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PREFACE

In this booklet, the abstracts of the scientific contributions presented at the XI Convegno Nazionale 
Materiali Nanofasici held in Rome at the head-quarters of the National Research Council (CNR) on 
October 26-28, 2015 are reported. 

The objective of the Conference was to bring together the whole Italian Nanoscience Community 
(physicists, chemists and engineers) providing a forum for discussion on the recent developments in 
the understanding of the fundamental chemical and physical properties of nanophase  materials and 
their technological applications. 

Hereby, we would like to thank all the Conference participants for their contributions, mentioning 
in particular the young researchers and students coming also from other European Countries, who 
joined our National Conference contributing to its success. 

Many thanks are also due to the Scientific Committee for defining an outstanding Conference 
Program, which includes also well-recognized scientists as Invited and Keynote speakers, who clearly 
contributed to attract participants from all over Italy. 
Moreover, the local Organizing Committee and the Secretariat have all our gratutide for their strong 
commitment and endless efforts: without them this event would have not been such a success.
 
The Edizioni CNR Office is warmely thanked for its commitment in the preparation of this Booklet of 
Abstract, which, for the first time since the beginning of this Conference, will appear with an ISBN 
and therefore will be a citable document, allowing the Conference to spread and disseminate its 
results toward the wider international audience.

The scientific sponsorship and financial support from the Dipartimento Scienze Fisiche e Tecnologie 
della Materia-DSFTM, the Associazione Italiana di Magnetismo-AIMAGN, the Consorzio Nazionale 
Interuniversitario di Scienza e Tecnologia dei Materiali-INSTM, e-CAMM European Structured 
Research Area on catalysis and Magnetic NanoMaterials and the scientific sponsorship from Consiglio 
Nazionale delle Ricerche - CNR, and Consorzio Nazionale Interuniversitario per le Scienze Fisiche 
della Materia - CNISM are also gratefully acknowledged.

Finally, special thanks are due to CNR-Istituto di Struttura della Materia-ISM, Bologna University, 
Cagliari University and Associazione NanoItaly.

The Organizers
Elisabetta Agostinelli

Dino Fiorani
Ennio Bonetti 
Anna Musinu

Marco Vittori Antisari
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CONFERENCE ORGANIZERS

E. Agostinelli , D. Fiorani (ISM-
Consiglio Nazionale delle Ricerche)

E. Bonetti (Università degli 
Studi di Bologna Alma Mater)

A. Musinu (Università degli 
Studi di Cagliari)

M. Vittori Antisari 
(Associazione NanoItaly)
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Start  
time   Monday,  Oct  26th   Tuesday,  Oct  27th   Wednesday,  Oct  28th  

08:30        
09:00  

Registration  

09:30   Welcome  
Chairperson:  C.  Cannas                    

INV-‐2  N.  Pinna  
Chairman:  D.  Fiorani                              

INV-‐3  A.  Lascialfari  

10:00  

Session  3:  Synthesis  and  
characterization    I  -‐  
Chairperson:  A  Musinu          

Tu-‐3-‐O1-‐    F.    Locardi  

Session    5:  
Nanomagnetism  II  
Chairperson:  S.  Laureti  

We-‐5-‐O1-‐  P.  Tiberto        
10:15   Tu-‐3-‐O2-‐    A.  M.  Laera       We-‐5-‐O2-‐  L.  Lanotte        
10:30   Tu-‐3-‐O3-‐    F.  Di  Benedetto       We-‐5-‐O3-‐  E.  Bonfiglioli  

10:45  

Chairman:  M.  Vittori  Antisari            
INV-‐1  G.  Van  Tendeloo  

Tu-‐3-‐O4-‐  M.  Di  
Giovannantonio           We-‐5-‐O4-‐  A.  Ponti                          

11:00   We-‐5-‐O5-‐  M.  G.  Pini                
11:15  

Coffee  Break   Coffee  Break  

11:30  
  
  

11:30  

Session  1:  Carbon  based  
materials  Chairperson:  M.L.  

Terranova  
Mo-‐1-‐O1-‐  E.  Tamburri      

Coffee  Break  

11:45   Mo-‐1-‐O2-‐  C.  R.  
Chandraiahgari  

Chairperson:    E.  Agostinelli  
KN-‐2  S.  D'Auria  

12:00   Mo-‐1-‐O3-‐  A.  D'Alessandro      

Session  4:  Applications  I                  
Chairman:  G.  Varvaro  

Tu-‐4-‐O1-‐  A.  López-‐Ortega  

Chairman:  M.  Ferretti                            
KN-‐3  L.  Canesi  

12:15   Mo-‐1-‐O4-‐  F.  Agresti       Tu-‐4-‐O2-‐  F.  Vita  

Session  6:  Applications  II                  
Chairman:  L.  Tapfer  

We-‐6-‐O1-‐  A.  Scano          
12:30   Mo-‐1-‐O5-‐  F.  De  Nicola   Tu-‐4-‐O3-‐  M.  Catalano   We-‐6-‐O2-‐  S.  Ortelli            
12:45   Mo-‐1-‐O6-‐  A.  Bellucci   Tu-‐4-‐O4-‐  M.  Baricco             We-‐6-‐O3-‐  A.  Mosca  Conte  
13:00   Mo-‐1-‐O7-‐  O.  Pulci   Tu-‐4-‐O5-‐    A.  Guarnaccio   We-‐6-‐O4-‐  D.  Mirabile  Gattia  
13:15   Lunch   Lunch   Lunch  
14:30  

  
  

14:30  

Session  7:  Synthesis  and  
characterization  II  -‐  

Chairperson:  A.  Montone  
We-‐7-‐O1-‐  A.  Notargiacomo          

14:45  

Chairman:  D.  Peddis                                    
KN-‐1-‐  N.  Pugno  

We-‐7-‐O2-‐  N.  Y.  Safonova          

15:00  

Session  2:  
Nanomagnetism  I  -‐  
Chairperson:  I.  Bergenti  

Mo-‐2-‐O1-‐  L.  Marcano   We-‐7-‐O3-‐  F.  Ronci      
15:15   Mo-‐2-‐O2-‐  F.    Sayed   We-‐7-‐O4-‐  E.  Placidi  
15:30   Mo-‐2-‐O3-‐  V.  Mameli       We-‐7-‐O5-‐  R.  Flammini        
15:45   Mo-‐2-‐O4-‐    M.  Basini  

Chairman:  F.  Agresti                                
Poster  session  -‐  P2                          

We-‐7-‐O6-‐  C.  Hogan  
16:00   Mo-‐2-‐O5-‐  F.  Pineider   Closing    ceremony  
16:15   Mo-‐2-‐O6-‐  G.  Gubbiotti      
16:30   Mo-‐2-‐O7-‐  M.    Coïsson        
16:45   Coffee  Break  

  

17:15  
17:30  
17:45  
18:00  
18:45  

Chairman:  A.    López-‐Ortega  
Poster  session  -‐  P1                                                      Guided  tour  &  Social  

Event      (17:45-‐23:00)  
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Start  
Time   Monday      October  26th,  2015  
08:30   Registration  
09:30   Welcome  
     

  
10:00  

Chairman:  M.  Vittori  Antisari                                                                                                                                                                                                                                                                  
INV-‐1  Gustaf  Van  Tendeloo  

    Nanomaterials  and  electron  microscopy:  the  perfect  marriage!  
     

11:00   Coffee  break  

   Session  1  -‐  Carbon  based  materials          Chairperson:  M.L.  Terranova  

11:30   Mo-‐1-‐O1-‐  E.  Tamburri:      Nanodiamonds  and  conducting  polymers:  a  way  towards  new  
multifunctional  platforms  

11:45   Mo-‐1-‐O2-‐  C.R.  Chandraiahgari:      In-‐situ  preparation  of  hybrid  Ag-‐ZnO  decorated  graphene  
nanoplatelets  

12:00   Mo-‐1-‐O3-‐  A.  D'Alessandro:      An  investigation    on    the  strain    sensitivity    of    carbon    nanotube      
cement-‐matrix    composites  

12:15   Mo-‐1-‐O4-‐  F.  Agresti:      Thermal  diffusivity  measurements  on  Single  Wall  Carbon  Nanohorns-‐
based  nanolubricants  by  a  temperature  controlled  photoacoustic  device  

12:30   Mo-‐1-‐O5-‐  F.  De  Nicola:    Carbon  nanotube/silicon  and  graphene/silicon  hybrid  solar  cell  
devices  

12:45   Mo-‐1-‐O6-‐  A.  Bellucci:      CVD  diamond  high-‐temperature  cells  for  solar  concentrating  systems  

13:00   Mo-‐1-‐O7-‐  O.  Pulci:      Tunable  electronic  and  optical  properties  of  graphene-‐like  2-‐dimensional  
materials:  an  ab-‐initio  study  

     

13:15   Lunch  
     

14:30  
Chairman:    D.  Peddis                                                                                                                                                                                                                                                                                                        
KN-‐1-‐  Nicola  Pugno  

    Bio-‐inspired  nanophase  composites  

   Session  2  -‐  Nanomagnetism  I      Chairperson  I.  Bergenti  

15:00  
Mo-‐2-‐O1-‐  L.  Marcano:      Relationship  between  the  Verwey  transition  and  the  particle  size  in  
magnetite  nanoparticles  synthesized  by  magnetotactic  bacteria  Magnetospirillum  
gryphiswaldense  

15:15   Mo-‐2-‐O2-‐  F.    Sayed:      Study  of  complex  magnetic  behaviour  in  hollow  magnetic  nanoparticles  

15:30   Mo-‐2-‐O3-‐  V.  Mameli:      Beyond  the  crystallite  size,  the  particle  size  and  the  capping  agent:  the  
effect  of  Zn  substitution  on  the  magnetic  properties  of  cobalt  ferrite  nanoparticles  

15:45   Mo-‐2-‐O4-‐  M.  Basini:      Study  of  the  size,  shape  and  solvent  effect  on  longitudinal  and  
transverse  relaxometry  of  ferrite-‐based  MNPs      

16:00   Mo-‐2-‐O5-‐  F.  Pineider:    Materials  for  magnetoplasmonics  –  atoms  and  molecules  

16:15   Mo-‐2-‐O6-‐  G.  Gubbiotti:      Universal  dependence  of  the  spin  wave  properties  on  the  
geometrical  characteristics  of  permalloy  antidot  lattices  

16:30   Mo-‐2-‐O7-‐    M.    Coïsson:      Optimisation  of  soft  magnetic  properties  by  tuning  the  amorphous-‐
to-‐crystalline  transformation  using  fast  current  annealing  on  thin  films  

     

16:45   Coffee  Break  
     

17:15  
18:45  

Chairman:  A.  López-‐Ortega    
Poster  session  -‐  P1    
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Start  
Time   Tuesday      October  27th,  2015  
     

  
09:00  

Chairperson:  C.  Cannas                                                                                                                                                                                                                                                                                                        
INV-‐2  Nicola  Pinna    

Novel  colloidal  chemistry  approaches  to  metal  oxide  hybrid  nanostructures  
     

   Session  3  -‐  Synthesis  and  Characterization  I      Chairperson:  A.  Musinu  

10:00   Tu-‐3-‐O1-‐    F.    Locardi:    Photocatalytic  actvity  of  TiO2  nanopowders  supported  on  a  new  
persistent  luminescence  material  based  on  Zn,  Ga,  and  Ge  

10:15   Tu-‐3-‐O2-‐  A.  M.  Laera:      Synthesis  and  characterization  of  an  hyperbranched  polymer  
englobing  SWCNTs  

10:30   Tu-‐3-‐O3-‐    F.  Di  Benedetto:    High-‐dose  Pd+  ion  implantation  into  thermoplastic  polymers  

10:45   Tu-‐3-‐O4-‐  M.  Di  Giovannantonio:    Surface-‐enhanced  polymerization  via  Schiff-‐base  coupling  at  
the  solid-‐water  interface  under  pH-‐control  

     

11:00   Coffee  Break  
     

11:30  
Chairperson:    E.  Agostinelli                                                                                                                                                                                                                                                              

KN-‐2  Sabato  D'Auria      
Nanotechnology-‐based  approaches  open  new  avenues  for  food  safety  and  security  

     

   Session  4  -‐  Applications  I      Chairman:  G.  Varvaro  

12:00   Tu-‐4-‐O1-‐  A.  López-‐Ortega:    Exploring  the  magnetic  properties  of  ferrite  nanoparticles  for  the  
development  of  rare-‐earth-‐free  permanent  magnet  

12:15   Tu-‐4-‐O2-‐  F.  Vita:      Magnetic  hyperthermia  in  gold-‐iron  oxide  dimeric  nanostructures      

12:30   Tu-‐4-‐O3-‐  M.  Catalano:    Electrochemically  deposited  CeO2-‐NiO  powders  for  solid  oxide  fuel  
cells  

12:45   Tu-‐4-‐O4-‐  M.  Baricco:    γ-‐Mg(BH4)2:  a  nanoporous  complex  hydrides  for  hydrogen  storage  and  
CO2  conversion  

13:00   Tu-‐4-‐O5-‐  A.  Guarnaccio:  Silver-‐silica  core-‐shell  nanoparticles  generated  by  pulsed  laser  
ablation  using  MCM-‐41  and  SBA-‐15  mesoporous  silica  

     

13:15   Lunch  
     

14:30  
16:00  

Chairman:  F.  Agresti    
Poster  session  -‐  P2      

     

17:45    
23:00   Guided  Tour  &  Social  event  
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Start  
Time   Wednesday      October  28th,  2015  
     

09:00  
Chairman:  D.  Fiorani  

INV-‐3  Alessandro  Lascialfari  
Biomedical  applications  of  magnetic  nanostructures  

     

   Session    5  -‐  Nanomagnetism  II      Chairperson:  S.  Laureti  

10:00   We-‐5-‐O1-‐  P.  Tiberto:      Magnetic  and  magnetotransport  properties  in  ordered  arrays  of  
magnetic  nanostructures  by  self-‐assembling  

10:15   We-‐5-‐O2-‐  L.  Lanotte:      Magneto-‐piezoresitive  microstructured  composites  for  detecting  
magnetizing  field  direction  

10:30   We-‐5-‐O3-‐  E.  Bonfiglioli:    Exchange  bias  in  nanostructures  based  on  glassy  ultrafine  IrMn  
layers  

10:45   We-‐5-‐O4-‐  A.  Ponti:  Tunability  of  exchange  bias  in  Ni@NiO  and  Ni@CoO  core-‐shell  
nanoparticles  prepared  by  sequential  layer  deposition  

11:00   We-‐5-‐O5-‐  M.  G.  Pini:    Rotation  of  magnetic  stripe  domains  in  Fe1-‐xGax  thin  films  
     

11:15   Coffee  Break  
     

11:45  

Chairman:  M.  Ferretti  
KN-‐3  Laura  Canesi  

Impact  of  nanomaterials  on  human  and  environmental  health:    
is  nanosafety  research  on  the  right  track?  

     

   Session  6  -‐  Applications  II        Chairman:  L.  Tapfer  

12:15   We-‐6-‐O1-‐  A.  Scano:    Centella  Asiatica  extract-‐SiO2  nanocomposites  for  keloid  treatment  

12:30   We-‐6-‐O2-‐  S.  Ortelli:  Control  of  nanoAg  toxicological  and  antibacterial  activity  through  safety  
by  design  approach  

12:45   We-‐6-‐O3-‐  A.  Mosca  Conte:    Optical  properties  of  cellulose  are  governed  by  nano-‐scale  
structural  disorder:  application  to  conservation  study  of  ancient  paper  

13:00   We-‐6-‐O4-‐  D.  Mirabile  Gattia:  Compacted  magnesium  based  composites  for  improved  
hydrogen  storage  tanks  

     

13:15   Lunch  
     

   Session  7  -‐  Synthesis  and  characterization  II      Chairperson:  A.  Montone  

14:30   We-‐7-‐O1-‐  A.  Notargiacomo:  Focused  ion  beam  machining  for  micro/nano-‐nanostructuring  

14:45   We-‐7-‐O2-‐  N.  Y.  Safonova:      Solid  state  reactions  in  Fe/Pt  thin  films  with  additional  Ag  and  
Au  interlayers  

15:00   We-‐7-‐O3-‐  F.  Ronci:    Silicon  reactivity  at  the  Ag(111)  surface  

15:15   We-‐7-‐O4-‐  E.  Placidi:    Single  exciton  emission  from  multistacked  InAs  quantum  dots  chains  
self-‐assembled  on  GaAs  (001)  

15:30   We-‐7-‐O5-‐  R.  Flammini:    Study  of  the  growth  process  of  Si  on  the  8x8-‐reconstructed  β-‐
Si3N4(0001)/Si(111)  interface  

15:45   We-‐7-‐O6-‐  C.  Hogan:  Silicon  nanoribbons  on  the  Ag(110)  surface:  an  ab  initio  investigation  of  
structure,  stability,  and  the  silicene  question  

     

16:00   Closing  Ceremony  
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Monday, October 26th

08:30  REGISTRATION

09:30  WELCOME

10:00   Chairman: M. Vittori Antisari
INV-1 Nanomaterials and Electron Microscopy: the Perfect Marriage!
G. Van Tendeloo*, S. Bals, J. Verbeeck, S. Van Aert, S. Turner, A. Abakumov
EMAT Research Centre, University of Antwerp (Belgium)

11:00  COFFEE BREAK

SESSION 1:  “Carbon Based Materials” 
Chairperson:  M.L. Terranova

11:30  Mo-1-O1  Nanodiamonds and Conducting Polymers: a way towards new 
multifunctional platforms
E. Tamburri*a, G. Reinaa, S. Orlanduccia, M. L. Terranovaa, D. Passerib, R. Matassab, M. Rossib  
a Dip.to Scienze e Tecnologie Chimiche-Minimalab, Università degli Studi di Roma “Tor Vergata”, Rome, Italy; b Dip.to Scienze 
di Base e Applicate per l’Ingegneria & Centro di Ricerca per le Nanotecnologie applicate all’Ingegneria (CNIS), Università degli 
Studi di Roma “Sapienza”, Rome, Italy

 
11:45 Mo-1-O2  In-situ Preparation of Hybrid Ag-ZnO Decorated Graphene 

Nanoplatelets
C. R. Chandraiahgari*,a,b, G. De Bellisa,b, S. K. Balijepallic, S. Kaciulisc, M. S. Sarto*,a,b

a Research Center on Nanotechnology Applied to Engineering of Sapienza (CNIS); b Department of Astronautics, Electrical and 
Energetics Engineering, Sapienza University of Rome, Italy; c CNR - ISMN, P.O. Box 10, 00015 Monterotondo Stazione, Rome, 
Italy

 
12:00 Mo-1-O3  An Investigation  on  the Strain  Sensitivity  of  Carbon  Nanotube  

Cement-matrix  Composites
A. D’Alessandroa*, F. Ubertinia, M. Rallinia, A. L. Materazzia J. M. Kennya

a Department of Civil and Environmental Engineering - University of Perugia - Via G. Duranti 93 06125 Perugia - Italy
 
12:15 Mo-1-O4  Thermal diffusivity measurements on Single Wall Carbon Nanohorns-

based nanolubricants by a temperature controlled photoacoustic device
F. Agresti*, S. Barison, S. Boldrini, V. Zin, A. Ferrario, F. Montagner, C. Pagura, M. Fabrizio.
Consiglio Nazionale delle Ricerche – Istituto per l’Energetica e le Interfasi

 
12:30 Mo-1-O5  Carbon Nanotube/Silicon and Graphene/Silicon Hybrid Solar Cell 

Devices
M. De Crescenzi* a,b, F. De Nicola a, F. Nanni c, I. Cacciotti d, M. Salvato a, M. Scarselli a, P. Castrucci a
a Dipartimento di Fisica, Università di Roma “Tor Vergata”, 00133 Rome, Italy; b Instituto di Struttura della Materia, Consiglio 
Nazionale delle Ricerche - ISM, Via Fosso del Cavaliere, 00133 Rome, Italy; c Dipartimento di Ingegneria dell’Impresa, Universita’ 
di Roma Tor Vergata, 00133 Rome, Italy; d Universita’ di Roma Niccolo’ Cusano, Via Don Carlo Gnocchi 3, 00166 Roma, Italy

12:45 Mo-1-O6  CVD diamond high-temperature cells for solar concentrating systems
A. Belluccia,b, M. Girolamia, P. Calvania, D. M. Trucchia*
a Istituto di Struttura della Materia, Via Salaria km 29.300 – 00015 Monterotondo Scalo, RM, Italy; bDipartimento di Fisica, 
Università di Roma “La Sapienza”, Piazzale Aldo Moro, 5 – 00185 Rome, Italy

13:00 Mo-1-O7  Tunable electronic and optical properties of graphene-like 2-dimensional 
materials: an ab-initio study 
O. Pulciab*, M.S. Pretea,  P. Goric, A. Mosca Contea, L. Matthesd, F. Bechstedtd

a Dept. of Physics, University of Rome Tor Vergata, and ETSF; b CNR-ISM, Rome, Italy; c Dept. of Engineer, University of Roma 
3; d IFTO, Friedrich Schiller Universität, Jena, Germany
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13:15  LUNCH

14:30  Chairman: D.Peddis
KN-1 Bio-inspired nanophase composites 
N. Pugno
Dipartimento di ingegneria Civile, Ambientale e Meccanica; Università di trento, via Mesiano, 77 I-38123 trento, Italy

SESSION 2: “Nanomagnetism I” 
Chairperson: I. Bergenti

15:00  Mo-2-O1  Relationship between the Verwey Transition and the particle size in 
magnetite nanoparticles synthesized by magnetotactic bacteria Magnetospirillum 
gryphiswaldense
L. Marcanoa, D. Muñoz Rodriguezb,  R. Martín Rodrigueza, A. Muelab,d, A. Garcia Prietoc,d,  J. Alonsoa,d, 
L. Fernández Barquíne, M. L. Fdez-Gubieda*a,d

aDepartamento de Electricidad y Electrónica, b Departamento de Inmunología, Microbiología y Parasitología, and cDepartamento 
de Física Aplicada I, Universidad del País Vasco (UPV/EHU), Spain; dBCMaterials, Building No.500, Technological Park of Bi-
scay, 48160  Derio, Spain; eDepartamento CITIMAC, F. Ciencias, Universidad de Cantabria, 39005 Santander, Spain 

15:15 Mo-2-O2  Study of Complex Magnetic Behaviour in Hollow Magnetic 
Nanoparticles
F. Sayed*a,b, N. Yaacouba, Y. Labayea, R. Sayed Hassanb, F. El Haj Hassanb, J.M. Grenechea, D. Peddisc

a LUNAM, Université du Maine, Institut des Molécules et Matériaux du Mans CNRS UMR-6283, Avenue Messiaen, 72085 Le 
Mans, France ; b MDPL, Université Libanaise, Faculté des Sciences Section I, Beyrouth, Liban; c Istituto di Struttura della Materia, 
Area della Ricerca di Roma, CNR, Via Salaria km 29.300, CP 10-00015 Monterotondo Stazione, Rome, Italy

15:30 Mo-2-O3  Beyond the crystallite size, the particle size and the capping agent: the 
effect of Zn substitution on the magnetic properties of cobalt ferrite nanoparticles
V. Mamelia, A. Musinua,b, A. Ardua,b,c, G. Ennasa,b, D. Peddisd, D. Niznanskye, N. T. K. Thanhf, C. 
Cannas*a,b,c

a Department of Chemical and Geological Sciences, University of Cagliari, Monserrato (CA), Italy; b Consorzio Interuniversitario 
Nazionale per la Scienza e Tecnologia dei Materiali (INSTM), Italy; c Consorzio AUSI, CREATE, Palazzo Bellavista Monteponi, 
Iglesias (CI), Italy; d Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche (CNR), Italy; e Department of Inorganic 
Chemistry, Charles University of Prague, Czech Republic; fUniversity College London (UCL), London, United Kingdom

15:45 Mo-2-O4  Study of the Size, Shape and Solvent Effect on Longitudinal and 
Transverse Relaxometry of Ferrite-Based MNPs 
M. Basinia, P. Arosioa, M. F. Casulab, T.Orlandoc, C. Sangregoriod,e, C. Innocentid,e, A. Lascialfaria, c

a Dipartimento di Fisica and INSTM, Università degli Studi di Milano, Milano, Italy; b Dipartimento di Scienze Chimiche and 
INSTM, Università di Cagliari, Monserrato, Italy; c Dipartimento di Fisica and INSTM, Università degli Studi di Pavia, Pavia, 

Italy; d Dipartimento di Chimica and INSTM, Università degli studi di Firenze, Sesto F.no , Italy; e ICCOM-CNR, Sesto F.no, Italy

16:00  Mo-2-O5  Materials for magnetoplasmonics – atoms and molecules
F. Pineider*a, M. Serria, A. Mekonnen Adamub, V. Amendolac, V. Bonannia, G. Campoa, M. Manninia, A. 
Dmitrievb, M. Guriolid, C. Sangregorioe, R. Sessolia

aINSTM & Department of Chemistry, University of Florence, Sesto Fiorentino (FI) Italy; bDepartment of Applied Physics, 
Chalmers University of Technology, Gothenburg, Sweden; cDepartment of Chemistry, University of Padova, Padova, Italy; 
dDepartment of Physics, University of Florence, Sesto Fiorentino (FI), Italy; eINSTM & ICCOM-CNR, Sesto Fiorentino (FI), 

Italy

16:15 Mo-2-O6  Universal dependence of the spin wave properties on the geometrical 
characteristics of Permalloy antidot lattices
G. Gubbiotti*a, S. Tacchia, P. Gruszeckib, M. Madamic, G. Carlottic,  J. W. Kłosb, M. Krawczykb, A. O. 
Adeyeyed  
a Istituto Officina dei Materiali del CNR (CNR-IOM), Unità di Perugia, c/o Dipartimento di Fisica e Geologia, Perugia, Italy; b 

Faculty of Physics, Adam Mickiewicz University in Poznan, Umultowska 85, Poznan 61-614, Poland; c Dipartimento di Fisica 
e Geologia, Università di Perugia, Italy; d Information Storage Materials Laboratory, Department of Electrical and Computer 
Engineering, National University of Singapore, 117576 Singapore
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16:30 Mo-2-O7  Optimisation of soft magnetic properties by tuning the amorphous-to-
crystalline transformation using fast current annealing on thin films 
M. Coïsson*a, G. Barreraa,b,  F. Celegatoa, E.S. Olivettia, P. Tibertoa, F. Vinaia, G. Fioreb, P. Rizzib, L. 
Battezzatib

aINRIM, Nanoscience and Materials Division, Torino (TO), Italy; bUniversità degli Studi di Torino, Chemistry Department, 
Torino (TO), Italy

16:45   COFFEE BREAK

17:00-18:30  Poster Session - P1
  Chairman: A. López Ortega

Tuesday, October 27th

09:00  Chairperson: C. Cannas
INV-2  Novel Colloidal Chemistry Approaches to Metal Oxide Hybrid 
Nanostructures 
N. Pinnaa

a Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor-Str. 2, 12489 Berlin, Germany

 

SESSION 3: “Synthesis and Characterization I” 
Chairperson: A. Musinu

10:00  Tu-3-O1  Photocatalytic actvity of TiO2 nanopowders supported on a new 
persistent luminescence material based on Zn, Ga, and Ge
F. Locardia*, E. Sanguinetib, I. Nellia, M. Fasolid,, M. Martinid, G. A Costaa,c, M. Ferrettia,c, V. Carattob,c

a Department of Chemistry and Industrial Chemistry, University of Genoa, Genoa, Italy; b Department of Earth, Environment and 
Life Sciences, University of Genoa, Genoa, Italy; c SPIN-CNR, Genoa, Italy; d Department of Materials Science, University of 
Milano-Bicocca, via Cozzi 55, 20215 Milano, Italy 

10:15 Tu-3-O2  Synthesis and characterization of an hyperbranched polymer englobing 
SWCNTs
A. M. Laera*a, F. Di Benedettoa, L. Capodiecia, M. Schioppaa, A. G. Scalonea, C. Nobileb, L. Tapfera

aENEA, Brindisi Research Centre, S.S.7 Appia km.713, 72100 Brindisi, Italy; bNNL, Nanoscience Institute – CNR, Via Arnesano, 
16, 73100 Lecce, Italy

10:30  Tu-3-O3  High-dose Pd+ ion implantation into thermoplastic polymers
F. Di Benedetto*, E. Piscopiello, A. D’Amore, M. E. Mosca, M. Massaro, G. Cassano, C. Esposito, L. 
Tapfer
ENEA - Italian National Agency for New Technologies, Energy and Sustainable Economic Development, Brindisi Research 
Centre, S.S. 7 Appia, km 706, 72100 Brindisi (Italy)

10:45 Tu-3-O4  Surface-Enhanced Polymerization via Schiff-base Coupling at the 
Solid-Water Interface under pH-Control
M. Di Giovannantonioa,b, T. Kosmala,c, B. Bonannia, G. Serranoa, N. Zemac, S. Turchinib, D. Catoneb, K. 
Wandeltc, D. Pasinid, G. Continib,a,*, C. Golettia

a Physics Department, University of Rome “Tor Vergata”, Via della Ricerca Scientifica 1, I-00133 Rome, Italy; bIstituto di Struttura 
della Materia, CNR, Via Fosso del Cavaliere 100, 00133 Rome, Italy; c Institute of Physical and Theoretical Chemistry, University 
of Bonn, Wegelerstraße 12, D-53115 Bonn, Germany; d Department of Chemistry and INSTM Research Unit, University of Pavia, 
Viale Taramelli, 10, 27100 Pavia, Italy

11:00  COFFEE BREAK
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11:30  Chairperson: E. Agostinelli
KN-2  Nanotechnology-based approaches open new avenues for food safety and 
security 

  M. Strianesea, G. Pintob, M. Staianob, A. Varrialeb, A. Maiolib, C. Capacchioneb, A. Capob, A. Scalab, 
  S. Di Giovannib, C. Pellecchiaa, S. D’Auriab* 
  a University of Salerno, Italy b Institute of Food Science, CNR, Avellino, Italy

SESSION 4:  “Applications I” 
Chairman: G. Varvaro

12:00 Tu-4-O1  Exploring the magnetic properties of ferrite nanoparticles for the 
development of rare-earth-free permanent magnet 
A. López-Ortegaa*, E. Lottinia, C. de Julián Fernándezb, C. Sangregorioc 
a Università degli Studi di Firenze and INSTM, Sesto Fiorentino (Firenze), I-50019 Italy; b CNR-IMEM Parma, I 43124 (Italy); c 

CNR-ICCOM Firenze and INSTM, , Sesto Fiorentino (Firenze), I-50019 Italy

12:15 Tu-4-O2  Magnetic Hyperthermia in Gold-Iron Oxide Dimeric Nanostructures  
F. Vitaa,b,*, P. D. Cozzolic, C. De Julian Fernandezb, A. Secchia, F. Rossib, A. Arduinia, F. Albertinib

a Università degli Studi di Parma, Parco Area delle Scienze 17/a, 43123 Parma, Italy; b IMEM-CNR – Parco Area delle Scienze, 
37/a, 43123 Parma, Italy; c CNR-Nano, Via per Arnesano, 73100 Lecce, Italy

12:30 Tu-4-O3  Electrochemically deposited CeO2-NiO powders for solid oxide fuel cells
M. Catalanoa*, A. Taurinoa, J- Zhub, P. Crozierc, C. Meled, B. Bozzinid

aInstitute for Microelectronics and Microsystems, IMM-CNR, Via Monteroni, 73100 Lecce – Italy; bSchool for Engineering of 
Matter, Transport and Energy, ASU, Tempe, AZ 85287-6106; cCenter for Solid State Science, ASU, Tempe, AZ 85287, USA; 
dDipartimento Ingegneria Innovazione, Università del Salento, via Monteroni, 73100 Lecce, Italy

12:45 Tu-4-O4  γ-Mg(BH4)2: a nanoporous complex hydrides for hydrogen storage and 
CO2 conversion
M. Baricco*, J. G. Vitillo, E. R. Pinatel, E. Albanese, A. Castellero, P. Rizzi, B. Civalleri, S. Bordiga
Department of Chemistry and NIS, University of Turin, via P.Giuria 7-9, I-10126 Torino, Italy

13:00 Tu-4-O5  Silver-silica core-shell nanoparticles generated by pulsed laser ablation 
using MCM-41 and SBA-15 mesoporous silica
A. Santagataa, A. Guarnaccioa*, Á. Szegedib, J. Valyonb, A. De Stefanisc, D. Mollicaa, G.P. Parisia

a UOS Tito Scalo, Istituto di Struttura della Materia, CNR, C/da S. Loja, 85050 Tito Scalo, PZ, Italy; b Research Centre for 
Natural Sciences, Institute of Materials and Environmental Chemistry, Hungarian Academy of Sciences, Magyar tudósok 
körútja 2, Budapest 1117, Hungary; c Istituto di Struttura della Materia, Rome Research Area-CNR, Via Salaria Km 29.300, 
00015 Monterotondo, RM, Italy

13:15  LUNCH

14:30-16:00 Poster Session - P2
Chairman: F. Agresti
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Wednesday, October 28th

09:00   Chairman: D. Fiorani
  INV-3  Biomedical applications of magnetic nanostructures

A. Lascialfari a,b,c,*, P. Arosioa, M. Basinia, M. Cobianchib, M. Cortib,T. Orlandob, F. Orsinia

a Department of Physics, Università degli studi di Milano, and INSTM, I-20133 Milano, Italy; b Department of Physics, 
Università degli studi di Pavia, and INSTM, I-27100 Pavia, Italy; c Istituto di Nanoscienze-S3, CNR, Modena I-41125, Italy

SESSION 5:  “Nanomagnetism II” 
Chairperson: S. Laureti

10:00  We-5-O1  Magnetic and magnetotransport properties in ordered arrays of 
magnetic nanostructures by self-assembling 
P. Tibertoa,*, G. Barreraa,b, F. Celegatoa, M. Coïssona, G. Contaa,b, F. Vinaia, P. Rizzib

aNanosciences and Materials Division, INRIM, Torino, Italy; b Chemistry Dept., Università di Torino, Torino, Italy

10:15 We-5-O2  Magneto-piezoresitive microstructured composites for detecting 
magnetizing field direction
V. Iannottia, G. Ausanioa, L. Lanotteb, L. Lanottea*
aCNR-SPIN and Department of Physics, University of Naples “Federico II”, Piazzale V. Tecchio 80, I-80125 Napoli; bLaboratoire 
Charles Coulomb, Université de Montpellier, Place Eugène Bataillon – Centre de Biochimie Structurale, 29 rue de Navacelles, 
34095 Montpellier (France)

10:30 We-5-O3  Exchange bias in nanostructures based on glassy ultrafine IrMn layers 
E. Bonfiglioli*a, F. Chinnia, F. Spizzoa, M. Tamisaria,b, A. Gerardinoc, L. Del Biancoa 

a Dipartimento di Fisica e Scienze della Terra and CNISM, Università di Ferrara, I-44122 Ferrara, Italy; bDipartimento di Fisica 
e Geologia and CNISM, Università di Perugia, I-06123 Perugia, Italy; c Istituto di Fotonica e Nanotecnologie, CNR, I-00156 
Rome, Italy

10:45 We-5-O4  Tunability of exchange bias in Ni@NiO and Ni@CoO core-shell 
nanoparticles prepared by sequential layer deposition
A. Pontia,* , A. M. Ferrettia, E. Capetti,a G. Bertonib, V. Grillob,c, P. Luchesc, S. Valeric,d, M.C. Spadaroc,d, 
S. D’Addatoc,d

aLaboratorio di Nanotecnologie, ISTM, CNR, via G. Fantoli 16/15, 20138 Milano, Italy; b IMEM, CNR, Parco Area delle Scienze 
37/A, 43100 Parma, Italy; c NANO, CNR, via G. Campi 213/a, 41125 Modena, Italy ; dDipartimento FIM, Università di Modena 
e Reggio Emilia, via G. Campi 213/a, 41125 Modena, Italy

11:00 We-5-O5  Rotation of Magnetic Stripe Domains in Fe1-xGax Thin Films
M.G. Pini a*, A. Rettorib,c, S. Tacchid, M. Marangoloe,f , M. Sacchie,f,g , M. Eddrief e,f , C. Hepburne, D. 
Biseroh,i , S. Finh , M. Carpentierij , G. Finocchiok, R. Tomasellol

aCNR-ISC, Istituto dei Sistemi Complessi, Unità di Firenze, I-50019 Sesto Fiorentino (FI), Italy; bDipartimento di Fisica ed 
Astronomia, Università di Firenze,  I-50019 Sesto Fiorentino (FI), Italy; cCentro S3, CNR-NANO, I-41125 Modena, Italy; dCNR-
IOM, Istituto Officina dei Materiali, c/o Dip. Fisica e Geologia Univ. di Perugia, I-06123 Perugia, Italy; eSorbonne Univ., UMPC 
Univ. Paris 06, UMR 7588, INSP, F-75005 Paris, France; fCNRS, UMR 7588, Institut des NanoScinces de Paris, F-75005 Paris, 
France; gSynchrotron SOLEIL, F-91192 Gif-sur-Yvette, France; hDipartimento di Fisica e Scienze della terra, Università di Ferrara, 
I-44122 Ferrara, Italy; iCNISM, Unità di Ferrara, I-44122 Ferrara, Italy; jDepartment of Electrical and Information Engineering, 
Politecnico di Bari, I-70125 Bari, Italy: kDepartment of Electronic Engineering, Industrial Chemistry and Engineering, University 
of Messina, I-98166 Messina, Italy; lDepartment of Computer Science, Modelling, Electronics and System Science, University of 
Calabria, I-87036 Arcavacata di Rende (CS), Italy

11:15  COFFEE BREAK

11:45  Chairman: M. Ferretti
KN-3  Impact of nanomaterials on human and environmental health : is nanosafety 
research on the right track?
L. Canesi 
Department of Earth, Environment and Life Sciences DISTAV. University of Genoa, Italy
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SESSION 6: “Applications II” 
Chairman: L. Tapfer

12:15 We-6-O1  Centella Asiatica Extract-SiO2 Nanocomposites for Keloid Treatment 
A. Scano* a,b, F. Ebaua, M. L. Mancac, V. Cabrasa, M. Pillonia, A.M. Faddac, G. Ennasa

a Chemical and Geological Science Dept., University of Cagliari and Cagliari Research Unit of the National Consortium of 
Materials Science and Technology (INSTM), Cittadella Universitaria di Monserrato, 09042 Monserrato, CA, Italy;  b Prigen 
srl, Sardegna Ricerche Building 3, Località Pixinamanna, 09010 Pula, Sardegna, Italy;  c Life and Environment Science Dept., 
Section of Drug Sciences, CNBS, University of Cagliari, Via Ospedale 72, 09124 Cagliari, Italy

12:30 We-6-O2  Control of nanoAg toxicological and antibacterial activity through 
Safety by Design approach
S. Ortellia*, D. Gardinia,  M. Blosia, O. Bussolatib, M. G. Bianchic, M. Allegrib, E. Bergamaschic, A. L. 
Costaa

a CNR-ISTEC, National Research Council-Institute of Science and Technology for Ceramics, Via Granarolo 64, Faenza, Italy; 
b Unit of General Pathology, Department of Biomedical, Biotechnological and Translational Sciences (SBiBiT), University of 
Parma, Via A. Gramsci 14, Parma, Italy; c Unit of Occupational Medicine, Department of Clinical and Experimental Medicine, 
University of Parma, Via A. Gramsci 14, Parma, Italy

12:45 We-6-O3  Optical properties of cellulose are governed by nano-scale structural 
disorder: application to conservation study of ancient paper
A. Mosca Conte*a, M. C. Braidottib, L. Teodonioa,c,d, O. Pulcia, J. Łojewskae, C. Contib,d, R. Fastampab, 
M.Missorid

a ISC, ETSF, Università di Roma Tor Vergata, via della Ricerca Scientifica 1, 00133, Rome, Italy; b Dipartimento di Fisica, 
Università di Roma “Sapienza”, P.le A Moro 5, Rome, Italy; c ICRCPAL, MIBACT, via Milano 76 00184, Rome, Italy; d ISC-
CNR, UOS Sapienza, at Dipartimento di Fisica, Università di Roma “Sapienza”, P.le A Moro 5, Rome, Italy; e Jagiellonian 
University, Ingardena 3, 30-060 Kraków, Poland

13:00 We-6-O4  Compacted magnesium based composites for improved hydrogen 
storage tanks

 D. Mirabile Gattia*, A. Montone,  I. Di Sarcina
 ENEA, Materials Technology Division, Research Centre of Casaccia, Via Anguillarese 301, 00123 Rome, Italy

13:15 LUNCH

SESSION 7 : “Synthesis and Characterization II” 
Chairperson: A. Montone

14:30  We-7-O1  Focused ion beam machining for micro/nano-nanostructuring
A. Notargiacomoa*, M. Peaa, M. De Setab, L. Di Gaspareb 
a Institute for Photonics and Nanotechnologies - CNR, Rome, 00156, Italy; b Science Department, Università Roma TRE, Roma, 
00146, Italy

14:45 We-7-O2  Solid state reactions in Fe/Pt thin films with additional Ag and Au 
interlayers
N.Y. Safonova*a, G.L. Katona b, F. Ganss a,d, G. Beddies a,d, I.A. Vladymyrskyi c, D.L. Beke b, M. Albrecht a

a Institute of Physics, University of Augsburg, D-86159, Augsburg, Germany; b University of Debrecen, Department of Solid 
State Physics, H-4010 Debrecen, Hungary; c NTUU “Kyiv Polytechnic Institute”, Department of Physics of Metals, Kyiv 03056, 
Ukraine; d Institute of Physics, Chemnitz University of Technology, D-09107, Chemnitz, Germany

15:00 We-7-O3  Silicon reactivity at the Ag(111) surface 
M. Sattaa, S. Colonnab, R. Flamminib, A. Cricentib, F. Ronci*b

a CNR-Istituto per lo Studio dei Materiali Nanostrutturati, Dipartimento di Chimica, Università di Roma “La Sapienza”, P.le Aldo 
Moro 5, I-00185, Rome, Italy; b CNR-Istituto di Struttura della Materia, Via Fosso del Cavaliere 100, I-00133 Rome, Italy

15:15 We-7-O4  Single Exciton Emission from Multistacked InAs Quantum Dots Chains 
Self-Assembled on GaAs (001) 
E. Placidia,b*, F. Arcipreteb, V. Latinib, R. Magric, F. Sartid, M. Guriolid, A. Vinattierid, and F. Patellab

a CNR-ISM, Via Fosso del Cavaliere 100, I-00133 Rome, Italyb Dipartimento di Fisica, Università di Roma “Tor Vergata”, Via 
della Ricerca Scientifica 1, I-00133 Rome, Italy; c Dipartimento di Fisica, Università di Modena e Reggio Emilia and Centro S3 
CNR –Istituto di Nanoscienze, Modena,Italy; d Dipartimento di Fisica e Astronomia, LENS, Università di Firenze, Italy
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15:30 We-7-O5  Study of the growth process of Si on the 8x8-reconstructed β-Si3N4(0001)/
Si(111) interface 
P. Allegrinia, F. Roncib, S. Colonnab, D.M. Trucchic , P. Sheverdyaevad, P. Morasd, R. Flammini*b

a CNR-IFN Istituto di Fotonica e Nanotecnologie, Via Cineto Romano 42, I-00156 Rome, Italy; b CNR-ISM Istituto di Struttura 
della Materia, Via del Fosso del Cavaliere 100, I-00133 Rome, Italy; c CNR-ISM Istituto di Struttura della Materia, Via Salaria 
km 29.300, I-00019 Monterotondo Scalo (RM), Italy; d CNR-ISM, Istituto di Struttura della Materia, Area Science Park, S.S. 14, 
km 163.5, I-34149 Trieste, Italy

15:45  We-7-O6  Silicon nanoribbons on the Ag(110) surface: an ab initio investigation of 
structure, stability, and the silicene question 

  C. Hogana,b, S. Colonnaa, R. Flamminia, A. Cricentia, F. Roncia

  a Institute for Structure of Matter, National Research Council (CNR-ISM), Via del Fosso del Cavaliere 100, 00133 Roma, Italy
  b Department of Physics, University of Rome “Tor Vergata”, Via della Ricerca Scientifica 1, 00133 Roma, Italy 

16:00 CLOSING CEREMONY
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POSTER PROGRAM
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Monday , October 26th 
H 17:00 - 18:45

SESSION “P1”
Chairman: A: López-Ortega

P1-01 Plasma-assisted fabrication of F-doped Fe2O3 nanostructures on Al2O3 single 
crystals
A. Gasparottoa, D. Barreca*b, E. Bontempic, G. Carraroa, C. Maccatoa, O. I. Lebedevd, C. Sadae, S. 
Turnerf, G. Van Tendeloof

a Department of Chemistry, Padova University and INSTM - 35131 Padova, Italy; b CNR-IENI and INSTM, Department of 
Chemistry, Padova University - 35131 Padova, Italy; c Chemistry for Technologies Laboratory, University of Brescia, 25123 
Brescia, Italy; d Laboratoire CRISMAT, UMR 6508, CNRS-ENSICAEN, 14050 Caen Cedex 4, France; e Department of Physics 
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Introduction
21st century technology has moved into the nano-scale and new materials can be built up atom by atom. In order to make 
further progress and to understand the formation mechanism as well as the interaction between nanoparticles we need 
imaging techniques down to the same scale.[1]
On the other hand, electron microscopy has also widened its field of application. After the invention of Ernst Ruska and 
Max Knoll in 1931, the instrument kept on improving and the resolution gradually decreased down to atomic scale in the 
nineties. Further improvements were hampered because of the inherent lens aberrations such as spherical aberrations or 
chromatic aberrations. Only after the work of Max Haider and coworkers [1], aberration corrected electron microscopy 
emerged. It made the resolution decrease down to about 0.5 Angstrom and in combination with improved EELS resolution 
(below 100 meV) and advanced EDX analysis, electron microscopy has evolved into a real analytical technique, able to 
provide quantitative data not only on structure, but also on composition, chemical bonding and magnetic properties.[2] 
We will show evidence for this during the lecture. 

