
 

 

 

 

 

  



C2TN / IST Annual Report 2016  Page |  1 

FOREWORD 3 

C2TN ORGANIZATION AND COORDINATION 5 

C2TN TRACK RECORD 6 

THEMATIC STRANDS SCIENTIFIC REPORT 2016 7 

Radiopharmaceutical Sciences and Health Physics (RSHP)  8 

Earth Systems, Radioactivity and Cultural Heritage (ESRCH) 11 

Advanced Materials (AM) 14 

RESEARCH GROUPS SCIENTIFIC REPORT 17 

Radiopharmaceutical Sciences Group 18 

TEAM 18 

MISSION and OBJECTIVES 19 

MAIN ACHIEVEMENTS 20 

 Radiological Protection and Safety Group 25 

TEAM 25 

MISSION and OBJECTIVES 26 

MAIN ACHIEVEMENTS 28 

Radiation, Elements and Isotopes Group 39 

TEAM 39 

MISSION and OBJECTIVES 40 

MAIN ACHIEVEMENTS 41 

Nuclear Engineering and Techniques Group 49 

TEAM 49 

MISSION and OBJECTIVES 50 

MAIN ACHIEVEMENTS 52 

f-Element Chemistry Group 61 

TEAM 61 

MISSION and OBJECTIVES 61 

MAIN ACHIEVEMENTS 62 

Solid State Group 69 

TEAM 69 

MISSION and OBJECTIVES 70 

MAIN ACHIEVEMENTS 71 

SCIENTIFIC OUTPUT 76 

Books and chapters of international distribution 78 



C2TN / IST Annual Report 2016  Page |  2 

International Journals 80 

Other Articles 97 

International Conference Proceedings 99 

Theses ς concluded 102 

PhD 102 

MSc 103 

Concluded Graduations 103 

Patents and performing patentes 105 

New Materials, devices, products and processes, software, computer codes and algorithms 105 

Edited special issues of journals 106 

Performances and Exhibitions 106 

Research Contracts 107 

European Research Contracts 107 

Industrial Research Contracts 109 

FCT Projects 110 

Bilateral Research Projects 111 

Research Contracts with IAEA 111 

Other Research Projects 112 

Invited Talks in Conferences 113 

Contributed Talks in Conferences 115 

Seminars Given 123 

Seminars and Workshops at C2TN 128 

Meetings 128 

Seminars 129 

Education 132 

Courses given in Universities and Polytechnical Schools 132 

Short Courses given in International Organizations 134 

Short Courses given in National Institutions 135 

Training 136 

Scientific Committees 138 

Coordination and/or participation in Infrastructures Networks 144 

Participation in International platforms and networks 145 

European platforms 145 

International networks 146 

 



C2TN / IST Annual Report 2016  Page |  3 

Foreword

 
 

 

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, scientific and technological activity spreading actions in Nuclear 

Sciences and Technologies, and in provision of technical cooperation and specialized services to the 

community in this field.  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 significant number of human resources (one Invited Scientist and eleven Post-

doctoral Fellows), dedicated mainly to the interdisciplinary and crossςtheme work plan defined in 

the Thematic Strands. The interactions 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 benefit C2TN, which has an excellent working relation with 

DECN. The first 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 habitability of offices and laboratories, which 

has been deficient for years, even before the integration in IST. 

The first 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 specific 

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 efficient consecution of C2TN's proposed scientific 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 scientific policy of 

the Portuguese government that started to be implemented in 2015, led in 2016, again, to major 
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changes. The first 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 scientific area. 

The second major change in scientific 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 scientific 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 finish 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 ς President  

António Pereira Gonçalves ς Vice-President  

António Nazareth Falcão - Vogal 
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C2TN Organization and Coordination

 
 

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): 

 

The scheme 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. 

RESEARCH  GROUPS 
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The Research Group Coordinators   are: 

RS ς António Rocha Paulo; RPS ς Pedro Vaz; REI ς Maria de Fátima Araújo; NET ς Maria Isabel Dias; 
QEf ςJoão Paulo Leal; ES ς Manuel Leite de Almeida 

The  Thematic  Strands  Coordinators are: 

RSHP ςAntónio Rocha Paulo; ESRCH ς Maria Isabel Prudêncio; AM ς Manuel Leite de Almeida 
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C2TN Track Record

 
 

The number of C2TN researchers, peer ς reviewed publications, impact factor, and PhD and MSc 

theses completed are given for 2016 and compared with the corresponding values in previous years.  
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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: 

o Validation and Functional Characterization of Disease and Radiation Biomarkers; 

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

Theranostics; 

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

o Medical Dosimetry and Metrology of Ionizing Radiation. 

