeira
Radiological Protection and Safety Group – C2TN

Design, construction, characterization and bilateral comparison  
of an air-kerma cavity standard
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February, 16
Dorina Creanga

Faculdade de Física, Universidade Alexandru Ioan Cuza, Roménia

Magnetic Nanoparticle in Colloidal Suspension for Biomedical Applications 

March, 26
Bruno Manadas

Center for Neuroscience and Cell Biology, University of Coimbra

Neuro Mass-spectrometry: searching for the (un)known 

April, 23
David Marçal

Associação Viver a Ciência

A fronteira entre a ciência e a pseudociência 

May, 14
José Nuno Canongia Lopes

Centro de Química Estrutural, IST

Probing the Complex Structure of Ionic Liquids using MD Simulation

May, 28
Rita Mendonça, Maria Manuel Meruje 

Área de Transferência de Tecnologia - IST

Transferência de Tecnologia no IST

June, 11
Filipa Ribeiro

Grupo de Catálise e Engenharia das Reacções (CRERG) do Centro de Engenharia 
Biológica e Química do IST

Zeolite based materials: from synthesis to applications 

June, 22
Linda Caldas

Instituto de Pesquisas Energéticas e Nucleares (IPEN) - Brasil

Metrologia das Radiações e Sistemas de Referência no IPEN 

July, 2
Susana Oliveira 

Mercurius Health, Lisboa - Portugal

Optimização de esquemas terapêuticos do carcinoma da próstata envolvendo 
Braquiterapia de Baixa Taxa de Dose e Radioterapia Externa

October, 15
Luis Dias Carlos

CICECO – Centre for Research in Ceramics and Composite Materials

Lanthanide-based Materials For Energy and Biomedical Applications

December, 10
Masahiro Yamashita

Tohoku University

Frontier of Quantum Molecular Spintronics Based on Single-Molecule Magnets: 
Toward Green IT Innovation
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C2TN Track Record
The number of C2TN researchers, peer – reviewed publications, impact factor, and PhD´s 
and MSc´s theses completed are given for 2015 and compared with the corresponding 
values in previous years.

The red line represents target values.
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