Results and Discussion
The introduction of aberration corrected (AC) lenses has evidently introduced large changes in the electron microscopy 
world. Even more important though are the changes in the world of materials science, solid state physics and solid 
state chemistry. The new possibilities of AC-EM have boosted the development of new materials and new products or 
provided extra information about the functioning of these products. Major improvements originate from the combination 
of an increased signal to noise ratio, the possibility to work at variable voltages, the development of better detectors, the 
improvement of algoritms for 3D electron tomography, the incorporation of monochromators for EELS analysis and the 
improved recording of EDX spectra.
A recent example is the search for the origin of voltage decay in high capacity layered oxide electrodes in Li-based 
batteries. Lithium rich layered oxides (Li1+xNiyCozMn1-x-yO2) are attractive electrode materials with very high energy 
densities (16% over todays commercial cells). However they are known to suffer from voltage decay upon cycling. Using 
a double corrected TEM-STEM instrument we could study the migration of cations between the metal layers and the Li-
layers and prove unambiguously that the trapping of the metal ions in the interstitial tetrahedral sites is at the origin of 
the voltage decay (see Figure 1). Expanding the study to Li2Ru1-ySnyO3 and Li2RuO3 we could figure out that the slowest 
decay occurs for cations with the largest ionic radius.[3] 
Classical EM images however only provide two dimensional (2D) projected information. 3D imaging is on the other hand 
is particularly important to study the spatial arrangement of nanoparticles or the distribution of nanoparticles in a porous 
matrix. In classical electron tomography the resolution is in the nanometer range. Recently however we have been able 
to extend the classical electron tomography and to produce 3D images of nanoparticles with atomic resolution.[4] It is 
now even possible to determine the (surface) facets of nanoparticles as well as their composition and measure the strain 
involved in 3D.[5] 
Also more fundamental aspects in nanoscience can now be tackled. The combination of electron tomography and EELS 
has allowed us to map the valency of the Ce ions in CeO2-x nanocrystals in three dimensions. There is a clear facet-
dependent reduction shell at the surface of the ceria nanoparticles; {111} surface facets show a low surface reduction, 
whereas at {001} surface facets, the cerium ions are more likely to be reduced over a larger surface shell (see Figure 2). 
Our generic tomographic technique allows a full 3D data cube to be reconstructed, containing an EELS spectrum in each 
voxel. This possibility enables a three-dimensional investigation of a plethora of structural and chemical parameters such 
as valency, chemical composition, oxygen coordination, or bond lengths, triggering the synthesis of nanomaterials with 
improved properties.
Even in identifying or restoring famous paintings advanced EM can now play a crucial role. We investigated the 
deterioration of historical chrome yellow paint in the paintings of Van Gogh, in order to allow an optimal reconstruction 
of his works. This is particularly done by a quantitative analysis and mapping of the EELS data of chromium. The original 
pigments in late 19th Century consisted of PbCrO4, PbCr1-xSxO4, and PbSO4 particles. During aging, the particles have 
gradually evolved to core–shell PbCrO4–Cr2O3, or core–shell PbCrO4–PbSO4 particles together with some remaining 
PbSO4. An artificial aging process speeds up the evolution and shows that they will evolve towards Cr2O3, PbCrO4–
PbSO4– Cr2O3, or PbSO4– Cr2O3 core–shell structures. Greenish Cr2O3 deteriorates the originally clean yellow color. All 
those intermediate or final states have been observed and analyzed by AC STEM.[6]
Ultra small metal or semiconductor clusters (< 25 atoms) are unstable under the electron beam and the configuration of 



34

the cluster changes continuously. Using quantitative scanning transmission electron microscopy in combination with 
ab initio calculations, we have been able to characterize the transition between different equilibrium geometries such 
clusters. Seven-membered rings, trigonal prisms and some smaller subunits are identified as possible building blocks that 
stabilize the structure [7].

The authors acknowledge financial support from the European Research Grants for GVT, SB and JV. 
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Figure 1. [110] HAADF-STEM image of pristine Li2Ru0.75Ti0.25O3 (left) and after 50 charge-discharge cycles. Extra cations at the 
tetrahedral interstices locally appear after cycling (marked with arrowheads).

Figure 2. (a and d) HAADF-STEM reconstructions of a near-perfect and truncated octahedral ceria nanoparticle. (b and e) The 
corresponding 3D visualizations and slices through the 3D reconstructions showing the valency results for Ce3+ and Ce4+, indicating a 

thicker Ce3+ layer with more oxygen vacancies at the {001} truncation. (c and f) Slices through the Ce3+ and Ce4+ volumes.
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Abstract
The current trend in various energy applications, ranging from batteries to electrolizers, lays in the control of 
physicochemical and morphological properties of materials and their interfaces. Just to give some peculiar examples, due 
to their insulating nature (e.g. LiFePO4) or their dramatic volume changes (e.g. Si) many materials have been disregarded 
for decades in battery applications. Nowadays, through nanostructuring and surface coating, LiFePO4 and Si have become 
among the most promising materials for the next generation batteries that might power our cars. Nanostructuring gave 
also a new hope to technologies that were discarded such as Li-Air and Li-S.
During this seminar, recent strategies for metal oxide synthesis and nanostructuring targeting energy and environmental 
applications will be discussed. Especially, we will focus on one-pot strategies for the fabrication of hybrid materials 
by non-hydrolytic sol-gel chemistry[1,2] and the synthesis of heterostructured nanocrystals by galvanic replacement 
reaction.[3]
We will see that nowadays colloidal chemistry allows a control in terms of composition, crystalline structure, morphology 
and nanostructuration that would have been unimaginable just 10 years ago.
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Introduction
In the last two decades, much attention was devoted to novel multifunctional nanostructures (MuNS) of different kind, 
with overall dimensions of the order of 50-100 nm and below. The applications of such nanoparticles range from contrast 
agents in medical imaging, to carriers for drug delivery into individual cells, until therapeutic agents via release of heat 
or drugs directly on tissues. Thus, the applications of MuNS to nanomedicine is currently of growing interest in the 
world. Systems in forms of nanostructures have a number of chemico-physical properties that distinguish them from bulk 
materials because of their size, chemical reactivity, energy absorption, biological interactions and the kind of “active” 
moiety (e.g. Au or magnetic core, fluorescent molecules, radioactive nuclides), whereas a special attention has to be paid 
to their toxicity.[1] 
Among different nanoparticles, a particular place is occupied by magnetic nanostructures consisting of an inorganic core 
of ferrite (typically maghemite and/or magnetite, pure or “doped” with divalent metals) coated with an organic shell 
consisting of polymers, sugars, micelles, etc. These coatings often contain luminescent molecules and drugs, while their 
surface can be functionalized with peptides or antibodies, that give the possibility to target specific molecules or tissues 
in the body. [2-4]
We’ll focus on main results obtained on novel multifunctional magnetic nanoparticles (MNP), concerning especially 
the link among specific microscopic characteristics and their efficiency as contrast agents in Magnetic Resonance 
Imaging (MRI) and as agents for Magnetic Fluid Hyperthermia (MFH). Data concerning molecular targeting and other 
functionalities will be also presented .

Results and Discussion
Most of the magnetic nanoparticles’ systems reported in literature by an increasing number of research groups, have been 
shown to be useful as MRI contrast agents (CA) and MFH mediators, displaying high nuclear relaxivity and Specific Loss 
of Power. For these compounds, the possibility to collect images of the regions where the MNP are delivered through MRI 
and eventually Optical Imaging (if functionalized with a luminescent molecule), is joint to their use under radio-frequency 
fields, of the order of 100 KHz, which causes a local release of heat directed to tumour cells (the MFH effect), possibly 
inducing their death. By such materials, theranostic agents can be obtained. On the other hand, examples of reproducible 
experiments using these superparamagnetic nanoparticles for drug delivery and molecular targeting, although few, are 
actually present in literature. Thus, by unifying the diagnostic and therapeutic properties in a single nanostructure, a 
unique multifunctional theranostic system is obtained (Figure 1). [1-4,5,6]

Figure 1: A cartoon illustrating multifunctional magnetic nanoparticles for biomedicine.

As can be seen, such theranostic compounds can typically consist of : (a) a magnetic core, constituted by single magnetic 
nanoparticles or a cluster of them, acting as sensing and/or heating agent; (b) a biocompatible organic shell, stable in 
biological fluids; (c) a biologically active element, e.g. a drug and/or an antibody, included in or anchored to the shell for 
cell targeting; (d) a fluorescent molecule attached to the MNP surface or embedded in the organic part. 
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The investigation of fundamental physical mechanisms at the basis of static magnetic properties and magnetization 
dynamics of MNP, was carried on with increasing intensity in the last 15 years. The study of these zero-dimensional 
magnetic systems allowed in some cases to clarify the role of Brownian and Neel relaxation, and to determine the 
correlation times responsible for the increase of the 1H NMR nuclear relaxivity. Additionally, the obtained experimental 
and theoretical results gave the feedback to chemists for re-modulating the microscopic characteristics of the MNP for 
having higher efficiency in the applications.   
In recent literature, it was evinced that there is an ideal magnetic core size for each kind of MNP acting as MRI CA 
(highest nuclear transverse relaxivity r2>100 mM-1s-1), generally staying in the range 12-20 nm (depending on the kind 
of magnetic ion and the coating).[7] The Co-doping of ferrite obtaining system of formula Co1-xFe2O4, has shown to be 
effective in increasing substantially r2. 
In the field of MFH, it should be first noticed that the majority of MFH heat mediators investigated to date are based on 
iron oxide MNP, as they are known to be well tolerated by human body. As concerns  the MFH agents’ efficiency, the 
specific loss of power, SLP, defined as the energy converted into heat per mass unit, range between 10 and 200 W/g, 
according to the field parameters values used, with few notable exceptions represented by 35 nm bacterial magnetosome 
(960 W/g at 410 KHz and 10 kA/m) and 16 nm γ-Fe2O3 MNP (1650 W/g at 700 kHz and 24.8 kA/m) . Moreover it was 
shown both theoretically and experimentally, that for frequencies of the order of few hundreds of kHz the maximum SLP 
was attained for size in  the 15-20 nm range for magnetite [8,9] and 20-25 nm for maghemite.[9]

Conclusions 
To conclude it should be remarked that he current and common limitation in the MNP scale-up is the reproducibility in 
terms of kind of ferrite phase, size, size distribution and shape, that consequently affects sizeably the magnetic, optical 
and hyperthermic properties. Moreover, the final destination of the MNP inside the body, crucial for molecular targeting 
and so for local heat treatments and drug delivery, is not actually determined, due to the strong and fast response of the 
human body’s defenses (e.g macrophages) that eliminates most of the MNP from the circulatory system. The overcoming 
of these two difficulties are the final challenges for the future application of powerful theranostic agents.

References:
[1]  for a review, see: Murthy S K; International Journal of Nanomedicine; 2 (2007) 129; Sanvicens N, Pilar Marco M, Trends in 

Biotechnology; 26 (2008) 425; Fröhlich E, Chem. Med. Chem.; 8 (2013) 167;
[2]  Roca A G, Costo R et al.; J. Phys. D:Appl. Phys.; 42 (2009) 224002; Tartaj P, Morales M P, et al.; J. Phys. D: Appl. Phys.; 36 

(2003) R183;
[3]  Berry C C; J. Phys. D: Appl. Phys.; 42 (2009) 224003; Berry C C, Curtis A S G; J. Phys. D: Appl. Phys.; 36 (2003)  R198;
[4]  Pankhurst Q A, Thanh N K T, et al.; J. Phys. D: Appl. Phys.; 42 (2009) 224001; Pankhurst Q A, Connolly J, et al.; J. Phys. D: 

Appl. Phys.; 36 (2003) R167; for magnetic biosensors see: Haun J B, Yoon T J, et al.; Nanomed. Nanobiotechnol.; 2 (2010) 291; 
Yavuz C T, Mayo J T, et al.; Science; 314 (2006) 964;

[5]   Shen L, Stachowiak A, et al.; Laibinis Langmuir; 16 (2000) 9907; 
[6]   Lascialfari A, Sangregorio C; Chemistry Today; 29 (2011) 20;
[7]  Boni A, et al., J. Phys. D: Appl. Phys. 41 (2008), 134021; Casula M F, et al.; Chem. Mater.; 22 (2010) 1739; Tromsdorf U I, Bigall 

N C, et al.; Nano Lett.; 7 (2007) 2422;
[8]   Hergt R, Hiergeist R, et al.; J. Magn. Mater.; 293 (2005) 80; Fortin J P, Wilhelm C, et al.; J. Am. Chem. Soc.; 129 (2007) 2628;
[9]   Purushotham S, Ramanujan R V; J. Appl. Phys; 107 (2010) 114701



38

KN-1  Bio-inspired nanophase composites

N. Pugno*

Dipartimento di Ingegneria Civile, Ambientale e Meccanica; Università di Trento, via Mesiano, 77  I-38123 Trento, 
Italy

*e-mail: nicola.pugno@unitn.it

In this talk I will present our recent results on in the mechanical design and characterization of bioinspired nanophase 
composites, thanks to hierarchical modelling, simulations and experiments.



39

KN-2  Nanotechnology-based approaches open new avenues for food safety and 
security

M. Strianesea, G. Pintob, M. Staianob, A. Varrialeb, A. Maiolib, C. Capacchioneb, A. Capob, A. Scalab, S. Di Giovannib, C. 
Pellecchiaa, S. D’Auriab* 

a University of Salerno, Italy
b Institute of Food Science, CNR, Avellino, Italy

*e-mail: sabato.dauria@cnr.it

Keywords: Biosensor; Proteins; Silver nanoparticles; Near-infrared; Fluorescence; Interactions

Introduction
Molecular interactions are of high interest to molecular biologists because they help to understand function and behavior 
of proteins and they can also help to predict the biological processes that a protein of unknown function is involved in. 
In fact, protein interactions are critical for many biological processes since they mediate most of the cellular functions. 
Molecular interactions include both stable associations of proteins within multi-subunit protein complexes and transient 
associations of biomolecules with a regulatory function. Actually several methods are used to investigate protein–protein 
interactions. Affinity purification methods combined with mass spectrometry experiments is the most used method even 
if they allow the study of molecular interactions only in cell lysates and not in intact cells. Super-resolution microscopy 
approaches are applied to study protein interactions in-vivo, but these approaches still suffer of availability of high bright 
fluorescence probes and diffusion effects of the labeled molecules inside cells. It appears clear that each of the actual 
proposed methods has its own strengths and weaknesses, especially with regard to the possibility to reveal molecular 
interactions in large protein complexes or molecular interactions among the different subunits of large protein molecules. 
The main limiting steps are overall represented by the high background that makes difficult to gain information from 
optical measurements, by internal quenching phenomena, and in some case by the enormous size of the molecules involved 
in the interaction that hampers the use of some fluorescence methodologies such as Forster resonance energy transfer. A 
new method for extending the utilizable range of  Förster resonance energy transfer (FRET) is proposed and tested by 
the Monte – Carlo technique. The obtained results indicate that the efficiency of FRET can be significantly enhanced at a 
given distance if the energy transfer takes place towards multiple acceptors closely located on a macromolecule instead 
of a single acceptor molecule as it is currently used in FRET analysis. On the other hand, reasonable FRET efficiency 
can be obtained at significantly longer distances than in the case of a single acceptor. Randomly distributed and parallel 
orientated  acceptor transition moments with respect to the transition moment of the donor molecule are analyzed as two 
extreme cases. As expected,  parallel orientation of donor and acceptors transition moments results in a more efficient 
excitation energy collection. This finding can be applied to reveal directly the assembly/de-assembly of large complexes 
of proteins inside the cell by fluorescence microscopy. The calculations are performed for the set of typical experimentally 
obtainable parameters.

Results and Discussion
Förster resonance energy transfer [1] (FRET) has become a powerful tool to determine intra-molecular distances and 
molecular conformation variations of bio/molecules.[2]  In fact, FRET may act as a spectroscopic ruler for measuring 
distances not exceeding 10 nm.[3]  This property of FRET has been used extensively to study protein-protein interactions 
in mammalian cells. Cellular functioning is mediated by the activity of many protein complexes that constitute the cellular 
machines, which drive essentially all life processes including for example mRNA splicing, vesicle transport, cell migration 
or signal transduction. All these basic processes have in common that they involve multi-protein complexes with many 
components and tight spatio-temporal regulation of protein complexes. Unfortunately, many if not most complexes have 
sizes above 10 nm. These have been analysed so far by biochemical methods such a yeast two-hybrid, tandem affinity 
purification, and mass spectrometry, as well as co-immuno-precipitation and PCA (protein-fragment complementation 
assays) [4-6], but not in intact cells. Therefore, our current understanding of these multicomponent systems is limited 
because of a lack of tools for characterizing their function in the cellular context where they perform their functions.[7]
It would thus be extremely important to investigate many biological processes at distances over 10 nm. A possibly relevant 
development in this regard has been the emergence of several super-resolution microscopy techniques.[8]  These can be 
used to analyse the molecular distribution patterns in cells, and they have indeed revealed that proteins assemble in 
defined groups (clusters).[9]  Nevertheless, the approach of choice to reveal proteins complexes remains the use of FRET, 
and there is a worldwide interest in the development of new methodologies that allow the use of FRET at longer distances 
than the present ones.[10,11]
Recently, some of us have shown that the presence of nanostructured silver islands in the proximity of fluorophores 
contributes to the distance extension of the FRET phenomenon.[12]  In particular, it was showed that the effects of 
metallic silver island films on resonance energy transfer (RET) between the donor 4,6-diamidino-2-phenylindole (DAPI) 
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and the acceptor propidium iodide (PI), both of them bound to a double helical DNA molecule, resulted in a dramatic 
increase of the Förster distance from 3.5 nm  to an apparent value of 16.6 nm.[13]  This finding prompted several 
researchers to develop new types of FRET-based immunoassays.[14,15]  However, the use of silver nanoparticles has 
a severe restriction for in-vivo studies. This is because of the difficulty to introduce silver-labeled fluorescence proteins 
into the cell and for the poisoning action of silver nanoparticles on the cell cycle. Consequently, it appears important  to 
develop a metal-free method that allows the use of FRET over longer distances than the presently accessible to investigate 
the assembly/de-assembly of large protein complexes directly in cells.
The idea of extending the utilizable range of FRET by using the multiple acceptor molecules is possible to realize. 
Introductory experimental tests have shown that the use of  two or three acceptors lead to the increase of the energy 
transfer efficiency.[16] Our working hypothesis is based on the use of several rather closely placed acceptors that are 
bound to a single bio/macromolecule (e.g., an antibody 1) and can amplify energy transfer as antenna system. Close 
localization of acceptors means that the acceptor – acceptor distance is only a fraction of  the donor – acceptor distance 
and that the individual differences between particular donor - acceptor distances are insignificant. This condition enables 
determination the distance between selected labeled sites on interacting macromolecules with a reasonable accuracy. 
Acceptors will collect excitation energy that is transferred to them from a single donor molecule localized at a different 
bio/macromolecule (e.g., an antibody 2).  Further extension of  the range of energy transfer can be obtained  by  preferential 
non-random distribution of  acceptor transition moments towards the donor transition moment in emission. In most 
works devoted to applications of energy transfer in biologically active systems it is assumed that transition moments of 
interacting fluorophores are randomly distributed in space (either immobile or fast rotating transition moments). This 
fact leads to a rather narrow range of  the averaged orientation factor values [0.476; 2/3]  which  limit the application of 
FRET as a tool to study larger molecular assemblies. However, it follows from the definition of the critical distance that 
the enhanced value of  <κ2> can lead to significantly increased value of  critical distance for energy transfer.  Therefore, it 
is interesting to study cases of either macroscopically ordered donor – acceptor systems or preferential mutual molecular 
donor – acceptor orientations at molecular scale. Such cases appear often in systems with restricted geometries like 
biological membranes, photosynthetic units or quantum dots surrounded by acceptors.[17-19]  Non-random distribution 
of  donor - acceptor systems leading to enhanced  <κ2> have been also recently analyzed in the case of partly ordered 
polymer films.[20]  The Monte – Carlo simulations of relative donor quantum yield and fluorescence decays show that 
the usable range of FRET can be extended even up to 20 nm if multiple acceptors are used and <κ2> is high. The results 
obtained by Monte Carlo studies support our hypothesis indicating that the operating range of FRET can be markedly 
extended by placing multiple closely located acceptors  onto a macromolecule ( Figure 1).[21-23]  Figure 2 shows the 
dependence of the relative donor fluorescence quantum yield in the presence of acceptors as a function of donor – acceptor 
separation.

Figure 1: Geometric relations for donor  – multiple acceptors system. D and A denote donor molecule and acceptor molecule, 
respectively; the angles φ, J0, ”J define the location of a given acceptor molecule.[22,23]  

Figure 2: Relative donor fluorescence quantum yield in the presence of multiple acceptors for a random and parallel orientation of all 
molecules.[22,23]  
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Conclusions
The usable range of FRET can be extended by placing multiple closely located acceptor molecules onto a bio/
macromolecule.  Further manipulations and extensions of FRET range are possible, if the transition moments of donor 
and acceptor molecules are not random. Mention should be made that for multiple closely located acceptors or donors 
the dimer formation and self–quenching effect can occur, the effects well known and thoroughly studied in concentrated 
solutions.[23]  If dimers are formed the system becomes multi-components  and the presence of additional quenching 
centers has to be taken into account in the simulation procedure. Such an extended procedure for three or four component 
systems has been described earlier by us in the case of concentrated Rhodamine B solutions, where the presence of 
zwitterion and cationic form of the dye as well as dimers of both forms has been found and a good correspondence between 
simulation results of the concentration quenching and experimental data has been obtained.[23]  Three-component  highly  
ordered fluorescent systems have been also studied by us in terms of Monte – Carlo simulations in the case of uniaxially 
stretched polymer films doped with three fluorescent dyes forming donor–mediator–acceptor system20. Therefore, 
generalization of the Monte - Carlo algorithm to describe multiple acceptor types linked to proteins is possible. From the 
experimental point of view it may be, however, easier to limit the number of acceptors in order to prevent aggregation 
while keeping the energy transfer efficiency still high. The highest advisable number of acceptors will depend on the 
sizes of a macromolecules and fluorophores, on macromolecule susceptibility to dimerize and/or to aggregate, and on the 
number of reactive sites present on the macromolecules. 
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The increasingly growing production and application of nanomaterials (NMs), and their inevitable release into the envi-
ronment, imply the urgent need of understanding the possible risks associated with their  exposure for human and environ-
mental health. In this light, the EU NanoSafety Cluster was launched as an initiative to maximise the synergies between 
the existing FP6 and FP7 projects addressing all aspects of nanosafety, including toxicology, ecotoxicology, exposure 
assessment, mechanisms of interaction, risk assessment and standardisation. This partly contributed to the exponentially 
increasing number of publications on human health effects or biological end points in animals or cell cultures. These 
studies, mainly carried out in mammalian models, provided significant information on the main routes of uptake of NMs  
in cells and organisms, and the mechanisms through which they can induce adverse effects in biological systems (i.e. 
the Mode of Action, MoA). However, despite the plethora of published data, and different attempts to review available 
literature, no clear statements on the safety of different types of NMs are available yet. The reasons for this is partly due 
to difficulties in establishing sound criteria to compare the wide range of often conflicting results on NM toxicity.[1]  
Many studies are affected by a number of experimental pitfalls that can lead to misleading results: among these, lack of 
insufficient data on particle characterization and behaviour in exposure media, contamination of NMs by endotoxin for 
immunotoxicity studies, interference of solvents and dispersing agents,  NM concentrations (generally much higher than 
the worst possible exposure conditions),  interference of NMs, due to their peculiar physico-chemical characteristics, with 
other analytes in the test system, as well as with the detection methods utilised for standard biological  assays.  If this 
first applies to studies carried out in mammalian models, data on environmental effects of NMs are further behind, where  
additional complexity arises due to profound  differences in the biological models utilized (from non mammalian verte-
brates to invertebrates and unicellular algae) as representative of different environmental compartments. In fact, moving 
from nanotoxicology to nanoecotoxicology [2] further complications are represented by different routes of exposure, type 
of environmental medium (air, water) and physiological characteristics (respiration, feeding habit, etc.) of the organism, 
as well as to NM behaviour in complex aqueous media (freshwater, seawater), characterized by different ionic strengths, 
pHs, presence of organic matter, etc. . [3] Here different examples of in vitro studies carried out in our laboratory on 
monolayers of mammalian and human cell lines, as well as on human skin equivalent 3D models, with different types of 
NMs  are reported. Moreover, data on the utilization of a marine invertebrate model, the bivalve Mytilus, for in vitro and 
in vivo studies on NM ecotoxicity are summarized.[4] In particular, the advantages of using of Mytilus immune cells as a 
model for screening the effects of NMs on basic processes involved in innate immunity is described.
Overall, these examples underline the main criteria that must be taken into account in nanosafety research to provide 
robust and reliable data on the potential adverse effects of NMs on human and environmental health.
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Introduction
Nanosized diamonds produced by explosive reactions, called “detonation nanodiamond” (DND), are single C-sp3 
crystallites with diameters in the 5-8 nm range, which are currently proposed for a number of outstanding applications in 
nanotechnological fields. On the other hand, conductive polymers (CP) are examples of functional materials that show a 
variety of highly specific and desirable physicochemical properties.
The investigation of nanocomposites formed by nanodiamonds and conducting polymers (CP) is an emerging research 
task, due to the intrinsic versatility of both the materials and to the wide scenario of sophisticated applications proposed 
for their coupling and the design and manufacturing of the related nanocomposites. 

Results and Discussion
We present here a selection of nanomaterials and systems based on two representative members of the CP class, namely 
polyaniline (PANI) and poly(3,4-ethylenedioxythiophene) (PEDOT), produced in our labs following chemical or 
electrochemical polymerization routes in presence of DND dispersions.
Size specificity and catalytic properties make nanodiamond a revolutionary filler able not only to improve the basic 
functional properties of the host polymeric matrices, but also to modify the polymerization mechanism and to noticeably 
modulate the morphological features of the polymer itself. In Figure 1 some typical morphologies of the produced 
nanocomposites are shown.

Figure 1: Typical morphologies obtained for PANI and PEDOT/DND-based nanocomposites. 

The final architectures of the DND/CP originate from the mutual lay-out of DND and polymer segments, and the stacking 
of the polymer units is influenced by the spatial distribution of DND. Triggered by the ND presence the oligomer chains 
tend to a self-organization into non-conventional and rather unexpected geometries. The insertion of DND inside the poly-
meric matrix occurs without appreciable structural modifications of the polymers themselves, that retain the fundamental 
functional properties, as the electrochromism and the intrinsic electrical conductivity. The DND/CP cooperative interac-
tion is able to selectively produce nanomaterials with strongly improved thermal, mechanical and chemical properties 
imparted by the presence of nanodiamond.

Conclusions 
The multifunctional DND-based platforms can operate attractively in many areas of nanoscale science and engineering, 
and are presently finding applications in sensing and catalysis, electronics, electrochemistry and energy conversion/
storage.
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Introduction

Graphene, owing to its exceptional properties, has been widely explored in a variety of fields, such as electronics, sen-
sors, catalysis, and energy harvesting and storage systems. The scaled-up and reliable production processes of graphene 
derivatives offer a wide range of possibilities to synthesize graphene-based functional materials for various applications. 
The functionalization of pristine graphene with inorganic nanostructures brings an additional functionality to the host 
graphene sheets, has attracted a great attention.[1] Recently, an interesting progress has been made to fabricate ternary hy-
brid (metal/semiconductor/carbon) nanostructures for enhanced performances.[2] Ag-ZnO-GNP is one among such terna-
ry hybrid materials demonstrated higher photocatalytic activity, visible-light photodegradation efficiency, electrocatalytic 
activity, antibacterial, and acetylene gas sensing properties.[3-6] These enhanced functionalities can be ascribed to the 
synergic electron-transfer enhancing effects arising from heterogeneous mixture of graphene and Ag-ZnO nanostructures. 

Here in, we present a facile one-pot aqueous solution approach for the large-scale preparation of hybrid Ag-ZnO deco-
rated graphene nanoplatelets (GNPs) through a simple and low temperature hydrothermal method. GNPs are multi layer 
graphene sheets, which belong to the sp2 carbon-based nanomaterials with excellent electrical properties. The morphology 
and chemical composition of the produced ternary hybrid nanostructures has been probed through field emission scanning 
transmission electron microscope (FE-STEM) and X-ray photoelectron spectroscopy (XPS) techniques. 

Materials and Methods

At first, GNPs were produced by thermochemical exfoliation of commercially available Graphite Intercalation Compound 
(GIC), as described in earlier works.[7] Then, Ag-ZnO nanostructures were grown in-situ onto GNPs through an aque-
ous hydrothermal method.[8] Finally, a grayish powder comprised of GNPs decorated with Ag-ZnO nanostructures was 
obtained. 

Samples for FE-STEM, and XPS were prepared by drop-casting the hybrid material suspension onto lacey carbon Cu-
grids and cleaned silicon substrates respectively, with subsequent drying in oven at 150 °C for 30 min. The morphology 
of the hybrid nanostructures was observed using FE-STEM (Zeiss Auriga) operated at acceleration voltages 5 and 15 keV. 
Analysis of chemical composition was performed by XPS in a monochromatized spectrometer Escalab 250Xi (Thermo 
Fisher Scientific, UK) equipped with a six-channeltron detection system. The measurements were carried out by using a 
standard Al Kα excitation source set to the diameter of 0.9 mm, the analyser at constant pass energy of 40 eV and standard 
mode of the electromagnetic input lenses. Spectroscopic data were processed by the Avantage v.5 software. 

Results and Discussions

Figure 1(A)–(B) show the SEM images of the GNPs and Ag-ZnO decorated GNPs respectively. From SEM analysis, it is 
observed that GNPs are characterized by thickness in the range of 2 - 10 nm and lateral dimensions of 1 - 10 µm, whereas 
Ag-ZnO nanostructures have diameter in the range of 25 - 300 nm. The STEM image in Figure 1(C) shows that the planar 
graphene sheets are decorated by highly crystalline Ag-ZnO nanotsructures. The graphene sheets seem to act as nucle-
ation sites for metal-semiconductor crystals. 

Quantitative XPS analysis of the ternary hybrid Ag-ZnO-GNP sample indicated the presence of metallic Ag with Ag 3d5/2 
binding energy BE = 368.2 eV and with Auger parameter α› = 368.2 (Ag 3d5/2) + 357.6 (Ag MNN) = 725.8 eV.[9] These 
values clearly represent the metallic state of Ag. The presence of ZnO is confirmed by Zn2p3/2 peak at BE = 1022.4 eV 
and the Auger parameter α’ = 2009.7 eV.[10] On the surface of the sample is also present carbon in the form of graphene, 
which is affirmed by the C 1s peak at BE = 284.4 eV and the value of the D parameter of 14.0 eV determined from the first 
derivative of C KLL line.[11-12] The photoemission spectra of Ag 3d, C 1s, Zn 2p and X-ray induced auger spectra of Zn 
LMM are represented in Figure 2. The XPS elemental quantification indicated that the presence of C (35.8 at %), O (48.8 
at %) and Ag (12.3 at %) is higher than ZnO (3.1 at %), which can be tailored with the molar concentration of respective 
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precursors used for the synthesis. The amount of O 1s is attributed to the oxygen in ZnO and oxidized Si substrate. Hence, 
this analysis concludes that the prepared ternary hybrid material is comprised of metallic Ag, semiconducting ZnO and 
GNPs.

Figure 1: (A) SEM image of pristine GNPs, (B-C) SEM and STEM images Ag-ZnO decorated GNPs.

 

Figure 2: (a) Ag 3d; (b) C 1s; (c) Zn2p XPS spectra and (d) Zn LMM Auger spectra of Ag-ZnO-GNPs sample.

Conclusions

In summary, ternary hybrid nanostructures of Ag-ZnO decorated GNPs have been prepared through a facile and simple 
one-pot hydrothermal method. FE-STEM analysis revealed that the Ag-ZnO nanostructures are crystalline and anchored 
onto the planar GNPs. XPS analysis also confirmed the successful preparation of high purity Ag-ZnO nanostructures onto 
GNPs. These versatile ternary hybrid nanostructures are expected to find their cost effective and multipurpose industrial 
applications. 
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Introduction
As a result of the development of nanotechnology, new materials are available for engineering applications.[1,2] In the field 
of Structural Health Monitoring cement-matrix smart sensors appear very suitable.[3,4] Indeed, they show strain-sensing 
abilities and an ease of applying. They are realized with inclusions of conductive fillers into the cementitious matrix, 
which confer to the material piezoresistive properties and sensitivity to external mechanical changes.[5] The self-sensing 
capability is shown through the correlation between of electrical parameters, such as electrical resistivity, to the variation 
of applied loads or displacements.[6,7] In particular Carbon Nanotubes (CNTs) appear interesting nanoinclusions, due 
to their morphological and electrical characteristics. The interest in such nanostructures is growing. However, some 
issues related to their dispersion in cementitious matrices or to the realization of nanomodified materials, need a deeper 
investigation. The presence of different amounts of CNTs in the composite modifies the dispersion, the physical properties 
and the sensitivity of the material. This work investigates the strain sensitivity of different types of cement-based sensors 
(made of cement paste, mortar and concrete) with growing percentages of carbon nanotube inclusions. The research is 
aimed at investigating the dispersion of the nanotubes in the aqueous admixtures, the physical and electronic properties of 
the composites and the sensing abilities of the nanomodified sensors. The experimental campaign indicates that cement-
matrix sensors doped with CNTs, if properly implemented, appear promising for Structural Health Monitoring. 

Results and Discussion
Cement paste, mortar and concrete nanocomposites were prepared, using different percentages of Multi Walled Carbon 
Nanotubes (MWCNTs) Arkema type Graphistrength C100, from 0 to 1% with respect to the mass of cement, with a 
step increment of 0.25%, and from 1 to 1.5% in a single step of 0.5%. Cubes of side 51 mm were realized. The cement 
was pozzolanic, type 42.5. Sand and coarse aggregates were added to obtain mortar and concrete. A proper amount of 
a second-generation plasticizer, based on polycarboxylate ether polymers, was utilized to obtain a similar workability 
of the admixtures. Five stainless steel nets, placed symmetrically along the central axis, at a mutual distance of 1 cm, 
were embedded as electrodes. Table 1 shows the mix designs of the reference mixtures (Normal) and the nanomodified 
composites (Doped). C0 and C represent the mass of cement in normal and doped forms, respectively; ΔVP, ΔVM and ΔVC 
are the total volume of MWCNTs plus dispersant for composite paste, mortar and concrete, respectively; µ is the ratio 
between dispersant and MWCNTs mass while ρ is the ratio between MWCNTs and cement mass. The MWCNTs were 
added to the water of the mix designs though mechanical mixing and sonication. The conductivity of the nanomaterials 
enhances with the increase of the filler content, up to the percolation threshold, when the nanotubes form a continuous 
electrical network. A proper dispersion of the MWCNTs is crucial to get a homogeneous composite. The effective 
dispersion in the composites was investigated through a Scanning Electron Microscope (SEM). The images indicate a 
good dispersion of the nanotubes into the hardened cement-based materials (Figure 1).

Table 1: Parametric mix designs of composites of paste, mortar and concrete with different percentages of MWCNTs
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Figure 1: SEM images of (a) paste, (b) mortar and (c) concrete doped with 1.5% of CNTs

Electrical characterization of the specimens was carried out with a LCR meter at a frequency of 25 kHz, applying an 
AC voltage at growing distances of the electrodes. The results show that electrical resistance increase with the electrode 
distance (Figure 2). The graphs show also the variability of resistance with the percentage of the nanoinclusions. The 
electromechanical properties of the sensors were investigated through loading-unloading cycles at constant low speed of 
0.5 kN/s and increasing amplitude of 1, 1.5 and 2 kN. The results of the tests show that all the cement-based nanomodified 
samples clearly manifest a strain-sensing ability. Figure 3 reports, as an example, the time history of the incremental 
variation of the electrical resistance, ΔR, and of the strain, ε, as a function of the applied load, for cement paste with 1% 
of MWCNTs.

Figure 2: Diagrams of the variation of electrical resistance at electrode distances of 1 cm, 2 cm 3 cm and 4 cm, for cement paste, 
mortar and concrete doped with different percentages of MWCNTs

Figure 3: Results of a strain sensing test for cement paste with nanoinclusions of MWCNTs, subjected to cyclic loads

Conclusions 
The results of the experimental research show that cement-matrix composites with MWCNTs, if properly implemented, 
are suitable to produce sensors for Structural Health Monitoring applications.
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Introduction
The accurate and precise measurement of thermal diffusivity of fluids has been a major concern for several years in the 
past and estimations on different fluids have been reported by authors with larger spreads than reported experimental 
errors.[1] We built a device based on, as is conventionally called, the photoacoustic effect for the estimation of the thermal 
diffusivity of fluids at different temperatures. The mathematical basis of photothermal techniques has been developed 
at the end of the seventies.[2]  These techniques, just to cite some [3], have been employed for the characterization of 
several physical properties of matter, such as absorption spectrum, detection of gas traces, imaging and depth profiling. 
The proposed technique has been already successfully used to measure diffusivity and thermal effusivity of fluids [4,5]  
and, more recently, of nanofluids.[6-8] In particular, the photoacustic technique demonstrated a potential for a more 
accurate estimates of thermal diffusivity of fluids compared to more conventional techniques such as the “Hot Disk” and 
“Laser Flash” methods that seem more suitable for the characterization of solids and powders. As an example, Zhang 
et al. [9] reported an errors of 5% for thermal diffusivity estimations of nanonofluids by using the transient short-hot-
wire technique. The device presented in this paper is inspired to the works of Balderas-Lopez [5], that we improved  by 
an accurate sample temperature control (from room temperature up to 70 °C), and a fully automation of measurements 
obtained with a National Instruments Labview® interface in order to limit possible error sources. The capability of this 
technique to measure very small changes in thermal diffusivity due to addition of small contents of nanoparticles to fluids 
is demonstrated. In fact, an example of thermal diffusivity measurements of lubricants containing differ amounts of Single 
Wall Carbon Nanohorns (SWCNHs) is reported, together with an overview of the influence oh these nanoparticles on the 
tribological properties.

Results and Discussion
In this work, the design and development of a device for thermal diffusivity measurement of fluids exploiting the 
photoacoustic effect is presented. Compared to similar devices working only at room temperature, the version of the 
apparatus we present allows precise measurements (below 2% error) of thermal diffusivity of fluids from room temperature 
to 70 °C. Nanolubricants containing 0.1, 0.2, 0.5 and 1 wt% of 80 nm sized Single Walled Carbon Nanohorns (SWCNHs) 
in Poly-Alkylene Glycol oil were prepared and tested. We show that at the highest concentration of 1wt% SWCNHs an 
average 9% thermal diffusivity enhancement has been achieved over the investigated temperature range. 

Figure 1: (a) Thermal diffusivity of Poly-Alkylene Glycol and nanolubricants at different temperatures. (b) Average thermal 
diffusivity enhancement as a function of SWCNHs concentration.

The thermal diffusivity enhancement is higher than what expected from Maxwell model for non-interacting, static and 
spherical nanoparticles in fluids. The tribological characterization showed a maximum decrease of about 18% for friction 
coefficient and over 70% for wear scar volume. Therefore, the addition of these nanoparticles to this oil seems promising 
on optimizing the lubricant and thermal properties of this oil, usually employed in compressors for refrigeration.
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Conclusions
The proposed measurement setup demonstrates remarkable improvements compared to alternative techniques in the 
evaluation of thermal diffusivity of liquids and nanofluids at different temperatures. Particularly, it allows to discriminate 
even minimal variations of thermal diffusivity and to avoid overestimations caused by natural convection. It has been 
used to successful measure the thermal diffusivity of nanolubricants based on Poly-Alkylene Glycol oil and SWCNHs. 
Those nanolubricants also showed remarkable improvements of tribological properties compared to the base lubricant.
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Introduction
Conventional silicon (Si) solar cells are p-n junctions with an efficient extraction of light-generated charge carriers. In 
general, p-n junctions are synthesized through very expensive processes requiring very high temperatures (1000°C). 
Moreover, Si is a very costly material. Therefore, there is a significant interest in fabricating hetero-junctions at low-tem-
perature reducing in this way the total amount of Si. To achieve these goals, several systems are currently under investi-
gation. 
Carbon nanotubes (CNTs) are hollow cylindrical nanostructures composed of one graphene sheet rolled up to form a 
single wall tube or several coaxially arranged cylinders (multiwall carbon nanotubes – MWCNTs –). Due to their one-di-
mensional character, they present van Hove singularities in their electronic density of states conferring them unique 
optoelectronic properties. Moreover, they show semiconducting or metallic behaviour depending on their diameter size.
In the last decade, the photoconductivity of carbon nanotubes (CNTs) has attracted great interest due to potential applica-
tions of their unique optoelectronic properties for the development of novel photosensitive nanomaterials for light sensing 
and harvesting.
CNT/Si hybrid solar cells are very promising [1] with photo-conversion efficiency up to 15%. In these cells, the top p-type 
Si layer (emitter) is replaced by a semi-transparent CNT film deposited at room temperature on a n-doped Si wafer, thus 
giving rise to an overall reduction of the total Si thickness and to the fabrication of a inexpensive, stable and lightweight 
device at low-temperature. In particular, the CNT film acts as a charge carrier layer and establishes a built-in voltage for 
separating photo-carriers.[2] Moreover, due to the CNT film optical semi-transparency, most of the incoming light is ab-
sorbed in Si; thus the efficiency of the hybrid CNT/Si solar cell may in principle be comparable to a conventional Si p-n 
junction solar cell. However, under particular conditions, also CNTs are an efficient photon absorber, which extends the 
conventional Si cell spectral range towards the near ultraviolet and the near infrared regions. In this scenario, it is import-
ant to take into account several parameters in order not only to improve the current power conversion efficiency of these 
CNT/Si hybrid solar cells, but also to enhance the conventional Si cell spectral response. In the present talk a review of 
our last results in this field will be given.

