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CENTRO DE CIÊNCIAS E TECNOLOGIAS NUCLEARES

The Centre for Nuclear Sciences and Technologies (C2TN) is a new research unit, formed 
in 2013, of Instituto Superior Técnico (IST), located at the CTN Campus. C2TN has a 
strategic role in Portugal in basic and applied research, training, scientifi c and techno-
logical activity spreading actions in Nuclear Sciences and Technologies, and in provi-
sion of technical cooperation and specialized services to the community in this fi eld.  
The cutting-edge science of C2TN and the strategic programme 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 2016 HIGHLIGHTS of C2TN. During this second 
year of our strategic programme, the new organization of the Centre in three Thematic 
Strands came to fruition, with the hiring of a signifi cant number of human resources 
(one Invited Scientist and eleven Post-doctoral Fellows), dedicated mainly to the inter-
disciplinary and cross–theme work plan defi ned in the Thematic Strands. The inter-
actions between C2TN Research Groups were reinforced and expanded, based on the 
excellent work of the existing and new researchers.

Within the Department of Nuclear Sciences and Engineering (DECN), several career-track 
positions were opened, leading to long due promotions and hiring of new researchers. 
The foreseeable continuation of this process will further benefi t C2TN, which has an 
excellent working relation with DECN. The fi rst MSc course offered by DECN started in 
2016, with coordination and participation of many C2TN researchers. New courses are 
being prepared, and the expected increased number of students will be an important 
positive factor for C2TN.

C2TN also has an excellent working relation with CTN management, which is responsible 
for the salaries of most permanent personnel and for the campus infrastructure. During 
2016 important maintenance works were implemented by CTN, namely in the electrical 
infrastructure. It is hoped that improvements will continue, in particular in the habit-
ability of offi ces and laboratories, which has been defi cient for years, even before the 
integration in IST.

Foreword
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The fi rst visit of C2TN’s International Advisory Board (IAB) took place in April 2016. 
The IAB Evaluation and Recommendation Report outlined a number of important points 
and included specifi c recommendations, at the general level, as well as at the Thematic 
Strand and Research Group levels. Addressing the issues and recommendations will 
have, we believe, far-reaching consequences, contributing to a more effi cient consecu-
tion of C2TN’s proposed scientifi c goals.

In particular, we believe that the report is an invaluable tool to improve our strategic 
programme, in view of the 2017 forthcoming nationwide evaluation of research centres. 
The new scientifi c policy of the Portuguese government that started to be implemented 
in 2015, led in 2016, again, to major changes. The fi rst one was that the strategic 
programme approved for 2015-2020 will in fact end in 2017, with an entirely new 
evaluation for the subsequent period. On the one hand, the objectives cannot be fully 
reached in only half the time. On the other hand, this brings a new uncertainty to C2TN, 
compounded by the proposal by an FCT appointed focus group that multidisciplinary 
research centres should be allowed to have one single main scientifi c area.

The second major change in scientifi c policy is the new Law aimed at hiring researchers, 
ending the current situation of concurrent fellowships with the damaging insecurity 
that it brings to researchers and to the scientifi c system in Portugal. C2TN welcomes 
this new policy, and already made provisions for its implementation in 2017.

In 2016 it was again not possible to acquire the equipment requested by the Centre, 
which was an important component of the strategic programme to expand our activities 
and to increase our global competitiveness. It seems likely that renewal of equipment 
will only be possible within the next evaluation cycle. Services were purchased abroad 
to partly perform the research dependent on the equipment.

Using nuclear and non-nuclear methodologies, new research or training projects 
were initiated in 2016 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. Three new European projects in the Environment area started in 2016, 
of which two are coordinated at EU level by C2TN, and nine national projects were 
approved in the three Thematic Strands.

This document is the third annual report of C2TN, which is now stabilised as an IST 
Research Centre funded by FCT. The Executive Commission would like to fi nish with a 
special thanks to all C2TN members by their efforts and contributions to the strategic 
programme. In this process, the Thematic Strand and Research Group Leaders have had 
a remarkable role.

Nuno 
Pessoa Barradas
(President) 

António 
Pereira Gonçalves 
(Vice-President)

António 
Nazareth Falcão 
(Vogal)

C2TN Executive Commission
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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 (RPS), Radiation, Elements and Isotopes (REI), 
Nuclear Engineering and Techniques (NET), f-Element Chemistry (QEf) and Solid 
State (SS). 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 – Maria Isabel Dias; QEf – João Paulo Leal; ES – Manuel Leite de Almeida

The Thematic Strands Coordinators are: 
RSHP – António Rocha Paulo; 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, competence, techniques 
and infrastructures to carry out cutting edge studies on Radiopharmaceutical Sciences, 
Radiation Protection and Dosimetry, Biological Effects of Ionizing Radiation and 
Metrology, aiming to contribute to 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