The scientific output of the RSHP comprised: 47 papers in international peer-reviewed journals, 2 

book chapters, 21 proceedings, 10 invited lectures, 34 oral and/or poster presentations in 

conferences, 2 PhD, 6 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 scientific 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 first 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 highlighted below. 

 

ANTICANCER RADIATION THERAPIES: BNCT AND AUGER THERAPY 

The biological effects of high-LET particles, namely Auger electrons and a particles, in tumor cells 

were studied with g-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 was found for the alpha and 
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Li ions resulting from the B(n,a) reaction with a biological response to thermal neutrons more lethal 

for the cells treated with boron-rich compounds when compared to untreated controls. 

 

 

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 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 affinity have been radiolabelled with different radionuclides with theranostic 

potential. The novel radiopeptides kept their original ER binding affinity, internalized in the nucleus 

of cancer cells and are taken up by ER-rich organs. Such favourable biological features suggest their 

usefulness for SPECT/PET imaging and peptide receptor radionuclide therapy (PRRT) of breast 

cancer. 
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DOSIMETRIC ASSESSMENT IN CONE BEAM CT (CBCT) EXAMINATIONS 

 

CBCT enables imaging of target tissues at the linear accelerator during the pre-treatment verification 

of patients undergoing Image Guided Radiation Therapy (IGRT). However, CBCT may lead to high 

cumulative dose to tissues outside the radiation therapy exposure field. To address this issue, a CBCT 

system was successfully modelled using MCNPX simulations and validated in a clinical environment 

ǿƛǘƘ ǘƘŜ ŎƻƭƭŀōƻǊŀǘƛƻƴ ƻŦ CǳƴŘŀœńƻ /ƘŀƳǇŀƭƛƳŀǳŘΦ ¢ƘŜ ƛǎƻŎŜƴǘŜǊ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǿŀǎ ǎŜǘ ŀǘ DƻƭŜƳΩǎ 

(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 

field 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: 

o Environmental radioactivity & radioecology; 

o Geoprocesses, strategic geological resources and global change; 

o Environment and new energy sources - anthropogenic impact, evaluation, treatment and 

recycling; 

o Cultural heritage ς materials and contexts - enhancement and preservation. 

 

During 2016, the scientific 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 

research has been supported by European, FCT and bilateral projects. The team has participated 

and/or organized conferences, workshops and national or international training courses and 

lectures. During 2016 the team has also prepared and submitted several common projects under 

national, European and other international calls. 

 

 

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 experiments showed circa 2% bioavailability of 226Ra 

from PG. 
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IRON SPECIATION IN VOLCANIC SOILS AND WEATHERING MECHANISMS UNDER SEMI-ARID 

CLIMATE 

Iron speciation using Mössbauer spectroscopy on topsoils of Cape Verde Islands revealed a 

correlation between the fraction of nano-sized iron oxides and trace elements relevant to plant 

nutrition and to the environmental health. No goethite was detected, which is a significant finding 

for the understanding of weathering mechanisms under semi-arid climate. 

 

 

 

 

 

 

 

 

 

 

PRODUCTION OF METHANOL USING CO2 AND CH4 AS RAW MATERIALS 

Production of methanol is achieved in a continuous high pressure flow reactor using methane, 

carbon dioxide and hydrogen as reagents at 250 oC, 25-80 bar (GHSV = 40000 mL CO2/g.h). The 

results confirm the potentialities of the bimetallic oxides and intermetallic compounds containing f-

block elements as catalysts, especially when compared with the behavior of a commercial Cu 

methanol synthesis catalyst.  

 

0

200

400

600

800

1000

0 2 4 6 8 10 12 14 16 18

In
tr

in
s

ic
 A

c
ti

v
it

y
 

(m
L

C
H

3
O

H
/m

2
C

u
.h

)

BET (m2/gCu)

Blue symbols; CH4+CO2+H2

Green symbols; CO2+H2

Cu-Th Commercial

Cu-Zn-Al

Cu-Th-Al

Cu-Ce-Al

Cu-Ce

Cu-La