Results and Discussion
We report air-stable MWCNT/Si hetero-junction solar cell devices realized with Si wafers of different thickness (56-200 
µm). The MWCNT films were prepared by dry-transfer printing [3] and directly attached on HF etched Silicon substrates 
and on Carlo Erba soda-lime glass slides for the optical and electrical characterization. 
Differently from other authors fabrication protocol of MWCNT films is simple, rapid, scalable, and does not involve 
costly and time-consuming industrial processes such as chemical vapour deposition. Herein, we investigate the optical 
and electrical properties of the MWCNT film and the whole MWCNT/Si device (shown in Figure 1), by varying the 
MWCNT film and Si thickness, independently. Therefore, we show that it is possible tailoring in a controlled fashion the 
PCE of our solar cells up to 10%, exhibiting negligible degradation of PCE after a month of exposure to air.
We report in Figure 2 the electrical response of our MWCNT/Si under AM 1.5 solar illumination. The I-V curves (left 
curves) and EQE (External Quantum Efficiency) (right curves) are reported as a function of Si wafer film thickness [4] 
for a cell with 22.7 ± 0.04 nm thick MWCNT film.
We achieved, after 60 s of exposition with HNO3 vapours, an unprecedented PCE of 10%, with a Fill Factor (FF) of 58% 
thus demonstrating the crucial role played by the interface between MWCNT and Silicon underneath to the transit of 
the electrons and holes through the interface. Moreover, the solar cells showed a remarkable stability in time of the I-V 
characteristics. The Photo-conversion efficiency reached a maximum after approximately three days, due to the formation 
of a thin Si oxide layer optimal thickness, and then it remained well stable over more than 30 days.[4]
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Figure 1: Three-dimensional sketch of the MWCNT/Si solar cell (a) and its cross-sectional view (b).

Figure 2: Optimization of the MWCNT/Si solar cell as a function of the MWCNT film thickness for a solar cells (left curves) and 
EQE (External Quantum Efficiency) (right curves) as a function of the Si wafer film thickness.[4]

Conclusions
In summary, our results represent a proof-of-concept for developing solar cells with moderate efficiency and reduced cost, 
by integrating MWCNT and Si technologies. For instance, about 23 nm thick MWCNT film made by 15 µg of MWCNTs, 
and 54 µm of crystalline Si are needed to make a heterojunction solar cell with 10% of PCE and peak EQE 70%. 
We are currently investigating similar solar cells obtained by replacing the MWCNT films with graphene layers, prepared 
in the same way through the dry-transfer printing methods. The Graphene/Silicon solar cell device should reduce furtherly 
the junction between the carbon nanostructure and the semiconductor underneath. 
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Introduction
Chemical-vapour-deposited (CVD) diamond high-temperature solar cells represent a novel and very attractive concept for 
the exploitation of concentrated solar radiation. This device exploits the Photon-enhanced Thermionic Emission (PETE) 
mechanism and works under vacuum conditions. 

PETE converters can provide a thermionic emission, significantly boosted by hot electrons generated by photons with 
sufficient energy to produce charge couples.

A radically new and potentially efficient PETE cathode completely based on CVD diamond, able to ensure an efficient 
thermionic emission at temperatures up to 780 °C by achieving Negative Electron Affinity (NEA), is here proposed. 

CVD diamond is solar-blind due to its wide bandgap (5.47 eV); advanced and novel techniques are needed for process-
ing diamond to become an efficient sunlight absorbing material (e.g. “black2 diamond). Surface texturing by fs-laser, 
boron-implantation, buried and distributed graphitic structures and other technological steps allow for the fabrication 
of an innovative defect engineered diamond cathode to be efficiently exploited for the conversion of concentrated solar 
radiation.

Results and discussion
The cathode structure is sketched in Figure 1. A free-standing diamond film (thickness ranging from some to hundreds of 
micrometers) is directly illuminated by the concentrated sunlight. On its illuminated surface, periodic textured structures 
with periodicity of hundreds of nanometers, comparable to the solar radiation wavelengths, are developed. It was demon-
strated that 1D textures drastically increase the diamond solar absorptance to values > 90 % .[1] “Black” diamond is the 
result of this technological process.

Figure 1: Sketch of the diamond photo-thermionic cathode for high temperature solar cells.
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The high diamond thermal conductivity ensures a negligible temperature gradient between the directly illuminated sur-
face and the emitting one. The surface texturing is also electronically active: since periodic structures are equivalent to 
periodic defect states in an ideal crystal, they can add additional energy levels within the diamond bandgap. A significant 
photoelectric enhancement connected to a large increase of responsivity was measured in surface-textured samples com-
pared to the untreated one. The control on the surface periodic structure is a key design parameter in diamond-based PETE 
cathodes, since the additional energy levels depend on the structure morphology, both in terms of density and energy po-
sition within the bandgap. Ideally, such defects should be a large band mimicking the trend of the solar spectrum. A black 
diamond sample is shown in Figure 2, compared to an untreated one.

Figure 2:  Comparison between a transparent and a “textured-black” diamond plate.

The diamond cathode has a front surface p-type doped layer, which: 1) acts as a low resistance ohmic contact; 2) mini-
mizes electron-hole recombination by the formation of a proper band-bending able to locally separate the charge carrier 
types; 3) increases the photoelectric boost by introducing in the diamond bandgap additional useful energy states. Boron 
implantation can be used for the fabrication of the p-type layer. 

The cathode acts as a defect-engineered semiconductor, where hot electrons, once photogenerated, can travel in the dia-
mond conduction band with a high diffusion length of (175 ± 25) mm.[2] It means that, if the cathode thickness is made 
shorter than the corresponding electron diffusion length, all the hot electrons can reach the emitting surface even without 
an accelerating electric field, thus producing an additional contribution of electrons ready for the emission. This is another 
important design parameter: thicker is the cathode and more is the optical absorption, but less could be the electric boost 
caused by photoelectrons. 

On the emitting surface, a thin N-doped diamond layer is developed (in order to obtain a Fermi level at 1.7 eV from the 
conduction band minimum) and the surface is hydrogen-terminated to achieve NEA. This induces a vacuum level posi-
tion below the conduction band minimum of about 0.5 eV, guaranteeing virtually no barrier for the electron emission and 
consequently a very high escape probability. Temperature reduces the work function values and, in case of nitrogen-doped 
diamond at 750 °C, 1.4 eV is reported in literature.[3]

Hot electrons induce a decrease of cathode electric conductivity, but the cathode emits also thermal electrons, that have to 
be refilled from the bulk to the emitting surface. Graphitic conductive micro-channels [4], developed within the diamond 
bulk and connecting the two cathode surfaces, are able to reduce the cathode series resistance. Graphitic micro-channels 
were fabricated embedded in the diamond lattice by using ultrashort (fs) laser pulses, which are able to transform sharply 
diamond into graphite with a high spatial resolution (about 1 mm). The presently obtained series resistance is in the range 
of few hundred of Ohms.

Conclusions 
A novel device has been here presented and discussed in terms of structural design. “Black” diamond could be the techno-
logical solution for an efficient and thermally stable photo-thermionic cathode. The fabrication of the cathode prototype 
is under process and the results will be presented in the next future.
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Introduction
The electronic and optical properties of 2D systems are here investigated by ab-initio (DFT, GW and BSE approaches) [1] 
and model methods.[2,3] We demonstrate that the infrared absorbance of Dirac systems such as Graphene, Silicene, and 
Germanene tends towards a universal value proportional to the fine structure constant.[4] Functionalizing these systems 
with Hydrogen provokes a metal-insulator transition  and induce huge excitonic effects.[1]
Finally, we present a preliminary study of the electronic and optical properties Nitride-based 2D materials (BN, GaN, 
InN, AlN, TlN).[5,6] Confinement effects together with reduced 2D screening strongly enhance excitonic effects, creating 
electron-hole pairs with large (~eV) binding energy and tunable optical gap, making these materials good candidates for 
novel optoelectronic devices also in the THz region.
 

Results and Discussion
Within Density Functional Theory as a first step,  and with Many-Body Perturbation Theory (GW, Bethe Salpeter approach) 
as a second step, it is possible to calculate the geometry, the electronic properties and the optical properties of materials. 
Here we demonstrate that Dirac systems do not posses strong excitonic effects thanks to their efficient metallic screening. 
All group IV materials (graphene, silicone, germanene, tinene) in two dimensional honeycomb geometry show a Dirac 
cone with causes, among the other amazing properties, an infrared universal absorbance equal to pa (see Figure 1).[4]
Upon functionalization, for example with hydrogen, a metal-insulator transition occurs and  giant excitonic effects appear, 
that we describe both ab-initio and with a simple 2D model.[2,3] Functionalization is one way to open a gap. Another 
way consists in playing with the atoms composing the sheets. When two or more atomic species are used, a gap opens 
due to a charge transfer between atoms of different electronegativity, and the Dirac cone disappear. An example is given 
by silicongraphene [1] and BN.  Since Nitrides are at the basis of new optoelectronics devices, we have studied in a 
systematic way group III-Nitrides free standing sheets (BN, AlN, GaN, InN, TlN) [6].

Figure 1: Calculated optical absorbance of graphene, silicene and germanene.
 In the low photon energy limit the absorbance tends to pa~0.023.

For all III-N sheets, we find honeycomb stable structures, and a gap varying from several eV to few meV, thus covering 
a spectral range from UV to THz region (see Figure 2) and suggesting the possible use of two-dimensional Nitrides for 
designing new devices.
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Figure 2: Calculated optical absorption of 2-dimensional Nitrides.

Conclusions 
Strong excitonic effects appear in 2D systems with gap, due to quantum confinement and reduced screening. Ab-initio 
approaches are able to catch these effects, but also simpler 2D models can give a satisfactory  agreement. In Dirac 
systems, the infrared absorbance tends to pa with a the fine structure constant. Finally, 2D nitrides have been investigated 
as new materials for optoelectronics. 
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Introduction
Bulk magnetite presents a characteristic sudden change in the structure and electrical conductivity around 120 K, the so-
called Verwey transition.[1] In this work we have focused on the study of this transition in magnetite nanoparticles and its 
dependence with the particle size. However, it is worth mentioning that magnetite nanoparticles are especially sensitive to 
oxidation, the resulting stoichiometry influence the Verwey transition, thus it is not easy to find any relation with the size. 
In the present work, we have used magnetite nanoparticles biosynthesized by magnetotactic bacteria Magnetospirillum 
gryphiswaldense. This kind of nanoparticles, also called magnetosomes, presents a high structural and chemical quality 
with well-determined properties thanks to the highly precise biological control and they are surrounded by a 3-4 nm lipid 
bilayer, which protect the particle from oxidation. Aiming to know the dependence of the Verwey temperature on particle 
size, we have performed a time-resolved study on the biomineralization process of these magnetosomes, stopping at 
different times after the bacterial incubation in a medium containing Fe(III)-citrate.[2]
The biomineralization process, i.e. biologically controlled formation of inorganic compounds, has been followed ma-
gnetically and structurally by means of TEM, HRTEM and XAS analysis, both XANES and EXAFS.
 
Results and Discussion
TEM analysis indicates that the magnetosomes size increase when the process goes on, from 15 nm, in early stages of 
the process, to 45 nm with a narrow size distribution, around 8 nm, for well-formed magnetosomes. These particles are 
cubo-octahedral and HRTEM microdiffraction confirms that they are pure mono-crystalline magnetite.
XANES confirms the presence of two different Fe-phases during the biomineralization process: a ferrihydrite-like 
structure and inorganic magnetite. It also allows to quantify the mass of each phase at different times after Fe incubation, 
giving insight into the phases evolution along the process. EXAFS analysis provides quantitative and qualitative 
information about the local environment of Fe-absorbing atoms allowing us to monitore the structural evolution of the 
magnetosomes. We have proved that the stoichiometry of the nanoparticles remains constant for the different stages of the 
biomineralization process. In this way, we are able to study the relationship between the Verwey temperature and other 
features such as the particle size. 
The Verwey temperature has been determined performing zero field cooled - field cooled DC magnetization curves and 
AC-susceptibility. These measurements show an increase in the Verwey temperature from approximately 80 K, for fifte-
en-nanometer particles, to 107 K for 45 nm magnetosomes, at the end of the biomineralization process (Figure 1). 

Figure 1: Evolution of the Verwey temperature as function of time. Red points correspond to DC-measurements while blue squares 
correspond to AC-measurements. Graph at right present the ZFC-FC magnetization curves for the final state, when bacteria show 

well-formed magnetosomes.
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Conclusions
The combination of structural and magnetic characterization has allowed us to follow the biomineralization process in 
magnetotactic bacteria Magnetospirillum gryphiswaldense.
We have probed that the stoichiometry of magnetite remains constant along the whole process. For this reason, magneto-
somes are suitable for the study of the relationship between the Verwey transition and the particle size.
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Introduction
The study of nanoparticles has been of great interest for their specific properties and the wide range of their application 
in different fields. In this framework, hollow magnetic nanoparticles (HMNs) recently attracted remarkable attention [1], 
where the hollow morphology does incorporate additional parameters for the tuning of the magnetic properties of the 
materials.[2] HMNs represent a specific class of materials with potential interest in biomedicine (drug delivery, MRI, 
etc...).[3]  In addition, they exhibit an important advantage from a fundamental point of view because of their extremely 
high surface effect. Spin disorder in such kind of nanoparticles remains an important effect to be understood, and it is 
conceivable to study both the influence of surface effects on the magnetic behavior of such nanoparticles and the complex 
mechanism of surface anisotropy in these NPs. For this, hollow magnetic nanoparticles are an important subject of study 
from both experimental and numerical point of views. The experimental study for such NPs formed of iron oxide (having 
spinel structure characterized by the presence of two sites: tatrahedral (A) and octahedral (B)) was conducted using diffe-
rent microstructural and magnetic techniques in particular 57Fe Mössbauer spectrometry (MS). Concerning the numerical 
contribution, modeling our system was done using c++ program based on Monte Carlo (MC) Metropolis algorithm. 

Results and Discussion
MS is a nuclear magnetic resonance which provides local structural and magnetic information. The interpretation of 
the hyperfine data allows to study the role of the surface (spin canting, spin disorder at the surface) on the magnetic 
properties. The most important results were obtained upon using MS as a function of temperature and external magnetic 
field, where MS in large applied fields is very useful route to investigate the non-collinear spin structure (i.e. spin canting) 
in ferrimagnetic materials. The experiments were done on maghemite hollow magnetic nanoparticles of size 9~11 nm 
and shell thickness around 2 nm. The Mössbauer spectra at room temperature and 77 K indicates the presence of a 
polycrystalline structure for our samples. Then, we performed high-field Mössbauer experiments at 11K, where the 
magnetic field of 8 T is applied parallel to the γ-beam, and the in-field spectrum is illustrated in Figure 1.
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Figure 1: Mössbauer spectra of hollow iron oxide nanoparticles: (a) at 11K without field, (b) at 11K in presence of a high external 
field of 8T (left), probability distribution as a function of angle values for both sites in the sample (right).

The in-field Mössbauer spectrum reveals the presence of non-collinear spin structure in both A and B sites established 
from the intensity of intermediate lines. Indeed, the spectrum is not consistent with classical ferrimagnetic structure and 
the distribution presented is different from the expected ones. It rather suggests a speromagnetic-like behavior which is 
the first time to be seen in such hollow structures. Different fitting models allow a wide distribution of angle to be conclu-
ded, and consequently a distribution of spin moments orientation throughout the whole space insuring speromagnetic-like 
behavior. The subspectra in Figure 1 are slightly splitted under the effect of the magnetic field, and were fitted using 
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correlations between the hyperfine field and the angle which is between the magnetic spin moment and the applied field.
The next step was to study our system numerically in order to better understand experimental results. We tend to study the 
effect of surface anisotropy in order to understand the presence of spin disorder in our structure. For small values of Ks, 
the spin structure seems to be collinear. When Ks increases, different structures are obtained where the increased surface 
anisotropy now tries to impose a radial orientation for the surface spins, a tendency which propagates into the core via 
the exchange coupling and competes with the super-exchange interaction. This competition yields a ‘‘throttled’’ structure.
[4] For a certain critical value of Ks, all the spins are radially oriented, either outward or inward the center of the hollow 
nanosphere, giving rise to a ‘‘spike’’ type spin structure. Figure 2 illustrates the different spin configurations obtained.

Figure 2: Different spin structures for different values of Ks: (a) Ks=2, (b) Ks=50, (c) Ks=150, (d) Ks=200.

This may show that the experimental results can be explained by the surface anisotropy using MC simulation, from where 
we conclude that the surface anisotropy has a great impact on spin behavior of our structure. This impact can be attributed 
first to the presence of two surfaces (inner and outer) in the hollow structure, and then to the low competition of surface 
anisotropy with the exchange energy due to the void heart of our nanoparticle.

Conclusions 
The results show that the hollow magnetic nanoparticles possess unusual magnetic behaviour, close to opposite spero-
magnets in agreement with a non-collinearity of both tetrahedral and octahedral subnetworks. The experimental results 
are also compared to predicted structures established from using Monte Carlo simulations including the effect of surface 
anisotropy. The compatibility between experimental and numerical results shows the importance of such kind of energy 
in affecting the magnetic behavior of such hollow nanoparticles, where the surface anisotropy energy seems to dominate 
such a magnetic behavior. 
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Introduction
Nanosized cubic spinel iron oxides (M(II)Fe2O4, M(II)=Fe2+, Co2+, Mn2+, Ni2+, etc.) are very interesting for both fundamental 
studies and applications (e.g. gas-sensing, pollutant removal, biomedicine).[1]  The spinel structure (AB2O4) is based on 
a closed-packed oxygen lattice, in which tetrahedral (A sites) and octahedral (B sites) interstices are occupied by the 
cations. The structure, the nature of the divalent ion (Mg2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+...) and the cationic distribution, 
besides nanoparticles size and shape, are responsible for the magnetic properties.[2]  
In this communication, the magnetic properties of Zn-substituted cobalt ferrite nanoparticles (ZnxCo1-xFe2O4, 0<x<0.6) 
synthesized by thermal decomposition of metal acetylacetonates in the presence of surfactants is discussed.[3]   In order 
to ensure similar (i) crystallite size, (ii) particle size and (iii) capping agent, the samples have been prepared and washed 
under the same experimental conditions. To verify these similarities, a careful chemicalphysical characterisation of the 
as-prepared hybrid nanostructures (inorganic core surrounded by an organic capping) has been carried out by means 
of Inductively Coupled Plasma - Atomic Emission Spectrometry (ICP-AES), Powder X-Ray Diffraction (PXRD), 
Transmission Electron Microscopy (C-TEM, HR-TEM), 57Fe Mössbauer Spectroscopy, Fourier Transform-Infrared 
Spectroscopy (FT-IR) and ThermoGravimetric Analysis (TGA). The magnetic properties of these samples have been 
finally studied by means of static magnetic measurements. In addition, calorimetric measurements have been carried 
out to test the properties of these samples in the heat release for the application as heat mediators in the Magnetic Fluid 
Hyperthermia (MFH).

Results and Discussion
Powder X-Ray Diffraction (PXRD) shows the presence of a unique spinel cubic phase (CoFe2O4, PdF card # 221086) with 
similar crystallite size of about 6 nm for all the samples. The Transmission Electron Microscopy (TEM) images indicate 
log normal-distributed spheroidal nanoparticles with similar mean diameters of about 7.5 nm and polidispersity degree 
(~22%). The combined-use of TGA and FT-IR have permitted to study the capping showing that the hybrid nanostructures 
are made of similar percentages of an organic shell, that corresponds to a monolayer of oleic acid molecules bonded at the 
surface of the nanoparticles. Due to these samples similarities, the magnetic properties have been discussed exclusively 
on the basis of the Zn-substitution beyond the effect of the capping agent, the crystallite and particle sizes and the particle 
shape. M versus H curves at 5 K show that the saturation magnetisation (Ms) increases up to x = 0.5 and decreases for 
higher Zn concentration. This behaviour can be ascribed to changes in the cationic distributions induced by substituting 
Co2+ by Zn2+. Indeed, it is well known the preference of Zn2+ for tetrahedral sites[4-7]  and of Co2+ for octahedral ones.
[8,9]  On the other hand, both coercive field (Hc) and irreversibility field (HK) have similar values when x>0, suggesting a 
similar value of magnetic anisotropy despite the increase of Zn content corresponding to the reduction of Co concentration. 
In this case, the strong difference in the single ion magnetic anisotropy values of Co2+ located in the A and B sites of 
the spinel structure can compensate for the deficiency of Co2+. To confirm this idea, 57Fe Mössbauer experiments under 
intense magnetic field have been performed in order to study the oxidation state and the coordination of the iron ions. 
The results indicates the presence of Fe3+ and an inversion degree of 0.7 and 0.4-0.5 for the pure cobalt ferrite and for 
the Znsubstituted samples, respectively. The presence of Zn2+ ions in the structure seems to force the Fe3+ ions to occupy 
octahedral sites rather than tetrahedral ones, in agreement with the hypothesised picture. Other magnetic measurements 
have been also performed to study the magnetic behaviour at 300 K by M vs H curves, the thermal dependence of 
magnetization (Zero Field Cooled (ZFC), Field Cooled (FC) and ThermoRemanent Magnetization (TRM) protocols) 
and the magnetic interactions (Isothermal Remanent Magnetisation (IRM), DC Demagnetization remanence (DCD) 
curves). The Specific Adsorption Rate (SAR), defined as the power released for mass unity has been measured through 
calorimetric measurements (under an alternate magnetic field with amplitude H0 = 14.2 kA/m and frequency f = 925 kHz) 
on the hexane colloidal dispersions of all the samples. The highest hyperthermal efficiency has been recorded for the pure 
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cobalt ferrite nanoparticles, suggesting that, in these samples, the magnetic anisotropy plays a key-role in the involved 
heat release mechanisms. A schematic representation of the proposed work is shown in Figure 1.

Figure 1: Study of the effect of increasing Zn content in ZnxCo1-xFe2O4, 0<x<0.6 nanoparticles samples beyond the capping agent, 
the crystallite size and the particle size.

Conclusions
The magnetic properties of Zn-substituted cobalt ferrite nanoparticles (ZnxCo1-xFe2O4, 0<x<0.6) have been discussed 
beyond the effect of the capping agent, the crystallite and the particle sizes. An interplay of chemical composition (i.e. 
Zn substitution) and cationic distribution has been found to be responsible for the magnetic behaviour. In addition, the 
magnetic anisotropy has been found to strongly affect the hyperthermic properties of these samples.
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Introduction
The spin dynamics of novel superparamagnetic systems based on colloidal Iron-Oxide magnetic nanoparticles (MNPs) 
has been investigated by a systematic experimental comparison between dynamic magnetic susceptibility measurements 
and NMR relaxometry as a function of magnetic core diameter. 

Results and Discussion
Two differently shaped systems with similar size have also been studied. The nanostructures contain a surfactant-capped 
magnetite (Fe3O4) inorganic core, with different controlled size and shape ranging from 3.5 to 17.5 nm.[1] The as-
synthesized nanostructures are passivated by hydrophobic surfactants (oleic acid) and fully dispersed both in hexane and 
in acqueous media by means of vesicles. 

Figure 1 (a) Hysteresis M vs H measurements on ferrite nanoparticles at T= 5K in the field range of -50 < H < 50 kOe . Effect of 
(a.1) core diameter , (a.2) core made of spheres and cubes and  (a.3) solvent has been underlined. (b) Effect of size (b.1), shape 
(b.2) and solvent (b.3) on ZFC/FC curves.

These magnetic nanocrystals (Figure 1) are potentially useful as contrast agents (CA) for magnetic resonance imaging 
(MRI) because of the high values of transverse relaxivity, which gives rise to a proper negative contrast in the MR images. 
In order to study the fundamental physical mechanisms of nuclear relaxation, the complete NMR-D profile of r1 
(longitudinal relaxivity) and r2 (transversal relaxivity) have been measured, until frequencies as low as 10 kHz, a not usual 
occurrence especially for r2 ( Figure 2).  
The NMR-D curves have been qualitatively compared with those predicted by theoretical models [2] describing the 
dependence of relaxivity on the size of the magnetic spheres, and confirm the hints on the nature of the involved physical 
mechanism: at low frequencies (<1 MHz about) the nuclear relaxation enhancement is led by the Neel correlation time 
while at higher frequencies the Curie relaxation mechanism dominates. 
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Figure 2 Effect of size, shape and solvent on longitudinal (r1) and transverse (r2) relaxivities (NMRD profiles) measured at room 
temperature in the frequency range  0.01 < f < 100 MHz. Solid lines represent the fit results by means of Roch’s model [2]

Key parameters obtained from the models have been exploited to evaluate the impact of the contribution from magnetic 
anisotropy to relaxivity curves, and a comparison between the reversal time (tN) of magnetisation as seen by NMR and by 
AC susceptibility experiments shows a good agreement between the tN’s estimated with the two techniques.
To complete the magnetic investigation, a study of the energy barrier distribution and the Neèl time as a function of the 
applied field has also been performed (Figure 3).

Figure 3  tN 
NMR/tN  

AC  ratios for all investigated samples. Points falling in the range inside the dashed lines indicate a good 
agreement between AC  suscetptibility and NMR relaxometry in evaluating Néel 

relaxation time at room temperature.
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Introduction
Magnetoplasmonics is a form of active plasmonics in which an external magnetic field is used to modulate the resonance 
conditions of a plasmonic system.[1] The amplitude of the modulation is rather small in purely plasmonic resonators [2, 
3], but it can increase significantly if a magnetic metal able to sustain plasmon resonance is used [4, 5], or by designing 
appropriate hybrid magnetic-plasmonic structures.[6] A peculiarity of magnetoplasmonic modulation is that the effect is 
strictly dependent on the polarization of light. As a consequence, the magnetic field can be held at a fixed value and high-
frequency light modulation (attainable in the 104 Hz range with photoelastic modulators) can be used as the analogue of 
a 100% inversion of the magnetic field. Fast modulation of the plasmonic response can be used to dramatically increase 
the figure of merit in refractometric sensing [3, 7]: this is particularly appealing in view of localized plasmon resonance-
based sensing.[8] The successful design and production of efficient magnetoplasmonic materials has to abide by three 
intertwined  criteria, which form the magnetoplasmonic trilemma: 

The magnetic component must be sufficiently strong and magnetically coupled
The plasmonic component must give rise to sharp and well defined plasmon resonances
The two components must interact

Satisfying each of the three conditions tends to have a negative effect on the other two: for instance, gold plasmonic 
material such as gold has a weak magnetic response, while a strong magnetic component coming from a ferromagnetic 
metal will quickly broaden the plasmon resonance. On the other hand, the requirement that the magnetic and plasmonic 
functions interact has generally has a negative influence on both magnetic and plasmonic functions. Here we show two 
approaches to introduce magnetic functionalities into plasmonic media, based on radically different approaches: the first 
one consists in doping magnetic Fe atoms into a plasmonic medium, while the second relies on magnetic molecules 
deposited in the proximity of a plasmonic resonator.

Results and Discussion
All magneto-optical studies were performed on a variable temperature Magnetic Circular Dichoism (MCD) setup.
The first aspect of this contribution concerns doping magnetic atoms into a plasmonic system: to achieve this we prepared 
Au nanospheres doped with 10% Fe atoms by laser ablation.[9] Such particles maintain good plasmonic properties and 
the Fe centres are magnetically coupled at low temperature, giving a strong magnetic response. We found that the MCD 
spectrum of these AuFe nanoparticles has the spectral line shape of simple gold nanoparticles. The magnitude of the 
spectrum was found to vary with temperature, following the trend of the magnetic moment value of the sample. The field 
dependence of the MCD signal was also found to be hysteretic (Figure 1). For comparison, the MCD response of pure 
Au nanoparticles is temperature-independent and linear with magnetic field. We believe the peculiar magneto-optical 
behaviour of AuFe nanospheres arises from the coupling of localised magnetic moments in the d band of the doping Fe 
ions with the conduction band of Au, thus giving rise to a spin polarised plasmon resonance. 

Figure 1: Magneto-optical response (fixed wavelength, field scan) of pure Au nanospheres and Fe-doped Au nanospheres.

To substantiate the molecular approach to magnetoplasmonics we show the results of a recent magneto-optical experi-
ment we carried out on thin layers of a molecular nanomagnet, TbPc2, deposited via thermal evaporation on glass-sup-
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ported gold nanodisks. Controlling the geometric parameters of the disks and the thickness of the molecular layer we were 
able to keep the molecular and the plasmonic resonances close or well separated in energy. Based on such separation, 
we found two different regimes of behaviour in the MCD response: for very small deposits of TbPc2 (~1 nm) and strong 
peak overlap we found an increase of the molecule’s MCD of one order of magnitude with respect to the corresponding 
molecular layer evaporated on glass.
In the second regime, where there is no significant overlap of molecular and plasmonic resonances, the MCD signal 
originating from the gold nanodisk shows a non-linear magnetic field dependence (Figure 2). The observed non-linearity 
originates from the interplay with the magnetic molecular layer. It has been recently been proposed and observed that chi-
ral molecules can induce optical activity in plasmonic structures when placed in their vicinity.[10] The results we present 
here seem to suggest a similar molecule-induced dichroism, albeit of magnetic nature. 

Figure 2: Magneto-optical response of pure Au nanodisks and disks covered by a film of the molecular nanomagnet TbPc2.

Conclusions 
The quest for the optimal magnetoplasmonic system, i.e. one that exhibits strong magnetic field dependence of a well-de-
fined, sharp plasmon resonance is still ongoing and several exciting pathways seem promising at this time. Among them, 
we showed two strategies that we consider particularly interesting: the first one consists in doping magnetic atoms into 
plasmonic nanostructures. This results in a peculiar behaviour of the plasmon resonance in response to an applied mag-
netic field. 
The second approach consists in evaporating thin layers of molecular nanomagnets on plasmonic nanodisks. This is the 
first report in which a magnetic molecule is coupled to plasmonic structures and the magneto-optical response of both 
components is taken into account. We feel this kind of approach has a high potential and could quickly develop into the 
new field of molecular magnetoplasmonics.
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Introduction
In the emerging field of magnon-spintronics[1], spin waves are exploited to encode, carry and process information in 
materials with periodic modulation of their magnetic properties, named magnonic crystals (MCs). These enable the 
redesign of the spin wave dispersion, thanks to its dependence on the geometric and magnetic parameters, resulting in the 
appearance of allowed and forbidden band gaps for specific propagation directions. 
From previous studies, it is known that antidot lattices (ADLs), i.e. arrays of holes drilled into a ferromagnetic film, 
can be considered as a network of multiple connected magnonic waveguides having an effective width (w) equal to the 
distance between neighboring hole edges, where both confined and propagating spin waves coexist.[2,3]  However, an 
overall comprehension of the relationship between the geometric characteristics of the ADLs and the SWs properties is 
still lacking.
In this work, we exploit the Brillouin light scattering (BLS) technique to study the SWs spectrum of two-dimensional 
MCs consisting of square antidot lattices ADLs. 

Results and discussion
Three series of Permalloy (Ni80Fe20) ADLs, consisting of circular holes arranged in a square matrix, have been studied. 
Series 1 (S1) and Series 2 (S2) consist of three arrays having fixed hole’s diameter D1=240 nm and hole-to-hole distance 
w1=200 nm, D2=355 nm and hole-to-hole distance w2=115 nm but different thickness, ranging between 12 and 30 nm. 
Series (S3) consists of four ADLs having fixed thickness of 30 nm while hole’s diameter (distance) varies in the range 
between 140 nm and 260 nm and the hole-to-hole distance ranges from 160 nm to 280 nm (Figure 1).

Figure 1: Scanning electron microscopy images of the ADLs samples in Series 3.

Each spectrum, measured by Brillouin light scattering, is characterized by the presence of three dominant peaks whose 
frequency and relative cross-section noticeably depend on the ADL thickness. The corresponding modes have been 
classified on the basis of their frequency and spatial symmetry (see Figure 2) as: edge mode (E) which is confined in the 
deep wells of demagnetizing field appearing close to the holes edges in the direction of the externally applied field. At 
higher frequency, the fundamental (F) mode, characterized by a quasi-uniform spin precession amplitude extending in 
the vertical channels comprised between rows of holes, and the localized fundamental (Floc) mode, having the maximum 
amplitude in the horizontal channels between rows of holes, are found. 
We show in Figure 3 that the frequency of these spin-wave modes, measured at the  Γ- point, follows a universal law and 
depend exclusively on the aspect ratio t/w of the effective nanowires, comprised between adjacent rows of holes.
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Figure 2: Calculated SW spatial profiles for the edge (E), the fundamental (F) and the fundamental-
localized (Floc) modes.

A similar dependence also applies to both the frequency position and the width of the main band gap of the fundamental 
(dispersive) mode at the edge of the first Brillouin zone. The experimental results are successfully interpreted on the basis 
of calculations performed by the plane wave method, taking into account both dipolar and exchange interactions.[4] This 
general and unified view that governs the spin-wave characteristics in squared ADLs has not been previously identified, 
and offers useful information for predictive purposes and device design operating in the microwave frequency range.

Figure 3: Frequency of the most intense modes, at the Γ -point, as a function the aspect ratio t/w of the 
effective nanowires, comprised between adjacent rows of holes. Measured (open points) and calculated 

(lines) frequencies of the E (red), F (black) and Floc (blue) modes in dependence on t/w ratio for the three 
Series of investigated samples.
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Introduction
Soft magnetic materials are currently used in a variety of applications in electrical machines, sensors and elements of 
devices. If prepared in thin film form, they can be applied to micro- and nano-patterned devices. However, with respect 
to ribbons and bulk materials, thin films of the same composition usually display worse soft magnetic properties, thus 
requiring suitable solutions to restore high permeability and low coercivity. 
Thermal treatments are often exploited to this purpose on materials whose microstructure is in a local energy minimum: by 
providing sufficient energy to the atoms by means of suitable thermal treatments, the microstructure can be significantly 
changed in favour of a configuration with a much lower energy. In their new state, the physical properties of these systems 
can be significantly improved. 
Metallic thin films, including magnetic ones, can be prepared in an amorphous or other off-equilibrium phase by means 
of widely available preparation techniques, such as evaporation and sputtering. The ability to control their microstructure 
through conventional thermal treatments is sometimes limited by the choice of the substrate, as glass cannot be heated at 
very high temperatures, and silicon may be affected by diffusion of some metals through its interface with the film. On 
the contrary, Joule heating, provided that an electrically insulating substrate is chosen, could be a viable technique for 
annealing the metallic film (and consequently tailoring its microstructure and its physical properties) without significantly 
affecting the substrate and its interface with the deposited metallic layer.
In this study, the magnetic properties of thin films prepared by sputtering are presented, before and after submission to 
current annealing.[1]

Results and Discussion
Several different compositions of soft magnetic materials have been investigated: Fe78Si9B13 (thickness 100 nm), 
Co67Fe4Si14.5B14.5 (44, 80 nm), Fe51Co22Nb4Si5P4B14 (75 nm), Fe84.3Si2P4B8Cu0.7 (100, 200 nm), all sputtered on glass 
substrates. Hysteresis loops and magnetic domain imaging (MFM), together with structural techniques (EDX, TEM, 
XRD), are used to follow the effects of annealing, which include stress relaxation and crystallisation. Current annealing 
turns out to be particularly versatile for its ability to finely control annealing time, as the sample temperature rises and 
decreases almost instantaneously. Therefore, very short annealing times can be obtained (usually in the time range 10-60 
s), which allow a fine tuning of the material microstructure.
Depending on the studied alloy, different features can be observed on its microstructure and on its magnetic properties. 
Generally speaking, low annealing current intensities lead to a softening of the magnetic properties of the samples, 
because of stress relaxations. At the very beginning of the onset of the crystallisation process, zero-magnetostrictive 
alloys re characterised by a minimum in their coercivity, that can be one order of magnitude lower than in the as prepared 
state, as shown in Figure 1 for the CoFeSiB alloy. As shown by the XRD spectra, the minimum of coercivity corresponds 
to the sample whose spectrum is still amorphous, immediately before the development of the first peaks, whereas the 
sample electrical resistance, compared immediately before and immediately after the thermal treatment, has incurrent into 
the highest relative variation.

Figure 1: Left: XRD spectra of CoFeSiB thin films submitted to Joule heating at different current intensities. Right: their coercive 
field and resistance variation.
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When crystallisation is fully exploited, at higher current intensities, an inhomogeneous microstructure develops, with 
an amorphous layer closer to the substrate and large crystals close to the sample surface, as shown in Figure 2 for a 
FeSiPBCu thin film.

Figure 2: TEM image of a FeSiPBCu thin films annealed at 60 mA (~500 °C) for 60 s.

Additional features can also appear in alloys that are characterised by a non-negligible magnetostriction, as shown in 
Figure 3: in FeCoNbSiPB thin films, low current intensities give rise to an ordered dense stripe domain configuration 
(observed by means of MFM), characterised by a weak perpendicular anisotropy and a typical transcritical loop shape, 
that disappears at current intensities > 50 mA in favour of a soft magnetic behaviour with an in-plane magnetisation and 
no MFM contrast.

Figure 3: Hysteresis loops and corresponding MFM images of FeCoNbSiPB thin films submitted to current annealing at low 
temperature.

Conclusions
Current annealing has been shown to be a particularly suitable thermal treatment for finely controlling the microstructure 
of soft magnetic thin films. Thanks to the extremely rapid temperature increase and decrease of the sample, annealing 
time can be controlled to the scale of a few seconds, and a precise tuning of the crystallisation processes, and therefore 
of the sample magnetic properties, can be achieved. In zero-magnetostrictive alloys, extremely low coercive field values 
(< 0.1 Oe) can be achieved, whereas in systems where magnetostriction plays a role, low current (i.e. low temperature) 
annealing can be used to exploit a weak perpendicular anisotropy, resulting in ordered dense stripe domain configurations.
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1. Introduction
The most used photocatalytic agent is probably the titanium dioxide in nanometric sizes. Pure TiO2 has the maximum 
adsorption in the UV region, at about 380 nm. Considerable effort has been directed toward expanding the optical response 
of TiO2 from the UV to the visible light region doping TiO2 with nonmetal atoms, such as S, C, or N.[1]
Recently, as alternative route for the efficiency increase, Li et al. proposed to support the TiO2 on the persistent 
luminescence materials (PeL). These materials are a peculiar class of compounds which can emit light even after the 
external excitation has been removed. In this way it is possible both to increase the general efficiency and to allow the 
photocatalytic process also in the absence of an external stimulation.[2] Specifically, using the luminescent material as 
internal “light” for the TiO2 excitation. 

2. Results and Discussion
The synthesized catalytic material tested in this work, is based on TiO2 nanoparticles supported on a new luminescent 
material with stoichiometric composition (3ZnO:Ga2O3:2GeO2):1%Cr3+ (%weight). 
The first step involved the preparation of the luminescent material through a solid state synthesis between ZnO (Alfa 
Aesar 99.99%), Ga2O3 (Alfa Aesar 99,999%), GeO2 (Alfa Aesar 99.98%), Cr2O3 (Alfa Aesar 99.97%). Differing from 
the literature [3], the raw powder were treated at 900°C for 2 hours, followed by a second heating at 1100°C for 2 hours. 
The (3ZnO:Ga2O3:2GeO2):1%Cr3+ named sample A. The TiO2 nanoparticles, named catalyst B, were prepared by a sol-
gel method, as previously reported.[4] A third type of sample, labelled as catalyst C, was prepared starting from 0.5 g of 
amorphous TiO2, suspended in 20 ml of deionized water, adding 0.5 g of sample A. The suspension was magnetically 
stirred for 30 minutes; then the water was eliminated through evaporation at 105°C. Finally, the dried powders were 
calcined for 2 hours at 450°C. The three obtained catalysts were characterized by means of XRD, SEM, BET and, only 
for sample A, radioluminescence (RL) and persistent luminescence (PeL) analyses. The photocatalytic activity was tested 
using 20 mg of catalyst in 25 ml of an aqueous methylen blue (MB) solution (15 mg/L). The MB concentration was 
calculated monitoring the absorbance at 664 nm.
Different kind of tests were carried out, both with constant light illumination and alternating cycles in which the light 
interval was followed by darkness (switching off the light). The results conducted during constant light illumination 
indicated that the catalyst C possessed an efficiency 15% higher respect to the unsupported TiO2 (catalyst B), reaching 
after 70 minute a degradation MB value equal to 80%. This result is in accord with Garcìa et al. that observed a better 
photoactivity of TiO2 when it was supported on a persistent luminescence material.[5]
Figure 1 reports the results of the tests conducted alternating 10 minutes of light to 10 minutes of darkness. The curve 
of catalyst B showed a typical step-by-step behavior indicating as only during the light intervals the photocatalysis and, 
consequently, the MB photodegradation occurred; instead during the dark phases (the grey regions in the figure), being 
absent the external stimulation, the necessary photons for the excitation of TiO2 are not provided. A different behavior 
was observed for sample C, where the TiO2 was supported on the persistent luminescence material: in fact, even in the 
darkness, a photocatalytic activity was kept allowing to reach a MB degradation of 80%, a value very closed to the result 
obtained with constant light illumination. 
During the absence of the external illumination the PeL material permits the photodegradation by providing to the TiO2 the 
necessary photons. Consequently, the new synthesized persistent luminescence material can be considered as a potential 
interesting and attractive supporting matrix for photo-assisted catalysis not only during constant light illumination but 
also without it, thus with a notable energy saving. 
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Figure 1: Decrease in MB concentration using the Material B and C alternating light intervals with dark intervals (the grey region).

Conclusions
A new photocatalyst, based on TiO2 nanoparticles supported on a persistent luminescence material, was synthesized. 
The new catalyst was tested in the presence of a solution of methylene blue, demonstrating a high efficiency reaching a 
decomposition greater than 80% in 70 minutes. The novel catalyst was used both in the continuous presence of an external 
light excitation and alternating darkness/light conditions. The same degradation percentage of MB was obtained in both 
experiments demonstrating how during the dark interval the photoactivity was still present due to the persistent luminescent 
emission which provides the necessary photons to the TiO2. Consequently, a notable increment in the efficiency has been 
reached because using only half time of the external illumination the same degradation results were obtained.
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Introduction
Applications of single walled carbon nanotubes (SWCNTs) in polymer nanocomposites are, despite of their high electrical 
and thermal conductivities and their extraordinary mechanical properties, below the expectations, mainly because the 
achievement of ordered network of SWCNTs in polymer matrices remains still a challenge. In fact, obtaining a good 
dispersion of SWCNTs represents the crucial step to really exploit their potential usage in electronic devices and structural 
materials. Due to their nanometric size, SWCNTs tend to form stable aggregates that reduce interfacial bonding with 
matrices, and inhibit to confer their advantageous properties to nanocomposite material.
The most used strategies for the fabrication of nanocarbon-based composite materials involve physical mixing in solution, 
in situ polymerization of monomers in presence of nanotubes, and chemical functionalization of the incorporated 
nanotubes. Despite of the big number of published works related, no method can be considered powerful enough to well 
separate nanotubes agglomerate and to confer nanocomposites the expected improvements of thermal, electrical and 
mechanical properties.
Here, we propose a different approach, that is not aimed at obtaining a nanocomposite material, but rather at obtaining a 
polymeric architecture englobing a dense network of SWCNTs. The methodology involves synthesis of a hyperbranched 
polymer structure achieved covalently bonding the SWCNTs with hexamethylenediamine (HMDA). The success of 
synthesis was evidenced mainly by acquiring spectra of attenuated total reflectance (ATR). The proposed technique offers 
the possibility to obtain new materials having an high weight percentage of carbon nanotubes. The rheological, chemical 
and physical properties of products are tunable by changing carbon nanotube type or diamine compound.