Medical Dosimetry and Metrology of Ionizing Radiation

Thematic Strands 
Scientifi c Report 2016

ANTICANCER RADIATION THERAPIES: 
BNCT AND AUGER THERAPY

The biological effects of high-LET particles, 
namely Auger electrons and  particles, in 
tumor cells were studied with -H2AX and 
micronuclei assays, using Auger-emitting 
99mTc/125I compounds and boron neutron 
capture (BNC) reactions with boron-rich 
compounds. The 99mTc- and 125I-labeled 
molecules induced DNA damage that was 
dependent on the nature of the Auger 
emitter and proximity of the radioisotope 
to the DNA center. Relevant DNA damage 

RADIOLABELED PEPTIDES FOR 
BREAST CANCER THERANOSTICS

Breast cancer (BC) is a leading cause of 
cancer death in women. The estrogen 
receptor (ER) status is a well-established 

was found for the alpha and Li ions 
resulting from the B(n,) reaction with 
a biological response to thermal neutrons 
more lethal for the cells treated with 
boron-rich compounds when compared to 
untreated controls.
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The scientifi c output of the RSHP comprised: 51 papers in international peer-reviewed 
journals, 2 book chapters, 6 proceedings, 10 invited lectures, 34 oral and/or poster pres-
entations in conferences, 2 PhD, 7 MSc and 2 graduation completed theses. Their research 
activities have been supported by FP7 and HORIZON 2020 (7), PORTUGAL 2020 (1), FCT 
(3) and bilateral projects (1), as well as by research contracts (5) with National and 
International companies. There was also an important participation in European Union 
Technology Platforms and Networks, namely MELODI, EURADOS, NERIS and EURAMET, as 
well as COST ACTIONs. 

The team participated and organized international and national conferences and workshops 
(2) and short training courses (2). One of these workshops was sponsored by the IAEA and 
addressed cross-cutting and leading edge scientifi c issues on nuclear molecular imaging.

The Master´s course on Radiological Protection and Safety (IST) led by researchers from 
the RSHP thematic strand was launched, being the fi rst of a kind in Portugal. Other 
teaching activities involving the TS researchers encompassed courses and lectures at 
the 1st, 2nd and 3rd cycles at the Universidade de Lisboa (Physics and Bioengineering 
Departments of IST, Faculty of Medicine, Faculty of Pharmacy), at Universidade Nova de 
Lisboa and at the Instituto Politécnico de Lisboa (ESTeSL). These included as well the PhD 
programs MedChemTrain and RABBIT.

From all the R&D activities performed during 2016, some relevant examples are high-
lighted below.

Thematic Strands Scientifi c Report 2016

DOSIMETRIC ASSESSMENT IN CONE 
BEAM CT (CBCT) EXAMINATIONS

CBCT enables imaging of target tissues at 
the linear accelerator during the pre-treat-
ment verifi cation of patients undergoing 
Image Guided Radiation Therapy (IGRT). 

biomarker for BC prognosis and treatment 
planning. Despite the enhancement of 
survival rate, more effective functional 
imaging/therapy tools are still needed. 
Small peptides with recognized ER binding 
affi nity have been radiolabelled with 
different radionuclides with theranostic 
potential. The novel radiopeptides kept 
their original ER binding affi nity, internal-
ized in the nucleus of cancer cells and are 
taken up by ER-rich organs. Such favour-
able biological features suggest their use-
fulness for SPECT/PET imaging and peptide 
receptor radionuclide therapy (PRRT) of 
breast cancer.

However, CBCT may lead to high cumu-
lative dose to tissues outside the radi-
ation therapy exposure fi eld. To address 
this issue, a CBCT system was successfully 
modelled using MCNPX simulations and 
validated in a clinical environment with the 
collaboration of Fundação Champalimaud. 
The isocenter of the system was set at 
Golem’s (voxel phantom) hypophysis to 
simulate a Head CBCT scan acquisition for 
brain tumor location. The isodose curves 
showed how the Entrance Skin Dose (ESD) 
is distributed along the clinically selected 
fi eld of view.
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Earth Systems, Radioactivity and Cultural Heritage (ESRCH)

During 2016, 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, treatment 
and recycling

Cultural heritage – materials and contexts – enhancement and preservation 

Thematic Strands Scientifi c Report 2016

NATURAL RADIONUCLIDES 
AVAILABILITY IN NORM SITES 

Assessment of radionuclides transfer from 
phosphogypsum (PG) to herbaceous plants 
and mosses revealed the ability of mosses 
to accumulate 226Ra and 210Pb to several 
fold higher concentration than in the 
underlying substrate. Extraction experi-
ments showed circa 2% bioavailability of 
226Ra from PG.