Results and Discussion
The amidation of carboxylic groups, introduced on carbon nanotubes ends and side walls through strong acid treatments, 
is a proven strategy commonly used to tune their chemical properties such us solubility.[1] The carboxylic group can 
be converted in amidic moieties by reaction with amines in presence of coupling reagents like carbodiimide.[2-3] 
Alternatively, as chosen in present work, the carboxylic group can be converted in more reactive acyl groups by using 
acyl chloride or oxalyl chloride. The subsequent treatment with amines allows to obtain the amidic functionalization.[4-5]
Reactions of acyl chloride functionalized nanotubes with aliphatic diamine has been jet investigated with the aim to 
introduce ammino terminated functional groups[6] or with the aim to obtain intermolecular junctions between two 
SWCNTs.[7-8] 
In present work the reaction was performed at the higher temperature of 90°C and for a prolonged time (7 days) with the 
aim to obtain an hyperbranched polymer architecture englobing a great weight percentage of carbon nanotube, without 
phase segregation. The commercial SWCNTs functionalized with carboxylic acid were provided aggregate in bundle with 
a diameter of 4-5nm and a length of 0.5-1.5µm, while the average diameter of individual SWCNT was of 1.4nm. The 
reaction scheme is showed in Figure 1.
The success of synthetic process was firstly demonstrated through change in solubility of product respect to pristine 
SWCNTs. While the untreated nanotubes results soluble in water in presence of a surfactant as sodium dodecyl sulfate 
(SDS) (1% in weight), the obtained hyperbranched polymer precipitate in few minutes (Figure 2).
The ATR spectrum of produced polymeric structure showed relevant differences with ATR spectra of both starting 
reactants. The appearance of a signal at about 1700 cm-1, in ATR spectrum of produced polymeric material confirmed 
amide bonds formation.
The hyperbranched polymer characterization was completed by using field-emission scanning electron microscopy (FE-
SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), Raman spectroscopy and thermo-gravimetric 
analysis (TGA). The SEM images, reported in Figure 2, highlights the formation of an amorphous polymeric material 
englobing a dense network of SWCNTs without phase segregation, demonstrating that the reaction with HMDA allows 
exfoliation of SWCNTs bundles and a reorganization of SWCNTs in a complex three-dimensional network.
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Figure 1: Synthesis of hyperbranched polymer englobing SWCNTs

Figure 2: Different solubility of pristine SWCNTs (a) and englobed in hyperbranched polymer (b) in a water solution of SDS (on the 
left). Different aspects of pristine SWCNTs (a) and englobed in hyperbranched polymer (b) in FE-SEM images (on the right).

Conclusions 
The synthesis and characterization of an hyperbranched polymer englobing SWCNTs was described. The proven pathway 
of acylation and amidation was modify with the aim to obtain a complex three-dimensional network of SWCNTs. The 
amidation step was performed with a diamine compound (HMDA) at high temperature (90°C) for a prolonged period of 
7 days. The strategy allows to overcome the problems inherent the procedures commonly used to prepare nanocomposite 
such as physical mixing in solution and, in situ polymerization of monomers in presence of nanotubes. During these 
procedure the high ratio surface volume of SWCNTs causes formation of compact bundles and ropes that prevent the 
optimum load transfer and the optimum electrical interface between components.The proposed technique offers a facile 
pathway to obtain materials having an high weight percentage of carbon nanotubes without phase segregation and having 
rheological, chemical and physical properties tunable by changing carbon nanotube type or diamine compound.
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Introduction
Metal ion implantation in inert polymers is a well-assessed technique to introduce metal species beyond the equilibrium 
limit of the solubility [1-2] and to fabricate nanocomposites that may be attractive for a number of applications, such as 
strain gauge [3], nanoscale plasmonics, fabrication of non-linear optical devices, magnetic date storage media, magneto-
sensors and magneto-optical devices and so on.
In the present work we briefly report on results of a work-in progress study devoted to the synthesis and characterization 
of Palladium nanoparticles embedding into different thermoplastic substrates, such as Polymethylmetacrylate (PMMA), 
Polypropylene (PP), Polycarbonate (PC) and Polyethylene terephthalate glycol modified (PETG). To this purpose all 
the polymer layers were irradiated by using the same process parameters in order to fabricate Pd nanoparticles close to 
the near polymer surface: 90keV Pd+ ion energy, ion beam current of 0.7μA/cm2, and high-dose implantation of 5x1016 
ions/cm2. The principal aim of the present work is to give a further contribution to the understanding in the field of ion 
implantation of polymers by investigating the surface damage,  morphological and structural modification induced in 
the produced metal-polymer nanocomposites by mainly using Scanning Helium ion microscopy (SHeIM) and glancing-
incidence X-ray diffraction (GIXRD). Moreover, electrical resistance of near-surface metal–polymer nanocomposite are 
measured at room temperature. 

Results and Discussion
A first experimental evidence of the existence of metal nanoparticles (NPs) below the polymeric surface is the appearance 
of the implanted samples, that changes from a colorless to a metallic bright aspect. A second evidence is given by images 
obtained by using a Scanning Helium Ion Microscope (SHeIM, model Zeiss ORION PLUS, minimum beam size of 
0.35nm) and reported in Figure 1. Compared to secondary electron (SE) images obtained by a conventional SEM, ion-
beam-generated secondary electron (iSE) images have a better resolution and much enhanced surface details due to the 
peculiar physical properties of the beam-sample interaction involved in the SHeIM (i.e. interaction volume small in size, 
little or no ion backscattering inside the sample). So, from images reported in Figure 1 we can put in evidence the presence 
of uniformly dispersed NPs in all samples and we can deduce additional info on the surface roughness and how particles 
are far away from the polymer surface.

Figure 1: iSE images of polymeric surfaces implanted by Pd+ ions.
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In particular, in PMMA irradiated sample the bright contrast of NPs is well discernible from the background contrast 
(polymer): round as well as elongated particles are present and they are quite close to the surface. Similar results can be 
obtained for PETG irradiated sample but, in this case, the poor difference in contrast between particles and matrix suggests 
a particles presence not so close to the surface (compared to the previous sample). iSE image of NPs implanted onto PC 
polymer are more elongated and, some of them partially reach the surface, as shown in the central region of the image 
(Figure 1, PC pointed by arrow). Finally, Pd+ ions implanted into PP matrix shows particles both round and elongated 
in shape quite close to the surface. In this case, the polymeric surface was significantly damaged by the implantation 
process, showing high roughness and small voids (Figure 1, PP pointed by arrow) spread all over the surface itself. Ion-
irradiated surface damage strongly depends on the chemistry of polymer material yielding consequently different surface 
morphologies.

The microstructures and the phases formed below the ion implanted polymeric surfaces have been analysed by GIXRD. The 
diffraction patterns of the ion implanted polymers does not exhibit an immediate evidence of the metallic crystallographic 
phases. However, the difference curve shows the Bragg peaks of cubic Pd phase (ICDD Card No.00-087-0637), which 
suggests the formation of crystalline nanoparticles in the amorphous matrices. As reference we report the diffraction pattern 
of polycarbonate before and after ion implantation process (Figure 2), but similar results have been obtained for the 
different polymeric matrices. 

           
Figure 2: Diffraction patterns before and after ion implantation and XRD difference curve of Pd+ ion implanted polycarbonate. The 

Bragg peaks are indexed in accordance with the ICDD PDFs Crystallographic Database.

The formation of a quasi continuous conducting films below the ion implanted polymeric surfaces can be proved by the 
electrical conductivity measurements. To this purpose the ion-implanted samples have been cut properly for fabricating 
electrode stripes by using silver dag. This measurement procedure is more indicated with respect to point contact 
measurements because in this way eventual inhomogeneous ion-implanted film structures are averaged over a larger 
area. The measured electrical resistivity values show a reduced electrical resistance of the near-surface metal–polymer 
nanocomposite. In particular, Pd+ implanted polycarbonate exhibits a value of  about 80 KΩ that is strongly related to the 
high nanoparticle density and makes this sample suitable for the fabrication of strain gauge and mechanical deformation 
devices.

Conclusions 
Uniformly dispersed metal nanoparticles have been fabricated by high-energy ion implantation in different amorphous 
substrates. In particular, the nanocomposite layers fabricated by Pd+ ion implantation onto polycarbonate substrate show 
a reduced electrical resistance suitable for the fabrication of metal based nanocomposites suitable for the development of 
innovative strain gauges. Future works will be addressed to the optimization of strain gauges structure and their in-service 
response.
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Introduction
The request for realizing materials with reduced size in view of technological applications is driving the research of the 
last decade toward miniaturization.[1] Nanostructures based on organic materials have received great interest because of 
their possible employment as active media in organic electronic devices and their advantages (cheap, easy to process on 
large scale, flexible and transparent) compared to inorganic materials.[2,3] Polymers exhibit higher mechanical stability 
and their extended π-conjugated structures allow more efficient electron transport compared to self-assembled layers.
[4,5] On-surface synthesis of polymers confines the growth to in two dimensions and produces highly ordered structures. 
Several studies have been reported on surface polymerization under ultra-high vacuum (UHV) conditions.[5-10]  
However, there is a strong interest in realizing polymeric networks under less-demanding reaction conditions, which is 
more appealing for technological applications. One of the proposed polymerization methods at the solid-liquid interface, 
easy and low cost, utilizes the formation of Schiff-bases in a condensation polymerization approach (Figure 1a). We 
report herein a study [11] of 4,4’-diaminostilbene dihydrochloride (ASB) and terephthalaldehyde (TPA), able to form 
π-conjugated polymers on iodine-modified Au(111) (Figure 1b-d).

Figure 1: (a) Reaction scheme for Schiff-base coupling. (b) Molecules used as precursors (terephthalaldehyde, TPA, and 
4,4’-diaminostilbene dihydrochloride, ASB). (c) Intermediate state of the reaction. (d) Final product of the reaction (π-conjugated 

polymer).

Results and Discussion
Scanning tunneling microscopy (STM) investigations show that the substrate acts as a template driving the formation of 
1D ordered nanostructures (Figure 2). All the chemical states of the molecules on the surface have been identified and 
their evolution as a function of the pH has been monitored by synchrotron radiation X-ray photoelectron spectroscopy 
(XPS), demonstrating that two polymeric phases, undistinguishable by STM, exist on the surface: intermediate state and 
π-conjugated final product (Figure 3) and their ratio progressively changes increasing the pH, in favour of π-conjugated 
polymers. Comparing the polymer production on the surface with that in the bulk solution we show that the I/Au(111) 
substrate enhances the formation of π-conjugated polymers (figure not shown here, refer to the original paper). [11] This 
effect is due to the densification of the molecules at the hydrophobic I/Au(111) surface and to the interplay between 
solvation and adsorption of ASB.
Conclusions
These results provide new insight into surface-confined Schiff-base coupling and may help in designing new active 
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materials with specific functions and tuneable properties for electronics and biology. In fact, imines take part in a broad 
range of biological processes and a deeper understanding of the reaction details, especially on surfaces, is of general 
interest for biological applications in scaffold engineering, biocompatible active coatings and drug-delivery.

              
Figure 2: STM images of a I/Au(111) immersed in aqueous solution 
containing TPA and ASB at different pH The presence of underlying 
iodine is confirmed by ex-situ XPS measurements (not shown). The 
distances between the protrusions along the chains are 0.65 ± 0.05 
nm at pH 2.1 and 3.6 (evaluated from height profiles reported in 
panels g and h). At pH 3.6 the chains mimick the threefold symmetry 
of the substrate (as indicated by the dashed black line with angle 
of 120° ± 5° in panel d) (a-f) STM images of a I/Au(111) surface 
immersed in an aqueous solution of 0.1 mM TPA and 0.1 mM ASB. 
(g, h) Height profiles along the lines in panel e and f.

Figure 3: (a) Synchrotron radiation N 1s XPS spectra 
of a I/Au(111) surface after emersion from a solution 
containing ASB or ASB+TPA at the reported pH. 
Spectra are collected using an incident photon energy 
of 500 eV. The colour of each Voigt function refers to 
the corresponding chemical structure in panel b. (b) 
Chemical formulas of the molecules in the different 
reaction steps. (c) Relative amount of the dominant 
chemical states observed in the N 1s signal, as 
evaluated from the areas of the three fit components 
in panel a.
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Introduction
Currently, there is a rising demand for rare-earth (RE) elements for a broad range of industrial applications. However, the 
risk of supply of these strategic materials due to political restrictions, the high environmental impact of their extraction 
as well as price oscillations have motivated many researchers in finding viable alternatives. Specifically, in the case of 
permanent magnet applications the research is focusing on finding novel materials that can replace currently used RE 
permanent magnet in a wide part of the spectrum of industrial necessities where the high performance of rare-earth 
permanent magnets are not strictly required.  
We propose nanometric cobalt ferrite (CoxFe3-xO4) as candidate to achieve this goal.[1, 2] On one hand cobalt ferrite, 
thanks to its large cubic magnetic anisotropy, is a hard magnet. On the other hand, the reduction to the nanoscale may offer 
unique advantage, which can significantly improve the characteristic of the material.[3-5]

Results and Discussion
A family of monodisperse cobalt ferrite nanoparticles (NPs) with average size covering a broad range (from 4 to 60 nm) was 
synthesized by thermal decomposition of metal-organic precursors. Metal precursors, surfactants and synthetic parameters 
were settled in order to fine tuning the particle size while preserving a narrow particle size distribution. The morphological 
characterization of the nanoparticles revealed an evolution of the particle shape from spheres to octahedrons through 
cubes for intermediated sizes. Subsequently, the evolution of magnetic properties was studied as a function of particles 
size and shape, particularly focusing on those determining the best performance as permanent magnet. While saturation 
and remnant magnetization maintain constant values in the whole investigated particle size range, the coercive field 
exhibits a non-monotonic behaviour with two distinct maxima values for low and room temperature, respectively (Figure 
1). In addition, we evaluated the (BH)max product, the figure of merit of permanent magnets, obtaining the maximum value 
ever reported in the literature for cobalt ferrite NPs (i.e., 2.1 MGOe (18 kJm-3) for 40 nm NPs).[5] The collected data gave 
us the opportunity to discuss the feasibility of the application of this material for the realization of permanent magnet. 

Figure 1: a) B and 4πM vs. H loops for 40 nm NPs at RT and (b) (BH)max at 5K (black solid circles) and RT (red empty circles) as a 
function of the particle size.

Conclusions 
This investigation allowed us to establish, at least on the basis of (BH)max, the potentiality of cobalt ferrite NPs for the 
realization of RE free permanent magnet. Indeed, if the possibility of orienting the magnetic anisotropy axes of the 
nanograins is taken into account, (BH)max as large as 8 MGOe (60 kJm-3) can be in principle obtained. This value makes 
cobalt ferrite NPs a viable alternative to replace RE-based permanent magnet at least in the intermediate region of the 
energy product map where the latter are currently employed simply because standard ferrites do not have large enough 
(BH)max.
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Introduction
Both magnetic and gold nanoparticles have found great interest in the applied research in the last decades, especially in 
the biomedical field.[1,2] Gold - Iron oxides nanocomposites allow the combination of the properties of these materials 
(e.g. magnetic and plasmonic). Even if some studies on these structures are already present in literature[3] a thorough 
investigation of their hyperthermic properties is still lacking. The aim of the work is to obtain, in a reproducible way, 
Au – Iron oxide heterodimers, with tunable magnetic domain, and hollow magnetic nanostructures by Au etching, and 
comparatively study their hyperthermic behaviour. 

Results and Discussion
Gold – Iron oxide heterodimers (Figure 1) were obtained with a high temperature thermal decomposition of an iron 
precursor in the presence of gold seed (Au nanoparticles with d = 8 nm). Varying the Au / Fe ratio is possible to tune the 
dimension of the magnetic component. The etching of gold is achieved by a treatment with Iodine at room temperature, 
obtaining hollow magnetic nanostructures. All the investigated materials show good hyperthermic properties and SAR 
was found to be dependent not only on the magnetic component size, but also on the presence of gold. As example of a 
possible application in nanomedicine, in vitro hyperthermia experiments were performed with heterodimeric nanoparticles 
and hollow ones on a MCF-7 breast cancer cell line, showing good results of cell death due to magnetic hyperthermia.

     

Figure 1: TEM micrographs of a) Au-Fe3O4 heterodimers and b) hollow magnetic nanoparticles.
c) SAR vs H in 28 nm heterodimeric and hollow nanoparticles.

Conclusions
Gold – Iron oxides heterodimers and hollow iron oxides nanoparticles were successfully synthetized with two different 
synthetic techniques and their morphology and magnetic properties were characterized using TEM and AGFM (alternating 
gradient force magnetometer). Hyperthermia measurements were performed and SAR (Specific Absorption Rate) values 
were determined. 
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Introduction
Solid oxide fuel cells (SOFCs) are very attractive energy generation systems, due to their efficiency, environmental 
friendliness and prospective fuel flexibility. Nevertheless, major concerns exist regarding their large-scale implementation, 
due to the stability and durability of the employed materials, under typical operation conditions such as high temperatures 
(600-1000 °C) and applied potentials. CeO2-NiO based cermets are suitable SOFC materials since they offer high ionic 
and electronic conductivity and high reforming and electrocatalytic activity. Furthermore, doping ceria with lanthanides 
oxides represents a valuable strategy to lower the operating temperature, to improve the ionic and electronic conductivity and 
also to increase the electrocatalytic activity.[1-2]
Structural, chemical and morphological modifications of electrochemically deposited CeO2-NiO cermets were studied 
by X-Ray diffraction (XRD) and transmission electron microscopy (TEM). Pure, Dy-doped, Tb-doped and co-doped 
samples were investigated in their as-deposited and annealed form; thermal treatments were performed both ex-situ, at 
increasing temperatures up to 800°C, and during in-situ aging cycles (temperature up to 700 °C for maximum 300 minutes 
in an oxygen atmosphere) in the transmission electron microscope. 

Results and Discussion
XRD measurements were performed by a Philips PW 1830 diffractometer, equipped with a Philips X-PERT Bragg–
Brentano goniometer. TEM observations were carried out in a JEOL 2010F, an aberration corrected ARM200F and an 
environmental FEI Tecnai F20 transmission electron microscope, with the combined use of TEM analytical techniques.
Figure 1 reports the results of the XRD analyses on the undoped (a) and co-doped (b) powders at increasing annealing 
temperatures, from 200°C to 800°C. The formation of a two-phase structure of NiO and CeO2 can be observed in all the 
samples; in particular, CeO2 exhibits a cubic fluorite structure (Fm3m) whereas NiO peaks can be attributed either to the 
cubic phase (JCPDS-No.: 04-0835) or to the rhombohedral phase (JCPDS-No.: 44-1159) due to the coincidence of the 
relevant interplanar distances. No extra peaks are observed in the presence of dopants whose effect is a slight shift of the 
CeO2 peaks towards higher angles. This indicates a compression of the CeO2 crystal lattice, which reaches a maximum 
value of 0.8% in the presence of Tb. Thermal treatment generally results in a coarsening of the grains, thus increasing the 
sample crystallinity. 
Figure 1 shows also the high resolution TEM images of the as deposited (c) and thermally treated (d) undoped samples 
and the relevant selected area diffraction patterns (g and h). 
The as deposited sample consists of a polycrystalline arrangement of nanograins (size < 5nm), whose diffraction pattern 
shows intense and continuous rings compatible with the CeO2 cubic structure. Sharp spots are also present, which can be 
attributed to NiO phase (either rhombohedral or cubic). Traces of metallic Ni have been also detected in this sample (see 
the arrowed spot labelled as 1”). Table I reports the measured lattice spacings and the theorethical ones derived from the 
CeO2 cubic and NiO structures. After ex situ annealing at 600 °C, a coarsening of the grains takes place, the CeO2 ones 
reaching dimensions up to 10-20 nm. Doping induces an amorphisation of the samples. The high resolution image of the 
co-doped sample (e) evidences few crystalline regions of nm scale in a quasi-amorphous background. The diffraction 
pattern (i) consists of broad rings belonging to the CeO2 phase, together with few arcs related to the main reflections of 
the NiO phase. The treated sample show a coarsening of the grains (f), as confirmed by the relevant diffraction pattern (l).
The data acquired during the in-situ thermal cycles (not reported here) showed that a morphological plateau is reached 
around 600 °C. Processing times up to 5 hours and annealing temperature of 700 °C were applied in order to verify the 
thermal stability of the samples. Both single-doped and co-doped samples demonstrated a stable morphology, with a 
crystalline structure remaining quite unchanged during the annealing phase. 
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Figure 1: XRD spectra of the undoped (a) and co-doped ceria powders; high resolution TEM images and diffraction patterns of the 
undoped as deposited (c, g) and thermally treated (d, h) and of the co-doped as deposited (e, i) and thermally treated (f, l) powders.

Table I: Comparison of the experimental and theoretical lattice spacings, derived from the CeO2 cubic structure, NiO structure (either 
cubic or rhombohedral) and metallic cubic Ni.



84

Tu-4-O4  γ-Mg(BH4)2: a nanoporous complex hydrides for hydrogen storage and 
CO2 conversion

M. Baricco*, J. G. Vitillo, E. R. Pinatel, E. Albanese, A. Castellero, P. Rizzi, B. Civalleri, S. Bordiga

Department of Chemistry and NIS, University of Turin, via P.Giuria 7-9, I-10126 Torino, Italy
*e-mail: marcello.baricco@unito.it

Keywords: Complex hydrides, Thermodynamic modelling, Hydrogen storage, CO2 conversion

Introduction
Complex hydrides are investigated for various applications, including hydrogen storage, electrochemical energy storage, 
heat storage and, more recently, CO2 capture/conversion. With a careful tailoring of composition and a refinement of the 
microstructure on a nanoscale, properties related to different applications can be significantly improved. 
The gamma phase of Mg(BH4)2 is metastable and it has a large permanent porosity, accounting for about 33% of the 
material volume.[1] Its structure is composed of Mg2+ ions with tetrahedral coordination, linked through a shared [BH4], 
giving rise to a highly porous 3D structure characterized by hexagonal overtures with a narrowest dimension of 5.95 Å 
(geometrical distance). Each hexagon, having a chair conformation, shares every Mg–BH4–Mg side with a vicinal hexagon 
through a tetrahedral angle. In this work, a thermodynamic modelling of Mg(BH4)2 will be presented and examples of 
applications of γ-Mg(BH4)2 for hydrogen storage and CO2 conversion will be provided.

Thermodynamic modelling
Application of the Calphad method to the description of thermodynamic properties in complex hydride-based systems is 
limited by the low number of available thermodynamic description in thermodynamic databases. A Calphad assessment 
of Mg(BH4)2 has been performed, considering available thermodynamic data. DFT calculations have been performed in 
order to provide missing thermodynamic data and to calculate the relative stability of the α, β and γ polymorphs.[2] The 
result of the assessments is reported in Figure 1.  Experimental results have been compared, detecting inconsistencies 
between them. The database obtained has been used to estimate driving forces for several dehydrogenation reactions. The 
dehydrogenation reaction leading to the formation of MgB2 and gaseous hydrogen is the most favoured thermodynamically, 
even if at low temperatures the formation of MgB12H12 is competitive. On the contrary, positive driving forces have been 
calculated for the decomposition into B2H6 and Mg(B3H8)2.

Figure 1: P-T phase diagram for Mg(BH4)2. Lines: calculated by Calphad method (continuous: stable; dashed: metastable). Points: 
experiments (see [2] for details).

Hydrogen storage
Solid state hydrogen storage based on complex hydrides has been investigated in recent years with the goal to improve 
hydrogen gravimetric density and to match thermodynamic requirements necessary for dehydrogenation reactions with 
an equilibrium close to ambient conditions. Mg(BH4)2 has attracted a particular interest being characterized by high 
hydrogen gravimetric density (14.8 wt%), low dehydrogenation temperatures and being suggested as a rehydrogenable 
compound. The decomposition of γ-Mg(BH4)2 has been characterized by means of X-ray Powder Diffraction, Infrared and 
UV-vis spectroscopies.[3] Two different reaction environments have been considered: dynamic vacuum and hydrogen 
atmosphere (< 500 mbar). In order to identify with suitable accuracy the different species in equilibrium conditions, the 
samples were obtained after 20 h isotherms at increasing temperatures (T = 25, 150, 190, 200, 205, 225, 250, 300 and 400 
°C). The spectroscopic results were coupled with density functional calculations in order to help the identification of the 
amorphous products, as reported in Figure 2. The formation of MgB4H10 was suggested for the first time as one of the 
possible reaction products of Mg(BH4)2 decomposition in the pre-melting temperature range (<270 °C). 
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Figure 2: Top: IR spectra of γ-Mg(BH4)2 before (black lines) and after thermal decomposition at 250°C for 20 h in dynamic vacuum 
(p < 10-3 mbar, orange lines). The spectra have been normalized in order to facilitate the comparison. Solid lines: ATR-MIR spectra; 
Dotted lines: FIR spectra. Bottom: calculated IR spectra at the B3LYP/TZVp level for the (BH4)- unit (black line) and the (B4H10)

2- 
anion in C1 geometry (orange lines).

CO2 conversion
The high surface area of γ-Mg(BH4)2 (1160 m2 g-1) makes it interesting as a nanosponge for gas adsorption and its ability 
to adsorb large quantities of molecular hydrogen was recently reported.[1] A multitechnique approach allowed to attribute 
superior performances to γ-Mg(BH4)2 due to its large specific surface area.[4] It was found to be a promising material for 
CO2 recycling, mainly to formate and alkoxide-like compounds. CO2 conversion occurs with fast kinetics at 30 °C and 1 
bar. Figure 3 compares the CO2 isotherms obtained for both the γ and α phases of Mg(BH4)2. Each point of the isotherms 
was recorded after a fixed equilibration time of 4 h. A plateau value of 12 mol kg-1 (34.5 mass%) was obtained for 
γ-Mg(BH4)2 at 1 bar after 7 days. The uptake of CO2 is completely irreversible, as demonstrated by the second isotherm, 
indicating that almost the whole material was reacted at the end of the first absorption isotherm. Also, the key-role of the 
surface area is evident by comparison with the data collected on the α phase.
The very fast kinetics associated to the reaction provide to this hydride the peculiar characteristics to be able to couple 
in one step the separation (in post combustion systems) and recycling of CO2 close to room temperature, whilst avoiding 
the storage and transportation steps. The possibility to use γ-Mg(BH4)2 as co-reagents in other CO2-based reactions would 
enlarge the number of obtainable products.

Figure 3: CO2 isotherms on γ-Mg(BH4)2 (black curves) and α-Mg(BH4)2 at 30 °C (gray curves) obtained by equilibrating the system 
for 4 h at each pressure. Filled and empty scatters refer to the first and second absorption isotherms, respectively.
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Introduction
Insertion of metal nanoparticles into porous structures, such as adsorbents and catalysts (e.g. zeolites, zeotypes, silica) 
has been pursuing as a goal to produce materials suitable for different applications in microelectronics, medical diagnosis 
among others [1] with finely tuned characteristics. The traditional methods of dispersing metals in these three-dimensional 
mesoporous structures are ion exchange, incipient wetness impregnation and subsequent in situ reduction to form metal 
particles inside the pores. Each method allows the introduction of large quantities of the metal inside and also outside the 
porous structure although of lacking in controlling the metal particle size and shape can be present. In order to circumvent 
this drawback, the insertion of metal nanoparticles was first explored by Hashimoto et al. [2] by laser ablation into a 
porous material. 

Results and Discussion
The loading of silver nanoparticles in hexagonally ordered mesoporous silica materials (MCM-41 and SBA-15) by ultra-
short pulsed laser ablation of silver in liquid has been employed in our work.[3,4] Catalytic properties of the samples have 
been tested showing that nanostructured silica supporting metallic silver nanoparticles are suitable catalysts for oxidation 
reaction of toluene.[3] The resulting generated Ag/SBA-15 catalyst displays a favorable Ag dispersity, better catalytic 
stability and higher activity than the conventional Ag/SBA-15 preparations (Figure 1).[3,4] 

 

Figure 1: (a) HR-TEM image of silver-silica core-shell nanoparticles obtained in a colloidal MCM-41 silica solution after 300 s of 
laser ablation (3×105 pulses). The thickness of the silica shells vary between 1.5 nm and 9.0 nm; (b) HR-TEM image of silver-silica 
core-shell nanoparticles obtained in a SBA-15 solution after 300 s of laser ablation time (3×105 pulses). The average thickness of the 

silica shells is 5 nm.

Conclusions
The nanoparticles production rate was 6.7x106 NPs/pulse for SBA-15 and 4.6x107 NPs/pulse for MCM-41. The surface 
plasmon resonance bands was centered at 405 nm with a FWHM of 71 nm for MCM-41 and at 401  m with a FWHM of 
80 nm for SBA-15. The higher nanoparticles production rate in presence of MCM-41 can be related to the red shift of the 
surface plasmon resonance band giving Ag NPs with bigger diameter, narrower  distribution and a slightly larger mean 
diameter than those obtained in SBA-15 and in pure water. Hence, the choice of the starting mesoporous silica material 
can affect the silver-silica core-shell nanoparticles size distributions as well as thickness of the silica layer. In particular, 
the core-shell systems obtained in presence of the MCM-41 mesoporous silica seem to be bigger and aggregated with 
a size distribution of 22.5 ± 2.6 nm and a polydispersivity around 11%, principally because of a much pronounced 
disruption of the structure of the MCM-41 starting material if compared with the SBA-15 for which was evaluated a size 
distribution of 15.4 ± 5.7 nm and polydispersivity ~37%. For the same reasons, the MCM-41 silica material provides 
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bigger silica shells surrounding silver nanoparticles in the range of 1–10 nm. On the contrary, in presence of SBA-15 the 
silica shells, when present, show a thickness of about 5 nm. These outcomes could provide indications for future works 
in modulating the silica layer of the metal-silica core-shell nanoparticles, for instance, varying the laser beam parameters, 
the experimental set-up and the silica material used, widening the possible applications of the resulting metal-silica 
coreshells (e.g. biocompatibility of the nanoparticles) obtainable by laser ablation performed in liquid.
Further experimental work is going to be presented for enhancing the catalytic activity of these systems in oxidizing 
different volatile organic compounds (VOCs).
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Introduction
Progress in nanomagnetism has been achieved by the simultaneous advances in nanotechnology that allows the fabrication 
of novel magnetic nanostructures as arrays in magnetic thin films. This is primarily motivated by applications such as 
spintronics, magnetic sensing, and ultrahigh-density magnetic recording. In this context, fabrication process based either 
on high-resolution planar lithography (i.e. optical, electron-beam and focused ion beam lithography) or large area self-
assembly approaches (polystyrene nanospheres or nanotemplates) have played a major role and has been intensively 
worldwide investigated in the last decade. Alternative bottom-up techniques have been explored for their low cost and 
high yields, and are becoming particularly appealing for spintronics, magnetic sensing, and ultrahigh-density magnetic 
recording.[1]
In this work, multi-step processes exploiting self-assembling of polystyrene nanospheres and block-copolymers to create 
arrays of nanostructures in magnetic thin films will be highlighted. Such arrays have been transferred to a wide variety of 
thin films (i.e. Co, Ni, Ni80Fe20, Fe50Pd50, Fe50Pt50 and Ni-Mn-Ga alloys) having functional magnetic properties.[2] 

Results and Discussion
As an example of nanostructured arrays prepared by means of self-assembling of polystyrene nanospheres, a system 
composed of a Co dot array embedded in a Ni80Fe20 antidot grid is discussed in the following. Magnetic characterisations 
include magnetisation reversal, that has been studied by magnetic force microscopy (MFM) at magnetisation remanence 
and as a function of magnetic field, room-temperature magnetic hysteresis loops, measured by alternated-gradient force 
magnetometer, and magneto-resistance curves, that have been measured with the conventional 4-contacts technique. The 
magnetic properties have been investigated for each component individually (Co dots and Ni80Fe20 antidots), and for the 
complete system, in order to disentangle their respective contributions and evaluate the exchange coupling effect in the 
final configuration.  In Figure 1, a SEM image of the Co dots embedded in the Ni80Fe20 matrix is shown, together with 
room-temperature magnetization properties of the whole system and of its individual components. As detailed in Figure 
1a, on the top of the Co dots the nanospheres are still visible and the loss of their spherical shape is due to the etching 
process. As it can be observed in the curves reported in Figure 1b, the hysteresis behaviour of the bi-component structure 
displays both the features of the Ni80Fe20 antidot array (low-coercivity and high magnetic permeability) and those of the 

Co dot array (presence of a magnetic vortex with clearly visible 
expulsion fields).  It is well known, that antidot arrays have 
recently been studied for their potential application as sensing 
elements of magnetic fields, because of their anisotropic magneto-
resistance (AMR) properties, which are affected by the holes 
order and arrangement. Room-temperature magnetotransport 
measurements have therefore been performed on the bi-
component film in the longitudinal and transverse configuration. 
The results are reported in Figure 1c and 1d respectively, where 
the field behaviour of  R/R ratio in the bi-component sample 
(defined as [R(H)-R(H=1000 Oe)/R(H=1000 Oe)]x 100) is 
shown. The corresponding hysteresis loops are superimposed to 
put in evidence the connection with the magnetisation reversal 
processes and to disentangle the contribution of the different 
magnetic components.
Magnetic configuration, magnetisation reversal and  
magnetotransport response will be discussed in the light of 
microstructural configuration in a variety of other system 
prepared by means of bottom-up patterning techniques. 
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Figure 1. (a): SEM image of patterned bicomponent 
array of nanostructures; (b) room-temperature hysteresis 

loops of Co dot array (blue curve), Ni80Fe20 hole array 
(red curve) and combination of the two nanostructures 

(green curve);
(c) field behavior of  R/R ratio in the longitudinal 

configuration; (d) same as in (c) in the transverse 
configuration.
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Introduction
Magnetorheological composites made of iron micro-particles dispersed, near the percolation threshold in an elastomeric 
polymer, exhibit the concomitant effects of piezoresistivity and elastomagnetism, and their optimization can be obtained 
by a proper combination of the particle size, shape, volume fraction, magnetic permeability and electrical conductivity. 
In this material, the application of a magnetizing field produces a sample strain (elastomagnetism) and a consequent 
change in resistivity (piezoresistivity), namely the magneto-piezoresistive (MPR) effect.[1-2] A magneto-piezoresistive 
ratio (resistance change/ magnetic field gradient) higher than 1000 Ωm/T has been demonstrated.[1]
The main objective of this paper is to determine the potentiality and limits of the MPR effect in detecting the change of 
magnetic polarization direction at magnetization intensity similar to those of a magnetic memory.
Considering the possibility to miniaturize the MPR samples, this investigation constitute a basic step to open new 
perspectives in the field of magnetic read heads. 

Results and Discussion
MPR sample (2mm x 2mm x 6 mm) were produced by following the process described in detail in previous investigations.
[1-3]  The used iron particles  had a shrunken little plate shape instead of pseudo-spherical morphology in order to achieve: 
i) large major cross-section of the particles; ii) good silicone entrapping among particle cavities during the mechanical 
dispersion process; iii) low transversal contraction able to give particle contact ; iv) preferential in plane magnetization 
due to particle shape anisotropy. The positive effects of these characteristics were essential for the sample performance 
reported and discussed in the following.

Figure 1: Scheme of the experimental set-up and table reporting the sample resistance decrement when H is concord (up) or 
discordant (down) to M permanent polarization in S1 region. For symbol meaning see description into the text.

The used experimental apparatus is shown in Figure 1. S is the MPR sample; M is a permanent magnet producing the 
polarization of iron particles in the sample region S1; B is a little electromagnet , governed by an a.c. generator, producing 
the alternate field H; SA is the resistance meter connected to a signal analyzer providing the value of sample resistance R 
versus the time. The alternate field H has a fixed amplitude able to give polarization of the Fe particles in the half sample 
S2 (Fig.1), and can be applied at a different frequency n.
The presence of  both M and B magnetizing fields always produce external tensile forces on MPR sample, which is put in 
elongation, but if M and B produce the same magnetization directions iron particles polarized into the sample attract each 
to other and  contrast free elongation; on the contrary, if particle magnetization directions in the S1 and S2 sample halfs 
are opposite (case of figure 1) the repulsion among the iron micro-magnets inside the sample favourite elongation. Thus, 
in the last case the sample should have a higher elongation and, on turn, a higher decrease of resistance in comparison to 
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the absence of H field. The experimental results confirm this prediction by means of the calculated average decrements 
of sample resistance obtained at a fixed frequency when during the alternate cycles H maximum is concorde to M 
magnetization (DRup) or discordant to M magnetization (DRdown): as can be see on the table in fig.1 DRdown is always higher 
than DRup.  Moreover, it is evident the possibility to discriminate the H direction due to the large difference between DRdown 
and DRup, if the frequency of alternate field H is not higher than 200 Hz. In the investigated condition, if the frequency 
overcomes the above indicated threshold, the R measurement becomes too instable for obtaining qualified measurements. 
Therefore developments are needed to improve field direction detection when its variation occurs at high speed.

Conclusions 
Fe nanoparticles were dispersed into a silicone matrix, at the volume percentage near percolation threshold, on the basis 
of previous investigation, selecting the particle shape in order to improve the capability of entrapping a thin silicone layer 
among the particles in spite of the high particle density and to give a good magnetization intensity at a moderate external 
field with a practically reversible magnetization process. A proper experimental system was built were the MPR material 
is used as core of a sensor able to read the direction of a field applied along the sample longitudinal axis. The sensitive 
core length was properly dimensioned in order that one half of the MPR sample is statically magnetized by a fixed 
permanent magnet M, while the opposite half sample is influenced by an alternate magnetizing field H whose variation of 
direction should be detected. The interaction between the two sample half produces a different elastomagnetic elongation 
distinguishing the external field direction concord or opposite to the permanent magnetization. These different strains 
are detected by measuring the different induced resistance changes. Taking into account  the demonstrated sensitivity  
of about 50 KΩ per single change of H direction at 100 Hz, the obtained results constitute a stimulating basis for the 
development of this experimental methodology up to nanometric scale, to investigate the potentiality of MPR nanowire 
as core of innovative reading heads. 
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Introduction
The study of the exchange bias (EB) interaction between ferromagnetic (FM) and antiferromagnetic (AFM) phases plays 
a crucial role both from the theoretical and from the technological point of view. In fact, although the EB effect is already 
exploited in emerging technologies, e.g. in non-volatile magnetoresistive magnetic random access memories, some key 
aspects of the underlying physics are still not completely understood.[1] Recent studies on polycrystalline FM/AFM 
nanostructures have addressed the issue of establishing the dependence of EB on size confinement, and point out that a 
comparison between the nanostructure size and an AFM characteristic length of magnetic correlation is to be taken into 
account.[2,3]
The appearance of a magnetic correlation length may be related to the presence of AFM regions showing a magnetic 
glassy behaviour [3,4], and in this context we studied size confinement effects in nanostructures based on bilayer systems 
constituted of Ni80Fe20 (NiFe) as FM phase and Ir25Mn75 (IrMn) as AFM phase. Indeed, on the basis of our experimental 
findings, we modelled the AFM phase as composed of a thin structurally and magnetically disordered region, with glassy 
magnetic properties, interposed between the FM phase and the bulk of the AFM layer; the latter is supposed to consist of 
nanograins either magnetically independent from each other or weakly interacting.[3]
In this research work, we focus on the IrMn/NiFe system and purposely address the behaviour of the magnetically 
disordered IrMn region on its own. More specifically, we produce IrMn/NiFe systems constituted of a very thin IrMn 
phase, both in form of continuous films and nanodots, so to neglect the contribution of the bulk of the AFM layer to 
EB and highlight the role of the glassy IrMn region in both the exchange coupling mechanism and size confinement 
effects. We report on the magnetic properties of the Cu(3 nm)/IrMn(3 nm)/Py(3 nm) system deposited on a Si substrate 
by electron beam lithography and lift-off using dc sputtering deposition in presence of a static magnetic field Hdep; we 
investigate both the continuous reference film and a square array of circular dots with a diameter of ~140 nm, and centre-
to-centre distance of ~200 nm. 

Results and Discussion
Magnetic hysteresis loops were measured at increasing values of temperature (T) on the continuous reference film after 
cooling from 300 K down to 5 K in a static magnetic field Hcool=50 kOe, applied in the same direction as Hdep (field-cooling 
mode, FC). The EB effect is quantitatively expressed by the exchange field Hex, the horizontal shift of the hysteresis loop; 
the Hex dependence on T is shown in Figure 1(a). The EB effect is absent at room temperature, it appears at T=200 K and 
increases with reducing T, especially below T~100 K. The highest Hex is achieved at T=5K when, in accordance to our 
description, the interfacial AFM spins are expected to be collectively frozen in the glassy magnetic state. At the same 
temperature, similar Hex values were also measured in systems with the IrMn region thick enough to accommodate the 
bulk phase [3], suggesting that the lack of the bulk phase is not detrimental to the development of a strong EB.
Loop measurements on the dot array were carried out both after cooling the sample from 300 K down to 5 K with no field 
applied (zero-field-cooling mode, ZFC) and in FC mode (Hcool=50 kOe). In Figure 1(b), the curves of ZFC and FC Hex vs. 
T are shown: as in the continuous film, no EB effect is observed at room temperature. In the ZFC case, a non-vanishing 
EB effect appears only at T=50 K. In the FC case, a significant value of Hex is measured at T=200 K and it increases with 
decreasing T as it happened for the continuous film, even if the Hex values measured in the dot array are definitely smaller. 
To explain the difference between the Hex values measured for the reference film and for the dots, we first addressed the ZFC 
case. Micromagnetic calculations [5] pointed out that each circular dot develops a high-remanence magnetic configuration 
and that it dipolarly interacts with its neighbours. Due to that, circular dots realize a closure-like configuration, i.e. the 
net magnetization vectors of the individual dots arrange so to minimize the magnetostatic energy of the array as a whole. 
Hence, when the low-temperature region is reached in ZFC mode the exchange anisotropy axes in the dots are non-
collinear and Hex is very small, accordingly.
In FC mode, the Hex values are higher than those measured in the ZFC mode, and this is consistent with the improved 
alignment of the dots’ exchange anisotropy axes attained through Hcool. Anyway, even in FC mode the Hex values are still 
smaller than in the continuous film. To explain that, we made again resort to micromagnetic simulations and evaluated 
the effect on Hex of different concurring mechanisms, namely interdot dipolar interactions, a reduction of the strength of 
the pinning action exerted by the IrMn disordered phase, a reduction of the number of pinning centers.[5] We realized 
that the most plausible hypothesis is a uniform decrease in the strength of the pinning action exerted by the frozen spins 
on the FM ones. 
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Our explanation of the decrease of the pinning action is in terms of the size confinement acting on the glassy state: the 
extent of the IrMn glassy region is small, due to the 140 nm size of the dots, and the spatial correlation among the IrMn 
spins is spatially delimited, accordingly. Due to that, we expect that the collective pinning action of the frozen IrMn spins 
is weaker, i.e. less thermally stable, than in the continuous film, where the spins of the IrMn phase may magnetically 
correlate over larger lengths. 

Figure 1: Exchange field Hex as a function of temperature T in the IrMn/NiFe reference continuos film, measured in FC mode (a) and 
in the dot array, measured both in ZFC mode and in FC mode (b). 