IRON SPECIATION IN VOLCANIC 
SOILS AND WEATHERING 
MECHANISMS UNDER SEMI-ARID 
CLIMATE

Iron speciation using Mössbauer spectros-
copy on topsoils of Cape Verde Islands 
revealed a correlation between the frac-
tion of nano-sized iron oxides and trace 
elements relevant to plant nutrition and to 
the environmental health. No goethite was 
detected, which is a signifi cant fi nding for 
the understanding of weathering mecha-
nisms under semi-arid climate.
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During 2016, the scientifi c output of the ESRCH team was: 68 papers in peer-reviewed 
journals, 66 book chapters, 3 proceedings, 5 PhD, 1 MSc and 1 graduated completed 
theses, and 2 patents. The team research has been supported by European, FCT and bilat-
eral projects. The team has participated and/or organized conferences, workshops and 
national or international training courses and lectures. During 2015 the team has also 
prepared and submitted several common projects under national, European and other 
international calls.

Thematic Strands Scientifi c Report 2016

PRODUCTION OF METHANOL USING 
CO2 AND CH4 AS RAW MATERIALS

Production of methanol is achieved in 
a continuous high pressure fl ow reactor 
using methane, carbon dioxide and 
hydrogen as reagents at 250 oC, 25-80 bar 
(GHSV = 40000 mL CO2/g.h). The results 
confi rm the potentialities of the bime-
tallic oxides and intermetallic compounds 
containing f-block elements as cata-
lysts, especially when compared with the 
behavior of a commercial Cu methanol 
synthesis catalyst.

LUMINESCENCE DATING OF 
CULTURAL HERITAGE CERAMIC 
SAMPLES: INNOVATIVE APPROACHES 
IN DATA TREATMENT

Different protocols tested by using 
absorbed and regenerative lumines-
cence measurements applied to single 
and multiple aliquots of micro samples 
of ceramics fractions enriched in quartz 
grains, showed that single aliquot regen-
erative-thermally stimulated luminescence 
(SAR-TSL) protocol is the most appropriate 
for the determination of the absorbed dose 
for the luminescence age calculation.
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Advanced Materials (AM)

The research activities under this thematic strand have been focused in different advanced 
materials, with emphasis on multifunctional and unconventional electrical and magnetic 
materials, with potential applications in the fi elds of electronic and optoelectronics, 
health, catalysis and energy. These activities were possible thanks to a valuable combi-
nation of a wide range of complementary techniques existing at C2TN for both preparation 
and characterization of materials, enabling to address current challenges in materials 
science research and contributing to the establishment of more detailed correlations 
between the structure and the physical properties. 

A signifi cant part of the activities in this area was devoted to the maintenance and devel-
opment of infrastructures and research tools run by C2TN researchers, rare or even unique 
at national level, which have been placed open at the benefi t of a large external commu-
nity through an extensive network of scientifi c collaborations. These facilities include 
materials modifi cation by ion implantation, neutrons, gamma and electron irradiation, 
neutron tomography, several ion beam techniques for elemental composition analysis 

Thematic Strands Scientifi c Report 2016

SUPERCONDUCTIVITY IN 
BILAYER MOLECULAR METALS 
(CNB-EDT-TTF)4I

A novel type of bilayer conductors, 
displaying unique properties derived from 
closely interacting conducting molecular 
layer pairs have been recently obtained 
in C2TN as salts of a novel organic elec-
tron donor CNB-EDT-TTF. One of the poly-
morphs of the triiodide salts, k-(CNB-
EDT-TTF)4I3 is a two-dimensional metal 
showing superconductivity below 3.5 K.  

SPALLATION TARGETS

The production of radioactive atoms 
using cyclotrons in which high energy 
protons hits a target, calls for new type 
of targets with high release performance 
at high temperatures. The electrospin-
ning method was successfully applied to 
the  producing new, UCx spallation targets 
nanostructured as microfi bers, capable to 
stand high temperatures with high release 
performance.
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and the low temperatures and high magnetic fi eld facilities for the study of electrical 
transport, magnetic properties of materials and Mössbauer spectroscopy.

During 2016, the scientifi c output of the was: 67 papers in peer-reviewed journals, 4 
book chapters, 20 proceedings, 3 PhD, 2 MSc and 2  graduated completed theses, and 1 
patent. The team research has been supported by European, FCT and bilateral projects. 
The team has participated in the organization of 2 conferences and 1 workshops and 
several national training courses. A signifi cant participation in the scientifi c and technical 
activities of European Union Technology Platforms and Networks, namely COST ACTIONS 
CA15128 CM1105, TD1004 has also taken place. During 2016 the team has also prepared 
and submitted several common projects under calls from EC, FCT, CERN-FCT, and HORIZON 
2020. So far, one contract was established with an international company and another 
with a national company will start in 2017.

The activities had contributions from different research groups (ES, ETN, QEf, and REI) 
as more detailed described in their reports. The following major achievements in 2016 
are highlighted.