Conclusions
We studied the thermal evolution of the EB effect in an array of 140-nm sized circular dots consisting of 3 nm-thick 
IrMn and NiFe layers. This ultrafine thickness of the AFM layer was chosen so as to highlight the role of the structurally 
disordered region that develops at the interface with the FM phase: the spins in this AFM region show a glassy magnetic 
behaviour featuring a collective freezing below T~100 K, which strongly affects the exchange coupling mechanism. The 
thermal evolution of the EB effect in the continuous film is then determined by the glassy magnetic nature of the IrMn 
phase.
Also in the dot array, the thermal dependence of Hex is expected to be of the same nature. However, Hex values are much 
smaller, and a substantial difference is found among the ZFC and FC values of Hex, the former ones being sensibly 
different from zero only at very low temperatures. These findings were understood in the light of the results obtained via 
micromagnetic calculations; our explanation involves the interplay between the length over which the frozen IrMn spins 
magnetically correlate and the effect of spatial confinement induced by the small size of the dots.
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Introduction
In magnetic metal@metal-oxide core/shell nanoparticles (NPs), the antiferromagnetic (AFM) metal-oxide shell can be 
coupled with the ferromagnetic (FM) metal core by the exchange coupling across the core/shell interface. Exchange 
coupling recently gathered enormous attention as a promising way to stabilize the magnetization of nanoparticles and 
beating the superparamagnetic limit.[1] Control of the AFM/FM exchange coupling is difficult because it depends on the 
structural details of the interface, in addition to morphological, electronic, and magnetic properties of both core and shell. 
Tunability of the exchange coupling can only be achieved with careful control of the NP synthesis and, consequently, 
of the NP physical properties (core/shell structure, core size, oxide composition, shell thickness,  interface quality, etc). 
Several methods have been used to synthesize metal@metal-oxide core/shell NPs: wet chemical synthesis, lithography, 
self-assembly, atom deposition, and thermally assisted precipitation in a matrix. By using magnetron gas-aggregation 
sources, monodisperse metal NPs can be prepared, deposited on a substrate, and then coated by an oxide shell.[2] The 
NPs are produced in a clean environment and are free of organic ligands. This method allows one to systematically 
and accurately investigate the NP properties since the morphology and composition of core and shell can be separately 
controlled.

Results and Discussion
Here we report on the magnetic properties, in particular those related to the AFM/FM exchange coupling, of Ni@NiO 
and Ni@CoO NPs prepared by sequential layer deposition. The NPs were produced by physical synthesis methods and 
deposited on a silicon substrate thus forming a “NP film”. The procedure consisted of the sequential deposition on a silicon 
substrate of (i) a thin (1 nm) NiO (CoO) layer by reactive evaporation of Ni (Co) from MBE cells in O2 atmosphere; (ii) 
monodisperse 12 nm Ni cores prepared by means of a magnetron and a gas aggregation chamber; (iii) a final NiO (CoO) 
layer on top of the preformed Ni cores. Several “trilayer” samples were produced with the thickness t of the top layer in 
the range 0-6 nm (NiO) or 1-3.5 nm (CoO). The thickness of the bottom layer and the core size were kept fixed. 
The trilayer Ni@NiO NPs were the subject of a thorough investigation.[3] The magnetic properties of the core/shell 
NPs were investigated by analyzing the field-cooled (FC) isothermal magnetization (hysteresis loops), the thermal 
magnetization in (FC/ZFC) mode, and the thermoremanence (Ni@CoO only) as measured by a SQUID magnetometer. 
The characterization of the NPs involved the following techniques: XPS (chemical composition), SEM (morphology), 
HRTEM and STEM (NP and interface structure).
The Ni@NiO NPs comprise discrete core-shell NPs, except for the sample with the thickest NiO top layer where an 
assembly of Ni NPs embedded in a discontinuous NiO matrix was obtained. XPS showed that the bottom and top layers 
are composed of stoichiometric NiO. HR-TEM and STEM showed that the AFM/FM interface presents regions where the 
interface is compensated with [243] orientation of the NiO growth (NiO lattice expansion  = 11%). Exchange coupling 
across the AFM/FM interface causes the shift of FC hysteresis loop known as exchange bias (EB). The Ni@NiO NPs 
displayed negligible EB when tNiO ≤ 1.6 nm, but for thicker shells, the EB field Hb steeply increased without sign of 
saturation up to Hb = 0.57 kOe, approximately equal to the coercivity Hc (Figure 1). This behavior can be related to 
the different morphology of the top NiO layer. At low deposited dose, NiO islands form and enlarge on the Ni cores, 
achieving a complete shell at t = 1.6 nm, and finally forming a discontinuous NiO matrix embedding the Ni cores. 
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Figure 1: Magnetic properties of trilayer core-shell Ni@NiO (black), Ni@CoO (red), and  Ni@NiO@CoO (blue) NPs. Left: 
Exchange-bias field (Hb, circles) and coercivity (Hc, triangles) at T = 5 K as a function of the thickness t of the top layer. Right: FC 

(diamonds), ZFC (circles), and TRM (triangles) of CoO-coated NPs (Ni@CoO NPs have t = 3.5 nm).

More recently, we also investigated Ni@CoO NPs (t = 1-3.5 nm) and a more complex sample (Ni@NiO@CoO) where a 
0.5 nm NiO layer is present underneath the CoO layer. The Ni cores were prepared in the same way as the cores of Ni@
NiO NPs so that the latter can be directly compared with Ni@CoO NPs (Figure 1). The CoO shell in more effective than 
the NiO shell in creating exchange bias and increasing the coercivity of the system. The maximum Hb = 2.15 kOe and Hc 
= 2.76 kOe at nominal tCoO = 3.5 nm. Since the Ni/CoO interface is expected to be (at best) of similar quality to the Ni/
NiO interface (cell size: aNi = 0.352 nm, aNiO = 0.418 nm, aCoO = 0.426 nm), this large effect can be attributed to the much 
larger anisotropy of CoO (KCoO/KNiO @ 105) or to a larger AFM/FM exchange coupling. Despite the anisotropy of CoO is 
scarcely dependent on t, Hb and Hc significantly increase with t. It also is noteworthy that Ni@NiO@CoO NPs display 
larger Hb and Hc than both Ni@NiO and Ni@CoO NPs with similar t. This could be attributed to the synergy between the 
better quality of the Ni/NiO interface and the larger anisotropy of the CoO coating. The CoO blocking temperature TB, as 
determined by FC/ZFC and TRM measurements (Figure 1), is about 240 K for all NPs with a CoO external shell. TB is 
ca. 50 K lower than TN of bulk CoO and does not depend on the CoO layer thickness.

Conclusions 
The trilayer Ni@NiO NPs were thoroughly characterized so that the relationships between the magnetic properties and 
the morpho-structural features could be understood. In particular, the EB is significant only after that NiO formed a 
complete shell around the Ni cores. From there on, EB does depend on thickness t and such dependence cannot explained 
by the generalized Meiklejohn-Bean model. It could be accounted for by the thickness dependence of the NiO anisotropy 
constant. 
The trilayer Ni@CoO NPs have much larger Hb and Hc than corresponding Ni@NiO NPs. It is reasonable to attribute 
the larger EB effect to the CoO properties and not to a better structural quality of the interface. The even larger Hb of 
Ni@NiO@CoO NPs could be attributed to the synergy between the better quality of the Ni/NiO interface and the larger 
anisotropy of the CoO coating.
We thus demonstrated the viability of the sequential layer deposition method both to systematically investigate the effect 
of morphology on exchange-coupled core/shell NPs and to tune the EB effect by the fine regulation of a morphological 
parameter. Our results are a first step in the direction of the rational design and synthesis of NPs with desired magnetic 
properties as shown, in particular, by the large EB effect of the Ni@NiO@CoO NPs.
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Introduction
Magnetostrictive thin films of FeGa (galfenol) are the subject of current investigations [1][2] owing to their applicative 
potential, e.g. for magnetoelastic sensor devices [3] or microwave spintronics.[4] In this work, we study the magnetic 
properties of an epitaxial Fe0.8Ga0.2 film with thickness D = 65 nm, using different experimental techniques (MFM, VSM, 
XRMS), micromagnetic simulations, and theoretical models. The moderate competition (i.e., with quality factor Q = Ku/
Kd = 0.34 < 1) between the perpendicular magnetic anisotropy energy (Ku = 4.2 106 erg/cm3) and the easy-plane magnetic 
dipole-dipole interaction (Kd = 2πMs

2 = 1.2 107 erg/cm3) leads, for D larger than a critical value (Dc = 35 nm), to the onset 
of a magnetic stripe domain structure. [1,2] Namely, the out-of-plane component of the magnetization is modulated, with 
a period P=90-100 nm [1,2], while the in-plane magnetization component is uniform and rather large.  In this sample, 
the domain pattern has the peculiar property (known for decades as “rotatable anisotropy” [5]) that the direction of the 
stripes axis coincides with the direction of the last saturating field, Hsat, applied parallel to the film surface. In contrast, the 
magneto-crystalline in-plane anisotropy was found to be negligible.[1,2]

Results and Discussion
Magnetic force microscopy (MFM) was used to image the stripes rotation.[2] The stripes were initially prepared with their 
axis parallel to [110] by applying a strong magnetic field (1 T), and subsequently the field was removed. Next, a small 
magnetic field was applied along [1-10], up to a maximum value denoted by Hbias. The field was removed, and an MFM 
image was recorded. The procedure was repeated at discrete steps for increasing values of Hbias up to a maximum of 800 
Oe. In the range 0-300 Oe, no change was observed in the stripe structure. For Hbias  > 400 Oe, an abrupt rotation of the 
stripes axis took place, towards the direction of the applied magnetic field. At 800 Oe, the rotation was almost completed.
[2] Vibrating sample magnetometer (VSM) measurements, performed using the same procedure, confirmed the existence 
of a threshold field for the stripes’ rotation at 400 Oe (see Figure 1a). X-ray resonant magnetic scattering (XRMS) at the 
Fe-L2,3 edges was used to test the periodicity of the magnetic microstructure in various directions, simply by changing the 
linear polarization of light. The XRMS data provided evidence for partial flux-closure domains at the film surfaces (the 
white triangles in Figure 1b) as well as for Bloch-like domain walls (the white circles) between two adjacent stripes with 
opposite values of Mz. A micromagnetic model, based on the numerical solution of the Landau-Lifshitz-Gilbert (LLG) 
equation was developed, using a “state-of-the-art” parallel micromagnetic solver GPMagnet.[6,7,8] For the simulations, 
we assumed in-plane geometrical dimensions of 999x999 nm2, film thickness of 65 nm, discretization cell of 3x3x6.5 nm3, 
and physical parameters (exchange constant Aex=1.6 10-6 erg/cm; Ms = 1400 emu/cm3, out-of-plane anisotropy Ku = 6 106 
erg/cm3) almost the same as the ones previously used [2] to fit Brillouin light scattering data in the same Fe80Ga20 sample. 
Upon application of a moderate (i.e., Hy < Hthr  = 400 Oe) bias magnetic field along an in-plane direction perpendicular to 
the stripes axis, we found that the domain structure evolves qualitatively as shown in Figure 1c. Namely, the flux-closure 
domains favorably (unfavorably) oriented with respect to Hy were found to enlarge (shrink) and, correspondingly, the 
Bloch-like domain walls between basic domains experienced an up/down displacement along the film normal. When Hy is 
increased above Hthr, the whole domain pattern was found to rotate (see Figure 1d) towards the y direction, in agreement 
with MFM observations. The various energetic contributions to the phenomenon of stripe rotation were unravelled by 
using a simplified model of the domain structure. A qualitative justification for the existence of a threshold field was given 
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in terms of the higher magnetostatic energy density associated with a deformed unrotated domain structure with respect 
to a rotated undeformed one. 

Conclusions 
In this work, we have investigated the in-plane rotation of magnetic stripe domains in a 65 nm magnetostrictive Fe0.8Ga0.2 
epitaxial film using different experimental techniques. MFM allowed to visualize the out-of-plane component of the 
magnetization, and VSM to measure precisely the threshold field above which the rotation starts. XRMS provided 
evidence for partial flux-closure caps located at the film surfaces. Micromagnetic simulations confirmed the existence of 
a threshold field to be overcome for in-plane rotation of the stripe pattern to occur, and theoretical modeling explained 
the phenomenon in terms of the high cost in magnetostatic energy associated with a deformed unrotated stripe pattern.

Figure 1: (a) VSM loops (red, complete; black, minor) taken in a 65 nm Fe0.8Ga0.2 film for field applied in plane along a direction ([1-
10]) perpendicular to the stripes axis ([110]). (b) Model of the magnetic domain structure in zero field, showing basic domains (with 

opposite values of the out-of-plane component Mz), Bloch-like regions (with a small in-plane component Mx
Bloch along the stripes 

axis, x), and flux closure cap domains (with opposite values of the in-plane component My). A large uniform in-plane component 
Mx

basic is also present in the film due to the moderate (Q=0.34<1) quality factor. (c) Deformation of the magnetic domain structure 
under the effect of a small magnetic field Hy applied along the in-plane direction perpendicular to the stripes axis. (d) For Hy>Hthr 

(threshold field Hthr=400 Oe), an abrupt rotation of the stripe pattern towards the y direction is found by micromagnetic simulations 
based on the numerical solution of the LLG equation of motion. A color code is adopted for imaging Mz (red, Mz>0; blue, Mz<0).
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Introduction
Hypertrophic scar is a complication of wound healing and can lead to the formation of keloids. The underlying mechanism 
of keloid formation has not been clearly defined. Various treatments are available such as surgery, injection of a steroid into 
the scar, or the use of dressing which applies pressure and/or prevents air from coming into contact with the scar. To date, 
no effective treatment method/therapy has been established. Lab experiments show that flavonols found in many fruits, 
vegetables, leaves and grains, block the growth of collagen-producing keloid cells (fibroblasts), reducing the production 
of collagen. Moreover, several natural compounds like flavonoids, triterpens, alkaloids and polyphenolic biomolecules 
might positively influence one or more phases of the healing process by the scavenging of the free radicals generated at 
the site of injury [1]. Meanwhile, although a large amount of scientific research has been reported on the use of medicinal 
plants for the treatment of keloids, problems concerning the stability of natural products, is still an important issue in the 
field of phytochemistry and natural medicines. In this work a new nanotechnology based approach for the synthesis of 
natural extract-SiO2 nanocomposites to be used for the preparation of keloid treatment topical formulations is proposed. 
Fumed Silica and a Natural Extract (Centella Asiatica (CA)) have been used for the preparation of the nanocomposites 
by High Energy Ball Milling (HEBM) using a planetary mill apparatus (Fritsch GmbH, Pulverisette 5). Following, the 
synthesis and characterization of the CA-SiO2 nanocomposites is reported. The effect of the starting mixture composition 
and milling time on the final products have been studied. 

Results and Discussion
In the Table 1 the synthesis process conditions of the obtained nanocomposites are reported. 

Table 1. Synthesis process conditions of the obtained samples

Morphological and structural characterization confirmed the nanocomposite obtainment. SEM analysis shows an 
increased agglomeration increasing the milling time and the CA amount.

Figure 1: SEM micrographs of the as prepared samples.
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Studies on the antioxidant activity and preliminar cytotoxicity of the natural extract before and after incorporation in the 
nanocomposite have been also carried out. The antioxidant activity of the nanocomposites was tested by measuring the 
ability to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH). Each sample was dissolved in DPPH methanolic solution. 
DPPH methanolic solution at the same dilution was also used as control. After storage at room temperature in the 
darkness for 30 min, the absorbance A was measured at 517 nm against blank. The obtained results were compared 
with CA methanolic solution scavenger ability. The antioxidant activities were calculated using the following equation: 
Antioxidant activity (%) = [(ADPPH − Asample)/ADPPH] × 100 and are reported in Figure 2. The obtained results indicate that 
CA- SiO2 nanocomposites kept a high antioxidant activity compared to the pure CA extract.

Figure 2: Antioxidant activity of the CA natural extract and CA-SiO2 nanocomposites.

Biocompatibility evaluation was carried out on S2, S6, S7 and S9 samples. Human Keratinocyte were chosen for in vitro 
experiments. Cells, at passages 4-5, incubated in 5% CO2 at 37°C, using RPMI1640, supplemented with fetal bovine 
serum, penicillin/streptomycin and fungizone as culture medium, were seeded into 96-well plates (7.5×103 cells/well) 
and, after 24 h, were treated for 24 and 48 h with samples at different dilutions. MTT test was performed to evaluate the 
cell viability. No cytotoxicity was observed for the four samples (Figure 3), demonstrating the high biocompatibility of 
the nanocomposites.

Figure 3: Biocompatibility evaluation of the CA-SiO2 nanocomposites.

Conclusions 
CA-SiO2 nanocomposites have been prepared by HEBM. The antioxidant activity of the CA was endured also after the 
milling process. The toxicity studies revealed the high biocompatibility of the obtained nanocomposites. In vivo studies, 
to confirm the effective activity of the nanocomposites on the treatment of keloids, are scheduled. Preparation and testing 
of the nanocomposite based topical formulation is also scheduled.
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Introduction
The development and implementation of Safety by Design (SbyD) control strategies with its “primary” prevention value 
of risk management, represents one of the biggest challenge of nanotechnology that should guarantee its sustainable 
development. Nevertheless, two main factors affect its diffusion: the knowledge gaps, still existing on exposure and 
hazard features in relation to process and NMs physicochemical characteristics and the control of costs, that may increase 
without an advantage in competitiveness. The components of  “Nano design” framework towards the design of a new 
generation of “safe” engineered nanomaterials, will be introduced and some examples of integration of such principles 
within realistic nano-manufacturing exposure scenarios will be discussed. In particular, the case-study related to nanosilver 
will be examined. 
Silver-based materials have been commercialized for health and medical reasons since the early twentieth century and at 
present they are marketed as a dietary supplement and alternative medicine cure-all. Nevertheless, improved capabilities 
in nanoscience and nanoparticle synthesis and engineering justify the novel/revived attention on Ag NPs for antimicrobial 
applications, with an estimated amount of about 320 tons/year produced and used worldwide. [1-3] The mechanisms 
by which Ag NPs exert toxicity and, consequently, antimicrobial effects, are not fully understood, but it is commonly 
accepted that the release of silver ions (Ag+) represents the primary mechanism of antibacterial action, with a negligible 
particle-specific activity. [4-6]
In this work, three nanosilver sols were investigated: a sample obtained diluting a commercial sol (Ag1), a sample arising 
from the latter after purification treatment (Ag31), and a sample synthesized at lab scale under controlled conditions 
(AgL). Physicochemical identity of the samples were related to biological properties: decrease in cell viability (IC50) and 
antibacterial performances within industrially relevant application (antibacterial coatings on ceramic tile surfaces). A 
general rationale to classify silver colloidal samples in relation with conditions for their safe use, preserving the expected 
antibacterial activity, is presented. A general rationale to classify partially soluble nanomaterials, exploited in antibacterial 
applications, was thus introduced, opening a new perspective towards the promotion of a safer by-design management of 
nanomaterials.

Results and Discussion
Most of the confusion arising when data on the toxicity of different nanosilver solutions are compared is due to the absence 
of data on Ag+ ion fraction or by the absence of a shared and clear analytical method to get this information and to interpret 
data in a sound way. Thus, by performing consecutive ultrafiltration steps, the content of Ag+ ions released at equilibrium, 
i.e., once reached a constant value, was estimated on three Ag nanosol samples. The fraction of Ag+ ions tends to decrease 
after each ultrafiltration step, until it reaches an asymptotic value of 0.08%, a value close to data reported in literature.[4] 
The data showed that the Ag+/Ag ratio for AgL sol is that at equilibrium (about 0.10%), while the other sols contain an 
excess of ions (Ag1 and Ag31, 55.0% and 2.7%, respectively) that reflects the capacity of each sample to storage different 
amount of ions distributed between solution and solid surface. AgL sol, being synthetized at lab-scale in more controlled  
conditions, does not contain excess of Ag+ ions. The toxicological results suggested an Ag NP-dependent contribution 
to cytotoxicity, most probably through an increased bioavailability of Ag+ ions. The antibacterial tests confirmed the 
high reactivity of nanosilver as antibacterial agent. In the specific, AgL showed the same reactivity of AgNO3 (used as 
reference material), revealing an antibacterial activity dependent only on Ag+ concentration. Conversely, the  Ag1 and 
Ag31 samples seem to be less reactive, as if in these cases some of the Ag+ ions present were not bioavailable for the 
antibacterial action. Hence, an attempt has been made to correlate the toxicological results to antibacterial properties in 
order to identify concentration range of applicability where samples were below the cytotoxicity limits but above the 
antibacterial ones. Using toxicity and antibacterial limits, calculated on the basis of the results obtained by cell viability 
and antibacterial tests, it was possible to determine for each sample a useful descriptor for its “safe” and “sustainable” 
use, identifying the dilution ranges. Thus, it could easily viewed that sample Ag31, derived by pristine commercial sample 
after ultrafiltration treatment, had the highest range of dilution ratio and, therefore, the highest chance to be applied in a 
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“safe” zone, despite the low concentration of free toxicant Ag+ ions. Furthermore, AgL, obtained at lab scale under more 
controlled conditions, improved the quality of the commercial sample, despite its higher toxicity .
 
Conclusions 
Ag+/ Ag ratio was calculated in water and it was found that a diluted commercial sample presented an high and unexpected 
content of Ag+ ions, around 50%. Ultrafiltration treatment applied to commercial sample or an optimized synthesis, 
performed at lab scale, following the same procedure as industrial synthesis, strongly reduced the amount of Ag+ ions and, 
thus, the toxic and antibacterial activities, which were in all cases dependent on available Ag+ ion amount. For each sample 
it was identified dilution condition for applying it below toxicity limit but above antibacterial minimum dose. A general 
rationale to classify silver colloidal samples and identify conditions for a safe use, preserving the expected antibacterial 
activity, was provided. This led to the definition of a Quality Index (QI), representative of the capacity of the sample to be 
applied and exploited in a safe concentration range. Thus, it was possible, for the first time, to develop a general approach 
for the safe design and management of partially soluble nanomaterials, exploited in antibacterial applications.
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Introduction
Paper has been widely used as convenient vehicle for the acquisition, storage and dissemination of human knowledge. 
For centuries, a growing number of cultural resources have been accumulating in archives, libraries and museums. The 
preservation of these cultural properties poses the significant challenge of limiting the deterioration of ancient paper. 
An advanced knowledge of the microscopical characteristics of paper and its degradation processes is indispensable in 
order to fulfil this objective.  Paper sheets are mostly constituted of cellulose, the most abundant biopolymer on Earth. 
Cellulose has a complex multi-phase structure at the nano-scale. Nanoscopic pseudo-crystalline and disordered regions, 
organized in a hierarchic order from nanofibrils (with diameter of few nanometers) to fibrils and fibres, allow accessibility 
of external degradation agents (water, oxygen, pollutants). In paper materials cellulose fibers are intercalated with voids 
whose dimensions are comparable to those of the wavelength of visible light. This also makes paper a highly optically 
diffusive material and this is the main reason of its typical white colour if undamaged. The complexity of cellulose is an 
obstacle to the interpretation of optical spectra for the characterization and quantification of chemical damage induced 
by ageing in ancient paper. The increasing fragility and yellowing that are commonly observed in ancient paper-based 
artifacts have been explained by the increasing fragmentation of cellulose polymers and their oxidation. Degradation is 
expected to be mainly localized in the disordered regions. In order to recover chemical information useful for conservation 
studies, we applied a theoretical-experimental approach based on ultraviolet/visible (UV/Vis) spectroscopy. In this way 
we were able to obtain non-invasive measurements of the concentration of oxidized functional groups in cellulose acting 
as chromophores and responsible of paper yellowing.[1-3]

Results and Discussion
Optical absorption measurements of paper samples have been obtained in a 
temperature range from 14 to 300 K. Their interpretation by ab-initio theoretical 
computational simulations revealed a dominant role of static disorder on oxidized 
cellulose optical response, compared to temperature effect. This is in agreement 
with the hypothesis that degradation mainly develop in the disordered regions of 
cellulose fibrils. Therefore, conservation strategy based on treatment of ancient 
paper with anti-oxidant agents for the chemical reduction of oxidized groups must 
be based on suitable molecules able to penetrate within the disordered network of 
cellulose polymers up to the specific sites.

Conclusions
Our findings are of crucial importance to understand ancient paper degradation 
processes and to conceive new diagnostic and conservation methods of cellulose-
based cultural heritage materials. As an example of the possible application we 
show in this talk the results of our investigation on the famous Leonardo Da 
Vinci’s self-portrait (see Figure 1).

Figure 1: Up: Leonardo Da Vinci’s self-portrait (colored circles indicate the spots where the optical reflectance were measured). 
Bottom-left: reflectance spectra (colors of the lines correspond to those of the circles indicating the measured spots in the portrait, the 

black line is the spectrum of a white sheet of paper). Bottom Right: chromophores responsible of paper yellowing.
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Introduction
Magnesium hydride is a promising material for hydrogen storage due to its relatively high theoretical gravimetric 
capacity (7.6 wt%). Reaction of hydrogen with magnesium is reversible but kinetics are slow at temperatures lower than 
300°C. For this reason magnesium hydride could be used in applications where heat could be supplied at relatively high 
temperatures. In the past it has been reported that high energy mechanical treatments, as for example ball milling, could 
induce defects in the crystalline structure of magnesium hydride. Hydrogen mobility is increased by the presence of these 
defects. Ball milling causes a refinement of the particles’ dimension even till nanometric scale and after mixing with the 
powder a catalyst could be quite homogenously distributed in the particles. The presence of defects and of a catalyst and 
the reduction in particle size allow obtaining a material with drastically improved absorption and desorption properties in 
terms of kinetics. Thermodynamic properties of magnesium hydride are not affected by ball milling.[1] Other attempts to 
reduce particles’ dimension and improve magnesium hydride properties is to synthetize nanometric particles by chemical 
processes or physical methods as inert gas condensation.[2] 
Powder has demonstrated to be detrimental if directly used inside tanks for hydrogen storage. In particular hydraulic 
losses, reduction of hydrogen permeability and sintering and packing of the powders have been reported after long term 
cycling.[3] For these reasons the powder is compacted, commonly in cylindrical shape.
Other agents, in particular carbon-based materials, for enhancing thermal conductivity, could be compacted with mixtures 
of magnesium hydride and catalyst. The composite obtained has improved properties in terms of heat exchange and 
stability to cycling.[4,5]
In this work it is reported the preparation of compacted mixtures of ball milled magnesium-based powders with improved 
properties in term of kinetics and mechanical stability. In fact the problem related to swelling process, which affects 
pellets during cycling, is of great importance for tank exercise. The attempts to reduce this process, detrimental for tanks’ 
performances, are reported.

Results and Discussion
Magnesium hydride (MgH2), from Alfa Aesar, purity 98%, was milled with niobium oxide (Nb2O5) in a modified steel 
vial. The vial has a valve that allows the inlet and outlet of gas. After inserting the powder in the jar, the gas was evacuated 
by rotary pump. Successively the jar was filled with Ar at 6 bar and the process repeated for ten times. The process allows 
reducing contamination of the powders with O2 and moisture.
The ball to powder ratio was about 10:1. After 10 hours milling time, Expanded Natural Graphite (ENG), from Carbone 
Lorraine, was added and the powder mixed for other 1.5 minutes.
After milling about 250 mg of this powder was inserted in a mould 8 mm in diameter and pressed with a uniaxial press till 
600 MPa. The pellet obtained was about 3.5 mm high. Some metals, as Cr, were added in order to improve composites’ 
properties. 
Sievert’s type apparatus, from AMC Corporation, was used to study the kinetics and the behaviour of these pellets with 
cycling. The pellets are placed in a sample holder inside a cylindrical chamber. The chamber, of known volume, is filled 
with hydrogen after evacuation and heated with an external cylindrical oven. The pressure is monitored during time at a 
fixed temperature (310°C) during runs in order to measure the quantity of hydrogen absorbed (at 8 bar) and desorbed (at 
1.2 bar) by the material. Scanning electron microscope Zeiss EVO MA15 was used in order to ascertain microstructural 
evolutions during cycling. In particular samples have been prepared by embedding the material in epoxy resin, grinding 
and polishing it till 1 µm diamond paste. Energy dispersive spectroscopy was used to obtain map distribution of different 
elements present in the sample.
In Figure 1 it is possible to observe a cross section of the pellet prepared after grinding and polishing with 1 µm diamond 
paste. The image reveals that ENG stratifies in the form of stripes inside the pellet and in particular in the direction 
perpendicular to the axis of compaction, as also reported by Pohlmann et al.[4] In the case of tanks with cylindrical 
geometry this aspect could be important for heat management. The catalyst is also present in the form of nanoparticles 
quite homogenously distributed in the sample.
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Figure 1: SEM image of cross-section of the pellet prepared before cycling. Stripes of ENG could be observed.

In Figure 2 the microstructure of the compacted powder after 50 cycles is reported revealing the presence of catalyst 
depleted particles. Niobium oxide is present in the form of quite spherical nanometric particles. 

Figure 2: SEM image of particles after cycling. White dots are Niobium oxide catalyst.

The pellets revealed to remain compact after 50 cycles. 
Kinetics and hydrogen total capacity persisted practically unmodified during cycling. 

Conclusions
Pellets were prepared by pressing ball milled magnesium hydride, niobium oxide and expanded natural graphite under a 
uniaxial press till 600 MPa. The pellets prepared were cycled under hydrogen gas at 8 bar and 1.2 bar during absorption 
and desorption respectively. The effects of cycling in terms of kinetics, total hydrogen capacity and mechanical stability 
are reported. The experimental results demonstrated that pellets cycle without evident slowdown of kinetics and reduction 
in hydrogen capacity. Moreover pellets remain stable from the mechanical point of view. 
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Introduction
Focused ion beam (FIB) milling has emerged as a powerful technique for structuring samples at the micro/nano scale. FIB 
milling is a “direct writing” technique, i.e. it allows to fabricate micro and nano structures without any further processing 
and virtually on any kind of material. Despite a slower patterning speed respect to other direct writing fabrication 
techniques such as electron beam lithography (which requires a subsequent deposition or etching step for obtaining 
micro/nanostructures), FIB can be used to modify finely both flat sample surfaces and complex 3D structured materials, 
by exploiting a “Dual-Beam” configuration which include an ion beam and a scanning electron microscope in the same 
vacuum chamber. Dual-Beam FIB equipped with beam-induced material-deposition capabilities allows also for niche 
applications such as electrical microcircuits repair and fast fabrication of TEM lamellas.
Beyond these remarkable potentialities, FIB techniques have some drawbacks in addition to the slow patterning speed 
which include material damaging due to ion implantation, surface roughening, significant rounding of structure edges.
In this work we will discuss the above mentioned issues addressing possible routes for increasing the FIB milling speed, 
and controlling damage extent and shape of FIB fabricated nanostructures materials. In particular we will focus on the 
fabrication of high aspect ratio pillars obtained on diverse materials including germanium and zinc oxide.

Results and Discussion
Focused ion beam milling was made employing a Dual-Beam FIB equipped with a conventional Ga+ liquid metal ion 
source working at 30kV acceleration voltage, and using a wide range of ion currents from 28 pA to 20 nA.
FIB milling on bare (001) Ge flat surfaces is known to produce significant roughening [1] even at low ion doses (Figure 
1a). Rough surfaces are present both on top and on the sidewall of fabricated structures in particular when prolonged 
milling is made as in the case of high aspect ratio structures. A possible solution is to deposit a protective layer (such as 
a thin metal film with low ion sputtering rate) on top of Ge sample which protects the surface from ion implantation and 
also allows to obtain smooth surfaces (Figure 1b) acting as a mask. Around the pillar bottom it is well visible the rough 
surface resulting from FIB milling and partially from material redeposition.

Figure 1: (a) Germanium surface roughening. The scale bar indicates 1 µm. (b) High aspect ratio germanium pillar, with 8.5 μm 
height and 650 nm top diameter. The scale bar indicates 3 µm.

FIB processing at 30 keV produces a non negligible ion implantation which can dramatically damage or modify the 
material properties down to a depth of ~10÷30 nm, i.e. of the order of the typical projection range of ions implanted at 
this energy. Therefore, the deposition of a protective layer is mandatory in order to preserve the quality of samples made 
by thin films with thickness up to few tens of nanometers. As protective films we tested different kind of metal (Al, Cr, 
Ti) layers ~10÷50 nm thick which are adequate to stop the impinging ions. These metals can be left on the fabricated 
structures after FIB processing, acting for instance as metallic contact in nanoelectronic devices, or can be removed by 
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selective etching. However, depending on the kind of metal used and on the milling parameters, ions implanted in the 
protective layers may modify the surface chemistry thus making the etching of the protective metals ineffective. Thus 
the metallic species used as protective layer and their thickness have to be tailored according to the subsequent processes 
required.

The increase of the pattering speed issue was addressed in the specific case of fabrication of a large amount of structures 
covering the sample surface. Fib milling was made on a sputtered ZnO film [2] deposited on Si substrate. Reduction of 
patterning speed was obtained by combining: suitable patterns made of grids of lines (Figure 2a), large ion currents (~20 
nA), the presence of a masking metal layer and the excellent beam positioning accuracy provided by FIB equipments. 
Using this approach, arrays of pillars/cones with nanoscale diameter and high coverage has been fabricated (Figure 2b). 
In particular, the pillars were 1.8 µm tall with diameter on top of the order of 50÷100 nm.

Figure 2: (a) Grid patterns superimposed to the ion-beam image of a ZnO mesa. (b) Resulting conical pillars after FIB milling. The 
scale bar indicates 4 𝜇m. 

Conclusions
We have discussed fabrication issues related to surface nanostructuring and realization of nanosized pillar-like structures 
by means of focused ion beam milling. We used protective metallic layers on order to prevent sample damage and to 
reduce the typical roughening emerging from FIB fabrication in the specific case of Ge substrates. We also showed that 
arrays of ZnO conical nanostructures can be obtained at high ion current, thus decreasing the processing time, by tailoring 
the pitch of a grid pattern and using proper process parameters.
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Introduction
Thin films based on chemically ordered L10 FePt phase with strong (001) texture are attractive material for applications 
in ultra-high density magnetic storage media.[1] Typically the chemically L10 ordered FePt phase is formed from the 
disordered A1 phase during post-annealing [2] or after codeposition on suitable heated substrates.[1] However, industrial 
application of FePt thin films requires reduction of the ordering temperature and control of the grain size and orientation 
in the L10FePt phase.[3] One of the effective methods of substantially lowering the L10 ordering temperature is the 
introduction of third elements such as Cu, Au, or Ag. The process of the enhancement of ordering is driven by several 
factors. First of all, it is the effect of stress induced by differences in atomic radii and lattice mismatch. The second factor 
can be diffusion into or out of the original disordered FePt phase driven by different formation enthalpies. It was shown 
that Ag tends to segregate from the (disordered) A1 FePt and during heat treatment out diffusion of Ag enhances the 
ordering kinetics.[4] Similarly to Ag, Au atoms do not enter the FePt lattice and thus do not form ternary alloy phases.[5] 
In this study, the effect of interlayers of Au and Ag between Fe and Pt layers on the evolution of the low-temperature FePt 
phase formation was investigated. It is known that even at low temperatures when bulk diffusion processes are practically 
frozen almost full intermixing of components in thin films can take place by grain boundary diffusion induced motion [6-
8]. Grain boundary diffusion initiates the nucleation of the reaction product by moving the grain boundaries perpendicular 
to their original surfaces, leaving an alloyed zone behind.[4, 6-8]
In order to investigate the evolution of the diffusion processes, secondary neutral mass spectrometry (SNMS) was 
employed. Structural analysis of the samples was performed by x-ray diffraction in (θ−2θ)-scan mode using Cu Kα 
radiation. Magnetic characterization was carried out by superconducting quantum interference device - vibrating sample 
magnetometry (SQUID-VSM).

Results and Discussion
Fe(15 nm)/Ag(10 nm)/Pt(15 nm)/SiO2/Si(100)and Pt(15 nm)/Au(10 nm)/Fe(15 nm)/Al2O3(0001) thin films were fabricated 
by dc magnetron sputtering at room temperature. The samples were annealed in the temperature range of 300 – 340 oC 
for different times (up to 62 hours) in a separate vacuum chamber, having a base pressure of 10-4 Pa. After deposition 
SNMS depth profiles show well resolved individual layers for both film samples. Heat treatment (for 1-24 hours) leads to 

the onset of intermixing. 
In case of Ag interlayer, first fast diffusion in the Ag and the 
Pt layers takes place without intermixing on the Fe site. Later, 
it leads to the formation of an AgxPt1-x layer. Further annealing 
results in A1/L10 FePt phase formation induced by diffusion 
of Pt out of the AgxPt1-x compound, leaving Ag next to the 
substrate.[4] The much higher negative value of the formation 
enthalpy of FePt as compared to that of AgxPt1-x can explain 
the motion of the Ag layer to the initial location of the Pt layer.
In the film system with Au intermediate layer, first of all, 
fast grain boundary diffusion of Fe through the Au layer is 
observed. As a result, a partially L10 ordered FePt phase forms 
in the grain boundaries of the Pt layer and Au “moves” towards 
the substrate. Taking into account that the Au and Fe have 
quite limited solubility in bulk at 330oC, one can state that the 
disorder/order transformation is a kind of stress relaxation. 

Figure 1: Composition versus sputtering time profiles and SQUID-
VSM (M-H) hysteresis loops of the (a,b) Fe/Ag/Pt and (c,d) Pt/Au/Fe 

films at the latest stage of intermixing. 
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For both film systems, the growth does not follow the classical planar growth mode. However, almost full homogenization 
of Fe and Pt takes place at the latest stage of intermixing (Fig. 1a,c). Moreover, according to XRD data, the appearance of 
a weak L10 FePt(001) superlattice peak was detected. Also the presence of a large fraction of randomly distributed hard 
magnetic L10-ordered grains is also evident in the magnetic properties, where a pronounced enhancement of the coercivity 
up to 9-10 kOe and an isotropic reversal behaviour independent on the applied field direction, are observed (Figure 1b,d).
For comparison, a bi-layered Pt/Fe film was investigated. In this case, the mixing of layers is much less advanced, even 
the concentration of the Fe and Pt in the other layer is significantly higher than can be expected from grain boundary 
saturation.[4] At the same time there is no indication for the formation of the ordered phase in the XRD spectra even 
after the longest annealing time. Only the substantial increase in coercivity Hc ≈ 5 kOe reveal already the presence of 
randomly distributed high anisotropic L10 FePt grains.

Conclusions
Diffusion processes mediated by Ag and Au interlayers in Fe/Ag/Pt and Pt/Au/Fe film systems were investigated. It is 
shown by SNMS depth profiling after isotherm heat treatments at low temperatures - when bulk diffusion processes are 
practically frozen - that the formation of FePt alloy films is the result of grain-boundary mass transfer. At the latest stage 
of intermixing, a weak (001) superlattice peak of the L10 FePt is observed by XRD, accompanied by peaks from Ag and 
respectively Au. The existence of a large fraction of randomly distributed L10 FePt grains can explain the magnetic reversal 
behaviour. The formation of A1/L10 FePt alloy films can be interpreted by the grain-boundary diffusion induced solid state 
reaction. The enhancement of the chemical L10 ordering in Fe/(Au;Ag)/Pt compared to Fe/Pt bi-layers is interpreted by 
different formation enthalpies (in case of Ag) [4].; and stress relaxation during the formation of the disordered A1 FePt 
phase along the GBs (in case of Au). 
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Introduction
In the last years a large number of papers reported the synthesis of silicene, a 2D silicon allotrope analogue of graphene, 
on Ag(110) and Ag(111) substrates [1], attracting a large interest in the scientific community.
The modelization of silicene on silver substrates is generally based on the assumption of a complete immiscibility between 
silicon and silver. Recent results, however, revealed that in both cases the silver substrate is significantly altered upon 
silicon deposition, inducing either substrate reconstructions [2], faceting [3] or domains growth inside the first Ag(111) 
layer rather than on top of it .[4-5]

Results and Discussion
In this talk our recently published results on the Si/Ag(111) system [6] will be described. Through a combined DFT and 
STM study, the basic exchange mechanism between Si and the topmost layer Ag atoms is explained.
We provide a description of the nucleation process, demonstrating that the impinging Si atoms can actually penetrate the 
first silver layer by exchanging position with Ag atoms. Indeed, despite the quite high energy barrier, the Si/Ag exchange 
process is made possible by exploiting the excess energy released upon the Si atoms adsorption process. 

Figure 1: Schematic picture describing the silicon atoms adsorption and thermalization processes at the Ag(111) surface

Conclusions
We demonstrated that Si atoms are embedded and confined in the first Ag(111) layer where they act as seeds for the 
growth of recessed islands. Our results demonstrate that surface reactivity cannot be neglected when describing the Si/
Ag(111) interface formation. 
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Introduction
In recent years, challenging prospects of QDs have been demonstrated in the case of new generation devices such as 
single-photon emitters for nano-photonics and quantum computing. For these applications, the major achievement to be 
reached is the proper control over the single-QD arrangements. Such control can be pursued by artificial structuring of 
the surface, for instance by lithography. In this case, the introduction of unwanted defects affect the optical properties of 
QDs, which are not of the same quality as those randomly grown on the surface in the standard hetero-epitaxy of highly 
mismatched semiconductors. A completely bottom-up approach, relying solely on tailoring the growth to control the 
lateral position and composition of QDs, would be a relevant achievement in order to preserve the high crystalline quality 
required for optical applications.

Results and Discussion

We present results showing how it is possible to self-assemble by Molecular Beam Epitaxy (MBE) multi-stacked arrays 
of InAs QDs chains on GaAs(001), ordered at mesoscopic scale, by applying an innovative fully bottom-up process. 
The method [1] relies on the possibility of driving the In surface diffusion by using: (i) a mounded GaAs(001) template as 
initial surface; (ii) a multilayer InAs/GaAs growth; (iii) a fixed direction of the As beam flux over the sample; (iv) a high 
growth temperature and a high As to In/Ga flux ratio both of these being the growth conditions close to the boundary of 
stability of InAs QDs and (v) a very low rate or pulsed deposition of the InAs layer.

Figure 1: (Left figure) Representative 2x2mm2 AFM images for the QDs grown on the bare surface (L1), after one (L2), 
three (L4) spacer layers. In the right lower panel the growth geometry is schematically shown. From [2]

(Right figure) Derivative AFM image of a detail of sample L4 (a). Dark-Field STEM image of the 
sample L4 cut on the (110) plane (b). Schematic representation of the multistacking geometry (c). 

From [2]

As shown in Figure 1, using all these ingredients, we obtain distanced sets of ordered n-fold parallel chains of QDs along 
the (1-10) direction on the surface [2] after the deposition of exactly n layers (GaAs spacer plus InAs QDs), with n as small 
as 2, as shown by Atomic Force (AFM) and Transmission Electron Microscopy (TEM) measurements (see Figure 1).

L 1 L 2

L 4
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Figure 2: PL spectra behavior as a function of excitation power (left panel). Excitation power 
dependence of exciton recombination (right panel). The full red squares are the experimental data 

derived by the left panel, while the red line is the Poissonian fit to the data. From [4]

We will discuss the optical properties [3] of these systems, measured by micro-Photoluminescence scans over the surface, 
showing that, in the low-density regions of the sample, single QD emission features and efficient exciton formation/
capture in the QD is found (see Fig 2), as for high quality QDs. 

Conclusions 
By using a newly developed method of critical MBE epitaxy, that exploits high temperature, high As flux and a fixed 
directionality of the As beam, we grow on the GaAs (100) surface, first, a rippled buffer layer made of mounds elongated 
in the [110] direction and, then, long chains of InAs QDs along the steps of the only side of the mound facing the As 
flux. We obtain self-assembled chains of InAs QDs, at distances of hundred of nanometers from each other, using a fully 
patterning- free method. We demonstrate by mPL experiments that such chains display single-dot emission properties, 
and that the excitation power dependence agrees with that of single-exciton recombination.
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Introduction
The β-phase of the Si3N4 is known to grow epitaxially on Si(111) owing to a low lattice mismatch (less than 1.2%). The 
layer of silicon nitride is thin, crystalline and shows a 8x8 reconstruction on top.[1] In last years, several authors reported 
on the ability of the silicon nitride to prevent the formation of silicides with reactive metals as Au, Co, Fe at the interface.
[2,3,4] Moreover, very recently, theoretical calculations predicted the formation of Dirac cones associated to the synthesis 
of silicene on silicon nitride.[5] To the purpose here, we started studying the growth process of the silicon in the temperature 
range where the silicene is predicted to form on silver substrates. 
 
Results and Discussion
In the talk I will show preliminary results on the growth process of silicon deposited on the Si3N4(0001)/Si(111)-(8 × 8) 
interface by high resolution core level photoemission and scanning tunnelling microscopy. The deposition has been carried 
out in the temperature range from 350 to 380 °C. These experiments reveal that silicon grows as nanoparticles showing 
an average size of 10 nm and a height of 1.5 nm (Figure 1). The photoemission spectra show only a global attenuation of 
the signal from the nitride, confirming the ability of the reconstructed surface to passivate the silicon substrate (Figure 2). 

Figure 1: On the left, STM image of the sample surface (80x80 nm2, +4V, 0.01 nA); b) On the right, line profile taken along the blue 
line.

Figure 2: Core level photoemission spectra recorded on the β-Si3N4(0001)/Si(111) interface before and after Si deposition.

Conclusions 
These preliminary findings suggest that on the silicon nitride the sp3 configuration of the silicon is preferred to the buckled 
sp2 as reported for silicene-like synthesis on silver. Further investigation will be carried out at lower temperatures.
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Introduction
When silicon is evaporated on the Ag(110) surface, a regular array of one-dimensional (1D) nanostructures forms.  These 
so-called “nanoribbons” (NRs) grow exclusively along the [110] substrate direction [1], form an ordered grid at full 
coverage [2], and have a well-defined width of integer multiples of 0.8 nm.[3] In spite of much investigation into the 
system, however, the precise atomic structure of the nanoribbons remains unknown.
A number of recent studies have proposed that silicone, a highly sought-after single layer of a buckled honeycomb 
structure of Si atoms, is responsible for the nanoribbon structures.[4] Recent works using Raman and surface differential 
reflectance spectroscopy have cast doubt upon this interpretation, however.[5,6] The lack of a thorough theoretical study 
of the structure and stability of possible reconstructions has hindered progress in the field.

Results and Discussion
In this work [7] we propose several new reconstruction models for Ag(110)/Si nanoribbon structures for a range of 
Si coverages and evaluate them (as well as previously proposed models) using a combined theoretical-experimental 
investigation. 
First, we carry out high-resolution scanning tunnelling microscopy (STM) to reveal the fundamental structural motifs and 
building blocks of the various nanoribbon phases. We thus confirm that thicker NRs (1.6 nm, 2.4 nm) are true multiples 
of the 0.8 nm NRs, and should be considered as single, double, and triple NRs respectively. The Si coverage was also 
measured using STM as 0.8+/- 0.2 ML, in agreement with previous reports.
The information gleaned from the experimental studies inspired us to construct new structural models and study them 
using density functional theory (DFT). STM images of all models were computed and compared with experiment, 
allowing us to rule out a number of possibilities. We then investigated the relative stability of each model using ab initio 
atomistic thermodynamics, and found that models based on missing-row reconstructions of the Ag(110) substrate were 
the most favoured. These models also yielded the best overall agreement with the STM measurements. 
Models based on silicene-like structures were also investigated. However, they were found to require a much higher 
coverage of Si than that measured experimentally, and also yield poor agreement with the STM results.

Conclusions
We propose new models of Si/Ag(110) nanoribbons. Our models are thermodynamically stable, are consistent with the 
experimental Si and Ag coverages, and yield simulated STM images in excellent agreement with the measured data. In 
contrast, silicene-based models yield unsatisfactory results. Thus, we conclude that the observed nanoribbons consist of 
strongly bound Si-Ag reconstructions on Ag(110).
 
References:
[1] Leandri C, et al.; Surface Science; 574 (2005) L9; 
[2]  Sahaf H, et al.; Appl. Phys. Lett.; 90 (2007) 263110; 
[3]  Ronci F, et al;  Physica Status Solidi (C); 7 (2010) 2716; Colonna S, et al.; J. Phys: Cond Mat; 25 (2013) 315301; 
[4]  De Padova P, et al.; Appl. Phys. Lett. 96, (2010) 6; Aufray B, et al.; Appl. Phys. Lett.; 96, (2010) 183102;
[5]  Speiser E, et al.; Appl. Phys. Lett.; 104 (2014) 161612; 
[6]  Borensztein Y, et al; Phys Rev B; 89 (2014) 245410;
[7]  Hogan C, et al.; Phys Rev B; accepted for publication (2015) 



113

P1-01  Plasma-assisted fabrication of F-doped Fe2O3 nanostructures on Al2O3 
single crystals

A. Gasparottoa, D. Barreca*b, E. Bontempic, G. Carraroa, C. Maccatoa, O. I. Lebedevd, C. Sadae, S. Turnerf, G. Van 
Tendeloof

a Department of Chemistry, Padova University and INSTM - 35131 Padova, Italy.
b CNR-IENI and INSTM, Department of Chemistry, Padova University - 35131 Padova, Italy.

c Chemistry for Technologies Laboratory, University of Brescia, 25123 Brescia, Italy.
d Laboratoire CRISMAT, UMR 6508, CNRS-ENSICAEN, 14050 Caen Cedex 4, France.

e Department of Physics and Astronomy, Padova University, 35131 Padova, Italy.
f EMAT, Antwerp University, 2020 Antwerpen, Belgium.

*e-mail: davide.barreca@unipd.it

Keywords: F-doped Fe2O3, Al2O3, Single crystals, Plasma enhanced-chemical vapor deposition

Introduction
The last decade has witnessed a great attention devoted to Fe2O3 nanomaterials in different polymorphs. The most stable 
one, α-Fe2O3, has been widely investigated for a variety of end-uses and received a great deal of attention for the production 
of anodes to be used in photoelectrochemical cells for water splitting.[1,2] In a different way, γ-Fe2O3 is considered an 
interesting magnetic material, whereas the metastable β- and ε-Fe2O3 have been only scarcely investigated. The fine control 
of the system phase composition and nano-organization, pursued trough a proper choice of the preparation conditions 
and the growth substrate, is a key tool to master and engineer the material properties in view of various technological 
applications. 
So far, the functional behavior of Fe2O3 nanosystems has also been tailored by functionalization with metal nanoparticles 
(such as Pt, Ag, Au) or by means of anionic doping. In this context, the use of fluorine, though having been only partially 
explored, candidates itself as an attractive mean in order to tailor the material chemical and physical properties. 
In the framework of our research activities on the fabrication of F-doped Fe2O3 nanomaterials [2-4], the present study 
is dedicated to the synthesis of F-doped Fe2O3 nanostructures on Al2O3(0001) single crystals via plasma enhanced-
chemical vapor deposition (PE-CVD). F-doped Fe2O3 nanostructures were obtained starting from Fe(hfa)2TMEDA 
(hfa = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionate; TMEDA = N,N,N’,N’-tetramethylethylenediamine), that acts as a 
single-source precursor for both iron and fluorine. Particular attention is dedicated to the fundamental understanding of 
structure/property interrelations in materials prepared from Ar/O2 plasmas at different temperatures (200-400°C), with 
particular regard to the role of doping and epitaxy on the occurring nucleation/growth processes. The characterization of 
the developed materials was carried out by means of complementary analytical techniques, namely X-ray Photoelectron 
Spectroscopy (XPS), Secondary Ion Mass Spectrometry (SIMS), Field Emission-Scanning Electron Microscopy (FE-
SEM), bi-dimensional X-ray Diffraction (XRD2), (High Resolution)-Transmission Electron Microscopy [(HR)-TEM)], 
Electron Diffraction (ED), and optical absorption spectroscopy.

Results and Discussion
XPS analyses evidenced the formation of pure Fe2O3 free from other oxidation states, irrespective of the adopted 

processing conditions. [4] The surface F1s peak revealed the presence 
of lattice fluorine band at Binding Energy (BE) = 684.8 eV, along 
with a second contribution from CFx moieties due to an incomplete 
precursor decomposition (BE = 688.5 eV), that disappeared after a 
mild erosion.[1,4] Both components decreased upon increasing the 
growth temperature, and the presence of lattice F was retained even 
in the inner system layers with a uniform doping level (≈2 at. % for 
samples obtained at 300 °C), as testified by XPS and SIMS depth 
profile analysis.
Figure 1 displays representative FE-SEM micrographs of the obtained 
systems. As can be noticed, their morphology was strongly dependent 
on the deposition temperature and evolved from lamellar nanostructures 
(at 200 and even at 300 °C, with a more pronounced faceting) to 
nanocolumn arrays perpendicular to the substrate, with faceted tips, at 
400 °C. Correspondingly, XRD2 measurements revealed a progressive 
change of the phase composition from γ-Fe2O3 (@200 °C), to <110> 
oriented α-Fe2O3 (300 °C). At 400 °C, only the substrate reflections 
were detected, suggesting an epitaxial/oriented growth under these 
conditions. To further investigate this phenomenon, a detailed TEM 
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investigation was undertaken and revealed an epitaxial c-oriented growth 
of rhombohedral hematite, with the following structural relationship: 
[0001] α-Fe2O3 // [0001] Al2O3 and (01-10) α-Fe2O3 // (01-10) Al2O3. 
Several of the acquired ED images exhibited a complex pattern, with 
various superstructure spots. This phenomenon could be likely ascribed 
to the uniform occurrence of twinnings within the α-Fe2O3 phase.
Taken together, both plane-view and cross-sectional TEM data suggested 
the formation of c-oriented grains with two different orientation variants 
A and B, related to each other by a 60° rotation along the [0001] axis. A 
possible model accounting for these data involves a twinned growth [1], 
that was confirmed by High Angle Annular Dark Field-STEM (HAADF-
STEM) observation of the interface region (compare Figure 2).
Finally, the system optical properties were investigated in view of 
possible optoelectronic/photocatalytic end-uses. Irrespective of the 
deposition temperature, specimens displayed a prominent absorption for 
l < 600 nm, related to interband transitions. The extrapolated band gap 
values (EG = 2.52 eV, 2.22 eV and 2.16 eV for samples grown at 200, 
300 and 400 °C, respectively) were significantly higher than literature 
values for iron(III) oxides. This phenomenon was mainly attributed to a 
modified carrier concentration in Fe2O3 conduction/valence bands upon 
saturation of  oxygen vacancies by fluorine, more marked at the lowest 
deposition temperatures due to the highest F content.

Conclusions 
The present work has been devoted to the development of a PE-CVD 
approach for the in-situ, one-pot F-doping of Fe2O3 nanostructures 
on Al2O3(0001) single crystal substrates. The collected data show the possibility of tailoring chemical composition 
(F-content) and crystalline phase (from γ-Fe2O3 to α-Fe2O3) of the target materials as a function of the adopted growth 
temperature. The control over composition, structure/morphology and optical properties is expected to result in a parallel 
tuning of functional performances, paving the way to the development of iron(III) oxide nanosystems for optoelectronics, 
photocatalysis, energy storage, as well as for magnetic and gas sensing end-uses. 

Acknowledgements
The authors acknowledge financial support under the FP7 project “SOLAROGENIX” (NMP4-SL-2012-310333), as well 
as from Padova University ex-60% 2012–2015 projects, Padova University SOLLEONE (CPDR132937/13) and Regione 
Lombardia-INSTM ATLANTE projects. Thanks are also due to Dr D. Bekermann for technical and synthetic assistance.

References:
[1] Carraro G, Gasparotto A, Maccato C, Bontempi E, Lebedev O I, Sada C, Turner S, Van Tendeloo G, Barreca D; Rational synthesis 

of F-doped iron oxides on Al2O3(0001) single crystals; RSC Advances; 4 (2014) 52140-52146;
[2] Barreca D, Carraro G, Gasparotto A, Maccato C, Sada C, Singh A P, Mathur S, Mettenbörger A, Bontempi E, Depero L E; 

Columnar Fe2O3 arrays via plasma-enhanced growth: interplay of fluorine substitution and photoelectrochemical properties; Int. 
J. Hydrogen Energy; 38 (2013) 14189-14199;

[3] Carraro G, Barreca D, Bekermann D, Montini T, Gasparotto A, Gombac V, Maccato C, Fornasiero P; Supported F-doped a-Fe2O3 
nanomaterials: synthesis, characterization and photo-assisted H2 production; J. Nanosci. Nanotechnol.; 13 (2013) 4962-4968;

[4] Carraro G, Gasparotto A, Maccato C, Barreca D; Fluorine-doped iron oxide nanomaterials by plasma enhanced-CVD: an XPS 
study; Surf. Sci. Spectra; 20 (2013) 9-16



115

P1-02  Vapor phase fabrication of Fe2O3/CuO nanosystems with controlled phase 
composition

G. Carraroa, A. Gasparottoa, C. Maccatoa, E. Bontempib, F. Bilob, C. Sadac, D. Barreca*d

a Department of Chemistry, Padova University and INSTM - 35131 Padova, Italy.
b Chemistry for Technologies Laboratory, Brescia University and INSTM - 25123 Brescia, Italy.

c Department of Physics and Astronomy, Padova University - 35131 Padova, Italy.
d CNR-IENI and INSTM, Department of Chemistry, Padova University - 35131 Padova, Italy.

*e-mail: davide.barreca@unipd.it

Keywords: Fe2O3, CuO, CVD, Sputtering, Nanosystems

Introduction
The ever increasing attention devoted to iron(III) oxides (Fe2O3) can be traced back to their very favourable properties, 
encompassing the natural abundance, biocompatibility and diversity of electronic/magnetic properties, candidating them 
for manifold technological end-uses. Beside a-Fe2O3 (hematite), the most thermodynamically stable polymorph, efforts 
have recently been dedicated to the exploration of other scarcely studied Fe2O3 polymorphs of the Fe(III)-O system, such 
as b- and e-Fe2O3 [1,2], whose chemical, physical and functional properties are almost unknown. Thus, the development 
of such nanomaterials can disclose attractive perspectives for utilization in various fields, such as magnetism, gas sensing 
and energy production.
A viable approach to further engineer iron(III) oxide characteristics relies on its functionalization with suitable activators, 
enabling to implement Fe2O3 behavior with novel properties. In this regard, CuO, a biocompatible and inexpensive 
semiconductor, is an appealing candidate.[2,3] So far, Fe2O3/CuO composites have been investigated in powdered forms, 
but no studies on Fe2O3/CuO systems involving the b- and e phases are available in the literature.
This work presents a hybrid synthesis route to supported Fe2O3/CuO nanocomposites with controlled phase composition. 
The target nanomaterials have been fabricated on Si(100) and ITO (Indium Tin Oxide) substrates by the Chemical 
Vapor Deposition (CVD) growth of Fe2O3, followed by Cu Radio Frequency (RF)-Sputtering, with attention to the CVD 
activation pathway [thermal vs. Plasma Enhanced-CVD (PE-CVD)] and to the influence of Cu deposition time on the 
ultimate system characteristics. The latter have been investigated by various complementary techniques, with particular 
attention to the system structure, morphology, chemical composition and optical properties.

Results and Discussion
The preparative strategy proposed in the present work, along with the adopted synthetic conditions, is schematically 
displayed in Figure 1. The synthetic protocol was initially optimized on Si(100), and subsequently transferred to ITO 
substrates, in view of eventual functional tests for photoelectrochemical hydrogen production via water splitting.
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Figure 1: Schematic representation of the preparation route adopted for Fe2O3/CuO nanosystems. Adapted from [1].

For Si(100)-supported samples, the combined use of complementary analyses evidenced the formation of pure 
nanocomposite systems, characterized by the presence of the sole ε-Fe2O3 and CuO phases. Importantly, CuO content was 
tuneable through variations of the sole sputtering time. The unique features of the adopted approach enabled an efficient 
surface decoration of ε-Fe2O3 nanorods by low-sized CuO particles, resulting in an intimate contact between the two oxides. 
In particular, the in-depth penetration of CuO down to the interface with the Si substrate, with a preferential localization 
at the column boundaries, was confirmed by elemental mapping through Energy Dispersive X-ray Spectroscopy (EDXS) 
and Secondary Ion Mass Spectrometry (SIMS). The results indicated the presence of an Fe2O3 matrix with a uniform 
chemical composition and an enrichment of copper in the outermost material regions. The efficient copper dispersion into 
the CVD layer and the resulting intimate Fe2O3/CuO contact appear very promising in view of applications benefitting 
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from synergistic interactions of the two oxides.
Basing on these data, material synthesis was transferred to ITO substrates, adopting PE-CVD processing for the development 
of iron(III) oxide matrices. In this case, the presence of the sole β-Fe2O3 polymorph was observed, and related to the fact 
that this polymorph and the ITO substrate have both a cubic structure, with very similar lattice parameters. No reflections 
related to Cu-containing species were detectable, suggesting a high Cu dispersion and a corresponding moderate amount.
Field Emission-Scanning Electron Microscopy (FE-SEM) studies revealed the formation of porous arrays of columnar 
structures perpendicular to the ITO substrate. Iron(III) oxide aggregates were decorated by Cu-containing particles. After 
1 h of Cu sputtering, small and sparsely distributed aggregates were detected, whereas the average particle size increased 
from 10 ± 2 to 14 ± 2 nm for a sputtering time of 2 and 3 h, respectively. It is worth noting that Cu-based nanoparticles 
could be efficiently dispersed onto the host matrices, avoiding any alteration of the latter. These aspects are crucial issues 
to tailor and optimize the material functional behaviour.
X-ray Photoelectron Spectroscopy (XPS) analyses evidenced the presence of O, Fe and Cu peaks. The Fe2p peak 
position [BE(Fe2p3/2) = 711.0 eV] was in good agreement with the presence of Fe(III) in Fe2O3 [3] The Cu2p band 
was characterized by intense shake-up satellites, that, along with the energy position [BE(Cu2p3/2) = 934.5 eV], 
confirmed CuO presence. The surface copper molar fraction [XCu = Cu at.% / (Cu at.% + Fe at.%)×100] increased 
proportionally to the copper sputtering time, confirming the possibility of controlling CuO amount in the obtained 
composites by the sole variations of this parameter. 
In order to investigate light harvesting properties, optical absorption spectra were recorded. As a general trend, the spectral 
shape was in good agreement with previous data for b-Fe2O3, and an energy gap EG = (2.2 ± 0.1) eV was estimated, 
irrespective of CuO content. Optical penetration depths, corresponding to the distance over which 63% photons of a 
certain l are absorbed, were calculated according to the following equation [2]:

 a-1 = -D×[ln(T)]-1         (1)

where a is the absorption coefficient, D is the nanodeposit thickness and T is the recorded transmittance. At l = 470 
nm, a-1 values decreased from 150  to 120 nm upon going from bare Fe2O3 to Fe2O3/CuO systems with the highest CuO 
loading (3 h). This result indicates that CuO introduction in iron(III) oxide matrices promotes light harvesting in the 
outermost material region 

Conclusions
The present investigation focused on the development of hybrid CVD/Sputtering approaches to e/b-Fe2O3 nanosystems 
functionalized with CuO nanoaggregates. A proper selection of the processing parameters enabled the selective growth 
of phase-pure orthorombic e-Fe2O3 on Si(100) (via thermal CVD) or cubic b-Fe2O3 on ITO (via PE-CVD). Subsequently, 
copper sputtering and ex-situ annealing in air at 400°C resulted in a homogeneous decoration of b/e-Fe2O3 matrices with 
low-sized CuO NPs, whose amount and average dimensions could be tailored as a function of the sputtering time. 
To the best of our knowledge, this work is the first example of supported ε- and b-Fe2O3/CuO nanosystems obtained by 
of a combined CVD/Sputtering route. The obtained system features, and, in particular, the improved light harvesting 
promoted by CuO introduction, are extremely promising for potential technological applications in photoelectrochemical 
and photocatalytic hydrogen generation exploiting solar light, a largely available and intrinsically renewable natural 
resource.
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Introduction
In the last years, metal oxide semiconductors have been widely studied as gas sensors for environmental monitoring, safety 
and medical devices, food quality control. In this context, materials characterized by high surface area and defectivity 
can be efficiently exploited thanks to their enhanced interaction with the target gases, favouring adsorption/desorption 
processes.[1] 
In the continuous search for improved material performances, a viable strategy is represented by the functionalization 
of oxide-based nanostructures with noble metal nanoparticles (NPs), that boost the sensor sensitivity and selectivity, 
resulting also in faster response/recovery times, and decrease the sensor working temperature. These improvements can 
be traced back not only to the well-known catalytic action of metal NPs, but also to the formation of Schottky barriers at 
metal/oxide interfaces. To control the resulting material performances, the development and implementation of flexible 
preparation routes still represents an open challenge. In the framework of metal oxide systems, Fe2O3 possesses suitable 
chemico-physical characteristics along with a low toxicity and large availability. Up to date, sensors based on α-Fe2O3 
and  g-Fe2O3, the two most common iron(III) oxide polymorphs, have been studied for the detection of selected gaseous 
species. On the other hand, our group has recently highlighted the high applicative potential of the scarcely investigated 
and metastable ε-Fe2O3 polymorph, thanks to its peculiar surface and electronic structure.[2,3] On this basis, the study 
of sensing performances pertaining to ε-Fe2O3 nanomaterials, eventually functionalized with metal NPs, can disclose 
intriguing applicative perspectives. 
In the present work, we propose an innovative vapor-phase synthetic strategy to Au/ε-Fe2O3 gas sensors, starting from 
the chemical vapor deposition (CVD) of the iron(III) oxide matrix, followed by the dispersion of Au NPs via RF (radio 
frequency)-sputtering. The obtained materials show a high sensitivity in the detection of NO2, a dangerous atmospheric 
pollutant deriving from automobiles and industrial emissions. In addition, the introduction of Au NPs with controlled size 
and distribution yields a high selectivity and sensitivity even at working temperatures close to the room one. 

Results and Discussion
The selective synthesis of ε-Fe2O3 nanorods was performed under optimized CVD conditions on Si substrates [1,2], 
resulting in the formation of ordered and porous systems (see Figure 1). The developed materials represent an ideal 
matrix for the subsequent dispersion of Au NPs by RF-sputtering. In this work, gold amount was tailored by using two 
different sputtering times, 20 min [(Fe2O3/Au(20)] and 40 min [Fe2O3/Au(40)]. 
Plane view and cross-sectional field emission-scanning electron microscopy (FE-SEM) micrographs evidenced that the 
pristine iron oxide nanorod structure was preserved upon gold deposition, thanks to the use of mild sputtering conditions.
In particular, a uniform array of ε-Fe2O3 nanorods (length = 540 nm), oriented perpendicular to the growth substrate, was 
decorated by gold NPs with dimensions of 9 nm and 13 nm after 20 and 40 min of sputtering, respectively. In addition, 
energy dispersive X-ray spectroscopy (EDXS) analyses (Figure 1c,f) evidenced that Au NPs were mainly confined in 
the outermost sample region (≈ 100 nm), as also confirmed by secondary ion mass spectrometry (SIMS) analyses. X-ray 
photoelectron Spectroscopy (XPS) demonstrated the presence of Fe(III) in Fe2O3 and of metallic gold NPs. In addition, 
a careful analysis of the Au4f position highlighted the formation of a Schottky junction at the Au/Fe2O3 interface. Gas 
sensing tests evidenced a high selectivity of the present materials, that were insensitive to various reducing analytes. 
Conversely, exposure to NO2, an oxidizing gas, yielded an appreciable variation of the sensor conductance, as displayed 
by Figure 2a. In addition, the conductance variations could be related to the Au content, suggesting a key role played by 
metal NPs introduction in the oxide matrix.
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Figure 1: Plane-view and cross-sectional FE-SEM micrographs of (a, b) Fe2O3/Au(20) and (d, e) Fe2O3/Au(40). (c, f) Fe and Au 
EDXS signals recorded along the cross-section of specimen Fe2O3/Au(40) (see the yellow line). Adapted from [1].

Interestingly, sensors exhibited a conductance increase upon NO2 exposure, typical of a p-type behavior. Despite n-type 
systems are the most common, p-type oxides possess a peculiar catalytic activity, surface reactivity and electrical properties 
that can be favorably exploited in gas sensing applications.

Figure 2b shows the responses of the prepared systems as a function of the working temperatures, highlighting the 
beneficial role of Au NPs in promoting a remarkable improvement already at 25°C, a result of great interest in view of 
practical applications. In the present case, gold mainly affects gas sensing performances via an electronic, rather than a 
chemical, mechanism, reducing the hole accumulation layer at the metal/oxide interface, and promoting, in turn, an higher 
sensitivity.[1]

Figure 2: (a) Dynamic responses to nitrogen dioxide square concentration pulses; (b) response to 5 ppm of NO2 as a function of the 
sensor working temperature. Adapted from [1].

Conclusions and Outlook
A CVD/RF-sputtering fabrication protocol for the preparation of Au/ε-Fe2O3 composite materials as gas sensors was 
developed, yielding ε-Fe2O3 nanorods functionalized by Au NPs. Gas sensing tests highlighted the p-type characteristics 
of the present ε-Fe2O3-based materials, whose sensing performances were enhanced upon gold sensitization, in particular 
at low operating temperatures. The present findings highlight the high potential of the adopted preparation strategy for the 
fabrication of efficient sensors to be used in a variety of portable devices.
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Introduction
Iron(III) oxides are the most common iron compounds available in nature. Thanks to their promising chemico-physical 
properties, including low cost/toxicity and bio-compatibility, they have recently been the target of a renewed attention for 
various applications.
Four main crystalline polymorphs have been described in the Fe(III)-O system, a-, b-, e- and g-Fe2O3. Among them, 
a-Fe2O3 (hematite, EG = 2.1 eV) has been fabricated by several vapor- and liquid-phase techniques, yielding systems with 
controlled nano-organization. In particular, hematite has emerged as one of the most promising systems for photoassisted 
applications, such as solar hydrogen production and photocatalytic processes. On the other hand, the practical exploitation 
of hematite is still hindered by its low absorption coefficient and slow reaction kinetics, resulting in a high photo-
generated charge carrier recombination rate and a short hole diffusion length. In order to overcome a-Fe2O3 drawbacks, 
the investigation of the functional properties of the other iron(III) polymorphs represents a valuable option. In particular, 
the metastable e-Fe2O3 has been significantly less studied due to its hard-won synthesis, but has already shown improved 
performances with respect to a-Fe2O3 in photocatalytic solar H2 production.[1]
In view of photoassisted applications, iron oxide functionalization with tailored ultrathin surface layers can enable 
an improved light absorption and minimize charge carrier recombination phenomena, providing at the same time an 
improved corrosion protection to the underlying host matrix. This goal strongly relies on the nano-scale control of the 
overlayer characteristics, depending, in turn, on the adopted synthetic process. To this regard, atomic layer deposition 
(ALD) is a valuable option thanks to its conformality on the nanometer scale, yielding a precise surface functionalization 
and thickness control. The introduction of an ultrathin TixOy layer on a-Fe2O3 has already been demonstrated to provide 
a beneficial structural and electronic interplay at the TixOy/Fe2O3 interface, resulting in enhanced performances for photo-
assisted applications. 
On this basis, and exploiting our experience in the selective obtainment of Fe2O3 polymorphs, in this work we present 
a sequential CVD/ALD synthetic protocol for the preparation of surface-functionalized a- and ε-Fe2O3 nanosystems 
[2]. The target materials are specifically optimized for light-driven applications, such as anti-fogging and self-cleaning 
surfaces, analyzing their photoinduced hydrophilicity (PH) and photocatalytic (PC) behavior. A detailed investigation of 
the role played by the ALD layer, along with the advantages related to the e- with respect to the a-Fe2O3 phase, are also 
presented and critically discussed. 

Results and Discussion
The synthetic strategy proposed in the present work is presented in Figure 1. Morphological and structural analyses 
revealed the obtainment of pure a-Fe2O3 and e-Fe2O3 systems under tailored synthetic conditions.[2] In particular, a-Fe2O3 
was characterized by pyramidal and globular aggregates, endowed with a dense interconnection. Conversely, e-Fe2O3 
showed aligned rod-like structures perpendicular to the substrate surface, with mean lateral size and length of 80 and 350 
nm, respectively. This peculiar morphology could be associated to a [001] preferential orientation of e-Fe2O3 crystalline 
grains. Upon ALD functionalization, high resolution-trasmission electron microscopy (HR-TEM) images revealed that 
iron oxide nanostructures were conformally covered by a thin overlayer (< 10 nm, see Figure 1), with a well-defined 
crystalline structure. The latter could be attributed to a Fe-Ti-O ternary phase, the cubic inverse spinel Fe3-xTixO4 phase 
(titanomagnetite). Such findings suggest the occurrence of a solid state reaction between Fe and Ti oxides during ALD 
processing of Fe2O3, leading thus to the observed ternary phase.[2]
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Figure 1: Schematic representation of the preparation route adopted for Ti surface-functionalized  
α- and ε-Fe2O3 nanosystems. The right panels show HR-TEM images of the system outermost layers. Adapted from [2].

Subsequently, the light-assisted properties of the present Fe-Ti-O materials were investigated, with particular focus on the 
evaluation of their anti-fogging and self-cleaning capabilities. To this aim, both the evolution of the water contact angle 
(CA; PH properties) and the PC degradation of solid surface pollutants (terephthalic acid, TPA) were monitored under 
irradiation. Regarding PH characteristics, upon illumination a progressive CA decrease was observed for all the samples, 
suggesting the occurrence of a concomitant hydrophobic-to-hydrophilic conversion as a function of the irradiation time. In 
particular, ε-Fe2O3-based specimens displayed an improved PH behaviour with respect to α-Fe2O3-based ones, due to their 
higher active area and higher amount of surface oxygen vacancies/hydroxyl groups. Furthermore, ALD functionalization 
resulted in an additional performance improvement, thanks to the role of the Fe3-xTixO4/Fe2O3 interface in improving 
charge carrier separation and passivating iron oxide surface trap states.[2]
Interestingly, photo-oxidation of TPA under UV irradiation revealed the same performance trend of PH tests, highlighting 
the inherent technological potential of the present approach for self-cleaning applications.

Conclusions 
A sequential CVD/ALD synthetic strategy has been developed for the surface functionalization of Fe2O3 nanosystems. 
After the selective CVD synthesis of a- and e-Fe2O3, ALD has been used for the production of a conformal ultrathin 
titanomagnetite (Fe3-xTixO4) overlayer. As demonstrated by PH and PC properties, the optimization of iron oxide structure 
and interfacial interactions has been the key tool to develop efficient materials for light-assisted applications. It is 
reasonable that the above interfacial phenomena could beneficially affect functional performances also in other related 
technological end-uses. 
As a continuation of the described research activities, the developed synthesis route paves the way to the production of 
Fe2O3/TiO2 nanomaterials for different photo-assisted applications, including the degradation of pollutants in wastewater 
and the fabrication of photoanodes for photoelectrochemical water splitting. Successful results in these directions have 
already been obtained and reported elsewhere.[3,4]
Acknowledgements
The authors kindly acknowledge financial support under the FP7 project “SOLAROGENIX” (NMP4-SL-2012-310333), as well as from Padova 
University ex-60% 2012–2015 projects, Padova University SOLLEONE (CPDR132937/13) and Regione Lombardia-INSTM ATLANTE projects.

References:
[1] Carraro G, Maccato C, Gasparotto A, Montini T, Turner S, Lebedev O I, Gombac V, Adami G, Van Tendeloo G, Barreca D, 

Fornasiero P; Enhanced hydrogen production by photoreforming of renewable oxygenates through nanostructured Fe2O3 
polymorphs; Adv. Funct. Mater.; 24 (2014) 372;

[2] Barreca D, Carraro G, Gasparotto A, Maccato C, Rossi F, Salviati G, Tallarida M, Das C, Fresno F, Korte D, Lavrenčič Štangar 
U, Franko M, Schmeisser D; Surface functionalization of nanostructured Fe2O3 polymorphs: from design to light-activated 
applications; ACS Appl. Mater. Interfaces; 5 (2013) 7130-7138;

[3] Barreca D, Carraro G, Warwick M E A, Kaunisto K, Gasparotto A, Gombac V, Sada C, Turner S, Van Tendeloo G, Maccato C, 
Fornasiero P; Fe2O3-TiO2 nanosystems by a hybrid PE-CVD/ALD approach: controllable synthesis, growth mechanism, and 
photocatalytic properties; Cryst Eng Comm; 17 (2015) 6219-6226;

[4] Barreca D, Carraro G, Gasparotto A, Maccato C, Warwick M E A, Kaunisto K, Sada C, Turner S, Gönüllü Y, Ruoko T-P, Borgese 
L, Bontempi E, Van Tendeloo G, Lemmetyinen H, Mathur S; Fe2O3-TiO2 nano-heretostructure photoanodes for highly efficient 
solar water oxidation; Adv. Mater. Interfaces; 2015, in press, DOI: 10.1002/admi.201500313



121

P1-05  Magnetic nanoparticles for biomedical applications

G. Barreraa,b,*, P. Tibertoa, M. Coїssona, C. Celegatoa, G. Contaa,b, F. Vinaia, F. Albertinic, T. Nartid, Y. Leterrierd, M. 
Sangermanoe, P. Alliae

a INRiM, Electromagnetism Division, Strada delle Cacce 91, I-10135 Torino, Italy
b Chemistry Dept, Università di Torino, Torino I-10125, Italy

c IMEM-CNR, I-43124 Parma, Italy
d EPFL-STI IMX LTC, CH-1015 Lausanne, Switzerland 

eDISAT, Politecnico di Torino, Torino I-1029, Italy
*e-mail: g.barrera@inrim.it

Keywords: Hyperthermia, Magnetic nanoparticles, Self-assembling, Hysteresis loops

Introduction
Nowadays magnetic nanoparticles are widely used for a variety of technological applications such as ink-jet technology, 
ferrofluids for seals, bearings and dampers in cars and other machines, magneto-optic recording devices, water purification, 
and giant magnetoresistive devices. In recent years, nanothechnology has become the most growing area for health care 
and life science. In particular, an increasing interest to exploit magnetic systems in biomedical applications with different 
purposes has emerged owing to their easily tunable magnetic properties and to the ability to be manipulated and driven 
by an external magnetic field gradient. 
Nanobiomagnetic applications, including magnetic resonance imaging contrast-enhancement agents, targeted drug 
delivery, bioseparation and magnetically induced hyperthermia are becoming prominent and the integration of magnetic 
materials with biological molecules and therapeutics are inducing the development of hybrid materials with advanced 
properties.[1] To support their exploitation, reliable and reproducible magnetic characterizations are needed in the 
technological environment where the magnetic nanomaterials are used.  
In this work, two main categories of magnetic nanoparticles for biomedical applications will be discussed. The first is 
represented by free-standing magnetic Ni80Fe20 nanodisks obtained by a self-assembly bottom up nanolithography process 
having controlled diameter and ferromagnetic properties (diameter = 650 nm and thickness = 30 nm), (SEM image is 
reported in Figure 1(a)). The second class is represented by more conventional magnetite nanoparticles with a size of 5-6 
nm that were synthesized by the chemical route of thermal decomposition of Fe(acac)3 and subsequently coated with a 
silica shell, Figure 1(b). Both kind of as-produced powders were mixed with a photocurable resin obtaining two magnetic 
nanocomposites with the same nominal amount of magnetic material. 

Results and Discussion
Arrays of nanodisks were obtained by sputtering continuous Ni80Fe20 films on an optical resist, then by self-assembling 
commercially available polystyrene nanospheres (starting diameter 800 nm) whose diameter is then reduced in Ar 
plasma. Subsequently, magnetic material among the nanospheres is removed by sputter-etching and the spheres by 
sonication. Finally, the resist is dissolved in acetone resulting in free-standing nanodisks, that are washed and dispersed 
in ethanol. The versatility of the multi-step fabrication process allow to cover the magnetic nanodisks with a protective 
and biocompatible gold layer (thickness = 5 nm). Room-temperature magnetic hysteresis curves have been recorded at 
several stages of the process indicating that the continuous film displays a typical soft magnetic behaviour. Patterning 
leads to a hysteresis loop having the typical shape of magnetisation vortex nucleation with a higher coercive field, as 
confirmed by AFM/MFM images.[2] The free-standing nanodisks are characterised by a similar behaviour, maintaining a 
vortex magnetisation process. SQUID magnetometry in the 5-300 K range has been exploited to study the evolution of the 
magnetic properties of disks as a function of cryogenic temperature and evaluate the possible magnetostatic interactions 
among the disks. Cytotoxicity study of nanodisk with and without the protective gold layer has been performed on colon 
cell at different concentrations until 72 hours of proliferation time and the preliminary results are very promising for 
biomedical applications, (see curves in Figure 1(c)).  
For more conventional magnetite nanoparticles, the static magnetic properties of the nanopowders and the corresponding 
nanocomposites were measured in the 10 K - 300 K temperature range by a VSM magnetometer. The FC/ZFC curves reveal 
a high degree of particle aggregation in the Fe3O4 nanopowder, which is partially reduced by silica coating, and strongly 
decreased by dissolution in the host polymer. Analysis of magnetic data and the comparison with TEM image analysis 
allow to obtain detailed information on the nanoparticle size distribution and about the effective magnetic anisotropy of 
the particles. All samples behave as interacting superparamagnetic materials instead of ideal superparamagnets and follow 
the corresponding scaling law. [3]
In both nanodisks and nanoparticles, the temperature variation after heating by a magnetic induction furnace at 100 kHz 
frequency has been evaluated as function of field peak value in the range of 0 - 100 mT and the irradiation time. The 
performed magnetic characterization allow to understand the correlation between the physical properties of magnetic 
nanoparticles and the heating power by hyperthermia measurement. In Figure 1(d), a comparison between the temperature 
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variation induced by the Ni80Fe20 nanodisks with that induced by standard magnetite nanoparticles shows that with just 
half the concentration of nanoparticles, nanodisks induce the same temperature increase, because the heat transfer by 
nanodisks results to be much more efficient.

Figure 1: (a) SEM images of Ni80Fe20 nanodisks with a lateral dimension of about 650 nm and thickness 30 nm. (b) TEM 
micrograph of Fe3O4 nanoparticles. (c) Cytotoxicity test perform on Ni80Fe20 nanodisks at concentration of 1mg/mL (blu curve) and 50 

mg/mL (yellow curve). (d) Maximum temperature variation after exposition to rf field for 300 s of water solutions containing either 
magnetic nanodisks (green bar) or Fe3O4 @core shell nanoparticles (red bar).
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Introduction
For a long time used for synthesis of  bulk materials, solvothermal and hydrothermal approaches, have recently become 
more and more appealing due to the possibility to synthesize nanosized materials with well-defined size and morphology 
by means of suitable surfactants in non-aqueous or in water-alcohol media. The growing interest for these strategies derives 
from the lower toxicity and the lower cost of the solvents that can be employed, when compared to those commonly used 
in widely diffused surfactant-assisted non-aqueous hot injection and heating-up processes. Other advantages include the 
possibility to use moderate reaction temperatures, the low boiling point of the solvents and the high repeatability of the 
synthesis. These advantages render solvothermal processes promising low cost, eco-friendly and reliable strategies for the 
synthesis of inorganic nanostructures. 
Nanostructured iron oxides, in particular maghemite and magnetite are the most useful systems for technological 
applications, from high-density storage, to catalysis, gas-sensing and pollutant removal. Furthermore, being approved by 
US Food and Drug Administration, [1] iron oxides have attracted great interest also for their applications in biomedicine, 
[2]  from drug delivery to diagnostics and therapy (theranostic). [3] Although in the literature a number of synthetic 
approaches have been proposed both in water and non-aqueous media, the last ones are the most promising because 
of a better control on particle size, size distribution, shape and a higher degree of crystallinity of the final product.
[4]  However, commonly used high efficient surfactant–assisted non-aqueous routes use high amounts of toxic solvent 
(octadecene, toluene, benzylether, phenylether). Therefore, cheaper and greener alternative strategies have to be found. 
This work represents a new contribution to the synthetic solvothermal approaches, as well as to the understanding 
of the reaction mechanism involved in the formation of the iron oxide  nanoparticles and of their molecular coating. 
Novel insights on the role of the surfactants and the nature of the capping agent were obtained thpurgh a dual FTIR and 
1H-NMR. Oleic acid and oleylamine react to form a dialkylamide that has been found the only capping agent bound at 
the nanoparticle surface. The resulting hydrophobic nanoparticles can be converted into hydrophilic systems by a suitable 
silica coating (core-shell architectures) by a sol-gel- water in oil microemulsion combined method.

Results and Discussion
Spherical magnetite nanoparticles with tunable sizes in the 7-12 nm range and with a low polidispersity (Figure 1a) were 
prepared by a solvothermal approach. Specifically, iron isopropoxide (FeIS), water vapour, absolute ethanol, oleic acid 
(OAc) and oleylamine (OAm) were used as iron oxide precursor, hydrolysis agent, solvent and surfactants, respectively. 
[5] FeIS was synthesized by the reaction between potassium iso-propoxide and iron (III)chloride, under strongly anhydrous 
conditions; all chemicals were treated to remove even traces of water and all synthesis steps were conducted under the 
flow of dried nitrogen. In order optimize the synthetic conditions with the aim to prepare pure magnetite nanoparticles, 
the role of each surfactant were investigated. Different samples were prepared in the absence of the two surfactants, 
in the absence of oleylamine, in the absence of oleic acid and with different FeIS:(OAm+OAc) ratios. A unique spinel 
phase  is observed only when oleylamine or suitable mixtures of oleylamine and oleic acid are used and 57Fe Mössbauer 
Spectroscopy prove the formation of magnetite. The effect of the reaction temperature was studied from 140°C to 220°C. 
The mean size of crystalline grains (<DXRD>) linearly increases with increasing temperature and the same tendency was 
confirmed for particle size (<DTEM>) by TEM analysis (Figure 1b). Moreover, a significant improvement of the size 
distribution is observed when the synthesis was performed at temperatures above 140°C (polydispersity lower than 10%) 
(Figure 1b). A combined 1H-NMR and FTIR study has been carried out to investigate the organic reactions involved in our 
synthetic process. Since colloidal dispersions of magnetite nanoparticles could not be analyzed by 1H-NMR spectroscopy 
due to the extreme signal broadening caused by their ferrimagnetic properties, suitable nanoparticles of a diamagnetic 
oxide (titania in the anatase phase) has been synthesized under the same experimental conditions. [6]  FTIR and 1H-NMR 
studies suggest the presence of an amide (dialkylamide) both in the magnetite and the anatase dispersions, formed by 
the condensation reaction of oleic acid and oleylamine. (Figure 1c). Amide capped nanoparticles being hydrophobic 
nanoparticles were transferred into water through a sol-gel -water in oil microemulsion method to create core shell 
magnetite-silica nanodispersions (Figure 1d). [7,8] 
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Figure 1: (a) TEM bright images of magnetite nanoparticles (b)  Particle Size Distributionsand and DXRD and DTEM size versus 
temperature (c) Schematic representation of the dialkylamide-capped nanoparticles (d) TEM bright images of core shell silica 

nanoparticles

Conclusions 
A convenient eco-friendly, low-cost solvothermal synthetic strategy has been proposed to prepare spherical magnetite 
nanoparticles of different sizes with low polydispersity. The hydrolysis and condensation reactions of the iron alkoxide 
at the basis of the formation of the iron oxide are controlled by varying the ratio between the iron precursor and the 
surfactants (oleic acid and oleylamine), the ratio between the two surfactants, as well as the reaction temperature. A linear 
trend has been found both for particle size and crystallite size as a function of temperature. An in-depth study on the role 
of each surfactant has pointed out the fundamental role of the amine as reduction promoter as confirmed by Mossbauer 
measurements. New insights in the reactions involved in the synthesis are provided. Oleic acid and oleylamine react 
forming a dialkylamide that constitutes a new surfactant and the actual capping agent of the nanoparticles. Through a sol-
gel- water in oil microemulsion combined method the resulting hydrophobic nanoparticles can be transferred to water by 
a homogenouous silica coating.
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Introduction
Obsidian, also known as the Neolithic black gold, was one of the most exploited raw material during the Neolithic, even in 
places far away from the rare outcrops and in which alternative materials were available. This fact together with the good 
conservation of the obsidian artefacts over time has represented the ideal premise for the archaeologists to reconstruct 
the exchange routes by the assignment of each artefact to the provenance outcrop and by the possibility to discriminate 
the obsidian main sources and sub-sources.[1]  Indeed, a sort of geo chemical fingerprinting can be identified.[2]  In this 
framework, most of the literature concerns provenance studies in which both destructive and non-destructive analytical 
techniques have been applied to characterise the obsidian geo-chemistry, physical properties and geological age. Just a 
few papers aimed to characterise the material itself. [3-9] However, a careful correlation of its microstructural, magnetic 
and morphological properties is still almost completely lacking.
In this framework, this work proposes a multi-technique approach based on the combined use of Powder X-Ray diffraction 
(PXRD) and Rietveld refinement, 57Fe Mössbauer Spectroscopy, magnetic measurements and Transmission Electron 
Microscopy (TEM and High Resolution-TEM) with the aim of studying in depth the obsidian microstructure, magnetism 
and morphology.