Thematic Strands Scientifi c Report 2016

GaN is a technologically important wide 
band-gap semiconductor, with properties 
that can be engineered by dopping. The 
emission channeling technique with short-
lived isotopes (EC-SLI) gives direct infor-
mation on dopant atoms location and 27Mg 
(t1/2=9.5 min) implanted samples were 

studied to clarify the location of dopping 
atoms. Mg was found to occupy either 
substitutional Ga sites, or below 350°C, 
interstitial positions ~0.6 Å away from 
ideal interstitial octahedral sites, allowing 
the fi rst-direct evidence for the amphoteric 
character of Mg in GaN.

PROOF OF AMPHOTERIC MG-DOPANT IN GaN
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Radiopharmaceutical 
Sciences

MISSION AND OBJECTIVES

The Radiopharmaceutical Sciences Group (RSG) undertakes fundamental and applied 
research activities on the design and preclinical evaluation on radioactive tools for 
Molecular Imaging by Positron Emission Tomography (PET) or Single Photon Emission 
Computorized Tomography (SPECT) and Targeted Radionuclide Therapy. This research 
work, with a valuable translational potential, intends to contribute for the rise of 
molecular and personalized medicine, an area where nuclear imaging and radionuclide 
therapy are assuming greater importance. To tackle this major goal, the group gathers 
a multidisciplinary team of scientists with expertise in chemistry, radiochemistry and 
biological sciences. The group is mainly involved in the synthesis, characterization 
and preclinical evaluation of molecular/nanosized radioprobes with relevance for a 
theranostic approach to cancer, using PET (e.g. 64Cu), SPECT (e.g. 99mTc, 67Ga, 111In) and 
therapeutic (e.g. 125I, 188Re, 161Tb) radionuclides. In this way, the RSG aims to contribute 
for the rise of molecular and personalized medicine. 

MAIN ACHIEVEMENTS

111IN- AND 125I-LABELED PEPTIDES FOR ESTROGEN RECEPTOR TARGETING
Small peptides containing the LXXLL sequence with recognized estrogen receptor (ER) 
binding affi nity have been radiolabelled with 111In and 125I. These radionuclides have 
the potential to be used in theranostic appliocations due to the simultaneous emis-
sion of gamma radiation and Auger electrons. These novel radiopeptides kept their 
ER binding affi nity and present high rate of internalization in the nucleus, which are 
favourable features for functional imaging/therapy of ER positive breast tumors.

NEW PT(II)/M(I) (M = RE, 99mTC) HETEROBIMETALLICS WITH IMAGING AND 
ANTICANCER PROPERTIES
We have succeeded on the conjugation of a chemotherapeutic compound with a Photo 
Dynamic Therapy photosensitizer endowing the resulting Pt(II)/Re(I) complexes with 
an intrinsic cytotoxic activity in the dark, driven by the non-classical platinum core, 
and a selective activity upon light irradiation. Most importantly, the possibility of 
integrating a SPECT imaging radiometal (99mTc) in the structure of these new heterobi-
metallic complexes might allow for the in vivo and non-invasive visualization of their 
tumor accumulation, a crucial issue to predict the therapeutic outcome.

1

2
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Radiopharmaceutical Sciences Group

4

1

2

3

4

RADIOACTIVE BLOCK COPOLYMER MICELLES FOR CANCER THERANOSTICS
The project aims at exploiting block copolymers micelles (BCMs) as carriers for the 
delivery of radiation/bisphosphonates/chemotherapy to bone metastases. The evalu-
ated docetaxel (DTX)-loaded BCMs present higher anti-proliferative activity than free 
DTX, suggesting that a similar therapeutic outcome would be achievable with a reduced 
dose. Cancer cell studies with 99mTc-DTX-loaded BCMs indicated cell type and time-de-
pendent uptake. Biodistribution studies in mice revealed prolonged blood circulation 
and high in vivo stability, important features when considering an image-guided DTX 
delivery system for cancer theranostics.

DESIGN OF HER2-SPECIFIC VIRUS-LIKE PARTICLES FOR IMAGE-GUIDED DRUG 
DELIVERY
The molecular docking between the single chain variable fragment (scFv) from 
Trastuzumab and gp41 (envelope glycoprotein from HIV-1) using the HADDOCK 
webserver allowed the creation of the fusion protein that will be expressed on the 
surface of the HER2-specifi c virus-like particles. Based on this computational approach, 
the DNA vector was prepared by molecular cloning techniques and will be applied to 
VLP construction by transfection methods.

3
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Radiological Protection 
and Safety

MISSION AND OBJECTIVES

The Radiological Protection and Safety Group (GPSR) activities aimed at:

The deployment of unique scientifi c and technical expertise, knowledge, skills 
and competences in Radiological Protection in Portugal

Keeping abreast of the state-of-art in scientifi c and technical topics and in inter-
national 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 theses´ students

The provision of scientifi c advice and support to the Portuguese competent author-
ities and stakeholders in the execution of policies in Radiological Protection and 
in areas involving applications of ionizing radiations and radioisotopes

Contributing to raise the awareness about hot topics, emerging, leading edge 
and multidisciplinary scientifi c issues associated to the biological effects arising 
from the medical, industrial and environmental exposures to ionizing radiation

To pursue these objectives, 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 researchers have access to laboratory infrastructures and equipment and 
state-of-the-art radiobiology, radioanalytical, dosimetry and metrology techniques.

The Group´s activities:

Were sustained by the participation in R&D projects funded by the European 
Union (EU) Framework Programmes and HORIZON 2020 and PORTUGAL 2020, 
by organizations such as EURADOS (European Radiation Dosimetry Group) and 
EURAMET (European Association of National Metrology Institutes), in collabora-
tion with CERN and other research centers in Europe
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Radiological Protection and Safety Group

Medical Dosimetry – Dosimetric assessment of Cone Beam Computed Tomography (CBCT) procedures.

Internal Dosimetry and Biokinetic Models: using patient dependent computational phantoms for assessing the organ doses in pediatric Nuclear Medicine exams.

Nanodosimetry: simulating the track structure and modelIing (using experimental results) DNA damage induced by Auger electrons (from 125I and 99mTc)

Medical exposures: assessment of the cancer risk due to organ doses received in Digital Breast Tomosynthesis using state-of-the-art risk models and Monte Carlo simulations.

Assessment of the possible radiological hazards to human health due to existing radioactivity in building material.

1

2

3

4

5

1

4 5

Included the participation in the EU Technological Platforms MELODI (Multidisciplinary 
European Low Dose Research), IGD-TP (Implementing Geological Disposal of 
Radioactive Waste), NERIS-TP (Preparedness for Nuclear and Radiological Emergency 
Response and Recovery) and Alliance (European Radioecology Alliance)

Fostered collaborative links with Portuguese research groups, academia, hospi-
tals and other stakeholders in Radiation Protection, in the context of scientifi c 
projects and academic, education and training activities

MAIN ACHIEVEMENTS

2 3
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Radiation, Elements 
and Isotopes

MISSION AND OBJECTIVES

The Radiation, Elements and Isotopes Group (GREI) is a multidisciplinary group with 
expertise on nuclear related analytical techniques for elemental and isotopic determi-
nations, ionizing radiation technologies and dating, focusing 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. 
isotopic and trace element determinations (HPLC/ICPMS; IRMS); Radiocarbon dating; 
Tritium determination; microbiological and chemical analysis of the effects of radi-
ation in/on products; and MeV ion microbeam analytical techniques. Major research 
fi elds are: environmental pollution; coastal palaeoenvironmental evolution and 
climate changes; water quality, protection and management; waste treatment; prove-
nance, 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

ARSENICAL COPPER: AN ALLOY BEFORE BRONZE IN SW IBERIAN 
PENINSULA?
Tools and weapons radiocarbon dated to 2000-1500 BC established the adoption 
of arsenical copper in Southern Portugal. This evidence constitutes an evolution 
from 3rd millennium BC copper artefacts showing the growing awareness about the 
aesthetic and practical value of arsenical copper and revealing the rising importance 
of metal among MBA communities.

ALCOBAÇA´S ABBEY GLAZED TILES COLOUR PALLETE
The pavement of the apse of the Alcobaça’s Abbey was originally decorated using mono-
chromatic glazed tiles combined in several colours (obtained with different proportions of 
CuO, Fe2O3 and SnO2) and geometric shapes. The tin-opacifi ed lead glazes used constitute 
the fi rst known example (13th century) of this type of production in Portugal.

ENVIRONMENTAL ISOTOPES IN SEMI-ARID REGIONS.
Environmental stable and radioactive isotopes were used to assess groundwater deteri-
oration at Essaouira basin, Morocco. Groundwater mineralization is related to seawater 
intrusion; dissolution of diapiric structures and evaporation of irrigation water. Active 
groundwater recharge is occurring in the High Atlas Mountain (200 km distance).

1

2

3
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Radiation, Elements and Isotopes

FRESH CHERRY TOMATOES POSTHARVEST TREATMENT BY GAMMA RADIATION
Radiation treatment of cherry tomatoes showed to be an effective, clean and envi-
ronmental friendly process to extend the shelf-life up to 14 days at refrigerated 
conditions. A dose of 3.2 kGy reduced the microbiota by 2 log (99% inactivation) and 
provided a potential decrease of 5–11 log of foodborne pathogens load with minor 
effect on the fruit sensory and quality attributes.

IONIZING RADIATION PREPARED POLYMERIC MATRICES FOR SKIN SCAFFOLDS
Biocompatible and biodegradable chitosan/polyvinylpyrrolidone (Chit/PVP) matrices 
showed improved stability with a more crosslinked network. Gamma-radiation, PVP 
content and N2 bubbling was found to impact on the matrices’ surface (porosity/rough-
ness). HFFF2 cells adhered to the surface of all matrices, not presenting cytotoxicity. 