Results and Discussion
Rietveld analysis on PXRD data highlights the dual nature of obsidian identifying, besides the main amorphous component, 
different crystalline phases and quantifying their content. Among the crystalline phases, iron-containing ones like biotite, 
orthoferrosilite and a nanostructured spinel oxide phase have been revealed permitting the study of obsidian by means of 
57Fe Mössbauer Spectroscopy and static magnetic measurements. The coexistence of paramagnetic, antiferromagnetic, 
ferrimagnetic and superparamagnetic phases have been pointed out. Apt experiments have been successful to evidence 
Exchange Bias phenomena, revealing the occurrence of coupling between the antiferromagnetic phase (orthoferrosilite) 
and the ferrimagnetic one (magnetite). Finally, a further level of complexity has been observed by TEM and HR-TEM 
analyses and related to the morphology (size and shape) and distribution of the crystalline phases into/over the glassy 
matrix. A schematic representation of the proposed work is shown in Figure 1.

Figure 1: Characterisation of the microstructural, magnetic and morphological properties of Monte Arci Obsidian.
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Conclusions 
Obsidian, despite its common description in terms of natural volcanic glass, is actually a very complex material 
characterised by a dual nature, i.e. amorphous and crystalline. The presence of various iron-containing crystalline phases, 
either nano- or micro structured, has been exploited to get information on the magnetic behaviour of this raw material 
by the application of 57Fe Mössbauer Spectroscopy and DC magnetometry. Thanks to this approach, a wide variety 
of magnetic phases have been pointed out: paramagnetic, antiferromagnetic, ferrimagnetic and superparamagnetic. In 
addition, Exchange Bias phenomena have been observed as a consequence of the contact of the antiferromagnetic phase 
with the ferromagnetic one. The described picture have been further confirm by TEM and HRTEM analyses that reveal 
also a further level of complexity related to the morphology.
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Introduction
Advanced synthesis approaches are necessary to achieve a strict control of the structural, morphological and chemical 
properties of nanomaterials, being at the basis of the reproducible manipulation of their physical behavior. In fact, any 
advanced application of nanoparticles (NPs) system will also rely on the achievement of such control, especially for 
magnetic nanoparticles that are complex physical objects, whose properties greatly differ from their parent massive 
material, being particularly sensitive to the particle size.[1]

Within this context, the synthesis of spinel ferrite nanoparticles (MeFe2O4, Me = Fe2+, Co2+, Ni2+, Zn2+, …) with controlled 
morpho-structural features represents an important issue due to the strong interest from both a fundamental and a 
technological point of view (e.g., MRI, hyperthermia, drug delivery, catalysis).

The present study investigates the effect of residual oxygen dissolved in the reaction environment on the reaction kinetics 
and the morphological properties of CoFe2O4 nanoparticles.[2] The amount of residual oxygen (RO) was controlled by 
degassing the reaction environment at a different extent and monitoring the values of total residual pressure. It will be 
demonstrated how the control of RO is a powerful tool to tune the size of nanoparticles up to ~19 nm, while retaining a 
narrow size distribution. Cobalt ferrite particles represent a model system for this study; furthermore, they are of interest 
in several fields, e.g., CoFe2O4 NPs in the 19-25 nm size have attracted attention for the design of new exchange coupled 
nanocomposites for applications as permanent magnets.[3,4] Moreover, the specific attention on obtaining a narrow size 
distribution emerges from applications that demand the switching of the magnetization in a very small range of magnetic 
applied field (e.g., magnetic hyperthermia [5]), which can be obtained with a sharp size distribution.

Results and Discussion
This paper focuses on the influence of the amount of residual oxygen content present in the reaction environment on the 
growth mechanism of CoFe2O4 nanoparticles prepared by thermal decomposition of acetylacetonate precursors. The study 
was conducted by a morphological analysis of NPs from S(T)EM images using a new statistical approach, based on the 
so-called aspect maps that allow to better understand the NPs growth mechanism (Figure 1).
The reduction of the oxygen content, i.e., degassing the solution at low pressure, prolongs the nucleation phase. Such 
phase occurs in multiple events producing a defocusing effect and providing more precursors available for the growth step. 
Due to the process conditions (i.e., high particle concentration and initial broad size distribution), an Ostwald ripening 
accompanied by a strong focusing effect was then favored. By tuning the oxygen content, the defocusing-refocusing 
process was optimized to produce average particles size of 19 nm (well beyond 12 nm which is often considered a 
size limit for cobalt ferrite nanoparticles obtained by acetylacetonates HTD synthesis) and very narrow size distribution 
(polydispersity of 0.4(1) nm-1). In addition, considering the incomplete re-focusing at the lowest residual pressure 
employed in CF5, even after 60 min of reflux, this method seems promising for obtaining particles size up to 25 nm.
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Figure 1: 3D aspect maps for sample CF1 (residual pressure of 1000 mbar), CF2 (40mbar), CF3 (0.8 mbar) and CF4 (0.3 mbar), in 
panel a, b, c and d, respectively.

Conclusions 
The rigorous control of the oxygen amount in the reaction environment was effective in producing improved magnetic 
properties. This work demonstrates it is an optimal strategy to reduce the switching field distribution up to 20 %, leading 
to an optimized magnetization reversal in a narrower magnetic field range, which represents a critical issue for specific 
applications. Indeed, it can be used to improve the performance of magnetic materials in several applications, from 
magneto-recording to biomedical ones.  In addition, cobalt ferrite particles in the 19-25 nm size range are of interest for 
the design of new exchange coupled nanocomposites for applications as permanent magnets.[3,4] Finally, the analysis by 
aspect maps has been shown to be very powerful providing a tool for understanding growth mechanism, being extendable 
to the study of many other systems.
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Introduction
Among nanostructured materials, magnetic ferrites nanoparticles (MeIIFe2O4; MeII = Fe2+, Ni2+, Co2+, etc) with spinel 
structure have generated much interest, not only for their technological applications, but also because the rich crystal 
chemistry of spinels offers excellent opportunities for the fine tuning of the magnetic properties.[1-3] The spinel ferrite 
has a face-centered cubic (fcc) structure in which the oxygen ions are cubic close-packed. The structure contains two 
interstitial sites, occupied by metal cations with tetrahedral, (Td), and octahedral, (Oh), oxygen coordination, resulting in 
a different local symmetry (Figure 1). The net magnetization can be considered a priori proportional to the difference 
between the Td and Oh sub-lattice magnetizations which are organized in an antiparallel way, inducing a ferrimagnetic 
behaviour. Furthermore, the magnetic anisotropy is related to the cationic distribution due to the single ion anisotropy of 
the divalent cations, which depends on their position in the different interstitial sites.[3]
In most of spinel iron oxide nanoparticles (γ-Fe2O3, Fe3O4), non-collinear magnetic structures have been ascribed to the 
presence of competing interactions between the two sub-lattices together with the structural surface topological disorder 
induced by the symmetry breaking. [4-6]

Figure 1: Sketch of magnetic and crystalline ferrite structure. Oxygen ions are represented as small red spheres, while the big 
blue ones inside the tetrahedral sites represent the divalent cation. The trivalent cations are the big gold ones inside the octahedral 

polyhedra. The atomic magnetic moments are described as vectors aligned along the easy axis [110]

This picture allows one to consider that the magnetic properties of ferrite nanoparticles with a spinel structure are clearly 
related to a complex interplay between cationic distribution and surface symmetry breaking (i.e., spin canting effects). 
The present work aims to shed light on this complicated dependence, in particular we investigated the magnetic properties 
of a family of small crystalline ferrite nanoparticles of formula CoxNi1-xFe2O4 having equal size (≈ 4.5 nm) and shape, but 
whose composition was systematically varied between stoichiometric cobalt and nickel ferrite (0 ≤ x ≤ 1). These properties 
allowed us focusing the investigation only on the effect of the chemical composition on the magnetic structure (i.e., 
cationic distribution and spin canting), beyond the effect of particle volume or shape, in order to clarify the dependence 
of magnetic properties from the magnetic structure itself.
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Results and Discussion
The properties of spinel ferrites are directly related to their chemical composition. In this work it is shown how it is 
possible to finely tune the magnetic behavior in Ni-Co ferrite nanoparticles by controlling the chemical composition, 
beyond the effect of the particle size. The evolution of the magnetic behavior with respect to the different chemical 
composition has been provided both by M versus H and DCD and their derivative curves. It is clear that, increasing the 
cobalt content, a stronger magnetocrystalline anisotropy was produced, and higher saturation magnetization is obtained. 
To study the magnetic structure of the samples, and in particular to understand the unusual saturation magnetization of 
samples Co100-Ni0, Co50-Ni50 and Co0-Ni100, 

57Fe Mössbauer spectrometry under intense magnetic field was employed. The 
cationic distribution between the two Fe sublattices has been estimated, and, matching this information with the saturation 
magnetization, it was possible to propose a cationic distribution in both Td and Oh sites, with the presence of vacancies 
and an unusual overpopulation of specific sites. In addition, a spin canted structure was evidenced and explained in terms 
of superexchange interactions energy produced by the average cationic distribution and vacancies in the spinel structure. 

Conclusions 
This study represents an example of further development in the understanding of the link between the structure and 
magnetic behaviour of ferrite nanoparticles beyond the volume effect. The control on the chemical composition allow to 
tune fundamental magnetic proprieties such as anisotropy and saturation magnetization. The detailed analysis developed 
mixing the information of magnetic measurements and Mössbauer spectroscopy under intense magnetic field allowed 
to describe the detailed chemical and magnetic structure of the samples explaining the values of magnetic saturation 
observed and the origin of the spin-canting effect. This study is of fundamental importance for the development of the 
engineering of magnetic ferrite nanomaterials for technological applications.
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Introduction
Healthcare associated infections are an emerging problem of public health, contributing to patients’ morbidity, mortality 
and length of hospitalization, as well as increased public healthcare-related costs. Due to the emergence of multidrug 
resistant strains of several bacteria, non-pharmacological strategies are warranted to reduce bacterial colonization of 
medical devices and to reduce bacterial contamination of working surfaces. Several antibacterial internal coatings for 
endotracheal tubes (ETTs) have been proposed to inhibit the development of biofilm . Titanium dioxide (TiO2) nanoparticles 
in anatase form has attracted much interest for its efficiency in the photodegradation of bacterial.[1] Recently, efforts have 
been made to immobilize TiO2 onto various solid supports for avoiding the problems related to losses of the photocatalyst 
in the environment and its post-treatment separation and recovery. 
In the present study TiO2 was immobilized on two supports: a) cellulose acetate filter to assess the antibacterial activity 
against S. aureus and P. aeruginosa of two nanoparticle ETTs coatings and b) glass beads (σ=4.6 mm) to develop an 
antibacterial surface.

Results and Discussion
In the test a) commercial anatase and N-doped anatase prepared by sol-gel synthesis[2] were used. Samples were 
characterised by scanning electron microscope (SEM), transmission electron microscope (TEM), X-ray powder diffraction 
(XRPD) and reflectivity analysis. Nanoparticles were placed on the internal surface of a segment of a commercial ETT, 
loaded on a cellulose acetate; filter control ETTs were left without nanoparticle coating. A bacterial inoculum of 150 CFUs 
was placed in the ETT, then exposed to a fluorescent light source (3700 lux, 300-700 nm wavelength) for 5, 10, 20, 40, 60 
and 80 minutes. CFUs were counted after 24-hours incubation at 37°C. Bacterial inactivation was calculated as percent 
reduction of bacterial growth compared to an ETT not exposed to light. After 24 hour incubation, CFUs were counted and 
SEM analyses were performed. 

The percentage of Inactivation (I) due to photocatalytic activity of TiO2 was calculated by the following formula:

where Nc is the number of CFUs on filter without TiO2 and without light exposition (blank) and Ncc is the number of 
CFUs on filter after light exposition at time t with or without (control) TiO2. Each experiment was repeated three times. In 
absence of light, no relevant antibacterial activity was shown against both strains. For P. aeruginosa both coatings had a 
higher bacterial inactivation than control at any time-point (p<0.001), and no difference was observed between TiO2 and 
N-TiO2. For S. aureus inactivation was higher than control starting from 5 minutes for N-TiO2 (p=0.018) and 10 minutes 
for TiO2 (p=0.014); inactivation with N-TiO2 was higher than TiO2 at 20 min (p<0.001), 40 min (p<0.001) and 60 min 
(p<0.001).
Nanosized commercial and N-doped TiO2 inhibit bacterial growth under visible fluorescent light. N-TiO2 has higher 
antibacterial activity against S. aureus compared to TiO2.
In the test b) the aim of work was to develop a process to immobilize TiO2 on a glass support substrate. The TiO2 was 
immobilized on glass beads (ø = 4.6 mm) using aqueous solutions of previously made titania nanopowders (PMTP) 
synthesized by sol-gel process[2]; temperature of calcinations ranged from 350°C to 550°C. The glass beads were pre-
treated by an innovative method patented[4] (Figure 1). 
An experimental design was used to investigate the effect of various coating parameters such as time of pre-treatments 
of the beads, initial TiO2 loading, pH solution, contact time, time and temperature of calcinations, cycles of treatment on 
TiO2 immobilization on glass beads. The optimization proceeded through a screening phase (D-optimal design strategy) 
followed by a response surface study (full factorial design).
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Figure 1 Scanning electron micrography of pre-treated glass beads coated with TiO2 nanoparticles.

The test on photocatalitic activity was made with MB in according with  ISO 10678 : 2010 After 90 minutes light 
exposure, the concentration of 10 mg L-1 MB was reduced in the range 78% - 39.5% according to the various synthesis 
parameters. Before irradiation under artificial solar light (300 Ultra-Vitalux, Osram), the samples were kept 30 min 
in the dark to evaluate adsorption of MB on support. In the blank was used MB without glass beads. Data shown in 
Figure 2 demonstrated that the immobilized photocatalyst is still active after repeated cycles without efficiency loss and 
nanopowders washout.

Figure 2 TiO2 coated glass beads after 9 cycles of reuse.

The most important effect of the coating parameters were: time of pre-treatments of the beads (60 min.), temperature of 
calcinations (500 °C) and cycles of treatment on TiO2 immobilization on glass beads (3 cycles). Antibacterial test are in 
progress.

Conclusions
TiO2 immobilized on a filter of cellulose acetate (case a) or glass beads (case b) are efficient methods for use in 
photocatalysis under the fluorescent lamp. The flexibility of nanoparticle preparation technique allows the production of 
different antibacterial surfaces and even the implementation in wearable sterile textiles which can be useful in hospitals 
to prevent or to minimise infection with pathogenic bacteria.
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Introduction
Photocatalytic treatment of water and wastewater by TiO2 is a process that has been introduced at least a couple of decades 
ago. But, in spite of its high capabilities, the technology has not yet reached large scale application; the key point seems 
to be immobilization of TiO2 nano-particles on suitable solid supports being able to maintain efficiency in the treatment 
process avoiding the problems related to losses of the photocatalyst in the environment and its post-treatment separation 
and recovery. 
In the present study, TiO2 was immobilized on zeolites and sepiolite. The study aims to develop photocatalytic materials 
that are effective against recalcitrant pollutants by using Fluoroquinolones (FQs) as probes able to supply a rich information 
through their multiform photochemistry on all of the key steps of the process, chemical and toxicological.  

Materials and methods 
TiO2 supported on zeolites was obtained by Titanium isopropoxide, isopropanol and water (1:2:10) vigorously stirred for 
4 h; then the mixture was submitted to a thermal treatment at 100 °C for 12 h in order to eliminate the residual water and 
organic compounds, and to densify the amorphous aerogel. The obtained amorphous TiO2 (100 mg/mL) was mixed with 
50 mg/ml of H+ zeolite in deionized water; the resultant suspension was magnetically stirred for 20 min. The slurry was 
filtered, washed and finally dried in oven at 100 °C overnight. The sample was then treated at 350 °C for 1 h to convert 
amorphous TiO2 into anatase.
TiO2 immobilized on sepiolite was obtained by two different methods and different ratio TiO2/sepiolite. The first procedure 
was similar to that used for immobilizing zeolite: 100 mg/mL (sample S1) and 10 mg/mL (sample S4) of commercial 
sepiolite were added to aqueous solutions of amorphous TiO2, 100 mg/mL and 250 mg/mL, respectively; the suspensions 
were magnetically stirred for 30 min.
The second method involved the adding of sepiolite during sol-gel synthesis: 2 g of sepiolite were added to Titanium 
isopropoxide, isopropanol and water with mole ratio of 1:2:10 (sample S5) and 1:15:5 (sample S6). 
Samples S1 and S4 were first centrifuged at 2500 rpm for 10 min and then the slurry dried in oven at 100 °C overnight. 
Samples S5, S6 were directly dried in oven at 100 °C overnight. All the powders were calcinated at 500 °C for 1h and then 
washed in deionized water, centrifuged for three times and finally dried at 100 °C overnight.
Both TiO2-zeolite and TiO2-sepiolite samples were characterized by X-Ray powder diffraction (XRPD), scanning electron 
microscopy (SEM), BET analysis and diffuse reflectance analyses. 
The efficiency of sepiolite-TiO2 catalysts was tested in removing a commercial dye, methylene blue (MB), from aqueous 
solution under simulated solar light.
Fluoroquinolone degradation tests were carried out using zeolite-TiO2, sepiolite-TiO2, P25 Degussa; in the case of 
sepiolite-TiO2 was used sample S4.

Results and discussions
In Figure 1 are illustrated MB degradation profiles of sepiolite-TiO2 samples. All the samples showed a rate of degradation 
greater of 50% after 40 min of irradiation. Non supported TiO2 demonstrated 50% of MB removal after 120 min. Samples 
S1, S5, S6 featured higher ratio sepiolite/TiO2; this is responsible of MB removal as absorbance on the samples without 
light (first 80 min). In sample S4 the degradation was only due to photocatalytic activity. 
The fluoroquinolone degradation rates are reported in Figure 2. FQ degradation with no catalysts required 140 min 
while P25 showed complete FQ degradation in 20 min and TiO2-sepiolite and TiO2-zeolite required 40 min and 60 min 
respectively. 

Conclusions 
Considering the promising results, tests are in progress to apply the sepiolite and zeolite supported TiO2 in removal of 
fluoroquinolone antibiotics from wastewater.
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Figure 1 MB (40 mg/L) degradation profiles in the presence of 0.5 g/L TiO2 or TiO2-sepiolite powders.

Figure 2 100-250 mL of tap water was fortified with environment-significant concentration (20-50 g L-1) and at mg L-1 levels. 0.5 g 
/L of catalysts were used.
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Introduction
Resistive states of bistable devices including manganite (La0.7Sr0.3MnO3-LSMO) and Cobalt (Co) as electrodes and an 
organic semiconductor as spacer have been proved to strongly affect the magnetoresistance.[1] The mechanism behind 
this phenomenon is still under discussion and several scenario have been proposed mainly related to the use of an oxide 
electrode (voltage driven oxygen diffusion [2]) or by the functionality of organic layers (charge trapping and space-charge 
field inhibition of injection [3]). To gain insight into the combined magnetic and electric behaviour, we exploited a set 
of investigations on the organic/Co interface as a function of the fabrication method and of the electrical functionality, 
including X ray photoemission spectroscopy(XAS), Cross sectional Transmission microscopy(TEM), Lorentz microscopy 
and magnetoelectrical characterization on a cross bar device of composition LSMO/Gaq3(10nm)/AlOx/Co.[4] 

Results and Discussion
We collected the Co L2,3 and the O K-edge spectra in the following sequence: Pristine (non poled), High resistive state 
(HR obtained by the application of a writing voltage of 5V), Low resistive state (LR, obtained by the application of a 
erasing voltage 3V) as shown in Figure 1. 
XAS collected on different resistive states indicate that the first switching processes involve a partial Co layer oxidation. A 
slight curve shift and a peak broadening of Co L2,3 spectra is observed  with respect to the pristine spectra, i.e. before any 
electrical cycling. After the Co partial oxidation, subsequent cycling do not affect anymore the Co lineshape.
In addition O-K edge presents a sharper lineshape only after the Cobalt oxidation, indicating thus that the subsequent  
resistive switchings involve oxygen migration at the AlOx layer. TEM investigations on the other hand indicated the 
presence of metallic filament formation inside the organic layer associated to a local variation of oxygen content of the 
LSMO layer. The overall magnetic switching of the Co layer observed by Lorentz microscopy depends on the  device 
fabrication method, i.e. on the presence of  AlOx layer and not on the resistive state as evidenced by the magnetoresive 
characterization of the Co top layer. 

Figure 1: XAS spectra for Co L3 (left) and O K edge (right) in pristine state (blue), High resistive state (red) and low resistive state (green)

Conclusions 
The fabrication method used in the synthesis of spintronic hybrid devices including the use of buffer layers has a clear 
effect on device functionalities in particular considering the role of interfacial states in such devices. The XAS spectra 
indicate that switching  occurs first  via a forming process in which the Co layer partially oxidizes and then the resistive 
switching involve the O states at the AlOx interface. The Co partial oxidation at the forming pulse does not alter the 
overall switching properties of the metal layer, confirming the interfacial nature of the effect.
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Introduction
Recent advances in growth and characterization techniques allow the investigation of magnetic objects (such as finite 
magnetic chains deposited on surfaces [1,2] and nanomagnetic elements [3] for spintronics applications) which can be 
approximately described by one-dimensional (1D) classical spin models with lattice discreteness and finite-size effects. 
In this work we investigated, in an accurate and systematic way, the metastable non-collinear states of a finite spin chain 
subjected to a symmetric nearest neighbour (nn) exchange coupling, J, and a uniaxial single-site anisotropy, K, using 
a theoretical method [4] previously developed by one of us. We also calculated the effect of a small  antisymmetric nn 
exchange coupling, D, the Dzyaloshinskii-Moriya interaction [5,6] (DMI), both on the ground state (GS) and on the 
metastable states.

Results and Discussion
We consider a 1D model of N planar classical spins with reduced energy 

ε = E/√(J2+D2)= - Σi=1
N-1 cos[θi+1-θi-δ] - Σi=1

N  γ cos[2θi]                                                                                       (1)                                                                                   

where θi is the angle formed by the spin localized on the i-th site of the open-ended, finite-size chain with the positive 
direction of the easy axis. The parameter γ = K/√(J2+D2)  measures the strength of the uniaxial anisotropy, K>0, with 
respect to the ferromagnetic nn exchange coupling, J>0. The parameter δ=D/√(J2+D2), which measures the strength of the 
antisymmetric nn exchange coupling, D, with respect to J, is named natural cantedness of the chiral XY model defined in 
Eq. (1). For δ = 0, the ground state is collinear and doubly degenerate (i.e., one has either θi = 0, or  θi = π, for all i = 1...N). 
In the presence of  0<|δ|<<1, the ground state of the finite chain is found to be a non-uniform helical spin arrangement 
with a unique rotational sense determined by the sign of δ. This happens because the Dzyaloshinskii-Moriya interaction, 
D, is an antisymmetric exchange which favours perpendicular alignment between nn spins, and therefore competes with 
J. In general, the equilibrium states of the chain with N spins are obtained by imposing the vanishing of the N derivatives 
of ε with respect to the variables θi (i = 1,...,N). Within our method [4], all the equilibrium equations are exploited, except 
the last one (i = N), so that the reduced energy turns out to be expressed as a function of just the first angle, ε = Φ[θ1]. In 
this way, the hard problem of finding the minima of ε in the N-dimensional space [θ1,..., θN] is reduced to the simpler 1D 
problem of finding the minima of a function of just one argument, Φ[θ1]. However, in order to account for the last of the 
equilibrium equations, an additional equation, F[θ1] = 0, has to be satisfied. For each zero of the function F[θ1] (which 
can be calculated with the desired accuracy), an equilibrium configuration of the finite chain θi

(0) (i=1...N) is determined. 
Finally, a stability analysis must be performed to ascertain whether the configuration is stable, i.e. it corresponds to a local 
minimum of ε. To this aim, one has to calculate  the N eigenvalues of the Hessian matrix  Aij = ∂2ε/[∂θi ∂θj]

(0), and verify 
that they are all positive. The method was applied to chains with N ≤ 13 since the computer time increases greatly with 
increasing N. For a chain with N = 13 spins, γ = 0.21, and δ = 0, we found [7] a rich variety of non-collinear equilibrium 
states, namely the states of type S, A, B, C, schematically depicted in Figure 1. In general, we found that a state is unstable 
(red arrows) if at least one of the spins is nearly parallel to the hard axis (black arrow), and a state is stable (blue arrows)  
if all the spins are appreciably misoriented with respect to the hard axis. The states can be classified in order of increasing 
energy on the basis of the number of π walls (grey and black arrows) which can be inserted into the finite chain. A state 
of type S is characterized by a spin configuration containing a single π-domain-wall: i.e., the overall rotation angle of the 
spins along the chain is θN - θ1 ≈ π; a state of type A consists in a bound state between a π-domain-wall and a π-antidomain-
wall; a state of type B contains two unbound π-domain-walls, so that θN - θ1 ≈ 2π; a state of type C contains a total of 
three π-walls. We have found another interesting effect of the open boundary conditions and the finite size of the chain: 
the Peierls-Nabarro barrier (i.e., the energy difference between an unstable and a stable configuration of type S) is not a 
constant. The reason is that, in a finite open chain, it is easier, for a domain wall, to be nucleated near the end points of the 
chain. We have also studied the effect, on the states of type S, of a very small Dzyaloshinskii-Moriya interaction (chiral 
XY model, Eq. 1, with δ << 1). Our calculations of the stable and unstable S states, performed for N = 10, γ = 0.18, and 
δ = 0.005 (not shown), proved that a nonzero DMI removes the two-fold degeneracy of S-states with opposite chirality. 
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Namely, a configuration with θN - θ1 ≈ π has a lower energy  with respect to a configuration with θN - θ1 ≈ - π. (The opposite 
is found for negative δ.)

Conclusions
In this work, we have used an original method [4] to calculate the metastable non-collinear configurations of a finite-
size chain of classical spins with a collinear ground state. The states were classified in order of increasing energy with 
increasing the number of π walls. A small Dzyaloshinskii-Moriya interaction (always present in real systems) makes the 
ground state non-collinear and removes the chiral degeneracy of metastable states. 

Figure 1: :  Schematic plots of the collinear ground state (green arrows) and of some higher-energy non-collinear equilibrium states 
for the classical planar model in Eq. (1) with a finite number of spins (N=13), subjected to a symmetric exchange coupling between 
nearest neighbours, and a uniaxial single-ion anisotropy (γ=0.21), and zero Dzyaloshinskii-Moriya interaction (δ=0). The calculated 
stable states (blue arrows) and unstable states (red arrows) contain either a single π-domain-wall (S states) or multiple walls (A, B, 

C states). The wall regions are denoted by grey and black arrows. The energy of a state is higher, the higher the number of walls. For 
the stable and unstable states of type S, the dependence of the angle θi, formed by the i-th spin with the easy axis, is reported versus 

the site position (i=1,…,N) along the finite chain.
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Introduction
Low temperature hydrides, as AB5 alloys, require soft sorption conditions for reacting with hydrogen. In the case of LaNi5, 
for example, a hydrogen storage capacity up to 1.5 wt% could be achieved at room temperature.[1] It has been reported 
that this compound could be modified by substituting La or Ni obtaining a material with different properties. In fact it is 
possible to tune the thermodynamic properties of LaNi5 and prepare alloys that present different plateau pressures. Some 
authors reported about substitution of La with Ce for increasing plateau pressures.[2] Partial substitution of Ni with Sn, 
Fe or Al demonstrated to modify the properties of LaNi5 by decreasing the plateau pressure.[3]
One of the main problems related to the use of LaNi5 is the cost of this alloy. It is possible to substitute La with Mischmetal 
(Mm) that is an alloy of rare earth elements. It contains cerium, lanthanum and small amounts of praseodymium and 
neodymium and it is used commonly in ignition devices for torches or lighters. Depending on the batch there could 
be differences in Mm composition resulting in higher amount of cerium or lanthanum.[4] When Mm substitute La, the 
content of Ce could affect the properties of AB5 alloy prepared.    
In order to better understand the effects on thermodynamic properties of modified AB5 alloys some samples have been 
prepared with MmNi5-xAlx composition. In particular the content of La, Ce and of Al has been tuned by the preparation 
of different samples. The scope of this work is to find a suitable alloy to be used inside a tank that could be installed on a 
boat sailing on Venice lagoon.

Results and Discussion
The samples have been prepared by an arc furnace. Some ingots with different compositions have been obtained (MmNi5-

xAlx). In particular two compositions of mischmetal have been used: the former containing lower quantities of La, in 
weight per cent, and the latter containing higher quantities of La. 
Mischmetal has been purchased by Traibacher Industry AG.
Moreover the content of Ni has been modified by preparing compositions with x=0.15 and 0.25. Fusions have been 
performed in Ar atmosphere.
Pressure composition isotherms and kinetics have been performed in a Sieverts’ type apparatus. The apparatus, from ISTA 
srl, is based on the volumetric method. The sample is inserted in a chamber, of known volume, where the temperature 
and the hydrogen pressure could be monitored during measurements. In the case of pressure composition isotherms 
measurements (absorption) the pressure is increased from 0.1 bar till 40 bar. Vice versa during desorption the pressure is 
decreased from 40 bar to 0.1 bar. The quantity of hydrogen absorbed or desorbed is monitored. In the case of kinetics the 
pressure is constant at 20 or 3 bar for absorption and desorption respectively. 
Microstructure and morphology of the samples have been studied by the use of an optical microscope Leica Reichert 
Polyvar 2, Scanning Electron Microscope, Zeiss EVO MA 15, and Philips powder diffractometer. 
The purpose of this work is to try to obtain a powder for hydrogen storage that could be used in a tank on a boat. Hydrogen 
obtained by this tank could be used to feed a Polymeric Membrane Fuel Cell (PEM), which would supply energy for an 
electric motor. In order to thermostat the tank water from sea, at temperature between 5°C and 25°C should be used during 
absorption and desorption.  
In order to modify the slope of van’t Hoff plot for these hydrides the composition of LaNi5 has been modified as just 
reported. In particular two types of Mm have been used: MmA with La to Ce ratio about 0.67; MmB with La to Ce ratio 
about 0.44. 
Ingots have been obtained by metallurgical methods with an arc furnace. The weight of these ingots is of the order of tens 
of grams.
In Figure 1 PCI measurements for two different compositions are reported.



139

Figure 1: PCI measurements at 0°C for two different compositions

A small reduction in terms of hydrogen storage capacity has been observed in the case of MmNi4.8Al0.2.
In Figure 2 SEM image of the powder obtained after cycling for more than 100 cycles the sample MmNi4.75Al0.25. The 
image demonstrates how the decrepitation process takes place. The material, starting from pieces of some millimetres, is 
refined to particles of medium size of about 10 µm. The phase composition demonstrated not to be affected by cycling.

Figure 2: SEM image of sample MmNi4.75Al0.25 after more than 100 cycles

Conclusions
Starting form LaNi5 some different compositions of this AB5 alloys have been obtained. The ingots have been prepared 
by an arc furnace and the materials have been cycled in volumetric apparatus in order to study their plateau pressures and 
kinetics. Moreover effects of cycling revealed to affect particle size but not the phase composition. The materials prepared 
could be used as hydrogen storage material in tanks on boats sailing on Venice lagoon because plateau pressure has been 
tuned to use sea’s water to thermostat the tank.
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Introduction
In the past decade, the non-coding microRNAs (miRNA) have emerged as a novel class of potent regulatory molecules 
that are found in a wide variety of organisms, able to modulate gene expression at the post-transcriptional level.[1] They 
are responsible for regulating many biological processes including differentiation, apoptosis, proliferation and cell-fate 
determination. miRNAs are highly conserved in different animals, suggesting an early recruitment and a conserved role 
of these molecules in animal development. The dysregulation of miRNAs has been implicated in a variety of pathologies, 
such as inflammatory and autoimmune diseases, neurological disorders, as well as several types of cancer.[2] AntimiRNA 
platforms highly effective in in-vitro cell assays have been reported, but translation to the clinic is hampered by poor in-
vivo stability of nucleic acids and ineffective uptake of nucleic acids by target cells. 
Our research aims to overcome these obstacles by designing, producing and in-vivo testing new miRNA targeting 
materials, constituted by chemically modified oligomers of Peptide Nucleic Acids (PNAs, synthetic mimics of natural 
DNA and RNA).[3] PNAs allow combining the versatility of synthetic materials with the effectiveness of the natural 
nucleic acids targeting. Moreover, PNAs are insensitive to enzymatic biodegradation by nucleases or peptidases and have 
outstanding chemical and thermal stability. PNA oligomers will be made either luminescent or magnetic, by conjugation 
to rhenium complexes or to iron oxide magnetic nanoparticles (MNPs). The MNPs bound to PNA can be exploited both 
as contrast agents for magnetic resonance imaging (MRI) and as sources of local overheating through the application of 
an alternating magnetic field (Magnetic Fluid Hyperthermia , MHF).

Results and Discussion
The general scientific plan will tend on one side to optimize the synthesis of novel peptide nucleic acids (PNAs), in terms 
of their anti-sense action, and on the other side to synthesize functionalized magnetic nanoparticles able of anchoring the 
PNA oligomers. 
In this work we report the synthesis and the magnetic results of the obtained iron oxide magnetic nanoparticles (MNPs) 
at a step before the anchoring of the PNAs.
The preparation by colloidal chemistry techniques of highly monodisperse MNPs has been carried out by a thermal 
decomposition method following a well established procedure which uses only common commercial reagents. Iron 
pentacarbonile has been reacted at high temperature with oleic acid (OA), giving iron oxide nanocrystals capped by 
oleate. The size of the nanoparticles can be tuned in the range 16-22 nm, depending on the Fe(CO)5/OA ratio. The capping 
hydrophobic layer has been replaced by hydrophilic molecules through the strategy showed in the Figure 1.

Figure 1: Exchanging of the stabilizing shell of oleic acid with the meso-2,3-dimercaptosuccinc acid (DMSA).
The magnetic nanoparticles have been characterized by morpho-dimensional analysis (TEM, XRD and AFM), 
magnetometry and NMR relaxometry. Magnetization and susceptibility measurements have been performed in the intervals 
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2<T<300K and -7<H<7 Tesla. NMR relaxometry has been performed in the frequency range 10 KHz<f<65 MHz and at 
200 MHz, at room and physiological (37°C) temperature. Solutions of MNPs with different dimensions prepared with 
proper concentration of magnetic centers have been compared to commercial compounds. The SAR (Specific Absorption 
Rate) evaluation of the colloidal solution of MNPs has been performed by calorimetric measurements, in the range of 
magnetic field intensity 5 kA/m<|Hac|<30 kA/m and of frequency 50 kHz<f<450 kHz, to cover most of the frequency 
values considered good for MFH treatments.
In Figure 2 are reported the NMR results on the most promising colloidal solution of magnetic nanoparticles obtained 
following the Figure 1 both for the MRI efficiency and the MHF performances, where the magnetic core size is 17.0±1.9 
nm.  

 
 (b)

 
Figure 2: (a) Longitudinal r1 relaxivity and (b) transverse r2 relaxivity of MNPs (green stars) dispersed in water. Data are compared 

with the ones measured for the commercial compound Endorem® (black squares).

Conclusions and outlook
The MNPs showed superparamagnetic behaviour and nuclear relaxivities superior to commercial MRI contrast agents 
(CAs), which make them promising as MRI “negative” CAs. Considering also their hyperthermic performances, once 
anchoring the PNAs, the MNPs could be exploited as theranostic nano-tool. 
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Introduction
Coal-, hydrocarbon- or biomass-derived syngas contains significant amounts of H2S, a malodorous pollutant which is 
a precursor to SO2 and a regulated emission. Whatever the syngas application (power generation, hydrogen source or 
chemical feedstock), hydrogen sulphide needs to be removed, not only because of its environmental impact, but also for 
technical reasons, ranging from pipeline corrosion to catalyst poisoning. Conventional H2S removal relying on the use 
of amine scrubbers is energy-consuming, as it requires cooling of the hot syngas to 40-50 °C followed by reheating for 
downstream processing. Hot gas cleanup by reactive sorption on metal oxides would be more thermally efficient, i.e. both 
more economically viable and environmentally friendly. As the gas-solid H2S-MeO reaction occurs first at the surface 
and then extends to the bulk phase, product-layer diffusion, pore diffusion and gas-film diffusion influence the reaction 
kinetics and the MeO sorbent may be used only partially.
A possible way for overcoming this drawback could be that of dispersing MeO nanoparticles onto a suitable, high-surface 
area support. Recently, reproducible two-solvents incipient impregnation route has been used for dispersing zinc oxide 
or iron oxide inside the ordered channel system of mesostructrured silica. [1,2] The resulting nanocomposites have a 
remarkable performance for the H2S removal from hot (300 °C) gas streams, the activity of the zinc oxide and the iron oxide 
systems being several time higher than that of an unsupported zinc oxide commercial sorbent. The sorption properties of 
the zinc oxide-based composite appear enhanced and are maintained upon repeating the sorption-regeneration cycle. The 
iron oxide-based sorbent shows the highest sulfur retention capacity.
Though its performance decreases at the second sorption cycle, it is retained at the third sorption cycle and is still far 
better than that of the ZnO-based one, either fresh or regenerated. The oxidation step for obtaining the regenerated iron 
oxide-based sorbent can be carried out at T ≤ 350 °C, which is considerably lower than that required in the case of the 
ZnO-based sorbent. In view of a possible application, this would be quite important for the thermal efficiency of the 
sorption-regeneration process. On the bases of these results the synergic effect of the co-presence of zinc and iron in the 
corresponding zinc ferrite-based composites has been studied. 

Results and Discussion
ZnFe2O4/SBA-15 sorbent (ZnFe_SC) has been synthesized via a novel impregnation-sol-gel autocombustion combined 
strategy that involves a first step of impregnation of a nitrate aqueous solution containing citric acid on SBA-15 support, 
followed by a combustion step. In this method, precursor gels are prepared from aqueous solutions of metal nitrates and 
an organic complexing such as citric acid.
The citrate-nitrate gels, when heated in a hot furnace, burn in a self-propagating process, rapidly converting the precursor 
mixtures directly into products. Citric acid plays two important roles: on one hand, it is the fuel for the combustion 
reaction; on the other hand, it forms complexes with metal ions preventing the precipitation of hydroxilated compounds; 
the nitrate ion is the burning oxidizer. [3-6] This sorbent has been compared with the one obtained with a two-solvent 
impregnation approach (ZnFe_TS) used also to prepared ZnO/SBA-15 and Fe2O3/SBA-15 with the same content of 
metal oxide (20% w/w). Wide-angle X–ray diffraction patterns provide a clear evidence of the formation of ZnFe2O4 as 
nanophase in both samples.
The mean crystallite sizes is ca. 4 nm for ZnFe_TS and about 8 nm for ZnFe_SC. This results demonstrate that the crystal 
size is highly affected by the impregnation strategy. The low-angle X-ray diffraction patterns of the sorbents exhibit a very 
intense diffraction peak indexed to the (100) reflection plane, and two well-resolved diffraction peaks, related to the (110) 
and (200) reflection planes corresponding to a two-dimensional highly ordered hexagonal arrangement of the channels 
confirming that although the high loading of metal oxide the SBA-15 mesostructure is retained (Figure 1a). 
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Figure 1: Low-Angle XRD patterns (a) and TEM Bright Field images (b, c, d) of bare SBA-15,  ZnFe_TS and ZnFe_SC sorbents. 

TEM analysis for ZnFe_TS and ZnFe_SC (Figure 1b,c,d) show the typical hexagonally arrangement for both ZnFe_TS 
and ZnFe_SC, consistent with the low angle-XRD and N2 physisorption results. Bare SBA-15 support exhibits a well-
defined hexagonal pore structure with regular empty mesochannels of ca. 6–7 nm. For the samples under study, no particles 
at the external surface have been observed in the TEM images and this suggests that both the preparation methods are 
favourable to prevent the migration of oxide particles outside the pore system during the calcination step. The sorbent 
prepared by the new impregnation-sol-gel-self-combustion (ZnFe_SC) approach shows the highest retention capacity, 
twice and seven times higher than that of the sample synthetized by the two-solvent impregnation method (ZnFe_TS) and 
of the commercial sorbent, respectively. The performances have been retained after four sulphidation-regeneration cycles 
for both synthetic sorbents.

Conclusions 
The preparation of zinc ferrite-based sorbent nanocomposites into SBA-15 mesochannels used as a support, has been 
tackled through two different synthetic strategies; a simple and reproducible two-solvents impregnation route and a novel 
impregnation-sol-gel autocombustion combined approach. The H2S removal is strongly influenced by the zinc ferrite 
phase dispersion and its crystallinity. According to the TPO results, both the sorbents can be regenerated completely at 
500 °C. The results of four successive sulphidation-regeneration cycles revealed high performance and steady stability of 
these systems, especially for ZnFe_SC sorbent.
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Introduction
Non-siliceous mesoporous nanomaterials with variable compositions, controllable size, morphologies and pore structures 
are of particular interest for catalysis, adsorption, chromatography, bioseparation, and applications such as templates for 
nanomaterial synthesis.[1-4] For this reason, recently, the preparation of such materials has received much attention. 
Several authors report the achievement of spherical assemblies of primary nanocrystals made up of noble metals, non-
magnetic oxides (titania, ceria, etc…) and magnetic oxides, mainly magnetite, maghemite and spinel ferrites but up to 
now no experimental evidence of the complex mechanism involved in the formation of the assemblies has been sorted 
out. Although magnetic particles with narrow size distribution and tunable size and magnetic properties  have been 
synthesized through numerous methods, the products are dominated by particles smaller than 20-30 nm. However, for 
diverse purposes, it is preferable to achieve assemblies with size up to 100 nm, because they can be easily moved by 
an ordinary external magnetic device. Therefore, it is still challenging to develop strategies to assembling magnetic 
nanoparticles with suitable sizes and morphology without compromising the surface area.
In this framework, this work deals with the design of spherical mesoporous spinel oxide assemblies (MeFe2O4, Me= Co, 
Ni, Mn, Zn) through a general surfactant-assisted water-based strategy and the study of the formation mechanism by a 
combined use of TEM, XRD and time resolved SAXS techniques. 