LINAC ELECTRON BEAM OPTIMIZATION
The e-beam was optimized and its profi le evaluated with irradiated glass slides. 
Radiochromic fi lm dosimetry confi rmed the beam profi le. Absolute measurements showed 
that the e-beam irradiation dose rate can reach 25 kGy/min. Beam shaping work is 
ongoing, as well as preparation of the documentation required to license the installation.

4

5

6

1 2

43

65
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Nuclear Engineering 
and Techniques

MISSION AND OBJECTIVES

The Nuclear Engineering and Techniques (NET) group is a multidisciplinary group under-
line by the research of an innovative support team who plays a signifi cant role in nuclear 
physics and engineering and nuclear analytical techniques (NAT). These capabilities 
are applied to various scientifi c domains, especially by using the Portuguese Research 
Reactor (RPI). At CTN, NET group works with low activity samples of long-lived isotopes 
produced by neutron-activation at the RPI or introduced into the samples by diffusion 
of radioactive isotopes obtained via collaboration with hospitals and the UCQR group. 
To use and maintain the experimental infrastructure that Portuguese teams have built 
and continue to develop at ISOLDE-CERN dedicated to short-lived isotopes is also a 
long-term objective. Other international laboratories are used, like the GSI, GANIL, 
RIKEN and BNC, especially aiming a deep understanding of nuclear interaction, mate-
rials nature and fundamental research on atomics physics. 

Neutron Activation Analysis (NAA), Alpha Spectroscopy and various ion-beam based 
techniques, Particle Induced X-ray Emission (PIXE), X-ray diffraction and, in collaboration 
with Solid State group, Mössbauer spectroscopy, are all specialized techniques available 
within C2TN that are employed by the NET group towards a deep material’s characteriza-
tion. Vibratory modelling and neutron transport simulation via the Monte Carlo method 
is also employed in various applications. In the fi eld of radiobiology NET group has also 
relevant contributions, especially by performing and developing adequate methods for 
the dosimetry of cell irradiations with neutrons in various dose ranges. The development 
of state-of-the-art software for X-ray analytical methods is another goal, as well as estab-
lishing and applying quantitative instrumental speciation methods, mainly for PIXE. 

Précising advanced, geo/bio-environmental and cultural heritage materials are studied 
by using neutrons, radioactive nuclei and ion beams as probes.

MAIN ACHIEVEMENTS

ION BEAM TECHNIQUES
All general purpose codes for analysis of Ion Beam Analysis data have been originally devel-
oped to handle laterally homogeneous samples only, with only limited support for lateral 
inhomogeneity. We developed analytical simulations of samples that consist of a layer of 
parallel oriented nanowires on a substrate, and included it in the general purpose IBA code 
NDF. We applied the code to real samples, made of vertical ZnO nanowires on a sapphire 

1
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substrate, measured with Rutherford backscattering. The model can be used to validate a 
given supposed nanowire structure, and also to eliminate alternative sample structures.

THE CHARGE STATE OF CD DOPANT ON GA2O3  
Perturbed Angular Correlations allows probing the electronic distribution in the 
surroundings of a probe atom and determine its position and electronic confi guration. 
The results were interpreted using Density Functional Theory, providing the fi rst clear 
determination of an activated dopant in Ga2O3.

TOOLS AND MEASURES TO IMPROVE AIR QUALITY AND TO ACCELERATE THE 
TRANSITION TO A LOW-CARBON ECONOMY
The development of tools and measures to improve air quality and to accelerate the tran-
sition to low-carbon emissions in several sectors of the economy is supported by various 
international projects. They aim to develop a policy tool that will support authorities in 
the identifi cation of action plans that effectively reduce air pollutants concentrations, 
exposure, dose and health effects, also acting on the improvement of cities’ management.

INAA APPLICATION IN VOLCANIC TOPSOILS OF BRAVA ISLAND (CAPE VERDE) – 
GEOCHEMICAL FINGERPRINTS 
Volcanic topsoils developed on Brava Island collected before the 2014–2015 eruption 
were studied by INAA. They show different chemical patterns that refl ect the highly 
contrasting parent materials in the semi-arid environment in Cape Verde archipelago. 
Geochemical fi ngerprints for extrusive carbonatite outcrops were also defi ned. 
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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 
examination of their properties, searching for unusual or enhanced behavior, reactivity 
and catalysis studies and methods for the prediction of thermodynamic properties in 
condensed and gas phases.

The QEf Group has active collaborations with other research groups within C2TN (ES 
and REI groups) and outside the Center with CERENA-IST, IPFN, CQB-FCUL, IPMA, 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 ReCreew project ( COST ACTION ES1407), and the European Project 
“ENVIronmentally friendly and effi cient methods for extraction of Rare Earth Elements 
from secondary sources” (ENVIREE).

MAIN ACHIEVEMENTS

GAS-PHASE STUDIES OF URANIUM OXIDE CLUSTERS
In the context of the new FCT project “f-Element Clusters in the Gas Phase – Prototypes 
of Catalytic Processes” (PTDC/QEQ-QFI/6430/2014), and in collaboration with the 
Lawrence Berkeley National Laboratory, gas-phase studies of the generation and reac-
tivity of uranium oxide anionic clusters with methanol by LDI-FTICR/MS were performed. 
[U2O6]

−, [U3O8]
− and [U3O9]

− clusters reacted sequentially with six molecules of meth-
anol, by alternate methanol addition and methanol addition plus water elimination, to 
form cluster ions with six coordinated methoxides.

NANOSTRUCTURED BIMETALLIC OXIDES AND INTERMETALLIC COMPOUNDS 
CONTAINING f-BLOCK ELEMENTS
Nanoparticles and nanofi bers of intermetallic compounds and bimetallic oxides containing 
f-block elements, copper or nickel were remarkably active in the production of value added 
products, such as methanol, C2 hydrocarbons or syngas, using primary pollutants (CH4, 
CO2 or N2O) as reagents. The patented results confi rm their potentialities for the produc-
tion of methanol at low temperature and pressure, 250 oC and 25-80 bar, respectively, 
when compared with traditional Cu methanol synthesis catalysts already in the market.

1

2

f-Element Chemistry
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A THERMOCHROMIC EUROPIUM(III) ROOM TEMPERATURE IONIC LIQUID WITH 
THERMALLY ACTIVATED ANION-CATION INTERACTIONS
This is the fi rst observed reversible stable case of thermochromism due to the interac-
tion of an alkylphosphonium with a -diketonate of an Eu(III) room temperature ionic 
liquid. This thermochromism is characterized by the conversion of the light yellow room 
temperature [P6,6,6,14][Eu(fod)4] to a reddish substance around 80°C through a proposed 
mechanism with an unusual direct interaction between one of the complex ligands and 
the phosphonium counter-ion.

MOLECULAR ENERGETICS
The infl uence of a second chemical function in alkaline metal alkoxides was studied, expecting 
to promote an effect in the corresponding enthalpy of formation. However, the experience 
shows that no effect at all is detected (if an effect promoted by the existence of a second 
chemical function occurred, the orange points should be clearly out of the line), thus raising 
some new questions on crystalline solid energetics and structure of these compounds.

POLYNUCLEAR DIVALENT YTTERBIUM COMPLEXES SUPPORTED BY A 
BIS(PHENOLATE) CYCLAM LIGAND
The reaction of a new [O2N2N2’] cyclam-based bis(phenolate) ligand, {Me2ArO)2Me2-
cyclam}2-, with 1.5 and 2 equivalents of [YbI2(thf)2.5] in thf led to the formation of 
the [Yb3(-{(Me2ArO)2Me2-cyclam)2I]I and [Yb2(-{(Me2ArO)2Me2-cyclam)I2(thf)2] diva-
lent ytterbium complexes, respectively. In the dinuclear Yb complex, the two bridging 
oxygens of the phenolate groups are perfectly in plane, forming a diamond-shaped 
YbO2Yb geometry in an original crystallographic packing.

f-Element Chemistry
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Solid State

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 fi elds up to 18 T, including several magnetometers 
(SQUID, extraction and AC susceptibility) electronic transport and magnetotransport 
characterisation and Mössbauer spectroscopy.

MAIN ACHIEVEMENTS

POLYMORPHISM AND SUPERCONDUCTIVITY IN BILAYER MOLECULAR METALS 
(CNB-EDT-TTF)4I
The novel bilayer conductor (CNB-EDT-TTF)4I3T was obtained as two different poly-
morphs (” and k). While the ” polymorphs remain metallic down to 1.5 K with large 
resistivity ratio, the k polymorph becomes superconductor below 3.5 K. 

SOLUBLE NEUTRAL NEUTRAL NI AND AU BIS-DITHIOLENE COMPLEXES
Neutral Au bisdithiolene complexes are radical species that depending on the alkyl 
substituents can present ligand asymmetry or behave as AF Chain.

MULTIFUNCTIONAL MAGNETIC AND LUMINESCENT MATERIALS
[Er2(nd)6(μ-bpm)], is a new compound displying simultaneously Single Molecule Magnet 
behaviour and luminiscent properties.

UCU5.5GA0.5

UCu5.5Ga0.5, is a new uranium phase, presenting strong electronic correlations without 
magnetic transition.
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SPALLATION TARGETS
New nanostructured, UCx spallation targets with high release performance, were prepared 
as microfi bers by electrospinning.

Solid State 
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C2TN  Conferences 
at CTN Campus

During 2016 C2TN organized and hosted several scientifi c meetings, as well as a regular 
series of seminars by inside and outside researchers.