Results and Discussion
MeII Fe2O4 (MeII=Co, Ni, Zn, Mn) mesoporous assemblies were synthesized through the formation of normal micelles 
using sodium dodecyl sulfate (SDS) as surfactant, MeCl2 xH2O (Me=Co, Ni, Mn, Zn) and FeCl2 4H2O in a 1:2 molar ratio 
as metal oxides precusors, waster as solvent and methylamine as precipitating agent.[5] For each system, selecting suitably 
the temperature (from 50 to 90°C) and time of synthesis was possible to obtain a pure spinel ferrite phase. TEM analysis 
allowed to verify that all the final samples were constituted by 40-80 nm in size mesoporous spherical assemblies of small 
nanocrystals. In order to study the mechanism involved into the formation of the mesoporous spherical assemblies, in 
situ and time resolved SAXS measurements at different times of the reaction have been accompanied by TEM and XRD 

analyses. By way of time-resolved SAXS measurements 
we found that at the first stage a NaxMey(DS)z micellar 
solution coexists with a lamellar phase (Figure 1). TEM 
and XRD analysis have permitted to associate this lamellar 
phase (L) to the hexagonal plates of the metal hydroxides 
. The evolution with time in SAXS patterns evidences the 
formation of three different entities that corresponds to the 
formation of primary MeFe2O4 nanocrystals (N1), secondary 
nanoparticles made up of three primary nanoparticles (N2) 
grown on the lamellar phase edges and MeFe2O4 spherical 
assemblies (A) at the expenses of the lamellar phase that 
gradually disappears. This is in agreement with TEM and 
XRD measurements that clearly show that the spinel phase 
forms and grows on the hexagonal platelets starting from 
their corners or edges (the most reactive zones). (Figure 1) 
The surfactant has a key role on the creation of mesopores, 
as confirmed by and experiment carried out in the absence 
of SDS. SAXS measurements suggest that the formation 
mechanism can be kinetically controlled by the reaction 

Figure 1: Schematic representation of the formation mechanism of 
MeFe2O4 mesoporous spherical assemblies 
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temperature, able to modify the speediness of the reaction, affecting both the size distribution of primary particles and 
the size of their mesoporous assemblies. SAXS measurements provide a powerful and exhaustive tool to visualize the 
peculiar mechanism leading to the formation organized mesoporous structures.[6]

Conclusions 
This contribution deals with the design of spherical mesoporous magnetic assemblies of MeFe2O4 through a Sodium 
DodecylSulphate (SDS)-assisted water-based precipitation approach and the study of the formation mechanism by a 
combined use of TEM, XRD and time resolved SAXS techniques. Our study proves the important, multifold role played 
by the surfactant during primary particle formation and their subsequent assembly, affecting crystal size, shape, assembly 
as well as  mesoporous size and pathway. Moreover, we have clear evidence of the formation of a lamellar metal hydroxide 
intermediate phase that provides active sites for the formation of  primary ferrite nanoparticles, which on turn are seeds for 
the formation of secondary entities that finally forming the final stable spherical mesoporous assemblies.
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Introduction
Graphene, a flat monolayer of carbon atoms packed in two dimensional lattice, is an extremely attractive material due 
to its excellent electrical, thermal and mechanical properties exploitable in a wide range of application fields such as 
electronics, energy storage, catalysis and so on. A number of preparation methods have been developed including micro-
mechanical cleavage, chemical vapour deposition, liquid-phase exfoliation of graphite and reduction of graphene oxide. 
In particular, the reduction of Graphene Oxide (GO) seems the most suitable approach for functionalization and large-
scale production. 
An isolated carbon sheet possesses a geometric surface of about 2600 m2/g. However, graphene-based materials are often 
composed by packed sheets in particular when wet chemical synthesis methods are utilised. The exposed Specific Surface 
Area (SSA) of the material can give useful information about the degree of packing of the graphene-based material. Gas 
adsorption methods are among the techniques able to estimate the SSA and the porosity of a material. Being the amount of 
gas adsorbed on the surface related to the SSA[1], the analysis of the adsorption isotherms allows evaluating the material 
morphology qualitatively and quantitatively.
In this work, two different graphene samples have been synthesized by thermal reduction of GO following a controlled 
and an explosive pathway, respectively. Nitrogen adsorption isotherms at 77K have been measured, permitting to compare 
the features of the samples.

Experimental
A scheme of the synthesis method is reported in Figure 1. Briefly, GO suspension was obtained by exploiting a modified 
Hummers method[1] and subsequently subjected to lyophilisation (freeze drying) [2], process to obtain Lyophilised 
Graphene Oxide (LGO hereafter). The reduction of the LGO was then promoted by thermal activation exploiting a 
controlled reduction pathway, obtaining thus a Reduced Graphene Oxide (RGO hereafter), and an explosive reduction 
pathway, producing an Exploded Graphene Oxide (EGO hereafter), both the samples were obtained under a vacuum of 
10-2 mmHg. The materials were characterized by means of Fourier Transform Infrared Spectroscopy - Attenuated Total 
Reflection (FTIR-ATR) IRPrestige 21 Shimadzu, high brilliance LEO 1530 Field Emission Scanning Electron Microscope 
(FESEM) and Nitrogen adsorption at 77 K (Quantachrome AutoSorb iQ). The BET method [3] was applied to calculate 
the SSA. 

Results and Discussion
In Figure 2A are reported the FTIR-ATR spectra of graphite, LGO, RGO and EGO samples. It can be observed the 
successful oxidation of the pristine graphite, as evidenced by the appearance of peaks ascribable to oxygen containing 
groups. The patterns related to the thermally reduced steps, show a significant decrease of the C=O features, evidencing 
the occurrence of the reduction process. No significant differences can be noted between the samples EGO and RGO. 
Electron microscopy analysis shows that while the LGO sample (Figure 2B) is characterized by aggregates of thick layers 
of graphene sheets, the EGO sample (Figure 2C and 2D) possess a more disordered morphology characterized by the 
presence of isolated or thin layers of graphene.
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Figure 2: A) FTIR-ATR spectra of LGO, EGO, RGO and graphite; B) FESEM image of LGO sample; C) FESEM image of EGO; D) 
TEM image of EGO sample.

Nitrogen adsorption isotherms at 77 K are reported in Figure 3. The sample EGO exhibits a type IV isotherm, typical 
of mesoporous samples. The isotherm presents a hysteresis loop of type H3 that is commonly ascribable to the presence 
of slit-like pores, typical in the aggregates of sheet-like particles. The sample RGO exhibits a type 2 isotherm, typical of 
non porous or macroporous samples. BET SSA calculated from the EGO and RGO isotherms is respectively ~ 580 m2/g 
and ~ 90 m2/g. By comparing nitrogen adsorption measurements of the RGO and EGO samples it can be evidenced 
that the RGO can be considered as composed by aggregates of ~ 30 sheets, the explosively obtained EGO sample can 
be thought as a 4-5 sheets system. The explosion phenomenon appears to be effective in separating hexagonal carbon 
layers. Further analyses are in progress to confirm the obtained results by using CO2 gas as probe molecule.
 
Conclusion
Differences in the reduction process of Graphene Oxide can drastically alter morphological properties of the obtained 
samples. Nitrogen adsorption measurements show that the exploded sample possesses a significantly higher specific 
surface area than the reduced sample, due to a higher degree of disorder and high spacing between graphene sheets. At 
the opposite, the low area measured for the Reduced Graphene Oxide sample can be ascribed to a minor separation of 
the graphene sheets. 

Figure 3: Nitrogen Adsorption isotherms at 77 K of samples EGO and RGO
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Introduction
Graphite oxide (GO) is a widely used graphene precursor that can be synthesized by oxidizing graphite, for example, by the 
Hummer’s method.[1] GO can be converted to graphene by using both chemical reductants (typically, hydrazine [1]) and 
simply thermal heating. GO reduction to graphene by microwave heating seems to be a very promising approach because 
it offers the great advantage of uniform and rapid heating, compared to conventional heating methods.[2,3] However, pure 
GO (GO paper) is too quickly (explosively) converted to graphene by microwave heating.[4] The rate of this chemical 
reaction can be significantly decreased by decomposing GO in solution. GO is quite soluble in water, ethylene glycol, 
dimethylformammide, tetrahydrofuran, and N-methyl-2-pyrrolidone (NMP).[5] NMP is the GO dispersing medium with 
the highest boiling point (ca. 202 °C), and therefore the GO thermal reduction by microwave heating can be conveniently 
done in this liquid medium. In particular, the decomposition temperature of GO prepared with Hummer’s method, as 
measured by thermogravimetric analysis (TGA), was determined to be 200 °C [1], and therefore a temperature of 202 °C 
can be enough to determine graphene formation from GO. Here, the thermal conversion of GO to graphene by microwave 
heating of the colloidal dispersion in NMP has been studied and a fluorimetric approach has been applied to establish the 
treatment time required for a complete GO conversion to graphene.

Result and Discussion
The GO paper was prepared by the Hummer’s method, using graphite nanocrystals as precursor.[6] A little amount of 
GO paper was promptly dispersed into NMP (Aldrich) at room temperature, using an intense cavitation field, leading 
to a stable GO colloidal suspension (see Figure 1a). Then, this colloid was quickly and quantitatively converted to the 
corresponding graphene colloid by heating the system at the NMP boiling point for a few minutes (3-5 min), using a 
domestic microwave oven set at its maximum power (ca. 800 W) (see Figure 1b). In particular, both GO and NMP are 
polar molecules and therefore they quickly warm up under microwave irradiation, the temperature rises up to the NMP 
boiling point, thus causing the solvent to reflux inside the glass vial. GO is promptly converted to graphene (the colloid 
colour changes from light-brown to black); however, in order to achieve a more complete GO conversion to graphene, the 
GO suspension required to be leaved at ca. 202 °C for a few minutes (even the “as formed” graphene can heat up under 
microwave irradiation, thus reaching a higher temperature which increases its reduction degree). Owing to the very short 
heating time, such heating treatment did not allow the formation of graphene quantum dots by breaking the GO structure; 
in fact, according to the literature, treatments of many hours are usually required to produce graphene quantum-dots.
[7] The obtained graphene colloids in NMP are very stable, especially at low concentrations. When the NMP colloidal 
suspensions of GO are observed under UV-light, they result slightly fluorescent and emit an orange light, while its 
thermally reduced form (graphene) is not fluorescent. In the GO thermal conversion to graphene it is very important to 
establish the degree of reduction. The complete GO reduction to graphene can be established by following the decrease 
of the GO fluorescence signal observed under ultraviolet illumination (for example, by using an UV-lamp of 365 nm, 
Figure 1c). The fluorescence signal is generated in the GO molecules by the presence of small islands of conjugated 
carbon-carbon double bonds. During the GO thermal reduction process, the carbon-carbon double bond conjugation 
significantly extends up to achieve the fully-conjugated structure which is characteristic of graphene molecules (the 
graphene molecules are not fluorescent because they have a zero-gap semimetal electronic configuration).
The weak GO fluorescence signal can be accurately investigated by luminescence excitation spectroscopy (PerkinElmer 
LS-55) (see Figure 1d). GO suspension in NMP has an optical absorption band at 430 nm, which leads to an emission 
signal with two maxima at 520 nm and 625 nm (the wavelength of the emitted light is depending on the dispersing liquid 
medium [7]). The GO suspension was heated in the microwave step-by-step (time periods of 30 s), then the colloid was 
cooled down to room temperature, and fluorescence was measured to establish the graphene conversion degree. Usually, a 
thermal treatment of few minutes was required for complete GO conversion to graphene. The amount of residual oxygen-
containing groups in the achieved graphene (usually referred as thermally reduced graphene oxide, Tr-GO) is dependent 
on heating time and temperature, and here significant removal of these functional groups (-OH, -COOH, etc.) is probably 
achieved for the direct graphene heating, which is operating after GO partial reduction by NMP refluxing.
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Figure 1: (a) Colloidal GO suspension under visible light; (b) colloidal Tr-GO suspension; (c) colloidal GO suspension under 

ultraviolet light (365nm); (d) excitation and emission spectra of GO and Tr-GO suspension.

Conclusions
Very stable graphene colloidal suspensions in NMP have been prepared by heating the corresponding graphite oxide 
suspensions with a microwave oven at NMP refluxing temperature (ca. 202 °C). Microwave heating allows very short 
thermal treatment which prevents the breaking of the GO molecular structure with small graphene clusters formation 
(graphene quantum-dots). The leaching of GO fluorescence during the thermal treatment has been used to monitor the 
GO conversion to graphene and the thermal treatment required for a complete GO conversion to Tr-GO was found to be 
of only 3-5 min.

Acknowledgements: Authors are grateful to the Research Project “ENAM-PHYSICAL-CHEMICAL BIOTECHNOLOGY 
FOR ENERGY AND ENVIRONMENT” (Rif: 2011-S116-00100) for financial supporting.

References:
[1] Dreyer D R, Park S, Bielawski C W, Ruoff R S; The chemistry of graphene oxide; Chem. Soc. Rev.; 39 (2010) 228-240;
[2] Chen W, Yan L, Bangal P R; Preparation of graphene by the rapid and mild thermal reduction of graphene oxide induced by 

microwaves; Carbon; 48 (2010) 1146-1152;
[3] Lu T, Pan L, Nie C, Zhao Z, Sun Z; A green and fast way for reduction of graphene oxide in acidic aqueous solution via 

microwave assistance; Phys. Status Solidi A; 208 (2011) 2325-2327;
[4] Zhi Y, Murali S, Stoller M D, Velamakanni A, Piner R D, Ruoff R S; Microwave assisted exfoliation and reduction of graphite 

oxide for ultracapacitors; Carbon; 48 (2010) 2118-22;
[5] Paredes J I, Villar-Rodil S, Martinez-Alonso A, Tascon J M D; Graphene oxide dispersions in organic solvents, Langumir; 24 

(2008) 10560-10564;
[6] Longo A, Orabona E, Ambrosio A, Palomba M, Carotenuto G, Nicolais L, Maddalena P; Laser-induced dehydration of graphite 

oxide coatings on polymer substrates; AIP Conference Proceedings international conference on times of polymers (TOP) and 
composites; 1599 (2014);

[7] Stengl V, Bakardjieva S, Henych J, Lang K, Kormunda M; Blue and green luminescence of reduced graphene oxide quantum 
dots; Carbon; 63 (2013) 537-546



150

P2-06  An integrated superhydrophobic-plasmonic device for mid-infrared 
sensing applications

L. Businaro a, G. Ciascab, M. Ortolani c, L. Baldassarre d, A. Di Gaspare a, A. De Ninno a, F. Santoni a, M. Papid,  E. 
Giovine a, A. Gerardino a

a Istituto di Fotonica e Nanotecnologie - CNR, Via Cineto Romano 42, 00156 Rome, Italy 
b Istituto di Fisica, Universitá Cattolica S. Cuore, L.go Francesco Vito 1, 00168 Rome, Italy

c Università of Rome ‘‘La Sapienza’’, Piazz.le Aldo Moro 5, 00185 Rome, Italy
d Center for Life NanoScience@Sapienza, Istituto Italiano di Tecnologia, Viale Regina Elena 291, 00185 RM Italy

*e-mail: annamaria.gerardino@cnr.it  

Keywords: Superhydrophobic patterned surfaces, Nanoantenna arrays, FTIR, Analyte enrichment

Introduction 
In this work we present a wet sample holder that enables the FTIR (Fourier Transform – InfraRed) spectroscopy of 
biomolecules highly diluited in a solution and that usually cannot be easily revealed. The holder consists of a 
superhydrophobic patterned surface (SPS) that, in the central part, has a hydrophilic pad.[1] On this pad a Mid-Infrared 
(MIR) plasmonic nanoantenna array has been integrated to realize a mid-infrared protein detector.[2,3] Releasing a drop 
of solution on the holder, the drop sticks on the central hydrophilic pad surrounded by the SPS. In this way the solute dries 
onto the MIR nanoantennas and its mid-infrared fingerprint can be measured by FTIR spectroscopy.

Results and Discussion
As a first step, the nanoantenna array is fabricated by lift-off technique. Nanorods (1200 nm x 200nm) have been patterned 
by e-beam lithography (VistecEPBG-5HR 100 keV) , together with alignment markers, on a 450 nm  thick ZEP-520A 
spun on Silicon. A layer of Cr (30 nm thick ) and Au (70 nm thick) has been evaporated and lift-off performed by anisole. 
Then, the SPS is exposed and etched in Silicon by means of ICP and then coated with a layer of hydrophobic molecules 
to impart superhydrophobicity.
In Figure 1 a SEM image of the holder is shown. The periodic array of pillars – which induces the hydrophobic behavior 
- and the hydrophilic anchor point with the nanoantennas can be clearly recognized.
Our device could have potential applications in the measurement of the secondary structure content of those proteins, 
which are usually available in very limited quantity, such as blood proteins.[4,5] Indeed, it employs two distinct effects 
to enhance the signal-to-noise ratio: i) the concentration effect due to the presence of the superhydrophobic patterned 
surface, which allows to concentrate a small amount of proteins in a well defined position; ii) the plasmonic resonance 
of the nanoantenna array which provides a significant enhancement of the electromagnetic field in the Amide I spectral 
region, which – in its turn – provides detailed information on the protein secondary structure content. 
In Figure 2 the plasmonic resonance is clearly visible in the TE mode spectrum measured on the nanoantennas before 
the release of a ferritin solution (0.3 mg/ml concentration) used to test the device. After releasing a 2 ml drop of solution, 
we measured the FTIR reflectance spectra during and after the evaporation of the drop. The reflectance spectra in the 
TE polarization mode (i.e. along the dipole antenna axis) display a broad peak centered at 1750 cm-1 corresponing to 
the MIR dipole bandwidth. For comparison the spectra in the TM mode (cross-polarized) are completely flat. When the 
solution is deposited, at first the antenna band is masked by water absorption (liquid phase). When the water dries out, 
the signature of the amide-I vibration of the protein appears as a dip at 1650 cm-1 .  In Figure 3 the signal of 0.001 mg/ml 
Ferritin in 10 ml of DI on a 300x300 mm2 anchor point is shown. This concentration is comparable with Ferritin content 
in a normoferritin patient blood  sampling. So starting from a highly diluited solution (liquid state) we are able to detect  
secondary structure of protein (Ferritin) thanks to the property of self-concentration  on a fixed spot.
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Introduction
Micro and nanoscale structured materials made of zinc oxide (ZnO) are particularly appealing for applications in 
electronics and photonics due to their outstanding properties including semiconductivity, piezoelectricity, pyroelectricity, 
direct bandgap and biocompatibility.[1] Synthesis of ZnO structures by chemical growth is attractive due to its low cost 
process and the high compatibility with different substrates. Many kinds of ZnO nanostructures, in fact, have been obtained 
over large areas with good uniformity using the hydrothermal synthesis on different kind of substrates (including GaN, 
ZnO single crystal, ZnO seed on Si or on other substrates). The hydrothermal synthesis permits to obtained nanostructures 
with different morphology including nanowires and nanorods but also flowers (star-like), nano-trees and ellipsoidal 
nanostructures. The morphology of all these structures can be tailored by choosing properly the growth parameter such as 
solution ph and composition, temperature and pressure[2]  but also by pre-patterning of the growth substrates.[3]

Results and Discussion
We have synthesized different kind of ZnO nanostructures by hydrothermal growth. This chemical growth technique 
has been performed by using an equimolar aqueous solution (10 mM) of zinc nitrate hexahydrate Zn(NO3)2 6H2O and 
hexamethylenetetramine (HMTA) in ultra pure water. The growth temperature has been ranged from 60 °C to 90 °C and 
typical used growth time varied from 5-20 hours. Two different approaches has been used: direct synthesis in solution 
by precipitation of solid ZnO and growth on substrate by means of a seed layer. In Figure 1a nano-rods precipitates 
transferred on a silicon substrates (growth temperature of 90 °C and growth time of 4 hours) are shown. Figure 1b shows 
NWs grown on a silicon substrates using a few nm thick ZnO film as seed layer.  

Figure 1: ZnO NWs and Nano-rods synthesized by hydrothermal growth.

This second approach permits also to engineer the sample morphology in different ways. The presence of a seed layer 
that guides the growth allows, in principle, to growth NWs on any kind of flat or patterned substrate. In Figure 2 different 
examples of ZnO NWs growth on patterned substrates are shown. In particular pyramidal and cylindrical patterns on 
silicon substrates has been homogenously covered by ZnO NWs. 

Figure 2: Uniform coverage of patterned substrates by ZnO NWs 
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A way towards morphology engineering is to process the sample in order to localize and control the morphology of the 
NWs, in particular by using a nano-patterned seed layer or resist mask template by means of electron beam lithography 
(EBL). In Figure 3 examples of strips and bunches of NWs are shown, which are obtained by patterning the seed layer 
with the shape of strips and dots. Moreover, we have demonstrated that the different size of the template (seed or resist 
mask) permits to control the NWs size: we found that, using typical hydrothermal growth parameters, NWs length and 
diameter have an apparent decrease as the template size increase for strips/dots narrower than about 2 µm, likely related 
to the different amount of feeding material available.

Figure 3: Templated growth of ZnO NWs in dot and stripe shaped patterned seed layer made by EBL lithography.  
The scale bar indicates 10 µm.

Conclusions
We have realized different ZnO nanostructured materials based on hydrothermal growth demonstrating the ability to 
control the nanostructures size and shape by use of proper growth templates. These materials can give significant advances 
in many research and technology fields such as mechanical energy harvesting and medical physics, and can be crucial for 
many applications including piezo-nanogenerators, nano-structured sensors and UV photodetectors.
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Introduction
In recent years, there have been increasing interest towards the synthetic control of nanocrystal size, shape, and composition 
and the design and synthesis of multicomponent nanostructures (herostructures). These nanostructures combining 
two or more components have the potential to combine magnetic, plasmonic, semiconducting and other physical or 
chemical properties into a single nanostructure.[1-4] Efforts to create these herostructures have largely been driven by 
their increased functionality. This increase in function combined with the potential for enhanced, and often tunable, 
chemical and physical properties makes these nanostructures useful in applications otherwise inaccessible by their single 
component counterparts. Among the diverse herostructures the core-shell architecture resulted to be an ideal system for 
several applications. [4-5] In particular, taking advantage of the exchange coupling between a magnetically hard core 
and magnetically soft shell to tune the magnetic properties of the nanoparticle, is possible to create bimagnetic core-shell 
nanoparticles that show significant increase in the specific loss power values on respect with the single nanoparticles 
(core) and can represent promising heat mediators for Magnetic Fluid Hyperthermia.[5] 
In this work, we used an easy, repeatable, eco-friendly hydrothermal method[6-8] in order to synthesize CoFe2O4 
nanoparticles in a wide range of sizes and cover them with manganese ferrite or magnetite/maghemite through to a seed-
mediated growth approach. In order to study the structural, morphological and magnetic properties, different techniques 
have been used, i. e. X-ray Powder Diffraction, Transmission Electron Microscopy (TEM/HRTEM), Infrared spectroscopy 
and Mössbauer Spectroscopy at room temperature and at low temperature also in the presence of an external magnetic 
field.

Results and Discussion
Hydrophobic cobalt ferrite nanoparticles were prepared by a hydrothermal method, using metal oleate as precursor and 
changing temperature, amount of precursor and solvents to tune their size. The combined used of several techniques as 
XRD, Mössbauer spectroscopy, TEM/HRTEM and FT-IR, has allowed to evidence that the suitable choice of the synthetic 
parameters leads to the formation of pure spinel phases. Specifically, pure cobalt ferrite nanoparticles can be prepared 
in the 6 - 15 nm range with a narrow particle size distribution (polydispersity of about 12-13%). Spherical nanoparticles 
were observed up to 12 nm in size beyond which a cubic shape prevail.  All the samples but the one with 6 nm in size 
were in the blocked state at room temperature. Cation distribution and spin canting was also determined on a few samples. 
For some selected samples, core-shell architectures with a shell of MnFe2O4 or magnetite/maghemite were constructed, 
using a seed-mediated growth approach. All the composite samples show a similar or a narrower size distribution than the 
core, suggesting that the growth process is favoured respect to the nucleation and they all were magnetically blocked at 
room temperature. HRTEM images show continuous atomic lattice fringes which indicate that the shell is over-coated on 
the respective cores, due to a negligible mismatch. FT-IR spectra together with Mossbauer Spectroscopy data permitted 
us to evidence the shell composition as maghemite rather than magnetite, due to the oxidation of FeII to FeIII (Figure 1).  
All the data suggest the formation of core-shell architectures rather than heterodimer structures. Preliminary magnetic 
hyperthermia measurements have been carried out on some selected samples (core and core-shell) suitably transferred 
in water through an intercalation process with cetyltrimethylammonium bromide, in order to verify the influence of the 
coating on the heat release.
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Figure 1 show some results on CoFe2O4 nanocrystals (core) with size of about 8 nm and a CoFe2O4@γFe2O3 nanocrystals 
with size of about 12 nm.

Figure 1: (a) XRD patterns; (b) Mössbauer spectra; (c) TEM images and particle size distributions of CoFe2O4 
nanoparticles (8.3 nm in size) and the corresponding core-shell composites (12.1 nm in size)

Conclusions
CoFe2O4 (hard phase) and MnFe2O4 or maghemite (soft phase) heterostructures have been synthesized by a hydrothermal 
method, and their morfhology, structure, cation distribution and magnetic properties have been studied. In particular, 
HRTEM and Mössbauer Spectroscopy, performed also in a physical mixture of pure CoFe2O4 and MnFe2O4 nanocrystals 
as a reference sample, strongly suggest the formation of bimagnetic core-shell structured nanocrystals. 
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Introduction
Recent studies on natural and artificial stone materialshave demonstrated how the TiO2 is effective in the field of restoration, 
in order to clean [1] materials affected by microbiological degradation [2] or by deposition of organic substances. These 
studies use TiO2 as self-cleaning [3] film which inhibits the growth of microorganisms. This research has been focused 
on the photocatalytic activity of TiO2 for the removal of natural wax residuals, in particular the use of the commercial 
nanometric titanium oxide. In the recent past the wax has been used as restoration material, especially in the lining 
techniques of canvas painting and grouting. Its instability causes a worsening in the conservation which induces the 
necessity of its preventive removal before a second operation. The suspension of TiO2 nanoparticles in deionized water 
was applied preliminary on natural wax samples, subsequently on samples of canvas “patina” covered with wax. The 
results obtained show that the photocatalytic process is effective in removing the thin layer of wax covering the canvas 
“patina”, without causing damage to the material.

Results and Discussion
Two experimental procedures were performed: the first on pure samples of natural wax, in order to evaluate the reactivity 
of the photocatalytic process; the second involving samples of canvas “patina” covered with natural wax. The degradation 
of natural wax was compared on four types of nanometric titanium oxide. The following oxide compounds were used: 
commercial TiO2 (P25 - Sigma-Aldrich), TiO2 in anatase form, TiO2 doped N and TiO2 doped S. Except for the P25, 
the other types of titanium oxides were prepared according to the sol-gel technique, using titanium isopropoxide 
(Sigma- Aldrich), isopropanol (Sigma-Aldrich) and water or aqueous solutions of NH3 and H2SO4as precursors.[4] The 
nanoparticles were characterized by XRD, SEM, TEM, and μ-Raman.
The samples of natural wax were poured in silicone molds of dimensions of 45 mm x 45 mm with a thickness of ~3 mm. 
The hydrophobicity of the material required the use of a very dense suspension of TiO2 nanoparticles, which was spread 
with a brush. The total time exposure at Neon light was 360 minutes. Respectively at 30, 180 and 360 minutes, a portion 
of material wascollected and characterized by DSC analysis, in order to measure the Cp changes of the treated wax. 
The best results in photocatalysis were obtained by using P25; subsequently, the technique was applied to samples of 
canvas “pattina” covered with wax. Also in this case, the suspension of TiO2 P25 was applied with a brush and exposed 
to Neon light for 35 days.The samples were monitored every week by SEM and EDS. Furthermore, optical microscopic 
observations have been performed carefully. As inferable from Figure 1 the wax layer appears fractured, revealing the 
fibers of the canvas “patina” as resulting of photocatalyst effect.

Figure 1: SEM image. Sample of canvas “patina” covered by wax and treated with P25 for 5 weeks of light exposure (bar is 200 µm) 
.
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Conclusions 
The research has shown the possibility of using TiO2 nanometer for its photocatalytic properties in the removal of incoherent 
deposits of natural wax, Consequently the TiO2 can be considered a potential new material for the wax elimination from 
cultural heritage materials; based on the results obtained in this study, a protocol has been defined for the realization of 
supported photocatalysts, in order to develop a technique non-invasive for the work of art, but effective for the removal 
of organic substances that degrade art surfaces. However, the use of titanium oxide for cleaning surfaces still requires a 
depth study on real materials, in order to prevent damage with photocatalytic reaction.
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Introduction
Coarse powders of low-melting metals can be produced by spraying the molten metal, for example, commercial tellurium 
(m.p. 449 °C) is commonly prepared by this technique. Owing to the fast cooling step involved in this preparation method, 
the resulting tellurium solid drops have a polycrystalline structure. In order to obtain nanoscale powders a bottom-up 
approach (chemical methods) is usually carried out. In this paper, results on a top-down approach, based on dry vibration 
milling technology, to reduce the size of a brittle material such as tellurium and produce nanoscopic phases in a simple, 
effective, and inexpensive way, are reported. Indeed, nanostructures in the form of fine tellurium powder composed 
of grains with average size of a few nanometers were produced in air, without any temperature control and chemical 
reactions.

Results and discussion
To this aim, commercial pure tellurium powder (Aldrich, 99.8%, - 200 mesh) was grinded by the vibration milling 
technique using a Mixer Mill Retsch MM-200 apparatus, working for 7 hours at a frequency of 25 Hz. During the milling, 
in addition to the disaggregation in tellurium grains also a comminution process was involved (see Figure 1). In fact, the 
SEM micrograph in the left-side of Figure 1 shows that the starting tellurium powder was composed of solid drops having 
a size of ca. 30 mm and the XRD analysis showed that single crystal grains with an average size of 146 nm where included 
into the polycrystalline structure of these drops. On the other hand, the particles achieved after the milling treatment 
where much smaller with a diameter of ca. 4.8 nm, as displayed in the TEM micrograph on the right side of Figure 1.

Figure 1 : SEM micrographs of the “as received” tellurium powder (left-side) and TEM micrograph of the sample after the milling 
treatment.

When the milling treatment is performed in air, also a slight oxidation process occurs at the tellurium grain surface. 
Raman scattering represents a very convenient approach for the study of the oxidation process involved in the nanoscopic 
tellurium preparation by vibration milling. In particular, the Raman measurements were carried out at room temperature 
with a Jasco Ventuno micro-Raman system in backscattering configuration, equipped with a Peltier-cooled charge-coupled 
device camera (operating temperature: - 50 °C) and a He-Ne laser (excitation wavelength: 632.8 nm). Proper laser power 
density was chosen to generate the best signal-to-noise ratio without broadening or shifting the Raman peaks due to local 
heating. In Figure 2 the Raman spectra of two tellurium samples prepared by coarse and milled powders are presented. 
Both spectra exhibit the main absorption peaks at 124, 144 and 645 cm-1

. The last peak is originated from a vibrational band 
of TeO2, while the other peaks can be attributed to the vibrational modes of t-Te. As visible in the Figure 2, the sample 
of the starting pure tellurium powder contained only a very low amount of tellurium oxide (TeO2), while the amount of 
this solid phase increased significantly after the milling process. The amounts of elemental tellurium and TeO2 for both 
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starting and milled samples were quantified by integrating the respective patterns in the XRD diffractogram It was found 
that the percentage of TeO2 in the starting material was ca. 19.8% by weight, while this percentage increased to 48.0% 
by weight after the milling process. Therefore, during the milling treatment the quantity of oxide phase significantly 
increases probably because of the much larger surface generated by the process.

Figure 2 : Raman spectra of commercial coarse tellurium (left-side), and  milled tellurium nanopowder (right-side).

Nanoscopic tellurium can have many technological applications, for example it can be used in the fabrication of 
photoconductive polymeric films by binding the nanopowder with poly(methyl methacrylate) (PMMA).[2] The possibility 
to prepare tellurium nanostructures by a simple milling procedure makes this technique very promising for electronic 
device applications.
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Introduction
Graphite intercalation compounds (GIC), i.e. graphite flakes embedding small molecules or ions, have been described in 
the literature since 1851 by Schafheutl [1] and Brodie. [2] These extraordinary materials can be exploited for a number of 
technological applications, in different industrial fields (for example, they have been used for the industrial preparation of 
expanded graphite [3], novel superconductors [4], catalysts [5], anode materials [6], etc.). Some GIC (e.g., graphite nitrate 
and bisulphate) have the ability to expand by thermal heating. A very important application of these expandable GIC is in 
the preparation of expanded graphite [3] and graphite nanoplatelets (GNP).[7] Graphite bisulphate is the most common 
expandable GIC and Stage-I graphite bisulphate is prepared by intercalation of graphite by sulphuric acid (H2SO4) in 
presence of an oxidizing agent.
Here, a comparative study of the graphite flakes intercalation by sulphuric acid at low temperature in presence of a variety 
of both usual (H2O2, HNO3, KNO3, KMnO4, K2Cr2O7) and exotic (NaClO, NaClO3, NaIO3) oxidizing agents is reported.

Processing conditions
A glass flask reactor placed in a thermostatic bath was used for the synthesis, and air burbling was applied to the graphite 
flakes during reaction. The reaction time always was 1h and the H2SO4/oxidizing agent ratio was 9:1 by volume for all 
reactive systems. The different reactive systems used in this study are listed in Table I. Graphite flakes (2g, Aldrich, > 100 
mesh) were placed in the glass reactor and then the oxidizing compound dissolved in absolute H2SO4 (40 mL) was added. 
The reaction was stopped simply by adding deionized water to the system.

Tab. I: Reactive mixtures

Results and discussion
The SEM-micrographs in Figure 1 shows the morphology of starting graphite flakes and the prepared GICs. As visible, 
a significant delamination process occurred for samples prepared using nitric acid as oxidizers. Other oxidizing agents 
did not cause graphite delamination. A partial graphite expansion after the intercalation process was observed only with 
graphite intercalated in presence of H2O2. Such phenomenon is probably related to the H2O2 decomposition which takes 
place at room temperature and generates gaseous oxygen.
The intercalation degree of different GICs has been evaluated by large angle X-ray powder diffraction (XRD), (see 
diffractograms shown in Figure 2). In particular the broadening of the (002) peak is related to the number of intercalated 
layers. The maximum intercalation (Stage I) was achieved with H2O2 and HNO3 oxidizers.
The thermal expansion was investigated by using thermogravimetric analysis. A weight loss (as shown in the thermograms 
reported in Figure 3) was found. Such behaviour is due to gas delivery during the thermal treatment. This effect is more 
evident for the samples prepared with HNO3 and K2Cr2O7.

a)                                       b)                                       c)
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d)                                       e)                                       f)  

Figure 1 : SEM-micrographs of  a) graphite flake; GIC treated by: b) H2SO4/HNO3; c) H2SO4/KNO3; d) H2SO4/H2O2; e) H2SO4/ 
KMnO4; f) H2SO4/ K2Cr2O7.

 
 
Conclusions
The aim of this study has been to find the synthesis conditions required to achieve Stage-I graphite bisulphate. The effect 
of different oxidizing agents in the sulfuric acid intercalation process has been investigated under similar experimental 
conditions. Obtained results showed that samples treated by  HNO3 and H2O2 lead to final products closer to Stage –I. 
The obtained materials have been morphologically, structurally and thermally characterized by SEM, XRD and TGA, 
respectively.
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Figure 3: TGA curves of pure graphite flakes 
and prepared GICs.   



161

P2-12  A nanoSQUID based system to investigate magnetic properties of 
nanoparticles

R. Russoa,*, E. Di Gennarob, E. Espositoa, D. Fioranic, D. Peddisc

a Consiglio Nazionale delle ricerche, Istituto per la Microelettronica ed i Microsistemi, Unità Operativa di Napoli, 
Napoli 80131, Italy

b Dipartimento di Fisica, Università di degli studi di Napoli “Federico II”, 80126 , Napoli , Italy
c Consiglio Nazionale delle Ricerche, Istituto di Struttura della Materia, Monterotondo Stazione, 00015 Roma, Italy

*e-mail: roberto_russo@cnr.it

Keywords: NanoSQUID, Dayem nanobridge, Electron beam lithography, Magnetic nanoparticles 

Introduction
Magnetization measurements of Fe3O4 nanoparticles have been performed by using a nanosized Superconducting 
Quantum Interference Device (nanoSQUID). The nanosensor consists of a Superconducting loop  interrupted by two 
Dayem nanobridges (3-60 nm large, 150 nm long and 10-20 nm thick). The characterization of the nanodevice in the 
temperature range from 1.2 K to 4.2 K includes measurements of current-voltage, critical current vs. magnetic flux 
characteristic and flux noise.[1-3] A proper feedback circuit has been employed to increase the dynamic range of the 
nanosensor and to measure the M(H) curve, whereas the sensors are employed in the small signal mode regime for the 
magnetic relaxation measurements.[4,5]
The system has been implemented also to work in VTI (Variable Temperature Insert) to be insert on a CFM (Cryogenic 
Free Magnet) producing a magnetic Field µ

0
H  up to 10 T. A rotator from attocube allow an alignment of the SQUID plane 

to the magnetic field better than 0.1degree.

Results and Discussion
The magnetic nanoparticles under investigation have a diameter of 4 nm and 8 nm and were synthesized by thermal 
decomposition of metallorganic precursors in the presence of  oleic  acid  and oleylamine as surfactants and organic 
solvent  with  high  boiling point. Measurements of magnetization as a function of the external magnetic field for both 
nanoparticle diameters are reported at liquid helium temperature in magnetic field up to 100 mT. 

In both case it can be observed magnetic hysteresis (Figure 1b) indicating a blocking temperature above 4.2 K. The 
sigmoid shape of the virgin curves (Figure 1a) indicates the presence of dipole–dipole interparticle interactions which 
tend to resist to the magnetization process. Magnetic relaxation measurements with a time resolution below 0.2 s have 
also been performed and typical results are shown in Figure 2. 
We will also present measurements of Niobium nitride based NanoSQUID in magnetic field up to 8 Tesla (Figure 3) to 
show that it has good properties to be used as a magnetic sensor for magnetic nanoparticle property measurements.

Conclusions 
We have developed a measurement system based on nanoSQUID able to detect the magnetization relaxation and the 
magnetization curve of a small cluster of magnetic nanoparticles. To obtain the resolution needed to measure the single 
particle a system able to reach tempertuare lower than 1 K is needed.  
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Introduction
Nowadays, the wide number of technological applications of magnetic materials requires not only a strict control on their 
chemical and physical properties, but also an always increasing capability to properly tailor their magnetic properties in 
order to optimize the devices performance. Among the ferromagnetic materials, the CoFe alloy is one of the most studied 
due to the rich phase diagram that arises from the full miscibility of the two elements in the whole concentration range 
allowing the magnetic properties to be suitably tailored, once provided that a precise control over stoichiometry and 
structure is ensured. [1, 2]
In this work [3], we demonstrate that, by properly choosing the Pulsed Laser Deposition process parameters it is possible 
to obtain high quality continuous Fe50Co50 thin films on MgO (100) substrates, characterized by low coercivity, high 
saturation magnetization and high degree of crystallographic order even at Tdep = 25 °C, and different growth orientations 
easily obtained by slightly changing the substrate temperature.
This result demonstrates the possibility to use the PLD, already considered the key technique for the deposition of complex 
oxide films, to fabricate high-quality heterostructures and multilayers combining oxide and metal materials in one single 
deposition run. 

Results and Discussion

The effect of the deposition temperature on the crystallographic orientation of FeCo/MgO(100) thin films grown at 25°C 
(S25) and 150°C (S150) has been determined by means of X-Ray Reflectivity and High Resolution Trasmission Electron 
Microscopy analysis and correlated with the magnetic anisotropy properties measured by angle dependent hysteresis 
loops. All the films showed body centred cubic (bcc) phase with a lattice parameter a = (0.286 ± 0.02) nm and a granular 
structure with a high degree of crystallographic order even at very low deposition temperature (Figure 1):

Figure 1: Bright field TEM image (left), HRTEM image (centre) and SAED patterns (right) of sample S25

The only difference between the two samples is the growth orientation, being (100) and (110) the lattice plane parallel to 
the interface for sample S25 and S150, respectively. 
The cubic symmetry is reflected in the magnetic properties and, in particular, in the angular dependence of the 
remanent magnetization, which shows a four-fold character, whose in-plane distribution is consistent with the different 
crystallographic orientations of the films. 
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Figure 2: Relationship between growth orientation and magnetocrystalline anisotropy (by means of angular 
magnetization remanence measurements) of sample S25 (up) and S150 (down).

The high instantaneous deposition rate due to the high energy fluence in a short pulse duration (17 ns) and the low 
temperature of the substrate are considered as key parameters affecting the film growth mechanism and the relative 
orientation with respect to the MgO (100) plane.

Conclusions
By properly selecting the growth conditions in a PLD process it is possible to obtain FeCo granular thin films characterized 
by a smooth surface and a high degree of crystallographic order with a defined growth orientation that can be suitably 
varied by changing the deposition temperature (that is [001] at 25 °C and [110] at 150 °C). The high structural quality, 
even at room temperature, is reflected in high values of the saturation magnetization (~1.88 MA/m) and low coercivity 
(~2 mT at 25 °C and ~4 mT at 150 °C, along the easy-axis), matching the requirements for technological applications. The 
close correlation observed between the anisotropic magnetic behavior and the crystallographic orientation makes these 
samples a model for fundamental studies on magnetic systems characterized by cubic anisotropy.
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Introduction
Increasing research interest is devoted to organic photovoltaic (OPV) cells, showing low cost large-scale production, 
flexibility, light weight and low environmental impact. In particular much interest is devoted to bulk heterojunction 
(BHJ) polymer/fullerene organic solar cells and efficiencies have been recently improved to more than 10%.[1]  Recently, 
it has become clear how the optical and transport properties of the photoactive element in OPVs are toughly linked 
to their structural, morphological and interfacial proprieties. In particular, novel OPV materials and architectures are 
compulsory to improve the device long-term stability and, in this contest, an important role is played by the study of aging 
effects originating from structural/morphological modifications. In the research of the driving mechanisms of OPV device 
degradation our approach is to address the role of structural/morphological and interface properties of the different layers 
the OPV devices and their interfaces. In particular, here we discuss our recent results on devices incorporating metallic 
nanoparticles (NPs) in the photoactive layer, in order to take advantage of the ability of the metallic NPs to rise the BHJ 
optical absorption by the excitation of Localized Surface Plasmon Resonance. Both plasmonic and reference systems are 
studied. The photovoltaic, structural, morphological and interface properties and aging effects are evaluated by in-situ by 
time-resolved Energy Dispersive X-ray Reflectivity/Diffraction (EDXR/EDXD) techniques applied jointly with in-situ 
atomic force microscopy (AFM).

Results and Discussion

Several comparative studies investigating both reference systems and modified cells incorporating NPs in the BHJ were 
conducted. Overall, we obtained both an enhancement of the device performance, due to plasmonic and scattering effects, 
and an increase of the device lifetime.[2]  In particular, time-resolved EDXR indicated that doping the active film of 
the devices with Au NPs defends the metallic electrode buried interface from degradation. Such improvement can be 
attributed to a NP-mediated inhibition of the photo-oxidation effect at the interface between the cathode and the BHJ.
[3]  Furthermore, in-situ EDXD analysis showed that the in the BHJ doped with the NPs the polymer conformational 
properties are stabilized and the BHJ nanoscale morphology of the donor–acceptor network is conserved, differently from 
the BHJ of the reference undergoing structural and morphological modifications under illumination[4]. Additionally, 
time-resolved EDXR indicated that the in the plasmonic device using Au NPs the electrode buried interface is protected 
against degradation, differently from the reference device. The observed improvement (Figure 1) can be ascribed to a 
NP-mediated mitigation of the photo-oxidation effect at the cathode–active layer interface. As a final result a comparative 
time-resolved PCE study demonstrated that the plasmonic devices displayed much better PV stability over time. 
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Figure 1: Time-resolved EDXR analysis of plasmonic OPV devices: NPs mediated mitigation of the aging effects.

Conclusions 
The photovoltaic, structural, morphological and interface properties and aging effects are evaluated by in-situ by time-
resolved EDXR/EDXD techniques applied jointly with in-situ AFM. Our approach showed that the incorporation of 
metallic NPs resulted in the mitigation of bulk and the interface morphological aging process. In particular, time-resolved 
EDXR showed that doping the active film of the devices with Au NPs protects the metallic electrode buried interface 
against degradation, due to a NP-mediated mitigation of the cathode–active layer interface photo-oxidation. Importantly, 
aging experiments establish that the plasmonic devices show enhanced PV properties and durability with respect to the 
reference ones.
The present research also indicates that the novel strategy using plasmonic NPs is a central step in the research effort 
toward the development of more stable OPV architectures. 
In conclusion, besides the far-reaching impact due to the elucidation of the decisive role of plasmonic NPs doping of 
the BHJ, protecting OPV devices from degradation, indicating novel routes for improving efficiency and stability of 
OPV devices, our research demonstrates the potential of the time-resolved ED techniques applied to the study of organic 
devices and of nanolayered systems in general. 
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