MEETINGS

Workshop ESRCH - Earth Systems, Radioactivity and Cultural Heritage: Turning Challenges 
into Opportunities / 13 th December 2016, Bobadela, Loures Pole of IST (Portugal).

Workshop on Nuclear Molecular Imaging / 05-06 December 2016, Bobadela, Loures 
Pole of IST (Portugal).

2nd Workshop on Advanced Materials / 10 th November 2016, Bobadela, Loures Pole of 
IST (Portugal).

1st ENVIREE International Workshop on Rare Earths Supply, Separation and 
Processing / 9th November 2016, Lisbon, Portugal.

Workshop ESRCH - Respiratory Protection Against Aerosol Hazards in Occupational 
Environments / 3rd November 2016, Bobadela, Loures Pole of IST (Portugal).

11th Inorganic Chemistry Conference and 1st Meeting of the Inorganic and 
Bioinorganic Chemistry Division of the Portuguese Society of Chemistry / 7 to 8 
October 2016, Sintra, Portugal.

14th European Conference on Thermoelectric Energy (ECT2016) / 20 to 23 September 
2016, Lisbon, Portugal.

Workshop ESRCH - Geoprocesses, Strategic Resources and Global Change / 22 
September 2016, Bobadela, Loures Pole of IST (Portugal).

Workshop ESRCH - Cultural Heritage / 20 September 2016, Bobadela, Loures Pole of IST 
(Portugal).

Workshop ESRCH - Environment Quality / 16 September 2016, Bobadela, Loures Pole of 
IST (Portugal).

Workshop ESRCH - Environmental Radioactivity & Radioecology / 13 September 
2016, Bobadela, Loures Pole of IST (Portugal).

8th International Workshop on “Sand/Duststorms and Associated Dustfall” / 1 to 4 
May 2016, Lisbon, Portugal.

TRAINING

Modern Methods of Structure Elucidation 2016 (MMSE-2016) Centro de Química 
Estrutural (CQE/IST), IST-UTL NMR Center - Portuguese NMR Network & IST Node of 
National MS Network in collaboration with C2TN/IST, 26 to 30-09-2016, CQE/IST, Lisbon 
(Portugal).
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SEMINARS  / Bobadela (CTN Auditorium), Loures Pole of IST (Portugal)

March, 18
Jean-Marc Bordy 

CEA-LIST Laboratoire National Henri Becquerel, Saclay, France
Energy Response Curve, Is It So Obvious?

April, 14
Ana Ferreira 

C2TN        
Nanoparticles of Intermetallics Compounds for Elimination of Primary Pollutants

May, 05
Teresa Sacadura Santos Silva

REQUIMTE, Departamento de Química, FCT-UNL, Caparica, Portugal
Metal Complexes Interacting with Proteins - a Crystallographic insight

June, 23 
Rosa Marques 

C2TN
Solos Superfi ciais das Ilhas Vulcânicas de Santiago, Fogo e Brava (Cabo Verde)

July, 08
Ulrich Abram 

Institute of Chemistry and Biochemistry, Freie Universität Berlin, Germany
Technetium Chemistry Between Fundamental Research and Nuclear Medical Applications: Fluorides, Nitrosyls, 

Organometallics, Bioconjugation

July, 13
Victor Defl on

Instituto de Química de São Carlos, Universidade de São Paulo, Brasil
Transition Metal Complexes with Thiosemicarbazones as Potential Anti-Mycobacterium Tuberculosis Agents

July, 14
Margarida Barroso 

Department of Molecular and Cellular Physiology, Albany Medical College Albany, NY, USA
Imaging Tumor Targeted Delivery Using in vivo FLIM-FRET

July, 21
Marta Almeida 

C2TN
Aplicação de Técnicas Nucleares a Estudos da Atmosfera

September, 22
Luís Branco 

REQUIMTE, Departamento de Química, FCT-UNL, Caparica, Portugal
Emergent and Innovative Applications of Functional Ionic Liquids

October, 06
Veljko Zlatić  

Institute of Physics, Zagreb, Croatia
Enhanced Thermal Transport of Strongly Correlated Electrons

October, 06
Rita Mendonça 

Núcleo de Propriedade Intelectual, IST/ATT, Lisbon, Portugal
Transferência de Tecnologia no IST

November, 11
Rita Paiva Melo 

C2TN
Biomolecular Engineering of Virus-Like Particles for Theranostic Applications

November, 23
William D. Rice

Physics and Astronomy Department, University of Wyoming, USA 
Ultrafast and Terahertz Measurements in Low-Dimensional Structures

December, 15 
João Canário 

Centro de Química Estrutural, IST, Lisbon, Portugal
Permafrost Thaw Lakes in an Arctic in Transition 
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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 2016 and compared with the corresponding 
values in previous years.
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